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Chronic diseases and conditions, such as kidney and liver
failure, cancers, and diabetes, are the leading causes of mor-
bidity and mortality, and, according to the data published by
the World Health Organization [1], these diseases caused 38
million deaths in 2009 alone, more than 62% of all deaths
around the world. However, the pathogenesis of these dis-
eases is not fully understood yet. In more recent years, evi-
dence indicates the link of a form of low-degree systemic
and chronic inflammation to many types of chronic diseases
including cancer [2–6], suggesting the inflammation as a
common risk factor for these diseases.

What is inflammation? The word inflammation comes
from the Latin “inflammo,” meaning “blaze, burn,” and is
defined in biology as “the body’s immune system’s response
to stimulus” by the US National Library of Medicine. The
inflammation is commonly ignited by the pathogen (bacteria,
viruses, or fungi) infection, tissue injuries and remodeling,
or nonphysiological cell death, and is typically viewed as a
self-protective response and is important for wound healing.
However, in most cases, prolonged or chronic inflammation
leads to the pathological changes in body tissues or organs, an
inflammatory disease. To understand how the inflammation
contributes to the chronic diseases including cancer, we have
collected eight clinical observation and experimental studies
in this special issue focusing on the mediators of inflamma-
tion in chronic diseases and cancer. Using systemic review
and meta-analysis, W. Wang et al. have shown an association

of gout with an increased risk of cancer, particularly urolog-
ical cancers, digestive system cancers, and lung cancer. Sim-
ilarly, there is a positive correlation of serum uric acid levels
with total cancer incidence, but it is only found in males not
in females (S. Yan et al.). Gout is an inflammatory response to
the accumulated urate crystals in the joint thatmay be formed
due to the high levels of uric acid in the blood, in which
uric acid crystals have been identified as an endogenous
stimulus for activation of the immune responses, particularly
interleukin-1𝛽-mediated inflammation via activation of the
NOD-like receptor protein 3 (NLRP3) inflammasome [7].
How this inflammatory response is related to tumor devel-
opment andwhy this association is gender-dependent are not
known.The association of a panel of inflammationmediators,
such as interleukin-8 and tumor necrosis factor- (TNF-) 𝛼,
with chronic diseases (liver disease and gastritis) anddifferent
types of cancer (liver and gastric cancer and melanoma) has
been documented in this issue (T. Liu et al.; A. Essadik et al.;
C.-D. Ene et al.). Whether upregulation of these mediators is
part of pathogenesis of these diseases or is just an associated
risk factor requires further investigation. Interestingly, T. Liu
et al. summarize that c-Myc, a protooncogene, may play
a central role in the development of liver inflammation as
well as liver cancer. Is mutation of c-Myc required for the
stimulation of inflammation in the liver? A similar question
is for the study by A. Essadik et al.; whether the mutation
at TNF-𝛼−238 (G/A) allele found in patients with gastric
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pathologies promotes the transcription of TNF-𝛼 or that at
TNF-𝛼−193 (G/A) downregulates its expressionneeds further
investigation. Finally, we do needwell-designed experimental
studies to answer our question, the role of inflammation in
chronic diseases, carefully. G. C.W. Chan et al. present a good
example for that by showing different effects from others in
literature of N-acetyl-seryl-aspartyl-lysyl-proline (Ac-SDKP)
or Captopril treatment on the attenuation of interstitial injury
or macrophage in a mouse model of chronic kidney disease.
In summary, chronic diseases including cancer somehow
affect everyone’s life, and we do not know the exact cause of
these diseases and how to effectively treat or prevent them as
of today. Numerous studies including the papers published
in this issue clearly show the association of inflammation
with the development of chronic diseases, but we have more
questions about the role of inflammation in the pathogenesis
of these diseases than the answers we have to that as of today.

Caigan Du
Madhav Bhatia

Sydney C. W. Tang
Mingzhi Zhang

Theodore Steiner
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Objectives. The prognostic value of inflammatory index in esophageal cancer (EC) was not established. In the present study, we
initially used a nomogram to predict prognostic value of red cell distribution width (RDW) in patients with esophageal squamous
cell carcinoma (ESCC).Methods. A total of 277 ESCC patients were included in this retrospective study. Kaplan-Meier method was
used to calculate the cancer-specific survival (CSS). A nomogram was established to predict the prognosis for CSS. Results. The
mean value of RDW was 14.5 ± 2.3%. The patients were then divided into two groups: RDW ≥ 14.5% and RDW < 14.5%. Patients
with RDW < 14.5% had a significantly better 5-year CSS than patients with RDW ≥ 14.5% (43.9% versus 23.3%, P < 0.001). RDW
was an independent prognostic factor in patients with ESCC (P = 0.036). A nomogram could be more accurate for CSS. Harrell’s
c-index for CSS predictionwas 0.68.Conclusion. RDWwas a potential prognostic biomarker in patients with ESCC.The nomogram
based on CSS could be used as an accurately prognostic prediction for patients with ESCC.

1. Introduction

Esophageal cancer (EC) is the 8th most common cancer and
the 4th leading cause of cancer death worldwide [1]. The
incidences vary widely in different countries and regions [2].
In China, the most common pathological type is squamous
cell carcinoma (SCC), in contrast to the predominance of
adenocarcinoma (AC) in the West [3, 4]. Therefore, a study
that takes into account the predominance of esophageal
squamous cell carcinoma (ESCC) in China is more and more
important.

It is widely accepted that systemic inflammatory response
(SIR) plays an important role in cancer progression [5, 6].
Red cell distributionwidth (RDW) is awidely used laboratory
parameter for inflammatory disease [7]. Recent studies
revealed that RDW is associated with prognosis in several
cancers, such as lung cancer [8] and prostate cancer [9]. How-
ever, to our knowledge, no studies regarding the prognostic
value of RDW in EC are available.

Therefore, the aim of the current study was to inves-
tigate the prognostic role of RDW in patients with ESCC.

In addition, we attempt to establish a predictive nomogram
to predict the survival prediction in patients with ESCC.

2. Patients and Methods

From July 2006 to December 2008, a retrospective analysis
was conducted for patients with ESCC who underwent
radical esophagectomy.The inclusion criteria were as follows:
(1) ESCC confirmed by histopathology and classified by the
7th edition of TNMclassification [10]; (2) curative esophagec-
tomy (Ivor Lewis procedure or McKeown procedure) with
standard lymphadenectomy (two-field or three-field lym-
phadenectomy) [11, 12]; (3) limited disease without distant
metastasis; (4) without preoperative neoadjuvant therapy;
(5) without previous anti-inflammatory medicines; and (6)
preoperative laboratory results obtained before esophagec-
tomy. At last, 277 patients were enrolled in the current study.
Ethical approval was obtained from the Ethical Committees
of Zhejiang Cancer Hospital (Hangzhou, China).
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Table 1: Comparison of baseline clinical characteristics based on RDW.

Cases (𝑛) RDW (%)
𝑃 value RDW (%)

𝑃 value
(mean ± SD) <14.5 (𝑛) ≥14.5 (𝑛)

Age (years) 0.759 0.931
≤60 158 14.5 ± 2.3 107 51
>60 119 14.4 ± 2.3 80 39

Gender 0.979 0.993
Female 37 14.5 ± 2.4 25 12
Male 240 14.5 ± 2.3 162 78

Tumor length (cm) <0.001 0.003
≤3.0 78 13.6 ± 1.7 63 15
>3.0 199 14.8 ± 2.4 124 75

Tumor location 0.901 0.906
Upper/middle 143 14.5 ± 2.3 97 46
Lower 134 14.5 ± 2.3 90 44

Vessel invasion 0.732 0.895
Negative 232 14.5 ± 2.3 157 75
Positive 45 14.4 ± 2.3 30 15

Differentiation 0.401 0.493
Well/moderate 222 14.4 ± 2.2 152 70
Poor 55 14.7 ± 2.6 35 20

T stage <0.001 <0.001
T1-2 97 13.6 ± 2.1 79 18
T3-4 180 14.9 ± 2.3 108 72

N stage 0.056 0.012
N0 150 14.2 ± 2.2 111 39
N1–3 127 14.8 ± 2.3 76 51

Patients were followed up with a clinical examination in
our outpatient department every 3 to 6 months for the first
2 years after surgery and then annually. A cancer-specific
survival (CSS) analysis was ascertained in the current study.
The CSS was defined as the time from surgery to cancer-
related death. The median follow-up was 42.6 months.

2.1. Statistical Analysis. Statistical analysis was conducted
with SPSS 17.0 (SPSS Inc., Chicago, IL, USA) and R 3.1.2
software (Institute for Statistics and Mathematics, Vienna,
Austria). Independent t-tests and chi-squared tests were
used to compare clinical characteristics and RDW. The CSS
was calculated by the Kaplan-Meier method. Univariate and
multivariable analyses were used to examine the prognostic
factors. A receiver operating characteristic (ROC) curve was
plotted to verify the accuracy of RDW for CSS prediction.
The area under curve (AUC) was used as an estimation of
diagnostic accuracy. A nomogram for possible prognostic
factors (including age and sex) associated with CSS was
established by R software, and the predictive accuracy was
evaluated by Harrell’s concordance index (c-index) [13, 14].

A 𝑃 value less than 0.05 was considered to be statistically
significant.

3. Results

Among the 277 patients, 37 (13.4%) were women and 240
(86.6%) were men. The histogram of RDW is shown in
Figure 1. The mean value of RDW was 14.5 ± 2.3%. The
upper normal range for RDW was 14.5%. Then patients were
divided into two groups: RDW ≥14.5% and RDW <14.5%.
Clinicopathologic characters between the high and low
groups for RDW were shown in Table 1.

Patients with RDW <14.5% had a significantly better 5-
year CSS than patients with RDW ≥14.5% (43.9% versus
23.3%, 𝑃 < 0.001) (Figure 2). Then clinicopathological char-
acters for CSS prediction were investigated by univariate
and multivariate analyses. Our study demonstrated that
RDW was an independent prognostic factor in patients with
ESCC. RDW ≥14.5% had a hazard ratio (HR) of 1.396 (95%
confidence interval (CI): 1.022–1.908, 𝑃 = 0.036) for CSS
(Table 2).
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Figure 1: The histogram of the RDW.
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Figure 2: Kaplan-Meier CSS curves stratified by RDW. Patients with
RDW<14.5%had a significantly better 5-year CSS than patients with
RDW ≥14.5% (43.9% versus 23.3%, 𝑃 < 0.001).

An ROC curve was also plotted to verify the accuracy of
RDW for CSS prediction in the current study.The area under
the curve (AUC) was 0.684 (95% CI: 0.616–0.752, 𝑃 < 0.001).
It demonstrated that RDW (cut-off point: 14.5%) predicts
survival (CSS) with a sensitivity of 44.3% and a specificity of
77.7% (Figure 3).
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Figure 3: ROC curve for CSS prediction. A ROC curve plots the
sensitivity on the 𝑦-axis against one minus the specificity on the
𝑥-axis. The area under curve (AUC) was used as an estimation
of diagnostic accuracy. The AUC was 0.684 (95% CI: 0.616–0.752,
𝑃 < 0.001). It demonstrated that RDW (cut-off point: 14.5%)
predicts survival with a sensitivity of 44.3% and a specificity of 77.7%.
Diagonal segments are produced by ties.

To predict the survival risk (CSS) for patients with ESCC,
a novel model (nomogram) was established by prognostic
factors combined with age and sex (Figure 4). It can predict
the probability of death for patients with ESCC. Harrell’s c-
index for CSS prediction was 0.68.

4. Discussion

To the best of our knowledge, this is the first study to deter-
mine the prognostic value of RDW in predicting prognosis
for patients with ESCC. We concluded two major findings:
(1) RDW was associated with cancer stage; (2) RDW was
associated with cancer prognosis. In addition, our study was
also the first attempt to establish a predictive nomogram to
improve predictive accuracy based on RDW.

RDW is a parameter in complete blood cell count. It has
been reported as an inflammatory biomarker [7, 15]. The
mechanism between inflammation and RDW has not been
elucidated, but high levels of RDW are thought to be pro-
voked by chronic inflammation and poor nutritional status
[16, 17]. Recent studies demonstrated that RDW is associated
with prognosis in several cancers, such as lung cancer [8]
and prostate cancer [9]. Therefore, in the current study, we
investigated the prognostic role of RDW in patients with
ESCC. We concluded that patients with RDW <14.5% had
a significantly better 5-year CSS than patients with RDW
≥14.5% (43.9% versus 23.3%, 𝑃 < 0.001). Because the values
of RDWwere positively associated with cancer stage (T stage
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Table 2: Univariate and multivariate analyses of CSS in ESCC patients.

CSS % 𝑃 value Univariate analysis
HR (95% CI) 𝑃 value Multivariate analysis

HR (95% CI) 𝑃 value

Age (years) 0.579 0.583 — —
≤60 38.0 1.000
>60 36.1 1.088 (0.806–1.468)

Gender 0.182 0.189 — —
Female 51.4 1.000
Male 35.0 1.387 (0.851–2.260)

Tumor length (cm) <0.001 0.001 0.385
≤3.0 53.8 1.000 1.000
>3.0 30.7 1.918 (1.328–2.769) 1.198 (0.797–1.799)

Tumor location 0.331 0.337 — —
Upper/middle 41.3 1.000
Lower 32.8 1.157 (0.859–1.558)

Vessel invasion 0.003 0.003 0.547
Negative 40.5 1.000 1.000
Positive 20.0 1.738 (1.203–2.511) 1.125 (0.767–1.652)

Differentiation 0.029 0.033 0.061
Well/moderate 39.2 1.000 1.000
Poor 29.1 1.476 (1.033–2.109) 1.418 (0.984–2.043)

T stage <0.001 <0.001 0.011
T1-2 57.7 1.000 1.000
T3-4 26.1 2.371 (1.668–3.369) 1.683 (1.129–2.508)

N stage <0.001 <0.001 <0.001
N0 54.7 1.000 1.000
N1–3 16.5 2.846 (2.089–3.877) 2.279 (1.640–3.165)

Adjuvant therapy 0.121 0.126 — —
No 40.3 1.000
Yes 30.2 1.277 (0.934–1.746)

RDW (%) <0.001 <0.001 0.036
<14.5 43.9 1.000 1.000
≥14.5 23.3 1.719 (1.268–2.331) 1.396 (1.022–1.908)

and N stage) in our study, it is not surprising that patients
with higher RDW values had worse survival.

In the present study, we attempt to establish a predictive
nomogram to predict the survival prediction based on RDW
and other prognostic factors.We believe that ourmodel could
be a simple and easy tool for both the doctors and patients for
estimating the survival in the absence of treatment in patients
with ESCC. Thus, for example, a female (9 points) patient
aged 60 years (38 points) with T2 (33 points), N1 (31 points),
and RDW ≥14.5% (33 points) would score 144 total points
which converts to a risk probability for death of 57%. Thus,
we believe that nomogram based on CSS could be used as an
accurately prognostic prediction for patients with ESCC.

Recent studies reported that SIR plays an important role
in cancer progression [5, 6]. However, the prognostic value
of inflammatory index in EC was not established. Thus,
more andmore inflammatory indexes were confirmed. In our

previous study, we showed that lymphopenia is an indepen-
dent predictive factor in patients with ESCC [18]. However,
we also demonstrated in limitations that diabetes mellitus,
renal and/or hepatic failure, and other inflammatory diseases
may potentially affect the lymphocytes. In the current study,
therefore, we attempted to investigate the new inflammatory
index (RDW) in patients with ESCC. In addition, we created
a nomogram based on the RDW and other associated risk
factors. This can be an edge over using lymphocyte count
model. We believe that our model could be a simple and
easy tool for both the doctors and patients for estimating the
survival in the absence of treatment in patients with ESCC.
Based on the findings, we recommend that RDW, a very
common, easy, and simple marker, should be considered as
a potential prognostic biomarker in patients with ESCC.

Several limitations should be acknowledged in the cur-
rent study. First, the current study was a retrospective study
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Figure 4: A nomogram predicts survival prediction based on RDW
and other prognostic factors in patients with ESCC.The nomogram
is used by totalling the points identified at the top of the scale for
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Harrell’s c-index for CSS prediction was 0.68. For example, a female
(9 points) patient aged 60 years (38 points) with T2 (33 points),
N1 (31 points), and RDW ≥14.5% (33 points) would score 144 total
points which converts to a risk probability for death of 57%.

with a small sample. Second, the c-index showed that the
model has a good accuracy but it is not perfect. Thus, there
is still room for improvement of the predictive ability of the
nomogram.The data in the current study was overlapped but
from a different perspective. In our previous study, we men-
tioned the limitation that lymphopenia itself alone without
other variables may not associate with the cancer prognosis.
Thus, aim of current study was to investigate prognostic role
of RDW.We concluded that RDWpredicts survival similar to
lymphocyte count and should be considered as an alternative
to lymphocyte count. However, further studies are needed to
illuminate the relationship between RDW and prognosis in
patients with ESCC.

In summary, based on the findings of the current study,
we concluded that RDW is a potential prognostic biomarkers
in patients with ESCC.Thenomogrambased onCSS could be
used as an accurately prognostic prediction for patients with
ESCC.
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Most chronic liver diseases (CLDs) are characterized by inflammatory processes with aberrant expressions of various pro- and
anti-inflammatory mediators in the liver. These mediators are the driving force of many inflammatory liver disorders, which often
result in fibrosis, cirrhosis, and liver tumorigenesis. c-Myc is involved in many cellular events such as cell growth, proliferation,
and differentiation. c-Myc upregulates IL-8, IL-10, TNF-𝛼, and TGF-𝛽, while IL-1, IL-2, IL-4, TNF-𝛼, and TGF-𝛽 promote c-Myc
expression. Their interactions play a central role in fibrosis, cirrhosis, and liver cancer. Molecular interference of their interactions
offers possible therapeutic potential for CLDs. In this review, current knowledge of the molecular interactions between c-Myc and
various well known inflammatory mediators is discussed.

1. Introduction

Chronic liver diseases (CLDs) are an important cause of
morbidity and mortality worldwide. Moreover, the burden of
CLDs is projected to increase. Inflammatory cytokines are
a group of important regulatory mediators involved in the
development of CLDs. The development and progression of
CLDs are associated with hepatitis B, hepatitis C, alcoholic
liver disease, drug-induced liver disease, autoimmune liver
disease, hepatocellular carcinoma (HCC), and cholangiocar-
cinoma (CCA).

c-Myc can be heterodimerized with Max to transactivate
its target genes through binding the consensus sequence
E box within the promoter region [1–3]. c-Myc has been
implicated in regulating awide variety of biological processes,
including division, apoptosis, cellular growth, and angiogen-
esis [4, 5].Wewill summarize the interaction of inflammatory
mediators with c-Myc in CLDs. Although NF-𝜅B and AP-
1 are not inflammatory mediators, they play key roles in
the interaction of c-Myc and inflammatory mediators. We

will also discuss their links with inflammatory mediators
and c-Myc. Furthermore, we will discuss the relevance of
inflammatory mediators and c-Myc for liver diseases and for
the development of anti-CLD strategies.

2. Inflammatory Mediators

2.1. IL-1. IL-1 is an important upstream proinflammatory
cytokine that affects immunity and hematopoiesis by induc-
ing cytokine cascades. IL-1 mediates inflammation mainly by
inducing a local cytokine network, enhancing inflammatory
cell infiltration, and augmenting adhesion molecule expres-
sion on endothelial cells (ECs) and leukocytes [6].

