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Role of hypoxia-inducible factor-1a in pathogenesis
and disease evaluation of ulcerative colitis

CHUNMEI XU and WEIGUO DONG

Department of Gastroenterology, Renmin Hospital of Wuhan University, Wuhan, Hubei 430060, P.R. China

Received September 24, 2015; Accepted January 28, 2016

DOI: 10.3892/etm.2016.3030

Abstract. The main aim of the present study was to measure
hypoxia-inducible factor-lo. (HIF-1a) in serum and colonic
mucosa of ulcerative colitis (UC) patients and to analyze its
role in the pathogenesis, disease activity and severity of UC.
A total of 47 UC patients and 13 UC in remission patients
were recruited for the present study. Ten healthy subjects were
also included to serve as controls. HIF-1a in the serum was
measured using ELISA. The citrate-microwave-SP immuno-
histochemical method was used to measure the expression of
HIF-1a in colonic mucosa. The results showed that, HIF-1a
in serum was notably higher in UC patients (73.21+£28.65)
than UC in remission patients (44.54+14.75) and controls
(42.83+15.49). The difference between UC patients and UC
in remission patients was significant (P<0.05). A correlation
analysis revealed that, the HIF-1a level in serum was posi-
tively associated with disease activity, disease severity and
endoscopic grade. The expression of HIF-1a. in colonic mucosa
of UC patients was (58.05+13.83) higher than that in UC in
remission patients (3.00+2.72) and controls (3.04+2.69) and
this difference was statistically significant (P<0.05). A positive
correlation was identified between the expression of HIF-1a
in colonic mucosa and the disease activity, severity and endo-
scopic grade. Thus, the present findings indicated that, HIF-1a
is likely to play an important role in the pathogenesis of UC
and may serve as a biomarker to evaluate disease activity and
severity in UC patients.

Introduction

Ulcerative colitis (UC) is a chronic, non-specific colitis
of unknown etiology (1,2). Its etiology and pathogenesis
are complex. UC is generally thought to be caused by the
interaction between environmental factors, heredity, immune
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system, infection and mentality (3,4). Assessment of the
disease activity and severity of UC has clinical value in
guiding clinical treatment and evaluating prognosis.

Hypoxia inducible factor-1 (HIF-1) (5-7) was identified
by Semenza and Wang in 1992 (8) from the nuclear extract
of the Hep3B cell line in which the protein was found to be
bound to the enhancer of the erythropoietin (EPO) gene.
HIF-1 in humans and other mammals under anoxic condi-
tions forms a heterodimer with the HIF-1a and HIF-1f
subunit (9-11). The HIF-1a subunit is regulated in an oxygen
dependent-manner. HIF-1a under low oxygen conditions
escapes proteasome-mediated degradation and accumulates
in the cell cytoplasm where it binds with HIF-13, and subse-
quently translocates to the nucleus to activate the transcription
of target genes.

The present study aimed to measure HIF-1a in serum and
colonic mucosa of UC patients and UC in remission patients to
examine its regulatory role in the pathogenesis of UC and to
assess its relationship with disease activity and severity, thus
providing a basis in the search of a clinically effective index to
evaluate disease activity and severity.

Materials and methods

Patients. A total of 60 clinically confirmed UC patients who
had visited the affiliated Xiangyang Hospital of Hubei Medical
College (Wuhan, China) during the period January 2010
to September 2013 were included in this study. Of the
60 patients, 47 were active UC (28 males and 19 females) and
13 were UC in remission (9 males and 4 females). Ten healthy
subjects (6 males and 4 females) were also included in this
study and served as controls. The diagnostic criteria for UC
were in accordance with China's IBD diagnosis consensus
opinion in 2007 (12). Disease activity was measured following
the improved Mayo scoring system and disease severity was
graded according to the standards of Truelove and Witts while
endoscopic grading was in line with the standards of Truelove.

Approval for the current study was obtained by the
Institutional Ethics Committee of the affiliated Xiangyang
Hospital of Hubei Medical College.

Analysis of HIF-1a. in serum. Blood (4 ml) was drawn in the
morning and the serum portion was extracted. HIF-1a was
measured in the serum following the manufacturer's instruc-
tions (Sino-American Biotechnology Co.,Ltd., Wuhan, China)
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Table I. HIF-1a level in patients and controls.
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Subjects No. Mayo scoring Serum HIF-1a (ng/l) HIF-1a-positive cells (%)
Controls 10 - 42.83+15.49 3.04+2.69

UC in remission patients 13 0.54+0.66 44.54+14.75 3.00+£2.72

UC patients 47 6.11+2.50 73.21£28.65 58.05+13.83
HIF-1a, hypoxia-inducible factor-1a; UC, ulcerative colitis.
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retrieve antigen. The sections were incubated with goat serum
for 15 min at room temperature. HIF-1a polyclonal rabbit
antibody (1:100 dilution, Wuhan Boster Bio-Engineering Co.,
Ltd., Wuhan, China) was added and incubated overnight at
4°C. The following day, the sections were rinsed in PBS three
times and incubated with horseradish-peroxidase conjugated
antibody for 15 min. A DAB color developing substrate was
added and the sections were examined microscopically for
color development for 5-10 min, re-dyed with H&E, mounted
and visualized under the microscope (Olympus BX53, Tokyo,
Japan). A polyclonal anti-goat HIF-1a antibody (1:80) was
used with PBS as a negative control.

