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Abstract. Changes in matrix metalloproteinase (MMP)-2,
MMP-9, inflammation, blood coagulation factors and intes-
tinal mucosal permeability in patients with active ulcerative
colitis (UC) were investigated. A total of 50 active UC patients
treated in our hospital from January 2016 to December 2018
were selected as the UC group, whereas 50 normal subjects
receiving physical examination were selected as the control
group. Venous blood was drawn to detect the content of
early predictors, C-reactive protein (CRP), follistatin-like
protein 1 (FSTL1) and D-dimer in serum. The disease activity
index (DAI) score was recorded in both groups, the levels
of MMP-2 and MMP-9 were determined, and the inflam-
matory factors interleukin (IL)-1, IL-6 and tumor necrosis
factor (TNF)-a were also detected. Moreover, the blood coagu-
lation factors, platelet count, prothrombin time (PT), activated
partial thromboplastin time (APTT) and fibrinogen level were
detected, the content of lactulose (L) and mannitol (M) in
the urine after oral administration of L and M test liquid was
determined via high-performance liquid chromatography in
both groups, and the L/M ratio was calculated. In UC group,
the content of CRP, FSTL1 and D-dimer was significantly
higher than that in the control group (P<0.05). The DAI score
was significantly higher (P<0.05), the content of MMP-2 and
MMP-9 was remarkably raised (P<0.05), the platelet count,
PT, APTT and fibrinogen level were all obviously increased
(P<0.05), and the L/M ratio was notably lower (P<0.05) in the
UC group than in the control group. In patients with active UC,
MMP-2, MMP-9 and inflammatory factors were significantly
increased, and there were changes in the blood coagulation
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factors and intestinal mucosal permeability, which further
promote the occurrence and development of UC.

Introduction

Ulcerative colitis (UC), also known as non-specific UC, mainly
characterized by erosion and ulcers, is a periodic lifelong disease.
The main manifestations of UC are severe abdominal pain,
weight loss, intestinal inflammation, rectal bleeding, diarrhea,
dehydration and tenesmus. The etiology and pathogenesis of
this disease are complicated and have not been fully elucidated
yet. The morbidity rate of UC has an obvious increasing trend
in China, and the patients have been gradually younger. The
occurrence and development of UC have serious affects on the
human health and quality of life, and therefore UC is listed by
the World Health Organization as one of the refractory diseases
of the modern world (1-3). In UC and other inflammatory
bowel diseases, damage of intestinal mucosal barrier, immune
cell dysfunction and intestinal neuronal dysfunction occur.
Currently, the main drugs used for UC include glucocorticoids,
immunosuppressants and tumor necrosis factor (TNF) (4),
which have certain effects, but also great side-effects, and the
recurrence rate and treatment expenses are high. Most scholars
argue that persistent intestinal infection, intestinal mucosal
barrier defect, intestinal mucosal immunoregulatory abnor-
mality, genetic and environmental factors are jointly involved
in the occurrence of UC (5,6). UC is a frequently occurring
inflammatory bowel disease and its morbidity rate has increased
significantly in recent years worldwide. Studies have shown that
the morbidity rate of UC remains at a high level in developed
countries, whereas it obviously increases in developing countries
or regions previously having a lower morbidity rate, making
UC a global disease (7,8). The complicated pathogenesis of UC
cannot be clarified by research based on ‘immune-mediated
inflammatory response’ ideas, leading to limited diagnosis and
treatment means. Therefore, studying and developing new treat-
ment means is imperative.

