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Inflammation involves interaction between various immune
cells, inflammatory cells, chemokines, cytokines, and pro-
inflammatory mediators. It also plays a decisive role at dif-
ferent stages of tumor development, including initiation,
promotion, malignant conversion, invasion, and metasta-
sis. In this special issue, we invited few articles to address
the issues.

One of the papers of this special issue addresses the
role of proinflammatory pathways in the pathogenesis of
colitis-associated colorectal cancer. Proinflammatory path-
ways include several genes that promote tumorigenesis by
inducing the production of inflammatory mediators, which
provides some promising targets for prevention and ther-
apy. Another paper describes recent advancements in the
development of immunotherapies for melanoma, with a
specific focus on the identification of neoantigens for the
prediction of their elicited immune responses. This paper
is expected to provide important insights into the future
of immunotherapy for melanoma. In one paper, on patch-
ouli oil, of which an unknown compound identified as
patchoulene epoxide (PAO) was found only in the long-
stored oil, whose biological activity still remains unknown.
Three experimental models were employed to demonstrate
that PAO had potent anti-inflammatory activity in vivo.
PAO exerted anti-inflammatory activity not only by modu-
lating the pro- and anti-inflammatory cytokines but also by
inhibiting iNOS and COX-2 activation via blocking the
NF-κB signaling pathway. Based on these results, PAO
may serve as a potentially useful therapeutic agent for the
treatment of inflammatory diseases, and it is worthwhile
to explore other possible pharmacological effects of PAO.
Another paper showed the Morita-Baylis-Hillman adducts

(MBHA) are a novel group of synthetic molecules that
act as anti-inflammatory by modulating inflammatory
mediator expression in RAW264.7 macrophages and ade-
nocarcinoma colorectal human HT-29 cells. Another paper
discusses osteopontin (OPN) appears to be a key determi-
nant of the crosstalk between cancer cells and the host micro-
environment, which in turn modulates immune evasion and
describe the role of systemic, tumor-derived and stroma-
derived OPN, highlighting its pivotal role at the crossroads
of inflammation and tumor progression. Another paper
discusses the role of major cytokines and growth factors
involved in the endocrine dysfunction of plasma cell disor-
ders. The correction of endocrine dysfunction could thus be
beneficial for both the amelioration of cytokine profile and
the normalization of hormonal feedback mechanisms. And
finally, one of the papers of this special issue is on new treat-
ment approach of hepatocellular carcinoma (HCC). This
paper discusses the current status of treating HCC and the
effective strategy of oncolytic virus-based immunotherapy
for the treatment of HCCs. Oncolytic virotherapy is using
oncolytic viruses, which selectively infect and kill cancer cells.
In order to enhance immunity against cancer cells, genes
elevating oncoimmunity have been engineered within the
oncolytic virus. Moreover, a genetically engineered oncolytic
virus with mAbs can be generated for advancement treat-
ment in HCCmodels. Development of biomarker to monitor
the treatment outcomes and toxicities would be very helpful
in the translational medicinal research.
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Chronic inflammation is associated with cancer. CXCL8 promotes tumor microenvironment construction through recruiting
leukocytes and endothelial progenitor cells that are involved in angiogenesis. It also enhances tumor cell proliferation and
migration. Metformin, type II diabetes medication, demonstrates anticancer properties via suppressing inflammation, tumor cell
proliferation, angiogenesis, and metastasis. This study intended to address the role of metformin in regulation of CXCL8
expression and cell proliferation and migration. Our data indicated that metformin suppressed LPS-induced CXCL8 expression
in a dose-dependent manner through inhibiting NF-κB, but not AP-1 and C/EBP, activities under the conditions we used. This
inhibitory effect of metformin is achieved through dampening LPS-induced NF-κB nuclear translocation. Cell migration was
inhibited by metformin under high dose (10mM), but not cell proliferation.

1. Introduction

Chronic inflammation is associated with high incidence of
various types of cancer, including cervical, gastric, and intes-
tinal cancers [1]. In response to inflammatory stimuli, leuco-
cytes release reactive oxygen and nitrogen species that cause
DNA lesions, including oxidized bases, single and double
DNA breaks, which lead to genome instability. Probability
of tumor formation increases with the accumulation of muta-
tions in oncogenes and/or tumor suppressor genes [2–4].

Malignant cells created inflammatory microenvironment
by releasing inflammatory cytokines and chemokines, in
particular interleukin- (IL-) 8 (CXCL8). CXCL8 recruits
leukocytes, such as monocytes and neutrophils, into tumor
microenvironment. Infiltrated macrophages and neutro-
phils, in their turn, release growth factors and proteases
that promote angiogenesis and tumor metastasis. The level
of tumor-associated macrophage and neutrophil infiltration
closely correlates with poor prognosis in breast, prostate,
lung, and melanoma cancers [5–9].

CXCL8 is a member of inflammatory chemokine family
that promotes chemotaxis by activating CXCR1 or CXCR2

receptors on targeted cells [10–12]. These receptors are
expressed in neutrophils, monocytes, mast cells, eosinophils,
natural killer (NK) cells, and activated CD8+ T cells [13–16].
CXCL8 mediates recruitment of these immune cells and
endothelial progenitor cells, regulating inflammation, angio-
genesis, and wound healing. In cancer, CXCL8 promotes
tumor cell proliferation and migration, angiogenesis, and
metastasis [17–21].

CXCL8 is overexpressed in multiple cancer types,
including nonsmall cell lung cancer (NSCLC) [22, 23],
breast [24, 25], pancreatic [26], and colorectal cancers [21].
In clinical studies, patients with high CXCL8 levels are
reported to have poorer prognosis: lower survival rate, higher
liability of tumor recurrence after surgery excision, and
higher liability of tumor metastasis to distant organs [26].
Therefore, CXCL8 can be used as a predictor for tumor prog-
nosis, at least for pancreatic [26] and colorectal cancers [27].

CXCL8 expression is regulated primarily by three tran-
scription factors: nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-κB), activator protein 1 (AP-1), and
CCAAT/enhancer binding protein (C/EBP). In malignant
cells, CXCL8 expression is mediated through NF-κB [20].
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Transcription factor NF-κB is originally synthesized as a pro-
tein complex containing the NF-κB and the inhibitor of κB
(IκB). In response to stimuli, IκB is phosphorylated by IκB
kinase (IKK) and then undergoes degradation resulting in
release of NF-κB. The released NF-κB, which consists of
p50 and p65 subunits, translocates into nucleus and binds
to the binding site in CXCL8 promoter, triggering gene
expression.

Metformin is the first-line drug for type II diabetes (T2D)
[28]. It is a biguanide drug that modifies the glucose metab-
olism by activating the adenosine monophosphate-activated
protein kinase (AMPK) signaling pathway. AMPK activation
inhibits gluconeogenesis in the liver [29, 30] and absorption
of glucose in the intestine [31, 32].

Diabetic patients are at a higher risk for cancer due to
chronic inflammatory conditions [33]. However, meta-
analysis revealed that T2D patients who are treated with
metformin demonstrated lower incidence of cancer [34].
Metformin is associated with suppression of the inflamma-
tory responses, thereby reducing the liability of tumor forma-
tion. It also suppresses proliferation of tumor cells in various
cancers [35, 36]. In our research, we focused on the potential
role of metformin in CXCL8 expression, the key factor that
orchestrates tumor microenvironment formation.

2. Materials and Methods

2.1. Cell Culture. The HEK293/TLR4 cells expressing
TLR4, MD2, and CD14 (InvivoGen, CA) were cultured
in Dulbecco’s modified Eagle’s media (DMEM, Hyclone,
UT) containing 10% fetal bovine serum (FBS, ATLANTA
biologicals, GA) and 1% antibiotic/antimycotic solution
(Hyclone, UT), at 37°C and 5% CO2.

2.2. Cell Viability Assay.HEK293/TLR4 cells were plated into
96-well plates. Next day, the cells were cultured with different
concentrations of metformin for 24 h. After treatment, cells
were treated with 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy-
methoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTT,
Acros, NY) for additional 2 h. The supernatant was aspirated,
and the formazan crystal was dissolved in dimethylsulfoxide
(DMSO, Thermo Scientific, MA). The absorbance intensity
was measured by using BioTek Synergy H1 Multi-Mode
Reader (Biotek, VT) at 560nm with a reference wavelength
of 670nm. The relative cell viability (%) was expressed
as percentage relative to the untreated control cells.

2.3. ELISA Assay. HEK293/TLR4 cells were plated into 96-
well plates. Next day, cells were pretreated with different
concentrations of metformin (MP Biomedicals, CA) for
24 or 48 h and then incubated with or without 1 μg/ml lipo-
polysaccharide (LPS, Sigma-Aldrich, MO) for additional
24 h. The concentration of secreted CXCL8 in the cell culture
media was determined using ELISA assay.

The high binding half-area 96-well plates (Corning, NY)
were coated with 1 μg/ml antihuman IL-8 coating antibody
(Invitrogen, MD) overnight. The plates were then washed
with washing buffer (1.47mM KH2PO4 and 8.32mM
K2HPO4, 0.05% Tween 20, pH7.4) and blocked with assay

buffer (13.69mM NaCl, 7.69mM Na2HPO4, 1.15mM
K2HPO4, and 2.68mM KCl, 0.5% bovine serum albumin,
0.05% Tween 20, pH7.4).

The cell culture media samples, IL-8 standards and anti-
human IL-8 antibodies conjugated with biotin, were added to
the ELISA plates and incubated for 2 h. Wells were washed
and incubated with streptavidin-HRP solution for 30min.
The plates were then washed, and 1-Step™ Ultra TMB-
ELISA (Thermo Scientific, MA) substrate was added to the
plates and incubated in dark for 30min. The HRP reaction
was stopped by sulfuric acid, and absorbance was measured
at 450nm and 650nm. CXCL8 concentration in samples
was calculated and managed via Prism software (GraphPad
Software, CA).

2.4. Luciferase Assay. NF-κB, AP-1, or C/EBP plasmids were
diluted in Opti-MEM media (Life Technologies, CA), and
TransIT-LT1 reagent (Mirus, WI) was added to the
diluted plasmids. The plasmid/reagent mixture was then
added to HEK293/TLR4 cells and plated into 96-well
plates. The transfected cells were treated with different
concentrations of metformin for 24h. Then, LPS was
added to every well for another 24h. The intracellular
luciferase activity was determined using Pierce® Firefly
Luciferase Glow Assay Kit (Thermo Scientific) according
to manufacturer’s instruction.

2.5. Immunofluorescence Assay. HEK293/TLR4 cells were
cultured on poly-D-lysine-coated coverslides (GG-12-PPL,
Neuvitro, WA) in 24-well plates. Next day, the cells were
incubated with 0 or 10mM metformin for 2 h, followed
by a treatment with or without 1 μg/ml LPS treatment for
additional 15min.

After incubation, cells were fixed with 4% parafor-
maldehyde (Sigma-Aldrich, MO), permeabilized with
0.1% TRITON-X (Sigma-Aldrich, MO), and blocked with
1% BSA. Cells were incubated with primary rabbit anti-NF-
κB-p65 (1 : 200, Santa Cruz, TX) at 4°C overnight and
secondary Alexor 594 goat anti-rabbit (1 : 200, Life Technol-
ogies, CA) for 2 h. Cell nuclei were counter-stained with
DAPI. Immunofluorescence analysis was performed using
the Nikon Eclipse TE2000-S microscope (Nikon Instruments
Inc., NY).

2.6. Wound-Healing Assay. The HEK293/TLR4 cells were
plated into 6-well plates. The cells were incubated with 0,
0.1, 1, or 10mMmetformin for 24h and then incubated with
or without 1 μg/ml LPS for another 24h. A strait scratch was
performed with pipette tips when confluent monolayers were
formed. Cells were cultured for another 24 h. Three ran-
domly selected stretched regions were pictured using a
microscope (Nikon Eclipse TE2000-S, Nikon Instruments
Inc., NY). Ten regions from each image were randomly cho-
sen for distance measuring.

2.7. Cell Cycle (Flow Cytometry). The HEK293/TLR4 cells
were plated into 10 cm tissue culture dishes. The cells
were incubated with different concentrations of metfor-
min, followed by a treatment with or without LPS for
additional 24 h. Cells were then harvested, washed with PBS
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(136.9mM NaCl, 10.14mM Na2HPO4, 1.38mM K2HPO4,
and 2.68mM KCl, pH7.4), and fixed with ice-cold 70% eth-
anol. The cells were then washed with PBS and PI/RNase
Staining Buffer (BD Biosciences, CA). The cells were sub-
sequently incubated with 0.5ml PI/RNase Staining Buffer
for 15 minutes. Cell cycle distribution was assessed by
using BD Accuri C6 Flow Cytometer (BD Biosciences, CA).
The statistical data are analyzed via BD Accuri C6 Software
(BD Biosciences, CA).

2.8. Statistical Analysis. All experiments were done in tripli-
cates and repeated for three times. Data from MTT, ELISA,
luciferase, wound-healing assays, and cell cycle were pre-
sented as mean± SEM. The data were analyzed by using
one-way analysis of variance (ANOVA) followed by
Newman–Keuls post hoc test for multiple comparisons.
Significant difference was defined as P values less than 0.05.

3. Results

Chronic inflammation is associated with cancer and CXCL8
[1],oneof theproinflammatorychemokines,promotes tumor-
igenesis, angiogenesis, and metastasis [19, 21, 24, 37, 38].
Clinical studies indicate that high plasma level of CXCL8
observed in cancerpatients is associatedwithpoorerprognosis
[26]. It has been shown that metformin exhibits anti-
inflammatory responses. We studied the effects of metformin
on expression ofCXCL8.

3.1. Metformin Cytotoxicity. Cytotoxicity of metformin was
determined using MTT assay (Figure 1(a)). We observed no
toxic effect of metformin at doses from 0 to 20mM. Metfor-
min causes significant toxicity under 50mM (64.4± 5.654%,
P < 0 01). From the cytotoxic study of metformin, nontoxic
doses of 0.1, 1, and 10mM were selected for use in our fol-
lowing experiments.

3.2. LPS-Induced CXCL8 Production Is Suppressed by
Metformin. In the malignant cells, regulation of CXCL8 pro-
duction is associated with complicated interactions of multi-
ple signaling pathways. To simplify the regulatory system
that modifies CXCL8 expression, we employed HEK293 cells
expressing TLR4, MD2, and CD14. In HEK293/TLR4 cells,
CXCL8 expression was induced by TLR4 ligand, LPS.

We first examined the inductive effect of LPS on CXCL8
expression (Figure 1(b)). The CXCL8 levels of the cells
treated with 0, 0.01, and 0.05 μg/ml LPS were 1.294
± 0.5504, 95.79± 18.25, and 269.2± 34.75 pg/ml, respectively.
CXCL8 concentration of the cells treated with 0.5 μg/ml LPS
(1028± 213.5 pg/ml) was proximately twofolds higher than
that of the cells treated with 0.1 μg/ml LPS (452.5
± 74.03 pg/ml). Cells treated with 0.5, 1, and 5 μg/ml LPS
exhibited no differences in CXCL8 levels (1028± 213.5,
1240± 239.3, 1332± 229.9 pg/ml, resp.), indicating saturation
on LPS-induced CXCL8 expression. Overall, LPS induce
CXCL8 expression in a dose-dependent manner in
HEK293/TLR4 cells. Based on this data, 1 μg/ml LPS would
be used in the subsequent experiments.

We then studied the effect of metformin on LPS-induced
CXCL8 expression under nontoxic doses of 0.1, 1, and

10mM. The cells were pretreated with metformin for 24h
(Figure 1(c)) or 48h (Figure 1(d)), followed by LPS treatment
for 24 h. The relative CXCL8 levels were expressed as per-
centage to the CXCL8 concentration of the cells treated with
1 μg/ml LPS (only).

Significant differences on the relative CXCL8 levels
were observed in the cells pretreated with 0.1mM
(87.76± 2.946%, P < 0 01), 1mM (86.95± 4.806%, P < 0 01),
and 10mM (61.14± 4.508%, P < 0 0001) metformin, as
compared to those in the cells treated with 1 μg/ml LPS
(only). Significant differences on relative CXCL8 levels
were also observed between the cells pretreated with
10mM (P < 0 0001) metformin and the cells pretreated
with 0.1 and 1mM metformin, indicating a dose-
dependent inhibitory effect of metformin. However, no
statistical difference on relative CXCL8 levels was detected
between the LPS-induced cells pretreated with 0.1 and
1mM metformin.

Similar inhibitory effect of metformin on CXCL8
expression was also observed in the cells pretreated with
metformin for 48 h. In the LPS-stimulated cells, the
relative CXCL8 levels of the cells pretreated with 0, 0.1,
1, and 10mM metformin for 48 h were 100%, 82.60
± 5.428% (P < 0 01), 88.09± 7.083% (P < 0 05), and 53.67
± 2.966% (P < 0 0001), respectively, indicating the suppres-
sive effect of metformin on CXCL8 production. Statistical
analysis exhibited significant differences between the low-
dose (0.1 and 1mM) and high-dose (10mM) metformin-
pretreated cells (P < 0 0001). No difference on the relative
CXCL8 levels was observed between the 0.1 and 1mM
metformin-pretreated cells.

There was no difference in CXCL8 levels between the
corresponding 24 h and 48 h metformin pretreatment
groups (data not shown), indicating that the inhibitory
effect of metformin on CXLC8 production was not in
time-dependent fashion.

3.3. LPS-Induced CXCL8 Production Is Mediated through
Transcriptional Factor NF-κB. Three transcriptional factors
play the major role in transcriptional regulation of CXCL8
expression: AP-1, C/EBP, and NF-κB [12]. We investigated
the role of these transcription factors in LPS-induced CXCL8
expression using luciferase assay.

In the NF-κB plasmid-transfected cells (Figure 2(a)), the
relative luciferase activities of the 0, 0.01, 0.1, 0.3, 3, and
10 μg/ml LPS-treated cells were 1502± 313.5, 12,600
± 81.5, 18,469± 417, 27,424± 7810, 60,255± 8952, and
55,745± 3565, respectively. Significant differences were
observed between the 0 μg/ml LPS-treated cells and the cells
treated with 0.3 μg/ml (P < 0 05), 3 μg/ml (P < 0 01), and
10 μg/ml (P < 0 01), indicating the involvement of the tran-
scription factor NF-κB in LPS-induced CXCL8 gene
transcription. There was no significant difference on rela-
tive luciferase activity between the 3 μg/ml and 10 μg/ml
LPS-treated cells, indicating a saturation of the inductive
effect of LPS. In contrast, we did not observe LPS-
induced luciferase activities in the cells transfected with
AP-1 or C/EBP plasmids (Figures 2(b) and 2(c)) suggesting
that AP-1 and C/EBP were not involved in LPS-induced

3Mediators of Inflammation



transcriptional modification in HEK293/TLR4 cells under
the conditions we used.

We then studied the effect of metformin on the NF-κB
activities using luciferase assay (Figure 2(d)). HEK293/
TLR4 cells were transfected with NF-κB plasmid. In the
LPS-stimulated cells, the relative luciferase activities of
the cells pretreated with 0, 0.1, 1, and 10mM metformin
were 133,169± 14,721, 104,680± 3528, 96,359± 12,658, and
81,388± 3322, respectively. Significant differences were
observed in the cells pretreated with 0.1, 1, and 10mM of
metformin (P < 0 05) as compared to the cells treated with

LPS (only), suggesting the suppressive effect of metformin
on NF-κB activities.

3.4. Metformin Inhibited LPS-Induced Nuclear Translocation
of NF-κB. As it was shown by the luciferase assay, NF-κB was
involved in regulation of the LPS-induced CXCL8 expression
in HEK293/TLR4 cells. We further studied the effect of met-
formin on LPS-induced NF-κB translocation (Figure 3) using
immunofluorescence assay. NF-κB complexes were detected
by using antihuman p65 antibody (Figures 3(a), 3(d), and
3(g)). Nucleuses of the cells were counter-stained with DAPI
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Figure 1: Metformin inhibited LPS-induced CXCL8 expression. (a) Metformin cytotoxicity. HEK294/TLR4/TLR4 cells were treated
with serial concentrations of metformin for 24 h. Cytotoxicity was measured through using MTT assay. Data are reported as mean
± SEM. Statistically significant differences are indicated by an asterisk (∗P < 0 05, compared to control). (b) LPS-induced CXCL8
expression. HEK294/TLR4 cells were treated with serial LPS concentrations for 24 hours. CXCL8 concentration in the culture media
was then measured by ELISA kit. Data are reported as mean± SEM. (c, d) LPS-induced CXCL8 expression was suppressed by
metformin pretreatment for 24 h (c) or 48 h (d). HEK294/TLR4 cells were treated with different concentrations of metformin for 24
or 48 h, followed by 24 h incubation with LPS. CXCL8 concentration in the culture media was measured via using ELISA kit. Data
are normalized by CXCL8 concentration of cells treated with LPS only. ∗P < 0 05, ∗∗P < 0 01, and ∗∗∗∗P < 0 0001 compared to 1 μg/ml
LPS group.
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(Figures 3(b), 3(e), and 3(h)). The merged images were
shown in Figures 3(c), 3(f), and 3(i).

Under the unstimulated state, NF-κB was trapped in
cytoplasm (Figure 3(c)). NF-κB nuclear translocation was
observed in the cells stimulated with LPS (Figure 3(f)).
Metformin suppressed this LPS-induced NF-κB nuclear
translocation (Figure 3(i)), indicating that metformin sup-
pressed NF-κB activities, at least partially, through inhibiting
nuclear translocation.

3.5. Wound-Healing Model: Proliferation and Migration. Evi-
dence indicated that metformin suppresses tumor cell prolif-
eration and migration [39–41]. We used a wound-healing
model to investigate the effect of metformin on HEK293/
TLR4 cell proliferation and migration (Figure 4). The images
of the wound-healing model were shown in Figures 4(a),
4(b), 4(c), 4(d), 4(e), and 4(f). Ten distances between the
boards of the scratch were measured. The relative distances
were expressed as percentage to the distances of the untreated
cells (Figure 4(g)).

The relative distances of the LPS-stimulated cells pre-
treated with 0, 0.1, and 1mM metformin were 97.29
± 8.205%, 110.6± 10.75%, and 111.3± 6.779%, respectively.
No significant difference was observed among those groups
of cells. The relative distance of the LPS-stimulated cells
pretreated with 10mM metformin was 158.7± 4.323%, exhi-
biting a significant difference compared to that of the cells
treated with LPS only (P < 0 001). Interestingly, the cells
treated with 10mM metformin (only) had a relative distance
of 139.9± 1.087%, which was significantly different with the
cells treated with LPS only (P < 0 05). Accordingly, we con-
cluded that high dose of metformin (10mM) suppressed
either proliferation or migration, or both proliferation
and migration of the HEK293/TLR4 cells. However, this
inhibitory effect of metformin on the cell proliferation
and migration may be independent from the suppressive
effect on the transcription factor NF-κB, which required
further investigation.

To elucidate the effect of metformin on HEK293/TLR4
cell proliferation, we examined cell cycle progression under
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Figure 2: Metformin suppressed LPS-induced NF-κB activities. HEK294/TLR4 cells were transfected with plasmids that contain
transcription factors NF-κB, AP-1, and C/EBP binding sites upstream the luciferase sequence. The transfected cells were treated with
different concentrations of metformin and LPS. Luciferase activity was assessed through luciferase assay. (a) NF-κB relative luciferase
activity induced by LPS. (b) AP-1 relative luciferase activity induced by LPS. (c) C/EBP relative luciferase activity induced by LPS.
(d) Metformin (24 h treatment) inhibited LPS-induced NF-κB relative luciferase activity. ∗P < 0 05.
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nontoxic doses (Figure 5). According to our data, metformin
did not affect HEK293/TLR4 cell cycle under the conditions
we used. The MTT cell viability and proliferation study
also revealed that metformin exerted no effect on cell pro-
liferation (Figure 1(a)).

We concluded that metformin suppressed migration, but
not proliferation, thereafter resulting in increase in distance
between the scratch in the wound-healing model.

4. Discussion

CXCL8 is overexpressed in various cancer types [21–26].
CXCL8 has been considered to be a biomarker for various
cancer types [42], and high serum level of CXCL8 levels in
cancer patients is associated with poor prognosis [23, 26].
In vivo studies revealed that suppression of CXCL8 expres-
sion leads to tumor regression [43].

Recently, pharmaceutical agents that have the potential
to suppress CXCL8 expression are being investigated for

the potential use in cancer treatment. Metformin, the
first-line medication for type II diabetes, exerts anti-
inflammatory potentials [44–46]. It inhibits the expression
of proinflammatory mediators, such as IL-1α, IL-1β, and
IL-6, through suppressing NF-κB activities. Evidence also
shows that metformin suppresses tumor cell proliferation
[46–48], as well as cell invasion and migration [39–41]. In
our study, we investigate the potential role of metformin in
inhibiting CXCL8 expression, as well as HEK293/TLR4 cell
proliferation and migration.

Expression of CXCL8 is regulated at multiple levels,
including chromatin modifications, transcription, mRNA
processing, RNA stability, RNA interference, and post-
translational control. At a transcriptional level, CXCL8
expression is predominantly regulated by transcription
factors NF-κB, AP-1, and C/EBP. In this study, we dem-
onstrated that LPS-dependent CXCL8 gene expression is
triggered by activation of NF-κB. LPS-induced activation
of AP-1 and C/EBP was negligible under the conditions

p65 NF-�휅B DAPI Merge

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure 3: Metformin inhibited LPS-induced NF-κB translocation. HEK294/TLR4 cells were treated with or without metformin for 2 h,
followed by 15min induction with 1 μg/ml LPS. Untreated cells were used as a control. After fixation and permealization steps, cells were
stained with antibody against subunit p65 NF-κB and counterstained with DAPI. (a, b, c) Cells without treatment; (d, e, f) cells treated
with 1 μg/ml LPS; (g, h, i) cells treated with 10mM metformin and 1 μg/ml LPS. (a, d, g) anti-p65 antibody; (b, e, h) DAPI
counterstaining; (c, f, g) merged image p65/DAPI.
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we used, and therefore we could not test the metformin
effect on the activity of these transcription factors in
HEK293/TLR4 cell line. Similar to what was observed by
others, our results demonstrated that CXCL8 expression
was regulated predominantly through LPS-dependent acti-
vation of NF-κB pathway [49]. However, other studies
indicated that CXCL8 expression also requires the conjoint
action of multiple transcription factors. In Jurkat

lymphoma and human gastric cancer cell line, activation
of CXCL8 is mediated through cooperative action of AP-
1 and NF-κB [50, 51]. These alterations can be explained
by differences in expression patterns of transcription factors
and mediators of signal transduction pathways in different
cell lines.

The NF-κB is a key player in regulation of inflammatory
responses [46]. Metformin suppressed LPS-induced CXCL8
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Figure 4: Metformin suppressed HEK294/TLR4/TLR4 cell migration. HEK294/TLR4 cells were treated with different concentrations of
metformin for 24 h, followed by 1 μg/ml LPS treatment for 24 h. A scratch was then made when cells formed monolayer. Images were
taken after another 24-hour culture. (a) Control, (b) 10mM metformin, (c) 1 μg/ml LPS, (d) 0.1mM metformin and 1 μg/ml LPS, (e)
1mM metformin and 1 μg/ml LPS, and (f) 10mM metformin and 1 μg/ml LPS cells. (g) Plot of relative migration distances (expressed as
the distance between the boarders of the scratch to that of the cells treated with LPS only). ∗P < 0 05, ∗∗P < 0 01, and ∗∗∗P < 0 001.
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expression predominantly through downregulating NF-κB
activity in our cell model. We observed significantly dimin-
ished LPS-induced NF-κB p50-p65 dimer translocation in
the cells pretreated with 10mM metformin. This inhibitory
effect of metformin was possibly achieved through activating
AMPK signaling [40, 46, 52]. However, NF-κB is not a direct
substrate to AMPK. AMPK activates negative regulator of
NF-κB pathway, the NAD+-dependent protein deacetylase
SIRT1. SIRT1 regulates NF-κB activities by deacetylation of
NF-κB-p65 subunit, therefore inhibiting NF-κB activities
and promoting resolution of inflammation [53–55]. SIRT1
also modulates activities of other factors, including peroxi-
some proliferator-activated receptor gamma coactivator-1α
(PGC-1α), p53, and Forkhead box O (FoxO) transcription
factor [53–56]. To further understand metformin-mediated
regulation on NF-κB activities in our HEK293/TLR4 model,
the activities of AMPK and its associated downstream targets
require an additional study.

The anticancer properties of metformin could be par-
tially explained by its effect on proliferation of tumor cells
[47, 48, 57]. In vivo study showed that metformin reduced
tumor volume and weight [46]. In contrast, in our study,
metformin did not affect the proliferation of HEK293/

TLR4 cells. This contrast could be explained partially by
the differences in the cell lines. HEK293/TLR4 used in this
study was normal human embryonic kidney cells, whereas
malignant tumor cells, used by other groups, demonstrated
sustained proliferation and high metabolic rate. Metformin
may affect cells with high proliferative and metabolic rate,
but not the normal tissue cells.

In our wound-healing model, metformin significantly
inhibited the migration of HEK293/TLR4 cells under the
high dose (10mM). The migration of cells was independent
on LPS treatment. Migration of the cells pretreated with
10mM metformin was suppressed to the same level to that
of the LPS-induced cells treated with 10mMmetformin. This
result suggests that the effect of metformin on cell migration
was independent from its inhibitory effect on NF-κB activi-
ties. However, the correlation of cell migration and NF-κB
activities requires further study.

The HEK293/TLR4 cell line we used does not express
CXCL8 receptors: CXCR1 and CXCR2. In the CXCR-
positive tumor cells, the secreted CXCL8 acted in an auto-
crine manner promoting tumor cell proliferation, migration,
and angiogenesis [21]. CXCL8 in CXCR-positive cells
through activating CXCR1 and CXCR2 signals transduction
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Figure 5: Metformin effects on cell cycle. HEK294/TLR4 cells were treated with different concentrations of metformin for 24 hours, followed
by incubation with 1 μg/ml LPS for 24 hours. The cells were then washed and fixed. Nucleus was stained with PI. Cell cycle was assessed by
using flow cytometer. Representative results in (a) control, (b) 1 μg/ml LPS, (c) 0.1mMmetformin and 1 μg/ml LPS, (d) 1mMmetformin and
1 μg/ml LPS, and (e) 10mM metformin- and 1 μg/ml LPS-treated cells. (f) Histogram of cell cycle data. Data are reported as mean± SEM.
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pathways [21]. Activation of CXCR1 and CXCR2 signal
transduction pathways enhances NF-κB activities that further
promote CXCL8 expression, generating a self-perpetuating
cycle. In our study, the autocrine action of CXCL8 was
excluded. Therefore, we were able to study CXCL8 expression
induced by LPS solely and the effect of metformin on LPS-
induced CXCL8 expression. However, we were unsure with
the effect of CXCRs on LPS-induced CXCL8 expression.
The involvement of CXCRs in CXCL8 expression in our
model requires further studies.

CXCL8 promotes tumor progression through regulating
construction of tumor microenvironment. It regulates tumor
cell proliferation and differentiation, enhancing tumor
growth and cell migration. It recruits monocytes that further
differentiate into tumor-associated macrophags (TAMs) in
the tumor microenvironment. TAMs secrete proinflamma-
tory cytokines and chemokines that enhance tumor inflam-
mation and factors such as VEGF and MMPs that favor
angiogenesis. CXCL8 also recruits endothelial progenitor
cells that undergo differentiation and proliferation under
the regulation of CXCL8 and TAMs. The migrated tumor
cells escape into the newly formed blood vessels forming
metastasis. Metformin suppresses tumor progression
through inhibiting tumor inflammation, tumor cell prolif-
eration and migration, and angiogenesis. We hypothesized
that the anticancer properties of metformin are, at least
partially, based on inhibition of tumor microenvironment
construction through suppressing CXCL8 expression. Our
study demonstrated that metformin suppressed LPS-
induced CXCL8 expression via inhibiting NF-κB nuclear
translocation in HEK293/TLR4 cells. Under the condition
we used, metformin dampened cell migration without affect-
ing cell proliferation.
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Patients with inflammatory bowel disease (IBD) are at an increased risk of developing colorectal cancer (CRC). The risk factors of
CRC in IBD patients include long disease duration, extensive colitis, severe histological inflammation, and coexistence with primary
sclerosing cholangitis (PSC). Several molecular pathways that contribute to sporadic CRC are also involved in the
pathogenesis of colitis-associated CRC. It is well established that long-standing chronic inflammation is a key predisposing
factor of CRC in IBD. Proinflammatory pathways, including nuclear factor kappa B (NF-κB), IL-6/STAT3, cyclooxygenase-2
(COX-2)/PGE2, and IL-23/Th17, promote tumorigenesis by inducing the production of inflammatory mediators, upregulating
the expression of antiapoptotic genes, and stimulating cell proliferation as well as angiogenesis. Better understanding of the
underlying mechanisms may provide some promising targets for prevention and therapy. This review aims to elucidate the role
of these signaling pathways in the pathogenesis of colitis-associated CRC using evidence-based approaches.

1. Introduction

Inflammatory bowel disease (IBD), including ulcerative
colitis (UC) and Crohn’s disease (CD), is a chronic incurable
disease that can affect the entire gastrointestinal tract. One of
the most serious complications of IBD is colorectal cancer
(CRC). Patients with IBD are at a higher risk of developing
CRC compared to the general population [1]. The incidence
rate of CRC in the general population ranges from 0.1/1000
person-years (py) to 0.4/1000 py. A meta-analysis including
116 studies (54,478 patients) estimated that the overall inci-
dence rate of CRC in patients with UC was 3/1000 py. This
risk increased with disease duration, which was 2% at 10
years, 8% at 20 years, and 18% at 30 years [2]. More recently,
meta-analysis published in 2013 suggested that the incidence
rate of CRC in UC patients decreased to 1.58/1000 py due
to more widespread endoscopic surveillance, the use of che-
mopreventive agents such as 5-aminosalicylates (5-ASA),
and higher rates of colectomy [3]. The role of CD in CRC risk
remains controversial [4, 5]. Although some studies failed to
confirm an association, meta-analysis conducted by Canavan
et al. revealed a significant increased risk of CRC in CD, with

a relative risk (RR) of 2.5 (95% CI 1.3–4.7) [4]. The cumula-
tive risk of CRC in patients diagnosed with CD in this study
was estimated as 2.9% at 10 years, 5.6% at 20 years, and 8.3%
at 30 years. Subgroup analysis demonstrated no significant
difference in risk between patients with ileal disease and the
general population. In contrast, the risk increased by at least
fourfold in patients with colonic disease [4]. These data dem-
onstrate that repeated inflammation is a risk factor for CRC
in patients with IBD.

In addition to long disease duration, extensive colitis is a
risk factor for the development of CRC in IBD. The risk of
CRC dramatically increased in patients with extensive dis-
ease [6, 7]. According to a meta-analysis, the cumulative inci-
dence of CRC in patients with extensive colitis was 44.4/1000
patients [3]. A significant correlation between the histological
inflammation score and the risk of developing CRC in IBD
patients has been demonstrated, which suggests that severity
of inflammation is an independent risk factor [8]. Primary
sclerosing cholangitis (PSC), a progressive cholestatic hepa-
tobiliary inflammatory disease, is also an independent risk
factor as coexistence of PSC increased the risk of CRC by
approximately fourfold compared to patients with UC alone
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[9, 10]. 5-ASA compounds, the anti-inflammatory drugs that
are most widely used in the management of IBD, have been
reported to decrease the risk of CRC [5]. To some extent, 5-
ASA compounds function as chemopreventive agents, sug-
gesting that inflammation plays a key role in the pathogenesis
of CRC in IBD patients.

The pathogenesis of CRC in IBD patients involves genetic
and epigenetic changes. Sporadic CRC and colitis-associated
CRC share some common genetic changes, including the
inactivation of tumor suppressor genes and mutation in
oncogenes as well as genetic instability [11]. However,
differences in timing and the sequence of these molecular
alterations are present. For example, the mutation in adeno-
matous polyposis coli (APC) was found in colitis-associated
CRC but is less frequent than that observed in sporadic
CRC and occurs later [12]. In addition, differences in mor-
phology and biological behavior between colitis-associated
CRC and sporadic CRC have been demonstrated, such as
increased prevalence of multifocal invasive lesions, higher
rates of mucinous or signet-ring cell carcinomas, and poor
survival in colitis-associated CRC [13]. The typical “nor-
mal mucosa-adenoma-dysplasia-carcinoma” sequence in
the sporadic CRC development was not confirmed in
colitis-associated CRC, which arises in inflamed mucosa
and develops in an “inflammation-dysplasia-carcinoma”
sequence [11]. IBD is characterized by chronic inflammation
in the mucosa. It is well recognized that the long-standing
chronic inflammation in the mucosa contributes to the
occurrence of carcinoma. The degree of inflammation and
duration of disease are closely related with the risk of CRC.
On the other hand, anti-inflammatory drugs are protective
against the development of CRC. It is suggested that signals
activated in chronic inflammation may contribute to
tumorigenesis through increasing oxidative stress, promot-
ing epithelial cell proliferation, and supporting angiogenesis
[14, 15]. This review aims to elucidate the role of chronic
inflammation in colitis-associated CRC with a review regard-
ing the contribution of inflammatory signaling pathways,
including nuclear factor kappa B (NF-κB), IL-6/STAT3,
cyclooxygenase-2 (COX-2)/PGE2, and IL-23/Th17.

2. NF-κB Pathway

NF-κB is a key regulator of inflammation and can be acti-
vated by a broad panel of stimuli, including bacterial compo-
nents such as lipopolysaccharide (LPS), proinflammatory
cytokines such as TNF-α and IL-1, viruses, and DNA-
damaging agents [16]. Once activated, NF-κB-bound IκBs
(inhibitor of NF-κB) are phosphorylated by the IκB kinase
(IKK) complex. Degradation of IκBs allows for NF-κB to
translocate to the nucleus and mediate the transcription of
various target genes [17]. Some proinflammatory cytokines
(such as TNF-α, IL-1, and IL-6) that are encoded by target
genes of the NF-κB pathway contribute to inflammation-
related tissue damage and are associated with tumor develop-
ment and progression. For example, TNF-α has been demon-
strated as a potent mutagen that contributes to tumor
initiation via the induction of reactive oxygen species (ROS)
production and promoting DNA damage [18]. Increased

expression and activation of NF-κB were observed in IBD
patients, especially in mucosal macrophages and epithelial
cells, accompanied by enhanced production of proinflamma-
tory cytokines such as TNF-α, IL-1, and IL-6 [19]. Target
genes of the NF-κB pathway that encode antiapoptotic regu-
lators including grow arrest and DNA-damage-inducible 45β
(GADD45β), B-cell lymphoma 2- (BCL-2-) related protein
(BFL1), and B-cell lymphoma XL (BCL-XL) have also been
identified [16, 17]. It is well accepted that the activation of
these antiapoptotic genes ensures the survival and prolifera-
tion of tumorigenic cells [17, 20]. In addition, activation of
NF-κB can stimulate tumor progression and invasion
through directly or indirectly enhancing the expression of
vascular endothelial growth factor (VEGF), COX-2, and IL-
8 to promote angiogenesis [21]. Moreover, the production
of matrix metalloproteinase- (MMP-) 9 and some serine pro-
teases that are regulated by NF-κB pathway was shown to
facilitate tumor metastasis [16]. In conclusion, the NF-κB
pathway functions as a molecular link between inflammation
and tumorigenesis due to its ability to stimulate the expres-
sion of proinflammatory cytokines, antiapoptotic genes,
angiogenesis factors, and proteases, which promote tumor
initiation and ensure the survival and proliferation as well
as invasion of malignant cells (Figure 1).

An association between the NF-κB pathway and the
pathogenesis of colitis-associated CRC was confirmed in ani-
mal experiments. An animal model of colitis-associated CRC
was established with injection of a procarcinogen azoxy-
methane (AOM), followed by repeated oral administration
of dextran sulfate sodium (DSS), which causes chronic
inflammation mimicking IBD. All mice treated with this
protocol developed tumors in the middle to distal colon,
where the most severe inflammation occurs in DSS-induced
colitis [22]. Enterocyte-specific deletion of IKKβ significantly
decreased the incidence of colitis-associated tumors,
although a significant increase in levels of histological inflam-
mation and proinflammatory cytokines was observed.
Administration of AOM and DSS led to the activation of
IKK and induction of the antiapoptotic protein BCL-XL,
which is absent in the IKKβ-knockout mice. Deletion of
IKKβ in enterocytes also increased apoptosis through upreg-
ulating the expression of proapoptotic proteins Bak and Bax.
These results suggested that the NF-κB pathway in epithelial
cells promotes tumor development by suppressing apoptosis
rather than mediating the transcription of proinflammatory
genes [16, 22]. However, myeloid-specific deletion of IKKβ
significantly decreased the incidence and size of tumors in
colitis-associated cancer model without an effect on apopto-
sis. Deletion of IKKβ in myeloid cells reduced the expression
of proinflammatory mediators and the proliferation of epi-
thelial cells [22]. Collectively, the NF-κB pathway does
promote tumor growth in animal models but the pathway
to suppress apoptosis or induce proinflammatory cytokines
may be cell type dependent.

Activation of NF-κB induces the production of TNF-α,
which can further increase NF-κB activation after binding
to TNF receptor (TNF-R). Crucial contributions of TNF-α/
TNF-R in tumor initiation and progression have been sug-
gested [23]. In addition to promoting DNA damage by
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inducing ROS generation, several lines of evidence have
implied that TNF-α promotes angiogenesis via stimulating
the expression of proangiogenic chemokines, which can
induce endothelial cell proliferation by increasing the recruit-
ment of inflammatory cells that secrete angiogenic factors
[24]. Enhanced expression of TNF-α was demonstrated in
colitis-associated CRC mouse models that were established
by combined treatment of AOM and DSS. Knockout of
TNF-Rp55 (TNF receptor p55) or treatment with TNF-α
antagonist etanercept reduced mucosal inflammatory cell
infiltration, tumor incidence, and tumor size [23]. Infliximab,
a novel anti-TNF-α compound that is used in the manage-
ment of patients with refractory IBD, was suggested to be
effective in cancer prevention with early intervention in ani-
mal models of colitis-associated CRC [25]. Above all, TNF-α
is a key risk factor within the NF-κB pathway to the develop-
ment of colitis-associated CRC.

3. IL-6/STAT3 Pathway

The proinflammatory cytokine IL-6 plays a crucial patho-
genic role in IBD. The levels of IL-6 in serum and intestinal

mucosa of patients with IBD are distinctly elevated and pos-
itively correlated with the severity of inflammation [26]. The
classic IL-6 pathway is initiated by binding to its membrane-
bound receptor (IL-6R) to form an IL-6/IL-6R complex,
which induces the recruitment and homodimerization of
two gp130 subunits to activate intracellular signal pathways,
including the JAK/STAT, Ras/ERK (extracellular signal-
regulated kinase), and PI3K (phosphoinositide 3-kinase)/
Akt pathway. The gp130 protein is ubiquitously expressed.
In cells that do not express IL-6R and only express gp130,
IL-6 can bind to a soluble form of IL-6R (sIL-6R) to initiate
intracellular signaling, termed transsignaling [27]. Several
studies have demonstrated that proinflammatory activities
of IL-6 are mediated via transsignaling [28–30]. Increased
levels of circulating sIL-6R and IL-6/sIL-6R complexes in
IBD patients have been observed. In IBD, activation of
STAT3 that is mediated by the interaction of IL-6/sIL-6R
complexes and gp130 enhances the expression of antia-
poptotic factors such as BCL-2 and BCL-XL, which causes
apoptotic resistance in CD4+T cells and contributes to the
perpetuation of chronic intestinal inflammation [26]. A
crucial role of IL-6 in the pathogenesis of CRC has been
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Figure 1: NF-κB pathway functions as the molecular link between inflammation and tumorigenesis. NF-κB pathway can be activated by
proinflammatory cytokines (TNF-α and IL-1), bacterial components (such as LPS), viruses, and DNA-damaging agents. Activation of NF-
κB pathway induces expression of proinflammatory cytokines (such as TNF-α, IL-1, and IL-6), chemokines (IL-8), and enzymes (COX-2)
that contribute to inflammation-related tissue damages and are associated with tumor initiation. Antiapoptotic factors GADD45β, BFL1,
and BCL-XL ensure tumor cell survival and proliferation. In addition, VEGF, COX-2, and IL-8 promote angiogenesis and play an
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suggested as serum IL-6 levels were significantly increased
in patients with CRC and correlated with tumor size and
disease status [31]. The IL-6/STAT3 pathway can stimulate
the survival and proliferation of premalignant intestinal
epithelial cells (IEC) [32]. Recent studies have demon-
strated that the IL-6/STAT3 pathway is a crucial tumor
promoter in colitis-associated cancer.

In mouse models of colitis-associated cancer that com-
bined the treatment of AOM and DSS, IL-6 was mainly
expressed by infiltrating macrophages, dendritic cells, and T
cells during tumorigenesis [32, 33]. Deletion of IL-6 reduced
tumor numbers, tumor size, and tumor multiplicity. IL-6−/−

mice exhibited a more severe DSS-induced colitis, elevated
apoptosis, and decreased IEC proliferation, similar to mice
with IEC-specific deletion of STAT3 [32, 34]. STAT3 was
highly activated in DSS-induced colitis, IBD, and various
tumors [35, 36]. Some target genes of STAT3 signaling are
important for cell proliferation, such as cyclin D and PCNA
(proliferating cell nuclear antigen), which were downregu-
lated in IL-6−/− mice [32, 36]. Expression of BCL-XL was also
downregulated when IL-6 or STAT3 was ablated [32]. Col-
lectively, it is suggested that IL-6 is a critical tumor promoter
in colitis-associated cancer and STAT3 is essential for the
transduction of tumor-promoting signals from IL-6.

SOCS3 (suppressor of cytokine signaling 3), a STAT3
target gene, is a negative regulator of the IL-6/STAT3 path-
way [37]. In vitro, overexpression of SOCS3 reduced IL-6-
dependent STAT3 activation. SOCS3-positive cells were sig-
nificantly increased in colonic epithelium of patients with
active IBD, together with increased expression of IL-6 and
phosphorylated STAT3 (p-STAT3). In contrast, decreased
SOCS3 expression and methylation of SOCS3 were observed
in patients with colitis-associated CRC [38]. In AOM/DSS
models of colitis-associated cancer, IEC-specific deletion
of SOCS3 enhanced crypt proliferation and promoted tumor
growth [39]. These results implied an important role of
SOCS3 in inhibiting tumorigenesis via downregulating
IL-6/STAT3 signaling.

In addition, a link between TGF-β signaling and IL-6/
STAT3 signaling in the tumorigenesis of colitis-associated
CRC has been demonstrated. Several lines of evidence sup-
port a protective role of TGF-β in the development of CRC
[5, 40]. Mutations in the TGF-β receptor II (TGF-βRII) were
detected in patients with CRC [41]. In AOM/DSS-treated
mice, decreased expression of TGF-βR was observed in dys-
plastic epithelial cells although large amounts of TGF-β were
expressed by tumor infiltrating T cells. In the same animal
model, overexpression of TGF-β reduced IL-6 production,
delayed tumor development, and inhibited tumor growth.
In contrast, dominant-negative TGF-βRII transgenic mice
exhibited increased tumor burden, which could be inhibited
by neutralization of IL-6R [33]. It is suggested that suppres-
sion of TGF-β signaling promotes tumor growth in an IL-
6/STAT3-dependent way.

4. COX-2/PGE2 Pathway

Evidences from population-based studies and animal
experiments support a protective role of nonsteroidal

anti-inflammatory drugs (NSAIDs) against CRC [42].
Long-term use of NSAIDs reduced the risks of developing
CRC by 40–50% [43]. NSAIDs inhibit the activity of COX,
the enzyme that catalyzes the formation of prostaglandins
(PGs). Two isoforms of COX enzyme have been cloned;
COX-1 is constitutively expressed in various cells while
COX-2 is not normally expressed but can be induced by
growth factors and proinflammatory cytokines [44]. The
anticancer effects of NSAIDs are due to their ability to
inhibit the inducible COX-2.

COX-2 plays an important role in colonic inflammation
and tumorigenesis. Elevated COX-2 expression was observed
in approximately 85% of CRCs and correlated with poorer
survival [44]. In IBD, COX-2 overexpression was detected
in patients with active inflammation and in colitis-
associated neoplastic tissues [45]. In animal models, includ-
ing ApcMin mice and AOM-treated mice, deletion of COX-
2 or treatment with selective COX-2 inhibitors reduced
tumor numbers, size, and multiplicity [44, 46, 47]. COX-2
may promote tumor development through its ability to
induce the expression of antiapoptotic proteins such as
BCL-2 and result in resistance to apoptosis. In addition, over-
expression of COX-2 is associated with elevated levels of
MMPs and increased migration of malignant cells [44].