IL-1𝛽, one of the major agonists of IL-1, is only active
in its processed, secreted form and mediates inflammation,
promoting invasiveness, immunosuppression, and tumori-
genesis [7]. IL-1𝛽 is a potent inflammatory cytokine mainly
produced by macrophages. Toll-like receptors (TLRs) play a
critical role in innate immune responses. IL-1𝛽 production
requires stimulation by TLR ligands as well as a second signal
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2 Mediators of Inflammation

Table 1

Liver diseases Inflammatory mediator expressions References

Chronic hepatitis B and
hepatitis C

Up IL-1a, IL-4, IL-6, IL-8, IL-10, c-Jun, IFN-𝛾, TGF-𝛽, and TNF-𝛼 [120–124]
Down IL-2

Cholangiocarcinoma Up IL-6, TGF-𝛽, and TNF-𝛼 [41, 125]

Alcoholic hepatitis
Up IL-1, IL-4, IL-6, IL-8, TGF-𝛽, and TNF-𝛼 [126, 127]

Down IL-10

Hepatocellular carcinoma Up IL-6, IL-8, IL-10, c-fox, c-Jun, NF-𝜅B, TGF-𝛽, and TNF-𝛼 [122, 128–131]

Primary biliary cirrhosis
Up IL-1, IL-2, IL-6, IL-8, IL-10, c-fox, c-Jun, IFN-𝛾, NF-𝜅B, TGF-𝛽, and TNF-𝛼 [122, 129, 130, 132–135]

Down IL-10

Infantile cholestatic hepatitis
syndrome

Up IL-6, TNF-𝛼 [136]

Injury of liver Up IL-1𝛽, IL-6, IL-8, and TNF-𝛼 [45, 137]

such as muramyl dipeptide- (MDP-) mediated stimulation
of NOD-like receptors (NLR) or P2X7 receptors [8]. IL-1𝛽
is involved in nonalcoholic fatty liver disease and alcoholic
steatohepatitis [9–12].

Hepatic stellate cells (HSCs) are key players in fibro-
genesis in chronic liver diseases. In HSCs, IL-1𝛽 mediates
the upregulation of fibrogenic tissue inhibitor of metallo-
proteinase-1 (TIMP-1) and the downregulation of bone mor-
phogenetic protein and activin membrane-bound inhibitor
(BAMBI) [1]. Moreover, IL-1𝛽 promotes the survival of
activated HSCs in mice [13]. Overexpression of IL-1𝛽 triggers
spontaneous liver injury and fibrosis [14].

Several oncogenes, including Myc and Ras, both medi-
ate neoplastic transformation and activate inflammatory
cytokines that establish the proinvasive tumormicroenviron-
ment [15].Myc activation in pancreatic𝛽 cells rapidly induces
the expression and release of the proinflammatory cytokine
IL-1𝛽. IL-1𝛽 inhibition significantly inhibits and delays Myc
activation of islet angiogenesis, confirming the key role of
IL-1𝛽. IL-1𝛽 is the principal Myc effector responsible for
triggering rapid onset of islet angiogenesis [16]. IL-1𝛽 directly
affects the survival and proliferation of endothelial cells
and promotes the induction of other proangiogenic factors
such as matrix metalloproteinases (MMPs), TGF-𝛽, TNF-𝛼,
angiopoietin-1, IL-6, and vascular endothelial growth factor
(VEGF) A [17, 18]. Myc plays an important role in the PI3K-
mediated VEGF regulation in neuroblastoma (NB) cells [19].
c-Myc is essential for vasculogenesis and angiogenesis during
development and tumor progression. This effect is partially
associated with a requirement for c-Myc in VEGF expression.
However, c-Myc is also required for the proper expression
of other angiogenic factors, including angiopoietin-1 [20]. In
a transgenic model of Myc-dependent carcinogenesis such
as pancreatic 𝛽 cells, IL-1𝛽 is both necessary and sufficient
to mediate Myc-induced release of VEGF and onset of islet
neoangiogenesis.

IL-1 expression increases in alcoholic hepatitis and cir-
rhosis. IL-1a expression is increased in chronic hepatitis B
and hepatitis C, while IL-1𝛽 expression rises in alcoholic

liver injury (Tables 1 and 2). IL-1𝛽 and IL-1 increase c-
Myc expression while IL-1 increases IL-1𝛽mRNA expression
(Figure 1(A)).

2.2. IL-2. IL-2 is a pleiotropic cytokine secreted by lympho-
cytes that stimulates the proliferation of mucosal lympho-
cytes, natural killer cells, and macrophages [21]. It can also
promote B cell antibody production and proliferation [22]
and is essential for activation-induced cell death, important
in homeostasis and eliminating potentially harmful autore-
active cells [23].

Many studies confirm that IL-2 receptors are expressed
in the surface of many tumor cells, a feature that when
combined with IL-2 could inhibit tumor cell growth [24,
25]. The spleen tyrosine kinase and protein tyrosine kinase
(SykPTK) is physically associated with IL-2R in peripheral
blood lymphocytes [26]. Therefore, SykPTK may be an
integral signaling molecule engaged by the IL-2R. It has been
identified that SykPTKplays a role inmediating IL-2-induced
expression of c-Myc and subsequent cellular proliferation.
There are two IL-2 receptor-dependent signaling pathways;
one is the c-Fos/c-Jun induction pathway mediated by src
family protein tyrosine kinases while the other is the c-Myc
induction pathway [27]. Genistein decreases expression of rat
c-Myc mRNA, which is increased by IL-2 [28]. The IL-2/IL-
2R interaction causes c-Myc overexpression and cytochrome
P450 (CYP) downregulation in cultured rat hepatocytes [29,
30].

IL-2 increase is associatedwith hepatic fibrosis in humans
[31]. IL-2 directly increased c-Myc mRNA expression in
rat hepatocytes and indirectly promoted c-Myc expression
through activation of c-Jun in T cells from chronically
infected HIV+ patients. c-Jun expression increased when
bound to the AP-1 response element of a mouse c-Myc pro-
moter. Even though IL-2 expression decreases in patientswith
chronic HBV and HCV infection, its expression increases in
those with cirrhosis (Tables 1 and 2). IL-2 promotes c-Myc
expression and a positive interaction between IL-2RA and IL-
2 (Figure 1(B)).
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Table 2

Genes Functions Expression in chronic liver diseases References

IL-1 It activates T and B cells and monocytes Up [123, 132, 135, 138]

IL-2 It is necessary for the growth, proliferation, and differentiation of
thymic-derived lymphocytes (T cells)

Up, down [133]

IL-4 It induces secretion of Ig by B cells, pleiotropic effect on T cells Up [123]

IL-6 It is an important mediator of fever and of the acute phase response and
stimulates thymocyte proliferation and fibroblast growth factor activity

Up [137, 139]

IL-8
It acts as neutrophil chemotactic factor and can induce chemotaxis in
target cells, primarily neutrophils, and also other granulocytes, causing
them to migrate toward the site of infection

Up [120, 128, 134]

IL-10 It stimulates proliferation of B cells, thymocytes, and mast cells,
stimulates IgA production by B cells, and also enhances B cell survival

Up, down [123, 124, 138]

Jun It is intronless and is mapped to 1p32-p31, a chromosomal region
involved in both translocations and deletions in human malignancies

Up [124]

NF-𝜅B Upon activation of either T or B cell receptor, it upregulates genes
involved in T cell development, maturation, and proliferation

Up [130]

TGF-𝛽 It suppresses T cell growth and differentiation Up, down [121, 139]

TNF-𝛼
It is an adipokine involved in systemic inflammation, is a member of a
group of cytokines that stimulate the acute phase reaction, and is a
mediator of immune functions in the regulation of immune cells

Up, down [140]

TGF-𝛽
NF-𝜅B

TGF-𝛽1 TGF-𝛽3

AP-1

NF-𝜅B

AP-1IL-10

NF-𝜅B

IL-8

IL-1𝛽

IL-1

Myc

Jun

IL-2

IL-1RA

AP-1
NF-𝜅B

IL-6

IL-4

p53

(A) Interaction of Myc,

(B) Interaction between IL-2,
IL-2RA, Jun, and Myc

(C) Interaction between IL-4,

(D) Interaction between IL-6,(E) Interaction between IL-8,
NF-𝜅B, and c-Myc

(F) Interaction between IL-10,

(G) Interaction between TNF-𝛼,

(H) Interaction between TGF-𝛽,TNF-𝛼

NF-𝜅B

NF-𝜅B

IL-1, and IL-1𝛽

NF-𝜅B, p53, and c-Myc

NF-𝜅B, AP-1, and c-Myc

NF-𝜅B, AP-1, and c-Myc

NF-𝜅B, AP-1, and c-Myc

NF-𝜅B, AP-1, and c-Myc

Figure 1: The interaction between Myc and mediators of inflammation. Arrow = positive regulation, Dot arrow = positive regulation with
unclear mechanisms. Arrows in beginning and end = regulation of each other positively. Bar = negative regulation. IL-2RA: interleukin 2
(IL-2) receptor alpha. (A) Interaction of Myc, IL-1, and IL-1𝛽. (B) Interaction between IL-2, IL-2RA, Jun, and Myc. (C) Interaction between
IL-4, NF-𝜅B, p53, and c-Myc. (D) Interaction between IL-6, NF-𝜅B, AP-1, and c-Myc. (E) Interaction between IL-8, NF-𝜅B, and c-Myc.
(F) Interaction between IL-10, NF-𝜅B, AP-1, and c-Myc. (G) Interaction between TNF-𝛼, NF-𝜅B, AP-1 and c-Myc. (H) Interaction between
TGF-𝛽, NF-𝜅B, and c-Myc.
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2.3. IL-4. IL-4 is a multifunctional pleiotropic cytokine
produced mainly by activated T cells and also by basophils,
mast cells, and eosinophils, in response to receptor-mediated
activation events. IL-4 plays a critical role in defining the
Th2 phenotype of lymphocytes and in regulating cell pro-
liferation, apoptosis, and the expression of numerous genes
in various cell types, including macrophages, lymphocytes,
fibroblasts, and epithelial and endothelial cells [32, 33].

Poly (ADP-ribose) polymerase (PARP)14 is an ADP ribo-
syltransferase expressed inB lymphocytes [34]. PARP14 inter-
acts with signal transducers and activators of transcription
(STAT) 6. PARP14 is required in IL-4 enhanced glycolysis in B
cells, a process central to the role of PARP14 in IL-4-induced
survival. PARP14 contributes to Myc-induced lymphoma
pathobiology [34]. Both IL-4 and IGF-I can induce an early
c-Myc response gene expression. IL-4 synergizes with IGF-
I for hematopoietic cell proliferation, likely through cross
talk between SHC/Grb2/MAPK and STAT6 pathways and
through c-Myc gene upregulation [35]. IL-4 can promote
human embryonic stem cells differentiation into “fibrogenic”
fibroblast-like cells [36]. IL-4 can increase expression of c-
Myc mRNA in tumor-associated macrophages and promote
its translocation to the nucleus [37].

Deregulated IL-4 expression leads to direct or indirect
activation of c-Myc (Figure 1(C)). Aberrant IL-4 expression is
associated with HBV and HCV infection, alcoholic hepatitis,
primary biliary cirrhosis (PBC), and chronic hepatitis in
humans [38, 39] (Tables 1 and 2). It is interesting to char-
acterize how IL-4-mediated c-Myc expression is involved in
molecular patterns of IL-4-c-Myc, IL-4-NF-𝜅B-c-Myc, or IL-
4-p53-c-Myc in CLDs.

2.4. IL-6. IL-6, both an immunomodulatory factor and an
inflammatory mediator, could stimulate cell growth and
extracellular matrix proliferation [40]. IL-6 has been iden-
tified as a central factor in liver inflammation, which leads
to liver epithelial changes. IL-6 significantly increases in
liver epithelia in response to stimulation and inflammatory
mediators, such as endotoxin and TNF-𝛼 [41].

IL-6 can enhance the translation of c-Myc in multiple
myeloma cells [42]. Moreover, IL-6 can promote c-Myc
expression and cultured vascular smooth muscle cell prolif-
eration [43]. The acute phase response is an inflammatory
process dominated by the cytokine IL-6. STAT3 activation
transduces IL-6 signaling, which induces the production of
acute phase proteins such as fibrinogen and haptoglobin.
IL-6 could enhance c-Myc protein expression in multiple
myeloma cells independent of any effect onMyc transcription
[42]. Also, IL-6 can reverse CD33 expression by upregulating
Myc and subsequently downregulating CCAAT/enhancer
binding protein (CEBPA) expression in myeloma cells [43].

Upregulation of human IL-6 protein is associated with
infantile hepatitis syndrome, cholestasis subtype, alcoholic
hepatitis, chronic hepatitis B and hepatitis C infection [29,
44, 45], cirrhosis, CCA, HCC, and experimental liver injury
(Tables 1 and 2). c-Myc expression is activated by IL-6-c-Myc
and IL-6-AP-1-c-Myc pathways while it is suppressed by the
IL-6-NF-𝜅B-c-Myc pathway (Figure 1(D)).

2.5. IL-8. IL-8 is a readily activated small molecule polypep-
tide secreted by a variety of immune cells such as monocytes-
macrophages, T lymphocytes, neutrophils, andHBV-infected
liver cells. Cholangiocytes can produce IL-6, IL-8, TGF-
𝛽, TNF-𝛼, and platelet-derived growth factor (PDGF) B
chain [46, 47]. These cytokines can lead to cellular injury
by stimulating an immune response and promoting tissue
fibrosis. Cholangiocytes are highly responsive to Toll-like
receptor (TLR) agonists [48]. Interaction of cholangiocytes
with lymphocytes, HSC, and portal fibroblasts contributes to
chronic inflammation and fibrosis in cholestatic liver disease
[49]. c-Myc expression increases in the cholestasis-associated
CCA and cholestatic liver injury [1, 2]. IL-8 is activated in
patients with CLDs [50–52].

Opisthorchis viverrini (OV) has been reported to be an
important risk factor of HCC and CCA [53]. It has been
found that the secreted/excreted products of OV can induce
IL-8 expression and secretion, which is a primary event in
opisthorchiasis and CCA pathogenesis [54]. HBV infection
can activate the immune system to induce liver cell synthesis
of a large number of TNF-𝛼 [55], which also induces liver
cells production of many IL-6 and IL-8, leading to liver
inflammation and liver cell injury [56].

Hypoxia has been implicated in the pathogenesis of a
broad range of liver diseases, especially in HCC and CCA
[1, 53]. Gene expression regulated by hypoxia inducible factor
(HIF) 𝛼 subunits is currently very interesting due to the inter-
action of HIF-1𝛼/HIF-2𝛼 and c-Myc/Max proteins. HIF-2𝛼
increases c-Myc activity by stabilizing the c-Myc:Max com-
plex, which promotes cell cycle progression.However,HIF-1𝛼
inhibits the c-Myc function and cell proliferation [57]. Since
HIF-1𝛼 binds to theMax protein, it competes with c-Myc and
inhibits c-Myc protein stability [58]. HIF-1𝛼 downregulates
IL-8 expression via attenuation of the Nrf2 transcription
factor expression and activity in human endothelial cells [59].
Moreover, inactivation ofMxi1 (forMax interactor 1) induces
IL-8 secretion activation in polycystic kidneys [60]. Nrf2 and
c-Myc attenuation downregulates IL-8 expression in hypoxia
[61].

IL-8 increase is associated with chronic hepatitis B and
hepatitis C, alcoholic hepatitis, CCA,HCC, and experimental
liver injury (Tables 1 and 2). Upregulation of human IL-8
protein in serum is also associated with human liver cirrhosis
while upregulating transgenic c-Myc protein in mouse liver
increases progression to hepatocarcinoma in mice [62, 63].
Upregulation of IL-8 is associated withMyc-IL-8 andNF-𝜅B-
Myc-IL-8 circuitry (Figure 1(E)).

2.6. IL-10. IL-10 is a negative regulator mainly secreted by
Th2 cells, activated B cells, monocytes, and macrophages.
It helps regulate immune and inflammatory responses and
tumorigenesis. IL-10 is an important anti-inflammatory
mediator essential for attenuating inflammatory responses.
For example, mice lacking IL-10 are more likely to die from
excessive inflammatory responses when exposed to bacterial
pathogens. JAK2 inhibition induced apoptosis required the
inhibition of autocrine IL-10 and c-Myc expression [64]. In
addition, Myc inactivation correlated with elevated levels
of IL-10 receptor, causing dormancy in murine two-hit B
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lymphomas [65]. Transgenic c-Myc andmTOR-activated sig-
naling increase mouse IL-10 expression in serum from mice
exhibiting anorexia-cachexia [66]. IL-10 decreases regenera-
tion of liver and inflammatory liver injury [32, 45].

The Ser/Thr protein kinase mammalian target of
rapamycin (mTOR) critically regulates cell growth,
proliferation, apoptosis, and metabolism. mTOR pathway
inhibition downregulated renal tissue p53 expression [67].
Hypoxia induced p53, especially in the IL-10 [68]. A physical
association between mTOR and the transcription factor
signal transducer and activator of transcription-1 (STAT1)
was recently identified in human cells, suggesting a similar
role for mTOR in interferon-𝛾-stimulated gene transcription.
mTOR inactivation enhanced its association with STAT1
and increased STAT1 nuclear content in PP2Ac-dependent
fashion [69] while STAT1 could also regulate IL-10 and Myc.

Upregulation of IL-10 is associated with chronicHBV and
HCV infection and HCC. IL-10 downregulation is related to
alcoholic hepatitis (Tables 1 and 2). The interaction of IL-10
and c-Myc pathways includes Myc-IL-10, NF-𝜅B-Myc-IL-10,
and AP-1-Myc-IL-10 (Figure 1(F)).

2.7. TNF-𝛼. TNF-𝛼 is an adipokine involved in systemic
inflammation and belongs to a group of cytokines that
stimulate the acute phase reaction. TNF-𝛼 regulates immune
and inflammatory responses, tissue remodeling, cell motility,
cell cycle, and apoptosis. TNF-𝛼 is one of the major inflam-
matory mediators in liver fibrosis and a major contributor
of alcoholic liver disease. TNF-𝛼 and its cognate receptors
activate the JNK (c-JunN-terminal kinase) pathway signaling
cascade. JNK has been found to promote cell survival by
regulating c-Jun and cell death by regulating c-Myc and
p53 activity. Other researches [70] also found that long
term elevated levels of TNF-𝛼 increase the tendency toward
malignant transformation inmesenchymal stem cells (MSCs)
through NF-𝜅B-mediated upregulation of the oncogenes c-
Myc and c-Fos. Dysregulation of TNF-𝛼 production has been
implicated in a variety of human diseases such as CLDs.

TNF-𝛼 regulates c-Myc expression in a cell-type spe-
cific manner. TNF-𝛼 treatment could markedly induce the
expression of gene c-Myc and cyclin D1 in cancer cells
[71]. TNF-resistant cells could overexpress c-Myc in C3H
mouse embryo fibroblasts [72]. TNF-𝛼 has been shown to
downregulate the expression of c-Myc in HL60 cells [73].

2.8. TGF-𝛽. TGF-𝛽 is a pleiotropic cytokine with key roles
in development, immunity, wound healing, and carcino-
genesis [74]. Hepatic macrophages can produce TGF-𝛽,
which promotes myofibroblast fibrogenesis. TGF-𝛽 not only
mediates its profibrotic actions by stimulating hepatic stellate
cells (HSCs) through Smad-dependent pathways, but also
represses HSC proliferation. HSCs also produce TGF-𝛽 to a
lesser degree. TGF-𝛽 upregulation occurred in chronic HBV
andHCV infection, alcoholic hepatitis, PBC, HCC, and CCA
(Tables 1 and 2).

TGF-𝛽 could induce Myc expression by stimulating
Smad3 [75]. It has been found that Helicobacter infection
led to increased production of TNF-𝛼 in colonic tissue from

Smad3−/− mice [76]. As mentioned above, Myc interacts
with E2F1, which could be induced by Kruppel-like factor
6 (KLF6). Moreover, KLF6 could stimulate TGF-𝛽1. The c-
Myc expression in fibroblasts is initially repressed by TGF-𝛽,
but subsequent cyclin D1/cyclin-dependent kinase 4 (CDK4)
goes through a complete functional change to stimulate c-
Myc. TGF-𝛽 inhibits cell growth by downregulating c-Myc
via the Smad2 phosphorylation at the C-terminal regions
(pSmad2C and pSmad3C) pathways [77].

