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Abstract
Background Heparanase (HPSE) is considered to play an important role in the occurrence, development and carcinogen-
esis of ulcerative colitis (UC). There are no reports about the detection of HPSE mRNA in feces to predict UC activity and 
cancerization risk.
Aims To explore the feasibility and effectiveness of fecal epithelial HPSE mRNA in monitoring patients’ UC activity and 
predicting cancer risk.
Methods The clinical part of the study enrolled 20 patients with UC and 20 controls. Meanwhile, a UC-induced carcinogen-
esis mouse model was established using a combination treatment of dimethylhydrazine and dextran sulfate sodium. Tissue 
expression of HPSE protein was detected by immunohistochemistry. RT-qPCR was used to detect the expression of HPSE 
mRNA in colonic mucosa and feces.
Results In the human study, the relative expressions of HPSE mRNA in colonic mucosa and feces were positively cor-
related with the Mayo score (P < 0.05), and with a significant correlation between feces and colonic mucosa (P < 0.05). In 
the mouse model, the relative expressions of HPSE mRNA in colonic mucosa and feces in the ulcerative colitis-associated 
colorectal cancer group was significantly higher than that of the UC group and the normal control group (P < 0.05), and with 
a significant correlation between feces and colonic mucosa (P < 0.05).
Conclusions The relative level of HPSE mRNA was positively correlated with UC activity and cancerization. The relative 
level of HPSE mRNA in feces was correlated with that in colonic mucosa. The detection of HPSE mRNA in feces can be 
used as a new marker for disease monitoring and cancer risk prediction of UC.
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Introduction

Over the last decade, ulcerative colitis (UC) has become one 
of the common diseases in the digestive system and the main 
causes of chronic diarrhea in China. Studies have suggested 
that UC is prone to chronic delay and has a certain risk of 
cancerization. Clinical evaluation of UC mainly includes 

the assessments of clinical types, progression of concur-
rent symptoms and its significant association with cancer. 
At present, UC condition evaluation primarily relies on 
colonoscopy [1, 2], which is known as somewhat a painful 
procedure that in turn may lead to anxiety and depression 
in patients. So far, there are no ideal laboratory evaluation 
indexes for UC [3].

Erythrocyte sedimentation rate (ESR) and C-reactive pro-
tein (CRP) are serological indexes, which tend to increase 
in many pathologic conditions; yet, they have low specific-
ity (which means that the test is more likely to be falsely 
positive). Currently, the Mayo score is considered the most 
reliable method for assessing the UC activity and monitoring 
patients during therapy. The Mayo score is based on calcu-
lating the bleeding, stool frequency, physician assessment 
and endoscopic appearance. Yet, this score may be complex 
to analyze and subjective [3].
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Molecular-based fecal RNA detection is a new noninva-
sive detection with high specificity and sensitivity. This sim-
ple and easy method has become one of the main research 
interests in evaluation of the UC activity and prediction of 
the cancerization risk [4–7].

Heparanase (HPSE) is an essential enzyme that degrades 
extracellular matrix (ECM) and basement membrane 
(BM). It is involved in many physiological and pathologi-
cal activities, including morphogenesis, neovascularization, 
inflammation and tumorigenesis [8]. HPSE protein and its 
mRNA are highly expressed in early colon tumors [9–11]. 
Recently, scientists have been trying to explore the relation-
ship between HPSE and inflammatory responses. HPSE has 
an important role in the process of infectious inflammation 
and autoimmune inflammation. In the process of chronic 
inflammation of the colon, such as UC, HPSE can degrade 
the heparan sulfate (HS) chain, destroy the integrity of ECM 
and BM, and in turn, facilitate the directional migration of 
inflammatory cells and release bioactive factors on ECM and 
cell surface [12]. At the same time, HPSE can mediate mac-
rophages to release TNFa, IL1, IL6 and other cytokines, and 
further aggravate intestinal inflammation, induce tumorigen-
esis and promote angiogenesis [13–16]. However, so far, the 
use of HPSE mRNA in feces as a biomarker for prediction 
of UC activity and risk of cancer has remained unexplored. 
Thus, the purpose of this study was to analyze the expres-
sion of HPSE mRNA in the colonic mucosa and feces of UC 
patients and a UC-induced carcinogenesis mouse model. The 
obtained data were compared to a Mayo scoring system.

