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Background. Chronic diabetic foot ulcer (DFU) is one of the most intractable complications of diabetes mellitus (DM). Its
pathogenesis is complex, and uncontrolled chronic inflammation is an important factor. Endothelial overexpressed
lipopolysaccharide-associated factor 1 (EOLA1) discovered in our laboratory is an intracellular protein with the function of
inflammatory regulation. This study was aimed at observing the expression of EOLA1 in DFU skin tissues and its relationship
with inflammation and at exploring the possible role of EOLA1 in DFU and its mechanism. Methods. The patients with DFU
were divided into 2 groups based on the formation time of ulcer: the acute wound (AW) group with the course of disease ≤ 4
weeks and the chronic wound (CW) group with the course of disease > 4 weeks. The relevant clinical data of patients were
collected, and the skin tissues around the ulcer were used for immunofluorescence detection and immunohistochemical staining
to observe inflammation. The expression levels of EOLA1, metallothionein 2A (MT2A), nuclear factor-κB (NF-κB), and
interleukin-6 (IL-6) were detected by western blot. Results. A total of 79 patients were enrolled in the study. The results of
immunofluorescence and immunohistochemistry showed that EOLA1 was expressed in the epithelial tissues of DFU. However,
the expression of EOLA1 in the CW group was significantly lower than that in the AW group (P < 0 05), and the expression of
NF-κB and IL-6 was obviously increased (P < 0 05). Conclusion. The refractory wounds in patients with DFU may be closely
related to the uncontrolled activation of inflammatory pathways in cells caused by the reduced expression of negative regulators
of inflammation (e.g., EOLA1), and such decreased expression may be also strongly linked to the persistent state of inflammation.

1. Introduction

With the high rates of disability and death, chronic diabetic
foot ulcer (DFU) is one of the most refractory complications
of diabetes mellitus (DM), and it seriously affects the patients’
quality of life and life expectancy [1]. The main cause for
DFU is a protracted course of inflammation in wounds,
which is manifested as reduced apoptosis of inflammatory
cells, abnormal phenotypic transformation of macrophage
M1/M2, and failure to timely terminate the inflammatory

signaling pathway of intracellular activated nuclear factor-κB
(NF-κB). However, the specific pathogenesis of DFU has
not been completely clarified and the treatment effect is
poor [2]. Although the clinical measures are widely taken,
such as debridement, decompression, antibacterial therapy,
neurotrophic improvement, and revascularization, the risk
of amputation remains high in patients with DFU [3]. In
the recent years, new techniques including autologous
platelet-rich gel [4] and marrow stem cells [5, 6] have
achieved good effects in treating chronic wounds of DFU.
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In spite of the nonelucidated mechanism, the inhibition of
local inflammatory immune response is an important part
in treating DFU.

Endothelial overexpressed lipopolysaccharide-associated
factor 1 (EOLA1) is a gene with unknown functions which
is cloned from endotoxin-stimulated human vascular endo-
thelial cells by suppression subtractive hybridization in our
laboratory [7]. The EOLA1 gene is located at human chromo-
some Xq28, and the secondary structure of EOLA1 contains
the phosphorylation sites of protein kinase C and tyrosine
kinase, as well as helix-turn-helix (HTH) motifs, which are
located in cells and participate in the intracellular signal trans-
duction process as transcription factors. EOLA1 is weakly
expressed in leukocytes and endothelial cells under a resting
state, and such expression can be significantly increased after
stimulation with lipopolysaccharide (LPS). EOLA1 has the
functions of promoting cell growth, inhibiting apoptosis,
and downregulating the secretion of immune-inflammatory
factors such as intracellular interleukin-6 (IL-6) and intercel-
lular adhesion molecule-1 (ICAM-1) [8, 9]. In addition,
EOLA1 is associated with cell growth, and the growth of
ECV304 cells is significantly slowed down after the inhibition
of EOLA1 expression [10].