3. Key Players Link c-Myc and
Mediators of Inflammation

3.1. NF-𝜅B. NF-𝜅B appears to play a major role in the
network regulation of inflammatory genes and Myc. NF-
𝜅B is composed of c-Rel, RelA(p65), RelB, NF-𝜅B1(p50),
and NF-𝜅B2(p52). The five subunits share a conserved N-
terminal domain that mediates DNA binding, dimerization,
and nuclear import. It also has been found that murine c-
Myc is a direct transcriptional target of Rel/NF-𝜅B, which
upregulates c-Myc. B cells lacking p50 and c-Rel fail to
increase in size upon mitogenic stimulation due to reduced
induction in c-Myc expression. NF-𝜅B activation pathways
have type 1 (p50-dependent) and type 2 (p52-dependent)
pathways. While LPS and B cell activation factor (BAFF)
mainly activate the type 1 or type 2 pathways, respectively,
CD40 ligand (CD40L) strongly activates both [78]. c-Myc
was induced in anti-CD40 and LPS treatment group. NF-
𝜅B knockout in mice and c-Rel knockout in mice decrease
expression of mouse c-Myc mRNA in primary B lympho-
cytes. NF-𝜅B increases regulation of the c-Myc promoter
upstream regulatory element [79].

Peroxisome proliferator-activated receptor gamma
(PPAR𝛾) expression is involved inmacrophage inflammatory
responses, T cell proliferation, cytokine production, and B
cell proliferation as well as immune regulation. PPAR-gamma
can inhibit HSC proliferation, hepatic fibrosis [80], and HCC
metastases in vitro and in mice [81]. Liver-specific PPAR𝛾
deficiency improves fatty liver in ob/ob mice [82]. PPAR-𝜅
may be an important molecule in mediating NF-𝜅B and Myc
expression. PPAR𝛾 agonists activated NF-𝜅B (p50, Rel A, and
c-Rel) binding to the upstream NF-𝜅B regulatory element
site of c-Myc [83]. PPAR𝛾 agonists increased binding of a
DNA fragment containing an upstream NF-𝜅B regulatory
element from c-Myc gene and mouse p50 protein [84].

P65 can mediate c-Myc expression. Using the inducible
c-MycER system and c-Myc null fibroblasts found c-Myc
expression significantly inhibited p65-mediated transactiva-
tion [85]. c-Myc expression inhibited NF-𝜅B activation by
interfering with p65 transactivation. They also found c-Myc
expression could not inhibit the transactivation potential of
p65.Their studies suggest that c-Myc attenuated NF-𝜅B tran-
scription by impairing p65 transactivation and subsequently
sensitized cells to TNF-mediated apoptosis. Furthermore, c-
Myc protein decreases transcriptional activator activation of
human p65 increased by TNF protein. P65 and p50 can
transactivate the c-Myc promoter [86]. Blocking p65 protein
synthesis with specific antisense oligonucleotides greatly
reduced carcinoma cell growth rate [87]. The inhibitory
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effect seems to be mediated by the suppression of c-Myc
gene expression, since treatment with antisense oligonu-
cleotides for p65 gene interfered negatively with c-Myc gene
expression. p65 antisense decreases human c-Myc mRNA
expression. NF-𝜅B/Rel transcription factors could regulate
many genes including the c-Myc oncogene [87]. There is a
relationship between the p65 and aryl hydrocarbon receptor
(AhR) [88]. AhRandRelA increase c-Myc protein expression.
This relationship activates c-Myc gene transcription in breast
cancer cells. In transient cotransfection, p65 and AhR gene
products demonstrated cooperation in transactivating the c-
Myc promoter, which was dependent on the NF-𝜅B elements,
and in inducing endogenous c-Myc protein levels. Thus, p65
participated in the expression of c-Myc gene.

It has been reported that transgenic c-Myc in mouse
liver increases formation to hepatocarcinoma in mice [63,
89]. Mutant human c-Met and c-Myc also increase mouse
hepatocarcinoma formation [90]. c-Myc gene knockout
decreases size of hepatocytes [91] and decreases ploidy of
hepatocytes inmouse liver [92]. p50/p105 knockout decreases
hepatocytes proliferation in livers from mice treated with
diethylnitrosamine [93]. In 129S1/Svmouse, NF-𝜅B knockout
increases liver inflammation in mice [94]. p50 knockout
increases liver injury in mice, which involve T. congolense-
variant antigen type 13 [95]. Thus, it has been discovered that
both c-Myc and v-Myc can induce a truncated form of the
p65, RelA(p37) [96]. More and more data demonstrate that
transcriptional repression of NF-𝜅B can be mediated by c-
Myc under certain physiological circumstances [97, 98].

3.2. AP-1. c-Myc gene overexpression is implicated in HCC
in the hepadnavirus-infected woodchucks [99], ground
squirrels [100], cholestasis-accelerated CCA [1], and LCA-
mediated liver injury [101]. In chronic diseases, c-Myc overex-
pression may significantly predispose the liver to hepatocar-
cinogenesis [102]. In general, c-Myc promotes a cell survival
unless exposed to environmental stress such as enforced c-
Myc overexpression.

c-Fos, which heterodimerizes with c-Jun, leads to a more
stable AP-1 complex that increases the capacity of c-Jun to
transactivate target genes. c-Myc expression requires phos-
phorylation and nuclear translocation of extracellular signal-
regulated kinase (ERK), which produces c-Fos phosphoryla-
tion and forms a specific AP-1 [103]. c-Fos downregulation
in dysplastic liver nodules is associated with the initiation
stage of liver cancer in humans [104]. Deletion analysis of the
promoter region of the c-Fos gene indicated that the ATF2
responsive element conferred the Myc-induced expression of
c-Fos [105]. Coexpression of the dominant-negative mutants
of c-Fos, p38, and Rac1 blocked the Myc-mediated apoptosis
[105]. Moreover, hepatitis B virus X protein (HBx) helps
downregulate human c-Fos protein increased by mouse c-
Myc protein. Thus, c-Fos could be a mediator of c-Myc-
induced apoptosis.

The c-Jun NH2-terminal kinase (JNK) and c-Jun in
the liver play an important role in growth regulation via
the JNK pathway. Both c-Jun-deficient mice [106, 107] and
JNK1-deficient mice [108] exhibit major defects in liver
regeneration following partial hepatectomy. Furthermore,

both c-Jun-deficient mice and JNK1-deficient mice were pro-
tected against the development of HCC following exposure
to the carcinogen diethylnitrosamine (DEN) [108, 109]. Even
though the mechanism of JNK and c-Jun signaling in the
liver that contributes to regeneration and HCC is unclear,
downregulation of the proliferation inhibitor p21CIP1 and
upregulation of c-Myc appear to be critical factors [107, 108].

4. Summary

IL-1 receptor antagonist is considered an independentmarker
of nonalcoholic steatohepatitis in humans [110]. Since IL-
1𝛽 levels increase in patients with alcoholic liver disease
(ALD), further studies should focus on defining regulatory
mechanisms in which IL-1, IL-1𝛽, and c-Myc on various cell
types affect multiple cellular responses in ALD.

Elevated circulating soluble IL-2 receptors in patients
with chronic liver diseases are associated with nonclassical
monocytes [111]. This may not only improve our under-
standing of how IL-2 regulates c-Myc expression, but also
allow us to focus therapeutic efforts on this downstream
transcriptional master-c-Myc in the monocytes.

Drug-induced liver injury (DILI) can lead to significant
patient morbidity andmortality [112]. IL-4 plays a prominent
role in mediating toxicity. Hepatocyte culture DILI model
will improve our understanding of how IL-4 regulates c-Myc
expression and help to find therapeutic targets.

IL-8 levels increase in CLDs, especially in patients in
end-stage cirrhosis and patients with cholestatic diseases.
Intrahepatic IL-8 upregulation could be associated with neu-
trophil infiltration in patients with PBC [53]. Increased IL-8
levelswere associatedwith hepaticmacrophage accumulation
in noncholestatic cirrhosis. Monocyte-derived macrophages
from CLD patients, especially the nonclassical CD16+ sub-
type, displayed enhanced IL-8 secretion in vitro. Interestingly,
IL-8 correlated with liver function, inflammatory cytokines,
and noninvasive fibrosis markers [53]. c-Myc regulation
represents a novel anti-IL-8 therapy for use in inflammatory
liver disease.

IL-10 may play a dual role in controlling liver injury via
proinflammatory cytokine TNF-𝛼 inhibition and ethanol-
induced steatosis, leading to potentiating alcoholic liver
injury and ameliorating alcoholic liver injury, or via the
inhibition of the hepatoprotective cytokine IL-6 [113]. In
fact, c-Myc may play an important role in regulating liver
injury (Figure 1(F)). Adjusting c-Myc expressionmay provide
a novel anti-IL-10 therapy for use in alcoholic liver injury.

Alcoholic hepatitis, chronic hepatitis B and hepatitis
C, cirrhosis, CCA, HCC, and experimental injury of liver
can increase TNF-𝛼 expression (Tables 1 and 2). On one
hand, c-Myc promotes TNF-𝛼 expression, and on the other
hand, TNF-𝛼-NF-𝜅B-Myc-TNF-𝛼 and TNF-𝛼-AP-1-Myc-
TNF-𝛼 pathways activate TNF-𝛼 (Figure 1(G)). However,
anti-TNF-𝛼 agents potentially cause DILI [114].

TGF-𝛽 is a key regulator in CLDs, contributing to all
stages of disease progression from initial liver injury through
inflammation and fibrosis to cirrhosis and HCC [115]. TGF-
𝛽 interacts with multiple important pathways, such as NF-
𝜅B, AP1, and c-Myc (Figure 1(F)). Since TGF-𝛽 expression is
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dominant in livermacrophages and low inHSCs, target TGF-
𝛽 signaling should focus on the right cell type at the right time
during CLD development.

The NF-𝜅B signaling pathway is particularly relevant
to hepatitis (liver infection by Helicobacter, viral hepatitis
induced by HBV and HCV), liver fibrosis, cirrhosis, and
HCC. The NF-𝜅B-c-Myc signaling pathway is a potential
target to develop hepatoprotective agents. Although sev-
eral types of drugs including IKK inhibitors, antioxidants,
selective estrogen receptor modulators (SERMs), protea-
some inhibitors, and nucleic acid-based decoys have been
demonstrated to interfere with NF-𝜅B activity at different
levels, some of the drugs also influence c-Myc activity. The
hepatoprotective agents for targeting NF-𝜅B-c-Myc molec-
ular patterns need to be taken into consideration during
development of new therapeutic regimens.

AP-1 plays an important role in the development of
HCC [116]. AP-1 is involved in dietary obesity, hepatic lipid
metabolism, and NAFLD [117, 118]. A selective AP-1 inhibitor
T-5224 [119] has been investigated in phase II human clinical
trials. Nevertheless, no effective AP-1 inhibitors have yet been
approved for clinical use, especially in treating liver diseases.
Identifying selective and efficacious AP-1 inhibitors serves as
a viable therapeutic strategy for liver diseases.

Aberrant expression of IL-17, IL-20, IL-22, and IL-33 is
found in chronic liver disease, but the interaction between
the inflammatory mediators and c-Myc must accumulate.
Our review will help to understand the links between hepatic
inflammation mediators and c-Myc in CLDs.
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[98] J. Klefstrom, I. Västrik, E. Saksela, J. Valle, M. Eilers, and K.
Alitalo, “c-Myc induces cellular susceptibility to the cytotoxic
action of TNF-𝛼,”The EMBO Journal, vol. 13, no. 22, pp. 5442–
5450, 1994.

[99] T. Hsu, T. Moroy, J. Etiemble et al., “Activation of c-myc by
woodchuck hepatitis virus insertion in hepatocellular carci-
noma,” Cell, vol. 55, no. 4, pp. 627–635, 1988.

[100] C. Transy, G. Fourel, W. S. Robinson, P. Tiollais, P. L. Marion,
andM.-A. Buendia, “Frequent amplification of c-myc in ground
squirrel liver tumors associated with past or ongoing infection
with a hepadnavirus,” Proceedings of the National Academy of
Sciences of the United States of America, vol. 89, no. 9, pp. 3874–
3878, 1992.

[101] H. Yang, T.W.H. Li, Y. Zhou et al., “Activation of a novel c-Myc-
miR27-Prohibitin 1 circuitry in cholestatic liver injury inhibits



Mediators of Inflammation 11

GSH synthesis inmice,”Antioxidants & Redox Signaling, vol. 22,
no. 3, pp. 259–274, 2015.

[102] K.-L. Chan, X.-Y. Guan, and I. O.-L. Ng, “High-throughput
tissue microarray analysis of c-myc activation in chronic liver
diseases and hepatocellular carcinoma,” Human Pathology, vol.
35, no. 11, pp. 1324–1331, 2004.

[103] M. Asim, R. Chaturvedi, S. Hoge et al., “Helicobacter pylori
induces ERK-dependent formation of a phospho-c-Fos⋅c-
Jun activator protein-1 complex that causes apoptosis in
macrophages,”The Journal of Biological Chemistry, vol. 285, no.
26, pp. 20343–20357, 2010.

[104] L.Min, Y. Ji, L. Bakiri et al., “Liver cancer initiation is controlled
by AP-1 through SIRT6-dependent inhibition of survivin,”
Nature Cell Biology, vol. 14, no. 11, pp. 1203–1211, 2012.

[105] N. Kalra and V. Kumar, “c-Fos is a mediator of the c-Myc-
induced apoptotic signaling in serum-deprived hepatoma cells
via the p38 mitogen-activated protein kinase pathway,” The
Journal of Biological Chemistry, vol. 279, no. 24, pp. 25313–25319,
2004.

[106] A. Behrens, M. Sibilia, J.-P. David et al., “Impaired postnatal
hepatocyte proliferation and liver regeneration in mice lacking
c-jun in the liver,” EMBO Journal, vol. 21, no. 7, pp. 1782–1790,
2002.

[107] E. Stepniak, R. Ricci, R. Eferl et al., “c-Jun/AP-1 controls liver
regeneration by repressing p53/p21 and p38 MAPK activity,”
Genes and Development, vol. 20, no. 16, pp. 2306–2314, 2006.

[108] L. Hui, K. Zatloukal, H. Scheuch, E. Stepniak, and E. F. Wagner,
“Proliferation of human HCC cells and chemically induced
mouse liver cancers requires JNK1-dependent p21 downregu-
lation,” The Journal of Clinical Investigation, vol. 118, no. 12, pp.
3943–3953, 2008.

[109] T. Sakurai, S. Maeda, L. Chang, and M. Karin, “Loss of
hepatic NF-𝜅B activity enhances chemical hepatocarcinogen-
esis through sustained c-Jun N-terminal kinase 1 activation,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 103, no. 28, pp. 10544–10551, 2006.
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To expand the armamentarium of treatment for chronic kidney disease (CKD), we explored the utility of boosting endogenously
synthesized N-acetyl-seryl-aspartyl-lysyl-proline (Ac-SDKP), which is augmented by inhibition of the angiotensin converting
enzyme. Male BALB/c mice underwent unilateral ureteral ligation (UUO) or sham operation and received exogenously
administered Ac-SDKP delivered via a subcutaneous osmotic minipump or Captopril treatment by oral gavage. Seven days after
UUO, there were significant reductions in the expression of both collagen 1 and collagen 3 in kidneys treated with Ac-SDKP or
Captopril, and there was a trend towards reductions in collagen IV, 𝛼-SMA, and MCP-1 versus control. However, no significant
attenuation of interstitial injury or macrophage infiltration was observed. These findings are in contrary to observations in other
models and underscore the fact that a longer treatment time frame may be required to yield anti-inflammatory effects in BALB/c
mice treated with Ac-SDKP compared to untreated mice. Finding an effective treatment regimen for CKD requires fine-tuning of
pharmacologic protocols.

1. Introduction

Progression of chronic kidney disease (CKD) to end-stage
renal disease (ESRD) is characterized by pathogenic mech-
anisms that converge upon a common pathway leading
to progressive interstitial fibrosis, peritubular capillary loss,
and destruction of functioning nephrons [1]. Currently,
renin-angiotensin system (RAS) blockade with angiotensin-
converting enzyme (ACE) inhibitors or angiotensin II recep-
tor blockers (ARB) is currently the best-documented treat-
ment strategy to delay the progression of CKD. However, it
remains evident that CKD continues to progress relentlessly
to ESRD [2] despite maximal RAS inhibition coupled with
stringent blood pressure and glycemic control.The search for
a novel therapeutic agent to retard CKD has turned to N-
acetyl-seryl-aspartyl-lysyl-proline (Ac-SDKP).

Ac-SDKP is an endogenous tetrapeptide that regulates the
proliferation of pluripotent hematopoietic stem cells [3]. It

is normally present in the circulation [4] and is exclusively
degraded by ACE. There are data to suggest that, in addition
to its antiproliferative effects on the hematopoietic system,
Ac-SDKP may possess cardiac and renal anti-inflammatory
and antifibrotic properties as demonstrated in rat models of
hypertension [5, 6], acutemyocardial infarction [7], and acute
anti-GBMnephritis [8]. Furthermore, studies have elucidated
that the renoprotective action of ACE inhibitors may be
mediated viaAc-SDKP [9].However, in vivo studies to dissect
the renoprotective effects of Ac-SDKP in robust models that
recapitulate the pathological changes of human CKD are
lacking.

The evolution of CKD to ESRD is well reproduced by
unilateral ureteric obstruction (UUO) murine model. Char-
acteristically, macrophage recruitment begins by day 3. In
addition, accelerated tubulointerstitial fibrosis with increased
matrix deposition and resultant tubular atrophy occur within
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a week after ureteric ligation [10]. These lesions are highly
reproducible in various murine strains including BALB/C
mice [11]. In this study, we explored the potential renopro-
tective effects of Ac-SDKP in the UUOmurine model.

2. Materials and Methods

2.1. Mouse Model of Unilateral Ureteral Obstruction. All
animal experiments were approved by the Committee on
the Use of Live Animals in Teaching and Research of The
University of Hong Kong and were conducted in accordance
with the National Institutes of Health Guide for the Care and
Use of Laboratory Animals.

Male BALB/C mice (Laboratory Animal Unit, The Uni-
versity of Hong Kong, HK) underwent a sham operation
or unilateral ureteral obstruction (UUO) at 12 weeks of
age, as previously described [5, 12]. Briefly, mice were sub-
jected to general anesthesia during which the left ureter
was exposed through a midabdominal incision and ligated.
Sham-operated mice had their ureters exposed and manip-
ulated without ligation. UUO mice were then subjected to
the following treatment: (i) vehicle (control), (ii) Ac-SDPK,
and (iii) Captopril. Ac-SDKP was delivered at 1mg/kg/day
via surgically implanted subcutaneous osmotic minipumps
(Alzet, Cupertino, CA, USA). Captopril was fed by oral
gavage at 30mg/kg/day. All mice were sacrificed on day 7
and the left kidney of all animals was harvested for further
analysis. Harvested kidneys were either embedded in 10%
neutral buffered formalin for histological examination or
snap-frozen in liquid nitrogen and stored at−80∘C for further
proteomic analyses. Prior to sacrifice, blood samples were
collected for the measurement of plasma Ac-SDKP level by
enzyme immunoassay kit (Bertin Pharm, France).

2.2. RNA Extraction and Real-Time PCR. Total RNAs were
isolated from the cortex of the kidney using NucleoSpin
RNA/protein kit (Macherey-Negel, Duren, Germany). The
mRNA expression was analyzed by ABI 7500 Real-Time PCR
System (Applied Biosystems, Carlsbad, CA, USA) according
to manufacturer’s instructions. Briefly, two micrograms of
total RNAs were reverse transcribed to cDNA and sub-
sequently amplified using SYBR Green Master Mix with
following primers: ICAM-1, forward-TGGCCTGGGGGA-
TGCACACT and reverse-GGCTGTAGGTGGGTCCGGG;
MCP-1, forward-CTCTTCCTCCACCACCAT and reverse-
CTCTCCAGCCTACTCATTG; TGF-𝛽, forward-AGGGCT-
ACCATGCCAACTTCT and reverse-CCGGGTTGTGTT-
GGTTGTACA; Col1, forward-TGTGTGCGATGACGT-
GCAAT and reverse-GGGTCCCTCGACTCCTACA; Col3,
forward-ACGTAGATGAATTGGGATGCAG and reverse-
GGGTTGGGCAGTCTAGTG; Col4, forward-CCGGGA-
TTTACTGGACCACC and reverse-CCCTTGCTCTCC-
CTTGTCA; 𝛼-SMA, forward-GTGCTATGTCGCTCT-
GGACTTTGA and reverse-ATGAAAGATGGCTGGAAG-
AGGGTC. Data were analyzed using SDS software (Applied
Biosystems). The mRNA expression was normalized with 𝛽-
actin and presented as relative fold change against control
mice.
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Figure 1: Plasma Ac-SDKP levels in different experimental groups.
Data were expressed as mean ± SEM. ∗𝑃 < 0.05; ∗∗𝑃 < 0.01; ∗∗∗𝑃 <
0.001 versus the corresponding group of sham-operated mice; #𝑃 <
0.05; ##𝑃 < 0.01 versus UUO-vehicle animals in the same operation
group.