Methods

Patients

A total of 20 UC patients diagnosed by endoscopy from 
outpatient and inpatient departments of Gastroenterology 
of Zhejiang Provincial People’s Hospital between Decem-
ber 2017 and June 2019 were enrolled in this study. Inclu-
sion criteria were: preliminarily diagnosed patients with 
UC; > 18 years old, biopsies taken and informed consent. 
Exclusion criteria were: a history of treatment with inflixi-
mab, non-classifiable inflammatory disease, indeterminate 
colitis, infectious ileocolitis, asthma, history of autoimmune 
diseases, primary and secondary tumors, hypertension and 
type 2 diabetes mellitus. The male-to-female ratio was 14:6, 
the average age was 38.3 (21–52) years, and the average 
disease duration was 22.5 (7–94) months. Thirteen patients 
were in the active stage and seven in the remission stage 
of the disease. Besides, 20 healthy outpatients with normal 
colonoscopy and biopsy results were selected as the normal 
control group (the male-to-female ratio was 11:9; the aver-
age age was 41.2 (16–69) years.

The ethical committee of Zhejiang Provincial People’s 
Hospital (2019KY118) approved our study. All procedures 
performed in studies involving human participants were in 
accordance with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards.

All subjects underwent colonoscopy, biopsy and patho-
logical examination. Two expertized gastroenterologists 
reviewed all the data. The diagnosis was carried out in 
accordance with the diagnostic guidelines formulated by 
the inflammatory bowel disease discipline group of Diges-
tive Disease Branch of the Chinese Medical Association and 
confirmed by histopathological biopsy. All biopsies were 
sent to the Pathology Department of Zhejiang Provincial 
People’s Hospital for treatment and were analyzed by two 
senior pathologists. The pathological diagnosis standard 
mainly refers to the consensus opinion on the diagnostic 
standard of inflammatory bowel disease in China formulated 
by the collaborative group of inflammatory bowel disease 
of the digestive branch of the Chinese Medical Association 
in 2018 [1].

Specimen collection: ① Tissue specimen: All enrolled 
patients were examined and biopsied by colonoscopy. At 
least two biopsies were collected from the most affected 
inflammatory sites during colonoscopy. The diagnosis was 
made by a pathologist according to the principle of blind-
ness. The Truelove–Witts standard was used for pathological 
diagnosis. ② Fecal specimen: The fecal specimen was taken 
5–7 days after colonoscopy. After collections, samples were 
sealed and stored at − 20 °C.

Stage of disease: The UC stage was classified into the 
active stage and the remission stage. Southerland disease 
activity index, also known as the Mayo score [17], which 
includes diarrhea, hematochezia and mucous membrane per-
formance, was used to evaluate UC activity. Several evalua-
tion indexes (Table 1) of the clinical condition were consid-
ered for scoring stages: 0–2 points for the remission stage; 
3–5 points for low-grade activity; 6–10 points for moderate-
grade activity; 11–12 points for severe-grade activity.

Animals

Sixty male C57BL/6 mice, 6–8  weeks old, weighing 
18–20 g, were purchased from Shanghai Lingchang Bio-
technology Co., Ltd. (SCXK2018-003). All the animals 
were housed in  Plexiglas® cages with a temperature of 
25 ± 1 °C, relative humidity of 45 ± 1% and a light/dark 
cycle of 12/12 h, and had access to sterilized food and water 
ad libitum. Water and food consumption was recorded daily. 
All animal studies (including the mice euthanasia proce-
dures) were done in compliance with the regulations and 
guidelines of Zhejiang Chinese Medical University institu-
tional animal care and conducted according to the AAALAC 
and the IACUC (approval no. IACUC-20180521-03; 
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Hangzhou, China) guidelines (license no. SYXK (Zhejiang) 
2018-0012).

Materials

DSS (dextran sulfate sodium, 36–50 kDa, 9011-18-1) and 
DMH (1,2-dimethylhydrazine, D0741) were purchased 
from MP Company in the USA. Anti-heparanase 1 anti-
body (ab85543) and HRP labeled goat anti-rabbit II anti-
body (ab205718) were acquired from Abcam Company in 
the USA. SP-9000 SPlink detection kit was purchased from 
Beijing Zhongshanjinqiao Biotechnology Co., Ltd. Dyna-
beads Epithelial Enrich (16102) was purchased from Thermo 
Fisher Company in the USA. CD326 (EpCAM) MicroBeads 
mouse (130105958) was obtained from Miltenyi Biotec in 
Germany. Trizol reagent (15596026), RNase inhibitor and 
First-Strand cDNA Synthesis Kit (k1622) were all bought 
from Invitrogen Company of the USA; RNA-free water, 
RNeasy Mini Kit (74104) and Quantity Nova SYBR Green 
PCR kit (208052) were purchased from Qiagen from USA.

Heparanase and GAPD primers were designed using an 
NCBI primer blast and synthesized by Jinweizhi of Suzhou, 
China. TBE and 6× loading buffer were purchased from the 
Biyuntian Company.