As downstream of COX-2, PGE2 mediates the effects of
COX-2 in IBD and CRC. PGE2 acts via a specific cell surface
receptor EP, which is comprised of four subtypes, EP1, EP2,
EP3, and EP4 [48]. The proinflammatory effects of PGE2
are primarily mediated through EP1 and EP3. However,
recent studies have demonstrated that PGE2 can interact with
EP2/EP4 receptors on dendritic cells to induce the expression
of IL-23 and exacerbate experimental colitis [49]. EP4, a
PGE2 receptor subtype that is constitutively expressed in
the colonic epithelium, plays an important role in epithelium
survival and regeneration through the activation of antiapop-
totic as well as proliferative signaling pathways. Exacerbated
DSS-induced colitis was observed after deletion of EP4 [50].
In vitro, administration of PGE2 induces BCL-2 expression,
decreases apoptosis, and promotes proliferation in human
CRC cells [51]. A selective agonist of EP4 promotes colon
cancer cell growth at the same level as PGE2. Knockout of
EP4 or administration with a selective EP4 antagonist
decreased AOM-induced preneoplastic lesions and intestinal
polyp numbers [52]. It is suggested that EP4 can mediate
cancer-promoting effects of PGE2 in CRC. Moreover, a key
role of EP1 in colon carcinogenesis has also been demon-
strated with AOM-treated mice, in which genetic or pharma-
cological deletion of EP1 significantly inhibited tumor
development [53]. Furthermore, PGE2 can promote tumor
progression by inducing the expression of C-X-C motif
ligand 1 (CXCL1), a proangiogenic chemokine that can
induce microvascular endothelial cell migration and tube for-
mation to promote tumor growth as well as invasion [54].

Additionally, transactivation of nuclear hormone recep-
tor peroxisome proliferator-activated receptors (PPARs) is
involved in the cancer-promoting effects of PGE2. In Apcmin

mice, PGE2 treatment promoted cell survival and distinctly
increased tumor burden, which was mediated by the transac-
tivation of PPARδ through PI3K/Akt signaling [55]. PPARδ
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is one of the downstream targets of the COX-2/PGE2
pathway. However, activation of PPARδ can induce
COX-2 expression in colonic cancer cells. COX-2-derived
PGE2 stimulates macrophages to produce proinflammatory
cytokines that contribute to colitis-associated cancer. Dele-
tion of PPARδ attenuated colonic inflammation and colitis-
associated tumor development in animal experiments [56].
It is suggested that PGE2 mediates the crosstalk between
colonic tumorigenesis and chronic inflammation via a
self-amplifying loop between PPARδ and the COX-2/
PGE2 pathway (Figure 2).

5. IL-23/Th17 Pathway

Recent studies have shown that a novel T-cell subset, T-
helper IL-17-producing (Th17) cell, is involved in the patho-
genesis of IBD [57]. The IL-17 cytokine family is comprised
of six members: IL-17A, IL-17B, IL-17C, IL-17D, IL-17E
(also known as IL-25), and IL-17F. IL-17A and IL-17F drive
intestinal inflammation by inducing cytokine and chemokine
production from endothelial cells and macrophages as well as
increasing neutrophil recruitment [58]. Increased IL-17
expression was detected in the serum and colonic mucosa
in patients with active IBD [59]. Additionally, Th17 cells

can also synthesize other cytokines that have been shown to
play an important role in intestinal inflammation, such as
IL-21 and IL-22. IL-23, a heterodimeric cytokine composed
of a p19 and p40 subunit, is a positive regulator of Th17 cells.
TGF-β and IL-6 drive early Th17 cell differentiation by pro-
moting the expression of the crucial transcription factor reti-
noic acid receptor-related orphan receptor (ROR) γt and
RORα. TGF-β and IL-6 can also induce IL-23 receptor
(IL23R) expression on Th17 cells to mediate the effects of
IL-23 [60]. IL-23 is required in the stabilization and expan-
sion of the Th17 response. Blockade of IL-23 signaling with
monoclonal anti-IL-23p19 antibody induced apoptosis of
Th17 cells and attenuated experimental colitis induced by
transferring IL-17-producing CD4+ T cells to SCID mice
[61]. In addition, genetic studies have demonstrated that var-
iants of the IL23R gene are linked to IBD susceptibility [62].
So far, it is well known that the IL-23/Th17 pathway plays a
key role in the pathogenesis of IBD [57, 58, 60].

IL-23/Th17 signaling not only contributes to inflamma-
tion in IBD but also enhances tumor growth and progression
in CRC. In CPC-APC mice (the ApcF/wt mice that harbor a
Cdx2-Cre transgene and primarily develop tumors in the dis-
tal colon), upregulation of IL-23 and IL-17A was observed in
colonic tumors. Ablation of IL-23 or IL-23R attenuated the
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Figure 2: The role of COX-2/PGE2 pathway in colitis-associated CRC. The COX enzymes catalyze the biosynthesis of PGG2 and PGH2 from
arachidonic acid. PGH2 is subsequently metabolized to TXA2, PGI2, PGE2, PGD2, and PGF2α by PG synthases. COX-2-derived PGE2 acts via
specific receptor EP1-4 and plays an important role in tumor development and progression through inducing expression of antiapoptotic
proteins (such as BCL-2), proangiogenic chemokines (such as CXCL1), and MMP. In addition, PGE2 mediates the activation of PPARδ
through PI3K/Akt signaling. PPARδ contributes to tumorigenesis by ensuring tumor cell survival and proliferation. Activation of PPARδ
can further enhance the production of COX-2-derived PGE2.
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expression of IL-17A and reduced cell proliferation and
tumor load [63]. Furthermore, the number of IL-17-
producing cells is positively correlated with intratumoral
microvessel density. It is suggested that IL-17 facilitates
angiogenesis and promotes CRC development by inducing
the production of VEGF [64]. Similarly, the level of serum
IL-23 was elevated in patients with CRC and correlated with
the expression of VEGF [65]. The critical role of IL-17 in the
pathogenesis of colitis-associated cancer was also confirmed
in animal models. Blocking IL-17A attenuated colitis and
reduced tumor burden in APCmin/+ mice and AOM/DSS-
treated mice [66, 67].

Th17 cells can also produce large amounts of IL-21,
which in turn amplifies Th17 cell responses by activating
STAT3 and upregulating IL-23R [67]. The role of IL-21 in
colitis-associated CRC has been investigated. IL-21 was
found overexpressed in patients with UC and colitis-
associated CRC. Deletion of IL-21 attenuated intestinal
inflammation by reducing the infiltration of T cells, the acti-
vation of STAT3, and the production of IL-6 as well as IL-
17A. Furthermore, deletion of IL-21 could further reduce
tumor numbers and tumor size in AOM/DSS-treated mice
[68]. IL-22, another cytokine secreted by Th17 cells, was
also upregulated in infiltrated leukocytes in tumor masses
of patients with colitis-associated CRC. These IL-22-
producing cells can promote tumor growth and metastasis
by activating STAT3 and inducing the expression of anti-
apoptotic factors such as BCL-XL [69]. Deficiency in IL-22-
binding protein (IL-22BP), a soluble receptor that can
neutralize IL-22 to inhibit IL-22 signaling, enhanced tumor-
igenesis in APCmin/+ mice and AOM/DSS-treated mice [70].
Collectively, Th17 cell cytokines IL-21 and IL-22 have
tumor-promoting effects in colitis-associated CRC. In con-
trast, IL-17F played a protective role in colonic tumorigenesis
as IL-17F-deficient mice exhibited an increased level of
VEGF and developed more tumors after treatment with both
AOM and DSS [71].

6. Conclusion

Perpetuated intestinal inflammation in IBD dramatically
increases the risk of CRC. Clinical studies and animal exper-
iments have demonstrated a crucial role of proinflammatory
pathways, especially the NF-κB, IL-6/STAT3, COX-2/PGE2,
and IL-23/Th17 signaling pathways, in the pathogenesis of
colitis-associated CRC. These signaling pathways regulate
the expression of various inflammatory mediators and
orchestrate a tumor-supporting microenvironment. The
tumor-promoting effects of these signals involve the upregu-
lation of antiapoptotic proteins and the enhanced prolifera-
tion of epithelial cells at the inflammatory site, which
stimulate tumor initiation and growth in CRC. Furthermore,
the formation of new blood vessels is essential for tumor
growth and progression. These proinflammatory pathways
induce the production of growth factors such as VEGF and
chemokines such as IL-8 to promote angiogenesis. Addition-
ally, upregulation of proteases facilitates tumor invasion. A
crosstalk between these pathways has also been suggested.
For example, regulation of IL-6 and COX-2 expression by

the NF-κB pathway, the proinflammatory effects of PGE2
through the IL-23/Th17 axis, and cytokine secretion by
Th17 cells can regulate production of IL-6 and activation of
STAT3. Several tumor-promoting mediators involved in
these pathways function via a self-amplifying loop. For
example, activation of NF-κB induces the production of
TNF-α, which can in turn function as a primary stimulus
for the NF-κB pathway. PPARδ, downstream of the COX-
2/PGE2 pathway, can further induce COX-2 expression and
PGE2 production. In conclusion, these signaling pathways
are widely activated in IBD and collaboratively contribute
to colonic tumorigenesis by stimulating cell survival,
angiogenesis, and cell invasion. Several lines of evidence
have suggested that inhibition of components in these
pathways is effective to suppress tumor development in
colitis-associated CRC models. Better understanding of
the underlying mechanisms may lead to novel targets of
prevention and therapy for colitis-associated CRC.
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Melanomas are tumors originating frommelanocytes and tend to show early metastasis secondary to the loss of cellular adhesion in
the primary tumor, resulting in high mortality rates. Cancer-specific active immunotherapy is an experimental form of treatment
that stimulates the immune system to recognize antigens on the surface of cancer cells. Current experimental approaches in
immunotherapy include vaccines, biochemotherapy, and the transfer of adoptive T cells and dendritic cells. Several types of
vaccines, including peptide, viral, and dendritic cell vaccines, are currently under investigation for the treatment of melanoma.
These treatments have the same goal as drugs that are already used to stimulate the proliferation of T lymphocytes in order to
destroy tumor cells; however, immunotherapies aim to selectively attack the tumor cells of each patient. In this comprehensive
review, we describe recent advancements in the development of immunotherapies for melanoma, with a specific focus on the
identification of neoantigens for the prediction of their elicited immune responses. This review is expected to provide important
insights into the future of immunotherapy for melanoma.

1. Introduction

Human melanomas are malignant tumors formed from
melanocytes. As an aggressive type of skin cancer, melanoma
is a major cause of morbidity and mortality. Notably, the
incidence of melanoma is increasing worldwide, and no
satisfactory treatments are currently available, with the
exception of surgery [1–3]. The development of a melanoma
is a dynamic process whereby the immune system not only
protects against cancer development but also shapes the
characteristics of the emerging tumors through a so-called

“cancer-immunoediting” process. Accordingly, new immu-
notherapies are being investigated to identify and character-
ize the different subsets of cancer cells in melanoma in
order to design individualized treatments for patients. More-
over, metastasis (Figure 1) [4] is a highly complex process,
and its mechanisms have been difficult to elucidate in detail
owing to the high genetic heterogeneity; nevertheless, the
metastasis process is generally associated with severe
immune tolerance, which is explained in part by the low per-
centages of tumor peptides or the poor immunogenicity of
melanoma antigens [5]. To select the most effective therapy,
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the Cancer Genome Atlas Research (TCGA) network divided
melanoma into four subtypes based on the presence of muta-
tions in the BRAF, RAS, and neurofibromatosis type 1 (NF1)
genes. Therefore, drugs targeting these genes have been
developed as candidate treatments for melanoma. However,
some tumors show resistance to BRAF inhibitor treatments,
and some mechanisms for this drug resistance have been
identified to contribute to treatment failure, which are caused
by mutations in several genes in most cases [6, 7]. Accord-
ingly, a promising treatment approach for patients with mel-
anoma is combination therapy to simultaneously inhibit
multiple pathways, including the BRAF (using vemurafenib
or dabrafenib) and mitogen-activated protein kinase (MEK;
using trametinib and cobemetinib) pathways, which pro-
duces a response in the majority of patients. Moreover, other
agents that target the immune system are being actively
investigated to improve the efficacy and reduce the toxicity
of therapies to cure melanoma, such as the use of anticyto-
toxic T-lymphocyte-associated protein 4 (CTLA-4) antibod-
ies (ipilimumab) and T cell immunoglobulin and mucin
domain 3 (TIM3)/CD137 [8].

Several assays have been performed to validate
interferon-alpha (IFN-α) as an adjuvant in immunotherapy

treatments against resected melanomas. Mocelli et al. [9]
conducted a meta-analysis including the results of 14 trials
on the use of IFN-α as an adjuvant and found a 12%
reduction in the risk of death; however, only one study
using high doses of IFN-α established a significant impact
of the treatment on overall survival. Clinical trials are cur-
rently underway in patients with BRAF mutation-associated
melanoma by combining a BRAF-1 and IFN-α inhibitor to
determine whether the combination might have greater
potency than monotherapy.

Nanda et al. [10] reported that the phosphatidylinositol
3-kinase (PI3K)/AKT/mechanistic target of rapamycin
(mTOR) signaling pathway is an important regulator of
key cellular processes in melanoma and is therefore a
candidate combinatorial partner for both targeted and
immune therapies.

Neuroblastoma RAS viral oncogene (NRAS) mutations
are present in 15–20% of all melanomas and are associated
with a poor prognosis; the combination of a MEK inhibitor
and CDK4 inhibitors has shown promising results in these
patients [7]. Loss of or mutations in the phosphatase and
tensin (PTEN) tumor suppressor gene and NRAS muta-
tions are the most common mechanisms through which
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Figure 1: Schematic of the multitude of interacting genetic factors that influence the pathogenesis of melanoma. Oncogenic NRASmutations
activate the effector pathways PI3K-AKT and Raf-MEK-ERK. The latter pathway is also activated by means of mutations in the BRAF gene. In
contrast, PI3K-AKT pathway activation is conditioned by the loss or mutation of the tumor suppressor gene PTEN. These changes are
generally preserved throughout tumor progression. The development of melanoma has been shown to be strongly associated with the
inactivation of the tumor suppressors p16INK4a/cyclin-dependent protein kinases 4 and 6/retinoblastoma (p16INK4a/CDK4,6/pRb) and
p14ARF/human double minute 2/p53 (p14ARF/HMD2/P53). Other factors such as microphthalmia-associated transcription factor
(MITF) and TP53 play a crucial role in the progression of melanoma [4].
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the PI3K/AKT pathway is activated, thereby mediating cell
proliferation, motility, angiogenesis, apoptosis, and metab-
olism in cancer. In fact, the loss of PTEN expression is
predictive of brain metastasis in cases of BRAF-V600
mutant melanoma [7, 11].

Many studies have investigated the relationships
among cancer cells, the tumor microenvironment, and
the immune system. However, not all therapies that block
inhibitory control points of the immune system are effec-
tive in all patients. Thus, future investigations are needed
to combine these immunotherapies with others that stim-
ulate the immune system at different points to develop
personalized treatments for patients based on the specific
antigens expressed by their tumor cells. In this review,
we provide a comprehensive discussion of the current
immunotherapy techniques and offer perspectives for the
future in this field.

2. Literature Search Strategy

We carried out a comprehensive search of the Cochrane
Central Register of Controlled Trials, MEDLINE (PubMed),
and Embase databases for articles published from March
2010 to March 2016 using the following search terms:
melanoma along with immunotherapy, peptide vaccine, viral
vaccine, dendritic cell vaccine, T cell, and/or biochemotherapy.
We performed an exhaustive review of published articles and
the bibliographies of selected manuscripts.

3. Immunotherapy Approaches

Immunotherapy has great potential to promote the devel-
opment of and progress in the treatment of patients with
melanoma. Indeed, recent findings and emerging studies

on therapeutic interventions have demonstrated a complete
treatment response in specific patient subgroups.

As discussed by Farkona et al. [12], major advances in
targeting the immune evasion phase of tumors have been
obtained using drugs that block the inhibitory control
points that regulate the immune system, such as pro-
grammed death 1 (PD-1) and CTLA-4. Several therapeutic
targets at immune system checkpoints are under active
investigation for drug development. For example, some
immunological treatments involving CTLA-4 or PD-1/pro-
grammed death ligand 1 (PD-L1) receptors have shown good
results in melanoma [13] (Figure 2). Alternatively, OX40
(a T cell stimulator) is a tumor necrosis factor receptor
(TNFR) that is associated with increased T cell expansion,
proliferation, survival, and memory development. In some
cases, OX40 ligation has been shown to suppress the
tumor suppressor activity of FoxP3+ CD25+ CD4+ regulatory
T cells (Tregs). This suggests that the addition of OX40
stimulation may help to increase the efficacy of dual
blockade strategies [14].

Extraction of T cells from patients and the subsequent
genetic modification of these cells with chimeric antigen
receptors are under development as a promising alternative
approach. Contreras et al. [15] inoculated B16F10 melanoma
cells that express very low levels of the lymphocytic chorio-
meningitis virus peptide GP33 (B16GP33) into syngeneic
C57BL/6 mice. Subsequently, bona fide, naïve, effector, or
memory phenotype GP33-specific CD8+ T cells were adop-
tively transferred into the mice after inoculation. Only the
mice that received memory T cell-based adoptive cell transfer
(ACT) immunotherapy showed specific durable immunity to
melanoma. The authors concluded that the use of nonex-
panded CD8+ T cells could improve the immunotherapeutic
efficacy of ACT.
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Figure 2: Control of checkpoint blockade and targeted therapy in metastatic melanoma. Four steps are required to attack the tumor cell by
the immune system: recognition, tumor antigen presentation to T cells, T cell activation, and direct tumor attack. MHC: major
histocompatibility complex; TCR: T cell receptor; CTLA-4: cytotoxic T-lymphocyte antigen 4.
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In addition, the mechanisms of immunotherapies that
target tumors can begin to be elucidated based on the results
of several recent clinical trials. For example, Redeker and
Arens [16] reported the effectiveness of ACT employing
tumor-infiltrating lymphocytes (TILs) plus interleukin-
(IL-) 2 after lymphodepletion in the tumor. The recent
success of ACT strategies suggests that T cell-specific ACT
may be more effective in the context of reinfusion after
lympho/myeloablative therapy. Alternatively, restimulation
of injected TILs with a tumor vaccine using the same
antigen that is recognized by TILs may improve the
lifespan of antigen-specific T cells [16].

Albeituni et al. [17] further suggested that myeloid-
derived suppressor cells (MDSCs) may be a new target of
immunotherapy in melanoma since the number of mono-
cytic CD14+ HLA-DR-MDSCs is increased in patients with
melanoma. In addition, different cellular activities such as
suppression of T cell proliferation and natural killer (NK) cell
activity, as well as IFN-γ production, can impair the quality
of dendritic cells (DCs).

Moreover, Chen et al. [18] showed that a natural mycelial
polysaccharide of the marine fungus Phoma herbarum sp.
YS4108, termed YCP, had antitumor effects and could
enhance the host immune response. In particular, YCP
exhibited a specific immunomodulatory capacity that was
mediated by T cells and DCs. Evaluation of the T cell/DC
activation-related factors, including IFN-γ, IL-12, and IL-4,
showed that toll-like receptor- (TLR-) 4 is responsible for
the YCP-induced activation in DCs, whereas TLR2 and
TLR4 were responsible for the YCP-induced T cell activation.

4. Vaccines

With increasing insight into the role of the immune system in
melanoma development and progression, vaccines for mela-
noma are actively being investigated. Several strategies have
been used to establish an effective vaccine for melanoma,
which fall under the following four main categories: those
targeting melanoma cells directly, DC-based vaccines,
peptide-based vaccines, and vector-based vaccines. However,
most are currently in the testing phase, and promising results
have not yet been obtained.

For example, vaccines based on autologous/allogeneic
peptides such as canvaxin have not shown good results in
phase II studies in patients with stage III and IV melanoma.
Dany et al. [19] reported the development of vaccines based
on glycolipids such as GM2; however, these vaccines did
not improve the clinical response to melanoma. One vaccine
that has shown interesting results is based on the tumor anti-
gen gp100. When combined with IL-2 treatment, this gp100
vaccine resulted in increased survival rates. In addition,
vaccines using cancer-causing viruses, such as the T-VEC
vaccine, have shown increased response rates in phase II
clinical trials in melanoma. Tumor-associated antigens
represent another potential type of immunization strategy.
Tumor-associated antigens are made from specific tumor
antigens from cells that are isolated or produced by chemical
or genetic synthesis in melanoma [20].

The most relevant studies on vaccine development for
melanoma are summarized in Table 1, and each of the four
categories is described in detail in the following sections.

4.1. Vaccines Targeting Melanoma Cells. Vaccines targeting
melanoma cell tumors are a form of active, specific immuno-
therapy involving the use of parts of melanoma cells or mel-
anoma cells from newly resected tumors obtained during
surgery. The tumor cells may originate from the patient,
another donor, or several donors.

Giampietri et al. [21] demonstrated that the endoplasmic
reticulum (ER) is an important cell organelle involved in
several cancer-related processes. In solid tumor cells, the
functions of the ER are altered (ER stress) and mechanisms
known collectively as the unfolded protein response (UPR)
are activated. The UPR activates certain signaling pathways
that are responsible for adjusting the tumor microenviron-
ment, which contributes to the resistance to therapies.
Factors such as hypoxia, oxidative stress, inflammatory
stress, acidosis, nutrient deprivation, and angiogenic growth
factors produce ER stress and thus UPR activation, leading
to activation of a signaling cascade that contributes to the
creation of the tumor microenvironment and the resistance
of tumor cells to treatments. The ER chaperone BiP is
associated with resistance to various anticancer therapies
and is expressed in high amounts in melanoma. Other types
of ER chaperones such as XBP1 and ATF6 show increased
expression levels in other types of tumors, making them
candidate targets for the development of anticancer
therapies. One of the key defense mechanisms of the cell
against ER stress is the removal of poorly folded proteins
through a mechanism of degradation in the proteasome,
termed ER-associated protein degradation. SEL1L is a protein
involved in this process, and its levels have been correlated
with prognosis in several types of cancers [21].

One strategy for the induction of antitumor lymphocytes
is the use of vaccines. However, most of the vaccines tested to
date have been based on proteins or cells that are more effec-
tive as antigens and stimulate the production of CD4+ cells
rather than CD8+ cells. The T cell surface protein 4-1BB is
a member of the TNFR family and has been tested for its effi-
cacy in vaccine development [22]. In particular, a melanoma
cell line (M20) was transfected with HLA-A2 (A2) and then
with a plasmid-encoding 4-1BBL (BBL) and was used for
the development of a vaccine. ThisM20/A2/BBL vaccine
was shown to increase IFN-γ production by 4–6 times that
of an A2-transfected M20 (M20/A2) cell line, indicating that
the BBL protein is a potent activator of the immune response
through CD8 lymphocytes. Notably, no serious side effects
were detected. However, 75% of the patients who were mon-
itored for immune responses showed a significant increase in
the percentage of IFN-γ-producing CD8 T cells and CD107a-
expressing CD8 T cells, a marker of cytotoxic activity [22].

Moreover, differences in inflammatory infiltration and
production of T helper (Th) 1 cytokines in the vaccine-
draining lymph node, with an increase in the antigen-
specific effector/regulatory T cell ratio in the lymphoid
organs, have been shown to have functional antitumor effects
after the application of tumor vaccines such as CpG and poly
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IC [5]. Zeng et al. [23]demonstrated that the T cell-mediated
immune response starts in the lymphoid organs, which are
the main targets of cancer vaccines; however, it remains a
major challenge to achieve efficient delivery of an antigen/
adjuvant at these sites. The authors developed particles that
could protect antigens from degradation and prolong their
contact with the immune system using encapsulated or
conjugated vaccine antigens. The importance of the particle
surface characteristics was particularly evident, including
smaller hybrid micelles (HMs; 20–200nm) that can migrate
more efficiently to the lymph nodes and the use of PEG-PE
and cationic PSA mixed at a 1 : 1 molar ratio to generate
hybrid micelles (HM50) that can target the draining lymph
nodes and promote the uptake of their cargos by DCs, with
a lower risk of systemic toxicity, resulting in significantly
greater CTL activity and reduced melanoma growth and
metastasis. The authors successfully encapsulated the mela-
noma antigen peptide Trp2 and the TLR-9 agonist CpG
ODN into HMs and demonstrated the high therapeutic
potential for this hybrid.

The use of cells as therapeutic agents for cancer treatment
is well established with viable cells such as adoptive T cell
therapy; however, Ahmed et al. [24] also showed that the
use of irradiated, and therefore dying, cells targeting the
whole tumor showed promising outcomes to generate effec-
tive adaptive immune responses and reduce the possibility
of immune evasion by the tumor cells. Cell surface engineer-
ing using biomolecules to decorate the surfaces of tumor cells
can further enhance the immunogenicity of a vaccine with
the possibility of loading a cell particle hybrid into a variety
or combination of immune adjuvants, which demonstrated
statistically enhanced survival and maximized changes in
immune protection and tumor regression [25]. However,
suitable models are needed for careful selection of the cellular
component prior to their clinical application.

Dai et al. [26] reported that overexpression of the human
tyrosine kinase receptor ErbB-2 (HER-2) is closely related to
poor prognosis as well as cancer cell migration and invasion,
highlighting this molecule as a critical target for cancer
immunotherapy. Passive antibody therapies have been
shown to improve the outcome of patients with HER-2-
positive cancers but tend to result in higher rates of resistance
compared to vaccination treatment, thereby requiring a high
administration frequency and high costs. Since there were no
suitable metastasis models to evaluate the antimetastatic effi-
cacy of HER-2 vaccines, given that an artificial metastasis
model cannot simulate spontaneous tumor cell metastasis,
the authors developed HER-2-positive murine melanoma
B16BL6/E2 cell lines that could metastasize both in vivo
and in vitro. Thus, they obtained a stable tumor model that
can be successfully utilized in the evaluation of a vaccine’s
effectiveness in preventing HER-2-positive cancer metastasis
and recurrence.

4.2. DC-Based Vaccines. DCs are potent and effective
antigen-presenting cells and have a high capacity to induce
T cell immunity through induction of proinflammatory cyto-
kine responses and stimulation of cytotoxic T cell responses.
However, DC-based vaccines are still not fully effective since

tumors tend to reside in immunosuppressive microenviron-
ments that reduce their effectiveness. Verma et al. [27] used
DCs as vaccines to increase host resistance in patients with
melanoma. The DCs were embedded in a matrix of fibrin-
ogen and thrombin (beDCs) and showed elevated IFN-γ
production when activated by tumor-associated antigens
and cytokines. Moreover, mice inoculated with beDCs
showed a greater tumor reduction response than those
inoculated with free DCs; however, no antitumor activity
was observed in tests with a single dose of beDCs. Moreover,
when partial resection of solid tumors was performed
followed by inoculation of the resected space with beDCs,
more than 65% of the mice showed complete remission,
and the remaining mice showed a significant delay in tumor
growth. In addition, 50% of the mice showing complete
remission developed an effective immune response against
reintroduced tumor cells of the same type. Thus, these DC
matrices were able to interact with host immune system cells
and to attract lymphocytes (Figure 3).

This interaction then allows for the development of
tertiary lymphoid structures that are associated with positive
responses to immune therapies. Accordingly, the use of
beDC-based immune therapies combined with other sub-
stances such as certain drugs or cytokines could help in the
development of effective immune responses to various types
of tumors.

Bronchalo-Vicente et al. [28] highlighted the adjuvant
properties of listeriolysin O (LLO) (a hemolysin secreted by
Listeria monocytogenes, the pathogen that causes listeriosis),
such as activation of DCs, stimulation of potent cyto-
toxic T cells disrupting the immune response to tumors,
and enhancement of Th1-dominant immune responses
(Figure 4) [29].

Moreover, LLO has been shown to target melanoma cells
and transform these cells into DCs, resulting in melanoma
regression. The immune-dominant response of LLO peptide
(amino acids 91–99) when presented to cytotoxic T cells,
thereby affecting the immune response to other antigens, is
relevant for the development of cancer and prophylactic
vaccines. Moreover, immunotherapy with LLO incorporated
into a DC vaccine has been shown to prevent the adhesion,
dissemination, and metastasis of B16OVA melanoma cells
and could induce robust innate and specific immune
responses to Listeria infection and melanoma [30]. LLO
induces effector CD8+ T cells that are localized within
the tumor and show efficient adjuvant properties. Listeria
vaccines induce strong cytotoxic T cell responses, and vacci-
nation with such vaccines has been shown to elicit a 20-fold
reduction in the mitotic index of the melanoma cells.
Furthermore, DC-LLO eradicates melanoma by pro-
grammed cell death through induction of a 2.6-fold increase
in early apoptosis [30]. In addition, a high percentage of
NK cells of the tumorigenic phenotype CD3-CD49b+ and
phenotypes involved in tumor elimination, for example,
CD8+CD11c+CD83+CD86+iNOS+MHC-II and DC-Lcd11b+

macrophages, was observed, along with high levels of IFN-γ
and IL-12 Th1 cytokines and the percentages of CD8+ cells.
The percentages of Tregs showing the phenotype CD4+CD25
high FoxP3+ were also decreased in the TILs of melanoma

7Mediators of Inflammation



after administration of the DC-LLO vaccine [30]. In sum-
mary, DC-LLO vaccinations promote stronger antimela-
noma immune responses, increase the positive signals
between DCs and T cells, and control tumor growth and
dissemination [28, 30].

4.3. Peptide Vaccines. Iversen [31] conducted a preliminary
phase II study of a combined treatment with a vaccine
(IDO+ survivin peptides, combined with montanide, imiqui-
mod, and granulocyte macrophage colony-stimulating factor
(GM-CSF) as adjuvants) plus the chemotherapeutic agent
temozolomide (TMZ). Of the 31 enrolled patients with stage
IV melanoma, 15 were screened to be positive for HLA-A2
expression. The preliminary clinical data of seven patients
showed that two had partial remission, three had stable
disease for 3 months or more, and two showed disease
progression with the appearance of new lesions.

In addition, Hu et al. [32] vaccinated patients with stage
IV melanoma with six melanoma helper peptides (6MHP).
The overall 1- and 5-year survival rates were higher in
38% and 41% of the vaccinated patients, respectively,
compared with those in the matched control groups.
Moreover, 65% of the vaccinated patients developed a
specific immune response to 6MHP in the peripheral
blood, and their 1- and 5-year survival rates were 28%
and 24% higher, respectively, than those in patients showing
no immune responses. The results of this study were superior
to those of previous studies testing other treatments in
patients with stage IV melanoma.

Reed et al. [33] immunized patients with a peptide vac-
cine at different doses. At week 7, 23 of 37 patients showed

both antibody and T cell responses, four patients showed
no response, two patients showed an antibody response only,
and five patients showed a T cell response only. Of the six
peptides included in the vaccine, the three longest peptides
(FLL: tyrosinase386–406; RNG: MART-1/Melan-A51–73; and
WNR: gp10044–59) showed better induction of immune
responses. Peptide length was well correlated with the
antibody response (R2 = 0.82).

Checkpoint inhibitors show great potential for the devel-
opment of antitumoral therapies. However, these therapies
are associated with some problems such as toxicity and resis-
tance. The PRAME tumor antigen is one of the targets of
cytolytic T lymphocytes and is expressed in multiple tumors,
including metastatic melanoma tumors. Gutzmer et al. [34]
conducted a phase I study to evaluate the dose-related toxic-
ity and humoral immune response of anti-PRAME therapy,
including 66 patients with stage IV M1b-c melanoma
who were divided into three groups that received a differ-
ent dose of the immunotherapy (RECPRAME+AS15). In
all three groups, the associated adverse effects and toxicity
were maintained to a clinically acceptable extent. Immu-
notherapy induced a humoral immune response as well
as a CD4+ T cell response to PRAME. CD4+ T cells are
responsible for promoting the functions of CD8+ cells and
favor the elimination of tumor cells. Although this was only
a phase I study, the results obtained demonstrate that
PRAME may be an effective target in antitumor therapy.

Kumai et al. [35] attempted to develop a vaccine that
generates a significant amount of antigen-specific CD4
helper T lymphocytes (HTLs). The mice were divided into
several groups and administered intravenously with a vaccine

CD8+ T

Mature
dendritic cell

Dendritic
cell

CD8+ T

Tumor antigen containing
vehicule particles 

MHC

Melanoma cell 

Figure 3: Different vehicles could bind to tumor antigens and adjuvants resulting in antigen-presenting to dendritic cells (DCs). Once these
vehicles are absorbed, both the antigen and the adjuvant will be released and degraded, leading to acceleration of the maturation of DCs as
well as MHC molecules located on the cell surface that present the antigen. This will allow binding to CD8+ T cells that are activated,
proliferated, and generated an antitumor response. MC: major histocompatibility complex; TCR: T cell receptor.
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(TriVax) containing a peptide, a CD40 monoclonal antibody
(CD40mAb), and different TRLs (Figure 5) [29].

First, the mice were inoculated with B16F10 cells to
induce tumor formation (melanoma and lymphoma).
After 3–10 days, the mice were injected with a first dose
of the vaccine, and a second dose (boost) was adminis-
tered at 12 days. The vaccine was shown to induce a
potent CTL response and also produced a more potent
CD4 T cell response to 2W1S peptide compared to a pep-
tide + lipopolysaccharide-based vaccine. Furthermore, the
addition of OX-40 (an agonist monoclonal antibody) to
TriVax improved the CD4 T cell response to the OVA
peptide. The ligands TLR5 and TLR7 are known to stimulate
the HTL response more effectively than the TLR3 ligand.
Four TLR agonists were evaluated as TriVax/OX40 adju-
vants, and gardiquimod, a TLR7 agonist, was shown to
induce the most potent CD4 T cell response.

4.4. Vector-Based Vaccines. Viruses have the ability to infect
cells and can stimulate an immune response. Vaccine viruses
(VVs) have been widely used as gene therapy vectors, acting
as oncolytic agents because of their ability to activate the
immune system against tumors via the production of cyto-
kines or other immunomodulatory molecules. Moreover,
VV scan evades the host immune response.

DNA-dependent activator of interferon regulatory factor
(DAI), also known as Z-DNA-binding protein 1 (ZBP1) or
DLM-1, is a cytosolic double-stranded DNA sensor that
strongly activates the innate immune response. Thus, DAI
may be used as a genetic vaccine against melanoma and
stimulus-specific effector T cells of the tumor. Indeed,
Hirvinen et al. [36] showed that DAI-expressing plasmids
could more efficiently induce memory and effector tumor-
specific T cells; similarly, myeloid differentiation factor 88
(MyD88) was shown to potentiate systemic antitumor
immunity. Thus, the oncolytic VV expressing DAI boosts
the innate immune system and activates immune cells in
the tumor. Accordingly, infection with DAI-expressing VVs
promotes the upregulation of several genes in monocytes
related to important immunological pathways. In addition,
DAI expression by oncolytic vaccines was shown to enhance
cancer eradication in vivo by inducing antitumor T cell
responses in a mouse model. In the same study, an oncolytic
Western Reserve strain vaccinia virus specific to epidermal
growth factor receptor pathway mutations (vaccinia growth
factor) and tumor-associated hypermetabolism (thymidine
kinase) was conjugated with human or murine DAI and a
tdTomato fluorophore, and the concentration of infectious
virus particles was determined by a standard crystal violet
staining assay with A549 cells. The authors concluded that

Melanoma cell

Melanoma
cell

IL-3CD40
GM-CSF IL-4+

IL-12 pathway

Figure 4: Dendritic cells regulating Th1 and Th2 development in melanoma (modified from the BioCarta database) [29].
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the antiviral T cell responses were less prominent than
antitumor T cell responses and that the ability of the DAI-
armed vaccinia virus as a self-sensing and immuno-
boosting system to change the immunosuppressive tumor
microenvironment would be of great help in developing
new vaccination strategies [36].

One type of immunotherapy used to stimulate the
immune system against tumors is in situ vaccination. For this
purpose, oncolytic viruses are injected directly into the tumor
or metastasis zone, thereby reducing the risk of side effects. In
one study [37], mice with metastatic lung melanoma and
other types of tumors were vaccinated in situ with empty
Cowpea mosaic virus (eCPMV); necrotic centers formed in
the tumors, resulting in complete removal of the tumor in
half of the mice after only two vaccinations. The use of
eCPMV was more effective than vaccination in situ with
other immunogenic compounds. In addition, the mice
acquired a protective systemic immune response against
induction of the same tumor, which was rejected. The
immune response triggered by eCPMV requires Th1- and
IFN-γ-associated IL-2 adaptive immunity and neutrophils,
favoring the existing and/or new antitumor immune
response. There were no increases in the levels of proinflam-
matory cytokines (tumor necrosis factor-alpha and IL-6),
which cause tissue damage in the lung. Moreover, in situ
vaccination with eCPMV is well tolerated and does not result
in observable side effects. Indeed, in situ vaccination with

eCPMV also showed very promising results in an ovarian
carcinoma model and in two models of metastatic cancer of
the colon and breast. Thus, eCPMV is not only limited to
serving as an in situ vaccine but also may have applications
as a carrier for various immune adjuvants, further enhancing
the immune response to tumors.

Because of the increasing incidence of malignant
melanoma, the development of different therapeutic agents
to improve the prognosis for melanoma patients is a primary
target. GM-CSF enhances immune responses through the
stimulation of DCs and B and T lymphocytes and the recruit-
ment of NK cells. By contrast, TGF-B2 produced by cancer
cells represses the immune response and improves the devel-
opment of tumor cells, indicating that TGF-B blockade is
indispensable to an effective immunotherapeutic strategy.
In addition, oncolytic viral infection of tumor cells induces
antitumor immune responses. Based on this background,
Kim et al. [38] studied the administration of a complex form
of a DNA vaccine (GM-CSF, small hairpin RNA against
TGF-B, and MART1) and an armed oncolytic adenovirus
and found that the combined treatment induced the greatest
antitumor effect in an immunocompetent mouse model
system when compared with individual treatments.

4.5. Other Vaccine Types and Prospects. DNA vaccines offer
advantages as antitumor therapies, and their safety and
immunogenicity have been demonstrated in clinical trials;

Melanoma cell
(antigen)� activation TCR-CD3 complex

Transcription factor increase gene
expression by interacting with their

regulatory sequences

Nucleus

Extracellular

Cytoplasm

Figure 5: T cell receptor (TCR) signaling pathway in melanoma (modified from the BioCarta database) [29].
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however, these vaccines have not shown great effectiveness.
Gordy et al. [39] tested a vaccine containing a DNA plasmid
encoding the chemokine MIP3α and the gp100 antigen in the
mouse melanoma cell line B16F10. The mice were vaccinated
three times at 1-week intervals, and the results were evaluated
against vaccines containing only the antigen or placebo
vaccines. The results showed that the MIP3α-gp100-based
vaccine caused greater elevation in the antibodies to
B16F10 compared to the two other vaccines tested. In
addition, the tumor growth rate slowed down and mouse
survival improved. This vaccine activates both CD8+ and
CD4+ effector T cells. This study showed that the addition
of MIP3α to therapeutic vaccines could serve as an adjuvant
to achieve better immunogenicity and improve the immune
system response to tumors.

Other newly identified candidate vaccine agents are in
clinical development. For example, allovectin-7 (a plasmid/
lipid complex with DNA sequences encoding HLA-B7 and
B2 microglobulin) induces a 5-fold increase in the frequency
of HLA-B7 cytotoxic T cells, upregulates/restores MHC-1
molecules, and induces a proinflammatory response.
OncoVEX (oncolytic herpes simplex virus encoding GM-
CFS) has the ability to replicate selectively in tumor cells,
and local expression of GM-CFS is thought to be synergic.
Finally, PV-10 (a small-molecule fluorescent derivative),
which is selectively taken up by the plasmalemma of
cancer cells and accumulates in the lysosomes, triggers
lysosomal release and leads to autolysis. These agents, along
with other combinations, are being pursued by different
investigators [3, 40].

5. Biochemotherapy

Biochemotherapy is the use of immunotherapy in combina-
tion with chemotherapy. Several clinical trials have evaluated
the effectiveness of adjuvant biochemotherapy for the treat-
ment of high-risk melanoma and as a unique treatment for
advanced melanoma.

One of the major challenges in realizing effective
immunotherapies against cancer is overcoming the micro-
environment that is generated in tumors. In this microen-
vironment, in addition to malignant cells, there is a
heterogeneous group of other cell types (fibroblasts,
immune system cells, and endothelial cells) and several
molecules secreted by tumor cells such as growth factors
and cytokines. Notably, sunitinib, a tyrosine kinase recep-
tor inhibitor, has direct effects on inhibiting tumor growth
by promoting apoptosis and inhibiting the induction of
endothelial growth factor by tumor cells. In addition, suniti-
nib may inhibit tumor growth in an indirect manner by stim-
ulating the antitumor immune response. One study [41]
demonstrated the efficacy of a tumor-specific antigen-based
vaccine embedded in a mannose-modified lipid calcium
phosphate (LCP-Trp2) nanoparticle on the regression of
induced melanoma in mice. However, this efficacy only
occurred in the early stages of tumor growth (4 days after
tumor inoculation) and not in the late stages (13 days after
tumor inoculation) despite similar CTL responses in both
cases. Indeed, inhibition of tumor growth was observed with

sunitinib administered intravenously in an oral suspension
or encapsulated in micelles, and the effects of the latter were
further enhanced by coadministration of the LCP-Trp2
vaccine; this combined treatment increased the induction of
apoptosis in tumor cells.

When used in combination with drugs, vaccines stimu-
late strong immune responses against the specific targets;
these responses can inhibit the immune suppression of T
cells to optimize immunotherapy in metastatic melanoma.
Moreover, this combination enhances the level of tumor-
infiltrated CD8+ T cells and the CD8/Treg ratio in the tumor
microenvironment, thereby promoting tumor rejection [8].

As additional combinations of chemotherapies and
molecular-targeted treatment agents with melanoma vac-
cines, researchers have evaluated the use of vaccines com-
bined with cyclophosphamide to enhance antigen-specific
immune responses. Notably, it is important to determine
the optimal scheduling of various immunomodulators in
combination therapies [8]. Alternatively, combinations such
as radiotherapy plus immunotherapy have been shown to
have proimmunogenic effects because the synergistic effects
of ionizing radiation can stimulate antitumor immunity
(i.e., convert tumors that are refractory to immune check-
point inhibitors into responsive tumors) by generating an
in situ vaccine. Such treatments have also been shown to
induce systemic responses (abscopal effects) [7, 8].

Because localized and systemic chemotherapies have
been used based on tumor localization/stage and metastasis,
recent studies have sought to determine the effects of the
receptor for the lipid mediator PAF (PAFR), a G-protein
expressed in several cell types. PAFR acts as an agonist in
systemic chemotherapy performed in cell models in vitro.
Moreover, Sahu et al. [42] demonstrated that systemic
chemotherapy with etoposide decreased the growth of mela-
noma prior to the implantation of tumor cells. Thus, PAFR
agonists may alter the effects of systemic chemotherapy.

Cui et al. [43] provided a comprehensive review of the
outcomes of clinical trials using a combination of chemother-
apy and biochemotherapy. Overall, these treatments showed
poor efficiency; however, when used in combination with
antivascular endothelial growth factor (VEGF) antibodies,
the therapeutic effects were significantly increased. For exam-
ple, in a phase II trial in patients with metastatic melanoma
treated with paclitaxel/carboplatin (PC) or with PC plus bev-
acizumab (CPB), the median progression-free survival was
increased in patients treated with CPB compared to the pla-
cebo control, with relative risks of 25.5% and 16.4%, respec-
tively. However, patients with mucosal melanoma treated
with CPB showed a 76% reduction in the risk of death. In a
phase II trial of patients with metastatic melanoma treated
with TMZ combined with bevacizumab, the overall survival
was 12 months in patients with wild-type BRAF but was only
9.2 months in patients with mutated BRAF. This suggests
that chemotherapies combined with antiangiogenic therapies
may be more effective in patients without BRAF mutations.
Tyrosine kinase inhibitors are small molecules that inhibit
the VEGF and platelet-derived growth factor receptor path-
ways. In another study of 37 Chinese patients with metastatic
melanoma, the combination of TMZ, bevacizumab, and the
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tyrosine kinase inhibitor sorafenib was found to be more
effective than traditional chemotherapeutic treatments.
Greater efficacy of paclitaxel with the tyrosine kinase inhibi-
tor pazopanib was also observed in a phase II study in
patients with stage III and IV inoperable melanomas [43].

Other immunotherapy treatments in cutaneous mela-
noma involve the use of ipilimumab in combination with
electrochemotherapy (ECT) to open the pores in tumor cells
so that antitumor agents can enter with ease. The advantage
of ECT is its safety and few side effects. Theurich et al. [44]
evaluated clinical data including 127 consecutively treated
melanoma patients at four cancer centers in Germany and
Switzerland that received either ipilimumab (n = 82) or
ipilimumab and additional local peripheral treatments,
including ECT or radiotherapy (n = 45), if indicated for
local tumor control. Patients that received the combination
of local treatments plus ipilimumab showed significantly
increased overall survival compared to those treated with
ipilimumab alone (93 versus 42 weeks).

In another retrospective multicenter study, Heppt et al.
[45] evaluated the effects of the combination of local ECT
plus ipilimumab or PD-1 inhibition in a total of 33 patients
from 13 centers with a median follow-up time of 9 months.
Patients treated with ipilimumab plus ECT did not reach
the median overall survival, whereas patients in the PD-1
group had an overall survival of 15 months. These findings
highlight the potential benefit of the combination of ipilimu-
mab with ECT.

Finally, Franzese et al. [46] reported that Melan-A-
specific CD8 cells isolated from long-term surviving patients
treated with dacarbazine before peptide vaccination plus
IFN-α exhibited higher antitumor reactivity and an enlarged
T cell repertoire compared with those of patients treated with
the vaccine alone. These data suggested that the phenotypic
and functional T cell signature elicited by chemoimmu-
notherapy is a fine-tuned balance between the quality of
AKT activation and antitumor T cells, which can help to
protect patients from tumor recurrence.

6. Conclusion

Advances in immuno-oncology have improved our under-
standing of the interaction between the immune system, can-
cer cells, and the tumor microenvironment, and application
of these discoveries has great significance for the treatment
of melanoma. Treatments based on molecular inhibitors are
only effective in some patients. However, rational combina-
tions between new immunotherapy technologies and immu-
notherapeutic agents are currently being evaluated. In
addition, tumors can create antigens and neoantigens that
are very different from those of normal tissues; thus, elucidat-
ing these differences may be the key for developing custom-
ized immunological strategies with decreased side effects
and increased immune responses. One important field to
develop is prophylactic vaccination for the prevention of
melanoma. In the foreseeable future, prophylactic vaccines
will probably only be used to a limited extent. Thus, current
research efforts are primarily aimed at the development of
therapeutic vaccines that can reduce the tumor volume or

provide protection against relapse in patients who have
already had cancer. The ultimate goal is to achieve effective
therapies for metastatic disease. Moreover, the presence of
tumor-infiltrating mononuclear cells (TIMC) and the
absence of PD-L1 are reportedly associated with a better
response to treatment. Thus, TIM-3, LAG-3, and CEACAM1
are some molecules that can be blocked by monoclonal anti-
bodies. Agents capable of inhibiting immunosuppressive
metabolites, such as IDO or arginase, could also be consid-
ered for therapy.

Finally, advanced omics technologies and computational
techniques now provide an opportunity to evaluate not only
the genomic variants as they currently are but also the related
pathway and network aberrations. This insight will greatly
facilitate the selection of drug combinations and thus benefit
personalized medicine to improve the quality of life and out-
come of patients with melanoma. However, there are still
many questions that remain to be tackled in this field, which
should be the focus of the future studies. In particular,
it is crucial to develop therapeutic strategies that can
avoid the potential toxicity of drugs and integrate newly
designed biomarkers; such strategies with consideration
of immunotherapy are expected to help overcome the
challenge of therapeutic resistance in melanoma treatment
and other cancers.
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According to the GC-MS analysis, compositional variation was observed between samples of patchouli oil, of which an unknown
compound identified as patchoulene epoxide (PAO) was found only in the long-stored oil, whose biological activity still remains
unknown. Therefore, the present study aimed to evaluate the potential anti-inflammatory activity with three in vivo
inflammatory models: xylene-induced ear edema, acetic acid-induced vascular permeability, and carrageenan-induced paw
edema. Further investigation into its underlying mechanism on carrageenan-induced paw edema was conducted. Results
demonstrated that PAO significantly inhibited the ear edema induced by xylene, lowered vascular permeability induced by
acetic acid and decreased the paw edema induced by carrageenan. Moreover, PAO markedly decreased levels of tumor necrosis
factor-α (TNF-α), interleukin-1β (IL-1β), interleukin-6 (IL-6), prostaglandin E2 (PGE2), and nitric oxide (NO), but increased
levels of interleukin-4 (IL-4) and interleukin-10 (IL-10). PAO was also shown to significantly downregulate the protein and
mRNA expressions of cyclooxygenase-2 (COX-2) and inducible nitric-oxide synthase (iNOS). Western blot analysis revealed
that PAO remarkably inhibited p50 and p65 translocation from the cytosol to the nucleus by suppressing IKKβ and IκBα
phosphorylation. In conclusion, PAO exhibited potent anti-inflammatory activity probably by suppressing the activation of
iNOS, COX-2 and NF-κB signaling pathways.