2.3. Renal Histology. Paraffin-embedded renal sections
(4 𝜇m) were dewaxed using standard sequential techniques
and stained with periodic acid-Schiff reagent. Histological
changes of the renal cortex were examined under the micro-
scope through a high-power (×400) field. Tubulointerstitial
damage was graded from 0–5 (1 ≤ 10%; 2 = 10–25%; 3 =
26–50%; 4 = 51–75%; 6 ≥ 95%) as described previously
[13, 14]. Change in renal fibrosis was determined in Masson’s
Trichrome stained kidney section.

2.4. Immunohistochemistry. Immunohistochemical analyses
were performed on paraffin-embedded renal sections (4 𝜇m)
as previously described [15]. The sections were quenched
with 3% hydrogen peroxide, blocked by 2% BSA, and then
stained overnight with anti-F4/80 (AbD Serotec, Kidlington,
UK), anticollagen 1, and anticollagen 3 antibodies (South-
ern BioTech, Birmingham, AL, USA). The stained sections
were subsequently incubated with peroxidase conjugated
secondary antibodies (Dako, Carpinteria, CA, USA). The
immunocomplexes were visualized using DAB substrate
from Envision Plus system (Dako). All sections were coun-
terstained with hematoxylin before mounting. The number
of F4/80+ cells in the tubulointerstitium was counted in 10
equivalent high-power (400x) fields and was expressed as the
average number of cells per square millimeter.

2.5. Western Blot Analysis. Protein from renal cortical tissue
was extracted with RIPA lysis buffer (Millipore, Bedford,
MA, USA). Equal amount of proteins was resolved in
12% SDS-PAGE gel and transferred to PVDF membrane.
After blocking with 5% nonfat milk, the membranes were
incubated overnight with anti-𝛼-SMA (Sigma-Aldrich, St.
Louis, MO, USA) and subsequently incubated with peroxi-
dase conjugated secondary antibodies. The immunocomplex
was visualized with ECL prime chemiluminescence (GE
Healthcare, Buckinghamshire, UK) using ChemiDoc XRS+
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Figure 2: Histological changes. (a–d) PAS staining at day 7 of control animals (a), UUO operated animals (b), UUO animals with Ac-SDKP
treatment (c), and UUO animals with Captopril treatment (d). Magnification (400x). (e) Tubulointerstitial injury index of renal cortex for
assessing tubular and interstitial damage and graded in an observer-blinded manner from an arbitrary scale of 0–5 (1 ≤ 10%; 2 = 10–25%; 3 =
26–50%; 4 = 51–75%; 5 = 76–95%; 6 ≥ 95%).

system (Bio-Rad, Hercules, CA, USA). Quantification of
protein bands was performed by the ImageJ program (NIH,
Bethesda, MD, USA) and was normalized to 𝛽-actin level.

2.6. Statistical Analysis. All data were expressed as mean ±
SEM from three independent experiments. The difference
between groups was evaluated by unpaired t-test using
GraphPad Prism, version 5 (GraphPad Software, San Diego,
CA, USA). Data were considered statistically significant
at ∗𝑃 < 0.05; ∗∗𝑃 < 0.01; ∗∗∗𝑃 < 0.001 versus

the corresponding group of sham-operated mice; #𝑃 < 0.05;
##
𝑃 < 0.01 versus UUO-vehicle animals in the same opera-

tion group.

3. Results
3.1. Ac-SDKP Levels. Compared to sham-operated and vehi-
cle mice, Captopril administration significantly elevated
endogenous levels of Ac-SDKP in the plasma. Exogenous Ac-
SDKP administration was also able to achieve supraphysio-
logical plasma peptide levels (Figure 1).
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Figure 3: Macrophage infiltration. (a–d) F4/80+ve cells at day 7 of control animals (a), UUO operated animals (b), UUO animals with Ac-
SDKP treatment (c), and UUO animals with Captopril treatment (d). Magnification (400x). (e) F4/80+ve cells counted from 10 randomly
selected fields.

3.2. Morphological Findings. Kidneys from the control group
as well as the nonobstructed contralateral kidneys from the
operatedmice groups revealed no histological aberrancies on
morphological examination. Kidneys obstructed by ureteric
ligation developed severe interstitial fibrosis and tubular
atrophy whilst glomeruli were well preserved and unaffected.
The level of resultant tubulointerstitial injury compared to the
control groupwas statistically significant. However, following
Ac-SDKP or Captopril administration, no significant attenu-
ation of interstitial injury was observed (Figure 2).

3.3. Effects of Ac-SDKP on Inflammation. Macrophage infil-
tration was significantly increased in obstructed kidneys as
compared to control kidneys. However, no significant reduc-
tionwasmediated via the administration ofAc-SDKPorCap-
topril (Figure 3). Staining for lymphocytes also demonstrated
an increase in infiltration following UUO. Similarly, no
observable decrement was produced after the administration
of Ac-SDKP or Captopril (Figure 4). In concert with this,
induced ICAM-1 (an important chemotactic cytokine that
mediates cellular adhesion to allow leukocytic transmigration
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Figure 4: Lymphocytic infiltration. (a–d) CD45+ve cells at day 7 of control animals (a), UUO operated animals (b), UUO animals with
Ac-SDKP treatment (c), and UUO animals with Captopril treatment (d). Magnification (400x).

(a) (b)

(c) (d)

Figure 5: Renal fibrosis by Masson’s Trichrome staining at day 7 of (a) control, (b) UUO treatment, (c) UUO with Ac-SDKP treatment, and
(d) UUO with Captopril treatment group. Magnification (400x).
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Figure 6: Collagen I expression in renal cortical tissue. (a–d) Representative immunohistochemical staining of protein expression from
control animals (a), UUO operated animals (b), UUO animals with Ac-SDKP treatment (c), and UUO animals with Captopril treatment (d).
Magnification (400x). (e) Quantitative analysis of mRNA expression by qPCR.

for regions of inflammation) was not downregulated by Ac-
SDKP or Captopril (Figure 9).

3.4. Effects of Ac-SDKP on Fibrosis. UUO injury induced
interstitial expression of collagen fibrils as demonstrated by
Masson’s Trichrome staining (Figure 5). The expressions of
collagen I and collagen III in the renal cortical tissue were
both significantly increased by UUO as compared to control.
These were both attenuated by the administration of Ac-
SDKPandCaptopril. Significant reductions inmRNAexpres-
sion by real-time PCRwere demonstrated that was supported

by decreased immunohistochemical staining of both collagen
1 and collagen 3 in kidneys treated with Ac-SDKP and
Captopril (Figures 6 and 7). A trend towards reductions in
collagen IV, 𝛼-SMA, TGF-𝛽, and MCP-1 expression was also
observed in the groups treated with Ac-SDKP and Captopril
(Figures 8 and 9).

4. Discussion

Unilateral ureteric obstruction (UUO) is a robust model
that leads to renal injury characterized by tubular cell
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Figure 7: Collagen III expression in renal cortical tissue. (a–d) Representative immunohistochemical staining of protein expression from
control animals (a), UUO operated animals (b), UUO animals with Ac-SDKP treatment (c), and UUO animals with Captopril treatment (d).
Magnification (400x). (e) Quantitative analysis of mRNA expression by qPCR.

injury, interstitial inflammation, and fibrosis [16]. Mecha-
nistically, local expression of chemokines following UUO
attracts blood-derived macrophages into the renal corti-
cal interstitium. In turn, the cytokines and growth fac-
tors secreted by the inflammatory infiltrate result in the
accumulation activated 𝛼-SMA positive fibroblasts in the
tubulointerstitial space by a process of recruitment and
tubular epithelial-mesenchymal transition (EMT) [10]. The
UUOmodel was therefore a goodmodel for the investigation
of the anti-inflammatory and antifibrotic properties of Ac-
SDKP. Indeed, when compared to the sham-operated mice,

UUOmice developed significantmacrophage infiltration and
tubulointerstitial fibrosis in the kidney cortex at day 7 after
ligation [17].

Previous in vivo studies demonstrated Ac-SDKP to sig-
nificantly attenuate interstitial inflammation and tubuloin-
terstitial fibrosis in deoxycorticosterone acetate-salt hyper-
tensive mice [18] and aldosterone-salt-treated rats [5] and
rats induced with acute anti-GBM nephritis [8]. A recent
study also found beneficial effects of Ac-SDKP in dampening
renal inflammation and fibrosis induced by UUO in Wistar
rats [19]. However, in our current study using BALB/C
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Figure 8: Alpha smooth muscle actin expression in renal cortical tissue. (a) Quantitative analysis of mRNA expression by qPCR. (b)
Quantitative analysis of protein expression of different groups, with representative Western blot gels shown in duplicate at the top.
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Figure 9: Quantitative analysis of renal cortical mRNA expression of different proinflammatory/profibrotic cytokine genes by real-time PCR
in the various experimental groups.
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mice, the level of resultant tubulointerstitial injury was not
significantly different between the vehicle group and the
groups treated with Ac-SDKP and Captopril. The validity of
our observations is strengthened by the fact that significant
peptide levels of Ac-SDKP were achieved via exogenous
administration in the Ac-SDKP group and ACE inhibition in
the Captopril group.

One reason that may account for this discrepancy may be
the difference in the period of treatment. A shorter treatment
duration of 7 days in our study, compared with 14 days
in the other study, may not have allowed enough time for
the difference in effect to be established. In support of this,
UUO induced collagen 1 and collagen 3 gene expression in
the cortical tissue were significantly suppressed by Ac-SDKP
to suggest an antifibrotic advantage. A similar trend, albeit
statistically insignificant, was found in 𝛼-SMA expression.
We therefore postulate that a longer treatment time frame
is required to observe a morphological difference in the
histology of BALB/C mice treated with Ac-SDKP compared
to untreated mice. The expressions of these fibrotic markers
were also ameliorated by Captopril, which seems to suggest
the actions of Ac-SDKP to parallel that of Captopril or that
ACE inhibitors may in part act via raising endogenous levels
of Ac-SDKP.

Renal interstitial inflammation which plays a pivotal role
in the induction and propagation of interstitial fibrosis is
characterized bymacrophage and lymphocytic infiltration. In
contrast to previous studies, we were unable to demonstrate
any anti-inflammatory effects with the administration of
Ac-SDKP. Being consistent, this lack of benefit was equally
observed in the Captopril group. It is uncertain as to whether
this results from a difference in the animal model utilized or
that insufficient duration of treatment was employed.

In summary, the UUO model in our study allowed us to
demonstrate that Ac-SDKP can attenuate the gene expression
of fibrotic markers. The lack of morphological difference
detected may be due to insufficient treatment time. Thus,
Ac-SDKP may serve as a potential therapeutic agent for the
treatment of CKD.
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BALB/c strain mice are unique in that they develop murine plasmacytoma (MPC) as a consequence of the inflammation induced
by pristane oil injection in the peritoneal cavity. In this work the Treg, Th17, B1, B2, and NHC lymphocyte populations from the
peritoneal environment of BALB/c, the susceptible strain, and C57BL/6 mice, which do not develop MPC after oil treatment, were
studied. Both oil-treated strains showed decreased levels of Th17 lymphocytes, no significant variation in Treg lymphocytes, and a
drastic decrease of all B lymphocyte populations. However, only oil-induced BALB/c showed increased levels of natural helper cells
(NHC) which could be important in the myeloma induction.

1. Introduction

BALB/c mice develop murine plasmacytoma (MPC) upon
intraperitoneal administration of pristane, (2,6,10,14-tetram-
ethylpentadecane), a component of mineral oil [1–5]. IL-6,
TGF-𝛽1, and other factors are required for transformation of
B lymphocyte to MPC [6–8]. IL-6 blocks the differentiation
of the Treg cells [9, 10] which inhibit autoreactive T cell and
modulate immune functions by releasing TGF-𝛽1 and IL-10
[11], but it promotes the generation of proinflammatoryTh17
cells, characterized by the expression of ROR 𝛾t transcription
factor and the production of IL-17, which induces the pro-
duction of a wide range of proinflammatory cytokines and
neutrophil-attracting chemokines [12].

The innate lymphoid cell population which has been
called natural helper cells (NHC) for its cytokine profile may
also be involved in the inflammatory process [13]. These cells
are found in lymphoid clusters surrounded by fatty tissue,
which have been called FALCs (of fat-associated lymphoid

cluster), and have markers such as c-kit, Sca-1, IL7R, and
IL33R [13–17]. NHC are involved in the B1 cells proliferation
[13].

The B1 lymphocytes are a B cell subpopulation, markedly
different from the usually studied B2. Whereas B2 are CD23+
and CD43−, B1 cells are CD23− and CD43+. B1 cells are
further divided into B1a (CD5+) cells and B1b (CD5−).
B1 are self-renewing and are found in the peritoneal and
pleural cavities and its main function is the constitutive
production of natural IgM antibodies, which provide early
protection to a variety of pathogens [18–21]. B1a cells have
regulatory properties because their IL-10 production [21–24]
and promote expansion of T cells [25, 26]. However, B1 cells
are often autoreactive [18], but it is not well understood how
they are regulated to prevent autoimmunity.

The aim of the study was to determine what is it that
makes the BALB/c susceptible to the myeloma development
as a consequence of the inflammatory response induced by
the pristane oil in the peritoneal cavity.
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Induced C57BL/6Induced BALB/c

Figure 1: Mesothelial tissue of control and oil-induced mice from both mouse strains at seven months after induction. Only the pristane-
induced BALB/c mouse developed malignant plasma cells CD138+ (cells with brown tonalities membrane), 40x magnification.

2. Methods

2.1. Mice. BALB/cAnNHsd and C57BL/6NHsd female mice,
7-8 weeks old, were purchased from Harlan Laboratories,
S.A. de C.V. Mice were handled at all times according to
theOfficialMexican StandardNOM-062-Z00-1999, technical
specifications for production, care and use of laboratory
animals. Pristane injections did not require the use of
anesthetic, analgesic, or tranquilizer. The intraperitoneal
administration of pristanewas performed in the animal while
always handling it gently but firmly, avoiding the struggle and
stress at all times.Themethodused for euthanasia ofmicewas
exposure to carbon dioxide (CO

2
).

2.2. Oil Induction. Mice were injected intraperitoneally with
500𝜇L pristane (P2870, Sigma-Aldrich), at days 0, 60, and
120. We used the method as described by Potter and Wax, of
1.5mL pristane given in 3 0.5mL doses spaced 2months apart
[5].

2.3. Obtention of Peritoneal Content and Mesenteric and
Mesothelial Tissues. Seven months after the initial pris-
tane treatment, the oil-treated and control mice of both
mouse strains were sacrificed and the peritoneal content
was obtained as previously described [27]. A piece of skin
was cut into the belly to expose the mesothelium and the

peritoneal cavity was washed by introducing 5mL of RPMI
1640 medium (31800-022 Gibco). The cavity was vigorously
massaged and the content was aspirated using the same
syringe. The oil-treated BALB/c mice develop MPC after
seven months and in this group the peritoneal content was
aspirated directly due to large accumulation of ascitic fluid.
From the peritoneal content cells and fluid were separated
by centrifugation. Obtention of mesenteric tissue and iden-
tification of FALCs regions (fat-associated lymphoid clusters
of NHC) with toluidine blue were performed as described
[13]. Nevertheless, in oil-treated mice of both strains the
FALCs regions were not visibly detectable. Mesenteric and
mesothelial tissues were collected in both strains only at
sevenmonths after induction andpreserved in paraffinblocks
[1, 28, 29].

2.4. Lymphocyte Determination by Flow Cytometry. Cells
were determined from the peritoneal content obtained from
control and oil-induced mice at seven months. For Th17
determination cells were stimulated during four hours in
the presence of 50 ng/mL of PMA (Phorbol 12-myristate
13-acetate P 8139, Sigma) and 500 ng/mL of Ionomycin
(Ionomycin calcium salt 10634, Sigma-Aldrich). For the last
two hours, Brefeldin A (00-4506, eBioscience) and Protein
Transport Inhibitor (554724, BDGolgiStop) were added. Treg
and Th17 cells were preincubated with Purified Rat Anti
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Figure 2: Th17 cells. (a) Dot plots show percentages of Th17 cells from the peritoneal content from control and oil-induced mice at seven
months after induction.TheCD4+IL-17+ cells come fromCD3+ selected from total lymphocyte region. (b) Percentagemedians ofTh17without
activation in the aforementioned groups of animals 𝑃∗ ≤ 0.05, 𝑃∗∗≤ 0.008 (n = 5–10). Th17 cells of induced animals (oil-induced) of both
strains are decreased, but the percentage is higher in the oil-induced C57BL/6 strain compared with oil-induced BALB/c strain.

Mouse CD16/CD32 clone 2.4G2 (553142, BD Pharmingen)
to block Fc receptors. Subsequently the extracellular staining
was performed in 100𝜇L of PBS-F (PBS/2% FACS Buffer)
and the specific antibodies, for 30 minutes in darkness. For
Treg andTh17 cell identification, PerCPHamster Anti-Mouse
CD3𝜀 clone 145-2C11 (553067, BDPharmingen) and FITCRat
Anti-Mouse CD4 clone RM4-5 (553046, BD Pharmingen)
and, for B1 cells, PerCP Rat Anti-Mouse CD5 clone 53-7.3
(553025, BDPharmingen), FITCRatAnti-MouseCD43 clone
S7 (553270, BD Pharmingen), PE Rat Anti-Mouse CD11b
clone M1/70 (553311, BD Pharmingen), and APC Rat Anti-
Mouse CD19 clone 1D3 (550992, BD Pharmingen) were used.
Prior to intracellular staining, Treg and Th17 cells were fixed
for 30 minutes at 4∘C and permeabilized for 30 minutes at
37∘C both in the dark with Mouse Foxp3 Buffer Set (560409,
BD Pharmingen). Intracellular staining of Th17 and Treg
cells was performed with the PE Rat Anti-Mouse IL-17A
clone TC11-18H10 (559502, BD Pharmingen) and PE Rat
Anti-Mouse Foxp3 clone MF23 (560408, BD Pharmingen),
respectively, for 30minutes in a volume of 100𝜇LPBS-F in the
dark. Finally, cells were analyzed on the FACSAria cytometer,
using the Davia software.

2.5. NHC Cells and Malignant Plasma Cells. Nine-micron
sections were cut from the mesenteric and mesothelial tissue
preserved in paraffin blocks. Histological sections were sub-
jected to a hydration and unmasking treatment, and specific
staining with the corresponding primary and secondary
antibody was performed. The primary antibody for the
identification ofNHC cells was CD117/c-kit clone EP10 (CME
296 AK, Biocare Medical) and Biotin-SP-AffiniPure Goat
Anti-Rabbit IgG (111-065-003, Jackson ImmunoResearch) as
the secondary antibody. Malignant plasma cells were stained
with Purified Rat Anti-Mouse CD138 clone 281-2 (553712, BD
Pharmingen) and Peroxidase-AffiniPure Goat Anti-Rat IgG
(112-035-062, Jackson ImmunoResearch).

