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Purpose: Signal transducer and activator of transcription 3 (STAT3) is a DNA-binding protein that regulates various
biologic processes, including cell growth, apoptosis, and malignant transformation. Abnormal activation of STAT3 is
associated with many diseases, and there is currently no relevant study on the pathogenesis of pterygium. The purpose
of this study was to investigate the expression and clinical significance of STAT3, HIF-1a, and VEGF in pterygium at
different stages.

Methods: Immunohistochemistry was used to study the expression levels of STAT3, HIF-1a, and VEGF in 50 cases of
pterygium and 20 cases of control conjunctival tissue. The expression intensity of the three proteins was evaluated with
Image-Pro Plus 6.0 image analysis software.

Results: In the pterygium group, the positive rates for STAT3, HIF-1a, and VEGF were 82.0%, 86.0%, and 84.0%,
respectively, while those in the normal conjunctiva group were 40.0%, 25.0%, and 15.0%. The expression of STAT3,
HIF-10, and VEGF in pterygium was higher than that in control conjunctiva, and the expression in advanced pterygium
was statistically significantly higher than that in stationary pterygium (p < 0.01). The expression levels of STAT3 and
HIF-1o in pterygium were related to the length and depth of the corneal invasion of pterygium. The expression level
of VEGF in pterygium was related to the length of pterygium, but not to the depth. In addition, there was a significant
positive correlation between the expression of STAT3, HIF-10, and VEGF (p < 0.01).

Conclusions: For the first time, the expression levels of the STAT3, HIF-1a, and VEGF proteins were detected simul-
taneously in pterygium tissue. Compared with normal conjunctiva, STAT3, HIF-1a, and VEGF were highly expressed
in pterygium, and the expression in advanced pterygium tissue was more significant than in the stationary pterygium
tissue. It is suggested that STAT3 may directly or through HIF-1a promote VEGF expression and participate in the
growth and angiogenesis of pterygium. Targeting STAT3 may provide a new direction for the treatment of pterygium.
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Pterygium, one of the most common ocular surface
diseases, is characterized by the invasive growth of fibro-
vascular conjunctiva tissue extending on the corneal surface.
In the early stage, pterygium often has no symptoms or only
mild eye discomfort. In the later stage, pterygium can cause
foreign body sensation, photophobia and tears, visual occlu-
sion, corneal astigmatism, and other symptoms. For a long
time, pterygium has attracted much attention because of its
high prevalence rate and high recurrence rate after surgery
[1]. However, the pathogenesis of pterygium remains unclear.
Pterygium is the result of many factors, such as oxidative
damage, apoptosis, lack of limbal stem cells, inflammation,
etc. [2-4]. Angiogenesis plays a major role in the pathogen-
esis of pterygium, and vascular endothelial growth factor
(VEGF) is the most powerful promoter of neovasculariza-
tion. Hypoxia-inducible factor-1 (HIF-1) is a transcription
factor that is directly involved in angiogenesis by mediating
transcription-related genes and is involved in the regulation
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of VEGF expression. Signal transducer and activator of
transcription 3 (STAT3) is a family of highly homologous
transcription factors, which mediates the signal transduction
of various cytokines and growth factors to the nucleus, affects
the transcription of target genes, and maintains and regulates
a series of normal biologic behaviors, including embryonic
development, programmed cell death, organogenesis, innate
immunity, adaptive immunity, cell growth, etc. [S]. STAT3
is abnormally activated in many kinds of malignant tumors,
such as ovarian cancer, lung cancer, etc. [6,7]. Increasing
studies have shown that pterygium is a tumor-like prolifera-
tive lesion with tumor-like characteristics, such as excessive
proliferation, mild dysplasia, local infiltration, high recur-
rence rate, etc. [8,9]. Therefore, we speculate that STAT3 also
plays an important role in the occurrence of pterygium. In
this study, the expression of STAT3, HIF-1a, and VEGF in
pterygium and normal conjunctival tissues at different stages
was detected with immunohistochemistry. The purpose of
this study was to investigate the role of STAT3, HIF-1a, and
VEGF in the course of pterygium and provide new ideas and
theoretical basis for the treatment of pterygium.
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METHODS