1. Introduction

Acute inflammation is an initial protective response of
an immunological defense system to harmful stimuli such
as microbial infections, allergens, and physical injuries [1],
which is characterized by redness, swelling, heat, and arterio-
sclerosis [2]. Pathogenesis of acute inflammation involves
various signaling molecules such as COX-2, iNOS, and
NF-κB [3]. Growing evidence demonstrates that acute

inflammation plays an important role in maintenance of
the organic integrity and is related to various diseases such
as diabetes, cardiovascular dysfunction, and cancer [4]. All
the time, nonsteroidal anti-inflammatory drugs (NSAIDs)
are the most commonly prescribed therapeutics for inflam-
matory diseases. However, they become increasingly contro-
versial due to their side effects like gastric lesions [5].
Therefore, in recent decades, more and more attention has
been paid to seeking alternatives with fewer side effects, and
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a number of natural compounds derived from traditional
Chinese herbs such as curcumin and quercetin [6] have been
found to have great anti-inflammatory potential.

Pogostemon cablin (Blanco) Benth. (Labiatae) is an
aromatic herb native to the Philippines and has been
widely cultivated in Southeast Asia [7]. As a traditional
Chinese medicinal plant, P. cablin is commonly used to
resolve dampness, dispel summerheat, and relieve fatigue.
Patchouli oil is the major active component of P. cablin,
which is also highly valuable in perfumery and aromatherapy
[8]. According to Najafian [9] and Santana et al. [10], storage
conditions such as storage time exert great influence on the
quality of essential oil. Therefore, in the present work, sam-
ples of patchouli oil with different storage time were assayed
by GC-MS for the identification of potential compositional
variation. Interestingly, a new compound was found and
isolated from the patchouli oil with ten-year storage time.
This unknown compound was identified as patchoulene
epoxide (PAO), which was confirmed by 1D NMR, 2D
NMR, and mass spectrometry (MS). Considering that the
chemical structure of PAO is highly similar to that of β-
patchoulene (PAE), which has been reported to exert an
anti-inflammatory effect [11], it is reasonable to speculate
that PAO may possess an anti-inflammatory effect.

In this study, we conducted an investigation to demon-
strate whether PAO could suppress inflammation. A
xylene-induced ear edema test, acetic acid-induced perito-
neal vascular permeability test, and carrageenan-induced
paw edema test were carried out to verify the anti-
inflammatory activity of PAO in vivo. To further clarify
its anti-inflammatory mechanism, inflammatory mediators
including tumor necrosis factor-α (TNF-α), interleukin-1β
(IL-1β), interleukin-6 (IL-6), interleukin-10 (IL-10),
interleukin-4 (IL-4), prostaglandin E2 (PGE2), and nitric
oxide (NO) were measured in the carrageenan-induced
paw edema mouse model. Furthermore, the COX-2, iNOS,
and NF-κB signaling pathways were also assayed.

2. Materials and Methods

2.1. Chemicals and Reagents. Indomethacin (Indo) was pur-
chased from Huanan Pharmacy Company (Guangzhou,
China). Evans blue and carrageenan were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Tween-80 was pur-
chased from Sinopharm (Shanghai, China). Enzyme-linked
immunosorbent assay (ELISA) kits were purchased from
eBioscience (San Diego, CA, USA). Nitric oxide (NO) and
total protein kits were purchased from Nanjing Jiancheng
Bioengineering Institute (Nanjing, Jiangsu, China). All other
chemicals were of analytical grade unless stated specifically.

2.2. Plant Material and Preparation. Patchouli oil was
obtained from Guangzhou Baihua Flavours and Fragrances
Company Ltd. (Guangzhou, China). Fresh patchouli oil with
one-year storage time (Lot. 150305) and stale patchouli
oil with ten-year storage time (Lot. 060713) were analyzed
by gas chromatography-mass spectrometry (GC-MS), on
an Agilent GC 7890A/MSD5975C instrument (Agilent Tech-
nologies Co. Ltd., Santa Clara, CA, USA). Samples (2μl)

dissolved in diethyl ether were injected onto the HP-5MS col-
umn (30m× 250μm× 0.5μm). The temperature program
was started at 100°C and maintained for 1min, followed by
a gradient increase to 240°C at a rate of 8°C/min and kept
for 5min. The inlet temperature was 250°C. The helium car-
rier gas was applied to maintain the pressure of 12 psi on the
column with a constant flow rate of 1.3ml/min. Ion source
temperature for mass spectrometer was 230°C, operated in
a splitless EI mode at 70 eV. The mass spectrum plot was
demanded using a full-scan monitoring mode with a mass
scan range of m/z 35–400, and the splitting ratio was 60 : 1.
The resulting peaks were identified by comparing the mass
spectrums and retention index of compounds to those in
the databases and values reported in the literatures.

By comparing the GC-MS spectrums of fresh and stale
patchouli oils, an unknown compound was identified which
only existed in the stale patchouli oil. Considering that no
data were available for this unknown compound, further
investigation into its chemical structure was necessary. In
this study, components of stale patchouli oil were separated
using fractional distillation according to their different vola-
tilities. Stale patchouli oil (1000 g) was placed in the two-
neck round-bottom flask of fractionating tower followed by
distillation under the vacuum of 6 kPa. The stale patchouli
oil was heated at 180°C until refluxing and being maintained
for 2 h. Afterwards, with temperature increasing per 2°C, the
distillate was collected and analyzed by GC-MS. It was
observed that most of the unknown compounds existed in
the distillation at 191°C. Subsequently, the distillation at
191°C was chromatographed over silica gel by eluting with
petroleum ether. Fractions were collected and then subjected
to evaporation under vacuum. The purity of the unknown
compound was monitored by GC-MS. The identification
was confirmed by 1D NMR, 2D NMR, and MS. Its relative
configuration was confirmed by NOESY.

2.3. Animals. Kunming (KM) mice of either sex, weighting
18–22 g, were provided by the Laboratory Animal Centre,
Guangzhou University of Chinese Medicine (number
44005900002454). The experimental protocol was duly
approved according to the NIH Guidelines for the Care and
Use of Laboratory Animals. Animals were acclimatized to
a constant environment (temperature 22± 2°C, humidity
50± 10%, and 12 h dark-light cycle) for one week. Food
and water were available ad libitum.

2.4. Acute Toxicity Test. An acute toxicity test of PAO was
performed in mice according to the Food Security of the
PRC National Standard (GB 15193.3–2014). Briefly, different
doses of PAO (0, 100, 316, 1000, 3160, and 10000mg/kg)
were dissolved in 0.5% Tween-80 solution and given to KM
mice (10 mice per group of either sex) by a single oral admin-
istration, respectively. After administration, all mice were
observed consecutively for two weeks under the normal cir-
cumstances with forage and water provided ad libitum. Mor-
tality and clinical toxicity indications were recorded daily.

2.5. Xylene-Induced Ear Edema Test. Animals of either sex
were randomly assigned to five groups (n = 10) for
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intragastric administration: vehicle (0.5% Tween-80), Indo
(indomethacin, 10mg/kg, positive drug), PAO (10, 20, and
40mg/kg for PAO-L, PAO-M, PAO-H, resp.). The dosages
of Indo and PAO were selected according to Zhang et al.
[11] and our preliminary experiment. All groups received
prophylactic administration for 7 consecutive days. The
xylene-induced ear edema test was carried out as described
previously with some modifications [12]. Briefly, after
60min of the last administration, 20μl xylene was applied
on both surfaces of the right ear to induce ear edema and
the left ear served as a self-control. All mice were sacrificed
after xylene application for 1 h. Both ears were removed
and tailored into circular sections with an 8mm diameter
punch. The ear edema rate (ER) was calculated with the
equation as follows:

ER % = Wr −W l
W l

× 100, 1

where Wr is the weight of the right ear and W l is the weight
of the left ear.

The inhibition (%) of ear edema was calculated as
follows:

inhibition % = Ev − Et
Et

× 100, 2

where Et is the average edema rate of the treatment group
while Ev is the average edema rate of the vehicle group.

2.6. Acetic Acid-Induced Peritoneal Vascular Permeability
Test. Mice were administrated in the same way as that in
the xylene-induced ear edema test. The acetic acid-induced
peritoneal vascular permeability test was carried out accord-
ing to Zhang et al. with some modifications [13]. Briefly,
60min after the final administration, mice were injected
intravenously with 1% Evans blue solution (10ml/kg)
followed by an intraperitoneal injection of 0.6% acetic acid
(0.1ml/10 g). Twenty minutes after acetic acid injection, mice
were sacrificed and the pigment that leaked into the abdom-
inal cavity was rinsed two times with a total of 5ml physio-
logical saline solution. After that, the washing solution was
centrifuged at 550×g for 15min and the absorbance of the
supernatant was measured at 590nm with a Thermo Scien-
tific Microplate Reader. To evaluate the inhibitory effect of
PAO on the enhanced vascular permeability induced by
xylene, the following equation was used:

inhibition % = Ev − Et
Ev

× 100, 3

where Et is the average absorbance value of the treatment
groups while Ev is the average absorbance value of the
vehicle group.

2.7. Carrageenan-Induced Paw Edema Test. Grouping and
administration were performed the same as above. The
carrageenan-induced paw edema test was employed accord-
ing to Deng et al. [14] with some modifications. Briefly,
60min after the final administration, paw volume was mea-
sured as the basal volume (Vo) prior to intraplantar injection

of 1% carrageenan suspended in saline (0.05ml/20 g) into the
right hind paws. At different time intervals (1, 2, 3, 4, 5, and
6h) after carrageenan injection, the paw volume was also
measured as the pathological volume (Vi). A MK101CMP
plethysmometer (Muromachi Kikai Co. Ltd., Japan) served
as the volume-measuring instrument. The paw edema rate
(PER) was calculated with the equation as follows:

PER % = V i −Vo
Vo

× 100 4

The inhibition (%) of paw edema was calculated as
follows:

inhibition % = Ev − Et
Ev

× 100, 5

where Et is the average paw edema rate of the treatment
groups and Ev is the average paw edema rate of the
vehicle group.

In the following experiment, animals of either sex were
randomly divided into six groups (n = 18) for intragastric
administration: intact and vehicle (0.5% Tween-80), Indo
(indomethacin, 10mg/kg, positive drug), and PAO (10, 20,
and 40mg/kg for PAO-L, PAO-M, and PAO-H, resp.). Sixty
minutes after the final administration, all mice except those
of the intact group received carrageenan treatment. Four
hours after carrageenan injection, mice were sacrificed and
right hind paws were dissected immediately for a further
inflammatory factor mediator assay.

2.7.1. Cytokine Determination by ELISA. The paws were
homogenized in ice-cold PBS (1 : 9, v/w) to give a 10%
homogenate suspension. The supernatants were assayed for
TNF-α, IL-1β, IL-6, IL-10, IL-4, and PGE2 levels in accor-
dance with the manufacturer’s instructions using commer-
cially available ELISA kits. The absorbances of TNF-α,
IL-1β, IL-6, IL-10, IL-4, and PGE2 were determined at
450 nm from standard curves. The results were expressed
as pg/mg protein.

2.7.2. NO Assay. NO production was indirectly assessed by
measuring the nitrite concentration according to the manu-
facturer’s guidelines. Briefly, the paws were homogenized in
ice-cold saline (1 : 9, v/w) to give a 10% homogenate suspen-
sion. The supernatants were applied to 96-well plates and
mixed with the Griess reagent. After incubation for 10min
at room temperature, the absorbance was measured at
550 nm. NaNO2 was used to generate a standard curve. The
content of nitrite oxide was expressed as μmol/g protein.

2.7.3. Quantification of iNOS and COX-2 mRNA Expression
in Mouse Paw Tissue via RT-PCR. Total RNA was isolated
from paw tissue homogenates using TRIzol® Reagent
(Ambion) according to the manufacturer’s instruction.
First-strand cDNA was synthesized with 2μg of total RNA
as a template using RevertAid First-Strand cDNA Synthesis
Kit (Applied Biosystems). Briefly, 1μl oligo(dT)18 and 2μg
total RNA from each sample were added to 9μl nuclease-
free water, kept at 70°C for 5min and then rapidly cooled.
After that, the reaction system was successively added with
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4μl 5× Mg2+ buffer, 2μl 10mM dNTPs, 1μl RNA inhibitor,
and 1μl reverse transcriptase. The condition of reverse tran-
scription was set as follows: 25°C incubation for 5min and
42°C for 60min, followed by 85°C for 5min so as to inactivate
reverse transcriptase.

Quantitative analysis of iNOS and COX-2 mRNA expres-
sion was conducted with the ABI Step One Plus Real-time
PCR System (Applied Biosystems), and FastStart Universal
SYBR Green Master (Rox) (Roche) was utilized to detect
PCR products. The specific sequences of the primers in the
study were listed in Table 1. For PCR amplification, a volume
of 25μl reaction mixture, which consisted of 2.0μl primer
mix (containing 7.5mM reverse and forward primers),
12.5μl SYBR Green Universal Master mix, 8μl nuclease-
free water, and 2.5μl cDNA template, was subjected to pre-
denaturization on the condition of 95°C for 10min, followed
by 40 cycles of denaturization at 95°C for 15 s and annealing
at 60°C for 60 s. The melting curves were monitored at the
end of the cycles. Each reaction was performed in triplicate.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
used as the endogenous reference to normalize the expres-
sion levels of the target genes. The RT-PCR data were
analyzed as 2−△△Ct to determine the relative iNOS and
COX-2 mRNA expression levels.

2.7.4. Western Blot Analysis. Western blot analysis was per-
formed to evaluate the effect of PAO on COX-2, iNOS, and
NF-κB signaling pathways according to the manufacturer’s
instructions. Briefly, the total protein, cytosol protein, and
nuclear protein were extracted from paw tissues with a
Nuclear-Cytosol Extraction Kit (Cell Signaling Technology,
USA, resp.). The protein concentrations were measured with
a BCA protein assay kit (Beyotime, China) to equalize pro-
tein extracts in each group. After that, 50mg of protein
extracts from each group was separated on 10% SDS-PAGE
gel and electro-blotted onto the PVDF membrane. The
PVDF membrane was then incubated with blocking solution
(5% skim milk) at room temperature for 1 h so as to seal
the unspecific binding sites. Subsequently, the membrane
was incubated overnight with primary antibodies (Abcam
Biochemical Co., Cambridge, UK) against COX-2, iNOS,
p-IKKβ, IKKβ, p-IκBα, IκBα, p50, and p65, followed by
incubation with secondary antibodies for 2 h at room temper-
ature. Blots were developed by enhanced chemiluminescence
detection (Amersham International plc., Buckinghamshire,
UK), and the density of blots was quantified with Bio-
Rad Quantity One Software. H3 and β-actin served as
loading controls.

2.7.5. Statistical Analysis. Statistical analysis was performed
by Statistical Product and Service Solutions (SPSS) software
(version 20.0). Data were subjected to one-way analysis of
variance (ANOVA), followed by LSD’s test. All data were
expressed as means± SEM. Values of p < 0 05 were consid-
ered statistically significant.

3. Results

3.1. GC-MS Analysis of Fresh and Stale Patchouli Oil. The
total ion GC-MS chromatograms of fresh and stale patchouli
oil were shown in Figures 1(a) and 1(b), respectively. Eleven
compounds with relative content above 1% were identified in
both fresh and stale patchouli oils. The retention indices and
relative proportion of these eleven compounds were listed in
Table 2. Furthermore, in the GC-MS spectrum of stale patch-
ouli oil, an unknown compound with a content of 5.344%
was observed at 9.996min. However, no peak was found in
the GC-MS spectrum of fresh patchouli oil during the
corresponding retention time. After purification by fractional
distillation, GC-MS analysis revealed that the purity of this
unknown compound was over 95% (Figure 1(c)).

3.2. Identification of the Unknown Compound. The unknown
compound was isolated as a colorless transparent liquid. Its
molecular formula was determined as C15H24O by HREIMS
at m/z 220.1822. 1H-NMR (CD3OD, 400MHz): δH 1.75
(1H, m, H-2a), δH 1.87 (1H, m, H-2b), δH 1.18 (1H, m, H-
3a), δH 1.65 (1H, m, H-3b), δH 2.17 (1H, overlapped, H-4),
δH 1.59 (1H, d, J=14.8Hz, H-6a), δH 2.17 (1H, overlapped,
H-6b), δH 1.65 (1H, m, H-7), δH 1.32 (1H, m, H-8a), δH
1.81 (1H, m, H-8b), δH 1.40 (1H, m, H-9a), δH 1.98 (1H,
ddd, J=12.0, 9.3, and 3.1Hz, H-9b), δH 0.87 (3H, s, H-12),
δH 0.95 (3H, s, H-13), δH 1.06 (3H, s, H-14), and δH 1.03
(3H, d, J=7.6Hz, H-15). 13C-NMR (CD3OD, 100MHz): δC
77.4 (C-1), δC 29.0 (C-2), δC 29.8 (C-3), δC 38.2 (C-4), δC
68.9 (C-5), δC 29.0 (C-6), δC 44.8 (C-7), δC 29.9 (C-8), δC
36.7 (C-9), δC 45.4 (C-10), δC 45.9 (C-11), δC 24.4 (C-12),
δC 19.0 (C-13), δC 16.7 (C-14), and δC 17.6 (C-15).
Consequently, this unknown compound was identified as
patchoulene epoxide (PAO, Figure 2(a)). This was further
confirmed by the key HMBC (Figure 2(b)) and NOESY
(Figure 2(c)) correlations.

3.3. Acute Toxicity.Neither lethality nor abnormal behavioral
indications were identified for mice with different doses of
PAO during the acute toxicity test, which revealed that the
LD50 value of PAO in mice was estimated to be above
10000mg/kg. Therefore, there was a relatively wide margin
of safety for PAO.

3.4. Effect of PAO on Xylene-Induced Ear Edema in
Mice. As shown in Figure 3, compared to the vehicle
group, the ear edema degree was significantly lowered
for mice with PAO and indomethacin pretreatment. The
inhibitory rates of PAO were dose-dependently increased
to 45.06% (p < 0 001), 61.75% (p < 0 001), and 63.62%
(p < 0 001), respectively, while indomethacin diminished ear
edema to 67.05% (p < 0 001).

Table 1: Primer sequences.

Targeted gene Direction and sequence

COX-2
F: 5′- GAAGATTCCCTCCGGTGTTT-3′

R: 5′-CCCTTCTCACTGGCTTATGTAG-3′

iNOS
F: 5′-GGAATCTTGGAGCGAGTTGT-3′

R: 5′-CCTCTTGTCTTTCACCCAGTAG-3′

GADPH
F: 5′-AGGAGCGAGACCCCACTAACA-3′
R: 5′-AGGGGGGCTAAGCAGTTGGT-3′
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Figure 1: GC-MS analysis. (a) GC-MS analysis of fresh patchouli oil with one-year storage time. (b) GC-MS analysis of stale patchouli oil with
ten-year storage time. Numbers indicated on peaks corresponded to those in Table 2. (c) GC-MS analysis of the unknown compound isolated
from stale patchouli oil with ten-year storage time.
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Figure 2: Identification of patchoulene epoxide (PAO). The chemical structure of PAO (a). Key 1H-1H COSY and HMBC correlations of
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Figure 3: Anti-inflammatory effect of PAO on xylene-induced ear
edema in mice. Indo: indomethacin (10mg/kg); PAO-L: low dose
of PAO (10mg/kg); PAO-M: medium dose of PAO (20mg/kg);
PAO-H: high dose of PAO (40mg/kg). Ear edema degree (%)
was represented as the ratio of the difference in weight
between the right and left ear of the same animal. Data were
expressed as means± SEM. (n = 10), and ∗∗∗p < 0 001 versus the
vehicle group.
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Figure 4: Anti-inflammatory effect of PAO on acetic acid-induced
vascular permeability in mice. Indo: indomethacin (10mg/kg);
PAO-L: low dose of PAO (10mg/kg); PAO-M: medium dose of PAO
(20mg/kg); PAO-H: high dose of PAO (40mg/kg). The peritoneal
vascular permeability was represented by the amount of Evans blue
leaked into the abdominal cavity and measured by the absorbance of
the supernatant at 590 nm. Data were expressed as means ± SEM.
(n = 10), ∗∗p < 0 01, and ∗∗∗p < 0 001 versus the vehicle group.

Table 2: Components of common peaks in fingerprint of patchouli oil.

Peak number
Fresh patchouli oil Stale patchouli oil

Components
Retention time Relative content (%) Retention time Relative content (%)

1 7.469 7.457 7.469 3.861 β-Patchoulene (PAE)

2 7.542 1.154 7.546 1.114 β-Elemene

3 8.013 3.429 8.017 2.481 Caryophyllene

4 8.266 13.303 8.257 11.796 α-Guaiene

5 8.420 6.628 8.416 8.623 Seychellene

6 8.600 5.019 8.596 5.312 α-Patchoulene

7 8.647 3.163 8.643 1.982 δ-Guaiene

8 9.139 4.343 9.135 3.259 Globulol

9 9.285 17.449 9.264 14.366 α-Bulnesene

10 11.417 3.096 11.392 2.490 Azulene

11 11.580 27.804 11.559 28.183 Patchouli alcohol
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3.5. Effect of PAO on Acetic Acid-Induced Vascular
Permeability in Mice. As shown in Figure 4, PAO-L, PAO-
M, and PAO-H caused a remarkable reduction in the acetic
acid-induced extravasation of Evans blue dye when com-
pared to the vehicle group, with inhibitory rates of
30.11% (p < 0 01), 34.56% (p < 0 01), and 45.87% (p < 0 001),
respectively. Indomethacin also significantly decreased the
dye leakage to 49.02% (p < 0 001).

3.6. Effect of PAO on Carrageenan-Induced Paw Edema in
Mice. Intraplantar injection of carrageenan in mice led to a
remarkable growth of paw volume in a time-dependent man-
ner, and this increase was maximal at 3 h after carrageenan
treatment (Figure 5(a)). The administration with PAO and
indomethacin significantly inhibited the carrageenan-
induced paw edema in all phases of the experiment when
compared to that with the vehicle group (Figure 5(b)). Paw
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Figure 5: Anti-inflammatory effect of PAO on carrageenan-induced paw edema in mice. Indo: indomethacin (10mg/kg); PAO-L: low
dose of PAO (10mg/kg); PAO-M: medium dose of PAO (20mg/kg); PAO-H: high dose of PAO (40mg/kg). (a) Paw edema degree
was represented as the ratio of the paw volume variation between basal volume (0 h) and different time interval (1, 2, 3, 4, 5, and
6 h) volumes after carrageenan treatment. (b) Inhibition of paw edema (%) was represented as the paw volume difference between
the vehicle group and the administration groups. Data were expressed as means± SEM. (n = 10), ∗p < 0 05, ∗∗p < 0 01, and ∗∗∗p < 0 001
versus the vehicle group.
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edema was suppressed by PAO-L and PAO-M, with inhibi-
tory rates of 18.60–32.29% and 25.86–35.97%, respectively,
during 1–6h after carrageenan treatment. PAO-H and indo-
methacin generated a greater inhibition of edema develop-
ment by 27.87–44.45% and 29.48–49.93%, respectively.

3.6.1. Effect of PAO on the Levels of TNF-α, IL-1β, IL-6, IL-4,
and IL-10. Further investigation into the effects of PAO on
the productions of pro- and anti-inflammatory cytokines

was carried out. As shown in Figure 6, the levels of proin-
flammatory cytokines including TNF-α (Figure 6(a)), IL-1β
(Figure 6(b)), and IL-6 (Figure 6(c)) were significantly
(p < 0 01) increased in the vehicle group to 1.74-, 2.59-, and
1.73-fold, respectively, when compared to the intact group.
However, pretreatment with PAO-M, PAO-H, and
indomethacin significantly (p < 0 05) reduced the levels of
TNF-α, IL-1β, and IL-6. Contrarily, the levels of anti-
inflammatory cytokines including IL-4 (Figure 6(d)) and
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Figure 6: Effect of PAO on the levels of TNF-α (a), IL-1β (b), IL-6 (c), IL-4 (d), and IL-10 (e) in carrageenan-induced mouse paw. Indo:
indomethacin (10mg/kg); PAO-L: low dose of PAO (10mg/kg); PAO-M: medium dose of PAO (20mg/kg); PAO-H: high dose of PAO
(40mg/kg). Data were expressed as means± SEM. (n = 10), ##p < 0 01, ###p < 0 001 versus the intact group. ∗p < 0 05, ∗∗p < 0 01, and
∗∗∗p < 0 001 versus the vehicle group.
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IL-10 (Figure 6(e)) in the vehicle group were significantly
(p < 0 001) decreased in the vehicle group to 2.73- and 2.09-
fold, respectively, when compared to the intact group, while
pretreatment with PAO-M, PAO-H and indomethacin can
significantly (p < 0 05) reserve this trend. However, there
were no obvious differences between the PAO-L group
and the vehicle group on the levels of proinflammatory
cytokines (TNF-α and IL-1β) and anti-inflammatory
cytokines (IL-4 and IL-10).

3.6.2. Effect of PAO on the Levels of PGE2 and NO. As shown
in Figure 7(a), compared with the intact group, the PGE2
level was increased markedly (p < 0 001) in the vehicle group.
However, PAO-M and PAO-H significantly decreased the
PGE2 level, with inhibitory rates of 17.78% (p < 0 01) and
22.27% (p < 0 001), respectively. Although the PGE2 level in
the PAO-L group was also decreased to 9.62% when com-
pared with that in the vehicle group, the difference was not
statistically significant (p > 0 05). As shown in Figure 7(b),
NO production was also significantly (p < 0 001) increased
in the vehicle group when compared with the intact group.
By contrast, PAO significantly suppressed the NO pro-
duction in a dose-dependent manner with inhibitory
rates of 17.34% (p < 0 05), 36.89% (p < 0 001), and 50.11%
(p < 0 001), respectively. Indomethacin significantly sup-
pressed the releases of PGE2 and NO, with inhibitory rates
of 38.44% (p < 0 001) and 52.76% (p < 0 001), respectively.

3.6.3. Effect of PAO on Protein and mRNA Expression of
COX-2 and iNOS. Western blot analysis and RT-PCR deter-
mination of COX-2 and iNOS were conducted. As shown in
Figure 8(a), carrageenan treatment significantly (p < 0 001)
upregulated the protein levels of COX-2 and iNOS when
compared with the intact group, while PAO-M, PAO-H,
and indomethacin pretreatment remarkably (p < 0 001)
reversed this tendency. As shown in Figure 8(b), induction
of inflammation by carrageenan dramatically (p < 0 001)
increased COX-2 and iNOS mRNA expression as compared
to that by the intact group. However, this effect was signifi-
cantly (p < 0 01) suppressed by PAO-M, PAO-H, and

indomethacin. Although PAO-L could also decrease the
transcriptional levels of COX-2 and iNOS when compared
with the intact group, the differences were not statistically
significant (p > 0 05).

3.6.4. Effect of PAO on the Expressions of NF-κB Pathway-
Related Proteins in Mouse Paw. NF-κB is a central tran-
scription factor in the inflammatory cascade. To further
expound whether the anti-inflammatory mechanism of
PAO was associated with the inhibition of NF-κB activa-
tion, the expression of NF-κB pathway-related proteins
was examined by Western blot. As shown in Figure 9(a),
carrageenan treatment induced a striking (p < 0 001)
increase in the phosphorylation patterns of IKKβ and
IκBα, along with the decrease in the levels of IKKβ and
IκBα when compared to the intact group. However, indo-
methacin and PAO pretreatments significantly (p < 0 01)
decreased the ratio of p-IKKβ/IKKβ and p-IκBα/IκBα in
a dose-dependent manner. Furthermore, the nuclear trans-
location of p50 and p65 was also measured. As shown in
Figure 9(b), carrageenan treatment remarkably (p < 0 001)
increased the translocation of p50 and p65 from the cytosol
to the nucleus compared with the intact group. However,
indomethacin and PAO significantly (p < 0 001) inhibited
this translocation in a dose-dependent manner.

4. Discussion

By comparing the GC-MS spectrums of patchouli oil with
different storage time, this study for the first time discovered
an unknown compound only found in patchouli oil with ten-
year storage time. The isolation of this compound was
achieved by fractional distillation, and it was identified as
PAO by 1D NMR, 2D NMR, and MS. It was reasonable to
hypothesize that PAO might be an autoxidation production
of β-patchoulene (PAE), since PAO could be directly synthe-
sized from PAE [15, 16], which shared similar chemical
structure with PAO. Previous researches on PAO have
mainly concentrated on its chemosynthesis [16, 17]. How-
ever, its pharmacological effects still remain unexplored. In
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Figure 7: Effect of PAO on the levels of PGE2 (a) and NO (b) in carrageenan-induced mouse paw. Indo: indomethacin (10mg/kg); PAO-L:
low dose of PAO (10mg/kg); PAO-M: medium dose of PAO (20mg/kg); PAO-H: high dose of PAO (40mg/kg). Data were expressed as
means± SEM. (n = 10), ###p < 0 001 versus the intact group. ∗p < 0 05, ∗∗p < 0 01, and ∗∗∗p < 0 001 versus the vehicle group.

9Mediators of Inflammation



the present study, three murine experimental models were
employed for the first time to demonstrate whether PAO
had an anti-inflammatory effect as PAE.

Acute inflammation is a complex process, characterized
by hemodynamic changes, enhancing vascular permeability
and leukocyte infiltration [18]. To evaluate the potential
effect of PAO on acute inflammation, the xylene-induced
ear edema test was firstly conducted. Xylene is able to irritate
the mouse ear instantly and induce fluid accumulation and
neurogenic edema. Meanwhile, in response to the stimula-
tion of xylene, many inflammatory mediators, including his-
tamine, kinin, and fibrinolysin, will be released [19]. In this
study, PAO pretreatment was observed to exhibit a signifi-
cant dose-related inhibition on xylene-induced ear edema,

suggesting that PAO might exert anti-inflammatory activity
in the acute inflammation phase.

The acetic acid-induced peritoneal vascular permeability
test is another well-recognized experimental model used for
the evaluation of the anti-inflammatory effect of the candi-
dates. Intraperitoneal injection of acetic acid into mice can
result in peripheral endothelial cell shrinkage and dispersion.
Afterwards, the permeability of the basement membrane will
be correspondingly enhanced and allow many plasma pro-
teins and fluid to pass into the injured tissues freely [20]. In
this study, PAO remarkably reduced the enhancement of
vascular permeability induced by acetic acid, which indicated
that PAO might be able to reduce the vascular permeability
and prevent intravascular substances from exudation.
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Figure 8: Effect of PAO on the protein and mRNA expressions of COX-2 and iNOS in carrageenan-induced mouse paw. Indo: indomethacin
(10mg/kg); PAO-L: low dose of PAO (10mg/kg); PAO-M: medium dose of PAO (20mg/kg); PAO-H: high dose of PAO (40mg/kg).
(a) Protein expression of COX-2 and iNOS was measured by Western blot analysis. β-Actin was used as a loading control. (b) Effect of PAO
on COX-2 and iNOS mRNA expression. Total RNA was isolated and analyzed for mRNA expression via RT-PCR. Data were expressed as
means± SEM. (n = 3), ###p < 0 001 versus the intact group. ∗p < 0 05, ∗∗p < 0 01, and ∗∗∗p < 0 001 versus the vehicle group.
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The carrageenan-induced paw edema test is considered
to be a sensitive acute inflammation model, which is gener-
ally used to explore the underlying mechanism of natural
compounds. This model reveals edematization caused by
the accumulation of leukocyte and the extravasation of fluid
and proteins during early stages of acute inflammation [21].
Carrageenan-induced paw edema can be divided into two
phases by within 120min after carrageenan injection. The
anterior phase involves the release of some chemical

mediators including serotonin, histamine, and bradykinin,
which mediate edema formation. The posterior phase is asso-
ciated with the liberation of prostaglandins, cyclooxygenase,
and other proinflammatory cytokines [22], which aggravates
the inflammatory response. In this assay, PAO exerted potent
inhibition of paw edema induced by carrageenan, which
might be related to the decrease in fluid extravasation and
mediator release. Based on these results above, it was valuable
to further explore the anti-inflammatory mechanism of PAO.
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Figure 9: Effect of PAO on the expressions of NF-κB pathway-related proteins in carrageenan-induced mouse paw. Indo: indomethacin
(10mg/kg); PAO-L: low dose of PAO (10mg/kg); PAO-M: medium dose of PAO (20mg/kg); PAO-H: high dose of PAO (40mg/kg).
Protein expression of p-IKKβ, IKKβ, p-IκBα, IκBα, and NF-κB (p50 and p65) was measured by Western blot analysis. β-Actin and H3
were used as loading controls. Data were expressed as means± SEM. (n = 3), ###p < 0 001 versus the intact group. ∗∗p < 0 01, and
∗∗∗p < 0 001 versus the vehicle group.
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TNF-α, IL-1β, and IL-6 are known as the most represen-
tative proinflammatory cytokines. Specifically, TNF-α is able
to initiate other inflammatory mediators and thus augments
the responses to inflammatory stimuli [23]. IL-1β has pro-
found effects on inflammation and immunity and is respon-
sible for cartilage destruction and bone resorption [24]. IL-6
contributes to inflammatory reaction by amplifying the
recruitment of leukocytes and neutrophils, thus implicating
a variety of inflammatory disorders [25]. According to our
results, PAO could significantly decrease the levels of TNF-
α, IL-1β, and IL-6. In addition, PAO was also capable of ele-
vating the levels of anti-inflammatory cytokines including
IL-4 and IL-10, which could reduce the productions of
TNF-α and IL-6 and ultimately terminate inflammatory
responses [26]. These results indicated that PAO might exert
an anti-inflammatory effect, at least in part, via decreasing
the levels of proinflammatory cytokines and increasing the
releases of anti-inflammatory cytokines.

NO and PGE2 are commonly recognized as inflamma-
tory indices, which can be regulated by TNF-α and IL-1β
[27]. NO, generated by iNOS from L-arginine, is responsible
for cell injury by producing reactive radicals like peroxyni-
trite. Our results revealed that PAO significantly suppressed
NO release and downregulated iNOS expression in paw tis-
sues. Furthermore, Mansouri et al. [23] revealed that NO also
involved in catalyzing of COX-2 biosynthesis. The underly-
ing mechanism possibly relates to lipid peroxidation initiated
by peroxynitrite, which accounts for arachidonic acid libera-
tion and COX-2 pathway activation [28]. PGE2, generated by
COX-2 from arachidonic acid, is responsible for increasing
vascular permeability and hemangiectasis. Besides, PGE2 is
also associated with fluid leakage and protein extravasation
[29]. Consistent with NO, PGE2 production and COX-2
expression were also significantly inhibited by PAO. Results
above indicated that the anti-inflammatory effect of PAO
might be associated with its inhibitory effect on NO and
PGE2 production via blocking the iNOS and COX-2 tran-
scriptional process.

Multiple reports have demonstrated that NF-κB plays a
pivotal role in inflammation acceleration by increasing vari-
ous effector molecules such as TNF-α, IL-1β, iNOS, and
COX-2 [30]. NF-κB mainly comprises two subunits: p50
and p65. Under unstimulated conditions, both subunits exist
primarily as cytosolic homo- or heterodimers complexed
with inhibitory-κB (I-κB) protein [31]. In the canonical path-
way of NF-κB activation, IKKβ is responsible for IκBα phos-
phorylation [32]. With p-IκBα being ubiquitinated and
degraded by the proteasome, p50 and p65 are free to translo-
cate from the cytosol to the nucleus and become the active
forms [33], which can regulate the gene transcription of
many inflammatory mediators [34]. Therefore, by inhibiting
NF-κB activation, TNF-α, IL-1β, iNOS, and COX-2 would
also be suppressed. In this study, PAO not only significantly
decreased the ratio of p-IKKβ/IKKβ and p-IκBα/IκBα but
also markedly suppressed the translocations of p50 and p65
from the cytosol to the nucleus significantly. Taken together,
PAO might exert an anti-inflammatory effect, at least par-
tially, by inhibiting NF-κB activation via blocking the phos-
phorylation cascades of IKKβ and IκBα and suppressing

the translocation of p65 and p50. These findings provided a
pharmacological basis for the anti-inflammatory effect of
PAO and suggested that PAO might be a potential candidate
for the therapy of inflammatory disorders.

5. Conclusions

Results of this study provided ample evidence for the
anti-inflammatory property of PAO. Three experimental
models were employed to demonstrate that PAO had potent
anti-inflammatory activity in vivo. PAO exerted anti-
inflammatory activity not only by modulating the pro- and
anti-inflammatory cytokines but also by inhibiting iNOS
and COX-2 activation via blocking the NF-κB signaling
pathway. Based on these results, PAO may serve as a poten-
tially useful therapeutic agent for the treatment of inflamma-
tory diseases, and it is worthwhile to explore other possible
pharmacological effects of PAO.
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Inflammatory response plays an important role not only in thenormal physiology but also inpathologies such as cancers. TheMorita-
Baylis-Hillman adducts (MBHA) are a novel group of synthetic molecules that have demonstrated many biological activities against
some parasitic cells such as Plasmodium falciparum, Leishmania amazonensis, and Leishmania chagasi, and antimitotic activity
against sea urchin embryonic cells was also related. However, little is known about the mechanisms induced by MBHA in
inflammatory process and its relation with anticancer activity. The present work investigated the cytotoxicity of three MBHA
derivatives (A2CN, A3CN, and A4CN), on human colorectal adenocarcinoma, HT-29 cells, and their anti-inflammatory activities
were examined in lipopolysaccharide- (LPS-) stimulated RAW264.7 macrophage cells, being these derivatives potentially cytotoxic
to HT-29 cells. Coincubation with A2CN, A3CN, or A4CN and LPS in RAW264.7 cells inhibited NO production, as well as the
production of reactive oxygen species (ROS) was also repressed. The mRNA expressions of IL-1β and IL-6 were significantly
downregulated by such MBHA compounds in RAW264.7 cells, but only A2CN was able to inhibit the COX-2 gene expression. We
also showed that MBHA compounds decreased almost to zero the production of IL-1β and IL-6. These findings display that such
MBHA compounds exhibit anticancer and anti-inflammatory activities.

1. Introduction

Inflammation has been linked to cancer, but only in the last
decade it has been possible to understand how inflammatory
cells and other tumor stromal molecules stimulate tumor
progression by creating a microenvironment that is enriched
by the interleukin-1β (IL-1β) and interleukin-6 (IL-6) and

tumor necrosis factor-α (TNF) cytokines, which are protago-
nists of chronic inflammation associated with cancers on the
liver, stomach, and colon. In fact, inflammation is a condition
that promotes tumor effecting on almost all types of solid
cancers and then enabling many cancer features (breast,
colon, and hepatocarcinoma) and promoting incipient neo-
plasia progression in malignant tumors complete [1]. The
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critical role of chronic inflammation in cancer was first pro-
posed by Rudolf Virchow in 1863, when he observed the
presence of leukocytes in neoplastic tissues [2–4].

Tumor microenvironment consists of tumor, immune,
and inflammatory stromal cells, all of which produce cyto-
kines, growth factors, and adhesion molecules that can pro-
mote tumor promotion and metastasis. It has been reported
that there is an association between chronic inflammation
and tumor progression and development, being related at
least, and 15 of all types of cancers are attributed to inflam-
matory etiologies [5].

Actually, chronic inflammation acts as a regulator in
tumor progression by many mechanisms, including acceler-
ated cell proliferation, avoidance of death by apoptosis, and
increase in angiogenesis and metastasis [4, 6]. Such mecha-
nism for cancer development, in the presence of chronic
inflammation, involves the continuous presence of cytokines,
chemokines, ROS (reactive oxygen species), oncogenes,
COX-2 (cyclooxygenase-2), 5-LOX (5-lipoxygenase), and
MMPs (metalloproteinases) and activation of important
transcription factors such as NF-ĸB (nuclear factor-ĸB),
STAT-3 (signal transducer and activator of transcription 3),
AP-1 (activator protein-1), and HIF-1α (hypoxia-inducible
factor 1-alpha) [7, 8].

IL-6 is a proinflammatory cytokine associated to inflam-
mation, which has been involved in carcinogenesis process
[9, 10]. IL-6 modulates gene expression, as well as prolifera-
tion, survival, and angiogenesis, which has the presence of
JAK- (Janus-kinase-) STAT signaling pathway [11]. It has
been also shown that high IL-6 levels were detected in
patients with systemic cancer, when compared to healthy
patients or with benign diseases [12].

IL-6, similarly to TNF-α, facilitates tumor development,
promoting the conversion of noncancerous cells in tumor
stem cells. In particular, IL-6 secretion by noncancer stem
cells, at poor conditions of culture adhesion, upregulates
Oct4 gene expression by activation of IL-6R/JAK/STAT3 sig-
naling pathway [13]. These findings have led researchers to
propose that IL-6 is a good therapeutic target in cancer,
and many clinical trials phases I/II are evaluating IL-6 or
IL-6R antibodies as therapeutic alternatives [14, 15].

Another factor that was considered to be involved in
inflammation and progression of many carcinomas, includ-
ing colon cancer, is COX-2, an inducible form of cyclooxy-
genases and a limiting enzyme in the production of
prostaglandins (PEGs) [16, 17]. COX-2 is progressively over-
expressed during the stepwise sequence from adenoma to
carcinoma and, in randomized, placebo-controlled trials,
has shown that selective COX-2 inhibitors prevent recur-
rence of adenoma among patients with a history of adenoma
or familial polyposis [18, 19].

Cancer is a serious pathology, and a substantial num-
ber of new antineoplastic agents have been discovered.
Anticancer drugs that showed anti-inflammatory activity
are substantially interesting, especially for the use in solid
tumors, such as colon and breast cancers. The Morita-
Baylis-Hillman adducts (MBHA) have been described as
anticancer compounds [20–22]. It has been published that
some MBHA molecules exhibited antimitotic activity

against sea urchin embryonic cells [21, 22], and recently,
our group demonstrated that these molecules have
anticancer potential [23].

In this study, HT-29 and RAW264.7 cells were used to
establish the cytotoxicity and inflammatory model in vitro,
investigating the anti-inflammatory effect of MBHA
compounds (A2CN, A3CN, and A4CN). Therefore, the cyto-
toxicity of MBHA compounds was firstly examined and
anti-inflammatory activities were estimated as their inhibi-
tion against the production of NO, ROS, TNF-α, IL-1β, and
IL-6 in LPS-induced RAW264.7 cells. The effects of MBHA
compounds on cyclooxygenase-2 (COX-2), IL-1β, and IL-6
mRNA expression were also investigated in order to clarify
the effect of MBHA compounds on the expression of inflam-
matory mediators.

2. Material and Methods

2.1. Material. A2CN (3-hydroxy-2-methylene-3-(4-nitro-
phenyl)-propanenitrile), A3CN (3-hydroxy-2-methylene-3-
(3-nitrophenyl)-propanenitrile), and A4CN (3-hydroxy-2-
methylene-3-(2-nitrophenyl)-propanenitrile) (>99% pure)
were synthesized and provided as described previously [21].
A 20mM stock solution of A2CN, A3CN, and A4CN was
prepared with dimethyl sulfoxide (DMSO) and freshly
diluted in culture media for all in vitro experiments and in
the control condition, and cells were treated using only the
vehicle. The final DMSO concentration never exceeded
0.3% (v/v), in either control or treated samples. Dulbecco’s
Modified Eagle’s medium (DMEM), 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT), lipopolysac-
charide (LPS, Escherichia coli serotype 055 : B5), the Griess
reagent, and the primers were acquired from Sigma Chemical
Co. (St. Louis, Mo, USA). Fetal bovine serum (FBS) was
obtained from Cripion Biotecnologia (São Paulo, SP, Brazil).
Cytokine ELISA kit was purchased from eBioscience (San
Diego, CA, USA). TRIzol reagent was purchased from Invi-
trogen (Carlsbad, CA, USA). All other chemicals used in
the experiments were commercial products of reagent grade.

2.2. Cell Culture. Murine RAW264.7 macrophages and ade-
nocarcinoma colorectal human HT-29 cells were purchased
from the Cell Bank of Rio de Janeiro (CBRJ, Rio de Janeiro,
RJ, Brazil). These cells were cultured in DMEM containing
10% FBS, penicillin (100 units/mL), and streptomycin
(100μg/mL) in a 5% CO2-humidified incubator at 37°C. Cells
were subcultured every 2 days, at a dilution of 1 : 5 using
0.05% trypsin −0.02% EDTA in Ca2+, Mg2+-free phosphate-
buffered saline solution (DPBS).

2.3. Cell Viability-MTT Assay. The cytotoxicity of RAW264.7
and HT-29 cells was evaluated using the original enzymatic
reduction of MTT assay to produce formazan crystals. Raw
264.5 cells were seeded at 1× 105 cells/well in 96-well tissue
culture plate for 1 hour. Then, cells were exposed to different
concentrations of A2CN, A3CN, or A4CN (2.5, 5, 10, and
20μM) dissolved in the DMEM medium used as control
(CTR) with 10% FBS or being necessary, the medium was
incubated with LPS (1μg/mL) in triplicate. HT-29 cells were
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plated overnight and treated with A2CN, A3CN, or A4CN by
24 h (5, 10, 20, 40, 80, 160, and 320μM). After 24 h of incuba-
tion, plates were centrifuged (500×g, 5min) and the superna-
tant was removed, followed by the addition of MTT solution
(0.5mg/mL in PBS) and incubation for 4 hours at 37°C. After
4 hours, the MTT formazan product was dissolved in SDS/
HCl 0.01N and absorbance was measured at 570nm in
reader plate ELISA (BioTek ELx800, USA) [24].

2.4. Measurement of Nitric Oxide (NO) Production. The pro-
duction of NO was determined by assaying culture superna-
tant for NO2−, a major stable product of NO. Briefly,
RAW264.7 cells were plated in a 96-well plate for 1 hour.
Then, cells were incubated only with the DMEM medium
used as control (CTR), or with LPS (1μg/mL), or treated with
A2CN, A3CN, or A4CN and added with LPS (1μg/mL) at
37°C for 22 h. After 22h, 100μL of each supernatant was
mixed with equal amount of Griess reagent (1% sulfanil-
amide, 0.1% N-[naphthyl]ethylenediamine dihydrochloride,
and 5% phosphoric acid) at room temperature for 10min.
Absorbance of the mixture was measured at 540 nm. Nitrite
concentration was calculated by comparison with a sodium
nitrite standard curve [25].

2.5. Measurement of Intracellular Reactive Oxygen Species
(ROS). The intracellular ROS was estimated by fluorescent
probe, 2′,7′-dichlorohydrofluorescein diacetate (H2-DCF-
DA). This dye is deacetylated by intracellular esterase and
converted to nonfluorescent 2′,7′-dichlorohydrofluorescein
(H2-DCF), which is rapidly oxidized to the highly fluorescent
compound 2′,7′-dichlorohydrofluorescein (DCF) in the pres-
ence of ROS. The RAW264.7 cells were dispensed into 24-
well plates for 1 h. Then, the cells were incubated only with
the DMEM medium used as control (CTR), or with LPS
(1μg/mL), or treated with A2CN, A3CN, or A4CN and
added with LPS (1μg/mL) at 37°C for 22 h. After 22 hours
of exposure, the samples were removed and centrifuged
(200×g, 5min), washed with PBS at 37 C, and labeled with
H2-DCFH-DA for 30min in the dark conditions, at 37°C.
Then, cells were washed with PBS and analyzed by flow cyt-
ometer in FACSCalibur (Becton Dickinson, USA) at FL1-H
filter. A minimum of 10,000 events were acquired for each
sample.

2.6. Measurement of IL-1, IL-6, and TNF Production. Cells
were cultured in a 24-well plate for 24h. Then, the cells were
incubated only with the DMEM medium used as control
(CTR), with LPS (1μg/mL), or treated with A2CN, A3CN,
or A4CN and added with LPS (1μg/mL) at 37°C for 22h.
After treatment, RAW264.7 cell culture supernatants were
collected and stored at −80°C until analysis. Cytokine pro-
duction was measured with commercial mouse ELISA kits
(eBioscience ELISA kits, CA, USA) following the manufac-
turer’s protocol.

2.7. RNA Extraction. RAW264.7 cells were cultured in 6-well
plates (1× 106 cells/mL) for 1 h and incubated only with the
DMEM medium used as control (CTR), or with LPS (1μg/
mL), or treated with 10μM of A2CN, A3CN, or A4CN and
added with LPS (1μg/mL) for 22 h. Briefly, RNA extraction

from treated or nontreated cells was performed using
1.0mL of TRIzol for each 1× 106 cells of sample according
to the manufacturer’s recommendation or using RNeasy
mini kit (Qiagen, CA, USA). RNA integrity was assayed by
agarose gel electrophoresis and treated with DNAse (RQ1
RNAse free DNAse—Promega, USA). cDNA was performed
using SuperScript III Platinum one-step qRT-PCR Systems
(Invitrogen, USA).

