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Abstract
AIM: To examine the expression of matrix metallo-
proteinase-1 (MMP-1) and tumor necrosis factor-α 
(TNF-α) in the colon mucosa of patients with ulcerative 
colitis (UC).

METHODS: Reverse transcription-polymerase chain 
reaction (RT-PCR) and immunohistochemistry were used 
to examine the expression of MMP-1 and TNF-α at both 
mRNA and protein levels in the colon mucosa of patients 
with UC. Correlation between MMP-1 and TNF-α and 
their correlation with the severity of the disease were 
also analyzed statistically. 

RESULTS: The expression of MMP-1 and TNF-α in the 
ulcerated and inflamed colon mucosa of patients with 
UC was significantly higher than that in the non-inflamed 
mucosa of normal controls at both mRNA and protein 
levels. Furthermore, the expression of MMP-1 and TNF-α 
in the ulcerated area was significantly higher than that in 
the inflamed area of patients with UC (0.9797 ± 0.1433 
vs  0.6746 ± 0.0373, 0.8669 ± 0.0746 vs  0.5227 ± 
0.0435, P  < 0.05). There was no statistically significant 
difference in the non-inflamed area of normal controls. 
There was a significant correlation between MMP-1 and 
TNF-α expression (0.9797 ± 0.1433 vs  0.8669 ± 0.0746, 
P  < 0.05), the correlating factor was 0.877. MMP-1 and 
TNF-α showed a significant correlation with the severity 
of the disease (0.0915 ± 0.0044 vs  0.0749 ± 0.0032 , 
0.0932 ± 0.0019 vs  0.0724 ± 0.0043, P < 0.05), their 
correlating factors were 0.942 and 0.890, respectively. 

CONCLUSION: Excessively expressed MMP-1 directly 
damages the colon mucosa by degrading extracellular 
matrix (ECM) in patients with UC. While damaging colon 
mucosa, excessively expressed TNF-α stimulates MMPs 
secreting cells to produce more MMP-1 and aggravates 
the mucosa damage. MMP-1 promotes secretion of 

TNF-α in a positive feedback manner to cause further 
injury in the colon mucosa. MMP-1 and TNF-α correlate 
well with the severity of the disease, and therefore, 
can be used clinically as biological markers to judge the 
severity of UC.

© 2007 WJG. All rights reserved.
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INTRODUCTION
Ulcerat ive col i t is (UC) is a chronic, non-specif ic 
inflammatory disease of  the colon mucosa with an 
increasing morbidity due to life pattern changes in China. 
However, its etiology and pathogenesis are still unknown. 
Pathophysiologically, ulceration in the mucosal and 
submucosal areas of  patients with UC is due to excessive 
degradation of  extracellular matrix (ECM). In recent years, 
matrix metalloproteinases (MMPs) and some cytokines 
have been implicated in the development of  a number of  
diseases, such as multiple sclerosis, rheumatic disease and 
UC[1-3]. In patients with UC, MMPs participate in tissue 
repair, vascularization and leucocyte chemotaxis in the 
ulcerated and inflamed colonic mucosa[3]. MMP-1 produced 
by cytokine-activated interstitial cells is one of  the most 
important enzymes in degrading ECM[4]. Excessive 
expression of  MMP-1 in the diseased colon mucosa of  
UC patients causes excessive hydrolysis of  the ECM and 
ulceration[5,6]. It is also believed that imbalance between 
inflammatory and anti-inflammatory cytokines plays a 
central role in the development of  UC[7]. For example, 
TNF-α, an important inflammatory cytokine produced by 
macrophages in the colon, takes part in the pathogenesis 
of  UC[8] and can directly damage the colonic mucosal 
barrier, causing inflammatory changes in UC. Therefore, in 
this study we measured MMP-1 and TNF-α transcript and 
their proteins using reverse transcription-polymerase chain 
reaction (RT-PCR) and immunohistochemistry to explore 
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their possible role and interrelationship in the pathogenesis 
of  UC. 