2.6. Cytokines Assay. Cytokines were determined from the
peritoneal fluid from both mouse strains, control and
oil-induced at seven months, with commercial kits of
eBioscience: Mouse IL-6 ELISA Ready- Set-Go (88-7064),
Human/Mouse TGF beta 1 ELISA Ready-SET-Go! 2nd
Generation (88-8350), Mouse IL-10 ELISA Ready-SET-Go!
2nd Generation (88-7105), Mouse IL-4 ELISA Ready-SET-
Go! (88-7044), Mouse IL-9 ELISA Ready-SET-Go! 2nd



4 Mediators of Inflammation

1.2%2.7%

Oil-BALB/c Oil-C57BL/6BALB/c C57BL/6

2.7% 1.2%2.6%2.7%

CD
4

10
5

10
4

10
3

0

CD
4

10
5

10
4

10
3

0

CD
4

10
5

10
4

10
3

0

CD
4

10
5

10
4

10
3

0

10
5

10
4

10
3

10
2

0

Foxp3
10

5
10

4
10

3
10

2
0

Foxp3
10

5
10

4
10

3
10

2
0

Foxp3
10

5
10

4
10

3
10

2
0

Foxp3

Q1

Q3 Q4

Q1

Q3 Q4

Q1

Q3 Q4

Q1

Q3 Q4

(a)

Treg

0

5

10

15

20

C
ell

s (
%

)

BAL Oil-BAL C57 Oil-C57

∗

(b)

Figure 3: Treg cells. (a) Dot plots show percentages of Treg cells from the peritoneal content from control and induced mice at seven months
after induction.The lymphocytes CD4+Foxp3+ derived from CD3+ selected from total lymphocyte region. (b) Percentage medians of Treg in
the above groups of animals 𝑃∗≤ 0.05, 𝑃∗∗≤ 0.008 (n = 5–10). No changes were observed in Treg when animals were induced. However, the
BALB oil-induced mice had a higher percentage of Treg than the C57BL/6 oil-induced mice.

Generation (88-8092), Mouse IL-13 ELISA Ready-SET-Go!
(88-7137), Mouse IL-5 ELISA Ready-SET-Go! (88-7054),
Mouse IFN gamma ELISA Ready-SET-Go! (88-7314), and
Mouse IL-33 ELISA Ready-SET-Go! (88-7333).

2.7. Statistical Analysis. The results of each test are repre-
sented by the median of five or more independent experi-
ments. The nonparametric Mann-Whitney U was utilized by
GradPad Prisma program for displaying graphics and Sigma
Plot 12.0 for analysis considering significant differences in
value 𝑃∗≤ 0.05, 𝑃∗∗≤ 0.008, and 𝑃∗∗≤ 0.005.

3. Results

3.1.MPC in BALB/cMice. The tumor cells were present in the
mesothelium and in nodular whitish tissue from BALB/c oil-
treated mice and were identified by the presence of CD138+
(Figure 1).

3.2. Th17 and Treg Cells Determination. Treg
(Foxp3+CD3+CD4+) andTh17 (CD3+CD4+IL-17+) cells were
determined by flow cytometry in both strains, seven
months after oil induction and in control mice. For Th17
determination the cells were activated with PMA/Ionomycin.

Not activated Th17 cells were reduced in both strains of
induced mice (Figures 2(a) and 2(b)), although a higher
percentage ofTh17 cells was found inthe oil-inducedC57BL/6
mice in comparison with oil-induced BALB/c (Figure 2(b)).
The differences in Treg cells analyzed at seven months after
induction were not significant. However when the induced
mice strains were compared, the percentage of Treg cells was
higher in BALB/c (Figure 3(b)).

3.3. B1 Cells Determination. The B1a
(CD19+43+CD11b+CD5+), B1b (CD19+43+CD11b+CD5−)
[19, 30, 31], and B2 (CD19+) cells were determined from the
peritoneal contents of both BALB/c andC57BL/6 oil-induced
and control mice by flow cytometry at seven months after
induction. All B cell populations were diminished in the
oil-induced mice in both strains (Figures 4(a) and 4(b)).

3.4. NHC Cells Determination. The NHC (c-kit+) cells were
determined in the mesenteries of BALB/c and C57BL/6 mice
at sevenmonths after oil-induction.NHCcellswere increased
only in oil-induced BALB/c mice (Figures 5(a) and 5(b)).

3.5. Cytokines Determination. IL4, IL-5, IL-9, IL-13, INF-
𝛾, IL-6, IL-10, IL-33, and TGF-𝛽 were determined in the
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Figure 4: B2, B1a, and B1b cells. (a) Dot plots show percentages of B cells from the peritoneal content from control and inducedmice at seven
months after induction of BALB/c andC57BL/6 strains. CD5− CD11b− (B2 lymphocytes), CD5+ CD11b+ (B1a lymphocytes), andCD5− CD11b+
(B1b lymphocytes) derived from CD19+ selected from total lymphocyte region. (b) Percentage medians of B lymphocytes in the above groups
of animals 𝑃∗≤ 0.05, 𝑃∗∗≤ 0.008 (n = 5–10). All subpopulations of B lymphocytes of oil-induced animals of both strains are diminished.
BALB/c oil-induced mice present higher B1a, B1b, and B2 with respect to the C57BL/6 oil-induced mice. BALB/c control mice show a greater
percentage of B2 with respect to the C57BL/6 control mice.

peritoneal fluid from both strains at seven months after
induction. Table 1 shows no production at all of IL-4, IL-13,
and IL-33, whereas IL-9 was equally produced by all groups.
INF-𝛾, IL-6, and TGF-𝛽 levels (in green) are increased in

oil-induced animals; however, no significant difference was
found between BALB/c and C57BL/6 strains.

Only in IL-5 and IL-10 a significant difference between
strains was found (Figures 6(a) and 6(b) and Table 1, in pink).
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Figure 5: NHC cells. (a)Mesenteric tissue from control and oil-inducedmice from bothmouse strains at sevenmonths after induction which
show c-kit+ NHC cells (cells with brown tonalities membrane; see arrows), 40x magnification. (b) Medians of number NHC cells 𝑃∗∗≤ 0.005
(𝑛 = 10). Increase of NHC cells was observed only in oil-induced BALB/c mice.
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Table 1: Cytokines of peritoneal fluid from mice of both strains BALB/c and C57BL/6, control and induced with pristane, at seven months
after induction.

Cytokines
Medians of concentration (pg/mL)

BALB/c C57BL/6
Control Oil-induced Control Oil-induced

IL-4 1 0 0 0
IL-13 0 0 0 0
IL-33 0 0 0 0
IL-9 78 72 73 71
INF-𝛾 0 51∗∗ 0 59∗∗

IL-6 0 525∗∗ 0 314∗∗

TGF-𝛽 0 1469∗ 0 1408∗

IL-5 0 2∗ 4 43∗∗

IL-10 544 1015 4198∗ 2004
∗
𝑃 ≤ 0.05, ∗∗𝑃 ≤ 0.005 (𝑛 = 10–14).
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Figure 6: IL-5 and IL-10 cytokines. (a) Concentrationmedians of IL-5. (b) Concentrationmedians of IL-10. 𝑃∗≤ 0.05, 𝑃∗∗≤ 0.005 (n = 10–14).

An increase of IL-5 was found in oil-induced mice, but the
highest concentrations were found in C57BL/6. IL-10 was
higher in both control and induced C57BL/6 mice as com-
pared with BALB/c mice, despite a decrease of this cytokine
in oil-induced C57BL/6 mice, when compared with controls.

4. Discussion

It is well known that BALB/c is the only mouse strain sus
cep-tible to develop myeloma as result of an inflammatory
reaction induced by the intraperitoneal injection of an irri-
tant, usually pristane [4, 29].

To try to find out which is the unique characteristic of
BALB that allows for the myeloma appearance, we injected
pristane in mice of the susceptible BALB/c strain and mice
of the not susceptible C57BL/6 strain as control, and deter-
minations of several cells and cytokines were made at seven
months after the oil treatment as well as in noninduced
control animals.

Both BALB/c and C57BL/6 strains developed a chronic
inflammatory process after the pristane treatment. Large lym-
phocyte infiltrates were observed in the peritoneal content of
both induced strains but to a greater degree in BALB/c strain
(data not shown).

The appearance of myeloma in BALB/c mice was
observed seven months after pristane treatment, by the pres-
ence of malignant plasma cells with neoplastic morphology
and the CD138+ marker as has been reported [28].

In this work it was found that the regulation of Th17 and
Treg is different between oil-induced BALB/c mice and oil-
induced C57BL/6 mice.

Th17 cells of both strains were reduced in oil-induced
mice compared to controls, but there were no significant
differences between Treg from pristane treated mice and
controls, which indicates that the decrease of Th17 is not
due to Treg. However when comparing both strains of oil-
induced mice, a greater percentage of Treg cells and lower
percentage of TH17 cells were observed in the oil-induced
BALB/c mice, compared to oil-induced C57BL/6 mice which
showed inversely proportional values. This would suggest a
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greater effort to try to control the inflammatory process in
the BALB/c mouse.

We also found a decrease in subpopulations B1, both B1a
and B1b, and B2 lymphocytes in both strains of oil-induced
animals, which could be explained by the migration of these
cells into other lymphoid compartments. Upon appropriate
stimulus, B1 cells in the peritoneal cavity migrate to the
mesenteric lymph nodes (MLNs), where they differentiate
into antibody-secreting plasma cells [32, 33].

Furthermore, the effect of some growth factors generated
in the same inflammatory niche and genes of BALB/c mouse
as c-myc could influence the evolution of these B lymphocytes
to malignant plasma cells [6].

An important difference between the strains was the
increase of NHC cells only in BALB/c. Little is known about
these cells, but its importance in the innate response has been
reported and has been identified as an immunity promot-
ing factor; however recent studies show that they are also
involved in tumor formation in immunemicroenvironments.
Bie et al. propose that these cells in peripheral blood are very
closely related to an immunosuppressive microenvironment
in gastric cancer [34]. This increase in NHC could be an
innate response of BALB/c mouse for inflammation control;
however, the high amount of these cells could influence the
development of the myeloma.

Of the studied cytokines, only IL-5 and IL-10 exhibited
significant differences between the two strains.The cytokines
IL-4, IL-13, IL-33, IL-9, IFN-𝛾, IL-6, andTGF-𝛽 had irrelevant
results (Table 1). The cytokines IL-4, IL-13, and IL-33 were
not present or their levels were below our detection limits.
IL-9 was detected, but no significant differences were found
between oil-induced and control animals. Although there
are reports of increased levels in pulmonary inflammation
[35], IL-9 does not seem of relevance in the peritoneal
inflammation.

INF-𝛾, IL-6, and TGF-𝛽were increased as expected in the
inflammation process in the induced animals; however, no
differences were found between the strains.

IL-5 level was higher in oil-induced mice of both strains.
As the receptor for IL-5 (IL-5R) shares the 𝛽 chain with the
GM-CSFR receptor, it can promote lymphopoiesis [36–38]
and probably the increase of NHC. However, the increase
in IL-5 was higher in C57BL/6 strain which had also higher
levels in the control mice.

C57BL/6 showed a high normal level of IL-10 [39] and
even after a decrease in the induced C57BL/6 the levels of IL-
10 are still much higher than in the induced BALB/c.

Therefore, the high concentration of IL-10 found in the
C57BL/6 mice could prevent the IL-5 induced increase in
NHC, thus avoiding the MPC, in contrast with BALB/c in
which the expansion of NHC lymphocytes could probably
drive its development.

Multiple myeloma (MM) is a cancer of plasma cells
in humans, and although there have been great strides in
recent years in the study of this disease, MM cause remains
unknown. Our work in the murine model suggests the
involvement of the NHC as an important subject for further
research but also as a potential target for an effective therapy.

5. Conclusions

The only important difference between the oil-induced
inflammatory processes in the two strains is that whereas in
the C57BL/6mice there is no variation inNHC, these cells are
increased in the BALB/c strain, whichmay be related with the
surge of the myeloma.
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Background. There are several circulatory biomarkers that are involved in forecasting the clinical outcome of cutaneous melanoma.
Serum/plasma vitamin D status is one of the markers intensively studied in this type of cutaneous cancer. The combination of
validated serum biomarkers (like LDH) with new biomarkers such as IL-8, angiogenic factor, and vitamin D is still at the dawn of
research. Hence, we are aiming to establish the predictive power of inflammatory biomarkers, such as IL-8, and metabolic ones,
such as vitamin D.These candidate biomarkers are intended to aid classical biomarkers, such as LDH, in the prognosis of cutaneous
melanoma. Methods. Serum vitamin D and IL-8 were quantified in melanoma patients and in matching healthy controls. Results.
Median serum vitamin D concentrations were significantly lower (𝑝 = 0.003) in melanoma patients as compared to healthy control
subjects, while around 65% of the investigated patients have proven a severe circulatory deficiency of this vitamin. IL-8 was found
increased (𝑝 = 0.001) in melanoma patients as compared to controls. Conclusion.Upregulation of proangiogenic factors associated
with vitamin D deficiency can prove to be potent future biomarkers candidates, enhancing the predictive power of classical LDH.

1. Introduction

A great amount of scientific information has been gathered
regarding “vitamin D/cancer hypothesis” [1]. Sun radia-
tion is an environmental factor that can trigger cutaneous
melanoma on the one hand, while sun exposure induces skin-
mediated synthesis of vitamin D3, on the other hand. There
are plentiful pro- and retrospective epidemiological studies
showing that low serum 25-hydroxyvitamin D3 (25(OH)D)
concentrations can be associated with colorectal [2], lung [3],
and breast [4] cancer and with various other types of cancer
[5].This association was related with a significantly increased
risk for the worst development of the disease and an overall
poor prognosis [6]. Besides these studies, there are also
several reports showing high serum 25(OH)D association
with lower cancer incidence [7].

Taking into account all the gathered information regard-
ing cutaneous melanoma development, we have embarked in
studying the basal serum levels of 25(OH)D in patients diag-
nosed with cutaneous melanoma. Knowing that there is no
“perfect multipotent biomarker,” we have been studying the
25(OH)D serum level in correlation with classical validated
ones, like LDH and newer candidates, like the proangiogenic
cytokine IL-8.

Choosing Future Biomarkers. There are several reasons for
whichwe have chosen the presented parameters inmelanoma
patients and the reasons are highlighted herein.

Interleukin-8 (IL-8), described almost 20 years ago, is a
cytokine produced by immune cells (monocytes, macropha-
ges) as well as nonimmune cells (endothelial cells, kerati-
nocytes, melanocytes, and chondrocytes) and tumor cells [8].
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IL-8 has a strong capacity to specifically activate neutrophils,
inducing intracellular calcium rise, reactive oxygen genera-
tion, chemotaxis, and enhancement of adhesion molecules
expression. Keratinocytes respond to TNF-alpha’s actionwith
an IL-8 increased synthesis. IL-8 secretion is correlated with
the increased secretion of other chemokines like MCP-1 and
IP-10 through NFkappaB activation [9].

IL-8 is produced by several tumor cells and hence its
functions include regulation of tumor angiogenesis and
immune response. IL-8, along with other chemokines, like
CXCL-1 produced by melanoma, has strong influence on
primary tumors progression [10] and is able to significantly
stimulate Keratin 8 expression in cultured keratinocytes [11].

Overexpression of IL-8 by neoplastic cells seems to be
regulated by the hypoxia generated by growing tumors. IL-
8 overexpression increases CXCR1 and CXCR2 expression
on tumor cells, endothelial cells, and immune related cells
(neutrophils and macrophages) resident in tumor tissue [12].

Earlier studies have shown that, in melanoma cell lines,
1-alpha, 25-Dihydroxyvitamin D3 (calcitriol) repressed IL-8
promoter activity that was induced by tumor necrosis factor-
alpha (TNF-alpha). This effect was consistent with the one
developed by TNF-alpha upon IL-8 release and upon IL-8
mRNA levels. However, these early studies have shown that
only vitaminD3metabolites, which were able to transactivate
a classical vitamin D response element, had the ability to
repress IL-8 promoter activation. This finding suggested that
the repression ismediated via vitaminD receptor (VDR) [13].

Further on, it has been shown that 20-hydroxyvitamin
D(2) [20(OH)D(2)] inhibits DNA synthesis in epidermal ker-
atinocytes and in melanoma cells. Transformed melanocytes
are more sensitive than normal melanocytes. A noncalcemic
analog of vitaminD, 20(OH)D(2), proves cell-type dependent
antiproliferative and prodifferentiation activities through
activation of VDR, with no detectable toxic calcemic activity
[14]. Subsequent studies have shown that indeed melanoma
cells express VDR and new insights into the molecular
mechanisms that underlie 1,25(OH)(2)D(3)-sensitivity in
melanoma cells were published. Melanoma cells responsive-
ness to 1,25(OH)(2)D(3) corresponds to the expression level
of VDR mRNA, which in turn might be regulated by VDR
microRNAs or epigenetic modulating drugs [15]. Recently,
in a large German patients cohort diagnosed with cutaneous
melanoma, it was highlighted that a decreased 25(OH)D level
is associated with increased tumor thickness and advanced
tumor stage [16].

Lactate-dehydrogenase (LDH) is a validated serum
biomarker that evaluates the metastasis risk [17–20] and it
actually evaluates the tissue leakage induced by tumor growth
and metastasis. An association of the LDH tissue leakage
induced by skin damage with an increase of mRNA IL-8 level
was reported [21].

In the light of the updated information and in the quest
to enhance the panel of biomarkers that could diagnose
and prognosticate the cutaneous melanoma outcome, we
have investigated the 25-(OH)D serum concentrations of
untreated melanoma patients in correlation with classical
serumbiomarkers like LDHandpossible newbiomarkers like
IL-8.

2. Materials and Methods

2.1. Patients. 88 patients (57 women and 31 men) diagnosed
with cutaneous melanoma according to AJCC [22] were
monitored for 2 years. The presented results were obtained
after diagnosis and no installed therapy. Diagnostic was
obtained after applying AJCC criteria. The enrolled patients
were as follows: Clark II (19.3%), Clark III (37.5%), Clark IV
(25%), and Clark V (18.2%).The prevalence of women versus
men was prior highlighted by us [23] where consecutive
enrollment of melanoma patients has shown a mean of
75% women in the entire enrolled group as compared to
80% women in this study. In EU, this figures show also a
prevalence of cutaneous melanoma in women [24].

2.2. Healthy Subjects. Healthy subjects consisted of an equal
number of subjects (55 women and 33 men) and are
selected from the same geographical regions as the patients
(Bucureşti, Argeş, Dı̂mbovit,a, Giurgiu, Călăraşi, Constant,a,
Prahova, Ialomit,a, and Teleorman).

Patients and healthy subjects have provided their written
informed consent. The study and consent procedure were
approved by the involvedHospital’s EthicsCommittee. All the
named institutional ethics committees specifically approved
this study (ethics committees of Nephrology Hospital “Dr.
Carol Davila,” Bucharest, Romania; of SKINMED CLINIC,
Bucharest, Romania; of “Victor Babes” National Institute of
Pathology, of Infectious and Tropical Diseases “Dr. Victor
Babeş”).

The inclusion and exclusion criteria for the presented
study are depicted in Table 1.

2.3. Biological Samples. Blood was harvested from patients
and healthy subjects and serumwas separated upon standard
conditions [25].

Serum Quantification of 25-OH Vitamin D. Quantification
was performed with ELISA using Euroimmun kit [26]. The
technique has a 1.6 ng/mL sensitivity for 25-OH vitamins D2
and D3 and no cross-reaction with 24,25(OH)

2
vitamin D3,

vitaminD2 (ergocalciferol), and vitaminD3 (cholecalciferol).
Briefly, anti-25-OH vitamin D3 antibodies detect the pres-
ence of 25-OH vitamin D3 indicated by peroxidase activity,
measured as substrate OD at 450 nm. Results are expressed as
ng/mL or nmol/L, after the following formula: 25-OH vitamin
D3 (ng/mL) × 2.5 = 25-OH vitamin D3 (nmol/L).

2.4. Serum Quantification of IL-8. Quantification was per-
formed with ELISA using Enzo Life Sciences kit, with a
detection limit of 0.64 pg/mL [27].

2.5. Serum Lactate-Dehydrogenase. (LDH) was quantified
using standard photometric method (Human Diagnostics)
and the results were expressed in UL−1.

2.6. Standard Laboratory Evaluation. Hematology and gen-
eral biochemistry were evaluated in an Automated Biochem-
ical Analyzer.
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Table 1: Inclusion and exclusion criteria for patients (a) and healthy subjects (b).