Matrix metalloproteinase (MMP)-2 and MMP-9 are two
types of MMPs (9-11). According to previous studies, MMP-2
and MMP-9 are actively involved in the pathophysiological
processes in patients with inflammatory bowel diseases (12-14).
Studies have shown that MMP-2 and MMP-9 affect the tight
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junctions among mucosal cells, increase the intestinal mucosal
permeability and aggravate the impairment of mucosal barrier
function. After three cycles of drug treatment of UC, the levels
of MMP-2 and MMP-9 decline repairing the intestinal mucosal
damage and reducing the incidence of inappetence, nausea,
vomiting and mucositis (15,16). Therefore, effectively control-
ling the content of MMPs is important for the treatment of UC.
Studies have shown that UC patients have hyperco-
agulability, hyperfunction of the fibrinolytic system, increased
prothrombin time (PT) and activated partial thromboplastin
time (APTT), and changes in intestinal mucosal perme-
ability, which can be used as indexes for evaluating the UC
activity (17,18). In the present study, UC patients and normal
subjects receiving physical examination were enrolled.
The content of early predictors, C-reactive protein (CRP),
follistatin-like protein 1 (FSTL1) and D-dimer in the serum
was detected, the disease activity index (DAI) score was
recorded, the content of MMP-2 and MMP-9 was determined,
and the inflammatory factors interleukin (IL)-1, IL-6 and
TNF-a were also detected. Moreover, the blood coagulation
factors, platelet count, PT, APTT and fibrinogen level were
detected, and the mucosal permeability in terms of the lactu-
lose (L)/mannitol (M) ratio was calculated, aiming to explore
the pathogenesis of UC and provide theoretical and experi-
mental bases for the treatment and prognosis of UC patients.

Subjects and methods

General data. A total of 50 active UC patients treated
in the Hospital of Liaoning University of Traditional
Chinese Medicine (Shenyang, China) from January 2016
to December 2018 were selected as the UC group, whereas
another 50 healthy subjects receiving physical examination
were selected as the control group. Inclusion criteria: Patients
diagnosed with UC via intestinal microscopy, those who volun-
tarily participated in the study and signed the informed consent,
those who had received no treatment before, and those with DAI
score >2 points. Exclusion criteria: Patients with bacterial colitis
caused by Salmonella,hemorrhagic necrotic enteritis, secondary
infection complicated with severe renal or hepatic dysfunction,
colorectal cancer or liver cancer. All clinical specimens in this
experiment were collected upon the agreement of the Ethics
Committee of the Hospital of Liaoning University of Traditional
Chinese Medicine and the family members. The study was
approved by the Ethics Committee of the hospital and signed
written informed consents were obtained from all participants
or their guardians before the study. The specific clinical data,
including age, sex, body weight and disease severity of patients
were collected at the time of admission (Table I).

DAI score. The DAI scoring includes the evaluation of
hemafecia, diarrhea, mucosal manifestations and disease
conditions. Hemafecia: None (0 point), a little (1 point), obvious
(2 points), and frequent (3 points). Diarrhea: Normal (0 point),
once to twice a day (1 point), 3-4 times a day (2 points), and
5 times or more (3 points). Mucosal manifestations: Normal
(0 point), mildly brittle (1 point), moderately brittle (2 points),
and severely brittle with exudation (3 points). Disease condi-
tions: Normal (0 point), mild (1 point), moderate (2 points), and
severe (3 points). The DAI score is the sum of the scores in all
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Table I. Clinical characteristics of the study subjects.

Characteristics Control group UC group
Sample size 50 50
Males 24 25
Mean age (years) 40«10 3949
Mean weight (kg) 4749 49+10
BMI (kg/m?) 21.5+1.0 21.2+0.9
Severe cases 0 25
Moderate cases 0 25

UC, ulcerative colitis.

four categories and was recorded in detail by special personnel
for subsequent study and analysis.

Detection of serum CRP, FSTLI1 and D-dimer. In this study,
5 ml of venous blood were drawn from the arm of the study
subjects to detect the content of CRP, FSTLI and D-dimer, in
order to predict the development of the disease in advance. The
blood was inserted into 5-ml Eppendorf (EP) tubes containing
anticoagulant and placed at room temperature for 20 min,
followed by centrifugation at 4°C, 2,000 x g for 15 min. Next, the
supernatant was collected to detect the changes in the content of
CRP, FSTLI1 and D-dimer via enzyme-linked immunosorbent
assay (ELISA), providing an important theoretical reference
for early detection of UC. CRP kit (cat. no. H126), FSTLI kit
(cat. no. E027-1-3) and D-dimer kit (cat. no. E029-1-1) were all
purchased from Nanjing Jiancheng Bioengineering Institute.