Immunohistochemistry. The HIF-1a protein which contained
tan fine particles in the nucleus or cytoplasm was considered
positive. Ten non-overlapping randomly selected fields were
analyzed for each sample at a magnification of x400 and the
images were captured. The captured images were analyzed
using the HPIAS-2000 software (Techman, Chengdu, China)
to scan HIF-1a-positive cells and to record the percentage and
mean values for each sample.

Statistical analysis. The statistical software SPSS 14.0 version
(SPSS, Inc., Chicago, IL, USA) was used to analyze the results.
A normality test and the homogeneity test of variance were
used to evaluate the statistical indicators. The analyzed data
were presented as mean + standard deviation. The groups
were compared by one-way analysis of variance and a corre-
lation analysis was carried out using the Pearson linear and
Spearman's rank correlation tests. P<0.05 was considered to
indicate a statistically significant difference.

Results

HIF-1a is associated with pathogenesis of UC. The serum
HIF-1a level in UC patients was (73.21+£28.65), which was

Figure 1. Normal colonic mucosa showing no hypoxia-inducible factor-la
expression (magnification, x400).
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Figure 2. No hypoxia-inducible factor-1a expression in the colonic mucosa of
ulcerative colitis in remission patients (magnification, x400).

significantly (P<0.05) higher than that in UC in remission
patients (44.54+14.75) and controls (42.83+15.49). However,
the distribution of serum HIF-la was more or less similar
between UC in remission patients and the controls (P>0.05,
Table I). The expression of HIF-1a in colonic mucosa was
found to be extremely high in UC patients (58.05+13.83) in
comparison with UC in remission patients (3.00+2.72) and
controls (3.04+2.69). The difference between UC patients and
UC in remission patients and controls was significant (P<0.05,
Table I). A low expression of HIF-1a in colonic mucosa and
no expression of HIF-1a in healthy intestinal tissue of UC in
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Table II. Correlation of serum HIF-la level with disease
severity and endoscopic grading in UC patients.

No.of Serum HIF-1a Correlation

Parameters subjects (mean + SD) index (r)  P-value
Disease 0.696 0.0002
severity

Low 23 56.60+17.96

Moderate 16 73.61+18.14

Severe 08 120.16x15.81
Endoscopic 0.674 0.00023
grading

I 18 55.65+19.94

11 22 72.28+18.99

1 7 121.29+16.73
HIF-1a, hypoxia-inducible factor-la; UC, ulcerative colitis;

SD, standard deviation.

Table III. Correlation of HIF-1a of colonic mucosa with
disease severity and endoscopic grading in UC patients.

No. of HIF-la-positive Correlation

Parameters subjects cells (%) index (r) P-value
Disease 0.699 0.00013
severity

Low 23 49.02+10.69

Moderate 16 58.75+10.23

Severe 08 76.87+2.44
Endoscopic 0.677 0.00026
grading

I 18 48.04+11.85

11 22 58.11£9.98

11T 7 77.04+2.58
HIF-1a, hypoxia-inducible factor-la; UC, ulcerative colitis;

SD, standard deviation.

Figure 3. Hypoxia-inducible factor-la expression in the colonic mucosa of
ulcerative colitis patients (low disease severity) (magnification, x400).
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Figure 4. Hypoxia-inducible factor-la expression in the colonic mucosa of
ulcerative colitis patients (moderate disease severity) (magnification, x400).

Figure 5. Hypoxia-inducible factor-lo expression in the colonic mucosa of
ulcerative colitis patients (severe disease severity) (magnification, x400).

remission patients were identified (Figs. 1 and 2). However,
HIF-1a was expressed was observed in epithelial cells of the
enteric cavity and gland, endothelial cells of blood vessels,
connective tissue cells on matrices and inflammatory cells
of the intestinal tissue (Figs. 3-5). Thus, HIF-1a expression
increased with disease progression.

Correlation analysis. HIF-1a level in serum and colonic
mucosa of UC in remission patients was not correlated with
Mayo scoring (serum HIF-la, r=0.139, P>0.05; colonic
mucosa HIF-1a, r=0.108, P>0.05). However, the expression
level of HIF-1a in serum and colonic mucosa was positively
associated with Mayo scoring (serum HIF-1a,1r=0.699,P<0.01;
colonic mucosa HIF-1a; r=0.743, P<0.01) in UC patients.
Additionally, the expression level of HIF-1a in serum demon-
strated a positive correlation with disease severity (r=0.696,
P<0.01) and endoscopic grading (r=0.674, P<0.01; Table II) in
UC patients. Similarly, the expression level of HIF-1a in the
colonic mucosa of UC patients showed a significant correla-
tion with disease severity (r=0.699, P<0.01) and endoscopic
grading (r=0.677, P<0.01, Table III).
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Discussion

Oxygen plays an essential role in metabolic activity and cell
survival (13). Under anoxic conditions, several genes in cells
are stimulated in order to respond to hypoxic stress such
as CXCR4, KIHEM13 (14-16). Hypoxia causes metabolic
disorders, functional disorders and various pathological and
physiological changes that ultimately result in disease (17).