Metallothionein (MT) is a class of cysteine-rich intracel-
lular protein with a low molecular weight (6~7 kDa). MT
participates in the detoxification of heavy metals, scaveng-
ing of free radicals, inhibition of lipid peroxidation, antago-
nism of ionizing radiation, and light protection [11]. It has
been found that there are two subtypes of MT in skin tis-
sues, that is, MT-I and MT-II [12]. The previous studies
have shown that the expression level of MT in skin tissues
is decreased with age [13], and the mouse skin lacking
MT is more vulnerable to UV damage [14], which suggests
that MT may play an important role in the growth and
repair of skin tissues. Our preliminary study demonstrated
that EOLA1 participated in the regulation of intracellular
inflammation-related signaling pathways by the interaction
with metallothionein 2A (MT2A) in cells [7]. The persistent
inflammatory response is an important factor in the refrac-
tory wounds of patients with DFU, but the role and impor-
tance of EOLA1 in this process are not clear. In this study,
in order to explore the potential anti-inflammatory and
prohealing effects of EOLA1 in DFU and its possible mech-
anism, the tissue samples of the acute wound (AW) and
chronic wound (CW) in DFU were collected to detect the
expression of EOLA1 in the skin tissues of DFU patients
at different stages and analyze the relationship between
the expression changes of EOLA1 and MT2A and the
wound inflammatory response.

2. Methods

2.1. Case Collection. The patients with DFU who were hospi-
talized in the Diabetic Foot Center of the First Affiliated Hos-
pital of Army Medical University (Third Military Medical
University) were selected for the study. Type 2 DM was diag-
nosed according to the WHO diagnostic criteria in 1999. The
inclusion criteria were as follows: age>18 years, Wagner 2-5,
no obvious systemic clinical infection, ankle-to-brachial ratio

index ABI > 0 9, wound size = 2-25 cm2, and glycosylated
hemoglobin HbA1c ≤ 14%. The exclusion criteria were
described as follows: Wagner ≤ 1, ABI ≤ 0 9, HbA1c > 14%,
severe systemic infection, suspected wound with tumor for-
mation, or tuberculosis. The preexperiment was performed
on the first 10 patients separately enrolled into two groups,
and the expression level of EOLA1, as preexperimental data,
was calculated by a statistic formula which indicated that the
sample size in each group needs no less than 10. Ultimately, a
total of 79 patients were enrolled in the study, including 38
patients with early DFU (ulcer formation time ≤ 4 weeks)
and 41 patients with advanced DFU (ulcer formation
time > 4 weeks). Before the patients were administrated with
antibiotics after admission, the ulcer was rinsed with normal
saline, followed by debridement; then, the wound and sur-
rounding tissues 0.5 cm away from the wound margin were
resected with sterile scalpels for examination. At the same
time, the basic information of patients and the DM-related
complications were collected. All patients signed the
informed consent forms. The study was approved by the
Ethics Committee of the First Affiliated Hospital of Army
Medical University.

2.2. Collection of Clinical Data. After admission, the diabetic
feet of patients were evaluated according to the Wagner clas-
sification standard [15]. The blood samples were collected
via the median cubital vein and sent to the laboratory of
Southwest Hospital for the routine detection of biochemical
indicators, such as HbA1c, high-sensitivity C-reactive pro-
tein (HsCRP), procalcitonin (PCT), IL-6, white blood cells
(WBC), hemoglobin (HGB), neutrophil percentage (NE%),
and albumin (Alb). A special instrument was used to mea-
sure the ankle-brachial index (ABI) of the suffered limb.
After ulcer rinsing with normal saline and debridement,
the infected tissues were collected with a sterilized tube
and then rapidly sent to the microbiological laboratory of
the laboratory department for microbial culture and drug
sensitivity test. The patients were enrolled according to the
inclusion criteria and exclusion criteria.