2.8. Quantitative Real-Time Polymerase Chain Reaction (q-
PCR) Analysis. To evaluate mRNA expression levels, total
RNA was isolated from RAW264.7 cells with TRIzol reagent.
Quantitative PCR was performed in a SuperScript® III Plati-
num® One-Step qRT-PCR kit (Invitrogen, USA), under the
Bio-Rad Real-Time PCR Detection System (Bio-Rad Labora-
tories Inc., USA), and the results were analyzed with the CFX
manager optical system software supplied with the equip-
ment. The housekeeping gene GAPDH was used as an inter-
nal standard to quantify the levels of parameters of q-PCR
reactions. Such reactions were as the following: 50°C for
2min, 95°C for 5min for one cycle, then 95°C for 15 s, 64°C
for 30 s, and 72°C for 30 s for 50 cycles. The fluorescence sig-
nal was detected at the end of each cycle. The 2−ΔΔCT method
was performed to analyze the results. The primers used in the
experiment are shown in Table 1.

2.9. Statistical Analysis. The data are expressed as mean
± SEM from three replicates per treatment. Data were ana-
lyzed by one-way ANOVA followed by the Newman-Keuls
analysis by multiple comparison tests. The level of signifi-
cance was set at p < 0 05. Data of all the results in this study
were obtained from at least three independent experiments
with a similar pattern.

3. Results

3.1. Effect of MBHA on Cell Viability. We first studied the
effect cytotoxic of A2CN, A3CN, and A4CN on HT-29
tumor cells (Figure 1). The molecules exhibited cytotoxicity
for cells after 24 h, with CI50 of 54± 7.4, 134± 7.1, and 231
± 7.5μM for A2CN, A3CN, and A4CN, respectively. How-
ever, while adducts were tested on RAW264.7 cells, these
compounds did not affect the cell viability when assayed
without or with incubation of 1μg/mL LPS (Figure 2).

3.2. Effect of MBHA on NO Production from LPS-Induced
RAW264.7 Cells. Using subcytotoxic concentrations of
MBHA for HT-29 cells, we tested the anti-inflammatory
activity of A2CN, A3CN, and A4CN incubated with LPS
(1μg/mL) on RAW264.7 cells. NO production, measured as
nitrite, was increased dramatically compared with the control
group. To determine the effect of MBHA on NO production,
different concentrations of A2CN, A3CN, and A4CN
(2.5μM, 5μM, 10μM, and 20μM incubated with LPS) were
plated with the cells for 22h. A concentration-dependent
inhibition of NO generation was observed. The coincubation
of the cells with LPS and A2CN, A3CN, or A4CN decreased
drastically to basal concentrations (Figure 3).
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3.3. Production of ROS by LPS-Induced RAW264.7 Cells
Treated with MBHA. It has been reported that mitochondrial
ROS molecules act to trigger the production of inflammatory
cytokines [26, 27]. Therefore, we evaluated the participation
of adducts A2CN, A3CN, and A4CN in the production of
ROS in RAW264.7 cells. As seen in Figure 4, all MBHA com-
pounds decreased the ROS production induced by LPS from
2.5μM to the highest tested concentration.

3.4. Effect of MBHA on mRNA Expression of IL-1, IL-6, and
COX-2. As shown in Figure 5, the MBHA compounds inhib-
ited significantly the upregulation of LPS-induced mRNA
expression of IL-1 (Figure 5(a)) and IL-6 (Figure 5(b)) show-
ing almost complete suppression induced by all adducts
tested. However, the inhibition of COX-2 gene occurred only
in cells treated with A2CN (Figure 5(c)).

3.5. Effect of MBHA on IL-1, IL-6, and TNF Production from
LPS-Induced RAW264.7. LPS is a well-known potent activa-
tor of inflammatory cytokines like NO, PGE2, TNF-α, IL-1,
and IL-6. When RAW264.7 cells were cultured with A2CN,

A3CN, or A4CN compounds for 22h, a total inhibition of
IL-1 (Figure 6(a)) and IL-6 (Figure 6(b)) productions were
observed at all concentrations tested. However, TNF levels
were not altered (Figure 6(c)). We also observed that incubat-
ing only an adduct compound separately, we did not verify
any effect on cytokine secretion in RAW264.7 cells.

4. Discussion

The MBHA compounds are a class of molecules which
have shown high anticancer activity against a variety of
cancer cell lines [20–23]. Therefore, it is important to
carry on the research and discoveries of new activities of
such MBHA molecules.

Inflammation is present in cancers that have arisen with-
out precancerous inflammation [28]. The inflammatory state
is required to maintain and promote cancer progression with
complete malignant phenotype, such as tissue remodeling,

Table 1: Primer sequences used.

Gene Primer sequence Product size NM code

IL-6
F: 5′-GGGACTGATGCTGGTGACAA-3′
R: 5′-TAACGCACTAGGTTTGCCGA-3′ 599 pb NM_031168.1

IL-1β
F: 5′-AACCTTTGACCTGGGCTGTC-3′
R: 5′-AATGGGAACGTCACACACCA-3′ 253 pb NM_008361.3

COX-2
F: 5′-CGTAGCAGATGACTGCCCAA-3′
R: 5′-TCTCAGGGATGTGAGGAGGG-3′ 383 pb NM_011198.3

GAPDH-c
F: 5′-GACCACAGTCCATGCCATCA-3′
R: 5′-TAGGGCCTCTCTTGCTCAGT-3′ 535 pb NM_0080084.2
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Figure 1: Cell viability of HT-29 cells incubated for 24 h with
MBHA compounds (A2CN, A3CN, or A4CN). Data were
obtained by MTT assay. CTR, cells cultured without MBHA
compounds (means 0 μM). Cells were treated in a medium
supplemented with 10% of FBS. Results are mean± SEM of three
independent experiments performed in triplicate. ∗∗p < 0 01,
∗∗∗p < 0 001 compared with CTR. Data were analyzed by ANOVA
followed by Newman-Keuls post hoc test.
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Figure 2: Cell viability of RAW264.7 cells incubated for 22 h with
MBHA (A2CN, A3CN, or A4CN). Data were obtained by MTT
assay. Cells were treated for 22 h. CTR, cells without LPS and
MBHA compounds. LPS, cells incubated with LPS (1 μg/mL).
MBHA (μM) means cells cultured with A2CN, A3CN, or A4CN
as indicated. Results are mean± SEM of three independent
experiments of percentage of cell viability performed in triplicate
and were analyzed by ANOVA followed by Newman-Keuls post
hoc test.
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angiogenesis, metastasis, and suppression of innate
immune response [29]. In our recent study, we demon-
strated that A2CN, A3CN, and A4CN exhibited antileuke-
mic activity [23]. In this study, we showed that A2CN,
A3CN, and A4CN compounds reduced the cell viability
of HT-29 cell line (Figure 1), according to previous data
published by our group [23], confirming that these mole-
cules have anticancer potential. It was reported that
MBHA compounds demonstrated a poor cytotoxic effect
in normal cells and these compounds have close relation-
ship between inflammation and cancer [25]. That way, this
study was designed to explore the anti-inflammatory

effects of AMBH using RAW264.7 macrophage cells. Actu-
ally, discoveries of molecules which are cytotoxic to tumor
cells and inhibit inflammatory process have great impor-
tance at advancement of therapies for solid tumors.

Initially, we examined the effects of MBHA compounds
on cell viability in RAW264.7 macrophage cells. The MTT
assay showed that treatment of A2CN, A3CN, and A4CN
at concentrations of 2.5–20μM did not exhibit any cytotoxic
effect in RAW264.7 cells (Figure 2). Based on the results
above, we selected these noncytotoxic concentrations for
such MBHA compounds, which were further examined for
their anti-inflammatory properties.
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Figure 3: Evaluation of LPS-induced NO production incubated without compounds or coincubated with increasing concentrations of A2CN,
A3CN, or A4CN for 22 h. LPS was incubated at 1 μg/mL. CTR, cells without LPS andMBHA compounds. LPS, cells incubated with LPS (1 μg/
mL). NO production was measured using the media and Griess reagent. ###p < 0 001, compared to CTR. ∗∗∗p < 0 001, compared to LPS
+MBHA compound groups. Data were analyzed by ANOVA followed by Newman-Keuls post hoc test.
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Figure 4: Effect of A2CN, A3CN, and A4CN on ROS production by RAW264.7 macrophage cells stimulated with LPS (1 μg/mL) for 22 h of
incubation. CTRmeans cells without LPS andMBHA compound incubation. LPS, cells incubated with LPS (1 μg/mL). Cells were labeled with
H2-DCFH-DA, and ROS production was quantified by flow cytometry in FL-1 channel. Results represented mean± SEM of three
experiments in triplicate. Data were analyzed by ANOVA, followed Newman-Keuls post hoc test. ###p < 0 001, compared to CTR group.
∗p < 0 05, ∗∗p < 0 01, and ∗∗∗p < 0 001, compared to LPS +MBHA compound groups.
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One of the most prominent phenomena observed in
inflammation event is the progressive increase of NO. This
radical is involved in inflammation-induced human diseases
such as cancer, rheumatoid arthritis, diabetes, septic shock,
and cardiovascular diseases [17]. In this work, A2CN,
A3CN, and A4CN compounds completely inhibited NO pro-
duction in RAW264.7 cells stimulated with LPS, even at low
concentrations, 2.5μM. These results suggest that MBHA
compounds can exert an anti-inflammatory effect. The NO
inhibition did not change the cell viability according to the
data obtained after 22 h treatment with 20μM MBHA com-
pounds (Figure 2).

Chronic inflammation is often accompanied by increased
production of reactive oxygen species (ROS). The proneo-
plastic activity of ROS can induce DNA damage [19]. Agents
that prevent the formation of ROS can also inhibit the induc-
tion of DNA damage, mutagenesis, and cell transformation.
The adducts A2CN, A3CN, and A4CN incubated with LPS
almost completely inhibited ROS production in RAW264.7
cells, even at low concentration experienced, and this result
together with the reduced synthesis of NO provoked by such
compounds, clearly demonstrate the antiredox potential of

MBHA molecules. Additionally, we also showed that MBHA
compounds in a dose-dependent manner reduced LPS-
induced ROS production in RAW264.7 cells. In fact, ROS,
including hydrogen peroxide and superoxide anions, are
potent inducers of various signaling pathways encompassing
MAPKs and JAK-STAT pathways [30].

For a more clear understanding of A2CN, A3CN, and
A4CN effects, we evaluated whether the change in the
levels of mRNA for the genes IL-1β and IL-6 in
RAW264.7 cells stimulated with LPS and treated with
10μM of all MBHA might occur. These compounds inhib-
ited the gene expression of IL-1β and IL-6 to basal levels
(incubations without LPS stimulation). On the other hand,
these genes were detected only when the cells were stimu-
lated with LPS (Figures 5(a) and 5(b)). Numerous studies
have indicated that tumor cells exhibit constitutive
production of TNF-α proinflammatory cytokines, IL-1α,
IL-6, and GM-CSF (macrophage-granulocyte colony-
stimulating factor) [4, 27]. In this study, inhibition of
IL-1 and IL-6 genes in inflammatory cells suggests that
blocking can also happen in tumor cells, which produce
these cytokines, favoring the tumor progression.
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Figure 5: Effect on the mRNA expression of inflammatory mediators: IL-1 (a), IL-6 (b), and COX-2 (c). Cells were incubated with A2CN,
A3CN, or A4CN (10 μM) in the presence of LPS (1 μg/mL) for 22 h. CTR means cells without LPS and MBHA compound incubation.
LPS, cells incubated with LPS (1 μg/mL). The mRNA levels were determined by quantitative RT-PCR using 2−ΔΔct method. Results were
analyzed by unpaired t-test. #p < 0 05, ##p < 0 01, and ###p < 0 001, compared to CTR group and ∗p < 0 05, ∗∗p < 0 01, and ∗∗∗p < 0 001
compared to LPS +MBHA compound groups.
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COX-2 is an inducible enzyme and can be affected by
mitogens, growth factors, and hormones, which are of great
importance in tumorigenesis. COX-2 can also induce VEGF
production, contributing to angiogenesis, as well as increases
metalloproteinases, which improve the invasion of tumor
vessels and reduce the production of antiangiogenic cyto-
kines, such as IL-12. It has also been shown that COX-2
increases the resistance to apoptosis [31]. COX-2 selective
inhibitors are better tolerated at therapeutic doses, not inhi-
biting COX-1. These COX-2 selective inhibitors have helped
to suppress tumor growth and malignant transformation, by
stimulating apoptosis, and inhibit the VEGF production by
reducing angiogenesis [31, 32]. In this work, we demon-
strated that only A2CN at a concentration of 10μM was able
to decrease the expression of COX-2 in RAW264.7 cells stim-
ulated with LPS (Figure 5). In this case, position of the nitro
group isomer influenced the molecule effectiveness to inhibit
the enzyme gene expression.

Once it has recently demonstrated the action of mito-
chondrial ROS (MTROS) as signaling molecules to trigger
the production of proinflammatory cytokines such as IL-6

and TNF-α [30], we sought to demonstrate the action of
MBHA in the production of these inflammatory cytokines
in RAW264.7 cells stimulated with LPS. The data obtained
by ELISA showed that cytokine production by RAW264.7
cells after stimulation with LPS was greatly altered. The
release of IL-1β and IL-6 was completely blocked after 22 h
by addition of A2CN, A3CN, or A4CN, even at the lowest
concentration of 2.5μM (p < 0 001). However, the cytokine
TNF-α was not affected by any of the tested molecules. This
result demonstrates a potent anti-inflammatory effect
in vitro in subcytotoxic concentrations. It is suggested that
the inhibition of IL-6 production is mediated by the inhibi-
tion of IL-1β.

Direct evidence has shown that IL1-β plays an important
role in multiple myeloma, and when released, this cytokine
induces IL-6 production by bone marrow stromal cells and
acts as an autocrine growth factor for myeloma cells [4, 33].
IL1-β also regulates HIF-1α protein, involving an inflamma-
tory signaling pathway to NF-ĸB and COX-2, resulting in the
upregulation of VEGF (vascular endothelial growth factor), a
potent angiogenic factor needed for metastasis and for tumor
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Figure 6: Effects of A2CN, A3CN, and A4CN compounds on inflammatory cytokine production: IL-1 (a), IL-6 (b), and TNF-α (c). CTR
means cells without LPS and MBHA compound incubation. LPS, cells incubated with LPS (1 μg/mL). Cells were incubated with A2CN,
A3CN, or A4CN (2.5–20 μM) in the presence of LPS (1 μg/mL) for 22 h, as indicated. Reported values are the mean± SEM of three
independent experiments in triplicate. The dates were analyzed by ANOVA followed by Newman-Keuls post hoc test. #p < 0 05,
###p < 0 001, compared to CTR group. ∗∗∗p < 0 001, compared to LPS +MBHA compound groups.
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growth [34]. IL-6 is another proinflammatory cytokine that
has been involved in carcinogenesis associated with inflam-
mation [9, 10]. This cytokine modulates the expression of
genes involved in the proliferation, survival, and angiogenesis
by signaling via the Janus-kinase- (JAK-) STAT [11].

As far as we know, the data shown on this paper shows
for the first time an anti-inflammatory activity of A2CN,
A3CN, and A4CN compounds, which especially blocks the
IL-1 and IL-6 cytokines and consequently may reduce the
progression and growth of tumors.

In addition, we showed that A2CN compound proved to
be the most effective molecule in the anti-inflammatory
action among the tested isomers because this adduct was also
able to inhibit the expression of COX-2 gene. This consider-
able A2CN activity is very promising because it contributes
to the anticancer activity, recently demonstrated by our
group in several cancer cell lines [23], and corroborates the
potent antiparasitic activity against Leishmania, Plasmodium
and, Trypanosoma, widely reported in the literature.

Most antineoplastic actions with nitro (nitacrine, 1-(1,5-
dicloropentano-3-yl)-4-nitrobenzene) and antiparasitic
(metronidazole, tinidazole, secnidazole, benznidazole, and
nifurtimox) are dependent upon the enzyme bioreduction
process group nitro, strong electron acceptor, as probable
mechanism of action. The passage of these molecules gener-
ally occurs by passive diffusion in the membrane, and the
bioreduction process generates a lot of free radicals’ short life,
resulting in peroxidation of biological and protein mem-
branes, causing damage to the DNA [35]. Nimesulide is an
example of nitro compound, nitrobenzene’s class of deriva-
tives, used in anti-inflammatory therapy, and extensive clin-
ical application. Thus, the nitro group present in molecules
tested in this study and their position contribute to their
cytotoxic activity on tumor cells, as well as for its anti-
inflammatory activity.

The increase production of free radicals occurs due to
decreased activity of cellular defense systems. The balance
in macrophage stimulated with LPS is disrupted by excessive
production of ROS in a mutual induction pattern. In this
study, we also observed that A2CN, A3CN, and A4CN dose
dependently reduced LPS-induced ROS production in
RAW264.7 cells. In fact, ROS, including hydrogen peroxide
and superoxide anions, are potent inducers of various signal-
ing pathways encompassing MAPKs and JAK-STAT path-
ways [36]. Further work is necessary to investigate the
precise correlation between ROS and JAK/STAT signaling.
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Complex interactions between tumor and host cells regulate systemic tumor dissemination, a process that begins early at the
primary tumor site and goes on until tumor cells detach themselves from the tumor mass and start migrating into the blood or
lymphatic vessels. Metastatic cells colonize the target organs and are capable of surviving and growing at distant sites. In this
context, osteopontin (OPN) appears to be a key determinant of the crosstalk between cancer cells and the host
microenvironment, which in turn modulates immune evasion. OPN is overexpressed in several human carcinomas and has been
implicated in inflammation, tumor progression, and metastasis. Thus, it represents one of the most attracting targets for cancer
therapy. Within the tumor mass, OPN is secreted in various forms either by the tumor itself or by stroma cells, and it can exert
either pro- or antitumorigenic effects according to the cell type and tumor microenvironment. Thus, targeting OPN for
therapeutic purposes needs to take into account the heterogeneous functions of the multiple OPN forms with regard to cancer
formation and progression. In this review, we will describe the role of systemic, tumor-derived, and stroma-derived OPN,
highlighting its pivotal role at the crossroads of inflammation and tumor progression.

1. Inflammation and Cancer

Inflammation is a physiological response of the body
aimed to remove harmful stimuli, including damaged cells,
irritants, pathogens, and sterile injuries, such as cancer,
and then to begin the healing process. Several proinflam-
matory cytokines released in the first steps of inflamma-
tion can induce the activation of regeneration-promoting
pathways. Among the downstream signals, IL-6 can

activate proregenerative transcription factors, such as YAP,
STAT3, and Notch [1]. During inflammation, fibroblast
recruitment and fibrosis are frequently observed. Fibroblasts
produce collagen and other extracellular matrix components
in the tumor microenvironment thus stimulating cancer cell
proliferation and angiogenesis.

Myeloid cells, including macrophages and neutrophils,
are the first immune cells involved in inflammation and are
abundant in the tumor microenvironment [2, 3]. Tumor-
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associated macrophages (TAMs) play a key role in cancer
development and progression through stimulation of cell
survival and proliferation, angiogenesis, invasiveness and
motility, and suppression of CTL responses [4]. During the
early stages of tumor development, TAMs seem to acquire
a classical activated M1 phenotype secreting proinflamma-
tory mediators, such as IL-1, IL-6, TNFα, IL-23, and iNOS,
which are involved in tumor initiation [5]. During tumor
progression, molecules produced by immune and cancer
cells, such as IL-4, CSF1, and TGF-β, contribute to the switch
of TAMs to the alternative M2 phenotype-producing anti-
inflammatory and proangiogenic molecules, such as IL-10,
arginase 1, TGF-β, and vascular growth factor (VEGF)
supporting the tumor growth [4]. Moreover, in this phase,
fibroblasts can secrete several cytokines, chemokines, and
other molecules, including osteopontin (OPN) [6, 7].

2. Osteopontin (OPN) in Inflammation

Osteopontin (OPN) is an extracellular matrix protein also
referred to as bone sialoprotein 1 (BSP-1), secreted phospho-
protein 1 (SPP1), and early T lymphocyte activation 1 (ETA-
1). This plurality of names reflects the involvement of OPN
in multiple physiological and pathological processes [8, 9].

The main role of OPN during inflammation is to trigger
different leucocytes eliciting a functional response and induc-
ing cytokine secretion, in order to shape the entire immune
response (Figure 1).

2.1. Macrophages. As an integrin-binding protein, OPN pri-
marily not only stimulates migration, accumulation, and
retention of macrophages at sites of injury but can also mod-
ulate their cytokine production by promoting Th1 cell-
mediated immunity and stimulating their differentiation
from monocytes. OPN controls several immune cell func-
tions including monocyte adhesion, migration, differentia-
tion, and phagocytosis [10].

Migration of macrophages is influenced by interaction of
OPN with α4 and α9 integrins, but a role is played also by its
interaction with CD44. Moreover, OPN inhibits macrophage
apoptosis by interacting with α4 integrin and CD44 [11, 12].

OPN stimulates IL-12 and inhibits IL-10 production at
sites of inflammation in macrophages, with a strong proin-
flammatory effect [13]. Wound healing studies in mice
showed that OPN is expressed at high levels in infiltrating
leukocytes during the acute phase of inflammation and regu-
lates leukocyte infiltration and activation as well as tissue
remodeling. Remarkably, OPN downregulation at the site
of wound reduced macrophage infiltration and enhanced
wound healing [14].

Furthermore, OPN induces the expression of matrix
metalloproteinases (MMP), in particular MMP-2 and
MMP-9, which are involved in matrix degradation, cell
migration, and tissue remodeling [15]. OPN activates the
transcription factors AP-1 and NF-κB thus regulating the
production of inflammatory mediators during cell-mediated
immunity. For example, OPN induces PI3-kinase-
dependent Akt phosphorylation and enhances the interac-
tion between phosphorylated Akt and IKKα/β through the

engagement of CD44 and αvβ3 integrin. Moreover, OPN
increases NF-κB activation through phosphorylation and
degradation of IκBα by inducing the IKKα/β activity [16].

2.2. Dendritic Cells (DCs). OPN is involved in conventional
DC migration by interacting with CD44 and αv integrin
[17]. OPN is expressed at a higher level in immature DCs
than in mature DCs; thus, it was suggested that OPN acts
as an autocrine and/or paracrine signal for DC maturation
[18]. Moreover, OPN acts as a prosurvival signal for DCs
since OPN blockade results in their reduced expression of
costimulatory and MHC class II molecules and increased
apoptosis [18]. Following activation by OPN, DCs produce
IL-12, in a CD40 ligand- and IFN-γ-independent manner,
and increase expression of MHC class II molecules, CD80/
CD86, and ICAM-1, which enhances the their Th1-
polarizing ability [19]. Intriguingly, an intracellular form of
OPN (iOPN, see below) inhibits IL-27 expression in conven-
tional DCs and enhances their ability to promote proinflam-
matory T helper type 17 (Th17). In plasmacytoid DC (pDC),
iOPN supports IL-12 secretion and promotes IFNα expres-
sion through interferon regulatory factor (IRF) 7 activation.

2.3. T Cells. OPN is involved in Th cell polarization by
enhancing Th1 and Th17 differentiation and inhibiting Th2
cytokine expression. By interacting with CD44 in Th cells,
OPN induces hypomethylation of IFN-γ and IL-17α genes
enhancing production of IFN-γ and IL-17A. Moreover,
CD44 deficiency promotes hypermethylation of IFN-γ and
IL-17α and hypomethylation of IL-4 gene, leading to Th2 cell
differentiation [20]. Recent data detected a key role of iOPN
in T follicular helper (TFH) differentiation.

2.4. Neutrophils. It has been shown that OPN acts on neutro-
phil recruitment but has no influence on their phagocytic
activity and superoxide, cytokine, and MMP-9 production
[21]. In vitro assays showed that the RGD sequence in
OPN is required for neutrophil migration [22] and
OPN-induced neutrophil migration is dependent on ERK
and P38 MAP kinases activation [23]. By contrast, the
OPN interaction with CD44 seems to play a minor role
in neutrophils [21].

2.5. Natural Killer.OPN plays a key role in increasing NK cell
migration and activation. In a mouse model of ischemia- and
reperfusion-induced kidney injury, OPN has been shown to
be involved in NK cell-mediated tubular epithelial cell apo-
ptosis [24]. IL-15 induces iOPN expression in NK cells
[25], which results in increased mTOR activity leading to
NK cell expansion and differentiation. Moreover, iOPN
seems to play a role in differentiation of long-lived NK cells
with a memory-like phenotype following homeostatic
expansion [26].

3. OPN in Cancer

OPN is involved in multiple physiological and pathological
processes, starting from inflammation. In particular, OPN
plays a key role in cancer progression by enhancing prolifer-
ation, survival, motility, and invasion of tumor cells in breast
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cancer, hepatic carcinoma, prostate cancer, colorectal cancer,
lung cancer, and melanoma [27–33]. Overexpression of OPN
has been detected at the tumor sites and in the blood of
patients, and its levels correlate with tumor stage and aggres-
siveness, suggesting that OPN can be a diagnostic and prog-
nostic biomarker for several cancers [29].

OPN is expressed by many cell types such as bone cells
(e.g., osteoblasts, osteoclasts, and osteocytes), immune cells
(e.g., T cells, B cells, natural killer cells, and macrophages),
neural cells, epithelial cells, fibroblasts, smooth muscle cells,
and endothelial cells [34–36] and in several tumor-derived
cell lines. It is distributed in a variety of tissues and is secreted
in body fluids including blood, urine, bile, and milk.

4. OPN General Features

This plurality of OPN isoforms, due to polymorphisms in its
gene, posttranslational modifications (PTMs), and binding
partners, reflects its broad functions.

4.1. OPN Gene.OPN is a highly acidic protein encoded by the
SPP1 gene, located in chromosome 4 (4q22.1). The gene
comprises 7 exons with the translation start codon in exon
2. A large number of polymorphisms can be found scattered
throughout the gene and a few of them have been associated
with a higher risk of developing autoimmune diseases and
cancer [37, 38]. In autoimmune diseases, risk alleles of
OPN may support production of high levels of OPN and
cooperate with other alterations such as apoptosis defects
[39–48]. The expression of OPN is influenced by genetic
polymorphisms in its promoter [49] and by the presence of
several types of regulatory and transcription factor-binding
sequences. One of the most studied OPN single-nucleotide

polymorphism is rs11730582, whose −443 CC genotype has
been associated with higher expression of OPN and increased
cancer risk in acute myeloid leukemia, glioma, and papillary
thyroid cancer. Interestingly, in other tumors such as hepato-
cellular carcinoma (HCC), breast cancer, nasopharyngeal
carcinoma, and melanoma, the −443 TT genotype, rather
than the C allele, correlates with increased expression of
OPN [50–56]. In this regard, it has been proposed that the
proto-oncogene c-Myb mediates induction of OPN expres-
sion levels from the C allele in some tumors, whereas in other
malignancies, a yet unidentified transcription factor could
activate transcription of OPN from the T allele [56]. Other
individual polymorphisms and haplotypes in the promoter
region were reported to affect gene expression [57], while
variants in the 3′UTR may affect RNA stability and lead to
altered protein levels.

OPN gene expression is modulated by several cytokines
(e.g., IL-1β, IL-6, TNF-α, and IFN-γ), hormones (e.g., vita-
min D, estrogen, angiotensin II, and glucocorticoids),
platelet-derived growth factor, and oxidized low-density
lipoprotein [58].

4.2. sOPN. The protein exists in a myriad of different iso-
forms due to alternative splicing and a number of posttrans-
lational modifications (PTMs), such as serine/threonine
phosphorylation, glycosylation, tyrosine sulfation, and pro-
teolytic cleavage. OPN consists of 314 amino acid residues,
which confer a predicted molecular weight of 35 kDa; how-
ever, because of splicing and PTMs, the actual molecular
weight ranges from 41 to 75 kDa [59]. OPN-a represents
the full-length isoform, but two other splice variants can be
found: OPN-b, which lacks exon 5 and OPN-c, which lacks
exon 4. Exon 5 contains a cluster of phosphorylated serine/
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threonine residues [60] (Table 1). Since exon 4 contains the
target sequence for transglutaminase, OPN-c, unlike the
other isoforms, cannot form polymeric complexes [61].

OPN isoforms have often distinct expression profiles and
different biological effects. For example, an anti-OPN-exon4
antibody, able to recognize both OPN-a and OPN-b iso-
forms, stained exclusively the cytoplasm of breast cancer
cells, while OPN-c was predominantly detected in their
nucleus [62]. Given that nuclear internalization signals are
common to all OPN splice variants, the reason why OPN-c
was selectively expressed in the nucleus still remains to be
determined. Furthermore, OPN-c was detected in breast
carcinoma but not in normal surrounding tissues [63],
whereas OPN-a and OPN-b expression levels were found in
both tissues. Granted that enhanced expression of OPN-c
levels in breast cancer cells correlates with tumor grade and
poor prognosis [64] and OPN-c is highly expressed in pan-
creatic and colon cancers [65], it has been proposed that this
isoform may constitute a potential prognostic factor for these
carcinomas. OPN-c is also an efficient biomarker able to dis-
tinguish prostate cancer from benign prostate hyperplasia,
with a sensitivity of 90% and a specificity of 100% [66]. In
addition, OPN-c can also promote proliferation and migra-
tion of ovarian cancer cells [67]. Other studies have shown
that OPN-a is the predominant form in a number of lung
cancer, liver cancer, papillary thyroid carcinoma, and meso-
thelioma specimens [68–71]. Furthermore, HCC predomi-
nantly expressed OPN-a and OPN-b, and these isoforms,
unlike OPN-c, could induce cell migration [70]. Lastly, in gli-
oma cells, only OPN-a and OPN-c but not OPN-b were able
to promote invasiveness [72]. Thus, the expression patterns
and functions of OPN-splicing isoforms appear to be tumor
specific and in some cases clinically relevant.

4.3. iOPN. Besides its secreted form, OPN can be found in its
intracellular form (iOPN), which is a truncated version of the
full-length protein lacking the signal sequence due to initia-
tion of translation from a downstream noncanonical start
codon [73]. The biological functions of iOPN are mainly
related to the regulation of cytoskeletal rearrangement and
signal transduction pathways [50]. iOPN was found in den-
dritic cells [73–75], macrophages [76], and nerve cells [77].
Indeed, iOPN localizes to the nucleus of 293 cells where it
mediates cell duplication through association with polo-like
kinase 1 [54], whereas in fibroblasts, iOPN plays a role in cell
migration [78]. Moreover, deficient expression of iOPN in
natural killer (NK) cells causes impaired expansion and

increased apoptosis of these cells following stimulation with
IL-15, resulting in defective immune response to viral
infection and tumor cells [79]. In pDC, iOPN mediates
Toll-like receptor 9 (TLR-9) signaling and enhances IFN-α
production through the interaction with myeloid differentia-
tion primary response gene 88 (MyD88) [75]. Under stimu-
lation of cellular debris released by necrotic hepatocytes,
iOPN inhibits the activation of TLR/MyD88 signaling in
macrophages through interaction with MyD88, acting as
a negative regulator of TLR-mediated immune responses
[79]. In follicular T helper (TFH) cells, iOPN is involved
in signaling through ICOS, a costimulatory receptor
involved in T cell function [80–83]. Upon ICOS triggering,
iOPN interacts with the PI3K p85α regulatory subunit,
translocates into the nucleus, and binds Bcl-6 (involved
in TFH differentiation) protecting it from proteasome-
mediated degradation.

4.4. PTMs. The presence of different isoforms and the hetero-
geneity due to the large number of PTMs can partly account
for the multiplicity of functions ascribed to OPN (Figure 2).
Another important aspect is the ability of OPN to interact
with different receptors. Indeed, OPN contains an Arg-Gly-
Asp (RGD) sequence, which binds to integrins such as
αvβ1, αvβ3, αvβ5, α8β1, and α5β1 [84]. The adjacent Ser-
Val-Val-Tyr-Gly-Leu-Arg (SVVYGLR) sequence is a cryptic
motif that is exposed upon cleavage by thrombin and inter-
acts with α4β1, α9β1, and α4β7 integrins [85], which are
present on the surface of immune cells such as T cells,
neutrophils, macrophages, and mast cells. Thrombin cleav-
age produces an N-terminal fragment (OPN-N) that con-
tains the aforementioned integrin-binding domains and a
C-terminal fragment (OPN-C) that presents a binding site
for specific splice variants of CD44. Moreover, the C-
terminal fragment produced in mouse after cleavage by
MMP-3 and -7 can bind to α9β1 integrin through the
LRSKSRSFQVSDEQY cryptic motif [86]; however, this
interaction does not occur with the uncleaved protein. Apart
from thrombin and MMPs, OPN can also be a substrate for
plasmin and cathepsin D and contains binding sites for
calcium and heparin [87]. Interestingly, OPN variants pro-
duced by enzymatic cleavage can retain their activity or
acquire additional functions. In this regard, N-terminal frag-
ments have shown a greater capability to mediate RGD-
dependent cell attachment than the full-length protein, pre-
sumably because of a more exposed integrin-binding
sequence [88]. In the bone marrow, the predominant OPN

Table 1: Summary of several features of the main OPN isoforms.

Isoform Exons aa differences mRNA Putative differences NCBI ref seq

sOPN

OPN-a 2–7 Full length All exons are translated Full-length protein NM_001040058.1

OPN-b 2–7 Δ5 aa 59–72 are
missing

Alternative splicing of
exon 5

Less-phosphorylated domains NM_000582.2

OPN-c 2–7 Δ4 aa 31–57 are
missing

Alternative splicing of
exon 4

Less-phosphorylated domains + lack
transglutamination signal

NM_00140060.1

iOPN —
2–7 Δ signal

peptide
aa 1–16 are
missing

Downstream initiation of
translation

Lack of signal peptide, intracellular
localization

[73]
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form is the N-terminal fragment produced by thrombin
cleavage. This fragment acts as a chemotactic factor for
hematopoietic stem cells through interaction with α9β1 and
α4β1 integrins after transplantation [89]. In T cells, OPN-N
induces IL-17 upregulation, while OPN-C induces IL-10
downregulation, and each fragment has specific effects on cell
adhesion and migration [90]. Cleavage of OPN-c by MMP-9
in HCC produces fragments that enhance cellular invasion
and appear to correlate with the HCC metastatic potential
[91]. Inhibition of thrombin in breast cancer cells that
express OPN decreases tumor growth and metastasis [92].
Lastly, bioactive OPN fragments can also be generated after
processing of sOPN by extracellular proteasomes, resulting
in the production of fragments with new chemotactic activ-
ity, which may be relevant for cancer progression since high
levels of both OPN and extracellular proteasome can be
detected in the tumor mass [93].

5. Systemic OPN Levels in Cancer

OPN is a ubiquitously expressed protein whose secreted form
exerts pleiotropic effects on a number of fundamental biolog-
ical processes, such as proliferation, apoptosis, bone forma-
tion, and angiogenesis [94–96]. Despite its importance in
such processes, several different studies addressing the role
of OPN in tumors have led to conflicting results. In recent
years, in an effort to establish common denominators, several
meta-analyses of multiple studies on high-incidence cancers
worldwide have been carried out. These tumors included
colorectal cancer (CRC), malignant pleural mesothelioma
(MPM), ovarian cancer, non-small-cell lung carcinoma
(NSCLC), breast cancer, gastric cancer, and HCC [97–101].
The following is a comprehensive survey of those studies.

In a selection of 10 clinical cohort studies represented by
a total of 1133 NSCLC patients, Shi et al. showed a shorter
overall survival in OPN-positive patients compared to that
in OPN-negative patients with no significant differences
between the Asian and the Caucasian groups, thus suggesting
a role for OPN as a prognostic factor for NSCLC [102].
Moreover, the analysis by Hu et al. of a cohort of six studies,
with a total of 906 participants, of which 360 were MPM
patients and 546 healthy individuals, showed that the diag-
nostic accuracy of OPN for MPM was comparable to that
of the soluble mesothelin-related peptides (SMRP), the most
promising serum biomarker for MPM [103]. On the other
hand, a meta-analysis of 8 studies published up to February
2014 with clinical cohorts ranging from 100 to 333 breast
cancer patients [104] showed no correlation between OPN
expression and several other diagnostic/prognostic bio-
markers commonly used for breast cancer, such as HER2,
PR, and ER, although a significant association between
OPN overexpression and both lymph node metastasis and
overall survival was reported. A more recent meta-analysis
of 10 studies with a total of 1567 patients, extrapolated from
papers published up to December 2015, evaluated the role of
OPN-splicing variants [105]. In good agreement with Xu
et al. [104], OPN overexpression correlated with poor overall
survival. In particular, the authors found that OPN-c but not
OPN-a was specifically expressed by breast cancer cells and
that the correlation between poor overall survival in breast
cancer and OPN-c overexpression was more statistically sig-
nificant than that obtained with full-length OPN [105]. In a
meta-analysis of 15 studies with a cohort of 1698 CRC
patients, Zhao and coworkers reported a significant correla-
tion between OPN expression and lymph node metastasis
or tumor-distant metastasis. However, the authors did not
find any statistical correlation between OPN expression and
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tumor invasiveness. Moreover, at 2, 3, and 5 years after diag-
nosis, the overall survival of patients with high expression of
OPNwas significantly reduced, indicating that OPN is a valid
prognostic marker for CRC [101]. Another study by Wang
and colleagues, who analyzed 15 studies involving a total of
1653 subjects, of which 822 were ovarian cancer patients
and 831 healthy individuals, found positive association
between OPN levels in the serum and ovarian neoplasm, with
differences in ethnicity and higher association in the Asian
versus the Caucasian group. Intriguingly, the authors specu-
lated that high serum levels of OPN could induce tumor sur-
vival and proliferation through inhibition of the proapoptotic
PI3-K/Akt signaling pathway, concluding that higher serum
levels of OPN may correlate with the aggressive progression
of ovarian neoplasm. Thus, according to this study, OPN
levels in the bloodstream can be used both as diagnostic
and prognostic markers for ovarian neoplasms [106].

Even though there are no meta-analysis results published
on melanoma, an aggressive skin cancer whose incidence has
been stably increasing [107–109], several studies have been
published to elucidate the role of OPN in melanoma and
uveal melanoma progression [110–112]. All these studies
have shown that OPN overexpression is strongly associated
with reduced overall survival of melanoma patients. In addi-
tion, Filia and colleagues reported enhanced plasma OPN
levels in stage IV melanoma [112]. Finally, Barak et al.
showed a remarkable increase in OPN expression levels in
uveal melanomas several months before the diagnosis of a
metastatic phenotype [113].

Taken all together, the aforementioned studies clearly
point to a key role of OPN in tumor progression, thereby
paving the way for future clinical applications (Figure 3).
These include (i) the use of OPN as a prognostic biomarker
for different tumors and its use as a predictor of therapeutic
efficacy, (ii) the design of OPN-based targeted therapy spe-
cific for different tumor stages to improve treatment efficacy,
and (iii) the use of OPN to monitor the occurrence of disease
relapse during follow-up, since blood sampling is a fast, min-
imally invasive, and readily repeatable procedure.

Overall, given the potential of OPN use in clinics, the
development of common procedures for sample collection
and OPN measurement could become the standard of care
and prevention of malignant primary tumors.

6. OPN−/− Mice

The pathophysiological role of OPN on tumor enhancement/
progression as well as on immune system has been investi-
gated in different studies using in vivo models. Solid tumors
are composed by genetically mutated cancer cells dispersed
into a stroma formed by a variety of normal cells and extra-
cellular matrix (ECM). Since the stroma actively participates
in tumor progression, including the metastatic process, bidi-
rectional communication between tumor cells and the associ-
ated stroma strongly affects disease initiation, progression,
and patient prognosis [114].

For this reason, in tumor-induced models of cancer (i.e.,
breast, melanoma), in order to dissect the individual role
played by stroma-secreted versus tumor-secreted OPN, the

use of OPN−/− mice is preferred. In this setting, comparison
among OPN+/+ and OPN−/− mice will give insights into the
contribution of stromal OPN (i.e., missing in OPN−/−).
Knocking down OPN into the tumor cells, will highlight
the contribution of tumor OPN.

In general, it has been described that leucocyte recruit-
ment at the site of inflammation, mainly neutrophil infiltra-
tion and macrophage accumulation, is impaired in OPN−/−

mice with concomitant inhibition of proinflammatory cyto-
kine release [10, 115, 116]. OPN regulates immunosuppres-
sion at tumor sites by favoring the presence of
immunosuppressive leukocytes at metastatic sites. Sangaletti
et al. showed that myeloid-derived suppressor cells (MDSCs)
in OPN−/− mice showed lower expression in arginase-1, anti-
phospho-STAT3, and IL-6 and were less immunosuppressive
compared to those in wild-type controls after injection of
4T1 cell line. In addition, less regulatory T cells accumulated
at metastatic site (lung metastasis) in OPN−/− mice and only
MDSCs from wild-type mice were able to promote metastasis
[117]. Similarly, Kale et al. showed the involvement of OPN
in macrophage recruitment into tumor in a mouse model
of melanoma. They observed an accumulation of OPN- and
cyclooxygenase-2- (COX-2-) positive macrophages at the site
of tumor; with increased angiogenesis and melanoma growth
and in OPN−/−, they reported a strong suppression in tumor
growth compared to that of their wild-type counterpart
[118]. In another study, Lee and colleagues investigated the
role of OPN in promoting liver tumor in a mouse model of
diethylnitrosamine- (DEN-) induced hepatic carcinogenesis.
In this work, they described a significant reduction in the
overall incidence of hepatic tumors in OPN−/− mice com-
pared to that in wild-type mice and they observed that
in vitro OPN suppression in human hepatocellular carci-
noma cells promoted cell death by apoptosis [119]. A
similar observation was reported by Hsieh et al. in a
mouse model of squamous papilloma describing that defi-
ciency of OPN resulted in apoptosis and delayed the
development of tumor [120].

Altogether, these studies suggest that OPN plays a central
role in immune modulation and tumor progression by
inducing the expression of mediators and by finely orches-
trating the recruitment of cells in order to create an immuno-
suppressive and protumorigenic microenvironment.

7. OPN within Solid Tumors

Tumor development and progression require a suitable
microenvironment where tumor cells influence normal resi-
dent cells, such as fibroblasts and endothelial cells, while
recruiting accessory cells from the bone marrow to initiate
angiogenesis [121].

The ECM is produced by both tumor and stromal cells
and is composed of structural and functional proteins. The
latter ones are collectively referred to as matricellular pro-
teins, which, under physiologic conditions, modulate several
cellular processes, including cell adhesion and migration,
ECM deposition, cell survival, and proliferation [122]. All
these processes are also required for primary tumor growth
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and metastasis, where matricellular proteins are often aber-
rantly expressed.

The presence of a tumor leads to stromal changes includ-
ing the recruitment of leucocytes, endothelial cells, and mes-
enchymal stem cells (MSCs). It also causes reprogramming of
local fibroblasts to cancer-associated fibroblasts (CAFs).
These cells secrete growth and matrix remodeling factors
and support angiogenesis and lymphangiogenesis to promote
further tumor growth and metastasis. Stroma formation in
neoplastic processes represents both the host’s reaction to
neoplastic cells and the ability of tumor cells themselves to
modify their environment to influence growth and progres-
sion [123, 124]. OPN can be produced by many cell types
present in the tumor microenvironment, including the tumor
itself. Several functions of OPN have yet been elucidated;
however, the role of OPN in tumor growth and progression
as well as its contribution to the tumor microenvironment
is still partially understood (Figure 4).

Systemic tumor dissemination is regulated by complex
interactions between tumor and host cells during the migra-
tion of tumor cells into the blood and/or lymphatic vessels at
the primary tumor site. These cells subsequently spread to
target organs and are capable of surviving and growing at dis-
tant sites. In this context, genetic and epigenetic alterations of
tumor cells appear to be the key determinants of the crosstalk
between cancer cells and the host microenvironment, which
in turn modulates intercellular communication, immune
evasion, and sustained proliferation.

As described above, OPN is a matricellular protein impli-
cated in inflammation, tumor progression, and metastasis
[125] and is found overexpressed in a variety of human car-
cinomas, including breast, lung, colorectal, stomach, and
ovarian, as well as melanoma [125, 126]. Elevated tumor
and plasma levels of OPN have been associated with poor
prognosis and with reduced survival in patients with breast
cancer [64]. OPN is one of the highest expressed genes in a
large percentage of patients with glioblastoma [22], and the
depletion of OPN in glioblastoma-initiating cells leads to

the loss of their tumorigenic potential [127]. Within a tumor
mass, the functional activities of OPN are complex, since
OPN is generally expressed by both tumor and stroma cells
in its secreted form. Moreover, both tumor and normal cells
have receptors able to bind with sOPN. This scenario
becomes quite complex when we consider that, in some
tumor types, OPN is also part of the extracellular matrix.
Thus, sOPN produced by tumor cells can influence cells in
the tumor microenvironment and vice versa. Whether
tumor-derived OPN differs, structurally or functionally, in
its effects from stromal-derived OPN still remains to be clar-
ified. Although there is evidence that different OPN isoforms
and posttranslational modifications (i.e., phosphorylation,
sialation, proteolytic cleavage, transglutaminase crosslinking,
and proteolytic processing) may affect different OPN func-
tions [59, 128–130], there is still very scant literature on
how tumor-derived OPN may differ from stroma-derived
OPN, either structurally or functionally. Interestingly, the
distribution of OPN staining may change according to the
cancer type and tumor stage. Indeed, in many tumors,
OPN+ cancer cells are often found at the periphery of inva-
sive tumors adjacent to stromal cells, suggesting its involve-
ment in paracrine tumor and host cellular interactions
[131, 132]. Nevertheless, it has been shown that, at least in
some instances, tumor-derived OPN is more soluble and
not incorporated into the extracellular matrix [133]. Thus,
it is unclear whether it is tumor- or stromal-derived OPN
(or both) that can be incorporated into the extracellular
matrix and affect tumor growth and progression.

In the following two sections, we will explore the docu-
mented functions of tumor-derived OPN as well as
stromal-derived OPN and OPN function in ECM.

8. Effect of Tumor-Derived OPN on the Tumor
Microenvironment

Several reports have demonstrated that tumor cells can syn-
thesize and secrete OPN, in vivo. OPN expression in tumor
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Figure 3: Schematic representation of the role of OPN in tumor patients. OPN is involved in many different biological functions as well as in
tumor maintenance and progression. Besides its local effect, OPN is also secreted in the blood stream, and its levels are increased in patients
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cells has been detected in several cancers [134, 135], includ-
ing breast, colon, liver, and lung as well as squamous cell car-
cinomas, as they become aggressive [31, 97, 136–139]. For
example, in breast cancer, OPN expression starts increasing
as the cancer cells become more aggressive, and knocking
down expression of endogenous OPN reduced invasive
behavior and suppressed tumor growth in immunocompro-
mised mice [140]. OPN-mediated increase in migration,
motility, and invasion have been related to enhanced expres-
sion of integrins and CD44 cell surface receptors and to the
increase in Met activity [141–143]. Moreover, the first evi-
dence that OPN can cause degradation of a tumor suppressor
protein comes from the observation of an inverse correlation
between OPN and the tumor suppressor Merlin, in breast
cancer [144, 145]. This is the consequence of OPN signaling
on the AKT pathway that targets Merlin for ubiquitin
degradation.

The tumor-promoting functions of tumor-derived OPN
will be reviewed in the following chapters and include (1)
increased survival of tumor cells often associated with
recruitment of leucocytes at the tumor site; (2) angiogenesis
to contrast hypoxia and favor dissemination [139]; (3) repro-
gramming of tissue fibroblast to CAFs to induce epithelial to
mesenchymal transition (EMT), thereby allowing tumor cells
to detach from the primary mass and disseminate to generate
the premetastatic niche [146]; (4) mesenchymal to epithelial
transition (MET), that is considered to be the opposite of
EMT at the distant site [147] (Figure 5).

8.1. Recruitment of Leucocytes at the Tumor Site

8.1.1. Tumor-Associated Macrophages (TAMs).Macrophages
are versatile cells which can be either immunostimulatory or
immunosuppressive, thereby promoting or counteracting

inflammation, respectively [148, 149]. TAMs are the predom-
inant stromal cell type within the tumor mass. High levels of
TAMs often correlate with the advanced tumor stage and
poor disease outcome [150]. Several studies have highlighted
a causal link between TAMs and neoplastic progression,
including tumor initiation, proliferation, immunosuppres-
sion, angiogenesis, and metastasis. In the tumor mass, TAMs
release cytokines and growth factors that target both tumor
and endothelial cells and concomitantly secrete proteases that
promote ECM degradation. This never ending process of
stroma remodeling favors the release of matrix-bound growth
factors and promotes tumor cell motility and invasion [151].
Consistently, TAMs secrete many growth factors essential for
neoangiogenesis and tumor proliferation [152, 153].