Patients and study design: Fifty primary pterygium samples
and 20 normal conjunctival samples were recruited from
patients at the Department of Ophthalmology, Zhongnan
Hospital of Wuhan University, from April 2018 to December
2018. All patients with pterygium (28 men and 22 women)
underwent excision combined with conjunctival autograft
transplantation by the same ophthalmologist. The ages of
the case group ranged between 35 and 77 years (mean age
43.35 £ 13.90). All lesions were located on the nasal side,
and only the fleshy part of the original pterygium was taken
as the specimen. The control group tissue was collected
from healthy bulbar conjunctiva of 20 patients (11 men and
9 women) without pterygium who had undergone strabismus
or ocular trauma surgery, ages ranging between 18 and 68
years (mean age 48.5 + 17.5).

All patients with pterygium were divided into stationary
and progressive stages through slit-lamp microscope exami-
nation before surgery by the same surgeon. The length of the
pterygium was evaluated. In addition, the depth of the exten-
sion on the corneal surface of pterygium was measured with
optical coherence tomography (OCT) at the anterior segment.
A slit-lamp microscope examination showed that stationary
pterygium is characterized by thinner pterygium tissue, less
vascular tissue, mild hyperemia, and inconspicuous corneal
infiltration. In contrast, progressive pterygium has obvious
hyperemia, hypertrophy, and more blood vessels. In addition,
the cornea is covered by white triangular hyperplastic tissue
and notably corneal infiltration on the head. According to the
length of pterygium invading the cornea, pterygium can be
divided into two grades: grade I, tissue between the corneal
limbus and pupillary margin; and grade I, tissue beyond the
pupillary margin.

Except a topical anesthetic, none of the patients received
any medication for the surgery, and no drugs or chemical
agents were used during the surgical operation. The study
was approved by the Medical Ethics Committee of Zhongnan
Hospital of Wuhan University, and informed consent was
obtained according to the World Medical Association Decla-
ration of Helsinki. Complete information on patients was
available in all cases.

Immunohistochemistry staining: All samples were fixed for
30 min in vitro with a general tissue fixation solution (4%
paraformaldehyde and PB buffer). The tissues were removed
from the fixation solution and soaked in 75%, 85%, 95%,
and 100% ethanol for 3 h, respectively. Then xylene was
used 3 times for 10 min each time to make the tissues trans-
parent. The transparent tissue blocks were put in paraffin
wax, and the tissue wax blocks were quickly placed in the
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embedder after being soaked. After the tissue wax blocks
were completely solidified, slicing could begin. The paraffin
blocks were installed on the slicer and sliced along the long
axis of the specimen. Each specimen was sectioned continu-
ously with a thickness of 3 um. The method employed for the
immunohistochemical tests was the streptavidin-peroxidase
(SP) technique. The sections were dewaxed and dehydrated
in gradient alcohol and xylene. The tissue sections were
completely soaked in citric acid antigen repair buffer (PH6.0;
Wuhan servicebio technology, Wuhan, China, G1202), and
then placed in the microwave oven. First use medium heat 8§
min to boil, then cease fire 8 min and then turn to medium
and low heat for 7 min. After natural cooling, wash fully
with phosphate buffered saline (PBS, pH7.4, at room tempera-
ture; Wuhan servicebio technology, Wuhan, China, G0002).
Subsequently, the sections were incubated in 3% hydrogen
peroxide solution at room temperature and away from light
for 25 min to eliminate endogenous peroxidase activity. To
avoid non-specific binding, the sections were incubated with
goat serum (Wuhan servicebio technology, G5001) for 30
min and then immerged with the primary antibodies at 4
°C overnight. Rabbit polyclonal anti-VEGF antibody (1:100,
ABclonal, A0280, China), polyclonal anti-HIF-1a antibody
(1:100, ABclonal, A7684, China) and polyclonal anti- STAT3
antibody (1:100, ABclonal, A15729, China) were used as
the primary antibodies. Next, the tissues were covered with
secondary antibody (horseradish peroxidase mark) and incu-
bated at room temperature for 50 min. The immunoreactions
were visualized by 3, 39-diamino-benzidine (DAB). Finally,
the sections were counterstained with Mayer’s hematoxylin
solution, dehydrated, and mounted. Negative controls were
obtained by replacing the primary antibody with PBS. Breast
cancer tissue sections known to have high expression of
STATS3, HIF-1, and VEGF were used as positive control. Cells
dark stained into brown showed positive expression.