2.3. Pathological Examination of Wound Skin Tissues. The
wound skin tissues were fixed in 4% paraformaldehyde over-
night at 4°C, dehydrated, vitrified, embedded, and cut into
paraffin sections with a thickness of 4μm. Then, the sections
were stained with HE and observed under a light micro-
scope. After baking and dewaxing treatment, the paraffin
sections were kept in 3% H2O2 for 20min and then in
10mmol/L sodium citrate buffer (pH 6.0) for 4min within
a microwave oven at 92-98°C. Subsequently, they were
blocked with goat serum, incubated with primary antibodies
(rabbit anti-human EOLA1 polyclonal antibody, 1 : 50,
NOVUS; rabbit anti-human IL-6 polyclonal antibody,
1 : 200, Abcam; mouse anti-human MT2A monoclonal anti-
body, 1 : 20, Abcam; and rabbit anti-human NF-κB P65 poly-
clonal antibody, 1 : 500, Abcam) overnight at 4°C, and then
incubated with secondary antibodies at room temperature
for 30min. After coloration with DAB, counterstaining with
hematoxylin, and dehydration, these sections were mounted
with gum. The images were analyzed using Image-Pro Plus

2 Mediators of Inflammation



6.0 software after observation and photography under a light
microscope, and the average optical density (OD) was statis-
tically analyzed.

2.4. Immunofluorescence Detection of EOLA1 Expression in
Skin Tissues. After OCT embedding, the wound skin tissues
were put into the freezing microtome, then cut into sec-
tions with a thickness of 4μm and fixed on glass slides.
Next, they were fixed in 4% paraformaldehyde, blocked
with goat serum and incubated with a primary antibody
(rabbit anti-human EOLA1 polyclonal antibody, 1 : 1000,
Abcam) overnight at 4°C, and then incubated with a sec-
ondary antibody for 30min. After staining with DAPI, they
were mounted with antifade mounting medium and imme-
diately observed under a laser scanning confocal micro-
scope. The images were analyzed using ImageJ software
after observation and photography, and the average optical
density (OD) was statistically analyzed.

2.5. Western Blot. The skin tissues cytopreserved in liquid
nitrogen were ground in a mortar, added with protein lysis
buffer and protease inhibitor, then ground again with the
ultrasonic homogenizer, and centrifuged. The supernatant
was collected, added with bromophenol blue to boil, and
cooled. Thereafter, the proteins in tissues were quantitatively
analyzed. They were incubated with a primary antibody (rab-
bit anti-human EOLA1 polyclonal antibody, 1 : 1000, Bior-
byt) overnight at 4°C after electrophoresis and membrane
transfer and then incubated with a secondary antibody for
2 h. The expression of EOLA1, NF-κB, IL-6, and MT2A was
detected with Image Lab software.

2.6. Statistical Analysis.All data were analyzed using the SPSS
19.0 software. The measurement data were expressed as the
mean ± standard deviation (x ± s) and analyzed using the
independent t-test. The counting data were analyzed with
the chi-square test with a significance level of α = 0 05.

3. Results

3.1. Basic Information of Patients. A total of 79 patients were
enrolled in the study, including 20 females and 59 males, and
there was no difference in the sex ratio between the two
groups (χ2 = 0 70, P = 0 40). The age of patients ranged from
37 to 88 years; the average age in the acute wound (AW)
group was 62.61± 12.31 years, and that in the chronic wound
(CW) group was 65.95± 11.25 years. The hospitalization
time of patients in the CW group was significantly prolonged,
and the proportion of patients requiring surgical treatment
was increased (46.34%), but the surgical methods (debride-
ment, use of polymethylmethacrylate, digital or ray amputa-
tion, and transtibial amputation) between the two groups
were undifferentiated (χ2 = 0 38, P = 0 54). There was no
obvious difference between the two groups in the positive
rate of bacterial culture, the ratio of gram-positive to
gram-negative bacteria, and the incidence rate of diabetic
complications such as vascular diseases, neuropathy, and ret-
inopathy. In addition, no statistically significant difference
was observed in the plasma inflammatory indicators, HsCRP
(t = 0 25, P = 0 80), PCT (t = 1 48, P = 0 16), IL-6 (t = 0 04,