Mouse Model

The animal models were established according to a pre-
viously described approach [18], with some slight modi-
fications. Sixty specific pathogen-free (SPF) grade male 
C57BL/6 mice were randomly divided into three groups 
(20 mice/group): the normal control group, the UC group 
and the UCA CRC  group. UC was induced by drinking 3.0% 
(wt/vol) DSS in drinking water for 5 day and 0.5% (wt/vol) 
DSS in drinking water for 2 days. This feeding process was 
repeated three times until one of the following symptoms 
appeared: semi-dilute stool, diarrhea, occult blood in stool 
and bloody stool on naked eye examination. In the UCA 
CRC  group, mice were given 3.0% (wt/vol) DSS in drink-
ing water for 1 week and then intraperitoneal injection of 

20 mg/kg dimethylhydrazine (1,2-dimethylhydrazine, DMH) 
once, and normal saline (NS) as drinking water for 2 weeks. 
This process was repeated four times. After the model was 
established, mice in each group were individually housed for 
48 h to collect feces; fecal samples were stored at − 20 °C 
immediately after collection. Subsequently, mice were fasted 
for 24 h and then killed using a cervical dislocation method, 
after which the colon (from ileocecal valve to anus) was 
dissected. The morphological changes of colonic mucosa 
were analyzed using the microscope. The most obvious site 
of ulceration or erosion was selected, then dissected along 
the longitudinal axis and fixed with 10% formaldehyde; the 
rest of the tissue was frozen in liquid nitrogen and stored at 
− 80 °C.

Immunohistochemistry

The presence of HPSE protein was analyzed using an 
SP-9000 SPlink detection kit (Zhongshanjinqiao Biotechnol-
ogy, Beijing, China) following the manufacturer’s instruc-
tions. Tissue sections were de-waxed, hydrated and heated. 
The antigen was retrieved using citric acid buffer; endog-
enous peroxidase was blocked using goat serum. Samples 
were then incubated with rabbit polyclonal HPSE antibody 
(Abcam Inc., Cambridge, MA, USA) at dilution of 1:200 
at 4 °C overnight. PBS was used as negative control. Sub-
sequently, samples were incubated with HRP-labeled goat 
anti-rabbit II antibody (Abcam Inc., Cambridge, MA, USA) 
at dilution of 1:50 incubation for 1 h. Diaminobenzidine 
(DAB) was used as a developer, and it was restained with 
hematoxylin. A light microscope (Nikon eclipse Ci, Japan) 
was used to analyze the samples.

A double-blind method was used for all sections. Two 
pathologists read and scored independently. The average 
value was taken as the final score. Three high power visual 
fields (× 400 times) were randomly selected for each slice. 
Semiquantitative integral method was used to make a com-
prehensive score according to the staining intensity and the 
proportion of chromogenic cells. ① Tissue color rendering: 
0, without color; 1, light yellow or yellow color; 2, brownish 

Table 1  Southerland disease activity index

Item Scores

0 1 2 3

Stool Frequency Normal amount of stool Normal amount
+1-2BM/day

Normal amount
+3-4BM/day

Normal amount
> 5 BM/day

Rectal bleeding No blood seen Streaks of blood with stool Obvious blood with stool Blood alone whole stool
Endoscopic findings Normal or inactive disease Mild disease (erythema, 

decreased vascular pattern, 
mild friability)

Moderate disease (marked 
erythema, absent vascular pat-
tern, friability, erosions)

Severe disease (spon-
taneous bleeding, 
ulceration)

Physician assessment Normal Low-grade activity Moderate-grade activity Severe-grade activity
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yellow color; 3, dark brown color; finally, the average score 
of three fields of vision was calculated. ② Proportion of 
staining of target cells (epithelial cells, inflammatory cells 
and tumor cells): 0, < 5%; 1, 5–25%; 2, 26–50%; 3, 51–75%; 
4, > 75%. ③ The final score of each index was obtained by 
adding the staining intensity and the percentage of chromo-
genic cells: 0–2, negative (−); 3, weak positive (+), 4–5, 
positive (++); 6–7, strong positive (+++).

Exfoliated Cells Extraction from Human Feces

The samples were processed as previously described [19, 
20]. An approximately 5–10 g human fecal sample was 
homogenized with a buffer consisting of Hanks solution 
containing 10% fetal bovine serum (PH7.35) at 200 rpm for 
1 min using a Stomacher system (Seward, Thetford, UK). 
The homogenate was then filtered through a 200-mesh 
screen to remove large insoluble particles and fibers. Next, 
the solution was mixed with 80 μL of Dynabeads Epithelial 
Enrich (Invitrogen, Carlsbad, CA, USA) and incubated for 
30 min under a gentle rolling condition at room temperature. 
The mixture was then placed on the magnetic device and 
incubated on a shaking platform for 15 min at room tem-
perature. The supernatant was removed, and the colonocytes 
in the pellet were stored at − 80 °C until RNA extraction.