Semiquantitative analysis of the immunohistochemical
results: Immunohistochemical results were analyzed by
Image-Pro Plus 6.0 software (Media Cybernetics, Rockville,
MD). Five non-overlapping fields were randomly selected
for each section under a 40-fold objective lens, and images
were collected. All images were collected at the same expo-
sure time and white balance settings, and the blank area of
the image was selected for optical density correction. The
brownish yellow particles in the cytoplasm were considered
the positive expression of STAT3, HIF-10, and VEGF, and the
expression intensity was measured by the cumulative value
of the integral optical density (IOD) and the area of the target
region (Area). Finally, the average density (IOD / Area) of
the five fields (MD) was used as the analysis index to reflect
the protein expression. The "MD of all samples were divided
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Figure 1. Immunohistochemical expression of STAT3 in pterygium and normal conjunctiva. Immunohistochemical expression of STAT3
in pterygium (A—B) and normal conjunctiva (C). A: STAT3 appears to be strongly positive expressed in the cytoplasm of the endothelial
cells of blood vessels, epithelial cells, and stromal inflammatory tissue. B: A large number of STAT3-positive vessels in pterygium tissue.
C: Epithelial cells with weak cytoplasmic immunoreactivity are detected mainly in control conjunctival samples (400X, bar = 20 pm).

into four grades according to the maximum value of "MD,
which was non-expression (0, MD__ * 10%), low expression
(MD,_, x10%, MD__ x 40%), middle expression (MD
x40%, ™MD, __ x 70%), and high expression (MD__ * 70%,
"MD_ ).

max-

Statistical analysis: The experimental data were analyzed
by SPSS 23.0 statistical software (SPSS Inc., Chicago, IL).
The measurement data were expressed as mean + standard
deviation. The expression level of STAT3, HIF-1a, and VEGF
in the groups was tested with a Student ¢ test, the Mann—
Whitney test was used to compare the different grades, and
the correlation between STAT3, HIF-1a, and VEGF was
analyzed with Spearman correlation analysis. A p value of

less than 0.05 was considered significantly significant.

RESULTS

Differential expression of STAT3, HIF-1a, and VEGF: Immu-
nohistochemical images of positive localization of STATS3,
VEGF, and HIF-1a in pterygium and normal conjunctiva are
shown in Figure 1, Figure 2, and Figure 3. In the pterygium
samples, the positive staining of the three proteins was mostly
located in the epithelial cytoplasm, a small amount of positive
staining in the nucleus was brown, and positive staining could
also be seen in some neovascularization endothelial cells
in the stroma layer. However, the expression in the normal
conjunctiva was weakly positive or negative.

The "MD values of the STAT3, HIF-1a, and VEGF
proteins in the pterygium group were considerably higher
than those in the normal conjunctival group, and the differ-
ences were statistically significant (p < 0.001). Among the
50 cases of pterygium, there were 38 cases of pterygium
in advanced stage and 12 cases of pterygium in stationary
stage. The "MD values of the three proteins in the group of