In a milestone study by Ashkar et al., OPN was shown to
act against viral and bacterial infection by inducing a M1
response through upregulation of IL-12 and downregulation
of IL-10 [154]. Since OPN exists at least in two forms,
depending on its phosphorylation state [130], phosphory-
lated OPN binds to cell surface receptors (i.e., integrins and
CD44), while nonphosphorylated OPN binds to the
ECM—the authors went on by showing that while OPNphos-
phorylation is required to induce integrin-mediated IL-12
production; it is dispensable for CD44-mediated inhibition
of IL-10 inmacrophages. Interestingly, thismechanism seems
to be altered in OPN-mediated immune response in tumors.

In addition to regulating macrophage activation, tumor-
derived OPN is also able to attract macrophages to a tumor
site by promoting chemotaxis. Using a mouse model of mel-
anoma, Kale et al. demonstrated that TAMs infiltration was
significantly reduced in OPN−/− mice compared to that in
OPN+/+ mice [118], and tumor growth and angiogenesis
were significantly reduced in OPN−/− mice compared to that
in OPN+/+ mice [118]. A more detailed analysis showed that
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OPN could induce cyclooxygenase- (COX-) 2 expression in
macrophages, promoting prostaglandin (PG) E2 production
and melanoma cell migration. Furthermore, OPN-mediated
α9β1 integrin activation was required for COX-2 expression
and subsequent p38 and ERK activation, which in turn led to
increased expression of PGE2 and MMP-9. It seems that
OPN inhibits macrophage functions, at least in part, through
downregulation of inducible nitric oxide synthase and there-
fore nitric oxide production, resulting in inhibition of tumor
cell death [155–159]. OPN can also have an antitumor activ-
ity thanks to its ability to activate type I NK T cells [160] and
to inhibit their apoptosis via binding to and activation of the
CD44 receptor [161]. This observation strongly suggests that
OPN can either inhibit or promote leukocyte functions and
that it is the balance between the OPN-elicited macrophage
and type I NK T cell response that determines whether the
overall effect of the inflammatory response will be tumor pro-
moting or tumor inhibiting [162]. This dual role of OPN will
be further discussed later in this review.

8.1.2. Myeloid-Derived Suppressor Cells (MDSCs). Extrame-
dullary myelopoiesis, that is myelopoiesis occurring outside
the bone marrow, including the spleen, is a novel OPN-
driven process recently described [163–165]. Extramedullary
myelopoiesis may induce the accumulation of peripheral
MDSCs, which play an important role in immune escape
through generation of the so-called metastatic niche.
Tumor-derived OPN was found to enhance both

extramedullary myelopoiesis and the subsequent accumula-
tion of MDSCs [96]. Silencing of OPN in tumor cells delayed
both tumor growth and extramedullary myelopoiesis,
whereas treatment with an antibody against OPN inhibited
tumor growth-mediating antitumor immunity. Recently, an
interesting study on a spontaneously metastatic model of
breast cancer has shown distinct and common activities of
OPN when produced either by tumor or host cells. Tumor-
produced sOPN supports cancer cell survival in the blood
stream, whereas both tumor- and host-derived OPNs, partic-
ularly from myeloid cells, render the metastatic site more
immunosuppressive, thanks to the expansion of MDSCs at
both the primary and lung metastatic sites. OPN was pro-
duced mainly as sOPN by cancer cells and as iOPN by mye-
loid cells, which, as described earlier, are both involved in
cancer dissemination and play a pivotal role in inducing
immunosuppression in the metastatic niche [96].

8.1.3. Bone Marrow-Derived Cells. A new role for tumor-
derived OPN has been ascribed to the activation and
mobilization of bone marrow-derived cells to the microen-
vironment of disseminated tumor cells, the so-called “pre-
metastatic niche” [146]. McAllister et al. found that the
secretion of soluble OPN by a tumor supports stimulation
of distant tumor/metastatic cells, otherwise indolent. This
systemic “instigation” is accompanied by incorporation of
bone marrow cells into the stroma of the distant, once
indolent tumors, conditioning that environment and
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fibroblasts (CAFs), which by secreting TGF-β1, promote epithelial to mesenchymal transition (EMT) allowing tumor cells to detach from
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promoting tumor growth. This effect may represent a dis-
tinct pathophysiological role for circulating OPN in the
blood of cancer patients [146]. Secretion of OPN by insti-
gating tumors is necessary for bone marrow-derived cell
activation and the subsequent outgrowth of the distant,
otherwise indolent tumors. Overall, these results reveal
that outgrowth of indolent tumors can be governed on a
systemic level by endocrine factors released by certain
instigating tumors and therefore hold important experi-
mental and therapeutic implications.

8.2. Enhanced Invasion and Angiogenesis. Tumor-derived
OPN may also play a role in angiogenesis. The proof of con-
cept has been demonstrated brilliantly by many investigators.
Proliferation, migration, and tissue infiltration of pericytes,
vascular smooth muscle, and endothelial cells from preexist-
ing blood vessels are needed for tumor angiogenesis, and
OPN may participate in all of these processes. [166–169].
The role of OPN in tumor angiogenesis is associated with
VEGF as both are frequently and simultaneously upregulated
during angiogenesis [170–173]. In the preclinical model,
OPN stimulates angiogenesis by inducing VEGF expression
in endothelial cells [174]. OPN itself can be upregulated by
fibroblast growth factor- (FGF-) 2 in endothelial cells
in vitro and in vivo, leading to the recruitment of proangio-
genic monocytes to the tumor microenvironment [175].
Interestingly, our group has recently shown that thrombin-
cleaved OPN generates two fragments, namely, OPN-N and
OPN-C, which display a stronger angiogenic potential
in vitro, compared to full-length OPN [176]. These results
are in line with the reports from Senger et al. [177] showing
that VEGF induces OPN and αvβ3 expression in endothelial
cells and stimulates cleavage of OPN by thrombin and that
the resulting OPN fragments are strongly chemotactic for
endothelial cells and promote angiogenesis [178]. However,
these authors used a mixture of the two OPN fragments
obtained by thrombin-mediated cleavage of OPN-FL
in vitro. Therefore, they could not distinguish the specific
contributions of OPN-N versus OPN-C. Moreover, other
studies have shown that, in vascular endothelial cells,
OPN enhances VEGF-α expression, which, in turn, medi-
ates a positive feedback on OPN expression; blocking this
feedback signal by anti-VEGF-α antibodies partially inhib-
ited OPN-induced HUVECs motility, proliferation, and
tube formation [174].

8.3. Epithelial to Mesenchymal Transition. Fibroblasts are the
predominant cell type in stromal connective tissue contribut-
ing to deposition and maintenance of collagen, basement
membrane, and paracrine growth factors. As mentioned
earlier, CAFs originate from different sources including local
fibroblasts and MSCs recruited from the bone marrow and
thus become specialized stromal cells with myofibroblast
features able to promote tumor growth and dissemination
by stimulating angiogenesis, cancer cell proliferation, and
production of tumor-promoting cytokines [179, 180]. Addi-
tionally, CAFs can become a critical component of the cancer
stem cell (CSC) niche, thereby favoring cancer metastasis,
drug resistance, and disease relapse after chemotherapy

regimens. Recently, it has been shown that breast cancer-
derived sOPN can educate mammary fibroblasts to become
proinflammatory CAFs, thereby favoring malignant progres-
sion [181]. Indeed, neutralizing antibodies against OPN
blocked fibroblast reprogramming elicited by these malig-
nant cells. Strikingly, OPN silencing in tumor cells not only
attenuated stromal activation but also inhibited tumor
growth, indicating once more that OPN plays a key role in
reprogramming normal fibroblasts into tumor-promoting
CAFs. Alternatively, CAFs can also be formed in response
to OPN-induced MSC-to-CAF transformation [180]. One
of the most important effects exerted by OPN following
CAF activation is the modulation of tumor-specific EMT
through the secretion of TGF-β and IL-6. In this regard,
the transcription factor myeloid-zinc finger 1 (MZF1), acti-
vated through protein kinase A signaling, appears to be a crit-
ical mediator of this process [182]. Besides MSCs, tumor-
derived OPN can also convert normal mammary fibroblasts
into CAFs using in vitro and in vivo models of breast cancer
[179]. Intriguingly, OPN bound to cell-surface integrin
receptors activated MZF1, which in turn mediated TGF-β1
production by MSCs. Remarkably, aptamer-mediated inhibi-
tion of OPN binding to integrin receptors abolished this
MZF1- and TGF-β-mediated MSC-to-CAF transformation.
Since the adoption of the CAF phenotype is associated with
increased local tumor growth and metastases, it is likely that
therapeutic tools able to disrupt this pathway might be an
alternative treatment option to current breast cancer therapy.

8.4. Mesenchymal to Epithelial Transition. MET is a revers-
ible biological process that involves the transition from
motile, multipolar mesenchymal cells to planar arrays of
polarized cells called epithelia. MET is the reverse process
of EMT. METs occur in normal development, cancer metas-
tasis, and induced pluripotent stem cell reprogramming. In
particular, MET is believed to participate in the establish-
ment and stabilization of distant metastases by allowing
cancerous cells to regain epithelial properties and integrate
into distant organs [182]. For this reason, in recent years,
MET has been regarded as one of many potential therapeutic
targets in the prevention of metastases.

iOPN, the intracellular form of OPN mentioned earlier
in this review, was initially described in rat calvarial cells
by Zohar et al. [183], respectively; OPN intracellular immu-
nostaining shows four distinct patterns: perimembranous
staining, nuclear retention, cytoplasm distribution, and peri-
nuclear staining, which represents sOPN. Mounting evi-
dence has revealed crucial roles of iOPN in a number of
processes contributing to cancer progression and dissemina-
tion, such as migration, cell cycle, and motility [76, 78, 184].
Recently, a role for iOPN in cancer metastasis has been pro-
posed by Jia et al. [147]. Early in the metastatic cascade, can-
cer cells from the primary tumor undergo EMT, which
endows noninvasive tumor cells with the ability to invade
and disseminate [182, 185]. In recent years, MET has been
shown to contribute to colonization at a secondary site.
Recent findings support the hypothesis of sOPN and iOPN
having distinct roles in phenotypic plasticity during different
stages of tumor metastasis. In fact, sOPN promotes EMT to
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initiate early metastatic dissemination, whereas iOPN
induces MET to facilitate metastatic colonization at later
stages of metastatic colonization.

9. Effect of Stroma-Derived sOPN on the Tumor

In cancer, the coordinated intercellular interactions that are
present in normal tissues are disrupted as the tumor acquires
the ability to chronically circumvent physiologic signals from
the microenvironment, which in turn evolves to accommo-
date the growing tumor [114, 186, 187]. As illustrated in
the previous section, cancer is a heterogeneous disease
involving genetic mutations in tumor cells. Nevertheless, it
appears more and more evident that tumors are also diverse
according to the nature of their ECM composition and stro-
mal cell proportions or activation states [121, 188]. In
response to evolving conditions and oncogenic signals from
tumors, the stroma continually changes over the course of
the entire cancer evolution. This has led to consider the influ-
ence of the microenvironment on metastasis as a dynamic
process and prompted many investigators to determine
how tumor cells drive the construction of their own niche.
This aspect is particularly important in view of the fact that
in-depth knowledge of mechanism of tumor stroma-
induced neoplastic progression may provide additional
therapeutic options to treat malignant carcinomas. In this
regard, it has been shown, for example, that stroma cells
not only can exert a protumorigenic effect in some solid
tumors but can also be reprogrammed by pharmacological
agents to exhibit antitumor activities [189].

9.1. Tumor-Associated Macrophages. As mentioned earlier,
OPN-mediated regulation of macrophage functions has
profound consequences in terms of tumor development.
Nevertheless, also TAMs secrete OPN that can mediate
protumorigenic effects. In this regard, a potential role of
TAM-derived OPN in regulating CSC functions has been
proposed [190]. CSCs are rare immortalized cells within
the tumor characterized by self renewal, which can give
rise to many cell types that can either constitute parts of
the tumor or form new tumors. Since CSCs are ubiqui-
tously expressed in a wide range of human cancers, they
represent attractive targets for chemotherapy. A few
reports have shown that TAMs interact with CD44+ colo-
rectal CSCs by secreting OPN, thus promoting CSC
tumorigenicity. Interestingly, OPN secretion by TAMs is
stimulated by CD44+ colorectal cancer cells, and the
induction of OPN is closely associated with CD44 expres-
sion. Although the exact mechanism whereby CD44+ can-
cer cells stimulate OPN secretion is not clear, this study
suggests that, despite strongly relying on their niche, CSCs
can reprogram stromal cells (e.g., TAMs) so that the latter
can gain a growth advantage.

9.2. Senescent Fibroblasts. Cancer incidence increases with
aging and is associated with tissue accumulation of senescent
cells [191]. A vast body of literature points to the fact that
senescent fibroblasts contribute to tumor development in
aging tissues [192–196]. OPN is indeed necessary for the

promotion of preneoplastic cell growth by senescent fibro-
blasts [197]. Furthermore, senescent fibroblasts stimulated
the growth of preneoplastic keratinocytes both in vitro and
in vivo using mouse model of skin tumor. Silencing of OPN
did not prevent stress-induced senescence in fibroblasts but
rather blocked their ability to induce cell growth in associated
keratinocytes [198]. An important effect of OPN on senes-
cent fibroblasts relies on its crosstalk with Tiam1. Tiam1 is
a Rac exchanger, ubiquitously expressed and involved in a
number of signaling pathways [199–202]. In cancer cells,
Tiam1 expression plays a key role in favoring tumor growth
[203–205], and its expression in the stroma controls tumor
invasion. OPN is a major mediator of the effects of Tiam1
expression in fibroblasts undergoing stress-induced senes-
cence [191]. Stress-induced senescence in fibroblasts induces
decreased fibroblast Tiam1 and increased OPN expression
and secretion. Altering Tiam1 expression in CAFs induces
changes in invasion, migration, epithelial-mesenchymal
transition, and cancer stem cell characteristics in associ-
ated breast cancer cells. Interestingly, these changes persist
even after cancer cells have dissociated from the fibro-
blasts. Altogether, these findings suggest that promalignant
signals from the tumor stroma, with long-lasting effects on
associated cancer cells, may sustain the metastatic poten-
tial of developing cancers. Thus, inhibition of these micro-
environment signals may represent a new therapeutic
strategy against cancer metastasis. These novel therapeutic
tools will most likely be based on specific targeting of
stromal cells, which display less genetic plasticity than
their malignant counterpart.

9.3. Natural Killer Cells. NK cells are innate lymphoid cells,
which play an important role in mediating the anticancer
immune response. These cells can survey and control tumor
initiation due to their ability to recognize and kill malignant
cells and to regulate the adaptive immune response via cyto-
kines and chemokines release. However, several studies have
shown that tumor-infiltrating NK cells associated with
advanced disease can have profound functional defects and
display tumorigenic activity. The role of iOPN was recently
investigated also in NK cells by Leavenworth et al. [26],
who demonstrated that NK cells require iOPN to prevent
apoptosis and subsequently reach their full maturation and
lytic activity. They used a mouse model where melanoma
cells were coinjected with either NK cells unable to produce
OPN (OPN-KO) or NK cells able to express only iOPN
(iOPN-KI) into lymphopenic Rag−/−γC−/−mice. Mice recon-
stituted with iOPN-KI NK had an increased number of NK
cells and a reduced metastatic dissemination. Thus, iOPN
plays an important role in the formation of long-lived NK
cells with a memory-like phenotype. Nonetheless, it remains
to be determined whether iOPN is involved in the generation
of antigen-driven memory NK cells and if it can exert a
similar effect on memory T cells [26].

OPN is generally thought to display both protumorigenic
and prometastatic functions. Nevertheless, a few reports have
demonstrated that OPN also inhibits tumor progression. In
particular, OPN-deficient mice accelerated tumor growth in
a squamous cell carcinoma model [159, 206], and OPN-
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deficient macrophages showed impaired antitumor cytotox-
icity [206]. Consistently, a recent report has shown that
stroma-derived OPN enhances infiltration of NK cells into
the transgenic adenocarcinoma of mouse prostate (TRAMP)
tumors [207]. The requirement of OPN in NK cell migration
towards tumor cells was confirmed by an ex vivo cell migra-
tion assay. The observation that the antitumorigenic function
of OPN was evident only in Rag2−/−mice indicates that cells
coordinating the adaptive immune response are not essential
for OPN-mediated inhibition of TRAMP tumor develop-
ment. Surprisingly, B16 melanoma tumor development
was not affected by OPN, and B16 tumors did not show
OPN-mediated cell recruitment. These results suggest that
the antitumorigenic functions of OPN are tumor-type
specific [207].

10. Osteopontin in Hematopoietic and
Lymphoid Tumors

OPN role in several forms of non-Hodgkin lymphomas
(NHL) and in acute leukemias has also been investigated,
especially in recent years. OPN gene is upregulated in pri-
mary central nervous system lymphomas (PCNSL) as com-
pared to that in diffuse large B cell lymphoma (DLBCL)
[208], and its levels in cerebrospinal fluid (CSF) appear to
be an independent predictor of shorter progression-free
and overall survival [209]. Serum levels of OPN also predict
response to therapy and survival in DLBCL [210, 211] and
serum and CSF levels were correlated to tumor bulk and
response to therapy in children with acute lymphoblastic leu-
kemia (ALL) [211]. Expression of OPN is increased in both
bone marrow blasts and serum of patients with acute myeloid
leukemia (AML), and high-OPNmRNA expression indepen-
dently predicts overall survival (p = 0 025), especially in low-
intermediate risk forms [212]. Taken together, these ele-
ments suggest that OPN represents a potential biomarker
for several lymphoproliferative forms [213].

From a pathogenic point of view, OPN is involved in
invasion and dissemination of CNS lymphomas through
activation of NF-κB, an effect mediated by both iOPN (tran-
scriptional downregulation of NF-κB inhibitors) and sOPN
(receptor-mediated activation of NF-κB). NF-κB can then
induce MMP-8 and other MMPs, a pivotal mechanism of
neoplastic tissue invasion and metastasis in human cancers
[214]. Consistently, OPN was independently associated with
increased MMP levels and higher circulating levels of OPN,
MMP-2, and MMP-9 and were detected in patients with
several forms of NHL as compared with those in healthy
donors [215]. Overall, available data suggest that OPN may
be involved in selective CNS tropism of lymphoma cells lead-
ing to PCNSL [216]. OPN has also been involved in resis-
tance to chemotherapy in ALL, by anchoring leukemic
blasts to endosteal niche within the bone marrow, supporting
cell cycle exit and tumor dormancy; inhibition of OPN
increases Ki-67 proliferative index, enhancing response to
Ara-C chemotherapy [217]. Of note, OPN genetic polymor-
phisms appear to modulate sensitivity to Ara-C in a Chinese
population with AML [50]. Acquired expression of OPN
promotes enrichment and survival of leukemic stem cells

(LSC) through the AKT/mTOR/PTEN/β-catenin/NF-κB sig-
naling pathways in AML [212]. Conversely, silencing OPN
with specific sRNA appears to decrease colony numbers of
LSC [218].

Overall, the multifaceted involvement of OPN in etio-
pathogenetic mechanisms of different forms of lymphomas
and acute and chronic leukemias could lend support to a
variety of potential therapeutic approaches.

11. Therapeutic Strategies Targeting OPN in
Cancer

The pleiotropic effects of OPN in promoting tumor growth
and metastasis and the close relationship between patient
death and OPN expression render this protein an interesting
target for cancer therapy [219]. Furthermore, as the review
described before, an important issue concerning OPN is that
it is secreted not only by tumor cells but also by several cells
of the stroma, that are genetically stable compared to tumor
cells and are thus supposed to be protected by classical
mechanisms of pharmacologic resistance. In this regard, dif-
ferent OPN-targeting strategies have been proven effective in
preclinical models, including OPN gene silencing, OPN
receptor blockage, or inhibition of OPN posttranslational
modifications such as thrombin cleavage and transglutami-
nation [28, 220].

11.1. Inhibition of OPN by RNA Interference. Early experi-
ments showed that it was possible to inhibit growth of
osteosarcoma and oral cancer cells by blocking OPN mRNA
translation [221, 222]. However, since the advent of RNA
interference (RNAi), a number of studies have reported a
much more efficient inhibition of OPN compared to tradi-
tional methods.

Indeed, RNAi is a biological process whereby RNA
molecules inhibit gene expression or translation by
neutralizing targeted mRNA molecules [223]. Essentially,
three types of small RNA molecules, namely, microRNA
(miRNA), small interfering RNA (siRNA), and short hair-
pin RNA (shRNA), are able to direct sequence-specific
gene inhibition in mammalian cells [224]. As mentioned
above, the encouraging preclinical data obtained using this
innovative approach have prompted several investigators
to conduct a number of ongoing clinical data, with the
hope to provide proof-of-concept evidence that siRNA-,
shRNA-, and miRNA-mediated inhibition of OPN exerts
an antitumorigenic effect [225]. This is particularly true
for breast cancer, as silencing of OPN not only inhibited
cancer progression through downregulation of uPA,
MMP-2, and MMP-9 expression levels [226] but also
rendered these cells more sensitive to radiation-induced
apoptosis and senescence [227] and enhanced their sensi-
tivity to chemotherapeutic agents [228]. Although these
results suggest that silencing of OPN might represent a
promising strategy for the development of effective anti-
cancer agents, one cannot help thinking that OPN-
directed RNAi would inevitably target both the secreted
and intracellular forms of OPN. Thus, given the opposite
role of these two proteins in cancer progression, as
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described earlier in this review, it is likely that selective inhi-
bition of one form versus the other might prove more effec-
tive in reducing the tumor burden. In this regard, the use of
blocking antibodies against sOPN or its receptor selectively
inhibited sOPN functions while preserving those of iOPN.

11.2. Inhibition of OPN by Blocking Antibodies. As described
above, OPN binds to two sets of receptors, namely, integrins
and CD44, which then propagate downstream signaling.
Thus, an additional way to inhibit OPN can be readily
achieved by using blocking antibodies specific for of one or
both receptors. Indeed, a number of antibodies targeting
these receptors have been shown to significantly suppress
the interaction between tumor and stroma, thereby reducing
OPN-induced tumor progression. For example, blocking
OPN binding to αvβ3 inhibited OPN-induced tumor growth
and angiogenesis [139], decreased the expression of ILK,
uPA, and MMP-2 [229], and prevented OPN-mediated AP-
1 activation in breast cancer cells [230]. Accordingly, an
anti-OPN antibody and its humanized version effectively
inhibited tumor growth and angiogenesis in a breast cancer
model [174]. Recently, a new integrin-binding site has been
identified in the C-terminal fragment of MMP-3/7-cleaved
mouse OPN, binding to the α9β1 integrin. Importantly, this
novel motif is involved in the development of anti-type II
collagen antibody-induced arthritis (CAIA), and blocking
OPN interaction with α9β1 prevents CAIA [86]. Further-
more, given that α9β1 integrin contributes to tumor growth,
lymphatic metastasis, recruitment of CAFs, and induction of
OPN secretion by CAFs, inhibition of the α9β1 integrin-
OPN axis protected mice also from breast cancer [231].

With respect to CD44, it is well known that such
receptor varies in size due to glycosylation and alterna-
tively spliced exon products (i.e., CD44v) [232] and that
these CD44 variants are often overexpressed in cancer cells
and metastasis [233]. For example, CD44v6-7 is able to
bind OPN [234] and it is overexpressed in tumor-
infiltrating leucocytes in colorectal cancer [235] and in
malignant melanoma [236]. CD44 blockade leads to two
major effects in the preclinical model: higher number of
macrophages and strong increase of OPN production
inside the tumor. Aptamers are short oligonucleotides or
peptides able to specifically bind to small molecules or
protein ligands by forming a three-dimensional structure
complementary to the target molecules [237]. Aptamers
are functionally comparable to traditional antibodies but
offer several advantages such as their relatively small
physical size, flexible structure, quick chemical production,
high stability, and resistance to immunogenicity. Further-
more, they are effective at very low concentrations, thus
offering an important advantage over antibody-mediated
therapy. Thus, OPN has also been targeted in cancer by
the means of aptamers. OPN-directed RNA aptamer
(OPNR3) binds specifically to OPN and decreases in vitro
cellular adhesion, migration, and invasion in breast cancer
cells [238]. Upon extensive pharmacokinetic characterization
of OPN-R3 aptamer, Talbot et al. demonstrated the efficiency
of modified OPN-R3 aptamer in suppression of breast tumor
growth [239].

11.3. Inhibition of OPN by Targeting Its Posttranslational
Modifications. Among the different PTMs of OPN, two,
namely, thrombin cleavage and transglutamination, appear
to be an attractive target for cancer therapy. In this regard,
Schulze et al. have shown that the thrombin inhibitor arga-
troban inhibits both tumor growth and lymphatic metastasis
occurrence of breast cancer cells by blocking the formation of
OPN thrombin-cleaved fragments [240]. A second therapy
that may alter carcinogenesis secondary to OPN consists of
transglutaminase inhibitors [241]. Tissue transglutaminase
catalyses bond formation between glutamine and lysine of
two side chains, thus inducing the cross-linking of proteins.
This process is essential for the stabilization of the ECM
and can be deregulated during cancer metastasis. OPN is a
target of transglutaminase and its polymerisation induces
some gain of functions [242]. Several transglutaminase inhib-
itors exist that have been proven effective in cancer [243].

11.4. Anti-OPN Autoantibodies (autoAbs). Antibodies anti-
OPN are spontaneously produced in several conditions in
the presence of high circulating OPN levels as in the case of
MS [244], RA [245], and more recently HCC [246]. In the
latter case, the titer of anti-OPN autoantibodies in HCC
was significantly higher than in healthy human serum. The
authors went on showing that this increase in OPN autoanti-
body production correlated with poor prognosis and could
therefore be considered a new bona fide serological bio-
marker for HCC. Since our group has shown that OPN pro-
tein vaccination of mice predisposed to multiple sclerosis was
effective in inducing a neutralizing antibody response that
reduced OPN levels while protecting these mice from disease
occurrence, it is possible that a similar vaccine-based strategy
may prove effective for cancer therapy as well.

11.5. Small Molecule Protein-Protein Interaction (PPI)
Inhibitors. PPIs influence biological functions by modulating
protein activities, such as enzymatic activity, subcellular
localization, and/or binding properties. Interfering in PPIs
is considered to be a promising strategy towards next-
generation therapeutics, including those for cancer [247].
Inhibition of PPIs by mean of small molecules is now recog-
nized as an emerging and challenging area in drug design.

Recently, Park et al. identified a novel small molecule
inhibitor, IPS-02001, targeting the integrin αvβ3-OPN PPI,
by using in silico docking method-integrated ProteoChip
technology. They tested its biological function in vitro and
demonstrated that it was efficient in inhibiting OC matura-
tion and resorptive function by blocking integrin signaling,
which disrupts actin cytoskeletal organization. In vivo, IPS-
02001 blocked RANKL-induced bone destruction and
suppressed ovariectomy-induced bone loss. This pioneering
work showed that IPS-02001 is a potent inhibitor of
integrin-mediated OPN signaling and suggests that it may
be used also in cancer [248].

12. Conclusions

OPN is overexpressed in a variety of human carcinomas and
has been implicated in inflammation, tumor progression, and
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metastasis. Within the tumor microenvironment, OPN can
be produced by many cell types including the tumor itself
and stromal cells. Most therapeutic strategies against cancer
have focused on direct targeting of various tumor cell fea-
tures. However, stromal cells and their ECM are genetically
stable compared to tumor cells and are therefore supposed
to be less susceptible to classical mechanisms of pharmaco-
logic resistance. For all these reasons, OPN is regarded by
many as one of the most attracting targets for cancer therapy.
Nevertheless, targeting OPN for therapeutic purposes will
have to take into account the heterogeneous functions of
the multiple OPN forms with regard to cancer formation
and progression. These functions can be either protu-
morigenic or antitumorigenic according to cell type and
tumor microenvironment. Moreover, literature showed
several conundrums suggesting that knowledge on OPN
is only at the tip of the iceberg and that new functions
and possibly binding partners may exist, further compli-
cating the scenario.

Although OPN represents an extraordinary interesting
potential target for cancer therapy, we still need to be cau-
tious for a number of reasons. First, the several forms of
OPN may have distinct effects in different tissues and
tumors. Therefore, new insights are needed to depict these
differences and to setup approaches targeting distinct OPN
forms and activities and distinct cells and tissues. Second, it
must be noted that some reports suggest that OPN may exert
antitumorigenic activity in some instances. Finally, therapies
targeting OPN might share the limitations of other immuno-
therapies which, despite positive preclinical achievement, fail
to reach satisfying therapeutic effects because of development
of tumor resistance, redundant effects displayed by similar
molecules, and adverse side effects due to the multiple pleio-
tropic activities of OPN.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Luigi Mario Castello and Davide Raineri have contributed
equally to this work.

Acknowledgments

This work was supported by the Dipartimento di Scienze
della Salute, Università del Piemonte Orientale (to Anna
Aspesi), Dipartimento di Medicina Traslazionale, Università
del Piemonte Orientale (sepsis and autoimmunity, to Luigi
Mario Castello), Associazione Italiana Ricerca sul Cancro
(AIRC, IG 14430, to Umberto Dianzani), Fondazione Amici
di Jean (to Umberto Dianzani), Fondazione Cassa di
Risparmio di Cuneo (to Umberto Dianzani), PRONTALL
(RegionePiemonte,A11_2015_11B, toAnnalisaChiocchetti),
and Fondazione Italiana Sclerosi Multipla (FISM, 2010/R/12-
2011/R/11 to Annalisa Chiocchetti).

References

[1] K. Taniguchi, L. W. Wu, S. I. Grivennikov et al., “A gp130-
Src-YAP module links inflammation to epithelial regenera-
tion,” Nature, vol. 519, pp. 57–62, 2015.

[2] M. R. Galdiero, E. Bonavita, I. Barajon, C. Garlanda, A.
Mantovani, and S. Jaillon, “Tumor associated macrophages
and neutrophils in cancer,” Immunobiology, vol. 218,
pp. 1402–1410, 2013.

[3] B. Ruffel and L. M. Coussens, “Macrophages and therapeu-
tic resistance in cancer,” Cancer Cell, vol. 27, pp. 462–472,
2015.

[4] S. Shalapour and M. Karin, “Immunity, inflammation, and
cancer: an eternal fight between good and evil,” The Journal
of Clinical Investigation, vol. 125, pp. 3347–3355, 2015.

[5] S. I. Grivennikov, F. R. Greten, and M. Karin, “Immunity,
inflammation, and cancer,” Cell, vol. 140, pp. 883–899, 2010.

[6] H. Y. Chang, J. B. Sneddon, A. A. Alizadeh et al., “Gene
expression signature of fibroblast serum response predicts
human cancer progression: similarities between tumors and
wounds,” PLoS Biology, vol. 2, article E7, 2004.

[7] N. Erez, M. Truitt, P. Olson, S. T. Arron, and D. Hanahan,
“Cancer-associated fibroblasts are activated in incipient neo-
plasia to orchestrate tumor-promoting inflammation in an
NF-kappaB-dependent manner,” Cancer Cell, vol. 17,
pp. 135–147, 2010.

[8] R. Vaschetto, S. Nicola, C. Olivieri et al., “Serum levels of
osteopontin are increased in SIRS and sepsis,” Intensive Care
Medicine, vol. 34, pp. 2176–2184, 2008.

[9] N. Clemente, D. Raineri, G. Cappellano et al., “Osteopontin
bridging innate and adaptive immunity in autoimmune
diseases,” Journal of Immunology Research, vol. 2016, Article
ID 7675437, 2016.

[10] F. Kahles,H.M. Findeisen, andD. Bruemmer, “Osteopontin: a
novel regulator at the cross roads of inflammation, obesity and
diabetes,” Molecular Metabolism, vol. 3, pp. 384–393, 2014.

[11] M. C. Marcondes, M. Poling, D. D. Watry, D. Hall, and H. S.
Fox, “In vivo osteopontin-induced macrophage accumula-
tion is dependent on CD44 expression,” Cellular Immunol-
ogy, vol. 254, pp. 56–62, 2008.

[12] S. A. Lund, C. L. Wilson, E. W. Raines, J. Tang, C. M. Gia-
chelli, and M. Scatena, “Osteopontin mediates macrophage
chemotaxis via α4 and α9 integrins and survival via the α4
integrin,” Journal of Cellular Biochemistry, vol. 114,
pp. 1194–1202, 2013.

[13] A.W. O'Regan, J. M. Hayden, and J. S. Berman, “Osteopontin
augments CD3-mediated interferon-gamma and CD40
ligand expression by T cells, which results in IL-12 produc-
tion from peripheral blood mononuclear cells,” Journal of
Leukocyte Biology, vol. 68, pp. 495–502, 2000.

[14] S. A. Lund, C. M. Giachelli, and M. Scatena, “The role of
osteopontin in inflammatory processes,” Journal of Cell Com-
munication and Signaling, vol. 3, pp. 311–322, 2009.

[15] G. F. Weber, S. Zawaideh, S. Hikita, V. A. Kumar, H. Cantor,
and S. Ashkar, “Phosphorylation-dependent interaction of
osteopontin with its receptors regulates macrophage migra-
tion and activation,” Journal of Leukocyte Biology, vol. 72,
pp. 752–761, 2002.

[16] R. Das, S. Philip, G. H. Mahabeleshwar, A. Bulbule, and G. C.
Kundu, “Osteopontin: it’s role in regulation of cell motility
and nuclear factor kappa B-mediated urokinase type

14 Mediators of Inflammation



plasminogen activator expression,” IUBMB Life, vol. 57,
pp. 441–447, 2005.

[17] J. M. Weiss, A. C. Renkl, C. S. Maier et al., “Osteopontin is
involved in the initiation of cutaneous contact hypersensitiv-
ity by inducing Langerhans and dendritic cell migration to
lymph nodes,” The Journal of Experimental Medicine,
vol. 194, pp. 1219–1229, 2001.

[18] K. Kawamura, K. Iyonaga, H. Ichiyasu, J. Nagano, M.
Suga, and Y. Sasaki, “Differentiation, maturation, and sur-
vival of dendritic cells by osteopontin regulation,” Clinical
and Diagnostic Laboratory Immunology, vol. 12, pp. 206–
212, 2005.

[19] A. C. Renkl, J. Wussler, T. Ahrens et al., “Osteopontin func-
tionally activates dendritic cells and induces their differentia-
tion toward a Th1-polarizing phenotype,” Blood, vol. 106,
pp. 946–955, 2005.

[20] H. Guan, P. S. Nagarkatti, and M. Nagarkatti, “Role of CD44
in the differentiation of Th1 and Th2 cells: CD44-deficiency
enhances the development of Th2 effectors in response to
sheep RBC and chicken ovalbumin,” Journal of Immunology,
vol. 183, pp. 172–180, 2009.

[21] A. Koh, A. P. B. da Silva, A. K. Bansal et al., “Role of osteo-
pontin in neutrophil function,” Immunology, vol. 122,
pp. 466–475, 2007.

[22] N. A. Atai, M. Bansal, C. Lo et al., “Osteopontin is up-
regulated and associated with neutrophil and macrophage
infiltration in glioblastoma,” Immunology, vol. 132, pp. 39–
48, 2011.

[23] Y. Hirano, M. Aziz, W. L. Yang et al., “Neutralization of
osteopontin attenuates neutrophil migration in sepsis-
induced acute lung injury,” Critical Care, vol. 19, p. 53, 2015.

[24] Z. X. Zhang, K. Shek, S. Wang et al., “Osteopontin expressed
in tubular epithelial cells regulates NK cell-mediated kidney
ischemia reperfusion injury,” Journal of Immunology,
vol. 185, pp. 967–973, 2010.

[25] J. W. Chung, M. S. Kim, Z. H. Piao et al., “Osteopontin pro-
motes the development of natural killer cells from hemato-
poietic stem cells,” Stem Cells, vol. 26, pp. 2114–2123, 2008.

[26] J. W. Leavenworth, B. Verbinnen, Q. Wang, E. Shen, and H.
Cantor, “Intracellular osteopontin regulates homeostasis
and function of natural killer cells,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 112, pp. 494–499, 2015.

[27] A. C. Cook, A. B. Tuck, S. McCarthy et al., “Osteopontin
induces multiple changes in gene expression that reflect
the six “hallmarks of cancer” in a model of breast cancer
progression,” Molecular Carcinogenesis, vol. 43, pp. 225–
236, 2005.

[28] M. Bandopadhyay, A. Bulbule, R. Butti et al., “Osteopontin as
a therapeutic target for cancer,” Expert Opinion on Therapeu-
tic Targets, vol. 18, pp. 883–895, 2014.

[29] R. B. Irby, S. M. McCarthy, and T. J. Yeatman, “Osteopontin
regulates multiple functions contributing to human colon
cancer development and progression,” Clinical & Experimen-
tal Metastasis, vol. 21, pp. 515–523, 2004.

[30] Y. Zhou, D. L. Dai, M. Martinka et al., “Osteopontin expres-
sion correlates with melanoma invasion,” The Journal of
Investigative Dermatology, vol. 124, pp. 1044–1052, 2005.

[31] A. F. Chambers, S. M. Wilson, N. Kerkvliet, F. P. O'Malley,
J. F. Harris, and A. G. Casson, “Osteopontin expression in
lung cancer,” Lung Cancer, vol. 15, pp. 311–323, 1996.

[32] G. N. Thalmann, R. A. Sikes, R. E. Devoll et al., “Osteopontin:
possible role in prostate cancer progression,” Clinical Cancer
Research, vol. 5, pp. 2271–2277, 1999.

[33] M. Gotoh, M. Sakamoto, K. Kanetaka, M. Chuuma, and S.
Hirohashi, “Overexpression of osteopontin in hepatocellular
carcinoma,” Pathology International, vol. 52, pp. 19–24, 2002.

[34] C. E. Murry, C. M. Giachelli, S. M. Schwartz, and R. Vracko,
“Macrophages express osteopontin during repair of myocar-
dial necrosis,” The American Journal of Pathology, vol. 145,
pp. 1450–1462, 1994.

[35] Y. Kunii, S. Niwa, Y. Hagiwara, M. Maeda, T. Seitoh, and T.
Suzuki, “The immunohistochemical expression profile of
osteopontin in normal human tissues using two site-specific
antibodiesrevealsawidedistributionofpositivecellsandexten-
sive expression in the central and peripheral nervous systems,”
MedicalMolecularMorphology, vol. 42, pp. 155–161, 2009.

[36] T. E. Kruger, A. H. Miller, A. K. Godwin, and J. Wang, “Bone
sialoprotein and osteopontin in bone metastasis of osteotro-
pic cancers,” Critical Reviews in Oncology/Hematology,
vol. 89, pp. 330–341, 2014.

[37] C. Comi, G. Cappellano, A. Chiocchetti et al., “The impact of
osteopontin gene variations on multiple sclerosis develop-
ment and progression,” Clinical & Developmental Immunol-
ogy, vol. 2012, Article ID 212893, 6 pages, 2012.

[38] M. A. Briones-Orta, S. E. Avendaño-Vázquez, D. I. Aparicio-
Bautista, J. D. Coombes, G. F. Weber, andW.-K. Syn, “Osteo-
pontin splice variants and polymorphisms in cancer progres-
sion and prognosis,” Biochimica et Biophysica Acta, Reviews
on Cancer, vol. 1868, pp. 93–108, 2017.

[39] A. Chiocchetti, M. Indelicato, T. Bensi et al., “High levels of
osteopontin associated with polymorphisms in its gene are
a risk factor for development of autoimmunity/lymphoprolif-
eration,” Blood, vol. 103, pp. 1376–1382, 2003.

[40] S. D’Alfonso, N. Barizzone, M. Giordano et al., “Two
single-nucleotide polymorphisms in the 5′ and 3′ ends of
the osteopontin gene contribute to susceptibility to sys-
temic lupus erythematosus,” Arthritis and Rheumatism,
vol. 52, pp. 539–547, 2005.

[41] A. Chiocchetti, C. Comi, M. Indelicato et al., “Osteopontin
gene haplotypes correlate with multiple sclerosis develop-
ment and progression,” Journal of Neuroimmunology,
vol. 163, pp. 172–178, 2005.

[42] R. Clementi, A. Chiocchetti, G. Cappellano et al., “Variations
of the perforin gene in patients with autoimmunity/lympho-
proliferation and defective Fas function,” Blood, vol. 108,
pp. 3079–3084, 2006.

[43] A. Chiocchetti, E. Orilieri, G. Cappellano et al., “The osteo-
pontin gene +1239A/C single nucleotide polymorphism is
associated with type 1 diabetes mellitus in the Italian popula-
tion,” International Journal of Immunopathology and Phar-
macology, vol. 23, pp. 263–269, 2010.

[44] E. Boggio, M. Indelicato, E. Orilieri et al., “Role of tissue
inhibitor of metalloproteinases-1 in the development of auto-
immune lymphoproliferation,” Haematologica, vol. 95,
pp. 1897–1904, 2010.

[45] N. Barizzone, M. Marchini, F. Cappiello et al., “Association of
osteopontin regulatory polymorphisms with systemic sclero-
sis,” Human Immunology, vol. 72, pp. 930–934, 2011.

[46] E. Boggio, N. Clemente, A. Mondino et al., “IL-17 protects T
cells from apoptosis and contributes to development of
ALPS-like phenotypes,” Blood, vol. 123, pp. 1178–1186, 2014.

15Mediators of Inflammation



[47] C. Comi, T. Fleetwood, and U. Dianzani, “The role of T cell
apoptosis in nervous system autoimmunity,” Autoimmunity
Reviews, vol. 12, pp. 150–156, 2012.

[48] U. Dianzani, A. Chiocchetti, and U. Ramenghi, “Role of
inherited defects decreasing Fas function in autoimmunity,”
Life Sciences, vol. 72, pp. 2803–2824, 2003.

[49] Y.-W. Chiu, H.-F. Tu, I.-K. Wang et al., “The implication of
osteopontin (OPN) expression and genetic polymorphisms
of OPN promoter in oral carcinogenesis,” Oral Oncology,
vol. 46, pp. 302–306, 2010.

[50] R. Zhang, W. Yang, Y. C. Li et al., “The OPN gene polymor-
phism confers the susceptibility and response to Ara-C based
chemotherapy in Chinese AML patients,” Cellular Physiology
and Biochemistry, vol. 35, pp. 175–183, 2015.

[51] Z. Shen, B. Chen, X. Hou, P. Chen, G. Zhao, and J. Fan, “Poly-
morphism-433 C>T of the osteopontin gene is associated
with the susceptibility to develop gliomas and their prognosis
in a Chinese cohort,” Cellular Physiology and Biochemistry,
vol. 34, pp. 1190–1198, 2014.

[52] G. Mu, H. Wang, Z. Cai, and H. Ji, “OPN-443C>T genetic
polymorphism and tumor OPN expression are associated
with the risk and clinical features of papillary thyroid cancer
in a Chinese cohort,” Cellular Physiology and Biochemistry,
vol. 32, pp. 171–179, 2013.

[53] Q.-Z. Dong, X.-F. Zhang, Y. Zhao et al., “Osteopontin pro-
moter polymorphisms at locus-443 significantly affect the
metastasis and prognosis of human hepatocellular carci-
noma,” Hepatology, vol. 57, pp. 1024–1034, 2013.

[54] D. Ramchandani and G. F. Weber, “An osteopontin
promoter polymorphism is associated with aggressiveness
in breast cancer,” Oncology Reports, vol. 30, pp. 1860–1868,
2013.

[55] J. Wang, L. Nong, Y. Wei, S. Qin, Y. Zhou, and Y. Tang,
“Association of osteopontin polymorphisms with nasopha-
ryngeal carcinoma risk,” Human Immunology, vol. 75,
pp. 76–80, 2014.

[56] J. Schultz, P. Lorenz, S. M. Ibrahim, G. Kundt, G. Gross, and
M. Kunz, “The functional 443T/C osteopontin promoter
polymorphism influences osteopontin gene expression in
melanoma cells via binding of c-Myb transcription factor,”
Molecular Carcinogenesis, vol. 48, pp. 14–23, 2009.

[57] F. Giacopelli, R. Marciano, A. Pistorio et al., “Polymorphisms
in the osteopontin promoter affect its transcriptional activ-
ity,” Physiological Genomics, vol. 20, pp. 87–96, 2004.

[58] B. Kaleta, “Role of osteopontin in systemic lupus erythemato-
sus,” Archivum Immunologiae et Therapiae Experimentalis
(Warsz), vol. 62, pp. 475–482, 2014.

[59] B. Christensen, T. E. Petersen, and E. S. Sørensen, “Post-
translational modification and proteolytic processing of uri-
nary osteopontin,” The Biochemical Journal, vol. 411,
pp. 53–61, 2008.

[60] B. Christensen, M. S. Nielsen, K. F. Haselmann, T. E.
Petersen, and E. S. Sørensen, “Post-translationally modi-
fied residues of native human osteopontin are located
in clusters: identification of 36 phosphorylation and five
O-glycosylation sites and their biological implications,”
The Biochemical Journal, vol. 390, pp. 285–292, 2005.

[61] E. S. Sørensen, L. K. Rasmussen, L. Møller, P. H. Jensen, P.
Højrup, andT. E. Petersen, “Localization of transglutaminase-
reactive glutamine residues in bovine osteopontin,” The
Biochemical Journal, vol. 304, pp. 13–16, 1994.

[62] K. Zduniak, P. Ziolkowski, C. Ahlin et al., “Nuclear
osteopontin-c is a prognostic breast cancer marker,” British
Journal of Cancer, vol. 112, pp. 729–738, 2015.

[63] M. Mirza, E. Shaughnessy, J. K. Hurley et al., “Osteopontin-c
is a selective marker of breast cancer,” International Journal
of Cancer, vol. 122, pp. 889–897, 2008.

[64] N. Patani, F. Jouhra, W. Jiang, and K. Mokbel, “Osteopontin
expression profiles predict pathological and clinical outcome
in breast cancer,” Anticancer Research, vol. 28, pp. 4105–
4110, 2008.

[65] P. H. Anborgh, J. C. Mutrie, A. B. Tuck, and A. F. Chambers,
“Pre- and post-translational regulation of osteopontin in can-
cer,” Journal of Cell Communication and Signaling, vol. 5,
pp. 111–122, 2011.

[66] T. M. Tilli, L. C. Thuler, A. R. Matos et al., “Expression anal-
ysis of osteopontin mRNA splice variants in prostate cancer
and benign prostatic hyperplasia,” Experimental and Molecu-
lar Pathology, vol. 92, pp. 13–19, 2012.

[67] T. M. Tilli, V. F. Franco, B. K. Robbs et al., “Osteopontin-c
splicing isoform contributes to ovarian cancer progression,”
Molecular Cancer Research, vol. 9, pp. 280–293, 2011.

[68] B. Zhao, T. Sun, F. Meng et al., “Osteopontin as a potential
biomarker of proliferation and invasiveness for lung cancer,”
Journal of Cancer Research and Clinical Oncology, vol. 137,
pp. 1061–1070, 2011.

[69] S. V. Ivanov, A. V. Ivanova, C. M. V. Goparaju, Y. Chen, A.
Beck, and H. I. Pass, “Tumorigenic properties of alternative
osteopontin isoforms in mesothelioma,” Biochemical and
Biophysical Research Communications, vol. 382, pp. 514–
518, 2009.

[70] S. Chae, H.-O. Jun, E. G. Lee et al., “Osteopontin splice vari-
ants differentially modulate the migratory activity of hepato-
cellular carcinoma cell lines,” International Journal of
Oncology, vol. 35, pp. 1409–1416, 2009.

[71] L. Bueno Ferreira, C. Tavares, A. Pestana et al., “Osteopontin-
a splice variant is overexpressed in papillary thyroid carci-
noma and modulates invasive behavior,” Oncotarget, vol. 7,
pp. 52003–52016, 2016.

[72] W. Yan, C. Qian, P. Zhao et al., “Expression pattern of osteo-
pontin splice variants and its functions on cell apoptosis and
invasion in glioma cells,” Neuro-Oncology, vol. 12, pp. 765–
775, 2010.

[73] M. L. Shinohara, H.-J. Kim, J.-H. Kim, V. A. Garcia, and H.
Cantor, “Alternative translation of osteopontin generates
intracellular and secreted isoforms that mediate distinct bio-
logical activities in dendritic cells,” Proceedings of the
National Academy of Sciences, vol. 105, pp. 7235–7239, 2008.

[74] M. Inoue and M. L. Shinohara, “Intracellular osteopontin
(iOPN) and immunity,” Immunologic Research, vol. 49,
pp. 160–172, 2011.

[75] M. L. Shinohara, L. Lu, J. Bu et al., “Osteopontin expression is
essential for interferon-α production by plasmacytoid
dendritic cells,” Nature Immunology, vol. 7, pp. 498–506,
2006.