Detection of serum inflammatory factors via ELISA. A
total of 5 ml of venous blood were drawn from the arm of
the study subjects, placed into EP tubes containing antico-
agulant and centrifuged at 2,000 x g at room temperature
for 15 min. Next, the supernatant was collected to detect the
serum inflammatory factors IL-6, IL-1 and TNF-a following
the manufacturer's instructions of the ELISA kits (Nanjing
Jiancheng Bioengineering Institute). IL-6 kit (cat. no. HO07),
IL-1 kit (cat. no. HO02) and TNF-a kit (cat. no. HO52) were all
purchased from Nanjing Jiancheng Bioengineering Institute.
Finally, the absorbance in each group was detected using a
microplate reader.

Detection of content of plasma MMP-9 and MMP-2. A
total of 5 ml of fasting venous blood were drawn early in the
morning from the elbow of the study subjects and centrifuged
at 2,000 x g at room temperature for 15 min. Next, the super-
natant was collected to detect the levels of plasma MMP-9 and
MMP-2 using double-antibody sandwich ELISA according
to the manufacturer's instructions. Finally, the absorbance in
each group was detected using a microplate reader. MMP-9
kit (cat. no. H146-4) and MMP-2 kit (cat. no. H146-1) were
purchased from Nanjing Jiancheng Bioengineering Institute.

Detection of blood coagulation function. Fasting peripheral
venous blood was drawn early in the morning from all the
study subjects, inserted into anticoagulant tubes with 0.2 ml
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Figure 1. DAI score was basically close to 1 in the control group and was
significantly higher in the UC group compared with that in the control group.
“P<0.05 vs. control group. DAI, disease activity index; UC, ulcerative colitis.
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Figure 2. The content of plasma MMP-2 and MMP-9 was markedly raised
in the UC group compared with that in the control group. "P<0.05 vs. control
group. MMP, matrix metalloproteinase; UC, ulcerative colitis.

of sodium citrate, and placed at room temperature for 20 min,
followed by centrifugation at 4°C, 2,000 x g for 10 min. Next,
the separated plasma was collected to determine the platelet
count, PT, APTT and fibrinogen level within 24 h using a
full-automatic biochemical analyzer (BS-220; Shenzhen
Mindray Bio-Medical Electronics Co., Ltd.).

Determination of intestinal mucosal permeability. The
concentration of L and M in the urine was measured via
Waters 515 high-performance liquid chromatography (Waters
Corporation). Alltima-NH?2 Column (Alltech Medical Systems,
LLC) was used. The mobile phase was acetonitrile-water
(67:33). The flow rate was 1.0 ml/min and the column tempera-
ture was 45°C. Urine (1 ml) was collected from all subjects
into EP tubes, and centrifuged at 4°C, 2,000 x g for 15 min.
The supernatant was aspirated, and added with 100 ml of
acetonitrile to precipitate the protein. After vortex mixing, the
mixture was centrifuged at 4°C, 2,000 x g for 15 min, and the
supernatant was aspirated and deionized, followed by vortex
mixing and centrifugation at 4°C, 2,000 x g for 5 min. Next,
the supernatant was taken, and filtered using the water-based
filter membrane. Finally, the content of L and M was detected
and the L/M ratio was calculated (column temperature, 25°C;
internal heating in differential detector at 32°C, according to
the manufacturer's instructions).
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Table II. Content of serum CRP, FSTL1 and D-dimer.

Groups CRP (mg/l) FSTLI1 (ug/l) D-dimer (mg/l)
Control group 22+0.2 8+0.8 0.4+0.3
UC group 10.1+£0.1* 29+0.6 2.5+£0.4°

The content of CRP, FSTL1 and D-dimer was significantly higher
in the UC group than that in the control group. *P<0.05 vs. control
group. CRP, C-reactive protein; FSTLI1, follistatin-like protein 1;
UC, ulcerative colitis.

Table III. Levels of serum IL-1, IL-6 and TNF-a.