Figure 2. Immunohistochemical expression of HIF-1a in pterygium and normal conjunctiva. Immunohistochemical expression of HIF-1a in
pterygium (A—B) and normal conjunctiva (C). A: Strong nuclear and cytoplasmic immunoreactivity in all epithelial layers of the pterygium
sample. B: A large number of vascular endothelial cells in the stromal layer show brown positive staining. C: Weak cytoplasmic immuno-
reactivity is detected in the control conjunctival sample (400X, bar =20 um).
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Figure 3. Immunohistochemical expression of VEGF in pterygium and normal conjunctiva. Immunohistochemical expression of VEGF
in pterygium (A—B) and normal conjunctiva (C). A: Epithelial and stromal layers display moderate VEGF immunoreactivity. B: There is
moderate to strong nuclear immunoreactivity in the basal layers of epithelial cells. C: There is almost no positive expression in control

conjunctival tissue (400X, bar = 20 um).

advanced pterygium were higher than those of stationary
pterygium. The difference was statistically significant (p <
0.05; Table 1). All positive expression levels were classified
into four levels according to the maximum value of MD, as
shown in Table 2. In the pterygium group, the positive rates
of STAT3, HIF-1a, and VEGF were 82.0% (41/50), 86.0%
(43/50), and 84.0% (42/50), respectively, and the positive rates
of the normal conjunctiva group were 40.0% (8/20), 25.0%
(5/20), and 15.0% (3/20), respectively. The Mann—Whitney U
test was used to compare the expression of STAT3, HIF-1a,
and VEGF between groups. The expression of three proteins
in the pterygium group was statistically significantly higher
than that in the normal conjunctiva group, and the expression
of the three proteins in the progressive pterygium group was
statistically significantly higher than that in the stationary
pterygium group (p < 0.05).

Relationship between the expression of STAT3, HIF-1a, and
VEGF and the clinical features of pterygium: The results
showed that the expression levels of STAT3, HIF-1a, and
VEGF in the pterygium length grade II group were statisti-
cally significantly higher than those in the pterygium length
grade I group (p < 0.05). The expression levels of STAT3
and HIF-la in the pterygium depth > 100 um group were
significantly higher than those in the pterygium depth < 100
um group (p < 0.05). However, interestingly, there was no
statistically significant difference in the expression level of
VEGF between pterygium length and depth (p = 0.084 > 0.05;
Table 3). In conclusion, the expression levels of STAT3 and
HIF-1a in pterygium were related to the length and depth of
the corneal invasion of pterygium. The expression level of
VEGF in pterygium was related to the length of pterygium,
but not to the depth of pterygium.

TABLE 1. RESULTS OF THE IMMUNOHISTOCHEMICAL ANALYSIS FOR STAT3, HIF-1A AND VEGF ("MDx10%).

Group Number STAT3 HIF-1a VEGF
pterygium 50 6.99+4.53%** 7.13+6.08*** 7.06+4.84%**
progressive pterygium 38 7.90+4.76%* 8.12+6.62%* 7.88+5.24%*
stationary pterygium 12 4.11%£1.71 3.98+1.84 4.47+1.63
normal conjunctiva 20 2.60+£1.54 1.88+1.09 2.08+0.93

TABLE 2. EXPRESSION OF VEGF, HIF-1A AND STAT3 IN PTERYGIUM SUBGROUPS AND CONTROL GROUP.

Group/Grade STAT3 (n) HIF-1a (n) VEGF (n)

— + ++ +++ — + ++ — + ++ +++
pterygium 9 26 12 3 33 5 5 8 36 5 1
progressive 18 12 3 24 5 5 5 27 5 1
stationary 4 8 0 9 0 0 3 0 0
conjunctiva 12 8 0 15 0 0 17 0 0
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Correlations among the expression of STAT3, HIF-1a, and
VEGF in pterygium: The Spearman rank correlation test
showed a positive correlation between the expression of
VEGEF and HIF-1a in pterygium (r = 0.547, p < 0.001), a posi-
tive correlation between VEGF and STAT3 (r = 0.396, r =
0.004), and a positive correlation between HIF-1a and STAT3
(r=10.628, p <0.001). In other words, the expression of three
proteins is positively correlated with each other.