[76] B. Zhu, K. Suzuki, H. A. Goldberg et al., “Osteopontin mod-
ulates CD44-dependent chemotaxis of peritoneal macro-
phages through G-protein-coupled receptors: evidence of a
role for an intracellular form of osteopontin,” Journal of Cel-
lular Physiology, vol. 198, pp. 155–167, 2004.

[77] J. K.Wung, G. Perry, A. Kowalski et al., “Increased expression
of the remodeling- and tumorigenic-associated factor

16 Mediators of Inflammation



osteopontin in pyramidal neurons of the Alzheimer’s disease
brain,” Current Alzheimer Research, vol. 4, pp. 67–72, 2007.

[78] R. Zohar, N. Suzuki, K. Suzuki et al., “Intracellular osteopon-
tin is an integral component of the CD44-ERM complex
involved in cell migration,” Journal of Cellular Physiology,
vol. 184, pp. 118–130, 2000.

[79] X. Fan, C. He, W. Jing et al., “Intracellular osteopontin
inhibits toll-like receptor signaling and impedes liver carcino-
genesis,” Cancer Research, vol. 75, pp. 86–97, 2015.

[80] V. Redoglia, U. Dianzani, J. M. Rojo et al., “Characterization
of H4: a mouse T lymphocyte activation molecule function-
ally associated with the CD3/T cell receptor,” European Jour-
nal of Immunology, vol. 26, pp. 2781–2789, 1996.

[81] D. Buonfiglio, M. Bragardo, V. Redoglia et al., “The T cell
activation molecule H4 and the CD28-like molecule ICOS
are identical,” European Journal of Immunology, vol. 30,
pp. 3463–3467, 2000.

[82] R. A. Kroczek, A. Hutloff, A. M. Dittrich et al., “ICOS is an
inducible T-cell co-stimulator structurally and functionally
related to CD28,” Nature, vol. 397, pp. 263–266, 1999.

[83] J. W. Leavenworth, B. Verbinnen, J. Yin, H. Huang, and H.
Cantor, “A p85α-osteopontin axis couples the receptor ICOS
to sustained Bcl-6 expression by follicular helper and regula-
tory T cells,” Nature Immunology, vol. 16, pp. 96–106, 2015.

[84] Y. Yokosaki, K. Tanaka, F. Higashikawa, K. Yamashita, and
A. Eboshida, “Distinct structural requirements for binding
of the integrins αvβ6, αvβ3, αvβ5, α5β1 and α9β1 to osteo-
pontin,” Matrix Biology, vol. 24, pp. 418–427, 2005.

[85] P. M. Green, S. B. Ludbrook, D. D. Miller, C. M. Horgan, and
S. T. Barry, “Structural elements of the osteopontin
SVVYGLR motif important for the interaction with alpha(4)
integrins,” FEBS Letters, vol. 503, pp. 75–79, 2001.

[86] S. Kon, Y. Nakayama, N. Matsumoto et al., “A novel cryp-
tic binding motif, LRSKSRSFQVSDEQY, in the C-terminal
fragment of MMP-3/7-cleaved osteopontin as a novel
ligand for α9β1 integrin is involved in the anti-type II col-
lagen antibody-induced arthritis,” PloS One, vol. 9, article
e116210, 2014.

[87] B. Christensen, L. Schack, E. Kläning, and E. S. Sørensen,
“Osteopontin is cleaved at multiple sites close to its
integrin-binding motifs in milk and is a novel substrate for
plasmin and cathepsin D,” The Journal of Biological Chemis-
try, vol. 285, pp. 7929–7937, 2010.

[88] B. Christensen, E. Kläning, M. S. Nielsen, M. H. Andersen,
and E. S. Sørensen, “C-terminal modification of osteopon-
tin inhibits interaction with the αVβ3-integrin,” The
Journal of Biological Chemistry, vol. 287, pp. 3788–3797,
2012.

[89] J. Grassinger, D. N. Haylock, M. J. Storan et al., “Throm-
bin-cleaved osteopontin regulates hemopoietic stem and
progenitor cell functions through interactions with 9 1
and 4 1 integrins,” Blood, vol. 114, pp. 49–59, 2009.

[90] E. Boggio, C. Dianzani, C. L. Gigliotti et al., “Thrombin cleav-
age of osteopontin modulates its activities in human cells
in vitro and mouse experimental autoimmune encephalomy-
elitis in vivo,” Journal of Immunology Research, vol. 2016,
pp. 1–13, 2016.

[91] V. Takafuji, M. Forgues, E. Unsworth, P. Goldsmith, and X.
W. Wang, “An osteopontin fragment is essential for tumor
cell invasion in hepatocellular carcinoma,” Oncogene,
vol. 26, pp. 6361–6371, 2007.

[92] H. Teramoto, M. D. Castellone, R. L. Malek et al., “Autocrine
activation of an osteopontin-CD44-Rac pathway enhances
invasion and transformation by H-RasV12,” Oncogene,
vol. 24, pp. 489–501, 2005.

[93] C. Dianzani, E. Bellavista, J. Liepe et al., “Extracellular
proteasome-osteopontin circuit regulates cell migration with
implications in multiple sclerosis,” Scientific Reports, vol. 7,
article 43718, 2017.

[94] M. Singh, C. R. Foster, S. Dalal, and K. Singh, “Osteopontin:
role in extracellular matrix deposition and myocardial
remodeling post-MI,” Journal of Molecular and Cellular Car-
diology, vol. 48, pp. 538–543, 2010.

[95] C. E. Weber, N. Y. Li, P. Y. Wai, and P. C. Kuo, “Epithelial-
mesenchymal transition, TGF-β, and osteopontin in wound
healing and tissue remodeling after injury,” Journal of Burn
Care & Research, vol. 33, pp. 311–318, 2012.

[96] K. Matušan-Ilijaš, G. Damante, D. Fabbro et al., “Osteopon-
tin expression correlates with nuclear factor-κB activation
and apoptosis downregulation in clear cell renal cell carci-
noma,” Pathology, Research and Practice, vol. 207, pp. 104–
110, 2011.

[97] J. Zhang, K. Takahashi, F. Takahashi et al., “Differential
osteopontin expression in lung cancer,” Cancer Letters,
vol. 171, pp. 215–222, 2001.

[98] V. H. C. Bramwell, A. B. Tuck, J.-A. W. Chapman et al.,
“Assessment of osteopontin in early breast cancer: correlative
study in a randomised clinical trial,” Breast Cancer Research,
vol. 16, p. R8, 2014.

[99] J. Y. Kim, B.-N. Bae, K. S. Kim, E. Shin, and K. Park, “Osteo-
pontin, CD44, and NFkappaB expression in gastric adenocar-
cinoma,” Cancer Research and Treatment, vol. 41, pp. 29–35,
2009.

[100] S. Shang, A. Plymoth, S. Ge et al., “Identification of osteopon-
tin as a novel marker for early hepatocellular carcinoma,”
Hepatology, vol. 55, pp. 483–490, 2012.

[101] M. Zhao, F. Liang, B. Zhang, W. Yan, and J. Zhang, “The
impact of osteopontin on prognosis and clinicopathology of
colorectal cancer patients: a systematic meta-analysis,” Scien-
tific Reports, vol. 5, article 12713, 2015.

[102] S.-M. Shi, Z.-B. Su, J.-J. Zhao et al., “Increased osteopon-
tin protein expression may be correlated with poor prog-
nosis in non-small-cell lung cancer: a meta analysis,”
Journal of Cancer Research and Therapeutics, vol. 12,
pp. 277–282, 2016.

[103] Z.-D. Hu, X.-F. Liu, X.-C. Liu, C.-M. Ding, and C.-J.
Hu, “Diagnostic accuracy of osteopontin for malignant
pleural mesothelioma: a systematic review and meta-
analysis,” Clinica Chimica Acta, vol. 433, pp. 44–48,
2014.

[104] Y.-Y. Xu, Y.-Y. Zhang, W.-F. Lu, Y.-J. Mi, and Y.-Q. Chen,
“Prognostic value of osteopontin expression in breast cancer:
a meta-analysis,” Molecular and Clinical Oncology, vol. 3,
pp. 357–362, 2015.

[105] C. Hao, Z. Wang, Y. Gu, W. G. Jiang, and S. Cheng, “Prog-
nostic value of osteopontin splice variant-c expression in
breast cancers: a meta-analysis,” BioMed Research Interna-
tional, vol. 2016, Article ID 7310694, 2016.

[106] Y.-D. Wang, H. Chen, H.-Q. Liu, and M. Hao, “Correlation
between ovarian neoplasm and serum levels of osteopontin:
a meta-analysis,” Tumour Biology, vol. 35, pp. 11799–
11808, 2014.

17Mediators of Inflammation



[107] A. Forschner, T. K. Eigentler, A. Pflugfelder et al., “Melanoma
staging: facts and controversies,” Clinics in Dermatology,
vol. 28, pp. 275–280, 2010.

[108] D. E. Godar, “Worldwide increasing incidences of cutaneous
malignant melanoma,” Journal of Skin Cancer, vol. 2011,
Article ID 858425, 2011.

[109] J. B. Macdonald, A. C. Dueck, R. J. Gray et al., “Malignant
melanoma in the elderly: different regional disease and poorer
prognosis,” Journal of Cancer, vol. 2, pp. 538–543, 2011.

[110] T. Kiss, S. Ecsedi, L. Vizkeleti et al., “The role of osteopontin
expression in melanoma progression,” Tumour Biology,
vol. 36, pp. 7841–7847, 2015.

[111] C. Conway, A. Mitra, R. Jewell et al., “Gene expression profil-
ing of paraffin-embedded primary melanoma using the
DASL assay identifies increased osteopontin expression as
predictive of reduced relapse-free survival,” Clinical Cancer
Research, vol. 15, pp. 6939–6946, 2009.

[112] A. Filia, F. Elliott, T. Wind et al., “Plasma osteopontin con-
centrations in patients with cutaneous melanoma,” Oncology
Reports, vol. 30, pp. 1575–1580, 2013.

[113] V. Barak, I. Kaiserman, S. Frenkel, K. Hendler, I. Kalickman,
and J. Pe’er, “The dynamics of serum tumor markers in pre-
dicting metastatic uveal melanoma (part 1),” Anticancer
Research, vol. 31, pp. 345–349, 2011.

[114] J. A. Joyce and J. W. Pollard, “Microenvironmental regulation
of metastasis,” Nature Reviews. Cancer, vol. 9, pp. 239–252,
2009.

[115] D. Bruemmer, A. R. Collins, G. Wang et al., “Angiotensin II-
accelerated atherosclerosis and aneurysm formation is atten-
uated in osteopontin-deficient mice,” The Journal of Clinical
Investigation, vol. 112, pp. 1318–1331, 2003.

[116] C. He, B. Liang, X. Fan et al., “The dual role of osteopontin in
acetaminophen hepatotoxicity,” Acta Pharmacologica Sinica,
vol. 33, pp. 1004–1012, 2012.

[117] S. Sangaletti, C. Tripodo, S. Sandri et al., “Osteopontin shapes
immunosuppression in the metastatic niche,” Cancer
Research, vol. 74, pp. 4706–4719, 2014.

[118] S. Kale, R. Raja, D. Thorat, G. Soundararajan, T. V. Patil,
and G. C. Kundu, “Osteopontin signaling upregulates
cyclooxygenase-2 expression in tumor-associated macro-
phages leading to enhanced angiogenesis and melanoma
growth via α9β1 integrin,” Oncogene, vol. 33, pp. 2295–
2306, 2014.

[119] S.-H. Lee, J.-W. Park, S.-H. Woo et al., “Suppression of osteo-
pontin inhibits chemically induced hepatic carcinogenesis by
induction of apoptosis in mice,” Oncotarget, vol. 7,
pp. 87219–87231, 2016.

[120] Y.-H. Hsieh, M. M. Juliana, P. H. Hicks et al., “Papilloma
development is delayed in osteopontin-null mice: implicating
an antiapoptosis role for osteopontin,” Cancer Research,
vol. 66, pp. 7119–7127, 2006.

[121] D. Hanahan and L. M. Coussens, “Accessories to the crime:
functions of cells recruited to the tumor microenvironment,”
Cancer Cell, vol. 21, pp. 309–322, 2012.

[122] C. Chiodoni, M. P. Colombo, and S. Sangaletti, “Matricellular
proteins: from homeostasis to inflammation, cancer, and
metastasis,” Cancer Metastasis Reviews, vol. 29, pp. 295–
307, 2010.

[123] K. Polyak, I. Haviv, and I. G. Campbell, “Co-evolution of
tumor cells and their microenvironment,” Trends in Genetics,
vol. 25, pp. 30–38, 2009.

[124] H. Li, X. Fan, and J. Houghton, “Tumor microenvironment:
the role of the tumor stroma in cancer,” Journal of Cellular
Biochemistry, vol. 101, pp. 805–815, 2007.

[125] P. H. Anborgh, J. C. Mutrie, A. B. Tuck, and A. F. Chambers,
“Role of the metastasis-promoting protein osteopontin in the
tumour microenvironment,” Journal of Cellular and Molecu-
lar Medicine, vol. 14, pp. 2037–2044, 2010.

[126] G. F. Weber, G. S. Lett, and N. C. Haubein, “Osteopontin is a
marker for cancer aggressiveness and patient survival,”
British Journal of Cancer, vol. 103, pp. 861–869, 2010.

[127] V. Lamour, A. Henry, J. Kroonen et al., “Targeting osteopon-
tin suppresses glioblastoma stem-like cell character and
tumorigenicity in vivo,” International Journal of Cancer,
vol. 137, pp. 1047–1057, 2015.

[128] C. C. Kazanecki, D. J. Uzwiak, and D. T. Denhardt, “Control
of osteopontin signaling and function by post-translational
phosphorylation and protein folding,” Journal of Cellular
Biochemistry, vol. 102, pp. 912–924, 2007.

[129] R. Al-Shami, E. S. Sorensen, B. Ek-Rylander, G. Andersson,
D. D. Carson, and M. C. Farach-Carson, “Phosphorylated
osteopontin promotes migration of human choriocarcinoma
cells via a p70 S6 kinase-dependent pathway,” Journal of
Cellular Biochemistry, vol. 94, pp. 1218–1233, 2005.

[130] T. Kubota, Q. Zhang, J. L. Wrana et al., “Multiple forms of
SppI (secreted phosphoprotein, osteopontin) synthesized by
normal and transformed rat bone cell populations: regulation
by TGF-beta,” Biochemical and Biophysical Research Com-
munications, vol. 162, pp. 1453–1459, 1989.

[131] J. Kim, S. S. Ki, S. D. Lee et al., “Elevated plasma osteo-
pontin levels in patients with hepatocellular carcinoma,”
The American Journal of Gastroenterology, vol. 101,
pp. 2051–2059, 2006.

[132] S. R. Rittling, Y. Chen, F. Feng, and Y. Wu, “Tumor-derived
osteopontin is soluble, not matrix associated,” The Journal
of Biological Chemistry, vol. 277, pp. 9175–9182, 2002.

[133] L. F. Brown, A. Papadopoulos-Sergiou, B. Berse et al., “Osteo-
pontin expression and distribution in human carcinomas,”
TheAmericanJournalofPathology, vol.145,pp.610–623,1994.

[134] D. Coppola, M. Szabo, D. Boulware et al., “Correlation of
osteopontin protein expression and pathological stage across
a wide variety of tumor histologies,” Clinical Cancer Research,
vol. 10, pp. 184–190, 2004.

[135] A. B. Tuck, F. P. O’Malley, H. Singhal et al., “Osteopontin
expression in a group of lymph node negative breast cancer
patients,” International Journal of Cancer, vol. 79, pp. 502–
508, 1998.

[136] D. Agrawal, T. Chen, R. Irby et al., “Osteopontin identified as
lead marker of colon cancer progression, using pooled sample
expression profiling,” Journal of the National Cancer Insti-
tute, vol. 94, pp. 513–521, 2002.

[137] Q.-H. Ye, L.-X. Qin, M. Forgues et al., “Predicting hepatitis B
virus–positive metastatic hepatocellular carcinomas using
gene expression profiling and supervised machine learning,”
Nature Medicine, vol. 9, pp. 416–423, 2003.

[138] C.-Y. Chien, C.-Y. Su, H.-C. Chuang et al., “Comprehensive
study on the prognostic role of osteopontin expression in oral
squamous cell carcinoma,” Oral Oncology, vol. 45, pp. 798–
802, 2009.

[139] H. Rangaswami, A. Bulbule, and G. C. Kundu, “Osteopontin:
role in cell signaling and cancer progression,” Trends in Cell
Biology, vol. 16, pp. 79–87, 2006.

18 Mediators of Inflammation



[140] L. A. Shevde and R. S. Samant, “Role of osteopontin in the
pathophysiology of cancer,” Matrix Biology, vol. 37,
pp. 131–141, 2014.

[141] A. B. Tuck, C. Hota, S. M. Wilson, and A. F. Chamber,
“Osteopontin-induced migration of human mammary
epithelial cells involves activation of EGF receptor and multi-
ple signal transduction pathways,” Oncogene, vol. 22,
pp. 1198–1205, 2003.

[142] K. A. Furger, A. L. Allan, S. M. Wilson et al., “Beta(3)
integrin expression increases breast carcinoma cell respon-
siveness to the malignancy-enhancing effects of osteopon-
tin,” Molecular Cancer Research, vol. 1, pp. 810–819,
2003.

[143] S. A. Khan, A. C. Cook, M. Kappil et al., “Enhanced cell
surface CD44 variant (v6, v9) expression by osteopontin
in breast cancer epithelial cells facilitates tumor cell migra-
tion: novel post-transcriptional, post-translational regula-
tion,” Clinical & Experimental Metastasis, vol. 22,
pp. 663–673, 2005.

[144] K. A. Morrow, S. Das, B. J. Metge et al., “Loss of tumor sup-
pressor Merlin in advanced breast cancer is due to post-
translational regulation,” The Journal of Biological Chemistry,
vol. 286, pp. 40376–40385, 2011.

[145] K. A. Morrow and L. A. Shevde, “Merlin: the wizard requires
protein stability to function as a tumor suppressor,” Biochi-
mica et Biophysica Acta (BBA)-Reviews on Cancer,
vol. 1826, pp. 400–406, 2012.

[146] S. S. McAllister, A. M. Gifford, A. L. Greiner et al., “Systemic
endocrine instigation of indolent tumor growth requires
osteopontin,” Cell, vol. 133, pp. 994–1005, 2008.

[147] R. Jia, Y. Liang, R. Chen et al., “Osteopontin facilitates tumor
metastasis by regulating epithelial-mesenchymal plasticity,”
Cell Death & Disease, vol. 7, article e2564, 2016.

[148] J. A. Hamilton, “Colony-stimulating factors in inflammation
and autoimmunity,” Nature Reviews. Immunology, vol. 8,
pp. 533–544, 2008.

[149] F.O.Martinez, L.Helming, andS.Gordon, “Alternative activa-
tionofmacrophages: an immunologic functional perspective,”
Annual Review of Immunology, vol. 27, pp. 451–483, 2009.

[150] B.-Z. Qian and J. W. Pollard, “Macrophage diversity
enhances tumor progression and metastasis,” Cell, vol. 141,
pp. 39–51, 2010.

[151] M. Liguori, G. Solinas, G. Germano, A. Mantovani, and P.
Allavena, “Tumor-associated macrophages as incessant
builders and destroyers of the cancer stroma,” Cancers
(Basel), vol. 3, pp. 3740–3761, 2011.

[152] A. Patsialou, J. Wyckoff, Y. Wang, S. Goswami, E. R. Stanley,
and J. S. Condeelis, “Invasion of human breast cancer cells
in vivo requires both paracrine and autocrine loops involving
the colony-stimulating factor-1 receptor,” Cancer Research,
vol. 69, pp. 9498–9506, 2009.

[153] J. Shih, A. Yuan, J. J. Chen, and P. Yang, “Tumor-associated
macrophage: its role in cancer invasion and metastasis,” Jour-
nal of Cancer Molecules, vol. 2, pp. 101–106, 2006.

[154] S. Ashkar, G. F. Weber, V. Panoutsakopoulou et al., “Eta-1
(osteopontin): an early component of type-1 (cell-mediated)
immunity,” Science, vol. 287, pp. 860–864, 2000.

[155] K. L. Schwertfeger, W. Xian, A. M. Kaplan, S. H. Burnett, D.
A. Cohen, and J. M. Rosen, “A critical role for the inflamma-
tory response in a mouse model of preneoplastic progres-
sion,” Cancer Research, vol. 66, pp. 5676–5685, 2006.

[156] P. Y. Wai, L. Guo, C. Gao, Z. Mi, H. Guo, and P. C. Kuo,
“Osteopontin inhibits macrophage nitric oxide synthesis to
enhance tumor proliferation,” Surgery, vol. 140, pp. 132–
140, 2006.

[157] B. Feng, E. E. Rollo, and D. T. Denhardt, “Osteopontin
(OPN) may facilitate metastasis by protecting cells frommac-
rophage NO-mediated cytotoxicity: evidence from cell lines
down-regulated for OPN expression by a targeted ribozyme,”
Clinical & Experimental Metastasis, vol. 13, pp. 453–462,
1995.

[158] D. T. Denhardt and A. F. Chambers, “Overcoming obstacles
to metastasis - defenses against host defenses: osteopontin
(OPN) as a shield against attack by cytotoxic host cells,” Jour-
nal of Cellular Biochemistry, vol. 56, pp. 48–51, 1994.

[159] H. C. Crawford, L. M. Matrisian, and L. Liaw, “Distinct roles
of osteopontin in host defense activity and tumor survival
during squamous cell carcinoma progression in vivo,” Cancer
Research, vol. 58, pp. 5206–5215, 1998.

[160] H. Diao, K. Iwabuchi, L. Li et al., “Osteopontin regulates
development and function of invariant natural killer T cells,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 105, pp. 15884–15889, 2008.

[161] J. Larkin, G. J. Renukaradhya, V. Sriram, W. Du, J. Gervay-
Hague, and R. R. Brutkiewicz, “CD44 differentially activates
mouse NK T cells and conventional T cells,” Journal of
Immunology, vol. 177, pp. 268–279, 2006.

[162] M. Terabe and J. A. Berzofsky, “NKT cells in immunoregula-
tion of tumor immunity: a new immunoregulatory axis,”
Trends in Immunology, vol. 28, pp. 491–496, 2007.

[163] D. P. O’Malley, “Benign extramedullary myeloid prolifera-
tions,” Modern Pathology, vol. 20, pp. 405–415, 2007.

[164] F. K. Swirski, M. Nahrendorf, M. Etzrodt et al., “Identifica-
tion of splenic reservoir monocytes and their deployment
to inflammatory sites,” Science, vol. 325, pp. 612–616,
2009.

[165] V. Cortez-Retamozo, M. Etzrodt, A. Newton et al., “Origins
of tumor-associated macrophages and neutrophils,” Proceed-
ings of the National Academy of Sciences, vol. 109, pp. 2491–
2496, 2012.

[166] K. Boström, “Osteopontin, a missing link in PDGF-induced
smooth muscle cell migration,” Cardiovascular Research,
vol. 75, pp. 634-635, 2007.

[167] C. Lu, T. Bonome, Y. Li et al., “Gene alterations identified by
expression profiling in tumor-associated endothelial cells
from invasive ovarian carcinoma,” Cancer Research, vol. 67,
pp. 1757–1768, 2007.

[168] X.-L. Du, T. Jiang, W.-B. Zhao et al., “Gene alterations in
tumor-associated endothelial cells from endometrial cancer,”
International Journal of Molecular Medicine, vol. 22, pp. 619–
632, 2008.

[169] D. Hanahan and J. Folkman, “Patterns and emerging mecha-
nisms of the angiogenic switch during tumorigenesis,” Cell,
vol. 86, pp. 353–364, 1996.

[170] G. Chakraborty, S. Jain, and G. C. Kundu, “Osteopontin
promotes vascular endothelial growth factor dependent
breast tumor growth and angiogenesis via autocrine and
paracrine mechanisms,” Cancer Research, vol. 68, pp. 152–
161, 2008.

[171] N. Shijubo, T. Uede, S. Kon, M. Nagata, and S. Abe, “Vascular
endothelial growth factor and osteopontin in tumor biology,”
Critical Reviews in Oncogenesis, vol. 11, pp. 135–146, 2000.

19Mediators of Inflammation



[172] N. Shijubo, T. Uede, S. Kon et al., “Vascular endothelial
growth factor and osteopontin in stage I lung adenocarci-
noma,” American Journal of Respiratory and Critical Care
Medicine, vol. 160, pp. 1269–1273, 1999.

[173] F. Takahashi, S. Akutagawa, H. Fukumoto et al., “Osteopon-
tin induces angiogenesis of murine neuroblastoma cells in
mice,” International Journal of Cancer, vol. 98, pp. 707–712,
2002.

[174] J. Dai, L. Peng, K. Fan et al., “Osteopontin induces angiogen-
esis through activation of PI3K/AKT and ERK1/2 in endo-
thelial cells,” Oncogene, vol. 28, pp. 3412–3422, 2009.

[175] D. Leali, P. Dell’Era, H. Stabile et al., “Osteopontin (Eta-1)
and fibroblast growth factor-2 cross-talk in angiogenesis,”
Journal of Immunology, vol. 171, pp. 1085–1093, 2003.

[176] D. R. Senger, S. R. Ledbetter, K. P. Claffey, A. Papadopoulos-
Sergiou, C. A. Peruzzi, and M. Detmar, “Stimulation of endo-
thelial cell migration by vascular permeability factor/vascular
endothelial growth factor through cooperative mechanisms
involving the alphavbeta3 integrin, osteopontin, and throm-
bin,” The American Journal of Pathology, vol. 149, pp. 293–
305, 1996.

[177] D. R. Senger, C. A. Perruzzi, M. Streit, V. E. Koteliansky, A. R.
de Fougerolles, and M. Detmar, “The alpha(1)beta(1) and
alpha(2)beta(1) integrins provide critical support for vascular
endothelial growth factor signaling, endothelial cell migra-
tion, and tumor angiogenesis,” The American Journal of
Pathology, vol. 160, pp. 195–204, 2002.

[178] A. Orimo and R. A. Weinberg, “Stromal fibroblasts in cancer:
a novel tumor-promoting cell type,” Cell Cycle, vol. 5,
pp. 1597–1601, 2006.

[179] Y. Sharon, Y. Raz, N. Cohen et al., “Tumor-derived osteopon-
tin reprograms normal mammary fibroblasts to promote
inflammation and tumor growth in breast cancer,” Cancer
Research, vol. 75, pp. 963–973, 2015.

[180] C. E. Weber, A. N. Kothari, P. Y. Wai et al., “Osteopontin
mediates an MZF1–TGF-β1-dependent transformation of
mesenchymal stem cells into cancer-associated fibroblasts
in breast cancer,” Oncogene, vol. 34, pp. 4821–4833,
2015.

[181] J. Driver, C. E. Weber, J. J. Callaci et al., “Alcohol inhibits
osteopontin-dependent transforming growth factor-β1
expression in human mesenchymal stem cells,” The Journal
of Biological Chemistry, vol. 290, pp. 9959–9973, 2015.

[182] J. P. Thiery, “Epithelial–mesenchymal transitions in tumour
progression,” Nature Reviews. Cancer, vol. 2, pp. 442–454,
2002.

[183] R. Zohar, W. Lee, P. Arora, S. Cheifetz, C. McCulloch, and
J. Sodek, “Single cell analysis of intracellular osteopontin in
osteogenic cultures of fetal rat calvarial cells,” Journal of
Cellular Physiology, vol. 170, pp. 88–100, 1997.

[184] A. Junaid, M. C. Moon, G. E. J. Harding, and P. Zahradka,
“Osteopontin localizes to the nucleus of 293 cells and associ-
ates with polo-like kinase-1,” American Journal of Physiology.
Cell Physiology, vol. 292, pp. C919–C926, 2007.

[185] J. P. Thiery, H. Acloque, R. Y. J. Huang, and M. A. Nieto,
“Epithelial-mesenchymal transitions in development and dis-
ease,” Cell, vol. 139, pp. 871–890, 2009.

[186] M. J. Bissell and W. C. Hines, “Why don’t we get more can-
cer? A proposed role of the microenvironment in restrain-
ing cancer progression,” Nature Medicine, vol. 17,
pp. 320–329, 2011.

[187] M. Egeblad, E. S. Nakasone, and Z. Werb, “Tumors as organs:
complex tissues that Interface with the entire organism,”
Developmental Cell, vol. 18, pp. 884–901, 2010.

[188] D. Hanahan and R. A. Weinberg, “Hallmarks of cancer: the
next generation,” Cell, vol. 144, pp. 646–674, 2011.

[189] J. Cook and T. Hagemann, “Tumour-associated macrophages
and cancer,” Current Opinion in Pharmacology, vol. 13,
pp. 595–601, 2013.

[190] G. Rao, H. Wang, B. Li et al., “Reciprocal interactions
between tumor-associated macrophages and CD44-positive
cancer cells via osteopontin/CD44 promote tumorigenicity
in colorectal cancer,” Clinical Cancer Research, vol. 19,
pp. 785–797, 2013.

[191] J. Liu, K. Xu, M. Chase, Y. Ji, J. K. Logan, and R. J. Buchs-
baum, “Tiam1-regulated osteopontin in senescent fibroblasts
contributes to the migration and invasion of associated epi-
thelial cells,” Journal of Cell Science, vol. 125, pp. 376–386,
2012.

[192] A. Krtolica and J. Campisi, “Cancer and aging: a model for
the cancer promoting effects of the aging stroma,” The Inter-
national Journal of Biochemistry & Cell Biology, vol. 34,
pp. 1401–1414, 2002.

[193] A. Krtolica, S. Parrinello, S. Lockett, P.-Y. Desprez, and J.
Campisi, “Senescent fibroblasts promote epithelial cell
growth and tumorigenesis: a link between cancer and aging,”
Proceedings of the National Academy of Sciences, vol. 98,
pp. 12072–12077, 2001.

[194] P. Castro, D. Giri, D. Lamb, and M. Ittmann, “Cellular senes-
cence in the pathogenesis of benign prostatic hyperplasia,”
Prostate, vol. 55, pp. 30–38, 2003.

[195] J. Kang, W. Chen, J. Xia et al., “Extracellular matrix secreted
by senescent fibroblasts induced by UVB promotes cell pro-
liferation in HaCaT cells through PI3K/AKT and ERK signal-
ing pathways,” International Journal of Molecular Medicine,
vol. 21, pp. 777–784, 2008.

[196] G. Yang, D. G. Rosen, Z. Zhang et al., “The chemokine
growth-regulated oncogene 1 (Gro-1) links RAS signaling
to the senescence of stromal fibroblasts and ovarian tumori-
genesis,” Proceedings of the National Academy of Sciences,
vol. 103, pp. 16472–16477, 2006.

[197] E. Pazolli, X. Luo, S. Brehm et al., “Senescent stromal-derived
osteopontin promotes preneoplastic cell growth,” Cancer
Research, vol. 69, pp. 1230–1239, 2009.

[198] R. J. Buchsbaum, B. A. Connolly, and L. A. Feig, “Interaction
of Rac exchange factors Tiam1 and Ras-GRF1 with a scaffold
for the p38 mitogen-activated protein kinase cascade,”Molec-
ular and Cellular Biology, vol. 22, pp. 4073–4085, 2002.

[199] R. J. Buchsbaum, B. A. Connolly, and L. A. Feig, “Regulation
of p70 S6 kinase by complex formation between the Rac gua-
nine nucleotide exchange factor (Rac-GEF) Tiam1 and the
scaffold spinophilin,” The Journal of Biological Chemistry,
vol. 278, pp. 18833–18841, 2003.

[200] S. Rajagopal, Y. Ji, K. Xu et al., “Scaffold proteins IRSp53 and
spinophilin regulate localized Rac activation by T-
lymphocyte invasion and metastasis protein 1 (TIAM1),”
The Journal of Biological Chemistry, vol. 285, pp. 18060–
18071, 2010.

[201] M. Saxena, S. S. Dykes, S. Malyarchuk, A. E. Wang, J. A. Car-
delli, and K. Pruitt, “The sirtuins promote Dishevelled-1 scaf-
folding of TIAM1,” Rac Activation and Cell Migration,
Oncogene, vol. 34, pp. 188–198, 2015.

20 Mediators of Inflammation



[202] A. Malliri, T. P. Rygiel, R. A. van der Kammen et al., “The Rac
activator Tiam1 is aWnt-responsive gene that modifies intes-
tinal tumor development,” The Journal of Biological Chemis-
try, vol. 281, pp. 543–548, 2006.

[203] A. Malliri, R. A. van der Kammen, K. Clark, M. van der Valk,
F. Michiels, and J. G. Collard, “Mice deficient in the Rac acti-
vator Tiam1 are resistant to Ras-induced skin tumours,”
Nature, vol. 417, pp. 867–871, 2002.

[204] K. Strumane, J.-Y. Song, I. Baas, and J. G. Collard, “Increased
Rac activity is required for the progression of T-lymphomas
induced by Pten-deficiency,” Leukemia Research, vol. 32,
pp. 113–120, 2008.

[205] Y.-H. Hsieh, M. Margaret Juliana, K.-J. Ho et al., “Host-
derived osteopontin maintains an acute inflammatory
response to suppress early progression of extrinsic cancer
cells,” International Journal of Cancer, vol. 131, pp. 322–
333, 2012.

[206] B. Bourassa, S. Monaghan, and S. R. Rittling, “Impaired anti-
tumor cytotoxicity of macrophages from osteopontin-
deficient mice,” Cellular Immunology, vol. 227, pp. 1–11,
2004.

[207] K. Danzaki, M. Kanayama, O. Alcazar, and M. L. Shinohara,
“Osteopontin has a protective role in prostate tumor develop-
ment in mice,” European Journal of Immunology, vol. 46,
pp. 2669–2678, 2016.

[208] H. W. Tun, D. Personett, K. A. Baskerville et al., “Pathway
analysis of primary central nervous system lymphoma,”
Blood, vol. 111, pp. 3200–3210, 2008.

[209] F. Strehlow, S. Bauer, P. Martus et al., “Osteopontin in cere-
brospinal fluid as diagnostic biomarker for central nervous
system lymphoma,” Journal of Neuro-Oncology, vol. 129,
pp. 165–171, 2016.

[210] A. Duletić-Načinović, V. Gačić, T. Valković et al., “Concur-
rent elevations of VEGF, osteopontin and MCP-1 serum
levels are independent predictors of survival in patients with
diffuse large B-cell lymphoma,”Acta Haematologica, vol. 136,
pp. 52–61, 2016.

[211] G. Karpinsky, A. Fatyga, M. A. Krawczyk et al., “Osteopontin:
its potential role in cancer of children and young adults,” Bio-
markers in Medicine, vol. 11, pp. 389–402, 2017.

[212] S. Mohammadi, S. H. Ghaffari, M. Shaiegan et al., “Acquired
expression of osteopontin selectively promotes enrichment of
leukemia stem cells through AKT/mTOR/PTEN/β-catenin
pathways in AML cells,” Life Sciences, vol. 152, pp. 190–198,
2016.

[213] A. K. Brenner, E. Aasebø, M. Hernandez-Valladares, F. Sel-
heim, F. Berven, and Ø. Bruserud, “Rethinking the role of
osteopontin in human acute myeloid leukemia,” Leukemia
& Lymphoma, vol. 58, pp. 1494–1497, 2017.

[214] Q. Yushi, Z. Li, C. A. Von Roemeling et al., “Osteopontin is a
multi-faceted pro-tumorigenic driver for central nervous sys-
tem lymphoma,” Oncotarget, vol. 7, pp. 32156–32171, 2016.

[215] G. Malaponte, S. Hafsi, J. Polesel et al., “Tumor microenvi-
ronment in diffuse large B-cell lymphoma: matrixmetallo-
proteinases activation is mediated by osteopontin
overexpression,” Biochimica et Biophysica Acta, vol. 1863,
pp. 483–489, 2016.

[216] L. Jiang, L. A. Marlow, S. J. Cooper et al., “Selective central
nervous system tropism of primary central nervous system
lymphoma,” International Journal of Clinical and Experimen-
tal Pathology, vol. 3, pp. 763–767, 2010.

[217] B. Boyerinas, M. Zafrir, A. E. Yesilkanal, T. T. Price, E. M.
Hyjek, and D. A. Sipkins, “Adhesion to osteopontin in the
bone marrow niche regulates lymphoblastic leukemia cell
dormancy,” Blood, vol. 121, pp. 4821–4831, 2013.

[218] S. Mohammadi, S. H. Ghaffari, M. Shaiegan et al., “Curcu-
min veto the effects of Osteopontin (OPN) specific inhibi-
tor on leukemic stem cell Colony forming potential via
promotion of OPN overexpression,” International Journal
of Hematology-Oncology and Stem Cell Research, vol. 10,
pp. 120–129, 2016.

[219] P. S. Rudland, A. Platt-Higgins, M. El-Tanani et al., “Prog-
nostic significance of the metastasis-associated protein osteo-
pontin in human breast cancer,” Cancer Research, vol. 62,
pp. 3417–3427, 2002.

[220] S. Kapoor, “Inhibition of osteopontin dependent carcinogen-
esis,” Journal of Cancer Research and Clinical Oncology,
vol. 134, pp. 927-928, 2008.

[221] S.-J. Liu, D.-Q. Zhang, X.-M. Sui et al., “The inhibition of
in vivo tumorigenesis of osteosarcoma (OS)-732 cells by anti-
sense human osteopontin RNA,” Cellular & Molecular Biol-
ogy Letters, vol. 13, pp. 11–19, 2008.

[222] T. Muramatsu, K. Shima, K. Ohta et al., “Inhibition of osteo-
pontin expression and function in oral cancer cell lines by
antisense oligonucleotides,” Cancer Letters, vol. 217, pp. 87–
95, 2005.

[223] A. Fire, S. Xu, M. K. Montgomery, S. A. Kostas, S. E. Driver,
and C. C. Mello, “Potent and specific genetic interference by
double-stranded RNA in Caenorhabditis elegans,” Nature,
vol. 391, pp. 806–811, 1998.

[224] S. M. Elbashir, J. Harborth, W. Lendeckel, A. Yalcin, K.
Weber, and T. Tuschl, “Duplexes of 21-nucleotide RNAs
mediate RNA interference in cultured mammalian cells,”
Nature, vol. 411, pp. 494–498, 2001.

[225] B. L. Davidson and P. B. McCray, “Current prospects for
RNA interference-based therapies,”Nature Reviews. Genetics,
vol. 12, pp. 329–340, 2011.

[226] G. Chakraborty, S. Jain, T. V. Patil, and G. C. Kundu, “Down-
regulation of osteopontin attenuates breast tumour progres-
sion in vivo,” Journal of Cellular and Molecular Medicine,
vol. 12, pp. 2305–2318, 2008.

[227] L. Yang, W. Zhao, W.-S. Zuo et al., “Silencing of osteopontin
promotes the radiosensitivity of breast cancer cells by reduc-
ing the expression of hypoxia inducible factor 1 and vascular
endothelial growth factor,” Chinese Medical Journal, vol. 125,
pp. 293–299, 2012.

[228] W. Zuo, L. Wei, W. Zhao et al., “Down-regulation of osteo-
pontin expression by RNA interference affects cell prolifera-
tion and chemotherapy sensitivity of breast cancer MDA-
MB-231 cells,” Molecular Medicine Reports, vol. 5, pp. 373–
376, 2011.

[229] Z. Mi, H. Guo, P. Y. Wai, C. Gao, and P. C. Kuo, “Integrin-
linked kinase regulates osteopontin-dependent MMP-2 and
uPA expression to convey metastatic function in murine
mammary epithelial cancer cells,” Carcinogenesis, vol. 27,
pp. 1134–1145, 2006.

[230] M. Ahmed and G. C. Kundu, “Osteopontin selectively regu-
lates p70S6K/mTOR phosphorylation leading to NF-κB
dependent AP-1-mediated ICAM-1 expression in breast can-
cer cells,” Molecular Cancer, vol. 9, p. 101, 2010.

[231] D. Ota, M. Kanayama, Y. Matsui et al., “Tumor-α9β1
integrin-mediated signaling induces breast cancer growth

21Mediators of Inflammation



and lymphatic metastasis via the recruitment of cancer-
associated fibroblasts,” Journal of Molecular Medicine,
vol. 92, pp. 1271–1281, 2014.

[232] G. R. Screaton, M. V. Bell, D. G. Jackson, F. B. Cornelis,
U. Gerth, and J. I. Bell, “Genomic structure of DNA encoding
the lymphocyte homing receptor CD44 reveals at least 12
alternatively spliced exons,” Proceedings of the National
Academy of Sciences of the United States of America, vol. 89,
pp. 12160–12164, 1992.

[233] M. K. Hertweck, F. Erdfelder, and K.-A. Kreuzer, “CD44 in
hematological neoplasias,” Annals of Hematology, vol. 90,
pp. 493–508, 2011.

[234] G. F. Weber, “Molecular mechanisms of metastasis,” Cancer
Letters, vol. 270, pp. 181–190, 2008.

[235] B. Zalewski, A. Stasiak-Barmuta, K. Guzińska-Ustymowicz,
D. Cepowicz, and M. Gryko, “Molecule CD44 variant 10
expression in lymphocytes infiltrating tumour tissues and
epithelial cells in patients with colorectal cancer,” Roczniki
Akademii Medycznej w Białymstoku, vol. 49, Supplement 1,
pp. 91–93, 2004.

[236] T. K. Weimann, C. Wagner, R. Funk, M. Goos, S. N. Wagner,
and H. Hirche, “Hyaluronan-independent adhesion of
CD44H+ and CD44v10+ lymphocytes to dermal microvas-
cular endothelial cells and keratinocytes,” The Journal of
Investigative Dermatology, vol. 117, pp. 949–957, 2001.

[237] J. Zhou and J. Rossi, “Aptamers as targeted therapeutics:
current potential and challenges,” Nature Reviews. Drug
Discovery, vol. 16, pp. 181–202, 2016.

[238] Z. Mi, H. Guo, M. B. Russell, Y. Liu, B. A. Sullenger, and P. C.
Kuo, “RNA aptamer blockade of osteopontin inhibits growth
and metastasis of MDA-MB231 breast cancer cells,”Molecu-
lar Therapy, vol. 17, pp. 153–161, 2009.

[239] L. J. Talbot, Z. Mi, S. D. Bhattacharya, V. Kim, H. Guo, and P.
C. Kuo, “Pharmacokinetic characterization of an RNA apta-
mer against osteopontin and demonstration of in vivo effi-
cacy in reversing growth of human breast cancer cells,”
Surgery, vol. 150, pp. 224–230, 2011.

[240] E. B. Schulze, B. D. Hedley, D. Goodale et al., “The thrombin
inhibitor Argatroban reduces breast cancer malignancy and
metastasis via osteopontin-dependent and osteopontin-
independent mechanisms,” Breast Cancer Research and
Treatment, vol. 112, pp. 243–254, 2008.

[241] F. Higashikawa, A. Eboshida, and Y. Yokosaki, “Enhanced
biological activity of polymeric osteopontin,” FEBS Letters,
vol. 581, pp. 2697–2701, 2007.

[242] N. Nishimichi, H. Hayashita-Kinoh, C. Chen, H. Matsuda,
D. Sheppard, and Y. Yokosaki, “Osteopontin undergoes poly-
merization in vivo and gains chemotactic activity for neutro-
phils mediated by integrin alpha9beta1,” The Journal of
Biological Chemistry, vol. 286, pp. 11170–11178, 2011.

[243] K. Mehta, A. Kumar, and H. I. Kim, “Transglutaminase 2: a
multi-tasking protein in the complex circuitry of inflamma-
tion and cancer,” Biochemical Pharmacology, vol. 80,
pp. 1921–1929, 2010.

[244] N. Clemente, C. Comi, D. Raineri et al., “Role of anti-
osteopontin antibodies in multiple sclerosis and experimental
autoimmune encephalomyelitis,” Frontiers in Immunology,
vol. 8, p. 321, 2017.

[245] M. Sakata, J. I. Tsuruha, K. Masuko-Hongo et al., “Autoanti-
bodies to osteopontin in patients with osteoarthritis and

rheumatoid arthritis,” The Journal of Rheumatology, vol. 28,
pp. 1492–1495, 2001.

[246] X. Ying, Y. Zhao, J.-L. Wang et al., “Serum anti-osteopontin
autoantibody as a novel diagnostic and prognostic biomarker
in patients with hepatocellular carcinoma,” Oncology Reports,
vol. 32, pp. 1550–1556, 2014.

[247] A. W. White, A. D. Westwell, and G. Barhemi, “Protein-pro-
tein interactions as targets for small-molecule therapeutics in
cancer,” Expert Reviews in Molecular Medicine, vol. 10, 2008.

[248] D. Park, C. W. Park, Y. Choi et al., “A novel small-molecule
PPI inhibitor targeting integrin αvβ3-osteopontin interface
blocks bone resorption in vitro and prevents bone loss in
mice,” Biomaterials, vol. 98, pp. 131–142, 2016.

22 Mediators of Inflammation



Review Article
Cytokines in Endocrine Dysfunction of Plasma Cell Disorders

Eva Feigerlová1,2,3,4 and Shyue-Fang Battaglia-Hsu4

1CHU de Poitiers, Service d’Endocrinologie, Pole DUNE, Poitiers, France
2Université de Poitiers, UFR Médecine Pharmacie, Poitiers, France
3INSERM, CIC 1402 & U1082, Poitiers, France
4INSERM U954, Nutrition Génétique et Exposition aux Risques Environnementaux, Medical Faculty, University of Lorraine and
Regional University Hospital Center of Nancy, Vandœuvre-lès-Nancy, France

Correspondence should be addressed to Eva Feigerlová; eva.feigerlova@fulbrightmail.org

Received 12 January 2017; Accepted 25 May 2017; Published 27 June 2017

Academic Editor: Rajesh Singh

Copyright © 2017 Eva Feigerlová and Shyue-Fang Battaglia-Hsu. This is an open access article distributed under the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

Monoclonal gammopathies (MG) are classically associated with lytic bone lesions, hypercalcemia, anemia, and renal insufficiency.
However, in some cases, symptoms of endocrine dysfunction are more prominent than these classical signs and misdiagnosis can
thus be possible. This concerns especially the situation where the presence of M-protein is limited and the serum protein
electrophoresis (sPEP) appears normal. To understand the origin of the endocrine symptoms associated with MG, we overview
here the current knowledge on the complexity of interactions between cytokines and the endocrine system in MG and discuss
the perspectives for both the diagnosis and treatments for this class of diseases. We also illustrate the role of major cytokines
and growth factors such as IL-6, IL-1β, TNF-α, and VEGF in the endocrine system, as these tumor-relevant signaling molecules
not only help the clonal expansion and invasion of the tumor cells but also influence cellular metabolism through autocrine,
paracrine, and endocrine mechanisms. We further discuss the broader impact of these tumor environment-derived molecules
and proinflammatory state on systemic hormone signaling. The diagnostic challenges and clinical work-up are illustrated from
the point of view of an endocrinologist.

1. Introduction

Plasma cell disorders are characterized by disproportionate
proliferation of single clones of B cells that give rise to both
structurally and electrophoretically homogeneous (monoclo-
nal) immunoglobulins (either intact or subunits only) in
body fluids such as urine and serum. Their classification is
made based on both clinical symptoms and coexisting path-
ological conditions, including monoclonal gammopathy of
undetermined significance (MGUS), malignant plasma cell
disorders (such as multiple myeloma (MM)), progressive
and symptomatic heavy-chain diseases, and nonhereditary
primary systemic amyloidosis [1]. Depending on the type of
plasma cell disorders, the treatment strategy varies. For
example, while no treatment is required for MGUS except a
regular follow-up, many treatment solutions are possible
for MM, which include chemotherapy, stem cell transplants,

and radiation therapy, as well as the administration of corti-
costeroids, proteasome inhibitors, and immunomodulatory
drugs such as thalidomide and lenalidomide [2].

Diverse endocrinopathies occur in patients with plasma
cell disorders [3–6]. In some patients, instead of the signs
typically observed in MG (such as lytic bone lesions, hyper-
calcemia, anemia, and renal insufficiency), the most revealing
symptoms are those of a dysfunctional endocrine system,
thus confounding the diagnosis of MG—an especially likely
situation when the presence of monoclonal protein (M-pro-
tein) is very weak and the serum protein electrophoresis
(sPEP) profile appears normal. One such disease scenario is
the rather rare POEMS syndrome, which is a paraneoplastic
syndrome with key manifestations of polyneuropathy, orga-
nomegaly, endocrinopathy, monoclonal gammopathy, and
skin changes [7]. A pathophysiological link between the
endocrinopathy and the underlying plasma cell disorder
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(PCD) is not well understood. It is plausible that both the
plasma cell-derived factors and the microenvironment of
these cancer cells participate in causing MG-related endo-
crine dysfunction [3].