Exfoliated Cells Extraction from Murine Feces

The samples were processed according to the instructions 
of CD326 (EpCAM) MicroBeads mouse. (Miltenyi Biotec, 
Bergisch Gladbach Germany). The murine fecal sample was 
homogenized with a buffer consisting of PBS (phosphate-
buffered saline), BSA (pH 7.2, 0.5% bovine serum albu-
min) and 2 mM EDTA (by diluting 1:20) at 200 rpm for 
1 min using a Stomacher system (Seward, Thetford, UK). 
The homogenate was filtered through a 30-μm nylon mesh 
to remove cell clumps which might clog the column, and 
was followed by the addition of 10 μL of CD326 (EpCAM) 
MicroBeads mouse (130105958). The sample mixture was 
then well mixed and incubated for 15 min in a refrigerator 
(4 °C). The mixture on the magnetic device was incubated 
on a shaking platform for 10 min at room temperature. The 
magnetic separation procedure was repeated to increase the 
purity of colonocytes. The supernatant was then removed, 
and the colonocytes in the pellet were stored at − 80 °C until 
RNA extraction.

RTq‑PCR

RNA was extracted from colonic mucosal samples, and the 
exfoliated cells isolated from the fecal samples according to 
the instructions of RNeasy Mini Kit (Qiagen, Valencia, CA, 
USA). The cDNA was synthesized by First-Strand cDNA 

synthesis Kit (Invitrogen, Carlsbad, CA,USA), and the 
expression level of HPSE mRNA was detected by a quantity 
nova SYBR Green PCR kit (Qiagen, Valencia, CA, USA). 
The primer sequences were the following: for heparanase, 
F-5′-TTC GAT CCC AAG AAG GAA TCAAC-3′, R-5′-GTA 
GTG ATG CCA TGT AAC TGA ATC -3′; for GAPDH, F-5′-
CTG GCG CTG AGT ACG TCG TG-3′, R-5′-CAG TCT TCT 
GGG TGG CAG TG-3′.

The q-PCR was performed following the kit instructions. 
The amplification volume was 10 μL. The reaction condi-
tions were optimized as follows: denaturation at 95 °C for 
2 min, denaturation at 95 °C for 5 s, annealing and elonga-
tion at 60 °C for 10 s, 45 cycles. Fluorescence quantitative 
PCR results analysis was calculated using  2−⊿⊿Ct method: 
The expression of GAPDH was used to normalize that of 
the HPSE mRNA and the expression level of HPSE mRNA 
was expressed as  2−⊿⊿Ct, where ∆Ct = Ct (HPSE mRNA)-
Ct (GAPDH), ∆∆Ct = ∆Ct (Sample) − ∆Ct (Normal). The 
relative expression level was one in normal control group, 
while it was the value of  2−⊿⊿Ct in the sample.

Statistical Analysis

SPSS 25.0 was used for statistical analysis. The results 
were expressed as mean ± SD. The results of immunohisto-
chemistry were compared by the Mann–Whitney U method. 
Multiple groups’ means were compared with a single factor 
analysis of variance, and the comparison among groups was 
performed with a t test. Pearson correlation coefficient was 
used for correlation analysis. P value < 0.05 was considered 
to be statistically significant.

Results

Expression of HPSE Protein in the UC Patients 
and the Normal Control Group

The immunohistochemistry analysis showed no expression 
or weak expression of HPSE protein in the normal control 
group (Fig. 1a). In the remission stage of the UC group, 
the expression of HPSE protein was mainly located in 
colonic epithelial cells and inflammatory cells, including 
lymphocytes, neutrophils and plasma cells. The cytoplasm 
was brownish yellow (Fig. 1b), and its expression was sig-
nificantly increased in the active stage of the UC group, in 
both inflammatory cells and in epithelial cells (Fig. 1c). Dur-
ing this stage, the cytoplasm was brownish yellow or dark 
brown.

The staining results of the normal group were nega-
tive or weakly positive. In the UC group, seven cases in 
the remission stage were positive or weak positive, while 
13 cases in the active stage were positive at varying 
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degrees (Table 3). The expression of HPSE protein in the 
UC group was significantly higher than that in the nor-
mal control group (z = 381, P < 0.05, Table 2). Moreover, 
the expression of HPSE protein in the active stage was 

significantly higher than that in the remission stage (z = 14, 
P < 0.05, Table 3).