In UC, the apoptosis, proliferation of intestinal epithelial
cells, endothelial cells, lymphocytes, accelerated metabolism
and activation of the large number of blood platelets collec-
tively affect the microcirculation in intestinal mucosa (18,19).
Those processes together constitute a local hypoxic microen-
vironment in the intestinal mucosa. Previous findings have
shown different degrees of hypoxia in the intestinal mucosa
of murine models and in patients with inflammatory bowel
disease (20-22). During hypoxia the balance between oxygen
supply and oxygen consumption in cells is damaged, which
enables some hypoxia-inducible factors such as HIF-1a to regu-
late different physiological and pathological reactions through
different mechanisms (23). HIF-1a is associated with diseases
due to hypoxia, but is also involved in ischemia and many
types of cancer. It also has a close association with the restora-
tion and maintenance of intestinal barrier functions. HIF-1a is
able to regulate the expression of numerous target genes such
as vascular endothelial growth factor, EPO, GAPDH, induc-
ible nitric oxide synthase (iNOS), cyclooxygenase (COX)-2,
insulin-like growth factor 2, ET-1, HIF-1la transferrin and
glycolytic enzymes. In chronic hypoxia, HIF-lo and some
of its target gene products, such as iNOS, COX-2, interleukin
(IL)-6 and IL-8 (24), may also be involved in the various
pathogenic processes in the manifestation of UC such as the
regulation of inflammation, immunity and apoptosis. Findings
of a previous study (25) showed that COX-2 and iNOS, which
are regulated by HIF-1a, were not or were weakly expressed
in normal intestinal mucosa, although their expression signifi-
cantly increased in the intestinal mucosa of UC patients.

The current findings have confirmed that, in UC patients,
serum HIF-la in colonic mucosa was expressed significantly
higher than that of UC in remission patients and controls. Thus,
hypoxia is present in UC and HIF-la and plays an important
role in the pathogenesis of UC.

HIF-1la expression is associated with inflammation. For
example, lipopolysaccharide (LPS), the product of bacterial
metabolism, strongly induces HIF-1a expression in macro-
phage (26). Thus, it plays as an important role in LPS-induced
inflammation. HIF-1 gene knockout inhibited the neutrophils
and macrophages fromeliciting aninflammatory response under
hypoxic conditions, thereby preventing of inflammation (26).
HIF-1a has been studied in many inflammation-mediated
diseases, including rheumatoid arthritis, chronic bronchitis,
chronic obstructive pulmonary disease, acute pancreatitis,
periodontitis and periodontal disease, chronic hepatitis,
chronic nephritis, and verrucous gastritis (27-31) and it was
identified that HIF-1a participation in eliciting the inflamma-
tory response was experimentally confirmed. HIF-1a is a core
transcription factor in oxygen homeostasis. Oxygen concen-
tration is not the only factor that regulates HIF-1a, cytokines
secreted during inflammatory condition have a significant
regulatory role in HIF-1a induction, DNA binding activity
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and expression of the backward genes (32). For instance,
inflammation-associated cytokines such as IL-1p, IL-6,
tumor necrosis factor-a (TNF-a) and NO have a significant
regulatory role in HIF-1a protein accumulation, DNA binding
activity and the expression of backward factors (32). By
contrast, the role of inflammation-associated cytokines such
as IL-1f3, IL-6, TNF-a, and NO in the pathogenesis of UC have
been confirmed (33-35). Under anoxic conditions, a positive
feedback loop may be created as ‘inflammation-inflammation
medium-HIF-1a-inflammation medium-inflammation’, in
which HIF-1la at least plays a role in the amplification of
inflammation, making the existing inflammation response
amplified and persistent.

In the present study, the HIF-la expression level in the
serum and colonic mucosa of UC in remission patients was not
correlated with Mayo scoring. However, in the UC patients,
the HIF-1a expression level in serum and colonic mucosa
demonstrated an obvious correlation with Mayo scoring and
had a significant positive correlation with disease severity and
endoscopic grading (36). As the abovementioned hypotheses
have been demonstrated in the current study, HIF-la may
serve as a good index to assess disease activity and severity
of UC.

In conclusion, the findings of the current study show
that HIF-1a is correlated with UC. However, its complicated
molecular mechanism requires additional investigation, which
might be of great significance in further explaining the patho-
genesis of UC and in pursuing effective, innovative treatments
targeting HIF-1a.
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