MATERIALS AND METHODS
Patients and samples 
Thir ty-six patients with UC confirmed by cl inical 
manifestations, colonoscopy and biopsy were enrolled in 
this study. Among these patients, 15 were males and 21 
were females with their age ranged from 22 to 72 years 
and averaged 44 years. Samples were taken from the 
ulcerated, inflamed and non-inflamed areas of  the colon 
mucosa during colonoscopy. There were 4 patients with 
pan-colon lesions, 3 with hemi-colon lesions, 19 with 
recto-sigmoid lesions, and 10 with rectal lesions. Based 
on the clinical manifestations and colonoscopic findings, 
8 patients were classified into mild type, 21 into moderate 
type, and 7 into severe type. Meanwhile, 20 normal 
subjects were chosen as normal controls, 12 of  them were 
males and 8 were females with their age ranged from 22 
to 56 years and averaged 34 years. Biopsy samples were 
immediately snap frozen in liquid nitrogen and stored at 
-80℃ for RT-PCR. Biopsy samples were fixed in formalin, 
embedded in paraffin and cut into 4 µm-thick sections for 
immunohistochemistry. 

Total RNA extraction 
Total RNA was extracted from the frozen samples using 
a RNA isolation kit (Invitrogen Company) following the 
manufacturer’s instructions. Five μL of  the extracted RNA 
was run on 1% agarose gel electrophoresis to identify the 
extracted products.

RT-PCR for MMP-1 and TNF-α
RT-PCR was performed using the TaKaRa RNA PCR kit 
3.0 (AMV) (supplied by Dalian Baosheng Biotechnology 
Company) following the manufacturer’s instructions. 
Primer sequences used are as follows: MMP-1 (sense: 
5'-ATGCGAACAAATCCCTTCTACC-3', antisense: 5'-T
TCCTCAGAAAGAGCAGCATCG-3'), TNF-α: (sense: 
5'-CTGTAGCCCATGTTGTAGC-3', antisense: 5'-CA
ATGATCCCAAAGTAGACCT-3'). Primers for β-actin 
were used as the internal control (sense: 5'-CCTTCCTG
GGCATGGAGTCCTG-3', antisense: 5'-GGAGCAATG
ATCTTGATCTTC-3'). Reverse transcription was carried 
out at 30℃ for 10 min, at 42℃ for 30 min, at 99℃ for 
5 min, and at 5℃ for 5 min. PCR was performed as 
follows: initial denaturation at 94℃ for 2 min, followed 
by 35 amplification cycles at 94℃ for 30 s, at 53℃ for 
30 s, at 72℃ for 1 min, extension at 72℃ for 10 min. 
Five μL of  PCR products was run on 2% agarose gel 
electrophoresis. 

Immunohistochemistry
Sample sections were washed 3 times with PBS, 3 min 
each time after initial treatment. Primary antibodies, mouse 
anti-human MMP-1 monoclonal antibody and rabbit anti-
human TNF-α polyclonal antibody (Beijing Zhongshan 
Biology Company) were added and incubated at room 
temperature for 1.5 h, washed again and incubated with 

peroxidase-conjugated secondary antibody for 15 min 
and washed again. A brown product was developed in 
diaminobenzidine (DAB) for 10 min.

Result determination and statistical analysis 
A bio-imaging system (PALL Company, USA) was 
employed to analyze the density of  the bands of  PCR 
products. MMP-1 mRNA and TNF-α mRNA were semi-
quantitatively expressed by the ratios between MMP-1, 
TNF-α and β-actin OD values. All values were expressed 
as mean ± SD. 

Results of  immunohistochemistry were considered 
positive when brown particles appeared in the cells after 
DAB staining. An image-pro-plus 4.5 microscopic image 
analyzing system was used to measure the density of  the 
positive products. Five fields in each section were randomly 
selected to measure the total density and area. The mean 
density was determined by calculating the ratio between 
the total density and area in each section. A bigger ratio 
value indicates a greater expression of  the corresponding 
proteins.

Student-Neuman-Keuls test was used to compare 
MMP-1 and TNF-α: mRNAs and their corresponding 
proteins in different colon samples and in different severity 
of  the disease. Spearman correlation analysis was used 
to study the relationship between MMP-1, TNF-α and 
severity of  the disease. P < 0.05 was considered statistically 
significant. All statistical analyses were performed using 
SPSS 11.5 for windows.

RESULTS
Expression of MMP-1 and TNF-α mRNA in different colon 
areas of UC patients
The expression of  MMP-1 and TNF-α mRNA in the 
ulcerated area of  colon was significantly higher than that 
in the inflamed colon area of  patients with UC and non-
inflamed colon area of  normal controls (P < 0.05). The 
expression of  MMP-1 and TNF-α mRNA in the inflamed 
colon area of  patients with UC was also significantly 
higher than that in the non-inflamed colon area of  normal 
controls (P < 0.05), but the extent was not as high as that 
in the ulcerated area. There was no statistically significant 
difference in non-inflamed colon area of  normal controls 
(Table 1, Figures 1 and 2).