Fig. 1  Immunohistochemical staining of HPSE protein in the human 
colonic mucosa and murine colonic mucosa. a Immunohistochemi-
cal staining of HPSE protein in the human colonic mucosa in the 
normal group: The expression of HPSE protein was low in the epi-
thelium of the normal group (magnification × 100). b Immunohisto-
chemical staining of HPSE protein in human colonic mucosa in the 
remission stage of UC group: The expression of HPSE protein was 
mainly located in colonic epithelial cells and inflammatory cells, 
including lymphocytes, neutrophils and histiocytes, and the plasma 
cells, and the cytoplasm was brownish yellow (magnification × 100). 
c Immunohistochemical staining of HPSE protein in human colonic 
mucosa in the active stage of UC group: The expression of HPSE 
protein was mainly located in colonic epithelial cells and inflamma-
tory cells, including lymphocytes, neutrophils and plasma cells, and 

the cytoplasm was brownish yellow. The expression of HPSE protein 
was significantly increased in inflammatory cells and intestinal epi-
thelial cells (magnification × 100). d Immunohistochemical staining 
of HPSE protein in the murine colonic mucosa in the normal group: 
The expression of HPSE protein was low in the epithelium of the nor-
mal group (magnification × 200). e Immunohistochemical staining of 
HPSE protein in the murine colonic mucosa in the UC group: The 
expression of HPSE protein in the UC group was mainly located in 
inflammatory cells and colonic epithelial cells, and the cytoplasmic 
staining was brownish yellow (magnification × 200). f Immunohisto-
chemical staining of HPSE protein in murine colonic mucosa in the 
UCA CRC  group: The expression of HPSE protein in tumor cells, 
colonic epithelial cells and inflammatory cells was significantly 
increased in the UCA CRC  group (magnification × 200)

Table 2  HPSE 
protein distribution of 
immunohistochemical staining 
intensity in human colonic 
mucosa in the normal control 
group and the UC group

Z = 381, P = 3.032 × 10−8

Group Number of 
cases (%)

Staining strength of HPSE protein Average rank

– + ++ +++

Normal control group 20 (100) 17 (85) 3 (15) 0 (0) 0 (0) 11.45
UC group 20 (100) 1 (5) 5 (25) 12 (60) 2 (10) 29.55

Table 3  HPSE 
protein distribution of 
immunohistochemical staining 
intensity in human colonic 
mucosa in the UC group

Z = 14, P = 1.901 × 10−3

Group Number of 
cases (%)

Staining strength of HPSE protein Average rank

– + ++ +++

Active stage 13 (100) 0 (0) 1 (7.7) 10 (76.9) 2 (15.4) 12.92
Remission stage 7 (100) 1 (14.3) 4 (57.1) 2 (28.6) 0 (0) 6.00
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Relative Expression of HPSE mRNA in Colonic 
Mucosa and Feces of the UC Patients and the Normal 
Control Group

In human colonic mucosa, higher expression of HPSE 
mRNA was detected in the UC group compared to the 
normal control group (2.690 ± 1.002 vs. 1.018 ± 0.058, 
P < 0.05). Moreover, the relative expression of HPSE mRNA 
in the active stage was higher than that in the remission 
stage (3.151 ± 0.931 vs. 1.833 ± 0.356, P < 0.05, Fig. 2a) 
and was higher in severe grade of the active stage com-
pared to moderate grade or low grade of the active stage 
in human colonic mucosa (4.228 ± 0.197 vs. 2.972 ± 0.701 
vs. 2.298 ± 0.491, P < 0.05, Fig. 2b). Moreover, the relative 
expression of HPSE mRNA in human colonic mucosa was 
significantly correlated with the Mayo score (R2 = 0.633, 
P < 0.05, Fig. 3a).

Furthermore, similar data were found in fecal samples. 
Briefly, the relative expression of HPSE mRNA in the UC 
group was significantly higher compared to the normal con-
trol group in human feces (2.460 ± 0.957 vs. 1.024 ± 0.071, 
P < 0.05). Moreover, the relative expression of HPSE 
mRNA in the active stage of the UC group was higher than 
that in remission stage of the UC group (2.805 ± 1.027 
vs. 1.819 ± 0.159, P < 0.05, Fig. 2c), and in severe grade 
of the active stage compared to moderate grade and low 
grade of the active stage (3.948 ± 0.962 vs. 2.628 ± 0.249 vs. 
1.883 ± 0.475, P < 0.05, Fig. 2d). The relative expression of 
HPSE mRNA in human feces was significantly correlated 
with Mayo score (R2 = 0.541, P < 0.05, Fig. 3b). The cor-
relation analysis showed that the content of HPSE mRNA 
in human feces was significantly correlated with the con-
tent of HPSE mRNA in human colonic mucosa (R2 = 0.634, 
P < 0.05, Fig. 3c).