DISCUSSION

Neovascularization plays a major role in the proliferation
of pterygium, which may promote the transformation from
the quiescent stage to the progressive stage of pterygium.
VEGEF is a specific heparin-binding growth factor acting on
vascular endothelial cells, which promotes endothelial cell
proliferation and migration by binding to specific receptors
on vascular endothelial cells, thus stimulating angiogenesis
[10]. In addition, VEGF can increase vascular permeability
through paracrine mechanism, which is beneficial to the
growth of neovascularization and stromal cells. Hoyama et
al. [11] used immunohistochemistry to analyze the expres-
sion of VEGF in pterygium tissues and control pterygium
conjunctival cells before and after exposure with 5-fluoro-
uracil and found endothelial cells of pterygium had a higher
VEGF expression while 5-fluorouracil did not affect VEGF
expressions. Our study found that the expression of VEGF
was positively correlated with the length of pterygium
corneal invasion and there was no significant difference in
the expression of pterygium at different depth of extending
on the corneal surface of pterygium. The latter was not
consistent with our expectation. There may be three reasons
for this. First, it may be due to the insufficient sample size
and inaccurate measurement of the depth of extending on the
corneal surface of pterygium resulting in the deviation of the
experimental results. Secondly, some studies have shown that
the expression of cell proliferation-related proteins such as
KI-67 and PCNA in pterygium tissue is higher in the head of
pterygium than in the body of pterygium [12]. That is to say,
the proliferation and invasion ability of the head of pterygium
is higher than that of the body of pterygium. VEGF is mainly

© 2020 Molecular Vision

related to angiogenesis and the depth of tissue growth may be
more closely related to the invasiveness of the tissue. Finally,
some studies using corneal alkali burn model to observe
corneal angiogenesis found that VEGF began to express on
the third day after corneal burn and reached a peak at 7 day
— 14 day, then it began to decline [13,14]. We speculate that
in the case of chronic tissue hypoxia and inflammation, the
expression of VEGF is regulated by multiple factors and may
be in a state of dynamic equilibrium. It tends to be stable
after the tissue growth reaches a certain stage. Therefore,
there is no significant difference in the expression of VEGF
in pterygium in different depth.

HIF-1 is a nuclear protein with transcriptional activity
produced by cells in an anoxic environment. It has more
than 60 target genes involved in biological processes such as
apoptosis, angiogenesis, tumor proliferation and metastasis.
VEGEF is one of its downstream genes. In this study, we found
that the expression of HIF-1a in pterygium was significantly
higher than that in normal conjunctiva. May et al. [15] found
that hypoxia can promote the activation of HIF-1 and the
transcription of VEGF in active proliferative tissues, thus
activating a series of hypoxia signal transduction pathways
and promoting neovascularization and tumorigenesis. Recent
studies have shown that the expression of VEGF seems to
be regulated by a dual interdependence mechanism directly
and indirectly related to HIF-1, which is closely related to the
NF-kappaB-mediated COX-2 expression and PGE production
[16]. And most importantly, based on the degree of hypoxia,
HIF-1 has both pro-apoptotic and anti-apoptotic regulatory
effects on apoptosis. During mild hypoxia, HIF-1la can
bind to the B subunit and inhibit apoptosis by activating the
transcription of its target gene, reducing the proportion of
Bax/Bcl-2 and reducing the activity of Caspase-3. In severe
hypoxia, HIF-1 a binds to p53, which stabilizes p53 and
promotes apoptosis [17]. Based on the above research, we
speculate that in pterygium the activation of HIF-1 o maybe
not only the result of hypoxia but also the result of hypoxia
independent mechanisms, such as oncogene activation and
growth factor signal pathway. HIF-la may be involved in
the transformation of the stationary phase and the progres-
sive phase of pterygium disease course by its dual effects of

TABLE 3. RELATIONSHIPS BETWEEN THE CLINICAL CHARACTERISTICS OF PTERYGIUM
AND THE EXPRESSIONS OF STAT3, HIF-1A, AND VEGF.