P = 0 97), WBC (t = −0 54, P = 0 09), and NE% (t = 0 41,
P = 0 68). The proportion of patients with better blood glu-
cose control (HbA1c < 8%) was higher in the CW group
(41.46%), but there was no statistical difference in the distri-
bution of HbA1c (χ2 = 1 35, P = 0 25), as well as HGB
(t = 1 14, P = 0 16), Alb (t = 0 41, P = 0 68), and ABI
(χ2 = 2 56, P = 0 28) (Table 1).

3.2. Histological Analysis of DFU Skin Tissues. In DFU, the
acute wound was bright red and had obvious granulation.
The results of HE staining indicated that the infiltration of
inflammatory cells was significant in the surrounding skin
tissues. The chronic wound was dark and only had granula-
tion in a few of peripheral skin tissues. Moreover, HE stain-
ing showed a large number of inflammatory cells infiltrating
the surrounding skin tissues (Figure 1).

3.3. Expression of EOLA1. The results of immunofluores-
cence detection revealed that EOLA1 was significantly
expressed in the cytoplasm of epithelial squamous cells
within the AW group, and the expression was obviously
decreased in the CW group (t = 5 476, P < 0 001). Further-
more, the results obtained from the immunohistochemical
assay showed high expression of EOLA1 in the cytoplasm
of squamous epithelial cells near the basal layer within the
AW group but weak expression within the CW group. The
average ODs of the two groups demonstrated a statistically
significant difference (t = 4 291, P = 0 001) (Figure 2).

3.4. Immunohistochemical Analysis on the Expression of
NF-κB, IL-6, and MT2A. The results of immunohistochemi-
cal staining clearly showed that NF-κB and IL-6 were
expressed in the skin tissues of both AW and CW groups.
NF-κB was mainly expressed in some squamous epithelial
cells and peripheral inflammatory cells, and its expression
was significantly increased in the CW group (t = −2 221,
P = 0 044). IL-6 was principally expressed in the tissues sur-
rounding the inflammatory cells in the dermal layer, while
its expression in the CW group was increased (t = −2 263,
P = 0 036). In addition, MT2A was obviously expressed in
the cytoplasm of epithelial squamous cells within the AW
group, but its expression was remarkably decreased in the
CW group (t = 4 979, P < 0 001) (Figure 3).

3.5. Western Blot. The results of protein electrophoresis
revealed that compared with the AW group, the expression
of EOLA1 (t = 3 817, P = 0 001) and MT2A (t = 2 307, P =
0 033) in the skin tissues was obviously decreased in the
CW group, while that of NF-κB (t = −5 584, P < 0 001)
and IL-6 (t = −2 298, P = 0 034) was remarkably increased
(Figure 4).

4. Discussion

Diabetic foot disease is one of the most intractable compli-
cations of diabetes mellitus and has become an important
cause of nontraumatic amputation. The probability of dia-
betic patients suffering from diabetic foot ulcers (DFUs)
during their lifetime can reach 25%, and the amputation
rate for DFU patients in China is up to 21.5%. DFUs not
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only extend the average length of hospital stay, resulting in
a huge economic burden, but also increase the risk of ampu-
tation, which seriously affects the quality of life and life
expectancy of diabetic patients. The reasons for the suscep-
tibility of DM patients to chronic ulcer are not fully under-
stood. In addition to the influence of abnormal metabolic
indicators like high blood glucose, it is worthy of paying

close attention to inflammatory cell infiltration in the
chronic wounds of DFU regardless of the presence or
absence of bacterial infection. Moreover, there is high
expression of proinflammatory factors such as IL-1β, IL-6,
IL-8, and TNF-α, featured by the reduced phagocytosis of
macrophages, decreased apoptosis of inflammatory cells,
and persistent inflammatory response [16].

Acute wound Chronic wound

Figure 1: The condition of the diabetic foot wound and the inflammatory cellular infiltration (HE staining, ×200).