Groups IL-1 (mg/l) TNF-a (fmol/ml) IL-6 (mg/l)
Control group  20.5+1.9 14.5+1.2 24.4+1.1
UC group 43.2+2.0° 34.7+1.1* 40.1x1.0°

The levels of IL-1, IL-6 and TNF-a were obviously increased in the
UC group compared with those in the control group. *P<0.05 vs. con-
trol group. IL, interleukin; TNF, tumor necrosis factor; UC, ulcerative
colitis.

Statistical analysis. All data obtained from the experiments
were statistically analyzed using Statistical Product and
Service Solutions (SPSS) 21.0 software (IBM Corp.). The
experimental results were expressed as the mean + standard
deviation. Student's t-test (two-tailed) was used for the compar-
ison of variables between two groups. The L/M ratios between
two groups were compared using Wilcoxon-Mann-Whitney
two-tailed test. The bar graphs were plotted using GraphPad
Prism 5.0 (GraphPad Software, Inc.). P<0.05 was considered
to indicate a statistically significant difference.

Results

DAI score. As shown in Fig. 1, the DAI score was basically
close to 1 in the control group, whereas it was higher in the
UC group, and there was a significant difference (P<0.05).

Serum CRP, FSTLI and D-dimer. The content of serum CRP,
FSTL1 and D-dimer can predict the occurrence of UC in
advance. As shown in Table II, the content of CRP, FSTL1 and
D-dimer in the UC group was markedly higher than that in
the control group (P<0.05), indicating that there are significant
changes in the content of the three indexes when UC occurs.

Serum inflammatory factors detected via ELISA. The levels
of IL-1, IL-6 and TNF-a were obviously increased in the
UC group (P<0.05), whereas they were normal in the control
group (Table III).

Content of plasma MMP-9 and MMP-2. The content of
MMP-2 and MMP-9 in the UC group was raised markedly
compared with that in the control group (P<0.05) (Fig. 2),
which further promotes the development of UC.
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Table I'V. Blood coagulation function.

Platelet count Fibrinogen
Groups (10°/1) PT (S) APTT (S) level (g/1)
Control group 220+5 11£0.8 20+1.2 3+0.5
UC group 350+6* 14+0.6* 31+0.8* 5+0.7

Platelet count, PT,APTT and fibrinogen level were evidently increased
in the UC group than those in the control group. *P<0.05 vs. control
group. PT, prothrombin; APTT, activated partial thromboplastin
time; UC, ulcerative colitis.
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Figure 3. Intestinal mucosal permeability. The L/M ratio was notably lower
in the UC group than that in the control group. ‘P<0.05 vs. control group.
L, lactulose; M, mannitol; UC, ulcerative colitis.

Blood coagulation function. The subjects in the UC group
had evidently increased platelet count, PT, APTT and
fibrinogen level compared with those in the control group
(P<0.05) (Table IV), which indicates that the blood coagula-
tion function is changed during UC, further promoting the
development of UC.

Intestinal mucosal permeability. As shown in Fig. 3, the
L/M ratio in the UC group (0.03) was notably lower than that
in the control group (0.07) (P<0.05), which suggests that the
intestinal mucosal permeability evidently rises in UC patients,
further facilitating the development of the disease.