Expression of HPSE Protein in the Murine Colon 
with Different Pathological Changes

The immunohistochemistry analysis showed no expression 
or weak expression of HPSE protein in the normal control 
group (Fig. 1d). In the UC group, the expression of HPSE 
protein was mainly located in colonic epithelial cells and 
inflammatory cells, including lymphocytes, neutrophils 
and histiocytes, and the cytoplasm was brownish yellow 
(Fig. 1e). In the UCA CRC  group, the expression of HPSE 
protein was significantly increased in tumor cells, inflamma-
tory cells and colonic epithelial cells (Fig. 1f).

Furthermore, the expression of HPSE protein in the 
UCA CRC  group was significantly higher than that in the 
UC group (Z = 316, P < 0.05, Table 4), while the expression 
of HPSE protein in the UC group was significantly higher 
than that in the normal control group (Z = 348.5, P < 0.05, 
Table 5).

Relative Expression of HPSE mRNA in Murine 
Colonic Mucosa and Murine Feces with Different 
Pathological Changes

RT-qPCR results showed that the relative expression of 
HPSE mRNA in murine colonic mucosa of the UCA CRC  
group was 4.229 ± 0.297, which was significantly higher 
than that of the UC group (3.308 ± 0.187), and the nor-
mal control group (1.014 ± 0.067) (P < 0.05, Fig. 4a). The 
relative expression of HPSE mRNA in murine feces of the 
UCA CRC  group was 4.567 ± 0.156, which was significantly 
higher than that of the UC group (3.577 ± 0.296) and the 
normal control group (1.065 ± 0.148) (P < 0.05, Fig. 4b). 
The correlation analysis showed that the relative expres-
sion of HPSE mRNA in the murine colonic mucosa of the 
UCA CRC  group was significantly correlated with that in the 
murine feces (R2 = 0.419, P < 0.05, Fig. 4d), and the relative 
expression of HPSE mRNA in the murine colonic mucosa 
of the UC group was significantly correlated with that in the 
murine feces (R2 = 0.362, P < 0.05, Fig. 4c).

Discussion

HPSE may be found in a variety of cells, including mac-
rophages, T and B lymphocytes, endothelial cells, and has 
a vital role in inflammatory diseases [8]. HPSE proteases 
can disrupt the structure of the ECM, which, in turn, leads 
to inflammatory infiltration [13]. HPSE can promote the 
release of urokinase-type plasminogen activator and tissue-
type plasminogen activator, which activates matrix metal-
loproteinase (MMP) [21]. The degradation of collagen is 
mainly regulated by different MMPs. The overexpression of 
MMP has a significant role in the process of tissue damage 
and repair of the ulcerative colon [22, 23].

HPSE also be found in a wide range of immune cells, 
which may enhance the function of the adhesion factor. 
HPSE can help T lymphocytes to adhere to vascular endothe-
lial cells and ECM, which in turn participate in inflamma-
tion and regulate the reactivity of immune cells [24]. It is 
believed that the adaptive immune system composed of T 
lymphocytes and B lymphocytes has an important role in the 
occurrence, development and carcinogenesis of ulcerative 
colitis [25, 26]. Vlodavsky et al. found that HPSE protein 
and mRNA are highly expressed in the intestinal mucosa 
of UC patients, but not in the normal intestinal mucosa and 
the intestinal mucosa of ordinary infectious enteritis [12]. 
This upregulated expression of HPSE protein and mRNA 
are closely associated with the non-healing and transforma-
tion of chronic colitis to colon cancer [12, 27]. Moreover, 
Lerner et al. have also confirmed that HPSE and its mRNA 
continue to be highly expressed throughout ulcerative coli-
tis by establishing animal models. The interaction between 
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Fig. 2  Relative expression of HPSE mRNA in human colonic mucosa 
and human feces of the UC group and the normal control group. a 
The relative expression of HPSE mRNA in the human colonic 
mucosa of the UC group and the normal control group. The rela-
tive expression of HPSE mRNA in the active stage was significantly 
higher than that in the remission stage and the normal control group. 
Mean ± SD, * *P < 0.05 versus the normal control group; #P < 0.05 
versus the remission stage. (The normal control group vs. the remis-
sion stage, P = 1.090 × 10−5; the normal control group vs. the active 
stage, P = 7.521 × 10−9; the remission stage vs. the active stage, 
P = 3.073 × 10−3). b The relative expression of HPSE mRNA in the 
active stage of the UC group in the human colonic mucosa. The rela-
tive expression of HPSE mRNA was higher in severe grade of the 
active stage compared to moderate grade or low grade of the active 
stage in human colonic mucosa. Mean ± SD, **P < 0.05 versus the 
low grade of the active stage, #P < 0.05 versus the moderate grade of 
the active stage. (The low-grade group vs. the moderate-grade group, 
P = 1.940 × 10−2; the low-grade group vs. the severe-grade group, 
P = 7.332 × 10−4; the moderate-grade group vs. the severe-grade 