Expression of MMP-1 and TNF-α mRNA in patients with 
different severity of UC
The expression of  MMP-1 mRNA was significantly 
higher in different groups of  patients than in normal 
controls (P < 0.05). Comparison among the three groups 
showed that the highest expression of  MMP-1 and 
TNF-α mRNA was seen in the group of  patients with 
severe UC followed by in groups of  patients with mild 
and moderate UC (Table 2).

Correlation MMP-1 and TNF-α mRNA expression
Correlation studies showed that the expression of  MMP-1 
mRNA was significantly correlated with that of  TNF-α 
mRNA. The correlating factor was 0.877 (P < 0.01). 



The expression of  MMP-1 and TNF-α mRNA was also 
significantly correlated with the severity of  the disease. 
The correlating factor was 0.942 and 0.890, respectively  
(P < 0.01).

Results of immunohistochemistry
Immunohistochemistry showed that the expression of  
MMP-1 and TNF-α in different areas of  colon was 
identical. The expression of  MMP-1 and TNF-α in the 
ulcerated area was significantly higher than that in the 
inflamed colon area of  UC patients and non-inflamed 
colon area of  normal controls (P < 0.05). The expression 
of  MMP-1 and TNF-α in the inflamed colon area of  UC 
patients was also significantly higher than that in the non-
inflamed colon area of  normal controls (P < 0.05), but it 
was not as high as that in the ulcerated area. There was no 
statistically significant difference in the non-inflamed colon 
area of  normal controls (Figure 3A-D and Figure 4A-D, 
Table 3).

Protein analysis showed that the expression of  MMP-1 
and TNF-α in patients with different severity of  the 
disease was identical The expression of  MMP-1 and 

TNF-α was significantly higher in different groups than 
that in normal controls (P < 0.05). Comparison among 
the three groups showed that the highest expression of  
MMP-1 and TNF-α was seen in the group of  patients with 
severe UC followed by in groups with mild and moderate 
UC (Table 4).

DISCUSSION
Ulcerat ive col i t is (UC) is a chronic, non-specif ic 
inflammatory disease with ulceration in the mucosal 
and submucosal areas of  colon. Excessive degradation 
and insufficient synthesis of  extracellular matrix (ECM) 
are the main pathophysiological events occurring in the 
process of  ulceration. Since matrix metalloproteinases 
(MMPs) are the major hydrolytic enzymes that degrade 
ECM, the increased activity of  MMPs is responsible for 
tissue damage of  the colon in UC patients. It has been 
well accepted that inflammatory cytokines including 
TNF-α participate in the pathogenesis of  UC[7]. The 
relationship between MMPs and inflammatory cytokines 
remains to be studied when both of  them take part in the 
pathogenesis of  UC. 

Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ Ⅵ

Table 3  Expression of MMP-1 and TNF-α proteins in samples 
from different areas of colon of UC patients (mean ± SD)

Samples      MMP-1      TNF-α P  value
Ulcerated area 0.0891 ± 0.0062 0.0903 ± 0.0054 < 0.05a,c,e

Inflamed area 0.0791 ± 0.0047 0.0832 ± 0.0028 < 0.05a,c

Non-inflamed area 0.0047 ± 0.0040 0.0036 ± 0.0013 > 0.05
Normal controls 0.0048 ± 0.0016 0.0029 ± 0.0021

aP < 0.05 vs non-inlamed area; cP < 0.05 vs normal controls; eP < 0.05 vs 
inflamed area.

Table 4   Expression of MMP-1 and TNF-α protein in samples 
from UC patients with different severity of the disease 
(mean ± SD)

Samples      MMP-1      TNF-α P  value
Mild type 0.0749 ± 0.0032 0.0724 ± 0.0043 < 0.05a,c,e

Moderate type 0.0812 ± 0.0030 0.0840 ± 0.0036 < 0.05a,e

Severe type 0.0915 ± 0.0044 0.0932 ± 0.0019 < 0.05e

Normal controls 0.0048 ± 0.0016 0.0029 ± 0.0021

aP < 0.05 vs moderate type; cP < 0.05 vs severe type; eP < 0.05 vs normal 
controls.