(a) Patients

Inclusion criteria

Age 18–45 years
Sun exposure UV index 5

Nutrition, body mass index Normal, 18.5–24.9
Stage Clark II, Clark III, Clark IV, and Clark V

Exclusion criteria

Age >18 years; <45 years
Pregnancy Yes

Condition present Drug and/or alcoholic addiction

Treatment present Systemic treatment with hormones, antidepressants, antioxidants,
and immunomodulators

Other pathologies
Neurological, physiatrical, digestive, endocrinological, and
cardiovascular diseases, liver-, renal-, and lung-related pathologies,
metabolic disease, autoimmune, infections, inflammations, and other
neoplastic diseases

(b) Healthy subjects

Inclusion criteria

Age 18–45 years
Sun exposure UV index 5

Nutrition, body mass index Normal, 18.5–24.9
Calcemia, calciuria, phosphatemia,

alkaline phosphatase,
parathormone, and C reactive

protein.

Normal values

Exclusion criteria

Age >18 years; <45 years

Pregnancy Yes
Condition present Drug and/or alcoholic addiction

Treatment present Systemic treatment with hormones, antidepressants, antioxidants,
and immunomodulators

Other pathologies

Neurological, physiatrical, digestive, endocrinological, and
cardiovascular diseases, liver-, renal-, and lung-related pathologies,
metabolic disease, autoimmune, infections, inflammations, and other
neoplastic diseases

2.7. Statistics. SPSS programwas used for data analysis; com-
parisonwas performed using Student’s 𝑡-test for𝑝 < 0.05. For
several comparisons, the ANOVA multiparametric test was
used. The correlation was established using linear regression
and Pearson correlation. The results are presented as mean
with standard deviation and as prevalence, the proportion of
normal subjects/patients with a specific parameter.

3. Results

Overall biochemical parameters of the investigated patients
are presented in Table 2. As seen, there were no statistically
significant differences between lipids, triglyceride, bilirubin,
calcemia, phosphatemia, alkaline phosphatase, iPTH, CRP,
and calciuria in patients compared to controls.

While standard biochemical parameters are not changed
in themelanoma group, serumLDH, IL-8 and vitaminD3 are
statistically significantly different (Figures 1 and 2).

Control IL-8 serum values match our previously pub-
lished report [23], while patient values are elevated in com-
parison to our previous report. These differences reside first
in the different patients’ group population and secondly in the
different used methods, ELISA versus multiplex technology.
Patients’ values for serum IL-8 are matching the overall range
previously published when using ELISA as detection method
[28].

Serum LDH is statistically increased in patients group
compared to controls. The general accepted reference level
for serum LDH is in the range of 135–450UL−1. In 63.63%
from the investigated cases, the registered value was in the
reference level, while in the other 36.37% cases it was higher
than the reference levels. For controls, 97.73% proved serum
LDH values in the reference domain.

Regarding serum IL-8 concentration, 84.1% from the
investigated cases had high values, while only 15.9% had
values in the reference domain. In controls, 99%of the donors
had lower than 15.0 pgmL−1 serum concentration of IL-8.
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Table 2: Biochemical parameters.

Parameter Patients Control 𝑝 significance
(patients versus control)

Lipids (g dL−1) 618.7 ± 26.4 601.0 ± 37.1 0.741
Triglycerides (mg dL−1) 89.9 ± 18.6 83.4 ± 16.6 0.449
Bilirubin (mg dL−1) 0.22 ± 0.03 0.19 ± 0.08 0.811
Calcemia (mg dL−1) 8.87 ± 0.30 8.76 ± 0.24 0.902
Calciuria (mg/24 h) 162.6 ± 31.4 153.9 ± 20.7 0.381
Alkaline phosphatase (U L−1) 216.4 ± 31.5 209.7 ± 23.1 0.428
iPTH (pgmL−1) 27.2 ± 7.4 31.0 ± 8.7 0.517
Phosphatemia (mg dL−1) 3.6 ± 0.9 3.4 ± 0.6 0.726
CRP (mg dL−1) 0.39 ± 0.23 0.13 ± 0.15 0.121
LDH (UL−1) 396 ± 79 203 ± 62 0.014
IL-8 (pgmL−1) 68.1 ± 16.3 10.2 ± 4.5 0.001
25(OH)D (ngmL−1) 15.9 ± 11.8 26.8 ± 14.4 0.003
CRP: C reactive protein; iPTH: intact parathormone; LDH: lactate-dehydrogenase; IL-8: interleukin-8; and 25(OH)D3: 25-hydroxyvitamin D3.
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Figure 1: Serum LDH (UL−1) in cutaneous melanoma patients
compared to healthy controls. Statistically significant differences
were registered for serum LDH (𝑝 = 0.014).

The serum level for 25-OH vitamin D3 is highly influ-
enced by age, sex, diet, geographical location of the indi-
vidual, sun exposure, and so on. There is still no consensus
regarding the so-called normal value range for serum 25-OH
vitaminD3.We have chosen healthy individuals from various
geographical regions in Romania, both southern regions and
lower mountain regions. Healthy donors were chosen to
match the same geo/demographical and dietary lifestyle as
the patients. Hence, the normal values that we present herein
are the optimum normal values for the investigated patients
group in the 18–45 years of age range, without claiming that
it is the optimal range for the overall Romanian population.

As seen in Figure 2 and Table 3, patients have a clear
vitamin D3 deficiency in comparison to controls, a mean of
almost 50% reduction compared to healthy individuals. More
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Figure 2: Serum IL-8 (pgmL−1) and 25-OH vitamin D3 (ngmL−1)
in cutaneous melanoma patients compared to healthy controls.
Statistically significant differences were registered for serum IL-8
(𝑝 = 0.001) and for 25-OH vitamin D3 (𝑝 = 0.003).

than 50% of the normal donors have low levels of 25-OH
vitamin D3 (less than 30 ngmL−1, Table 3).

From the data gathered and presented in Table 3 we
have generated Figures 3, 4, and 5 depicting the subgroups
displaying low, medium, normal, and high concentration
of serum vitamin D3. Vitamin D3 deficiency has a higher
prevalence in melanoma patients; only 8.0% display an
optimum level (range 30–50 ngmL−1), while 92.0% have low
serum levels (Figure 3).

The identified deficiency is correlated with modifications
of both serums LDH and IL-8 in melanoma patients. There-
fore, there is a negative correlation between serum 25-OH
vitamin D3 and IL-8 (𝑟 = −0.650, 𝑝 = 0.005) and LDH
(𝑟 = −0.426, 𝑝 = 0.021). In controls, no correlations between
these parameters were identified. Clinically, serum 25-OH
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Table 3: Serum 25-OH vitamin D3 concentration in patients and healthy donors.

Vitamin D3 25-OH vitamin D3 (ngmL−1) Patients (number) Control (number)
Very severe deficiency 1.6–5 2 0
Severe deficiency 5–10 11 2
Deficiency 10–20 44 9
Suboptimal provision 20–30 24 36
Optimal level 30–50 7 38
Upper level 50–70 0 3
Overdose, but not toxic 70–150 0 0
Intoxication >150 0 0

Table 4: Statistical correlations between serum 25-OH vitamin D3, IL-8, and LDH in patients group and controls.

Investigated serum parameters
(correlated pair of variables)

Cutaneous melanoma Controls
𝑟 𝑝 𝑟 𝑝

25-OH vitamin D3 versus IL-8 −0.650 0.005 −0.143 0.435
25-OH vitamin D3 versus LDH −0.426 0.021 0.062 0.828
IL-8 versus LDH 0.311 0.006 0.009 0.979
𝑟: correlation coefficient; 𝑝: statistical significance.
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Figure 3: 25-OH vitamin D3 serum level (ngmL−1) in melanoma
patients (MM) compared to controls. Prevalence depicts the sub-
groups of low serum 25-OH vitamin D3 in the melanoma group of
patients.

vitamin D3 deficit associated with high serum LDH and IL-
8 indicated a metastatic risk for the investigated patients
(Figures 4 and 5).

When evaluating the statistics andusing linear regression,
we have obtained a clear positive correlation between serum
LDH (the only validated serum biomarker in cutaneous
melanoma) and the circulatory levels of IL-8, a protumoral
and proangiogenic factor (Table 4). Negative correlation was
obtained between serum vitamin D3 and IL-8 and/or LDH
(Table 4).

As studies over biomarkers discovery abound in mela-
noma, there is a continuous need of new serum biomarkers
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Figure 4: 25-OH vitamin D3 (ngmL−1) serum level in melanoma
patients for individuals with normal and high LDH serum levels
(U L−1). Prevalence depicts the subgroups of melanoma patients
with high serum LDH congregating in the low serum 25-OH
vitamin D3 ranges.

pin-pointing melanoma progression [29]. Our study stresses
the fact that LDH, as a single approved marker, cannot spot
the complex disease’s evolution. Combining this classical
biomarker with vitamin D3 and IL-8 can increase the predic-
tive power of biomarkers and provide efficient rationale for
follow-up and various treatment choices.

4. Discussion

The search for new prediction biomarkers in cutaneous
melanoma, early detection, and prognosticators is still an
unmet need. We have shown herein that melanoma pro-
gression is associated with a decrease in the serum level of
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Figure 5: 25-OH vitamin D3 (ngmL−1) serum level in melanoma
patients for individuals with normal and high serum IL-8 (pgmL−1).
Prevalence depicts the subgroups of melanoma patients with high
serum IL-8 congregating in the low serum 25-OH vitamin D3
ranges.

25-OH vitamin D3. There is a clear deficit of this vitamin
in patients compared to controls, and this deficiency is
negatively correlated with conventional biomarkers, such as
LDH.When transition from the horizontal to vertical growth
starts in cutaneous melanoma, and the metastatic process
initiation is triggered, there is a drastic decrease of serum
25-OH vitamin D3, while LDH (tissue destruction) and IL-
8 (angiogenesis) increase.

A decrease of 25-OH vitamin D3 serum level represents
a bad clinical outcome of melanoma. These results join the
confirmation studies that are conveyed towards vitamin D3
involvement in tumorigenesis, invasion, and metastasis.

There are still contradictions related to vitamin D3 and
melanoma development. While several studies have shown
positive association between dietary vitamin D3 intake and
melanoma incidence [30], others have flagged a negative
correlation [7] or the lack of any correlation [31].

Knowing that UV radiation is an environmental risk
factor for cutaneous melanoma, but a trigger for vitamin
D synthesis, we have enrolled patients and controls from
geographical regions with higher and lower sun radiance,
keeping the same UV index. In terms of environmental
exposure, we did not find any correlation between the
geographical region and vitamin D serum level.

The circulatory levels of vitamin D that we report in
controlsmatch the previously reported range inGermanpop-
ulation. The vitamin D data for patients presented herein are
below the ones published for theGermanmelanoma patients.
In the German population, previous reports showed that
the decreased vitamin D serum levels were associated with
increased tumor thickness and advanced tumor stage [16].
In recent research studies, IL-8, an intense studied proangio-
genic factor, was reported as one of the cytokines secreted by
melanoma cells, influencing thus the differentiation pattern
of keratinocytes and being a factor that mediates intercellular

interactions in melanoma [32]. Moreover, it was shown that
elevated IL-8 secretion and change in CXCR expression
enhance melanoma malignancy [33]. Results performed in
several solid cancers showed that serum IL-8 indicates tumor
burden and prognosis in melanoma as well [34]. In our
study, besides the correlation with the presence of melanoma
tumor, the elevated serum IL-8 statistically correlated with an
enhanced LDH and a reduced circulatory vitamin D.

We can speculate an intricate regulatory mechanism
portrayed by these biomarkers.Thus, knowing that vitaminD
metabolites have a repressive effect on IL-8 promoter activa-
tion [13] we can ascertain that low levels of vitaminD can turn
off vitaminD receptor (VDR) stimulation, lowering IL-8 gene
repression and hence an increase of proinflammatory IL-8
expression. Inflammatory milieu as proven in many types of
cancer (here represented by IL-8) go hand in hand with an
active tumor cell metabolism, represented by high levels of
LDH[35].Other inflammatorymarkers, asCRP and galectin-
3, were prior correlated in melanoma with an increase in
LDH [36] and circulatory markers such as S100 and MIA
[37]. Recently it was demonstrated in normal melanocytes
that triggering the apoptosis and hence the LDH release,
genes encoding for proinflammatory cytokines like IL-8, are
activated as well [38].

In the light of the presented results, we can draw a prelim-
inary biomarker pattern for enhanced risk of developing the
metastasis stage in melanoma for patients that have vitamin
D deficiency, doubled by an increased circulatory IL-8 and
LDH.

5. Conclusions

The direct relation between sun exposure and melanocyte
malignant transformation is complex. Upon sun exposure,
melanoma risks increases, especially in the case of sunburn,
when inflammation occurs [39]. If vitamin D3 levels are
decreased, unbalancedmetabolic disorder can lead to further
uncontrolled tumorigenesis. On national level, there is no
large cohort screening for vitamin D3 level; thus we were
confrontedwith the lack of information regarding the normal
values and the population deficit.

Therapeutically, using vitamin D3 or its analogs can
induce toxic effects (immune-suppression, hypercalcemia,
multiple organ insufficiency, and death), but the recently
developed new analogs have less toxicity and proved antitu-
moral effects in in vitro studies [40]. Low levels of circulatory
vitamin D3 are much more frequent in melanoma patients
compared to controls (92% versus 53%); these levels could
indicate a high risk patient subpopulation and, using the new
possibilities to therapeutically correct this deficiency, assist
melanoma patients management.

Although imaging new technologies is evolving in der-
matooncology [41], finding new biomarkers and/or enlarging
the biomarkers panel for monitoring melanoma patients
with parameters as vitamin D and IL-8 could both aid
the prognosis of the disease and could identify high risk
subgroups.
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Gout is a common inflammatory disease characterized by acute arthritis and hyperuricemia. A number of epidemiological studies
have suggested the critical role of gout in carcinogenesis. The aim of this study was to estimate the association between gout and
cancer risk by meta-analysis of all relevant studies published to date. A comprehensive literature search in PubMed and Embase
databases from their inception up to July 1, 2014, was performed to identify eligible studies. The strength for relationship between
gout and the risk of different cancers was evaluated by calculating pooled relative risks (RRs) with 95% confidence intervals (95%
CIs). All analyses were carried out by STATA 12.0 software. Gout patients were at an increased risk of cancer, particularly urological
cancers, digestive system cancers, and lung cancer. No such significant association between gout and the risk of breast or brain
cancers was observed. Sensitivity analysis did not materially alter the pooled results. Gout is a risk factor of cancer, particularly that
of urological cancers, digestive system cancers, and lung cancer. The pooled data further support the hypothesis of a link between
gout and carcinogenesis.

1. Introduction

Gout is a common inflammatory disease characterized by
acute arthritis and hyperuricemia due to disorder of purine
metabolism [1]. It is caused by monosodium urate crys-
tal deposition in tissues leading to arthritis, soft tissue
masses, kidney stones, and urate nephropathy. Attacks of
pain, erythema, and swelling of one or a few joints in the
lower extremities are prominent clinical manifestations of
acute gout. Higher intakes of red meat, fructose and beer,
alcohol consumption, and genetic polymorphisms have been
implicated in the development of gout and hyperuricemia [2–
4]. The prevalence of gout is increasing worldwide. It is more
common in men and strongly age-related. To the best of our

knowledge, gout is highly related to obesity, hypertension,
diabetesmellitus, chronic kidney, and cardiovascular diseases
[1, 2, 5].

During the past few years, the association between cancer
and gout as well as hyperuricemia has drawn a lot of
attention. High cell turnover can lead to hyperuricemia
and tumorigenesis, implicating an underlying link between
purine metabolism disorders and cancer [6]. It has been
well documented that high serum uric acid levels are inde-
pendently related to an increased risk of cancer [7–9]. In
addition, massive lysis of malignant cells in certain patients
with tumor lysis syndrome can result in hyperuricemia,
which can predispose patients to renal failure, coronary heart
disease, and gout [10, 11]. Interestingly, uric acid has also
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been hypothesized to play a protective role in carcinogenesis
due to its systemic antioxidant properties [12]. Nonetheless,
this issue remains controversial. Taken together, all available
data support the hypothesis of a link between metabolic
syndrome and tumorigenesis.

Although recent epidemiological studies have sparked
interest in the hypothesis, the precise association between
gout and cancer risk remains obscure. Our study was firstly
aimed to investigate this association by meta-analysis of all
currently available data.

2. Materials and Methods

2.1. Search Strategy. We performed a comprehensive liter-
ature search in PubMed and Embase databases from their
inception up to July 1, 2014, for studies on the association
between gout and cancer risk. The following search terms
were used: gout, or hyperuricemia; cancer, tumor, or carci-
noma; risk, or incidence. The references of retrieved studies
were also screened for additional publications. No language
restriction was imposed.

2.2. Inclusion and Exclusion Criteria. The included studies
must meet the inclusion criteria as follows: (1) studies
concerning the association between gout and cancer risk;
(2) studies in a cohort design; (3) studies with enough
information for odds ratio (ORs), relative risks (RRs), or
hazard ratios (HRs) with corresponding 95% confidence
intervals (95%CIs).

Studies were excluded if they were (1) publications not
related to the role of gout in cancer risk; (2) case-only study;
(3) case report; (4) reviews; (5) animal studies; (6) studies
with overlapping data.

2.3. Data Extraction. Two investigators independently
extracted available data from all studies as follows: first
author’s name, year of publication, origins, diagnosis of
patients, study design, type of cancers, total sample size,
study period, adjusted factors, baseline time, follow-up
duration, mean age of gout patients, and RRs or HRs or ORs
with corresponding 95%CIs. Disagreements were resolved
by consensus.

2.4. Statistical Analysis. The strength for relationship
between gout and cancer riskwas estimated by calculating the
pooled RRs with 95%CIs. The between-study heterogeneity
was evaluated by Cochran’s Q-statistic test and 𝐼2 test [14, 15].
𝑃 < 0.05 and 𝐼2 > 50% implicated potential between-study
heterogeneity among studies. The fixed-effects model by
Mantel and Haenszel method was used if the between-study
heterogeneity was not statistically significant [16]; otherwise,
the random-effects model by way of DerSimonian and
Laird was applied with regard to significant between-study
heterogeneity [17]. Subgroup analyses by different type
of cancer and sensitivity analysis were also carried out to
assess the association. Begg’s funnel plots and Egger’s test
were conducted to estimate possible publication bias in our
study [18, 19]. The STATA 12.0 software (StataCorp, College

Station, TX, USA) was used. All 𝑃 values were two-tailed,
and 𝑃 < 0.05 suggested statistical significance.

3. Results

3.1. Characteristics of All Eligible Studies. After a comprehen-
sive literature search, three prospective cohort studies with
a total of 50, 358 subjects were retrieved for meta-analysis
[6, 13, 20]. The study by Boffetta et al. was divided into two
independent studies according to gender. The characteristics
of included studies were summarized in Table 1 mainly
including the name of the first author, publication year,
baseline time, follow-up duration, type of cancer, adjusted
factors, and mean age of gout patients. The effect of gout
on cancer was primarily evaluated in the development of
urological cancers, digestive system cancers, lung cancer,
breast cancer, and brain tumors (Table 1).

3.2. Association between Gout and Cancer Risk. Gout was
related to a significantly increased risk of cancer as suggested
by overall analysis of four independent cohort studies (RR
= 1.42, 95%CI 1.09–1.84, 𝑃 = 0.008) (Table 2, Figure 1).
However, the between-study heterogeneity was significant
(𝐼2 = 98.1%, 𝑃 < 0.001). Besides, no significant association
between gout and total cancer risk was observed in the male
population, suggested by the pooled RR (RR = 1.67, 95%CI
0.93–3.01, 𝑃 = 0.087) (Table 2). Sensitivity analysis did not
alter the pooled results (data not shown).

An elevated risk of urological cancers was observed to be
associated with gout, although obvious heterogeneity existed
among included studies (RR = 1.72, 95%CI 1.30–2.26, 𝑃 <
0.001; 𝐼2 = 90.7%, 𝑃 < 0.001) (Table 2).

For the risk of digestive system cancers, the pooled RRs
suggested that gout exerted risk effect on the development of
digestive system cancers (RR = 1.39, 95%CI 1.23–1.56, 𝑃 <
0.001; 𝐼2 = 68.2%, 𝑃 < 0.001) (Table 2).