Table 1: Demographics and laboratory results of diabetic foot patient cohorts.

Patients (n)
Acute wound Chronic wound

χ2 or t value P value
38 41

Female/male 8/30 12/29 0.70 0.40#

Age (years) 62 61 ± 12 31 65 95 ± 11 25 -1.26 0.21

Wagner 2 (n/%) 15/39.47 9/21.95

Wagner ≥ 3 (n/%) 23/60.53 32/78.05 2.86 0.09#

Average hospitalization time (days) 24 63 ± 15 81 34 71 ± 24 77 -2.17 0.03

Surgical treatment (n) 15/39.47 19/46.34 0.38 0.54#

Debridement 2 3

Polymethylmethacrylate 4 2

Digital or ray amputation 9 11

Transtibial amputation 0 3

Vascular diseases (n/%) 26/68.42 33/80.49 1.52 0.22#

Neuropathy (n/%) 28/73.68 33/80.49 0.52 0.47#

Retinopathy (n/%) 10/26.32 10/24.39 0.04 0.84#

Nephropathy (n/%) 17/44.74 9/21.95 4.63 0.03#

Positive culture (n/%) 30/78.95 31/75.61 0.13 0.72#

Gram-negative bacteria (n/%) 13/34.21 21/51.22

Gram-positive bacteria (n/%) 17/54.84 10/24.39 3.81 0.15#

HbA1c < 8% (n/%) 11/28.95 17/41.46

HbA1c ≥ 8% (n/%) 27/71.05 24/58.54 1.35 0.25#

HsCRP 9 64 ± 5 37 9 29 ± 5 24 0.25 0.80

PCT 1.14±2.66 0.12±0.16 1.48 0.16

IL-6 20 53 ± 17 47 20 35 ± 14 61 0.04 0.97

White blood cells, WBC (109/L) 8 86 ± 4 81 9 52 ± 5 97 -0.54 0.59

Neutrophil percentage (%) 70 17 ± 15 00 68 70 ± 16 45 0.41 0.68

Albumin (g/L) 32 75 ± 4 49 32 46 ± 5 16 0.19 0.85

Hemoglobin (g/L) 115 42 ± 18 11 109 39 ± 19 91 1.41 0.16

Ankle-brachial index, ABI 2.56 0.28#

0.9-0.99 (critical value) 9 6

1.0-1.29 (normal range) 26 34

>1.3 (arteriosteogenesis) 3 1
#χ2 test. t-test was applied to all other parameters.
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During the observation on the differential differentiation
gene map of human endothelial cells activated by LPS stimu-
lation, we cloned a novel gene with upregulated expression,
which was named EOLA1, and its carboxyl terminal con-
tained a homologous functional domain similar to that of
activation signal co-integron 1 (ASCH 1) and played a role
in assisting the transcriptional regulation [17]. Furthermore,
we previously observed that the rejection of the transplanted
liver was enhanced after inhibiting the expression of EOLA1
in liver transplantation model mice [18], and EOLA1 expres-
sion was detected in the heart, skeletal muscles, kidneys, liver,
and placenta. In this study, we proved that EOLA1 also
existed in human skin and was located in cells. Meanwhile,
we found that when the baseline level of systemic inflamma-
tion (HsCRP, PCT, IL-6, WBC, and NE%) and the important
factors affecting ulcer healing (ABI, hemoglobin, and albu-
min) were consistent between the two groups, EOLA1 was
expressed highly in the skin tissues of the acute wound in
DFU but lowly in those of the chronic wound. On the con-
trary, the expression of some important molecules (e.g.,
NF-κB and IL-6) in inflammatory activation pathways was
higher in the CW group than in the AW group, which is con-
sistent with the previous studies [8, 9]. This suggests that
EOLA1 may be involved in the negative regulation of local
chronic inflammatory response in DFU.