Here, we summarize the available pathophysiological
mechanisms linking endocrinopathies to MG reported in
the literature. To illustrate possible diagnostic difficulties
faced by endocrinologists, we use one case of POEMS syn-
drome with severe acute adrenal insufficiency to demonstrate
the clinical course and the diagnostic challenge.

2. Endocrine Dysfunction in Monoclonal
Gammopathy

POEMS syndrome is a rather rare paraneoplastic disorder,
with only a limited number of retrospective series reported
so far [8, 9]. These studies revealed that the endocrine
dysfunction in POEMS syndrome patients can be both
central and peripheral [10, 11]. The most frequent presen-
tations are related to hypogonadism, thyroid dysfunction,
and impaired glucose metabolism. Adrenal insufficiency
has also been described in both the American and
Japanese patients [9, 11] (for details, see Table 1). In cases
where clinical symptoms of endocrinal dysfunction are
much more prominent than the signs of polyneuropathy,
a delayed diagnosis may arise from a misled diagnostic
work-up [12].

Although the mechanistic link between cancerous plasma
cells and endocrine dysfunction remains to be elucidated, it is
believed that these abnormalities are not the consequences of
structural damages to the endocrinal tissues since not only
structurally intact endocrine glands have been found in
autopsy samples [13]; a functional recovery is achievable
upon treatments [14]. The present evidence does not support
the hypothesis of autoimmunity against endocrine tissues as
no immunoglobulin binding was found in the nerve tissue of
POEMS patients exhibiting polyneuropathy [10] and in the
parathyroid adenoma tissue of the MG patients with primary
hyperparathyroidism (PHPT) [3, 15]. In addition, as shown
in Table 1, monoclonal gammopathy has been identified in
several cases of chronic thyroiditis without signs of autoim-
munity [4–6].

3. Clinical Course and Diagnostic Challenges:
Lessons from a Descriptive Case Study

To illustrate, we use an example of a patient with predominant
endocrine symptoms. A 31-year-oldmale was admitted to the
hospitalwithanacute adrenal insufficiency.Physical examina-
tion uncovered a marked hyperpigmentation on sun-exposed
areas and predominant sensory neuropathy of the upper and
lower limbs. The past medical history showed a 6-month-
long episode of tiredness, weight loss, and erectile dysfunction.
Abdominal computed tomography scan evidenced normal
adrenal glands. The hormonal findings are summarized in
Table 2. There were no signs of autoimmunity. Serum protein
electrophoresis evidenced an apparent increase in polyclonal
gamma globulins. Long-chain fatty acids were normal ruling
out adrenoleukodystrophy. The patient was discharged from

the hospital care on hydrocortisone (20mg/day) and fludro-
cortisone (50μg/day) supplementation.

Few months later, the patient started to suffer from
weight loss, diarrhea, and fatigue despite an increased daily
hydrocortisone dose at 30mg/day. Physical examination
showed a slim male (BMI=18 kg/m2) with a heart rate of
90 bpm, hypotension (70/60mmHg), and peripheral edema.
The patient presented also symmetric facial lipoatrophy on
the Bichat fat pad, hypertrichosis on the lower limbs,
acrocyanosis, white nails, and digital clubbing. Cardiac
ultrasound disclosed four-chamber dilatation, global hypo-
kinesis, and reduced ejection fraction at 38%. Thyroid-
stimulating hormone was slightly elevated (Table 2). Thyroid
ultrasonography was normal. Low levels of vitamins (B6,
B9, B12, C, and E) and coagulation factors (V, VII, and X)
were evidenced.

Eighteen months later, the fundoscopic examination real-
ized for frequent headaches demonstrated a bilateral papillary
edema. At this point, a monoclonal protein of the type IgA-λ
was uncovered bymanually probing the immunoblots of sPEP
(Figure 1). Altogether, the clinical course and the laboratory
test findings favored the diagnosis of POEMS syndrome
(Table 3). Ensuing investigations unveiled a markedly
increased serum VEGF (2820 pg/ml, ref< 500), normal
interleukin-6 (IL-6) level (3.5 pg/ml, ref< 10), and normal
bonemarrowcytogeneticswithoutosteosclerotic bone lesions.
Surprisingly, the patient had no classical signs ofMG-relevant
organ or tissue impairment. The diagnosis of the POEMS
syndrome was eventually established 18 months after the
first clinical manifestation, and the treatment with a VEGF
inhibitor lenalidomide along with dexamethasone was
started. Two months later, the improvements in hormonal
profile were observed Table 2.

4. How Do the Signaling Factors Work to
Produce Endocrine Dysfunction in Plasma
Cell Disorders?

Recent data indicate that endocrine dysfunction in patients
with MG may be related to the production of growth factors
as well as of cytokines such as IGFBP-2 and IGFBP-3, VEGF,
IL-1β, IL-6, and TNF-α by tumor cells or their microenviron-
ment [16–24]. Being transportable via the blood circulation,
these molecules not only exert local proangiogenic and pro-
proliferation effects on the tumor cells themselves and their
immediate environments [25, 26] but also influence cellular
metabolism at systemic level through autocrine, paracrine,
and endocrine pathways [27, 28]. Potential mechanisms link-
ing MG and endocrine dysfunction are summarized in
Table 4, with examples of the factors secreted. The release
of multiple mobile signaling factors warrants their complex
interactions with multiple target cells/tissues such as osteo-
blasts and osteoclasts (for more information see [22, 29,
30]). The complexity of these interactions can arise from
the fact that some of these molecules may enhance certain
hormone signaling, while some others may inhibit the exact
same interactions simultaneously. In addition, as such inter-
actions are often tissue-dependent, the overall outcomes in
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Table 1: Features of the endocrinopathy and the underlying monoclonal gammopathy.

Clinical entity
(underlying PCD)
Study design

Population (F)/age (yr)
Most prominent features (%)

(n/total n tested)
Mobility/protein subclass

(n/total n tested)
Ref

POEMS syndrome
Retrospective

99 (37)/51

Revealing signs
Neuropathy (95%)

Endocrinopathy (67%)
Endocrine dysfunction

Erectile dysfunction (44/62)
Low testosterone (24/28)
Hyperestrogenemia (NR)
Gynecomastia (17/62)

Hyperprolactinemia (5/25)
Diabetes mellitus (3/99)
Hypothyroidism (14/99)

Hyperparathyroidism (3/4)
Adrenal insufficiency (14/35)

M-protein (89/99)
IgGλ (40/88)
IgAλ (44/88)

λ light chain (3/88)
IgMλ (1/88)

Polyclonal Ig (7/99)

[11]

POEMS syndrome
Retrospective

102 (33)/46

Revealing signs
Neuropathy (51%)

Peripheral edema (12%)
Neuropathy + peripheral edema

(14%)
Endocrine dysfunction

Erectile dysfunction (39/50)
Low testosterone (NR)

Hyperestrogenemia (11/19)
Gynecomastia (43/63)

Hyperprolactinemia (NR)
Diabetes mellitus (26/93)
Hypothyroidism (5/21)

Hyperparathyroidism (NR)
Adrenal insufficiency (5/26)

M-protein (76/102)
IgGλ (38/71)
IgAλ (29/71)

λ light chain (NR)
IgMλ (NR)

Polyclonal Ig (11/102)

[9]

POEMS syndrome
Retrospective

25 (8)/51

Revealing sign
Neuropathy (84%)

Endocrine dysfunction
Erectile dysfunction (13/13)
Low testosterone (9/19)

Hyperestrogenemia (4/11)
Gynecomastia (10/13)

Hyperprolactinemia 4/17
Diabetes mellitus 9/22
Hypothyroidism 10/22

Hyperparathyroidism NR
Adrenal insufficiency NR

M-protein (25/25)
IgGλ (9/25)
IgAλ (12/25)

λ light chain (4/25)
IgMλ (NR)

Polyclonal Ig (NR)

[10]

PHPT
(MGUS, MM)
Prospective

PHPT (n = 101)/58 (30–92)
↑ calcium
↑ PTH

PHPT (10%)
IgGκ (n = 5)
IgMκ (n = 2)
IgAλ (n = 2)

[3]Surgical control
(n = 127)/60 (40–78)

Normal calcium
Normal PTH

Surgical control (2%)#

IgGκ (n = 2)

Thyroid control
(n = 101)/56 (32–89)

Normal calcium
Normal PTH

Thyroid control (3%)##

IgGλ (n = 2)
IgAλ (n = 1)

Hyperprolactinemia
(MM)
Retrospective

MM
(n = 13)

non-MM (n = 5)

Hyperprolactinemia
Circulation: ↑ PRL levels

Bone marrow: PRL staining
NR [91, 92]

Chronic thyroiditis
(lymphoplasmacytic
lymphoma)
Case report

61/F
Hypothyroid goiter treated by

levothyroxine (N TSH)
Dizziness

M-spike
IgGγ

No light chain
[4]
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patients can be unpredictable. Take, for example, the
steroidogenesis; it can be suppressed by cytokines such as
IL-1, IL-2, IL-6, and TNF-α in testicular and ovarian tissues
[31, 32], but it can also be stimulated by the same cytokines
in the adrenal gland. In the latter tissue, the multiple inputs
from both the positive (tumor growth factor-β1) and the
negative signaling molecules (interleukins) have been shown
to reduce overall cortisol and aldosterone production in
human adrenocortical cell line NCI-H295R [33]. Another
example includes the role of IL-6 in pituitary; while it
enhances the proliferation of tumor cells, it also inhibits the
growth of normal cells [34, 35]. This is the reason why
although it may seem logical to target the signaling network
of cytokine and growth factor for alleviating endocrine dys-
function related to MG, no conclusive evidence has been

obtained so far with interventions aiming to modulate the
levels of cytokines and growth factors in POEMS syndrome
patients [36]. For instance, VEGF has been related to extra-
vascular overload [37] and neuronal damage in these patients
[38]. However, no correlation has been evidenced either
between VEGF and thyroid hormone level or between VEGF
level and testicular function [14, 39].

5. Role of IL-6/Soluble IL-6 Receptor Signaling
in Endocrine Dysfunction

In MG, interleukin-6 (IL-6) produced by different cell types
within the tumor microenvironments (including reactive
stromal cells, tumor cells, and macrophages) is believed to
stimulate the proliferation of plasma cells and play a critical
role in the promotion of angiogenesis both directly and indi-
rectly through enhanced VEGF secretion [40–43]. Mechanis-
tic studies suggest that the underlying pathophysiological
events are related to the activation of the pleotropic cell
surface receptor gp130 [53, 57, 58] (Figure 2). Upon binding
to the IL-6 dimeric receptor (composed of both gp130 and
IL-6R subunits), IL-6 and its receptor form a hexameric
ligand-bound complex (IL-6/IL-6R/gp130 in 2 : 2 : 2 stoichi-
ometry) [44] capable of activating various intracellular sig-
naling pathways including the canonical JAK/STAT (Janus
kinase/signal transducers and activators of transcription)
pathway, the PI3K/Akt pathway, and the SHP-2/JAK-depen-
dent Ras/Raf-MAPK pathway [45–47]. Alternatively, in cells
that do not express IL-6R subunit of the receptor complex,
IL-6 can also exert its function via binding first to a soluble
IL-6 receptor (sIL-6R); the transportable IL-6-sIL-6R com-
plex, upon arriving to cells expressing only the pleiotropic
cell surface receptor gp130, can then form a noncanonical
gp130-containing ligand-receptor complex to trigger similar
intracellular signaling pathways. As the expression in tissue
of gp130 is ubiquitous [48], all cells are expected to respond
to IL-6; this highlights thus potential far-reaching effects of
IL-6 on cellular signaling and tissue function (for more
details, see a recent review by Hunter and Jones [49]).

Table 1: Continued.

Clinical entity
(underlying PCD)
Study design

Population (F)/age (yr)
Most prominent features (%)

(n/total n tested)
Mobility/protein subclass

(n/total n tested)
Ref

Chronic thyroiditis
(plasmacytoma)
Case report

66/F Chronic thyroiditis (N TSH) IgGβ2/γ1 [5]

Chronic thyroiditis
(plasmacytoma)
Case report

65/M Chronic thyroiditis (↑ TSH) IgGγ/NR [6]

Chronic thyroiditis
(lymphoplasmacytic
lymphoma)
Case report

75/F Chronic thyroiditis (N TSH) IgGβ/NR [93]

Values are expressed in mean ± SD or median (range); #PHPT group versus surgical group (P < 005); ##PHPT group versus thyroid group (P < 04). BM: bone
marrow; IFE: immunofixation electrophoresis; MGUS: monoclonal gammopathy of undetermined significance; MM: multiple myeloma; M-protein:
monoclonal protein; N: normal; n: number; NR: not reported; PCD: plasma cell disorder; sPEP: serum protein electrophoresis; PHPT: primary
hyperparathyroidism.

Table 2: Descriptive case: hormonal findings.

Descriptive case
Reference
value

Before
treatment

2 months
after treatment

start

Corticotrope axis

Basal ACTH (pg/ml) 120 — 5–60

ACTH stimulation test:
peak cortisol (nmol/l)

101 — >550

Gonadotrope axis

FSH (UI/l) 6.9 5.5 2–12

LH (UI/l) 11 5.6 2–9

Testosterone (μg/l) 2 13 2–11

Thyreotrope axis

TSH (mUI/l) 11 3.2

FT4 (pmol/l) 9 12 9–19

Antibodies

(i) Antithyroperoxydase Negative

(ii) Antithyroglobulin Negative
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Incidentally, gp130 is a common signal transducer of the
receptor complex for diverse cytokines commonly referred to
as gp130 cytokines. This group of cytokines includes the
homologs of IL-6 produced by virus such as human herpes
virus-8 (HHV-8 IL-6) and rhesus macaque rhadinovirus

(Rm IL-6) [50]. Interestingly, previous studies have suggested
that these IL-6 homologs may exist in POEMS patients as the
antibody to HHV-8 and the DNA of HHV-8 are both found
in patients with POEMS syndrome [51–53] associated with
Castleman’s disease. Experimental evidence showed that
HHV-8 IL-6 mimics the action of human IL-6 via binding
directly to gp130 in the absence of IL-6R (the alpha receptor
of IL-6) [54]. For the reported case present above, the HHV-8
serologic testing is negative and IL-6 level normal. However,
we cannot rule out either the presence of other IL-6 family
cytokines such as IL-11, oncostatin M, and leukemia inhibi-
tory factor or the presence of soluble forms of IL-6 and
gp130, which could activate IL-6 transsignaling.

IL-6 has been referred to as the most “endocrine” of all
cytokines [55] as its level is regulated by hormones including
glucocorticoids, estrogen, and catecholamine, and it exerts
diverse effects on endocrine tissues. Table 4 summarizes the
mechanistic links revealed so far between IL-6 pathways
and endocrine dysfunction, excluding diabetic conditions.
Up to date, the action of IL-6 in bone metabolism is best
understood. IL-6 was shown first to have principally bone-
resorptive effects but can enhance osteoformation in situa-
tions when bone turnover increases. Based on the study
published by Sims et al. [56], the apparent shift in bone
metabolism arises from two competing intracellular signaling
pathways mediated by the signal transducer of the IL-6
receptor complex, gp130. Sims and coworkers used two dif-
ferent mutant mice to dissociate the two signaling pathways
acting on chondrocyte, osteoclast, and osteoblast. One of
the mutants gp130ΔSTAT/ΔSTAT is a C-terminal-truncated
mutant missing the STAT1/3 binding and activation domain;

IgA �휆

Sample deposition

Figure 1: Immunoblot of the serum protein electrophoresis (sPEP) in the reported case. The red square indicates the identification of a low-
level monoclonal protein IgA-λ using immunoblot of the sPEP. Its presence went unperceived in routine sPEP due to its very limited quantity
masked by the dominant presence of beta-2-globulins. Fixation was performed at a 1/50 serum dilution. The labels below each track indicate
the antibody used to reveal the Ig (from left to right): κ—light chain kappa, λ—light chain lambda, and α—heavy chain alpha (IgA).

Table 3: Diagnostic criteria of POEMS syndrome according to
Dispenzieri∗.

Major criteria
Polyneuropathy
Monoclonal plasmaproliferative disorder

Minor criteria

Sclerotic bone lesion

Castleman’s disease

Organomegaly

Edema (edema, pleural effusion, and ascites)

Endocrinopathy (adrenal, thyroid, pituitary, gonadal, parathyroid,
and diabetes‡)

Skin changes (hyperpigmentation, hypertrichosis, plethora,
hemangioma, and white nails)

Papilledema

Other signs
Clubbing, weight loss, hyperhidrosis, pulmonary hypertension,
thrombotic diatheses, diarrhea, and low vitamin B12
∗Two major criteria and at least 1 minor criterion are required for diagnosis
[11]. ‡Because of the high prevalence of diabetes mellitus and thyroid
abnormalities, this diagnosis alone is not sufficient to meet this minor
criterion.
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it retains, however, its capacity to activate the SHP2/Ras/
MAPK signal cascade pathway; mechanistically, the shift
from STAT1/3 to MAPK activity is achieved through the
impaired activation of SOCS3 by STAT3, leading to altered
docking of SOCS3 to the p-Y757-SHP-2 site of gp130 [56].
The other mutant gp130Y757F/Y757F is with the point muta-
tion Y757F; this particular mutation selectively blocks the
activation of SHP2/Ras/MAPK but retains the capacity to

signal through STAT1/3. The presentation of the distinct
phenotypes of these mouse mutants led to the conclusion
that JAK/STAT and SHP2/Ras/MAPK signaling pathways
participate in differential regulation of bone growth and bone
homeostasis. For example, the fact that gp130STAT/ΔSTAT

mice had no change in bone remodeling, bone turnover,
and bone structure, but exhibited reduced chondrocyte pro-
liferation and bone size, and also suffered from premature

Table 4: Mechanisms linking cytokines in monoclonal gammopathy to endocrine dysfunction.

Mediator Clinical context Biological effects in relation to endocrine function

↑ IL-1β

Benign and malignant thyroid disease,
NTI [94, 95]

(i) Stimulation of IL-6 expression [49, 94, 95]

(ii) Induction of NTI in the rat [96]

(iii) No change in thyroid hormone level in human after blockade of
IL-1R [97]

Adrenal response to stress [79]
(i) Increased release of NPY, NE, and EP from human chromaffin

cells via MAPK-dependent mechanism and nitric oxide synthase
activation [79]

Gonadal function (i) Reduction in LH secretion from the anterior pituitary [98]

(i) GnRH/LH output
(ii) Inhibition of gonadotropin-stimulated granulosa and Leydig cell

steroidogenesis [99, 100]

(ii) Steroidogenesis

↑ IL-6 (sIL-6R)

Response of the HPA axis to stress

(i) Stress-induced activation of ERK 1/2 and STAT3 pathways in
adrenal chromaffin cells [85]

(ii) Stimulation of the adrenal cortex during somatic [101, 102] and
mental stress [104, 105]

(iii) Stress-induced activation of the HPA axis via STAT3 [106, 107]

Pituitary senescence and tumor growth
(i) Increased VEGF production, tumor cell proliferation, and ECM

remodeling [108–110]

(ii) Regulation of normal pituitary cell senescence [35]

PHPT [64, 65]
(i) Bone remodeling and growth plate closure via STAT and

SHP2/MAPK pathways [30, 56]

Thyroid disease:
Thyroiditis [94, 103], NTI [66–68],
and thyroid carcinoma [94]

(i) Amiodarone-induced production of IL-6 by thyrocytes [70]

(ii) Inhibition of thyroid function in the presence of sIL-6R in
cultured human thyroid follicles [111]

(iii) Suppression of D1- and D2-mediated T4-to-T3
conversion and increase in D3-mediated T3 (and T4)
inactivation in human cells [69]

Gonadal function (i) Suppression of GnRH and/or LH secretion [77]

(i) GnRH/LH output
(ii) Inhibition of gonadal steroidogenesis [112]; impaired expression

of LHR mRNA during maturation of granulosa cells [113]

(ii) Steroidogenesis (iii) Inhibition of meiotic DNA synthesis of spermatocytes [114]

(iii) Spermatogenesis
(iv) Altered Sertoli cell tight junction dynamics via MAPK and ERK

cascade [115, 116]

(iv) BTB permeability

↑ TNF-α
Adrenal medulla response to stress

(i) Increased expression of IL-6 mRNA in cultured bovine chromaffin
cells [80, 85]

Gonadal steroidogenesis
(i) Decreased StAR expression and T synthesis in Leydig cell

[117]; decreased aromatase activity in granulosa cells [99]

↑ VEGF (VEGF165)
POEMS syndrome [19, 21, 118, 20]

(i) No correlation between VEGF and thyroid hormone
levels or between VEGF and testicular function [14, 39]

Pituitary tumor growth (i) IL-6 stimulated an increase in VEGF production [109]

BTB: blood-testis barrier; D1: type I deiodinase; D2: type II deiodinase; ECM: extracellular matrix; EP: epinephrine; IL-1R: IL-1 receptor; MAPK: mitogen-
activated protein kinase; MGUS: monoclonal gammopathy of undetermined significance; NE: norepinephrine; NTI: nonthyroidal illness; PGC-1α:
peroxisome proliferator-activated receptor (PPAR) gamma coactivator 1-alpha; PHPT: primary hyperparathyroidism; sIL-6R: soluble IL-6 receptor; T:
testosterone; StAR: steroidogenic acute regulatory protein.
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growth plate closure suggested that the gp130/STAT pathway
plays a crucial role in maintaining a high level of growth plate
chondrocyte proliferation during skeletal growth. On the
contrary, the high-turnover phenotype of the mutant
gp130Y757F/Y757F mice was due to the presence of high num-
ber of both osteoblasts and osteoclasts and consequently had
only a slight net bone loss [56]. To assess the role of IL-6 on
gp130 signaling, these authors crossed gp130Y757F/Y757F mice
with IL-6−/− mice to produce compound mutant mice. They

observed that the double mutant had further reduction
in bone mass despite absence of bone abnormality, sug-
gesting thus that IL-6 regulates the gp130-dependent
SHP2/Ras/MAPK effects on bone formation and not on
osteoclastogenesis. IL-6 also affects the cartilage metabolism
through the SHP/Ras/MAPK signaling pathway; it induces
MMP (matrix metalloproteinase) synthesis [57] from chon-
drocytes, but since it also induces the production of TIMPs
(tissue inhibitors of MMPs), IL-6 is thought to play a role

Gonadal axis
BTB permeability: occludin

disruption of caudin 11 and TJP1
Altered steroidogenesis
GnRH cell cycle regulation

Canonical pathway

IL-6R

sIL-6R pathway

sIL-6R
gp130

JAK JAK JAK JAK

IL-6
IL-6

MAPKPI3K

STAT3

AKT

STAT3

gp130

P

P

HHV-8 IL-6

Castleman’s disease 

?

ERK 1/2 ?

?

Reduced bone length in
gp130‒STAT/‒STAT mice:

STAT1/3 binding
MAPK signaling

Osteoclast formation

?

Increased bone turnover in 
gp130Y757F/Y757F mice

STAT1/3 signaling

Thyroid gland
NTI: D3 activity

T4 and T3 clearance
rT3 production

Pituitary gland:
Regulation of HPA stress response

expression of POMC and ACTH
GH induction in somatotroph adenomas

Adrenal response to stress:
expression of neuropeptides:

galanin, GRP, PTHrP, STC1 and HIF-1�훼
TH activity

Figure 2: Overview of IL-6/soluble IL-6 receptor signaling at the nexus of endocrine function: illustrative examples. Binding of IL-6 to IL-6R
and gp130 receptor complex leads to activation of Janus kinase- (JAK-) dependent pathways including mitogen-activated protein kinase
(MAPK), protein kinase B (AKT)-phosphatidylinositol 3-kinase (PI3K), and signal transducer and activator of transcription 3 (STAT3).
The IL-6 signaling mediated via a soluble IL-6 receptor (sIL-6R) leads to binding of IL-6/sIL-6R complex to gp130 triggering similar
intracellular pathways (adapted from [30, 44, 45, 49]). In the states of NTI (nonthyroidal illness), an increase in rT3 production is a
consequence of increased D3-mediated T3 (and T4) clearance through activation of the MAPK pathway [69]. Stress-induced HPA axis
activation and GH-induced somatotroph adenoma growth are mediated via the STAT3 pathway [107]. In bovine chromaffin cells exposed
to stress, IL-6 leads to activation of ERK 1/2 and STAT3 pathways and consequently to increased activity of tyrosine hydroxylase (TH), a
rate-limiting enzyme in catecholamine synthesis, and to upregulation of downstream targets including secreted neuropeptides galanin,
PTH-related peptide (PTHrP), G-protein-coupled receptor (GPR), stanniocalcin-1 (STC1), and hypoxia-inducible factor 1α (HIF-1α)
[85]. The signaling via gp130 regulates the gonadal axis via activation of ERK and MAPK pathways on multiple levels: cycle regulation
and proliferation of GnRH cells, impaired steroidogenesis, and increased permeability of blood-testis barrier (BTB) (through
downregulation of occludin and delocalization of claudin 11 and tight junction protein 1 (TJP1)) [77, 115, 116]. Bone phenotype is
illustrated through a rodent mutation model, where JAK/STAT and the SHP2/MAPK signaling regulate bone turnover and closure of the
growth plate [56]. Soluble IL-6R seems to regulate osteoclast development in vitro; however, its relevance in vivo is unclear [92].
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in extracellular matrix turnover [58]. Incidentally, in vitro
evidence in cultured cells revealed that IL-6 can increase
IGFBP-5 mRNA expression in osteoblasts via sIL-6R-
mediated mechanisms and it participates also in the devel-
opment of osteoclasts [59, 60]. The experimental evidence
thus suggests that via gp130-mediated signaling pathways,
IL-6 and its homologs play important roles in shaping the
eventual phenotype of the bone tissues (for details, see a
recent review by Sims [61]). In POEMS syndrome, bone
lesions have in the majority of cases osteosclerotic charac-
ter; however, lytic and mixed lesions were also described
[11]. Whether bone lesions in POEMS syndrome are
related to IL-6 secretion remains speculative. Interestingly,
increased levels of IL-6 in subjects with PTHP associated
with MG [3, 62] enhanced skeletal sensitivity to the
resorbing actions of PTH and led to increased secretion
of urine N-telopeptides of type I collagen [63–65].

In thyroid tissue, the action of IL-6 has been examined
in conditions other than plasma cell disorder. For example,
high IL-6 levels were associated with nonthyroidal illness
(NTI) [66–68]. NTI is characterized by low plasma triiodo-
thyronine (T3), low or normal plasma thyroxine (T4), or
elevated plasma rT3 in the presence of normal thyrotropin
(TSH). Mechanistically, IL-6 suppresses D1- (type I deiodi-
nase-) and D2- (type II deiodinase-) mediated T4-to-T3
conversion and increases D3- (type III deiodinase-) medi-
ated T3 (and T4) inactivation via the MAPK pathway [69]
(Figure 2). Hypothyroidism observed in POEMS syndrome
might be related to mechanisms similar to those evidenced
in NTI as thyroid function normalized rapidly after
hormone replacement treatment and chemotherapy [39].
Interestingly, IL-6 can also mediate destructive processes as
observed in cultured thyrocytes; in these cells, increased
IL-6 triggered by amiodarone led to destructive thyrocyte
lesions [70]. Glucocorticoids appeared to inhibit such effects
[71], as they decreased IL-6 mRNA stability and IL-6
synthesis [72]. These observations provide the rationale for
the well-known glucocorticoid treatment in patients with
amiodarone-induced destructive thyrotoxicosis.

Further, as detailed in Table 4, gonadal axis can be dis-
rupted on multiple levels via the action of proinflammatory
mediators. Indeed, various cytokines such as TNF-α, IL-6,
IL-1β, IL-2, and CRH were shown to alter the steroidogenesis
in Leydig cells and granulosa cells, the spermatogenesis, and
the integrity of the blood-testis barrier and also to modulate
the activity of GnRH neurons in the hypothalamus both
in vitro and in vivo (for details, see references in Table 3,
[73, 74]). Deregulated gonadal axis is often observed in
chronic diseases, and it usually resolves upon normalization
of the inflammatory state [75, 76]. We speculate that hypogo-
nadism in the present case is of functional origin since the
improvement of his gonadal function has been noted, which
is in line with the previous reports [14]. The hypogonadism
in POEMS may be related to an altered feedback loop
between testosterone (T) levels and gonadotropin secretion
or to a direct modulation on the function of GnRH neurons
by cytokines [73]. Indeed, functional studies in a GnRH-
expressing cell line and in primary hypothalamic neuronal
cells show that upon binding to gp130, IL-6 or oncostatin

M can activate the MAPK and ERK 1/2 intracellular signal-
ing cascade and lead to increased expression of early regula-
tory genes including c-fos (marker of neuronal activation),
transcription factor Egr-1 (early growth response-1, regula-
tor of cell proliferation and programmed cell death), or
GADD45γ (regulator of genomic stability and of growth
arrest) [77]. Such alterations in GnRH neuron function
may disrupt LH/FSH output from the pituitary and conse-
quently impair gonadal steroidogenesis.

In the present case, the etiology of adrenal insufficiency is
not clear. The HPA axis could not be retested, because of
ongoing treatment with dexamethasone. However, adrenal
tissue damage may not account for this presentation for the
reasons already mentioned above. Our conclusion is also
supported by the finding of a case of spontaneous clinical
and biochemical recovery of adrenal insufficiency in a patient
with POEMS syndrome [78]. Based on the fact that cytokines
are capable of modifying adrenal secretory output in
response to stress and inflammation [79–82] and that IL-
6R mRNA and IL-6R are expressed in the adrenal medulla
[83, 84], we speculate that IL-6 signaling may modulate the
reactivity of the HPA axis to stress via altering cortisol-
CRH-ACTH feedback loop or adrenal steroidogenesis. This
idea is supported by the evidence that (1) under excess and
prolonged HPA axis activation, the expression of the inhib-
itory SOCS protein induced by gp130 cytokine (via JAK/
STAT pathway) activation can, in turn, inhibit further corti-
cotroph (via JAK/STAT) signaling and that (2) the applica-
tion of IL-6 in nanomolar concentration range in adrenal
chromaffin cells [85] (comparable to those observed during
sepsis [49]) can activate ERK 1/2 and STAT3 pathways
and lead to increased expression of target genes such as
secreted neuropeptides including galanin, PTHrP, G-
protein-coupled receptor (GPR), stanniocalcin-1 (STC1)
and hypoxia-inducible factor 1α (HIF-1α) (Figure 2).
Indeed, a high expression of HIF-1α has been reported in
POEMS syndrome [38]. Possibly, in POEMS patients, the
hypoxia-responsive microRNAs such as miR-10b, activated
by HIF-1α, can act as a negative regulator of the steroido-
genic genes like CYP11B1 and CYP11B2 [86], reducing thus
the production of stress hormones.

6. Concluding Remarks

Symptoms such as hypercalcemia, renal impairment, anemia,
bone lytic lesions, lymphadenopathy, and hepatosplenome-
galy are generally accepted as part of the diagnosis criteria
for plasma cell disorders, but in reality, these typical presen-
tations may be either absent or nonrevealing in particular
cases such as MGUS or POEMS, where a rather weak pres-
ence of M-protein can easily be overlooked owing to the large
abundances of physiological serum proteins. The diagnosis
may thus be misled. This was the case for our patient at first.
His serum protein electrophoresis (sPEP) was found normal
initially. Although we eventually evidenced his abnormal M-
protein present in the immunoblot of sPEP after detecting it
manually using specific immunoglobulin antisera at various
dilutions, at first, we were more focused on treating his very
prominent endocrinopathies. This case thus alerted us, the
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endocrinologists, to be aware of the possible association of
important endocrine dysfunction with MG. We thus
recommend prescribing sPEP and using nonautomated
immunofixation in patients having endocrine abnormalities
with unknown etiology or with unusual clinical course. Sim-
ilarly, in patients presenting monoclonal immunoglobulin
without classical signs of progressive MG, endocrine dys-
function may occur. The underlying causes for the
dysfunction should thus be probed and possibly treated.

From a broader therapeutic point of view, for patients
presenting with endocrine dysfunction associated with
plasma cell disorder or chronic proinflammatory state,
targeting cytokine signaling may represent an additional
therapeutic tool to prevent or reduce further aggravating
consequences of the endocrine dysfunction, as not only the
productions of proinflammatory cytokines are frequently
deregulated in these patients but also the widely distributed
cytokine receptors are present in endocrine tissues encom-
passing the brain, adrenals, thyroid, testis, ovary, and
placenta as well as islet β-cells. One such example is altered
response of the HPA axis to somatic stress that can further
be aggravated by associated hypogonadism. Interestingly, in
rodents and primates with hypogonadism, the hyperreactiv-
ity of the HPA axis due to stress and increased cytokines such
as IL-6 was attenuated by sex hormone replacement [87–89].
Similarly, in postmenopausal women, estradiol (E2) replace-
ment alleviated endotoxin-stimulated release of ACTH,
cortisol, and cytokines (IL-6, TNF-α) [90].

The correction of endocrine dysfunction could thus be
beneficial for both the amelioration of cytokine profile and
the normalization of hormonal feedback mechanisms.
However, further studies are necessary to fully determine
the clinical relevance of these experimental data.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Eva Feigerlova (first and corresponding author) wrote the
entire manuscript. Shyue-Fang Battaglia-Hsu (participating
author) participated in writing of all sections.

Acknowledgments

The authors thank their internal medicine colleagues, endo-
crinologists, nephrologists, ophthalmologists, neurologists,
and immunologists with whom they have shared discussions
and management challenges for subjects with plasma cell
disorder. They also thank Alexia Rinsant, Department of
Immunology, CHU de Poitiers, for her help in the interpreta-
tion of the immunoblot of the serum protein electrophoresis.

References

[1] S. V. Rajkumar, M. A. Dimopoulos, A. Palumbo et al., “Inter-
national myeloma working group updated criteria for the
diagnosis of multiple myeloma,” The Lancet Oncology,
vol. 15, no. 12, pp. e538–e548, 2014.

[2] V. Rajkumar, “Myeloma today: disease definitions and treat-
ment advances,” American Journal of Hematology, vol. 91,
no. 9, p. 965, 2016.

[3] B. Arnulf, D. Bengoufa, E. Sarfati et al., “Prevalence of
monoclonal gammopathy in patients with primary hyper-
parathyroidism: a prospective study,” Archives of Internal
Medicine, vol. 162, no. 4, pp. 464–467, 2002.

[4] J. N. Tan, M. H. Kroll, C. J. O'Hara, P. C. Everett, and E.
Erdogan, “Gamma heavy chain disease in a patient with
underlying lymphoplasmacytic lymphoma of the thyroid.
Report of a case and comparison with other reported cases
with thyroid involvement,” Clinica Chimica Acta, vol. 413,
no. 19-20, pp. 1696–1699, 2012.

[5] S. Otto, I. Peter, S. Vegh, E. Juhos, and I. Besznyak, “Gamma-
chain heavy-chain disease with primary thyroid plasmacy-
toma,” Archives of pathology & laboratory medicine,
vol. 110, no. 10, pp. 893–896, 1986.

[6] S. Matsubayashi, H. Tamai, T. Suzuki et al., “Extramedullary
plasmacytoma of the thyroid gland producing gamma heavy
chain,” Endocrinologia Japonica, vol. 32, no. 3, pp. 427–433,
1985.

[7] P. A. Bardwick, N. J. Zvaifler, G. N. Gill, D. Newman, G. D.
Greenway, and D. L. Resnick, “Plasma cell dyscrasia with
polyneuropathy, organomegaly, endocrinopathy, M protein,
and skin changes: the POEMS syndrome. Report on two
cases and a review of the literature,” in Medicine, vol. 59,
no. 4, pp. 311–322, Baltimore, 1980.

[8] G. D. Miralles, J. R. O'Fallon, and N. J. Talley, “Plasma-cell
dyscrasia with polyneuropathy. The spectrum of POEMS
syndrome,” The New England Journal of Medicine, vol. 327,
no. 27, pp. 1919–1923, 1992.

[9] T. Nakanishi, I. Sobue, Y. Toyokura et al., “The Crow-Fukase
syndrome: a study of 102 cases in Japan,” Neurology, vol. 34,
no. 6, pp. 712–720, 1984.

[10] M. J. Soubrier, J. J. Dubost, and B. J. Sauvezie, “POEMS
syndrome: a study of 25 cases and a review of the litera-
ture. French study group on POEMS syndrome,” The
American Journal of Medicine, vol. 97, no. 6, pp. 543–
553, 1994.

[11] A. Dispenzieri, R. A. Kyle, M. Q. Lacy et al., “POEMS
syndrome: definitions and long-term outcome,” Blood,
vol. 101, no. 7, pp. 2496–2506, 2003.

[12] A. Dispenzieri, “POEMS syndrome,” Blood Reviews, vol. 21,
no. 6, pp. 285–299, 2007.

[13] R. Gherardi, M. Baudrimont, M. Kujas et al., “Pathologi-
cal findings in three non-Japanese patients with the
POEMS syndrome,” Virchows Archiv. A, Pathological
Anatomy and Histopathology, vol. 413, no. 4, pp. 357–
365, 1988.

[14] H. Yang, X. Huang, Q. Cai et al., “Improvement of sexual
function in POEMS syndrome after combination therapy of
lenalidomide and dexamethasone,” Orphanet Journal of Rare
Diseases, vol. 11, no. 1, p. 80, 2016.

[15] R. N. Dexter, F. Mullinax, H. L. Estep, and R. C. Williams
Jr., “Monoclonal IgG gammopathy and hyperparathyroid-
ism,” Annals of Internal Medicine, vol. 77, no. 5,
pp. 759–764, 1972.

[16] L. Bieghs, M. Brohus, I. B. Kristensen et al., “Abnormal
IGF-binding protein profile in the bone marrow of
multiple myeloma patients,” PloS One, vol. 11, no. 4,
article e0154256, 2016.

9Mediators of Inflammation



[17] R. K. Gherardi, L. Belec, G. Fromont et al., “Elevated levels of
interleukin-1 beta (IL-1 beta) and IL-6 in serum and
increased production of IL-1 beta mRNA in lymph nodes of
patients with polyneuropathy, organomegaly, endocrinopa-
thy, M protein, and skin changes (POEMS) syndrome,”
Blood, vol. 83, no. 9, pp. 2587–2593, 1994.

[18] C. Rose, M. Zandecki, M. C. Copin et al., “POEMS syndrome:
report on six patients with unusual clinical signs, elevated
levels of cytokines, macrophage involvement and chromo-
somal aberrations of bone marrow plasma cells,” Leukemia,
vol. 11, no. 8, pp. 1318–1323, 1997.

[19] A. D'Souza, S. R. Hayman, F. Buadi et al., “The utility of
plasma vascular endothelial growth factor levels in the diag-
nosis and follow-up of patients with POEMS syndrome,”
Blood, vol. 118, no. 17, pp. 4663–4665, 2011.

[20] O. Watanabe, I. Maruyama, K. Arimura et al., “Overproduc-
tion of vascular endothelial growth factor/vascular perme-
ability factor is causative in Crow-Fukase (POEMS)
syndrome,” Muscle & Nerve, vol. 21, no. 11, pp. 1390–1397,
1998.

[21] M. Soubrier, J. J. Dubost, A. F. Serre et al., “Growth factors in
POEMS syndrome: evidence for a marked increase in circu-
lating vascular endothelial growth factor,” Arthritis and
Rheumatism, vol. 40, no. 4, pp. 786-787, 1997.

[22] S. Barille, R. Bataille, and M. Amiot, “The role of interleukin-
6 and interleukin-6/interleukin-6 receptor-alpha complex in
the pathogenesis of multiple myeloma,” European Cytokine
Network, vol. 11, no. 4, pp. 546–551, 2000.

[23] N. Shikama, A. Isono, Y. Otsuka, T. Terano, and A. Hirai, “A
case of POEMS syndrome with high concentrations of
interleukin-6 in pericardial fluid,” Journal of Internal
Medicine, vol. 250, no. 2, pp. 170–173, 2001.

[24] S. Hitoshi, K. Suzuki, and M. Sakuta, “Elevated serum
interleukin-6 in POEMS syndrome reflects the activity of the
disease,” Internal Medicine, vol. 33, no. 10, pp. 583–587, 1994.

[25] D. Ribatti, B. Nico, and A. Vacca, “Importance of the bone
marrow microenvironment in inducing the angiogenic
response in multiple myeloma,” Oncogene, vol. 25, no. 31,
pp. 4257–4266, 2006.

[26] A. C. Sprynski, D. Hose, L. Caillot et al., “The role of IGF-1 as
a major growth factor for myeloma cell lines and the prog-
nostic relevance of the expression of its receptor,” Blood,
vol. 113, no. 19, pp. 4614–4626, 2009.

[27] J. Caers, S. Deleu, Z. Belaid et al., “Neighboring adipocytes
participate in the bone marrow microenvironment of multi-
ple myeloma cells,” Leukemia, vol. 21, no. 7, pp. 1580–1584,
2007.

[28] C. J. Rosen, C. Ackert-Bicknell, J. P. Rodriguez, and A. M.
Pino, “Marrow fat and the bone microenvironment: develop-
mental, functional, and pathological implications,” Critical
Reviews in Eukaryotic Gene Expression, vol. 19, no. 2,
pp. 109–124, 2009.

[29] C. Falank, H. Fairfield, andM. R. Reagan, “Signaling interplay
between bone marrow adipose tissue and multiple myeloma
cells,” Front Endocrinol (Lausanne), vol. 7, no. 67, 2016.

[30] N. Franchimont, S. Wertz, and M. Malaise, “Interleukin-6: an
osteotropic factor influencing bone formation?” Bone, vol. 37,
no. 5, pp. 601–606, 2005.

[31] S. R. Bornstein, H. Rutkowski, and I. Vrezas, “Cytokines and
steroidogenesis,” Molecular and Cellular Endocrinology,
vol. 215, no. 1-2, pp. 135–141, 2004.

[32] C. Y. Hong, J. H. Park, R. S. Ahn et al., “Molecular mechanism
of suppression of testicular steroidogenesis by proinflamma-
tory cytokine tumor necrosis factor alpha,” Molecular and
Cellular Biology, vol. 24, no. 7, pp. 2593–2604, 2004.

[33] P. Liakos, D. Lenz, R. Bernhardt, J. J. Feige, and G. Defaye,
“Transforming growth factor beta1 inhibits aldosterone and
cortisol production in the human adrenocortical cell line
NCI-H295R through inhibition of CYP11B1 and CYP11B2
expression,” The Journal of Endocrinology, vol. 176, no. 1,
pp. 69–82, 2003.

[34] C. P. Castro, D. Giacomini, A. C. Nagashima et al., “Reduced
expression of the cytokine transducer gp130 inhibits
hormone secretion, cell growth, and tumor development of
pituitary lactosomatotrophic GH3 cells,” Endocrinology,
vol. 144, no. 2, pp. 693–700, 2003.

[35] E. Arzt, R. Buric, G. Stelzer et al., “Interleukin involvement in
anterior pituitary cell growth regulation: effects of IL-2 and
IL-6,” Endocrinology, vol. 132, no. 1, pp. 459–467, 1993.

[36] H. Goto, M. Nishio, K. Kumano, K. Fujimoto, K. Yamaguchi,
and T. Koike, “Discrepancy between disease activity and
levels of vascular endothelial growth factor in a patient with
POEMS syndrome successfully treated with autologous
stem-cell transplantation,” Bone Marrow Transplantation,
vol. 42, no. 9, pp. 627–629, 2008.

[37] J. M. Loeb, P. H. Hauger, J. D. Carney, and A. D. Cooper,
“Refractory ascites due to POEMS syndrome,” Gastroenterol-
ogy, vol. 96, no. 1, pp. 247–249, 1989.

[38] M. Scarlato, S. C. Previtali, M. Carpo et al., “Polyneuropathy
in POEMS syndrome: role of angiogenic factors in the path-
ogenesis,” Brain, vol. 128, Part 8, pp. 1911–1920, 2005.

[39] X. Y. Dun, F. Zhou, H. Xi, Z. G. Yuan, and J. Hou, “Thyroid
function and its clinical significance in POEMS syndrome,”
Leukemia & Lymphoma, vol. 50, no. 12, pp. 2013–2016, 2009.

[40] D. Fee, D. Grzybicki, M. Dobbs, S. Ihyer, J. Clotfelter, and S.
Macvilay, “Interleukin 6 promotes vasculogenesis of murine
brain microvessel endothelial cells,” Cytokine, vol. 12, no. 6,
pp. 655–665, 2000.

[41] B. Motro, A. Itin, L. Sachs, and E. Keshet, “Pattern of interleu-
kin 6 gene expression in vivo suggests a role for this cytokine
in angiogenesis,” Proceedings of the National Academy of
Sciences of the United States of America, vol. 87, no. 8,
pp. 3092–3096, 1990.

[42] W. T. Bellamy, L. Richter, Y. Frutiger, and T. M. Grogan,
“Expression of vascular endothelial growth factor and its
receptors in hematopoietic malignancies,” Cancer Research,
vol. 59, no. 3, pp. 728–733, 1999.

[43] B. Dankbar, T. Padro, R. Leo et al., “Vascular endothelial
growth factor and interleukin-6 in paracrine tumor-stromal
cell interactions in multiple myeloma,” Blood, vol. 95, no. 8,
pp. 2630–2636, 2000.

[44] G. Skiniotis, M. J. Boulanger, K. C. Garcia, and T. Walz,
“Signaling conformations of the tall cytokine receptor
gp130 when in complex with IL-6 and IL-6 receptor,” Nature
Structural & Molecular Biology, vol. 12, no. 6, pp. 545–551,
2005.

[45] K. Tawara, J. T. Oxford, and C. L. Jorcyk, “Clinical signifi-
cance of interleukin (IL)-6 in cancer metastasis to bone:
potential of anti-IL-6 therapies,” Cancer Management and
Research, vol. 3, pp. 177–189, 2011.

[46] P. C. Heinrich, I. Behrmann, G. Muller-Newen, F. Schaper,
and L. Graeve, “Interleukin-6-type cytokine signalling

10 Mediators of Inflammation



through the gp130/Jak/STAT pathway,” The Biochemical
Journal, vol. 334, no. 2, pp. 297–314, 1998.

[47] M. Murakami, M. Hibi, N. Nakagawa et al., “IL-6-induced
homodimerization of gp130 and associated activation of a
tyrosine kinase,” Science, vol. 260, no. 5115, pp. 1808–1810,
1993.

[48] T. Taga and T. Kishimoto, “Gp130 and the interleukin-6
family of cytokines,” Annual Review of Immunology, vol. 15,
pp. 797–819, 1997.

[49] C. A. Hunter and S. A. Jones, “IL-6 as a keystone cytokine in
health and disease,” Nature Immunology, vol. 16, no. 5,
pp. 448–457, 2015.

[50] M. J. Boulanger, A. J. Bankovich, T. Kortemme, D. Baker, and
K. C. Garcia, “Convergent mechanisms for recognition of
divergent cytokines by the shared signaling receptor gp130,”
Molecular Cell, vol. 12, no. 3, pp. 577–589, 2003.

[51] L. Belec, F. J. Authier, A. S. Mohamed, M. Soubrier, and R. K.
Gherardi, “Antibodies to human herpesvirus 8 in POEMS
(polyneuropathy, organomegaly, endocrinopathy, M protein,
skin changes) syndrome with multicentric Castleman’s
disease,” Clinical Infectious Diseases, vol. 28, no. 3, pp. 678-
679, 1999.

[52] T. Papo, M. Soubrier, A. G. Marcelin et al., “Human herpes-
virus 8 infection, Castleman’s disease and POEMS
syndrome,” British Journal of Haematology, vol. 104, no. 4,
pp. 932-933, 1999.

[53] L. Belec, A. S. Mohamed, F. J. Authier et al., “Human herpes-
virus 8 infection in patients with POEMS syndrome-
associated multicentric Castleman’s disease,” Blood, vol. 93,
no. 11, pp. 3643–3653, 1999.

[54] P. S. Moore, C. Boshoff, R. A. Weiss, and Y. Chang, “Molec-
ular mimicry of human cytokine and cytokine response path-
way genes by KSHV,” Science, vol. 274, no. 5293, pp. 1739–
1744, 1996.

[55] D. A. Papanicolaou and A. N. Vgontzas, “Interleukin-6: the
endocrine cytokine,” The Journal of Clinical Endocrinology
and Metabolism, vol. 85, no. 3, pp. 1331–1333, 2000.

[56] N. A. Sims, B. J. Jenkins, J. M. Quinn, A. Nakamura, M. Glatt,
and M. T. Gillespie, “Glycoprotein 130 regulates bone
turnover and bone size by distinct downstream signaling
pathways,” The Journal of Clinical Investigation, vol. 113,
no. 3, pp. 379–389, 2004.

[57] M. Hashizume and M. Mihara, “High molecular weight hya-
luronic acid inhibits IL-6-induced MMP production from
human chondrocytes by up-regulating the ERK inhibitor,
MKP-1,” Biochemical and Biophysical Research Communica-
tions, vol. 403, no. 2, pp. 184–189, 2010.