A modest association between gout and lung cancer risk
was demonstrated, which suggested a risk factor of gout for
the development of lung cancer (RR = 1.29, 95%CI 1.01–1.65,
𝑃 = 0.039; 𝐼2 = 75.5%, 𝑃 = 0.007) (Table 2).

No significant relationship between gout and the risk
of breast cancer or brain cancer was observed in our study
(Table 2).

3.3. Publication Bias. Begg’s funnel plots and Egger’s test did
not show any evidence for publication bias risk in the present
meta-analysis (data not shown).

4. Discussion

The present meta-analysis based on three prospective cohort
studies shows the evidence that gout confers risk effect on
carcinogenesis, particularly in urological cancers, digestive
system cancers, and lung cancer. Besides, gout did notmodify
the risk of breast cancer or brain cancer or total cancer
risk in males, as suggested by the pooled RRs, respectively.
Nevertheless, the findings about breast and brain cancers risk
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Table 1: Characteristics of all studies.

Study Year Origins
Number

of
subjects

Follow-up
duration
(years)

Baseline
time

Mean age of
patients Cancer sites Adjusted factors

Chen et al.
[13] 2014 Taiwan 9,413 8 1998–2000 51.03 ± 14.52

Prostate, bladder, kidney,
colorectum, liver,
gallbladder and bile
duct, stomach, lung,
esophageal, pancreas,
nasopharyngeal, brain,
and oral, and so forth

Age, sex, year, and
month of first diagnosis

Kuo et al. [6] 2012 Taiwan 24,088 7.8-7.9 2000–2008 42.3 ± 16.3
Prostate, bladder, colon,
liver, stomach, lung, and
breast, and so forth

Age and sex

Bofetta et al.
[20] Men 2009 Sweden 10,500 NR 1965–1995 NR

Prostate, bladder, kidney,
rectum, colon, liver and
bile duct, stomach, lung,
pancreas, brain, and
oral, and so forth

Sex, time since first
hospitalization, and gout
as primary or the only
diagnosis

Bofetta et al.
[20] Women 2009 Sweden 6,357 NR 1965–1995 NR

Bladder, kidney, rectum,
colon, liver and bile
duct, stomach, lung,
pancreas, brain, oral,
breast, and so forth

Sex, time since first
hospitalization, and gout
as primary or the only
diagnosis

Table 2: Summary of meta-analysis results.

Type of cancer aRR [95% CI] 𝑃 value for pooled
analysis 𝐼

2 (%) 𝑃 value for
heterogeneity analysis

All 1.42 [1.09–1.84] 0.008 98.1 <0.001
Males 1.67 [0.93–3.01] 0.087 99.0 <0.001
Urological cancers 1.72 [1.30–2.26] <0.001 90.7 <0.001
Digestive system cancers 1.39 [1.23–1.56] <0.001 68.2 <0.001
Lung cancer 1.29 [1.01–1.65] 0.039 75.5 0.007
Breast cancer 0.92 [0.77–1.09] 0.336 45.9 0.174
Brain cancer 1.24 [0.82–1.87] 0.309 0.0 0.946
aRR, relative risk; 95% CI, 95% confidence interval.

must be interpreted with caution due to limited sample size.
Sensitivity analysis did not materially alter the pooled results.

Gout is a disorder of purine metabolism, which has been
suggested in relation to many kinds of diseases, such as
end-stage renal disease, myocardial infarction, obesity, and
diabetes, due to increased serum uric acid [21–24]. Kuo et al.
have reported that gout is an independent risk factor for
myocardial infarction even in young people and those with-
out cardiovascular risk factors [22]. Gout patients aged 50
years or above were more likely to die from cardiovascular
diseases than those without gout, although they had no
preceding serious cardiovascular diseases [25]. Therefore,
gout is positively associated with cardiovascular disease risk
and mortality. Hyperuricemia is a common clinical presen-
tation of gout and is usually attributed to high cell turnover
and accelerated purine breakdown. Despite the antioxi-
dant properties of uric acid in preventing the formation of

carcinogenic oxygen radicals, little evidence supports its role
in protecting against cancer [8, 12, 26]. Hyperuricemia is
a rare complication in cancer and is especially common in
patients with hematological malignancies, for instance, acute
lymphocytic leukemia and Burkitt lymphoma [27, 28]. Given
the hypothesis of link between metabolism syndrome and
cancer, many studies have investigated roles of serum uric
acid, hyperuricemia, and gout in carcinogenesis and cancer
mortality [6, 7, 13, 20, 29, 30]. Kolonel and colleagues firstly
elucidated that high level of serum uric acid exerted risk
effect on prostate carcinogenesis, but not the development
of overall cancer and cancers of stomach, colon, rectum,
lung, bladder, or hematopoietic system [31]. Serum uric acid
was not an independent risk factor for cancer mortality;
however, it could predispose diabetes to die, which suggested
an interactive effect of uric acid with diabetes on the risk
of death from cancer [32]. Similarly, hyperuricemia was not
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Figure 1: Forest plot for gout and cancer risk.

associated with the RRs of cancer-related death [30]. Taken
together, the effect of serum uric acid on cancer risk and
mortality remains inconclusive.

Up till now, three prospective cohort studies with a total
of 50,358 subjects have been performed to evaluate the asso-
ciation between gout and cancer risk [6, 13, 20]. Nonetheless,
the findings were conflicting and inconclusive. Boffetta et al.
reported that gout patients were at an elevated risk of overall
cancer and cancers of the oral cavity and pharynx, colon,

liver and biliary tract, pancreas, lung, skin, endometrium,
and kidney, as well as of malignant melanoma among both
males and females [20]. The study provided no evidence of
a protective role of serum uric acid in carcinogenesis [20].
The findings demonstrated by Kuo et al. were consistent
with those of Boffetta et al. [6]. However, no increased risk
of liver, colon, lung, stomach, bladder, and breast cancers
was observed in gout patients, respectively [6]. The study by
Chen et al. showed that gout patients were more likely to
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develop most cancers including cancers of prostate, bladder,
kidney, colorectum, liver, gallbladder and biliary tract, lung,
and stomach [13]. The significant association between gout
and increased risk of overall cancer in those studies was not
likely generated due to chance. Nevertheless, concerning the
risk of individual cancers, bias might be introduced because
of small sample size of certain cases. We performed a meta-
analysis of all published studies in relation to the role of gout
in cancer risk. The pooled RRs suggested that gout was a
risk factor for carcinogenesis, especially the development of
urological cancers, digestive system cancers, and lung cancer.
The effect of gout on brain cancer and breast cancer warrants
further investigation by more epidemiological studies with
large sample size.

5. Limitations

Some limitations must be seriously considered. Firstly, only
three cohort studies were included into our study, but the
statistical power was sufficient in estimating the role of gout
in carcinogenesis. More relevant studies on the association
between gout and individual cancers risk, especially brain
and breast cancers, are warranted for further investigation.
Secondly, adjusted factors of all included studies were not
consistent. Thus, bias might be introduced in our study
because of confounding factors such as age, sex, and ethnicity.
Future studies based on adjusted analysis are encouraged to
investigate the effect of gout disease on cancer risk. Thirdly,
the influence of gout disease duration in tumorigenesis was
elucidated in a recent study [13]. We failed to estimate cancer
risk related to the duration of gout, because relevant epidemi-
ological studies were limited. Last but not the least, cancer
is a multifactorial disease with complex pathogenic factors
including genetic polymorphisms, environmental carcino-
gens, and history of family as well as chronic inflammatory
diseases [33]. An interactive effect between gout and other
carcinogenic factors may be critical in carcinogenesis, which
warrants further elucidation.

6. Conclusions

In summary, our study does show evidence for the hypothesis
of a link between gout and carcinogenesis. It suggests that
gout is an independent risk factor for the incidence of
total cancer, particularly urological cancers, digestive system
cancers, and lung cancer. The precise association between
gout and individual cancers warrants further investigation by
more epidemiological studies with high quality.
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SUA is a potent antioxidant and thus may play a protective role against cancer. Many epidemiological studies have investigated this
hypothesis but provided inconsistent and inconclusive findings.We aimed to precisely elucidate the association between SUA levels
and cancer by pooling all available publications. Totally, 5 independent studies with 456,053 subjects and 12 with 632,472 subjects
were identified after a comprehensive literature screening from PubMed, Embase, and Web of Science. The pooled RRs showed
that individuals with high SUA levels were at an increased risk of total cancer incidence (RR = 1.03, 95% CI 1.01–1.05, 𝑃 = 0.007).
Positive association between high SUA levels and total cancer incidence was observed inmales but not females (formen: RR = 1.05,
95% CI 1.02–1.08, 𝑃 = 0.002; for women, RR = 1.01, 95% CI 0.98–1.04, 𝑃 = 0.512). Besides, high SUA levels were associated with
an elevated risk of total cancer mortality (RR = 1.17, 95% CI 1.04–1.32, 𝑃 = 0.010), particularly in females (RR = 1.25, 95% CI
1.07–1.45, 𝑃 = 0.004). The study suggests that high SUA levels increase the risk of total cancer incidence and mortality. The data do
not support the hypothesis of a protective role of SUA in cancer.

1. Introduction

Serumuric acid (SUA) is one of themost abundantmolecules
with antioxidant properties in human blood acting as a
free radical scavenger and a chelator of transitional metal
ion [1, 2]. However, increased SUA is a highly prevalent
condition with controversial health consequences. Emerging
data has suggested the causative role of elevated UA levels
in cardiovascular, respiratory diseases, renal diseases, and
metabolic syndrome [2–4]. Hyperuricemia is a consequence
of impaired kidney function and can increase the risk of
chronic kidney disease and end-stage renal disease [5]. Low
levels of SUA are detrimental to the neurons, while high levels
of SUA contribute to inflammation and neuroprotection [6].

Interestingly, it has been hypothesized that SUA may
confer protective effects on cancer due to its antioxidant
property [7]. However, currently published epidemiological
studies on the association between SUA levels and cancer-
related incidence and mortality have provided conflicting
and inconclusive findings possibly because of different study
design, source of controls, sample size, and statistical power.
The study by Kuo et al. has suggested that low SUA levels
are associated with elevated risk of cancer-related mortality
comparedwith high SUA levels, which implicates a protective
role of SUA in cancer [8]. On the contrary, Strasak AM
and colleagues have demonstrated that high SUA levels
are independently related to increased risk of total cancer
mortality [9]. To shed light on understanding the paradoxical
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Table 1: Characteristics of all studies.

First author Year Study design Origins Sample size Followup (years) Baseline time Sex Cancer
Cancer incidence

Horsfall [4] 2014 Prospective cohort study UK 205,484 5 2000–2012 Mixed Lung
Strasak [10] 2009 Prospective cohort study Austrian 78,850 12.4 1985–2003 Men All
Kolonel [11] 1994 Prospective cohort study Hawaii 7,889 27 1965–1968 Men All
Hiatt [12] 1988 Prospective cohort study USA 75,283 9.8 1965–1972 Men All
Hiatt [12] 1988 Prospective cohort study USA 88,547 9.8 1965–1972 Women All

Cancer mortality
Taghizadeh [13] 2014 Prospective cohort study Dutch 4,350 38 1965–1969 Men All
Juraschek [14] 2014 Prospective cohort study Scotland 15,083 22.7 1984–1987 Mixed All
Kuo [8] 2013 Prospective cohort study Taiwan 354,110 9 2000–2007 Mixed All
Strasak [15] 2007 Prospective cohort study Austrian 28,613 15.2 1985–2005 Women All
Strasak [15] 2007 Prospective cohort study Austrian 83,683 13.6 1985–2005 Men All
Jee [16] 2004 Prospective cohort study Korean 22,698 9 1992–1996 Men All
Colangelo [3] 2002 Prospective cohort study USA 20,433 26.2 1967–1973 Men Colorectal cancer
Colangelo [3] 2002 Prospective cohort study USA 15,149 26.2 1967–1973 Women Colorectal cancer
Tomita [17] 2000 Prospective cohort study Japanese 49,413 5.4 1975–1982 Men All
Gapstur [18] 2000 Prospective cohort study USA 20,475 25 1963–1973 Men Pancreatic cancer
Gapstur [18] 2000 Prospective cohort study USA 15,183 25 1963–1973 Women Pancreatic cancer
Mazza [19] 1999 Prospective cohort study Italy 3,282 12 Not reported Mixed All

role of SUA in the risk of cancer incidence and mortality,
we performed this meta-analysis of all currently published
studies.

2. Materials and Methods

2.1. Search Strategy. A comprehensive literature screening
from databases of PubMed, Embase, and Web of Science
was performed for eligible studies from their inception up
to August 12, 2014. We used the following terms: uric acid,
serum uric acid, gout, or hyperuricemia; cancer, tumor, or
carcinoma; cancer risk, cancer incidence, or cancermortality.
The references of all retrieved studies were also screened for
additional papers. There were no language restrictions for
literature search.

2.2. Inclusion and Exclusion Criteria. Studies were included
in our study if they conform to the following inclusion
criteria: (1) studies in cohort designs; (2) studies on the
relationship between SUA and cancer; (3) studies with data of
odds ratio (ORs), relative risks (RRs), or hazard ratios (HRs)
with 95% confidence intervals (95% CIs). Studies not related
to the risk of cancer incidence and mortality, case reports,
reviews, animal studies, and studies with overlapping data
were all excluded.

2.3. Data Extraction. Data were extracted by two investi-
gators independently. Disagreements were resolved by con-
sensus. Relevant data were as follows: first author, year of
publication, origins, study designs, specific sites of cancer,
cancer types, sex, age, sample size, baseline time, follow-
up duration, adjusted factors, and RRs or HRs or ORs with
corresponding 95% CIs for the risk of cancer incidence and
mortality. Available RRs or HRs or ORs with 95% CIs were

extracted based on the highest SUA levels in each included
study.

2.4. Statistical Analysis. We evaluated the strength for asso-
ciation between SUA levels and cancer by calculating the
pooledRRswith 95%CIs. Cochran’s𝑄-statistic test and 𝐼2 test
were performed to estimate the between-study heterogeneity,
and 𝑃 < 0.05 and 𝐼2 > 50% suggested potential heterogeneity
across all studies [20, 21]. The fixed-effects model by Mantel-
Haenszel method was applied when the between-study het-
erogeneity was insignificant [22]; otherwise, the random-
effects model by DerSimonian and Laird method was used
[23]. Stratified analyses by sex and specific sites of cancerwere
also carried out. Sensitivity analysis was performed to assess
the influence of single studies. Begg’s funnel plots and Egger’s
test were adopted to estimate publication bias risk [24, 25].
STATA 12.0 software (StataCorp, College Station, TX, USA)
was used for all analyses.

3. Results

3.1. Literature Search and Characteristics of All Studies. We
performed a comprehensive literature search in PubMed,
Embase, and Web of Science databases for eligible studies.
According to the inclusion criteria, 5 independent studies on
cancer incidence with 456,053 subjects [4, 10–12] and 12 on
cancer mortality with 632,472 subjects [3, 8, 9, 13–19] were
finally included in our study. All included studies were in
prospective cohort designs, which were published between
1999 and 2014 (Table 1). Other characteristics including first
author, year of publication, sample size, follow-up duration,
baseline time, sex, and cancer type were presented in Table 1
at length. The study by Hiatt and Fireman estimated roles
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Table 2: Summary meta-analysis results for the association between SUA levels and cancer.

Group/subgroup Number RR (95% CI)
𝑃 value for
pooled
analysis

𝐼

2 (%)
𝑃 value for

heterogeneity
analysis

Cancer incidence
All 456,053 1.03 (1.01–1.05) 0.007 44.7 0.124
Men 162,022 1.05 (1.02–1.08) 0.002 53.8 0.115
Women 88,547 1.01 (0.98–1.04) 0.512 — —

Specific sites
Any 250,569 1.03 (1.01–1.05) 0.006 57.9 0.068
Respiratory system and intrathoracic organs 456,053 1.05 (0.93–1.19) 0.448 67.5 0.015
Digestive organs 266,347 1.08 (0.94–1.25) 0.263 63.4 0.018
Urinary organs 86,739 1.17 (0.44–3.15) 0.752 82.3 0.018
Lymphoid and hematopoietic systems 86,739 1.71 (1.10–2.68) 0.018 30.0 0.232
Male genital organs 162,022 1.06 (1.00–1.13) 0.058 56.1 0.103

Cancer mortality
All 632,472 1.17 (1.04–1.32) 0.010 65.8 0.001
Men 201,052 1.13 (0.86–1.48) 0.384 77.5 <0.001
Women 58,945 1.25 (1.07–1.45) 0.004 30.0 0.240

Specific sites
Any 561,232 1.17 (1.04–1.32) 0.011 70.7 0.001
Respiratory system and intrathoracic organs 116,646 1.08 (0.61–1.91) 0.786 78.2 0.010
Digestive organs 187,886 1.27 (1.08–1.49) 0.003 40.1 0.124
Urinary organs 112,296 1.35 (0.88–2.07) 0.172 0.0 0.681
Lymphoid and hematopoietic systems 112,296 1.18 (0.82–1.70) 0.364 0.0 0.837
Bone, connective tissue, soft tissue, and skin 112,296 0.94 (0.47–1.87) 0.857 0.0 0.588
Male genital organs 88,033 0.51 (0.07–3.85) 0.516 75.5 0.044

of SUA in cancer incidence among males and females,
respectively, and thus it was regarded as two independent
studies [12]. Based on different gender, two other papers
on the association between SUA and cancer mortality
were also divided into two individual studies, respectively
[3, 18].

3.2. Association between SUA and the Risk of Cancer Incidence.
We found that high SUA levels were associated with an
increased risk of total cancer incidence by meta-analysis of 5
independent studies (RR = 1.03, 95% CI 1.01–1.05, 𝑃 = 0.007)
(Table 2, Figure 1(a)).

When stratifying analysis by sex, the pooled RRs showed
that high SUA levels were significantly related to the risk of
cancer incidence among males but not females (for men: RR
= 1.05, 95% CI 1.02–1.08, 𝑃 = 0.002; for women, RR = 1.01,
95% CI 0.98–1.04, 𝑃 = 0.512) (Table 2, Figure 1(a)). However,
there was only one relevant study on the cancer incidence risk
in relation to SUA among females.

When stratifying analysis by specific sites of cancer,
significant relationship between high SUA levels and the risk
of lymphoid and hematopoietic system cancers was observed,
but not other specific sites of cancer (Table 2). Sensitivity
analysis did not materially alter the pooled results mentioned
above.

3.3. Association between SUA and the Risk of CancerMortality.
The pooled RRs revealed that individuals with high SUA
levels were at an elevated risk of total cancer mortality (RR
= 1.17, 95% CI 1.04–1.32, 𝑃 = 0.010) (Table 2, Figure 1(b)).
Such significant association was demonstrated in females
rather than males (for females: RR = 1.25, 95% CI 1.07–
1.45, 𝑃 = 0.004; for males: RR = 1.13, 95% CI 0.86–
1.48, 𝑃 = 0.384) (Table 2, Figure 1(b)). The between-study
heterogeneitywas not significant in studies performed among
women. Thus, fixed-effects model was used to estimate the
role of SUA in cancer mortality among females (Table 2).
The combined results were further confirmed by sensitivity
analysis.

In stratifying analysis by specific sites of cancer, high SUA
levelswere found to correlatewith an elevated risk of digestive
cancers mortality (RR = 1.27, 95% CI 1.08–1.49, 𝑃 = 0.003)
(Table 2). No significant association was observed in relation
to themortality of other cancers (Table 2). Sensitivity analysis
did not modify the pooled results.