Discussion

UC and Crohn's disease are two major inflammatory bowel
diseases that share some common features. They can be
distinguished by differences in genetic susceptibility, risk
factors, and clinical, endoscopic and histological features.
The exact pathogenesis of inflammatory bowel diseases
remains unclear. Genetically susceptible individuals seem-
ingly have the disordered mucosal immune response, leading
to intestinal inflammation. The inflammation of UC is mainly
confined to the mucosal surface. UC begins in the rectum
and usually extends proximally to the entire colon. However,
part of patients with left-sided colitis or proctitis may suffer
from cecal dilation (19,20). Based on the degree of colon
involvement, proctitis, left-sided colitis and extensive colitis
(pancolitis) have different conditions, and they are also difficult
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to be cured. In the present study, UC patients and normal
subjects receiving physical examination were enrolled, and
the serum early predictors, including MMP-2, MMP-9, IL-6,
TNF-a, blood coagulation factors and mucosal permeability
indexes were detected, aiming to explore the pathogenesis of
UC and provide theoretical and experimental bases for the
treatment and prognosis of UC patients. The content of serum
CRP, FSTLI1 and D-dimer can predict the occurrence of UC
in advance. The detection results revealed that the content of
CRP, FSTLI1 and D-dimer in the UC group was apparently
higher than that in the control group, indicating that there are
remarkable changes in these three indexes when UC occurs,
which provides a diagnostic basis for the early-onset UC,
similar to previous studies (6,18). In addition, DAI was scored
in each group. It was found that the DAI score was basically
close to 1 in control group, whereas it was generally higher
in the UC group, demonstrating that UC patients have severer
hemafecia, diarrhea and mucosal manifestations.
Inflammation plays an important role in UC, and inflam-
matory cytokines have attracted widespread attention. TNF-a,,
one of the major cytokines that mediate the early response to
intestinal injury, can stimulate the production of IL-6. Under
normal conditions, the concentration of IL-6 in healthy subjects
is low or even undetectable. The changes in the concentration
of inflammatory factors are related to the duration and severity
of UC, and the increases in their levels have been proven to
be associated with the raised morbidity rate of UC (21). In the
present study, the levels of IL-1, IL-6 and TNF-a were obvi-
ously elevated in the UC group, whereas they were normal in the
control group. MMPs play important roles in the degradation
of ECM and destruction of proteolytic enzymes. Proteolytic
enzymes are stimulated by pro-inflammatory cytokines, and
fully activated MMPs may aggravate the intestinal inflamma-
tory injury. In addition, some components, such as IL-1, TNF
and lipopolysaccharide, can specifically induce the upregula-
tion of MMP-3 and MMP-9, which are important factors for
intestinal injury (22). In this study, it was observed that the
content of MMP-2 and MMP-9 in the UC group was obviously
increased, which further promotes the development of UC.
After intestinal injury in UC, the blood coagulation disorder
is early detected. The ability to form fibrin clots at the injury
site is indispensable for limiting bleeding and subsequent
survival. Therefore, the standard coagulation assay, including
the detection of PT and APTT, can accurately reflect the blood
coagulation function of UC patients (23). In the present study,
the patients in the UC group had evidently increased platelet
count, PT, APTT and fibrinogen level, which indicates that
the blood coagulation function is altered during UC, further
promoting the development of UC. The increased L/M ratio
corresponds to the enhancement of intestinal mucosal perme-
ability, and the reason is that the damage of intestinal mucosal
cells causes atrophy of intestinal mucosa, thus resulting in
the increase in intercellular space. Research has shown that
glutamine is one of the essential amino acids to maintain the
intestinal mucosal barrier, and glutamine nutrition support
can reduce intestinal injury. Therefore, inhibiting intestinal
mucosal intercellular space, regulating the expression of tight
junction protein, and protecting the intestinal mucosal barrier
function can gradually lower the L/M ratio (24). In this study,
the L/M ratio in the UC group was remarkably higher than that
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in the control group, which suggests that the intestinal mucosal
permeability evidently rises in UC patients, further facilitating
the development of the disease. The aforementioned find-
ings are similar to the research results of Gao et al (25) and
Li et al (26). Differently, it was found that the content of
MMP-2 and MMP-9 was increased in patients with active
UC rather than in patients with Crohn's disease or in animal
models. The patients included in our study were all with active
UC, whereas the other studies did not emphasize on this point.
In addition, up to our knowledge, it is the first time that serum
early predictors, DAI scores, MMP-2, MMP-9, inflamma-
tory factors, blood coagulation indexes and the permeability
intestinal mucosa are all included in one study, suggesting
that UC is a complex disease involving multiple mechanisms.
The present study provides a more comprehensive theoretical
basis for the pathogenesis, prevention and treatment of UC,
as well as new ideas for subsequent further research.

In conclusion, in the present study it was confirmed
through a series of experiments that there are changes in the
MMPs, inflammatory factors, blood coagulation function and
intestinal mucosal permeability in active UC patients, further
promoting the development of disease. In the future, such
changes can be further verified by animal experiments.
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