Our preliminary study showed that the negative regula-
tion of EOLA1 on inflammation was achieved through the
interaction with MT. MT is a metal-binding protein with a
low molecular weight and expressed in a variety of organs
including skin tissues. However, its physiological functions
are not fully understood. The mRNA expression of MT
was increased after skin irritation and damage [19, 20],

indicating that MT can promote the proliferation of epi-
dermal keratinocytes. In the present study, we found that
the expression of MT2A was consistent with that of
EOLA1; namely, MT2A was highly expressed in the skin
tissues of the acute wound in DFU, but its expression
was significantly decreased in those of the chronic wound.
The results of immunohistochemistry revealed that the
expression sites of EOLA1 and MT2A in skin tissues were
similar, i.e., the epithelial tissues near the basal cells. In our
preliminary study on the function of EOLA1, we observed
a significant protein-protein interaction between EOLA1
and MT2A by yeast double hybridization and coimmuno-
precipitation, and the results of immunofluorescence detec-
tion showed that both EOLA1 and MT2A were colocated in
the cytoplasm and nucleus. The above study findings
strongly indicate that the interaction between EOLA1 and
MT2A may be an important mechanism for inhibiting
inflammatory response. As the expression of EOLA1 and
MT2A is decreased, DFU presents a persistent inflammatory
state and cell proliferation is slowed down, which eventually
leads to refractory ulcers.

NF-κB signal activation is mainly mediated by Toll-like
receptors (TLRs). The studies have shown that TLRs, domi-
nantly TLR4/9, also participate in the immune inflammatory
response of the DFU wound. In the activation of the NF-κB
signaling pathway, TLR4 is induced by the cell wall compo-
nent of pathogenic microorganisms (LPS) and HSPs released
in damaged tissue, while TLR9 is mediated by CpG and
mitochondrial DNA released in damaged tissue [21, 22].
The activated NF-κB signaling pathway can induce the
activation of inflammatory factors such as IL-6 and
TNF-α[23] and mediate the inflammatory response, cell
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Figure 2: EOLA1 expression in the epidermis of diabetic foot skin tissues. The expression of the chronic wound was obviously decreased. (a)
EOLA1 protein (green) identified by immunofluorescence. Cell nuclei were detected by DAPI (blue). Scale bar: 100 μm. (b)
Immunohistochemical analysis of EOLA1 in the diabetic foot skin tissues. The yellowish-brown color denotes the positive areas. The
quantitative analysis of EOLA1 expression was performed through measuring the average optical density. ∗∗P < 0 01.
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proliferation, cell differentiation, and other pathophysiolog-
ical processes [24, 25]. In the present study, the expression of
NF-κB, P65, and IL-6 in the skin tissues of DFU was signif-
icantly increased in the CW group, suggesting that the
inflammatory pathway of the chronic wound is kept acti-
vated, and the phenotype of macrophages cannot be trans-
formed from proinflammatory M1 to prohealing M2,
causing chronic inflammation and then chronic ulcer.

However, how to close the NF-κB inflammatory pathway
has not been completely clarified yet. The studies have
revealed that MT2A-knockout mice exhibit the obvious acti-
vation of the NF-κB signaling pathway and the enhancement
of immunoreactivity, indicating that MT2A can negatively
regulate immunoreaction-mediated cellular inflammatory
response [26]. Therefore, EOLA1 may exert an inhibitory
effect on the NF-κB signaling pathway by interacting with
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Figure 3: Expression of NF-κB, IL-6, and MT2A in the epidermis of diabetic foot skin tissues. (a) Immunohistochemical analysis of
NF-κB, IL-6, and MT2A in the diabetic foot skin tissues. The yellowish-brown color denotes the positive areas. Scale bar: 100 μm.
The quantitative analyses of NF-κB (b), IL-6 (c), and MT2A (d) expression were performed through measuring the mean density.
∗P < 0 05, ∗∗P < 0 01.
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MT2A. Furthermore, we have constructed EOLA1-knockout
mice to further explore its specific mechanism.
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