group, P = 1.821 × 10−2). c The relative expression of HPSE mRNA 
in human feces of the UC group and the normal control group. The 
relative expression of HPSE mRNA of the active stage was signifi-
cantly higher than that of the remission stage and the normal control 
groups in human feces. Mean ± SD, **P < 0.05 versus the normal 
control group; #P < 0.05 versus the remission stage. (The normal con-
trol group vs. the remission stage, P = 1.104 × 10−3; the normal con-
trol group vs. the active stage, P = 9.023 × 10−6; the remission stage 
vs. the active stage, P = 2.771 × 10−2). d The relative expression of 
HPSE mRNA in the active stage of the UC group in human feces. 
The relative expression of HPSE mRNA was higher in severe grade 
of the active stage compared to moderate grade or low grade of the 
active stage in human feces. Mean ± SD, **P < 0.05 versus the low 
grade of the active stage, #P < 0.05 versus the moderate grade of the 
active stage. (The low-grade group vs. the moderate-grade group, 
P = 3.202 × 10−2; the low-grade group vs. the severe-grade group, 
P = 1.583 × 10−2; the moderate-grade group vs. the severe-grade 
group, P = 3.552 × 10−2)
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HPSE and mucosal macrophages promotes the development 
of the chronic inflammatory state and the formation of the 
tumor microenvironment [13]. Yet, the relationship between 
the expression of HPSE and UC activity has not received 
adequate attention. In this study, we found that the relative 
expression of HPSE mRNA was significantly correlated 
with the Mayo score by comparing the expression of HPSE 
mRNA in the colonic mucosa of healthy persons and UC 
patients. Explicitly, the relative expression of HPSE mRNA 
could be another approach to reflect the activity of ulcera-
tive colitis.

Colorectal disease screening mainly relies on gene detec-
tion in fecal samples [7]. It is a noninvasive and does not 
require any special intestinal preparation and can check all 
intestinal lesions, which is likely to be a research hot spot 
in the future [28]. Kanaoka et al. [29] developed a fast and 
improved detection method based on RT-qPCR that allows 

the comprehensive analyses of fecal RNA. The detection 
and analysis of fecal COX-2 mRNA showed that the sen-
sitivity and specificity of COX-2 mRNA expression for 
the diagnosis of colon cancer were 90% and 100%, respec-
tively. Moreover, Zou H and colleagues [7] found that the 
expression of hnp1-3 (human neutrophil peptides [HNP]1-
3) protein and its mRNA in intestinal mucosa and feces of 
inflammatory bowel disease and colon cancer increased 
to varying degrees. The sensitivity of detection of hnp1-3 
mRNA expression in feces to inflammatory bowel disease 
and colon cancer was 80% and 35%, respectively. However, 
up to now, there are no reports on the detection of HPSE 
mRNA in feces for prediction of UC activity. Our results 
revealed a significant correlation between the expression of 
HPSE mRNA in human feces and human colonic mucosa, 
suggesting that HPSE mRNA in human feces can reflect the 
distribution of HPSE mRNA in the human colonic mucosa. 

Fig. 3  Correlation analysis. a The correlation between the relative 
expression of HPSE mRNA and the Mayo score in human colonic 
mucosa (R2 = 0.633, P < 0.05). b The correlation between the rela-
tive expression of HPSE mRNA and the Mayo score in human feces 

(R2 = 0.541, P < 0.05). c The correlation between the relative expres-
sion of HPSE mRNA in human colonic mucosa and human feces 
(R2 = 0.634, P < 0.05)

Table 4  Distribution of HPSE 
protein immunohistochemical 
staining intensity in murine 
colonic mucosa in the UCA 
CRC  group and the UC group

Z = 316, P = 1.002 × 10−3

Group Number of 
cases (%)

Staining strength of HPSE protein Average rank

– + ++ +++

The UC group 20 (100) 2 (10) 7 (35) 11 (55) 0 (0) 14.70
The UCA CRC  group 20 (100) 0 (0) 2 (10) 10 (50) 8 (40) 26.30

Table 5  Distribution of 
immunohistochemical staining 
intensity of HPSE protein in 
murine colonic mucosa in 
the UC group and the normal 
control group

Z = 348.5, P = 1.830 × 10−5

Group Number of 
cases (%)

Staining strength of HPSE protein Average rank

– + ++ +++

The normal control group 20 (100) 13 (65) 7 (35) 0 (0) 0 (0) 13.07
The UC group 20 (100) 2 (10) 7 (35) 11 (55) 0 (0) 29.93
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Moreover, the expression of HPSE mRNA in human feces 
was also significantly correlated with the Mayo score, which 
suggested that HPSE mRNA expression in feces may be 
used as an indicator of UC activity.