3.4. Publication Bias. No potential publication bias risk was
found in our study, as suggested by both Begg’s funnel plots
and Egger’s test (Figures 1(c) and 1(d)). Similar findings were
demonstrated in both studies related to cancer incidence and
studies associated with cancer mortality.
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Figure 1: (a) Forest plot for SUA and the risk of cancer incidence; (b) forest plot for SUA and the risk of cancer mortality; (c) Begg’s funnel
plots for the risk of cancer incidence (𝑃 value for Egger’s test equal to 0.295); (d) Begg’s funnel plots for the risk of cancer mortality (𝑃 value
for Egger’s test equal to 0.354).
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4. Discussion

The current meta-analysis shows the evidence that high SUA
levels are associated with increased risk of cancer incidence
and mortality. The association between SUA and the risk
of cancer-related incidence and mortality differs by gender.
Positive association between high SUA levels and total cancer
incidence was observed in males but not females. Besides,
high SUA levels were associated with an elevated risk of total
cancer mortality in females but not males.

To the best of our knowledge, UA is produced from
metabolic conversion of either dietary or endogenous
purines. The primary sites of excretion of UA are kidney
and gut. UA is capable of scavenging free radical and
chelating transitional metal ions by preventing peroxynitrite-
induced protein nitrosylation, lipid and protein peroxidation,
and the inactivation of tetrahydrobiopterin [2]. Nonetheless,
studies have also suggested a prooxidant role of UA [2].
Elevated levels of SUA can enhance inflammatory response
and contribute to hyperuricemia, gout, cardiovascular, and
renal complications. It is particularly interesting since UA
plays dual roles as antioxidant and prooxidant. Concerning
malignant diseases, SUA has drawn much attention for
the past few decades. High cell turnover and tumor lysis
syndrome in certain cancers are responsible for increased
levels of UA in human serum, implicating potential link
between SUA and cancer [8, 26, 27]. It has been demonstrated
that UA can provide an antioxidant defense against oxidant-
and radical-caused aging and cancer [7]. Nevertheless, UA
has also been reported as an independent risk factor for
cancer incidence and mortality in other studies [9, 28]. Thus,
the precise relationship of SUA with cancer remains obscure
and needs further elucidation.

Tobacco smoking is a well-established risk factor of
lung cancer. Horsfall and colleagues have found that current
smokers with low levels of SUA are more susceptible to
lung cancer, which suggests a protective role of SUA and an
interaction between SUA and smoking in lung carcinogenesis
[4]. Reversely, the study by Strasak et al. has shown that
elevated levels of SUA are related to higher risk of several
site-specific malignancies, for instance, digestive organs,
connective tissue, soft tissue and skin, lung cancer, urinary
organs, bone, and hematopoietic cancers [10]. However, no
significant association between increased SUA levels and
the risk of total cancer or cancers of lung, stomach, colon,
rectum, bladder, or hematopoietic system was demonstrated
by Kolonel et al. [11]. The contradictory findings may be
attributed to diverse methodology, ethnicity, environmental
exposures, source of controls, and statistical power. Meta-
analysis with large sample size ismore powerful in identifying
minor association by pooling all currently available publica-
tions. A total of 5 independent studies on cancer incidence
and 12 on cancermortality were included in the presentmeta-
analysis.Thepooled results suggested that elevated SUA levels
were positively associated with the risk of total cancer and
lymphoid and hematopoietic system cancers, implicating a
risk role of SUA in carcinogenesis. Moreover, gender bias
was observed when estimating the relationship between SUA

levels and cancer risk, which warranted elucidation in more
relevant cohort studies with large sample size.

The effect of SUA levels on cancer mortality seems
inconsistent. Taghizadeh et al. reported that higher levels
of SUA were related to lower risk of cancer mortality,
which supported a protective role of SUA in the risk of
cancer mortality [13]. Nonetheless, elevated SUA levels were
demonstrated to be an independent risk factor for cancer-
related mortality in several other cohort studies [9, 14, 19]. To
shed some light on the controversial findings, we estimated
the association between SUA and the risk of cancer mortality
by meta-analysis of all currently available data. Statistically
significant association was observed between higher SUA
levels and increased mortality of total cancer and digestive
cancers. Besides, the positive correlationwasmore significant
in females than males. Different amounts of SUA, saturation
of UA levels in cancer, and metabolism of SUA may be
responsible for the risk discrepancy between women and
men with cancer. Interestingly, the significant association
was related to digestive cancers, but not other specific sites
of cancer, implicating site bias in the relationship between
higher SUA levels and cancer mortality. The statistically
significant association may be a chance finding in that only
one eligible study was included related to the mortality of
pancreatic cancer and colorectal cancer, respectively [3, 18].
In addition, the inconsistent findings for diverse specific
sites of cancer might be attributed to variable number of
years for cancer mortality, different study design, sample size,
environmental exposures, and genetic background. More
studies with high quality are warranted to provide a precise
estimate for the role of SUA in cancer-related mortality,
particularly with regard to specific sites of malignancies and
gender.

5. Limitations

The pooled results should be interpreted with caution due
to some limitations in our study. First, significant gender
bias was found when assessing the effect of SUA on the
risk of cancer incidence and mortality; however, the sample
size in each stratified analysis by sex seemed a bit limited.
More relevant studies with sufficient statistical power are
recommended for further elucidation. Second, a significant
interaction between SUA and smoking was demonstrated in
the development of cancer [4].We failed to perform stratified
analysis by smoking status for lack of enough available studies
published to date. It can be further investigated in more
future studies. Last but not least, although no significant
publication bias was observed in our study, potential bias
might be introduced in that not all included studies were
based on the same adjusted factors, such as age, gender,
environmental exposures, and ethnicity.Thus, the findings in
this meta-analysis should be interpreted seriously.

6. Conclusions

In summary, the present study suggests that elevated SUA
levels are related to increased risk of cancer incidence and
mortality. However, the precise association between SUA
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levels and cancer warrants further investigation in more
independent studies with high quality in the future.
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Polymorphisms in tumor necrosis factor alpha (TNF-𝛼) gene are emerging as key determinants of gastric diseases. The TNF-𝛼−308
(G/A) and TNF-𝛼−238 (G/A) single-nucleotide polymorphisms SNPs are themost extensively studied. However, all these studies are
conducted in Caucasian and Asian populations.Thus, for the first time in Africa, we sought to investigate whether polymorphisms
in TNF-𝛼 gene were associated with the development of gastric pathology in Morocco. Two SNPs located in the promoter region
(positions −308 and −238) in TNF-𝛼 gene were genotyped in 244 individuals (170 patients and 74 healthy controls). Odds ratios
(ORs) and 95% confidence intervals (CI) were estimated using logistic regression analysis. The TNF-𝛼−238 (G/A) genotype was
significantly associated with a high risk of gastritis and gastric cancer (GC) (𝑃 = 0.001 and 𝑃 = 0.002, resp.). Furthermore, a new
polymorphism located in the promoter region at position −193 in TNF-𝛼 gene was identified. The distribution of this SNP was
markedly different in patients suffering from ulcers.The association between TNF-𝛼−193 (G/A) genotype and high risk of ulcer was
significant (𝑃 = 0.03). These results suggest that the TNF-𝛼−193 (G/A) allele has a protective function against gastric cancer by
developing ulcer.

1. Introduction

Gastric cancer (GC) is the fourth most common malignancy
worldwide [1], with a frequency that varies greatly across
different geographic locations [2]. Patients infected with
Helicobacter pylori (H. pylori) are at increased risk for devel-
oping GC [3]. It is now known that H. pylori plays a major
role in gastric carcinogenesis [4] through physiological and
histological changes that it induces in the stomach mucosa
[5, 6]. However, a striking difference exists between the
number of infected individuals and the number that goes on
to develop GC [6]. Hence progression toward gastric cancer
is likely depending on a multifactorial etiology, combining
effects of bacterial pathogenicity, host susceptibility, and
environmental factors [3, 6, 7].

Host genetic factors are emerging as key determinant of
diseases for many cancers [8]. Genetic variations in proin-
flammatory and anti-inflammatory cytokines genes influence
individual response to carcinogenic exposures. Polymor-
phisms in proinflammatory cytokine genes, especially tumor
necrosis factor (TNF-𝛼) and its receptor, are associated with
an increased risk of GC [9]. Indeed, SNPs in regulatory
regions of TNF-𝛼 play a crucial role on gene transcription
levels [10]. Several SNPs have been identified in the TNF-𝛼
gene, mainly in the 5-promoter region [11]. Two SNPs in
positions−308 and−238 have beenmost frequently evaluated
for association with gastric cancer. The TNF-𝛼−308 (G/A)
is associated with an increased production of TNF-𝛼 [3],
which is a central mediator of the immune response and
shares many biological properties with IL-1. The function
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Table 1: Technical data for the analysis of TNF-𝛼 polymorphisms.

Gene Location Primer pairs used Size of fragments

TNF-𝛼 Promoter F: 5-(−372) GAAGGAAACAGACCACAGAC3-(−353) 266 bp
R: 5-(−106) ATCTGGAGGAAGCGGTAGTG3-(−128)

and significance of TNF-𝛼−238 (G/A) are less clear, but,
because a putative repressor site is located in a 25-base
stretch that includes position −238, this polymorphism may
be functional [12, 13]. The TNF-𝛼−308 (G/A) and TNF-𝛼−238
(G/A) single-nucleotide polymorphisms SNPs are the most
extensively studied. However, all these studies are conducted
in Caucasian and Asian populations. In Africa, up to today,
no particular study was interested in the association between
polymorphism in the promoter of the TNF-𝛼 gene and high
risk of GC.Thus, the aim of the present work was to study the
frequency of SNPs in TNF-𝛼 gene in Moroccan patients with
gastritis, ulcer, and gastric cancer.

2. Patients and Methods

2.1. Patients and Controls. In this case control study, a total
of 244GC patients were enrolled (93 patients with GC, 56
patients with chronic gastritis, and 21 patients suffering from
ulcer and controls group consisted of 74 healthy volunteers,
without any gastric disorders). A comprehensive set of
sociodemographic, clinical, and laboratory data have been
collected. Written informed consent was obtained for all
subjects.

2.2. Genotyping Methods. To allow simultaneous determina-
tion of genotypes at the TNF-𝛼−308 (G/A) and TNF-𝛼−238
(G/A) SNPs, a 266-bp fragment of the 5 flanking region
of the TNF alpha gene was amplified from genomic DNA
extracted from blood samples, by polymerase chain reaction
(PCR). A total of 0.2 𝜇g of genomic DNA was used, along
with 200𝜇M of dNTP, 1.5mM of MgCl

2

, 0.5 𝜇M of primers
(Table 1), and 1 unit of Taq polymerase in standard PCRbuffer
to a final volume of 20𝜇L. PCR conditions were as follows:
initial denaturation 94∘C for 10minutes, followed by 35 cycles
of 94∘C for 30 seconds, 57∘C for 30 seconds, 72∘C for 30
seconds, and then a final extension for 7min at 72∘C. The
reaction volume and conditions for the PCR were essentially
the same for TNF-𝛼−238 (G/A) PCR, except, for the annealing
temperature, it was 55∘C.

The PCR products were analyzed by electrophoresis on
2% agarose gel and purified using 0.5𝜇L of exonuclease, 1 𝜇L
alkaline phosphatase, 0.5𝜇L of buffer in a final volume of
7 𝜇L, and 10–50 ng of PCR product and incubated at 37∘C
for 30min and 80∘C for 15min. DNA cycle sequencing was
carried out in 20𝜇L reactions using 5 𝜇L of purified PCR
product, 1 𝜇L of 3.2 pmol primer, and 1 𝜇L and ABI Prism
BigDye 3.1.The forward and reverse sequencing primers were
the same as those used in the respective PCR amplifica-
tions, in separate sequencing reactions. Conditions for the
sequencing of PCR products were 25 cycles with 10 seconds
at 96∘C, 5 seconds at 50∘C, and 4min at 60∘C. Residual

dideoxy terminators were removed by ethanol precipitation
and sequences were analyzed on an Applied Biosystems 377
DNA sequencer.

2.3. Statistical Analysis. Evidence for deviation from Hardy-
Weinberg equilibriumof alleles at individual loci was assessed
by exact tests. Differences in the proportion of the TNF-
𝛼

−308 (G/A) and TNF-𝛼−238 (G/A) genotype frequencies
between cases and controls were assessed by test khi2
statistics. Crude odds ratios (ORs), adjusted ORs, and the
simultaneous effect of the genetic polymorphisms with 95%
confidence intervals (CIs) were estimated by logistic regres-
sion analysis. ORs and unconditional logistic regression
models were computed using the program Epi Info 2002
(available: ftp://ftp.cdc.gov/pub/Software/epi info/). Differ-
ences were considered to be significant at a P value < 0.05.
All statistical tests were 2-sided.

3. Results

Our study is conducted in a based population cohort with
244 participants. The healthy controls served to compare the
frequency of mutations between the patient groups and the
general population. In our study, we were initially interested
by TNF-𝛼 polymorphisms at positions −308 and −238.
Despite the disparity of −308 SNPs in the world, it is absent in
our population.However, the analysis of the TNF-𝛼 promoter
from position −106 to position −372 revealed the presence
of a new mutation in position −193. This is a transition
from guanine to adenine G/A. The frequency of occurrence
of the TNF-𝛼−193 A allele in our population is 17.35% in
patients suffering fromgastric diseases and 13.51% in controls.
The distribution of the three genotypes GG, GA, and AA is
irregular between controls and patients. The frequencies of
the TNF-𝛼−193 A allele and the GA + AA genotypes were
slightly higher in patients suffering from ulcers. In addition,
ulcer presence was significantly more frequent in A carrier
allele group TNF-𝛼−193 (G/A) (Table 2).

In addition, we demonstrated a striking association
between SNP −238 in TNF-𝛼 gene with gastritis and adeno-
carcinoma. Taken together, these results strongly support our
hypothesis suggesting that TNF-𝛼−238 (G/A) polymorphism
may be involved in gastritis susceptibility, which progresses
in adenocarcinoma (Table 3).

4. Discussion

TNF-𝛼 is an important immune mediator in the inflamma-
tory response and has been suggested to be an endogenous
tumor promoter in human carcinogenesis [14, 15]. Some
specific polymorphisms might interfere with transcription of
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Table 2: Association of a new single-nucleotide polymorphisms TNF-𝛼−193 (G/A) with gastric pathology.

Genotypes Genotyping frequency MAF OR IC 𝑃 value

Healthy patients G/G 56 (75.68) 0.02 — — —
A/G + A/A 16 (21.62)

Adenocarcinoma G/G 77 (82.8) 0.12 0.64 (0.30–1.38) 0.25NS
A/G + A/A 16 (17.2)

Gastritis G/G 44 (78.6) 0.18 0.84 (0.36–1.94) 0.69NS
A/G + A/A 12 (21.4)

Ulcer G/G 11 (52.38) 0.40 2.82 1.03–7.74 0.03S
A/G + A/A 10 (47.62)

Data are expressed as %. TNF-𝛼: tumor necrosis factor alpha; A/G: adenine/guanidine; MAF: minor allele frequency; S: significant; NS: not significant ORs
with 95% CI; and 𝑃 values were calculated for wild/wild genotype versus wild/mutant and mutant/mutant genotypes.

Table 3: Genotype frequencies of TNF-𝛼−238 (G/A) among cases and controls and the association with gastric pathology.

Genotypes Genotyping frequency MAF HWE 𝑃 value

Controls
G/G 58 (78.4)

0.11 1.05EG/A 15 (20.3)
A/A 1 (1.3)

Gastritis
G/G 55 (98.2)

0.01 0.016E 0.001SA/G 1 (1.8)
A/A 0

Ulcer
G/G 20 (95.2)

0.02 0.19E 0.07NSA/G 1 (4.8)
A/A 0

Adenocarcinoma
G/G 88 (94.6)

0.03 0.12E 0.002SA/G 5 (5.4)
A/A 0

Data are expressed as %. TNF-𝛼: tumor necrosis factor alpha; A/G: adenine/guanidine; MAF: minor allele frequency; HWE: Hardy-Weinberg equilibrium;
E: population in equilibrium for TNF-𝛼−238 polymorphism; S: significant; NS: not significant ORs with 95% CI; and 𝑃 values were calculated for wild/wild
genotype versus wild/mutant and mutant/mutant genotypes.

the TNF-𝛼 gene, influencing the circulating level of TNF-
𝛼 and thus increasing susceptibility to gastric pathology
outcome toH. pylori infection [3, 16, 17].The aim of our study
was to associate TNF-𝛼 polymorphism to the high risk of
gastric diseases.

Currently, severalmolecular epidemiological studies have
been conducted to investigate the association between the
SNPs in TNF-𝛼 and gastric cancer risk [18]. Some common
SNPs were identified in the TNF-𝛼 gene, specially TNF-
𝛼

−308 (G/A) and TNF-𝛼−238 G/A, which were extensively
studied [19, 20]. However, all these studies were performed
on Caucasians or Asian populations. To our knowledge,
no study has focused on the relationship between TNF-𝛼
polymorphisms in gastric cancer in African populations. In
case of our study, we identified a new SNP located in the
position −193 never shown before, using sequencing. This is
a transition from guanine to adenine (G/A). The TNF-𝛼−193
(G/A) has been significantly associatedwith high risk of ulcer.
This result suggests that the TNF-𝛼−193 (G/A) allele has a
protective function against gastric cancer by developing ulcer.
Indeed, Correa has established a cascade of events leading to
GC more than 20 years ago. Chronic inflammation induced
by Hp may progress further through the premalignant stages

of gastric atrophy, intestinal metaplasia, dysplasia, and finally
adenocarcinoma [21]. The relation between peptic ulcer and
gastric carcinoma has long been a matter of controversy.
By contrast, duodenal ulcer disease has often been inversely
associated with gastric cancer. Some studies were conducted
to investigate the role of ulcer in gastric adenocarcinoma
development.They concluded that gastric ulcer was a protec-
tive factor against GC. Besides, the majority of studies done
on the polymorphism of TNF-𝛼 are based on the research
of known SNPs using PCR-RFLP or sometimes the Taq Man
technics.Therefore, we limited ourselves to look for newSNPs
that may be specific to certain populations. Proof of this
study’s originality identifies a novel SNP TNF-𝛼−193 (G/A) by
using sequencing technics.

To date, the association between TNF-𝛼−308 (G/A), TNF-
𝛼

−238 (G/A) polymorphism, and gastric cancer was a paradox
[12]. There are a large number of studies focused on the
association between TNF-𝛼−308 G/A polymorphism and gas-
tric cancer. The results of these studies remain inconclusive
or inconsistent. Example of TNF-𝛼−308 (G/A), while our
study has not found association between this SNP and
gastric pathology like Japan [22], China [23], and Korea [24],
other studies confirm that relationship [25, 26]. Moreover,
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some meta-analysis summarizing all these results studies,
identified the TNF-𝛼 polymorphisms as a risk factor for
gastric cancer in Caucasian populations, but not in Asian
populations [9, 27, 28]. The most recent meta-analysis
published in 2014 has illuminated this question [12]. They
demonstrated that the TNF-𝛼−308 (G/A) polymorphism was
correlated with gastric cancer risk in Caucasians, but not in
East Asians and other ethnic groups. Likewise, Gorouhi et al.
showed that the statistically significant association between
TNF-𝛼−308 (G/A) and gastric cancer was limited to western
populations [9]. This association showed little heterogeneity
and remained consistently strong when analyses were limited
to anatomic and histological subtypes of gastric cancer, or
limited to studies in which genotype frequencies were in
Hardy-Weinberg equilibrium or limited to larger studies.

Nonetheless, TNF-𝛼−238 (G/A) is the second commonly
studied SNP site following −308 among all polymorphisms
located in the promoter region of TNF-𝛼 gene [19, 29]. Its
function and significance are still less clear, but, because
a putative repressor site is located in a 25-base stretch
that includes position −238, this polymorphism may be
functional [9]. In our study, the TNF-𝛼−238 was significantly
associated with high risk of gastritis and GC. These results
are similar to those found by others [30, 31]. Yu et al. have
published a meta-analysis in 2013 [19]. That study showed a
significant association between TNF-𝛼−238 and high risk of
GC. In contrary, anothermeta-analysis showed no significant
association concerning TNF-𝛼−238 frequency for genotypes
G/G, A/A, and G/A [6, 15, 20]. However, no integrated
analysis has been made to get a definitive conclusion of
whether TNF-𝛼−238 (G/A) is associated with GC [19]. To our
knowledge, among all publications, studies investigated the
association between TNF-𝛼−238 polymorphism and risk of
gastric diseases yielded contradictory results.
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