[58] P. Silacci, J. M. Dayer, A. Desgeorges, R. Peter, C. Manueddu,
and P. A. Guerne, “Interleukin (IL)-6 and its soluble receptor
induce TIMP-1 expression in synoviocytes and chondrocytes,
and block IL-1-induced collagenolytic activity,”The Journal of
Biological Chemistry, vol. 273, no. 22, pp. 13625–13629, 1998.

[59] T. Tamura, N. Udagawa, N. Takahashi et al., “Soluble
interleukin-6 receptor triggers osteoclast formation by inter-
leukin 6,” Proceedings of the National Academy of Sciences
of the United States of America, vol. 90, no. 24, pp. 11924–
11928, 1993.

[60] N. Franchimont, D. Durant, and E. Canalis, “Interleukin-6
and its soluble receptor regulate the expression of insulin-
like growth factor binding protein-5 in osteoblast cultures,”
Endocrinology, vol. 138, no. 8, pp. 3380–3386, 1997.

[61] N.A. Sims, “gp130 signaling inbone cell biology:multiple roles
revealedbyanalysis of genetically alteredmice,”Molecular and
Cellular Endocrinology, vol. 310, no. 1-2, pp. 30–39, 2009.

[62] G. D. Roodman, “Interleukin-6: an osteotropic factor?”
Journal of Bone and Mineral Research, vol. 7, no. 5,
pp. 475–478, 1992.

[63] K. Insogna, M. Mitnick, J. Pascarella, I. Nakchbandi, A. Grey,
and U. Masiukiewicz, “Role of the interleukin-6/interleukin-6
soluble receptor cytokine system in mediating increased skel-
etal sensitivity to parathyroid hormone in perimenopausal
women,” Journal of Bone and Mineral Research, vol. 17,
Supplement 2, pp. N108–N116, 2002.

[64] A. Grey, M. A. Mitnick, S. Shapses, A. Ellison, C. Gundberg,
and K. Insogna, “Circulating levels of interleukin-6 and
tumor necrosis factor-alpha are elevated in primary hyper-
parathyroidism and correlate with markers of bone resorp-
tion—a clinical research center study,” The Journal of
Clinical Endocrinology and Metabolism, vol. 81, no. 10,
pp. 3450–3454, 1996.

[65] I. A. Nakchbandi, M. A. Mitnick, R. Lang, C. Gundberg, B.
Kinder, and K. Insogna, “Circulating levels of interleukin-6
soluble receptor predict rates of bone loss in patients with pri-
mary hyperparathyroidism,” The Journal of Clinical Endocri-
nology and Metabolism, vol. 87, no. 11, pp. 4946–4951, 2002.

[66] D. Dilli and U. Dilmen, “The role of interleukin-6 and C-
reactive protein in non-thyroidal illness in premature infants
followed in neonatal intensive care unit,” Journal of Clinical
Research in Pediatric Endocrinology, vol. 4, no. 2, pp. 66–71,
2012.

[67] P. H. Davies, E. G. Black, M. C. Sheppard, and J. A. Franklyn,
“Relation between serum interleukin-6 and thyroid hormone
concentrations in 270 hospital in-patients with non-thyroidal
illness,” Clinical Endocrinology, vol. 44, no. 2, pp. 199–205,
1996.

[68] H. Abozenah, S. Shoeb, A. Sabry, and H. Ismail, “Relation
between thyroid hormone concentration and serum levels
of interleukin-6 and interleukin-10 in patients with nonthyr-
oidal illness including chronic kidney disease,” Iranian
Journal of Kidney Diseases, vol. 2, no. 1, pp. 16–23, 2008.

[69] S. M. Wajner, I. M. Goemann, A. L. Bueno, P. R. Larsen, and
A. L. Maia, “IL-6 promotes nonthyroidal illness syndrome by
blocking thyroxine activation while promoting thyroid hor-
mone inactivation in human cells,” The Journal of Clinical
Investigation, vol. 121, no. 5, pp. 1834–1845, 2011.

[70] K. Nakajima, K. Yamazaki, E. Yamada et al., “Amiodarone
stimulates interleukin-6 production in cultured human
thyrocytes, exerting cytotoxic effects on thyroid follicles in
suspension culture,” Thyroid, vol. 11, no. 2, pp. 101–109,
2001.

[71] A. Waage, G. Slupphaug, and R. Shalaby, “Glucocorticoids
inhibit the production of IL6 from monocytes, endothelial
cells and fibroblasts,” European Journal of Immunology,
vol. 20, no. 11, pp. 2439–2443, 1990.

[72] A. Tobler, R. Meier, M. Seitz, B. Dewald, M. Baggiolini, and
M. F. Fey, “Glucocorticoids downregulate gene expression
of GM-CSF, NAP-1/IL-8, and IL-6, but not of M-CSF in
human fibroblasts,” Blood, vol. 79, no. 1, pp. 45–51, 1992.

[73] J. Veldhuis, R. Yang, F. Roelfsema, and P. Takahashi, “Proin-
flammatory cytokine infusion attenuates LH’s feedforward
on testosterone secretion: modulation by age,” The Journal
of Clinical Endocrinology and Metabolism, vol. 101, no. 2,
pp. 539–549, 2016.

11Mediators of Inflammation



[74] S. Ulisse, A. Fabbri, J. C. Tinajero, and M. L. Dufau, “A novel
mechanism of action of corticotropin releasing factor in rat
Leydig cells,” The Journal of Biological Chemistry, vol. 265,
no. 4, pp. 1964–1971, 1990.

[75] J. D. Veldhuis, M. J. Wilkowski, A. D. Zwart et al., “Evidence
for attenuation of hypothalamic gonadotropin-releasing hor-
mone (GnRH) impulse strength with preservation of GnRH
pulse frequency in men with chronic renal failure,” The Jour-
nal of Clinical Endocrinology and Metabolism, vol. 76, no. 3,
pp. 648–654, 1993.

[76] M. Maggio, S. Basaria, A. Ble et al., “Correlation between tes-
tosterone and the inflammatory marker soluble interleukin-6
receptor in older men,” The Journal of Clinical Endocrinology
and Metabolism, vol. 91, no. 1, pp. 345–347, 2006.

[77] P. Igaz, R. Salvi, J. P. Rey, M. Glauser, F. P. Pralong, and
R. C. Gaillard, “Effects of cytokines on gonadotropin-
releasing hormone (GnRH) gene expression in primary
hypothalamic neurons and in GnRH neurons immortalized
conditionally,” Endocrinology, vol. 147, no. 2, pp. 1037–
1043, 2006.

[78] K. Ashawesh and T. M. Fiad, “Spontaneous recovery of adre-
nal insufficiency in POEMS syndrome,” Medscape Journal of
Medicine, vol. 11, no. 1, p. 21, 2009.

[79] J. Rosmaninho-Salgado, I. M. Araujo, A. R. Alvaro et al.,
“Regulation of catecholamine release and tyrosine hydroxy-
lase in human adrenal chromaffin cells by interleukin-1beta:
role of neuropeptide Y and nitric oxide,” Journal of Neuro-
chemistry, vol. 109, no. 3, pp. 911–922, 2009.

[80] B. Samal, D. Ait-Ali, S. Bunn, T. Mustafa, and L. E. Eiden,
“Discrete signal transduction pathway utilization by a
neuropeptide (PACAP) and a cytokine (TNF-alpha) first
messenger in chromaffin cells, inferred from coupled
transcriptome-promoter analysis of regulated gene cohorts,”
Peptides, vol. 45, pp. 48–60, 2013.

[81] D. Ait-Ali, V. Turquier, Y. Tanguy et al., “Tumor necrosis
factor (TNF)-alpha persistently activates nuclear factor-
kappaB signaling through the type 2 TNF receptor in
chromaffin cells: implications for long-term regulation of
neuropeptide gene expression in inflammation,” Endocrinol-
ogy, vol. 149, no. 6, pp. 2840–2852, 2008.

[82] R. L. Eskay and L. E. Eiden, “Interleukin-1 alpha and tumor
necrosis factor-alpha differentially regulate enkephalin, vaso-
active intestinal polypeptide, neurotensin, and substance P
biosynthesis in chromaffin cells,” Endocrinology, vol. 130,
no. 4, pp. 2252–2258, 1992.

[83] G. Path, S. R. Bornstein, M. Ehrhart-Bornstein, and W. A.
Scherbaum, “Interleukin-6 and the interleukin-6 receptor in
the human adrenal gland: expression and effects on steroido-
genesis,” The Journal of Clinical Endocrinology and Metabo-
lism, vol. 82, no. 7, pp. 2343–2349, 1997.

[84] R. A. Gadient, A. Lachmund, K. Unsicker, and U. Otten,
“Expression of interleukin-6 (IL-6) and IL-6 receptor
mRNAs in rat adrenal medulla,” Neuroscience Letters,
vol. 194, no. 1-2, pp. 17–20, 1995.

[85] D. E. Jenkins, D. Sreenivasan, F. Carman, S. Babru, L. E.
Eiden, and S. J. Bunn, “Interleukin-6 mediated signaling in
adrenal medullary chromaffin cells,” Journal of Neurochemis-
try, vol. 22, 2016.

[86] S. Nusrin, S. K. Tong, G. Chaturvedi, R. S.Wu, J. P. Giesy, and
R. Y. Kong, “Regulation of CYP11B1 and CYP11B2 steroido-
genic genes by hypoxia-inducible miR-10b in H295R cells,”
Marine Pollution Bulletin, vol. 85, no. 2, pp. 344–351, 2014.

[87] J. V. Seale, S. A. Wood, H. C. Atkinson, M. S. Harbuz, and S.
L. Lightman, “Gonadal steroid replacement reverses
gonadectomy-induced changes in the corticosterone pulse
profile and stress-induced hypothalamic-pituitary-adrenal
axis activity of male and female rats,” Journal of Neuroendo-
crinology, vol. 16, no. 12, pp. 989–998, 2004.

[88] A. D. Papadopoulos and S. L. Wardlaw, “Testosterone sup-
presses the response of the hypothalamic-pituitary-adrenal
axis to interleukin-6,” Neuroimmunomodulation, vol. 8,
no. 1, pp. 39–44, 2000.

[89] L. Xia-Zhang, E. Xiao, and M. Ferin, “A 5-day estradiol ther-
apy, in amounts reproducing concentrations of the early-mid
follicular phase, prevents the activation of the hypothalamo-
pituitary-adrenal axis by interleukin-1 alpha in the ovariecto-
mized rhesus monkey,” Journal of Neuroendocrinology, vol. 7,
no. 5, pp. 387–392, 1995.

[90] J. J. Puder, P. U. Freda, R. S. Goland, and S. L. Wardlaw,
“Estrogen modulates the hypothalamic-pituitary-adrenal
and inflammatory cytokine responses to endotoxin in
women,” The Journal of Clinical Endocrinology and Metabo-
lism, vol. 86, no. 6, pp. 2403–2408, 2001.

[91] K. Gado, E. Rimanoczi, A. Hasitz et al., “Elevated levels of
serum prolactin in patients with advanced multiple mye-
loma,” Neuroimmunomodulation, vol. 9, no. 4, pp. 231–236,
2001.

[92] K. Gado, G. Nagy, A. Hasitz, B. E. Toth, E. Rimanoczi, and G.
Domjan, “Evidence of prolactin immunoreactivity in the
bone marrow of untreated multiple myeloma patients,”
Neuroimmunomodulation, vol. 9, no. 2, pp. 95–102, 2001.

[93] J. Westin, R. Eyrich, E. Falsen et al., “Gamma heavy chain dis-
ease. Reports of three patients,” Acta Medica Scandinavica,
vol. 192, no. 4, pp. 281–292, 1972.

[94] X. Provatopoulou, D. Georgiadou, T. N. Sergentanis et al.,
“Interleukins as markers of inflammation in malignant and
benign thyroid disease,” Inflammation Research, vol. 63,
no. 8, pp. 667–674, 2014.

[95] J. M. Stouthard, T. van der Poll, E. Endert et al., “Effects of
acute and chronic interleukin-6 administration on thyroid
hormone metabolism in humans,” The Journal of Clinical
Endocrinology and Metabolism, vol. 79, no. 5, pp. 1342–
1346, 1994.

[96] A. R. Hermus, C. G. Sweep, P. N. Demacker, M. J. van der
Meer, P. W. Kloppenborg, and J. W. van der Meer, “Contin-
uous infusion of interleukin-1 beta in rats induces a profound
fall in plasma levels of cholesterol and triglycerides,” Arterio-
sclerosis and Thrombosis, vol. 12, no. 9, pp. 1036–1043, 1992.

[97] T. van der Poll, K. J. Van Zee, E. Endert et al., “Interleukin-1
receptor blockade does not affect endotoxin-induced changes
in plasma thyroid hormone and thyrotropin concentrations
in man,” The Journal of Clinical Endocrinology and Metabo-
lism, vol. 80, no. 4, pp. 1341–1346, 1995.

[98] A. P. Herman, A. Krawczynska, J. Bochenek, E. Dobek, A.
Herman, andD. Tomaszewska-Zaremba, “LPS-induced inflam-
mation potentiates the IL-1beta-mediated reduction of LH
secretion from the anterior pituitary explants,” Clinical &
Developmental Immunology, vol. 2013, Article ID 926937, 2013.

[99] P. Santana, L. Llanes, I. Hernandez et al., “Ceramide mediates
tumor necrosis factor effects on P450-aromatase activity in
cultured granulosa cells,” Endocrinology, vol. 136, no. 5,
pp. 2345–2348, 1995.

[100] A. V. Turnbull and C. Rivier, “Inhibition of gonadotropin-
induced testosterone secretion by the intracerebroventricular

12 Mediators of Inflammation



injection of interleukin-1 Beta in the male rat,” Endocrinol-
ogy, vol. 138, no. 3, pp. 1008–1013, 1997.

[101] K. E. Bethin, S. K. Vogt, and L. J. Muglia, “Interleukin-6 is an
essential, corticotropin-releasing hormone-independent
stimulator of the adrenal axis during immune system activa-
tion,” Proceedings of the National Academy of Sciences of the
United States of America, vol. 97, no. 16, pp. 9317–9322, 2000.

[102] N. Rohleder, M. Aringer, and M. Boentert, “Role of
interleukin-6 in stress, sleep, and fatigue,” Annals of the
New York Academy of Sciences, vol. 1261, pp. 88–96, 2012.

[103] L. Bartalena, S. Brogioni, L. Grasso et al., “Interleukin-6: a
marker of thyroid-destructive processes?” The Journal of
Clinical Endocrinology and Metabolism, vol. 79, no. 5,
pp. 1424–1427, 1994.

[104] R. von Kanel, B. M. Kudielka, D. Preckel, D. Hanebuth, and J.
E. Fischer, “Delayed response and lack of habituation in
plasma interleukin-6 to acute mental stress in men,” Brain,
Behavior, and Immunity, vol. 20, no. 1, pp. 40–48, 2006.

[105] G.Mastorakos,G. P.Chrousos, and J. S.Weber, “Recombinant
interleukin-6 activates the hypothalamic-pituitary-adrenal
axis in humans,” The Journal of Clinical Endocrinology and
Metabolism, vol. 77, no. 6, pp. 1690–1694, 1993.

[106] M. P. Pereda, P. Lohrer, D. Kovalovsky et al., “Interleukin-6 is
inhibited by glucocorticoids and stimulates ACTH secretion
and POMC expression in human corticotroph pituitary
adenomas,” Experimental and Clinical Endocrinology &
Diabetes, vol. 108, no. 3, pp. 202–207, 2000.

[107] E. Arzt, “gp130 cytokine signaling in the pituitary gland: a
paradigm for cytokine-neuro-endocrine pathways,” The
Journal of Clinical Investigation, vol. 108, no. 12, pp. 1729–
1733, 2001.

[108] M. Sapochnik, L. E. Nieto,M. Fuertes, and E. Arzt, “Molecular
mechanisms underlying pituitary pathogenesis,” Biochemical
Genetics, vol. 54, no. 2, pp. 107–119, 2016.

[109] J. Gloddek, U. Pagotto, M. Paez Pereda, E. Arzt, G. K. Stalla,
and U. Renner, “Pituitary adenylate cyclase-activating poly-
peptide, interleukin-6 and glucocorticoids regulate the release
of vascular endothelial growth factor in pituitary folliculostel-
late cells,” The Journal of Endocrinology, vol. 160, no. 3,
pp. 483–490, 1999.

[110] U. Renner, J. Gloddek, M. P. Pereda, E. Arzt, and G. K. Stalla,
“Regulation and role of intrapituitary IL-6 production by fol-
liculostellate cells,” Domestic Animal Endocrinology, vol. 15,
no. 5, pp. 353–362, 1998.

[111] K. Yamazaki, E. Yamada, Y. Kanaji et al., “Interleukin-6
(IL-6) inhibits thyroid function in the presence of soluble
IL-6 receptor in cultured human thyroid follicles,” Endocri-
nology, vol. 137, no. 11, pp. 4857–4863, 1996.

[112] A. Salmassi, S. Lu, J. Hedderich, C. Oettinghaus, W. Jonat,
and L. Mettler, “Interaction of interleukin-6 on human gran-
ulosa cell steroid secretion,” The Journal of Endocrinology,
vol. 170, no. 2, pp. 471–478, 2001.

[113] K. Tamura, T. Kawaguchi, and H. Kogo, “Interleukin-6
inhibits the expression of luteinizing hormone receptor
mRNA during the maturation of cultured rat granulosa cells,”
The Journal of Endocrinology, vol. 170, no. 1, pp. 121–127,
2001.

[114] H. Hakovirta, V. Syed, B. Jegou, and M. Parvinen, “Function
of interleukin-6 as an inhibitor of meiotic DNA synthesis in
the rat seminiferous epithelium,” Molecular and Cellular
Endocrinology, vol. 108, no. 1-2, pp. 193–198, 1995.

[115] C. V. Perez, C. M. Sobarzo, P. V. Jacobo et al., “Loss of
occludin expression and impairment of blood-testis barrier
permeability in rats with autoimmune orchitis: effect of inter-
leukin 6 on Sertoli cell tight junctions,” Biology of
Reproduction, vol. 87, no. 5, p. 122, 2012.

[116] H. Zhang, Y. Yin, G. Wang, Z. Liu, L. Liu, and F. Sun,
“Interleukin-6 disrupts blood-testis barrier through inhibit-
ing protein degradation or activating phosphorylated ERK
in Sertoli cells,” Scientific Reports, vol. 4, article 4260, 2014.

[117] V. Morales, P. Santana, R. Diaz et al., “Intratesticular delivery
of tumor necrosis factor-alpha and ceramide directly abro-
gates steroidogenic acute regulatory protein expression and
Leydig cell steroidogenesis in adult rats,” Endocrinology,
vol. 144, no. 11, pp. 4763–4772, 2003.

[118] T. Tokashiki, T. Hashiguchi, K. Arimura, N. Eiraku, I.
Maruyama, and M. Osame, “Predictive value of serial
platelet count and VEGF determination for the manage-
ment of DIC in the Crow-Fukase (POEMS) syndrome,”
Internal Medicine, vol. 42, no. 12, pp. 1240–1243, 2003.

13Mediators of Inflammation



Review Article
Oncolytic Virus-Based Immunotherapies for
Hepatocellular Carcinoma

So Young Yoo,1,2,3,4 Narayanasamy Badrinath,1,2 Hyun Young Woo,3,4 and Jeong Heo3,4

1BIO-IT Foundry Technology Institute, Pusan National University, Busan 46241, Republic of Korea
2Research Institute for Convergence of Biomedical Science and Technology, Pusan National University Yangsan Hospital, Yangsan
50612, Republic of Korea
3Department of Internal Medicine, College of Medicine, Pusan National University and Medical Research Institute, Yangsan 50612,
Republic of Korea
4Biomedical Research Institute, Pusan National University Hospital, Busan 49241, Republic of Korea

Correspondence should be addressed to So Young Yoo; yoosy2@gmail.com and Jeong Heo; jheo@pusan.ac.kr

Received 14 December 2016; Accepted 8 March 2017; Published 20 April 2017

Academic Editor: Manoj K. Mishra

Copyright © 2017 So Young Yoo et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Hepatocellular carcinoma is highly refractory cancer which is resistant to conventional chemotherapy and radiotherapy, carrying a
dismal prognosis. Although many anticancer drugs have been developed for treating HCC, sorafenib is the only effective treatment,
but it only prolongs survival duration for about 3 months. Recently, oncolytic virotherapy has shown promising results in treating
HCCs and the effects can be more enhanced by adopting immune modulatory molecules. This review discusses the current status of
treating HCC and the effective strategy of oncolytic virus-based immunotherapy for the treatment of HCCs.

1. Introduction

Hepatocellular carcinoma (HCC) is the third most common
cancer with a leading cause of cancer-related death world-
wide and is the only carcinoma with increasing mortality
[1, 2]. The major pathophysiological characteristics of HCC
are chronic liver disease with cirrhosis. Etiology of HCC
ranges from hepatitis B virus (HBV) and hepatitis C virus
(HCV) infections to metabolic diseases such as nonalcoholic
fatty liver disease (NAFLD) and nonalcoholic steatohepatitis
(NASH) [3]. In the last 20 years, the incidence of HCC has
increased 62% and over 750,000 new cases are annually iden-
tified [4, 5]. Current treatments for HCC have a lot of limita-
tions, because survival is not guaranteed even for patients
with localized HCC. For the earliest stage, tumor curative
treatments such as resection and percutaneous ablation are
feasible, and a 5-year survival rate in these patients ranges
from 40% to 70% [6]. However, tumor recurrence for 3 years
is observed in 70% of patients after resection or radiofre-
quency ablation (RFA). Liver transplantation is an effective
treatment for cirrhosis and early tumors, but most patients

are ineligible because organs are scarce [7]. Moreover,
approximately more than 70% of patients with HCC are
not eligible for these procedures because most have interme-
diate or advanced stage disease at the time of diagnosis. For
intermediate stage tumors, transarterial chemoembolization
(TACE) (conventional or drug-eluting beads) is the standard
of care [8], but overall survival is usually less than 20 months
[9, 10]. For patients with advanced HCC, the survival is dis-
mal because median overall survival is about 7 months [11].
With the multikinase inhibitor sorafenib, the only approved
systemic therapy for HCC, this survival can be increased by
about 3 months [6]. Besides sorafenib, other target agents,
such as sunitinib, brivanib, or linifanib, have not been proven
to be superior to sorafenib [12, 13]. Several newer molecules
have been shown to confer a survival advantage in a subset of
patients [14]. The mean survival of patients with advanced
stage HCC is less than 1 year. Most of the target agents are
not tumoricidal but tumor-static agents and do not have long
lasting antitumor effects after discontinuation. The major
factor contributing to such a grim outcome in HCC treat-
ment is the lack of effective therapeutics so far.
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Therefore, HCC is considered a highly refractory cancer
and is resistant to conventional chemotherapy. To overcome
these issues, the focus is shifting from antiangiogenic therapy
[15] to novel modalities to improve survival for this deadly
disease [16, 17]. HCC is an attractive target for immunother-
apy, because of its immunological characteristics like chronic
inflammation, with several immunologic mechanisms such
as evasion of immune response, immunosuppressive envi-
ronment, and T cell exhaustion, which are at play to promote
HCC development and growth. Several novel approaches
geared towards manipulating the immune response to HCC
have suggested a therapeutic benefit in early stage clinical tri-
als [18]. Contemporary clinical studies are ongoing to evalu-
ate the efficacy of immunotherapy to reduce the risk of
relapse after surgical or percutaneous ablation and prolong
survival in intermediated and advanced HCC as monother-
apy or in combination.

This review discusses the current status and the barriers
of immunotherapy against HCC and effective immunother-
apy strategies using oncolytic virus for HCC.

2. Chemotherapy

Treatment options for HCC are divided into three categories
as follows: (1) surgical therapies (i.e., resection, cryoablation,
and liver transplantation), (2) liver-directed nonsurgical
therapies (i.e., percutaneous ethanol injection (PEI), radio
frequency ablation (RFA), TACE, radiation, and radioembo-
lization), or (3) systemic nonsurgical therapies (chemother-
apy, molecular-targeted therapy, and hormone therapy).
Since surgical therapies and liver-directed surgical therapies
are generally used in the early stages of HCCs and HCC is
typically diagnosed late in the course of patient with chronic
liver diseases [19], here we will discuss systemic treatment
approaches for patients with advanced HCCs. It is reported
that the efficacy of cytotoxic chemotherapy is generally lim-
ited [20]. Although few randomized trials have been con-
ducted, median survival in all of the studied population has
been short (less than 12 months in all cases). Main reasons
for this are because of the following: (1) high rate of expres-
sion of drug resistance genes such as p-glycoprotein, glutathi-
one-S-transferase, heat shock proteins, and mutations of p53
[21, 22]. (2) Survival is often determined by the degree of
hepatic dysfunction, and systemic chemotherapy is usually
not well tolerated by patients with significant underlying
hepatic dysfunction. (3) Clinical investigations have been
undertaken in diverse patient populations. For example,
Asian patients are usually younger with well-compensated
cirrhosis due to chronic hepatitis B and/or C, while North
American or European patients with HCC are typically over
60 years old with alcoholic cirrhosis and comorbid illness
[23]. (4) Chemotherapy may be less effective overall in
patients with significant cirrhosis [24].

2.1. Doxorubicin and Mitoxantrone. Doxorubicin is the most
studied chemotherapy agent for advanced HCC. Among the
agents tried, doxorubicin-based regimens appear to have the
greatest efficacy with response rates of 20–30% and a mini-
mal impact on survival [25]. Mitoxantrone has a similar

antitumor efficacy as doxorubicin (response rate 10 to 25%)
[26, 27]. Antitumor effect of doxorubicin may be potentiated
by tamoxifen [28]. Although 12 out of 38 patients with HCC
received doxorubicin plus tamoxifen (32%) that achieved a
response, the median progression-free survival was only
seven months [29].

2.2. Fluoropyrimidines. 5-Fluorouracil (5-FU) has broad anti-
tumor efficacy with acceptably low toxicity. Although the
response rate with only 5-FU has been low, combination with
leucovorin can bring response rates to as high as 28% [30].

2.3. Gemcitabine, Irinotecan, and Thalidomide. Gemcitabine
has modest activity at best. It is reported that 5 of 28 patients
that received gemcitabine had a partial response of short
duration (~13 weeks) [31]. Irinotecan treatment resulted in
one partial response for seven months among 14 patients
with advanced HCC [32]. A second trial in 29 patients
showed no objective partial responses, but 12 patients had
disease stabilizations [33]. Thalidomide, an agent with anti-
angiogenic activity, showed low rate of objective antitumor
activity, with disease stabilization in up to one-third of the
patients [34].

2.4. Cisplatin-Based Combination Therapy. Cisplatin-based
combination therapy appears to show higher objective
response rates than that in noncisplatin-based therapy,
although it is not clear whether it confers a survival benefit.
Cisplatin plus doxorubicin had 18 and 49% objective
responses, respectively [35, 36]. The combination therapy
of cisplatin and mitoxantrone with continuous infusion of
5-FU showed 24 and 27% responses in two different studies
[37, 38]. It was reported that 15% of patients showed
response rate for cisplatin and epirubicin infusion [39].
Other combination studies reported 24% for cisplatin and
doxorubicin plus capecitabine [40] and 6 and 20% in two
studies for cisplatin plus capecitabine [41, 42]. The above
data suggest that combination chemotherapy may play a
minor role and no chemical drug or regimen has been
approved for the treatment of HCC [43].

3. Molecular-Targeted Therapy

Treatment approaches are now directed against a specific
molecular defect, which is termed “molecular-targeted thera-
pies.” Although the molecular pathogenesis of HCC remains
poorly understood, the following signaling pathways are
notably involved: (1) the epidermal growth factor receptor
(EGFR)/EGF (HER1) in the carcinogenesis and proliferative
behavior of HCC [44–49]. (2) HCCs are highly vascular
tumors with high levels of expression of vascular endothelial
growth factor (VEGF). (3) Raf/MAP kinase-ERK kinase
(MEK)/extracellular signal-regulated kinase (ERK) pathway
is implicated in HCC tumorigenesis [50, 51]. Therefore,
small molecule tyrosine kinase inhibitors (TKIs) or monoclo-
nal antibodies (mAbs) to be the target-specific antigens have
been proposed and approved by the FDA for clinical use
(Table 1). Among them, only sorafenib is approved for treat-
ing HCCs. Sorafenib (Nexavar) is a multitargeted orally
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active TKI, inhibiting Raf kinase and the VEGFR intracellu-
lar kinase pathway [52].

4. Oncolytic Virotherapy for HCC Treatment

Oncolytic viruses (OVs) have been recently recognized as an
effective treatment for cancer in preclinical models and
promising clinical responses in human cancer patients [53].
OVs have a number of advantages over conventional antitu-
mor agent, because they have their own cancer specificity and
better safety margin. They selectively target and replicate in
cancer cells, as a host cell; thus, OVs survive by lysing cancer
cells [54]. OV-mediated oncolysis not only leads to tumor
regression but also provides important immune responses.
Key signals provided by oncolysis to dendritic cells (DCs)
and other antigen-presenting cells (APCs) can then initiate
additional potent antitumor immune response [55]. In addi-
tion to its oncolytic characteristics, OV can be engineered to
express some functional genes. For instance, granulocyte
macrophage colony-stimulating factor (GM-CSF) expression
in OVs increase tumor cell lysis. GM-CSF is an immune
modulator, acts as a paracrine manner on various cells, and
recruits circulating neutrophils, monocytes, and lymphocytes
to enhance their functions in host defense [56]. As for HCC

treatment in clinical trials, adenovirus and vaccinia virus
(VV) are mostly used [57, 58].

5. Oncolytic Virus-Based Preclinical Studies

Most of the preclinical studies use adenoviruses and vesicular
stomatitis virus (VSV) as the vector, due to their natural abil-
ity to kill or target HCC cells. For instance, adenoviruses have
excellent tropism towards hepatocytes [59], in case of VSV,
which has intrinsic ability to infect cancer cells [60]. How-
ever, various studies have used other viruses like herpes sim-
plex virus (HSV), measles vaccine virus (MeV), newcastle
disease virus (NDV), vesicular stomatitis virus (VSV), and
vaccinia virus (VV) [61]. In order to target and enhance ther-
apeutic efficacy of viruses, various genes are engineered in
their genome. The anticancer and immunotherapeutic
efficacy of these viruses are evaluated in HCC cell lines and
animal models (Table 2).

5.1. Adenoviruses. Adenoviruses are nonenveloped viruses,
consist of double-stranded DNA (dsDNA) about 36 kb in
size. There are seven subgroups reported, based on cross-
reactivity patterns of neutralizing antibodies, from A to G.
These are further classified as serotypes. As of now, 57

Table 1: TKI and mAbs approved by FDA for use of cancer therapy.

Category Name Targets Uses

TKI

Dasatinib BCR-ABL, SRC family, c-KIT, PDGFR
Chronic myeloid leukemia (CML),

acute lymphocytic leukemia

Erlotinib EGFR
Non-small-cell lung cancer (NSCLC),

pancreatic cancer

Gefitinib EGFR NSCLC

Imatinib BCR-ABL, c-KIT, PDGFR
Acute lymphocytic leukemia, CML,

gastrointestinal stromal tumor

Lapatinib HER2/neu, EGFR Breast cancer

Sorafenib BRAF, VEGFR, EGFR, PDGFR
Renal cell carcinoma (RCC),

hepatocellular carcinoma (HCC)

Sunitinib VEGFR, PDGFR, c-KIT, FLT3 RCC, gastrointestinal stromal tumor

Temsirolimus mTOR, VEGF RCC

Pazopanib
VEGFR-1, VEGFR-2, VEGFR-3,

PDGF-α/β, and c-KIT
RCC

Nilotinib BCR-ABL CML

Crizotinib ALK, HGFR NSCLC

Vemurafenib BRAF Late-stage melanoma

mAb

Alemtuzumab CD52 Chronic lymphocytic leukemia

Bevacizumab VEGF Colorectal cancer, NSCLC, RCC

Cetuximab EFGR Colorectal cancer, head and neck cancer

Gemtuzumab ozogamicin CD33 Relapsed acute myeloid leukemia

Ibritumomab tiuxetan CD20
Non-Hodgkin’s lymphoma (NHL)
(with yttrium-90 or indium-111)

Panitumumab EGFR Colorectal cancer

Rituximab CD20 NHL

Tositumomab CD20 NHL (with iodine-131)

Trastuzumab HER2/neu Breast cancer with HER2/neu overexpression

Ipilimumab CTLA-4 Late-stage melanoma
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serotypes have been reported. The pathogenicity and tissue
tropism are similar within the subgroups [62]. Adenovirus
5 (Ad5) subtype has been extensively used in oncolytic vir-
otherapy as a vector [63]. Most of the preclinical studies
have used adenovirus as a vector to transfer a transgene.
Modifications in E1A and E1B genes of adenovirus have
made it as oncolytic vector against the cancer cells [64].
The E1A gene is responsible for inactivation of several pro-
teins, including retinoblastoma, allowing entry into S-phase
[65]. The E1B inactivates p53, thus preventing apoptosis. A
high resistance to tumor necrosis factor–related apoptosis–
inducing ligand (TRAIL) has been reported in the HCC cells
[66] whereas TRAIL is known to selectively induce apopto-
sis in malignant cells.

In order to overcome to this hurdle, adenovirus vector,
ZD55, was constructed with -Smac (second mitochondria-
derived activator of caspases)/TRAIL as ZD55-Smac/ZD55-
TRAIL. The combined antitumor effect of these vectors was
evaluated in mice xenograft models and cell lines. A signifi-
cant regression of tumor size was reported in contrast to par-
tial effect of single treatment of ZD55-Smac or ZD55-TRAIL.
Moreover, in vitro-based analysis showed activation of cas-
pases and significant reduction of X-linked inhibitor of apo-
ptosis protein (XIAP) expression [67]. Various transgenes
have been inserted in those regions for selective targeting of
HCC cells. A dual-regulated adenovirus variant CNHK500,
in which human telomerase reverse transcriptase (hTERT)
drove the Ad5 E1a gene and hypoxia-response promoter
controlled the E1b gene, was engineered. The efficacy of this
virus was checked in HCC cell lines and animal models in
terms of tumor targeting, which showed selective gene
expression, tumor regression, and prolonged survival period.
The results compared with those of CNHK300 confirmed
antitumor efficacy and selective replication of CNHK500 in
HCC models [68].

Another viral strain, a monoregulated adenovirus
CNHK300, was constructed with hTERT, and its antitumor
efficacy was evaluated in different cell lines. The detection
of hTERT expression and cytotoxicity, especially at low mul-
tiplicity of infection (MOI), confirmed the oncolytic activity
of CNHK300 [69]. ZD55-IFN-β was generated by homolo-
gous recombination of ZD55 vector with interferon-β
(IFN-β) containing vector. The antitumor efficacy and IFN-
β expression of ZD55-IFN-β were evaluated in HCC cell
lines and mice xenograft model. In contrast to Ad5-IFN-
β-treated model, 100% cytopathic effect was examined in
cell lines and more IFN-β expression were observed in
both ZD55-IFN-β received mice and cell lines. This study
confirmed the ability of adenovirus as a carrier of potential
anticancer genes [70].

SG7011let7T was constructed as adenovirus with micro-
RNA (miRNA), let-7. It was generated as introducing eight
copies of let-7 target sites (let7T) into the 39 untranslated
regions of E1A. A higher selective replication and cytotoxic-
ity were reported in HCC cell lines when compared to nor-
mal liver cell lines. These were also verified in animal
models [71]. Telomelysin, an adenovirus with hTERT inser-
tion, had selective replication in HCC cell lines. At a low
MOI, ranging 0.77–6.35 pfu, Telomelysin caused HCC cell

lysis, but not normal liver cells. These results were confirmed
in both in vitro in cell culture and in vivo using an immuno-
competent in situ orthotopic HCC model [72].

Adenoviruses armed with apoptosis-induced and
immune-stimulatory molecules, such as human TRAIL and
IL-12, were constructed as Ad-ΔB/TRAIL and Ad-ΔB/IL-
12, respectively. The combined antitumor effects of these vec-
tors were evaluated in Hep3B and HuH7 HCC cell lines. In
addition, in vivo efficacy was examined in transplanted
Hep3B-orthotopic model. A significant reduction in tumor
size of orthotopic model and increased HCC cell death in cell
culture were reported. Interestingly, this study documented a
remarkable suppression of VEGF with infiltration of natural
killer cells (NK cells) and antigen-presenting cells (APCs) at
tumor microenvironment (TME). Moreover, enhanced apo-
ptosis and upregulation of interferon-γ (IFN-γ) production
were also reported in this study [73]. In addition, a combina-
tion of doxorubicin with α-fetoprotein- (AFP-) E1A-IRES-
E1B bicistronic cassette derived from Ad5, CV890 showed a
synergic antitumor effect in vitro as well as in vivo [74].

5.2. Herpes Simplex Viruses. Herpes simplex viruses (HSV)
consist of dsDNA (154 kb) as genetic material. Cell receptors,
such as herpesvirus entry mediator (HVEM), nectin 1, and
nectin 2, are used for cell entry. Using HSV as an oncolytic
agent, only very few studies were conducted in HCC model.
In order to enhance HCC cell-specific tropism, liver-
cancer-specific oncolytic virus (LCSOV) was created. It was
constructed by linking the essential viral glycoprotein H gene
with the liver specific apolipoprotein E (apoE)-AAT pro-
moter. Then, miR-122a complimentary sequence was further
inserted to the 3′ untranslated region (3′UTR). In addition,
let-7 was also engineered into the same 3′UTR to increase
the safety of this virus. The highly selective replication and
tumor cell lysis were reported in xenograft as well as in cell
culture models [75]. HSV, G47Δ vector was tested for its
antitumor efficacy and cytotoxicity in various HCC cell lines.
More than 95% cell toxicity was documented in HepG2,
Hep3B, and SMMC-7721 cell lines on day 5 with MOI of
0.01. Intratumoral (IT) injection of G47Δ caused reduction
in tumor size and prolonged survival of mice [76].

5.3. Vaccinia Virus. VV possesses 190 kb dsDNA as genetic
material and widely used in oncolytic virotherapy because
of its widest tropism in both mice and human cells [77, 78].
The antitumor and immunotherapeutic efficacies of Wyeth
and Lister strains of VV have been demonstrated in preclin-
ical studies. JX-594 from Wyeth strain was constructed by
adding human granulocyte microphage colony-stimulating
factor (hGM-CSF) and deleting viral thymidine kinase
(vTK) (Figure 1). Intratumoral (IT)/intravenous (IV) admin-
istration of JX-594 in liver cancer models of rabbits and mice
showed its anticancer ability against tumors. In addition,
eradication of lungmetastases from liver tumors was reported
in rabbits [79]. The anticancer efficacy of JX-963 (a Western
Reserve strain encoding hGM-CSF) was evaluated in
HCC, in which rabbits were used as animal models. No
significant toxicity was reported in this study. Moreover, a
significant increased populations of neutrophils, monocytes,
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and basophils were found in peripheral blood. In addition,
hGM-CSF expression and cytotoxic T cell population were
observed at tumor site [80, 81]. The Lister strain, GLV 1h
68, was evaluated for colonization and replication efficiency
in HCC. In a xenograft model, a reduction in tumor size
and upregulated proinflammatory cytokines level were
observed. These results confirmed the antitumor efficacy of
GLV 1h 68 against HCC [82]. Interestingly, its efficacy was
not affected in sorafenib-resistant HCC cell lines. Antitumor
effect of GLV 1h 68 against sorafenib-resistant HCC cells was
also observed in vitro. The replication efficacy and infectivity
of virus showed similar results in sorafenib-resistant HCC
cells when compared to parental HCC cells [83]. GLV-
2b372 was generated by inserting TurboFP635 into TK locus
of LIVP 1.1.1 cassette for real time monitoring of viral infec-
tion. Infectivity, selective replication, biodistribution, and
antitumor efficacy were evaluated in various cell panels.
80% of cell death was seen in dose- and concentration-
dependent manner in cell lines. Significant viral presence
was detected at tumor sites. IT injection of viral strain
reduced tumor size in athymic nude mice as a flank xenograft
model [84].

5.4. Vesicular Stomatitis Virus. VSV consists of single strand
RNA (ssRNA) as a genetic material. Due to its intrinsic
infectivity against cancer cells, most of the earlier preclinical
studies used VSV for oncolytic virotherapy. VSV was
recombined with green fluorescence protein (GFP) to exam-
ine antitumor efficacy and toxicity in HCC cell panels. The
efficient selective replication and cytotoxicity were docu-
mented. IT injection of the virus in rat liver showed tumor
destruction and tumor growth inhibition, which leads to
prolonged survival of animals [85]. Hepatic arterial infusion
(HAI) of rVSV-β-gal into Buffalo rats bearing orthotopically
implanted multifocal HCC showed efficient viral transduc-
tion, tumor-selective viral replication, and extensive oncoly-
sis. There were no significant vector-associated toxicities
and damage to the hepatic parenchyma reported, whereas

prolonged survival was reported in vector-treated group
[86]. Recombinant VSV was generated by insertion of a tran-
scription unit expressing a control or fusion protein derived
fromNDV. Extensive syncytia formation and enhanced cyto-
toxic effects were observed in both in vivo and in vitromodels.
Interestingly, no toxicities were found in liver and parenchy-
mal tissues [87]. Antiviral actions of alpha/beta interferon
(IFN-α/β) was checked in rVSV-NDV/F- (L289A-) treated
HCC cell lines and rat models. Potential replication efficacy
and no toxicity were documented as major outcomes. This
study reported an increased index of oncolytic VSV virother-
apy in interferon-treated advanced HCC models [88]. In
order to improve the oncolytic potency of VSV, VSV
(MΔ51) was modified as rVSV (MΔ51)-M3, vector express-
ing M3, a chemokine-binding protein with broad-spectrum
and high affinity from murine gammaherpesvirus-68. This
vector was used to treat rats bearing multifocal lesions of
HCC. Treatment resulted in a significant reduction of neu-
trophil and natural killer cell accumulation in the lesions, a
2-log elevation of intratumoral viral titer with enhanced
necrosis. There were no apparent systemic and organ toxic-
ities reported in the treated animals [69].

5.5. Other Oncolytic Viruses. The effect of the combination of
an oncolytic MeV with the novel oral HDACi resminostat
(Res) was checked in HCC cell panels. The combination
effect showed a boosted cytotoxic effect as an enhanced
induction of apoptosis with improved rate of primary infec-
tions [89]. In order to enhance therapeutic efficacy, a novel
NDV vector harboring an L289A mutation within the F
(fusion protein) gene was generated; membrane fusion and
cytotoxicity were examined in HCC cell lines and orthotopic
liver tumors. Tumor-specific syncytia formation and necrosis
without toxicity to neighboring parenchyma were observed.
Furthermore, when compared with control NDV, the
improved oncolysis conferred by the L289A mutation was
translated to significantly prolonged survival of rNDV/F-
(L289A-) treated mice [90].

Synthetic early/late promoter p 7.5 early/late promoter

8.2 kb1.6 kb

4.7 kb

5.1 kb
TK

TKL GM‒CSF �훽‒Galactosidase TKR

Figure 1: JX-594 was generated as insertion of human GM-CSF and β-galactosidase at in between early/late promoter of TK gene. GM-CSF is
an immune-stimulatory cytokine, which induces immune response against tumor cells.
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6. Oncolytic Virus and Immunotherapy-Based
Clinical Trials for HCC

Despite a number of OVs were tried in the preclinical studies,
only a few among them have entered into the clinical studies
(Table 3). The reasons are different ranging from biodistribu-
tion to toxicity. Adenovirus-based trials showed failure in
reduced disease progression, but good tolerability of dI1520
vector [91]. Most of the studies used vaccinia such as JX-
594 from Wyeth strain for the treatment of HCC patients
due to its remarkable outcomes in preclinical and clinical tri-
als [77, 78, 81, 92]. The phase I studies have confirmed the

anticancer efficacy and immunotherapeutic effect of JX-594
in HCC. The safety and maximum tolerated dose (MTD)
were evaluated in liver cancer patients. IT administration in
metastatic primary liver tumors showed a significant regres-
sion in tumor size. The replication of JX-594 and GM-CSF
expression were also confirmed in this study. As the adverse
events, grade I–III flu-like symptoms grade, dose-related
thrombocytopenia, and grade III hyperbilirubinaemia were
experienced by patients when received 1× 109 pfu [93]. In
order to demonstrate antivascular and immunostimulatory
properties of JX-594, IT administration in three hepatitis
B virus- (HBV-) infected HCC patients was done. This

Table 3: Clinical trial outcomes in HCC patients.

Virus strain Modification Phase Dose (pfu) Route Outcomes Reference

Adenovirus,
dl1520

E1B deletion I 3× 1011 IV
Tolerability was shown in patients but
failed to reduce the disease progression

[91]

Vaccinia virus,
JX-594

Deletion of TK and VGF,
insertion of human GM-CSF

I
108, 3× 108,
109, or 3× 109 IT

Well toleration, 1× 109 pfu, was
maximum-tolerated dose (MTD) and

hyperbilirubinemia noted as the
dose-limiting toxicity

[93]

Vaccinia virus,
JX-594

Deletion of TK and VGF,
insertion of human GM-CSF

I 3× 106 IT
Induction of antivascular cytokines
and suppressed HBV replication

in the patients
[93]

Vaccinia virus,
JX-594

Deletion of TK and VGF,
insertion of human GM-CSF

I 108 or 109 IT
Safety and efficacy of JX-594 followed

by sorafenib: well toleration and
tumor perfusion

[92]

Vaccinia virus,
JX-594

Deletion of TK and VGF,
insertion of human GM-CSF

II 108 or 109
Intravascular

fusion

Subject survival duration was
significantly related to high dose

of JX-594
[81]
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Figure 2: Future prospective for HCC treatment: combination therapy of oncolytic virus with immune checkpoint inhibitor (ICI) blockades.
Oncolytic virus enters into cancer cells and replicates in cytosol. It causes oncolysis and activation of neoantigens, which was released from
lysed cancer cells. This phenomenon activates immunemechanism against surrounding cancer cells. ICI blockades inhibits action of CTLA-4,
PD-L1, and PD-L2 in the liver cells.
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study showed some interesting outcomes, along with the
induction of antivascular cytokines and distant tumor tar-
geting, with it suppressed HBV infection [93].

A sequential therapy of JX-594, followed by sorafenib, a
multikinase inhibitor and antagonist to vascular endothelial
growth factor receptor (VEGFR) in three HCC patients,
showedwell-tolerance, associatedwith significantly decreased
tumor perfusion and tumor responses (Choi criteria; up to
100% necrosis) [92]. In addition, phase II randomized dose-
finding clinical trials showed that survival duration of patients
was significantly related to viral dose. The results were con-
firmed by objective intrahepaticmodified response evaluation
criteria in solid tumors (mRECIST) (15%) and Choi (62%)
response rates. Furthermore, intrahepatic disease control
(50%) were equivalent in injected site and distant noninjected
tumor sites at both doses. Infusion of low- or high-dose JX-
594 into liver tumors (days 1, 15, and 29) were used in this
study [81].

7. Summary and Future Perspectives

Due to limitations in conventional therapies for HCC, new
treatment approaches have been established using modern
molecular techniques. Oncolytic virotherapy is using onco-
lytic viruses which selectively infect and kill cancer cells.
In order to enhance immunity against cancer cells, genes
elevating onco-immunity have been engineered within
oncolytic virus. Past and ongoing clinical trials have investi-
gated anticancer efficacy and toxicities of oncolytic viruses,
particularly JX-594 (GM-CSF encoding VV) for HCC treat-
ment. GM-CSF as an immune-stimulatory cytokine boosts
host immune activity through the infiltration of dendritic
cells (DCs) and CD4+ and CD8+ T cells at tumor sites.
Despite these outcomes have shown favorable results for
prognosis of HCC treatment, as an immunotherapeutic
approach, more advanced methods, that is, combination
therapy with immune checkpoint inhibitors (ICIs) such
as monoclonal antibodies (mAbs) against cytotoxic T-
lymphocyte-associated antigen 4 (CTLA-4), programmed
death-ligand 1 (PD-L1), and/or programmed cell death pro-
tein 1(PD-1), would be taken into the account (Figure 2).
This is because of “tolerogenic” nature of the liver; it
expresses more immune checkpoints associated molecules.
At present, antitumor efficacy of immune checkpoint inhibi-
tors (ICIs) drugs like Nivolumab and Ipilimumab are being
evaluated in various clinical trials. Completed trial results
showed positive outcomes in HCC treatment [94]. Therefore,
combination therapy approaches as oncolytic virotherapy
with immune checkpoint blockades may accelerate treat-
ment. Moreover, genetically engineered oncolytic virus with
mAbs can be generated for advancement treatment in HCC
models. Development of biomarker to monitor the treatment
outcomes and toxicities would be very helpful in the transla-
tional medicinal research.
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