Ulcerative colitis-associated carcinogenesis (UCAC) is 
a kind of sporadic colon cancer, which is one of the main 
causes of death in patients with UC. The occurrence of 

UCAC is closely related to the duration of UC and the extent 
of lesions. The course of the disease is less than 8–10 years, 
and the risk of cancer increases by 0.5–1.0% every year, with 
a high cumulative rate of cancerization (2.5% in 15 years, 
13% in 20 years, 34% in 30 years). The patients with a wide 
range of lesions, such as total colitis, are at a hight risk of 
developing colon cancer [30]. At present, heparanase has 

Fig. 4  Relative expression and correlation analysis of HPSE mRNA 
in murine colonic mucosa and in murine feces in the normal con-
trol group, the UC group, and the UCA CRC  group. a The relative 
expression of HPSE mRNA in colonic mucosa of mice in the nor-
mal control group, the UC group and the UCA CRC  group: the rela-
tive expression of HPSE mRNA in the UCA CRC  group was sig-
nificantly higher than that in the UC group and the normal control 
group; mean ± SD, * * *P < 0.05 versus the normal control group; 
#P < 0.05 versus the UC group. (The normal control group vs. the 
UC group, P = 2.071 × 10−6; the normal control group vs. the UCA 
CRC  group, P = 6.220 × 10−7; the UC group vs. the UCA CRC  group, 
P = 7.063 × 10−3). b The relative expression of HPSE mRNA in 
murine feces of the normal control group, the UC group and the UCA 

CRC  group: the relative expression of HPSE mRNA in UCA CRC  
group was significantly higher than that in the UC group and the nor-
mal control group in feces; mean ± SD, * * *P < 0.05 versus the normal 
control group; #P < 0.05 versus the UC group. (The normal control 
group vs. the UC group, P = 1.253 × 10−4; the normal control group 
vs. the UCA CRC  group, P = 4.901 × 10−7; the UC group vs. the UCA 
CRC  group, P = 1.923 × 10−3). c The correlation between the rela-
tive expression of HPSE mRNA in murine colonic mucosa and the 
relative expression of HPSE mRNA in murine feces of the UC group 
(R2 = 0.362, P < 0.05). d The correlation between the relative expres-
sion of HPSE mRNA in the murine colonic mucosa and the relative 
expression of HPSE mRNA in murine feces of the UCA CRC  group 
(R2 = 0.419, P < 0.05)
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been widely reported to have an essential role in the develop-
ment and metastasis of colorectal cancer [9–11]. However, 
the role of heparanase in the occurrence and development of 
UCAC still remains explored. Some scholars have found that 
the highly coordinated interaction between intestinal hep-
aranase and immune cells (macrophages) can maintain the 
state of chronic inflammation and create a microenvironment 
to promote tumor growth and the occurrence and develop-
ment of UCAC [24]. Furthermore, Lerner et al. confirmed 
this theory by using heparanase high expression transgenic 
mice to establish ulcerative colitis carcinogenesis model, 
which proved that heparanase promotes the formation of 
tumor microenvironment by activating NF-κ B, STAT3 
cell signaling pathways [13]. By setting up a UC-induced 
carcinogenesis mouse model and comparing the expression 
of HPSE protein and HPSE mRNA in the normal control 
group, the UC group and the UCA CRC  group, we found 
that the expression level of HPSE protein and HPSE mRNA 
in the UCA CRC  group was significantly higher than that in 
UC group and the normal control group, thus suggesting that 
HPSE expression has an important role in the carcinogen-
esis of ulcerative colitis. Moreover, the relative expression 
levels of HPSE mRNA in murine feces were significantly 
correlated with that in the murine colonic mucosa. It can be 
inferred that the detection of HPSE in feces can be used to 
predict the risk of cancerization of ulcerative colitis.

In conclusion, the detection of HPSE mRNA expression 
in feces can be used to determine the activity of UC and 
predict the risk of colon cancer, thus avoiding repeated 
endoscopy and biopsy. Early detection of HPSE expres-
sion in feces is of great significance for population at high 
risk of UC with a long course of the disease and frequent 
inflammatory activities. Still the underlying mechanism 
needs to be further explored.
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