The length of invading the limbus

The depth of invading the cornea

Group Grade I (16cases)  Grade II (34cases) P <100um (27cases) >100um (23cases) P

STAT3 3.27+1.46 8.74+4.43 <0.001 3.97+1.81 10.53+4.18 <0.001
HIF-1a 3.4441.58 8.86+6.65 <0.001 5.23+4.74 9.36+6.81 0.015
VEGF 4.17£1.60 8.42+5.27 0.003 5.97+3.52 8.34+5.87 0.084
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different activation degrees and apoptosis. But its specific
mechanism remains to be confirmed by further studies. In
conclusion, our study shows that HIF-1a is involved in the
occurrence and development of pterygium. Further study
of its mechanism is of great significance for finding a safer
and more effective small-molecule drug for the treatment of
pterygium.

STAT3 are DNA-binding proteins that can be activated
by many cytokines, growth factors and other factors to
induce gene transcriptional regulation. Abnormal activa-
tion of STAT3 can lead to a variety of diseases [18], which
is an indispensable key molecule in the process of chronic
inflammation promoting tumorigenesis and tumor-associated
inflammation [19], and can be used as a potential drug target
[20]. Furthermore, studies have confirmed that STAT3 activa-
tion is essential in the basic expression of HIF-1 and growth
factor-induced expression, that is, STAT3 and HIF-1 jointly
activate the HIF-1 target gene and drive tumor development
[21]. In addition, STATS3 is a direct transcriptional activator of
VEGF genes, and there is a binding site of STAT3 on VEGF
promoter, which can directly bind to the promoter of VEGF
and up-regulate the expression of VEGF in tumor cells [22].
In our study, spearman level correlation analysis showed that
there was a positive correlation among STAT3, HIF-1 and
VEGEF in pterygium. In addition, Epithelial-mesenchymal
transformation (EMT) refers to the biological process in
which epithelial cells change to stromal cell phenotype
through specific procedures. Many studies have shown that
the expression of EMT marker vimentin and smooth muscle
actin, a-SMA in pterygium is higher than that in normal
conjunctiva, suggesting that EMT is involved in the occur-
rence and progression of pterygium [23,24]. In recent years,
large number of studies have shown that STAT3 in tumor cells
is activated by growth factors and cytokines to promote EMT
by inhibiting the expression of E-Cadherin [25-27]. Interest-
ingly, when STAT3 acts as a molecular adapter rather than
a transcription factor, it can promote ubiquitination of Snail
by activating GSK-3f, down-regulate the expression of Snail,
and then inhibit EMT [28]. In conclusion, we speculate that
STAT3 may directly or indirectly up-regulate the expression
of VEGF by regulating HIF to participate in the occurrence
and development of pterygium. And the double regulation of
STAT3 on EMT under different conditions is involved in the
transformation of the pterygium in the quiescent stage and
the progression stage. The specific mechanism needs to be
confirmed by further studies.

All in all, this study for the first time found that the
expression of STAT3 was increased in pterygium, and the
expression level was positively correlated with HIF-1a and
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VEGEF suggest that STAT3 may be involved in the occur-
rence and progression of pterygium through STAT3/HIF/
VEGF pathway. In addition, the dual effects of STAT3 on
EMT and HIF-1a on apoptosis may play an important role
in the transformation between quiescent and progressive
pterygium. Additionally, this study uses Image-Pro Plus
software to analyze the immunohistochemical results.
Compared with the previous visual assessment of the positive
staining intensity, this method is more accurate and objec-
tive. But only using immunohistochemical method to study
the qualitative and semi-quantitative expression of STAT3
in pterygium may cause not rigorous results. In the future,
we will further supplement PCR, western blot and other
experiments to further verify the expression of STAT3. And
in vitro cell experiments also will be done to further explore
the specific mechanism of STAT3 on endothelial cell prolif-
eration and migration. In-depth study of the mechanism of
STATS3 in pterygium will be of great significance to optimize
its treatment.
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