Table 1  Expression of MMP-1 and TNF-α mRNA in samples 
from different areas of colon of UC patients (mean ± SD)

Samples MMP-1 mRNA TNF-α mRNA P value
Ulcerated area 0.9797 ± 0.1433 0.8669 ± 0.0746 < 0.05a,c,e

Inflamed area 0.6746 ± 0.0373 0.5227 ± 0.0435  < 0.05a,c

Non-inflamed area 0.0071 ± 0.0025 0.0302 ± 0.0299  > 0.05
Normal controls 0.0062 ± 0.0029 0.0280 ± 0.0060

aP < 0.05 vs non-inlamed area; cP < 0.05 vs normal controls; eP < 0.05 vs 
inflamed area.
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Figure 1  MMP-1 mRNA RT-PCR. Lane 1: Normal controls; lane 2: Non-inflamed 
area; lane 3: Inflamed area; lane 4: Ulcerated area; lane M: Marker.

247 bp
MMP-1

1     2      3      4      M

205 bp
β-actin

Figure 2  TNF-α mRNA RT-PCR. Lane 1: Normal controls; lane 2: Non-inflamed 
area; lane 3: Inflamed area; lane 4: Ulcerated area; lane M: Marker..

467 bp
TNF-α

1     2      3     4    M

205 bp
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Table 2  Expression of MMP-1 mRNA in samples from patients 
with different severity of UC (mean ± SD)

Samples MMP-1 mRNA TNF-α mRNA P value
Ulcerated area 0.9797 ± 0.1433 0.8669 ± 0.0746 < 0.05ace

Inflamed area 0.6746 ± 0.0373 0.5227 ± 0.0435 < 0.05ac

Non-inflamed area 0.0071 ± 0.0025 0.0302 ± 0.0299 < 0.05
Normal controls 0.0062 ± 0.0029 0.0280 ± 0.0060

aP < 0.05 vs moderate type; cP < 0.05 vs severe type; eP < 0.05 vs normal 
controls.



MMPs are a group of  zinc-dependent peptidases 
that degrade ECM. MMP-1, also known as interstitial 
collagenase, degrades mainly collagen typesⅠ, Ⅱ, Ⅲ, 
Ⅵ, Ⅸ and proteoglycan, and plays an important role 

in degrading ECM in UC patients. Using RT-PCR 
and immunohistochemistry, we found that at both 
transcription and protein levels, the expression of  MMP-1 
in ulcerated and inflamed colon area of  patients with UC 
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Figure 3  Expression of MMP-1 in normal controls (A), in non-inflamed area (B), in inflamed area (C), and in ulcerated area (D).
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Figure 4  Expression of TNF-α in normal controls (A), in non-inflamed area (B), in inflamed area (C), and in ulcerated area (D).
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CD44 receptors on the cell membrane to form MMP-
1/19-CD44 complex, making the inactivated TGF-β 
become its active form through hydrolysis and carry out 
its biological functions. Black et al[24] reported that MMPs 
activate TNF-α on cell membrane through hydrolysis to 
make it in an active state. MMPs may also block some 
cytokines, such as IL-6 and TGF-α to down-regulate their 
activities[25]. It is believed that MMPs not only appear in 
the down stream of  inflammatory responses but also exert 
a positive feedback effect on cytokines. Therefore, they can 
be regarded as important “regulators” of  inflammatory 
responses. 

MMPs and cytokines play an important role in 
the process of  UC. When infection, diet or other 
environmental factors act on hereditarily susceptible 
individuals, abnormal immune responses of  the intestine 
may activate immune cells (such as T cells, lymphocytes 
and macrophages) to secrete a big amount of  cytokines, 
inf lammatory mediators and complements. These 
substances directly damage the colon mucosa, and induce 
interstitial cells (including smooth muscle cells, fibroblasts 
and mono-macrophages) to secrete MMPs. The increased 
MMPs degrade ECM in the colon mucosa, leading to 
mucosa damage and ulceration. While cytokines influence 
MMPs expression, and MMPs themselves are able to up-
regulate cytokines through certain ways to cause further 
damage on the colon mucosa, MMPs can be inhibited by 
their inhibitors (MMPI) including their natural ones[26], 
revealing that MMPs have become one of  the targets 
in anti-inflammatory treatment. MMPs inhibitors used 
in treatment of  malignant tumors in clinical phase Ⅲ 
trial[27] in America and Europe can also be used in the 
treatment of  patients with UC[7], while anti-inflammatory 
or inflammatory cytokine inhibitors can be used to reduce 
MMPs expression so as to indirectly reduce tissue damage 
and ulceration in UC patients. For example, a TNF-α 
antagonist, Infliximab, has been proved effective against 
adult and children UC patients[28,29]. 

In conclusion, excessively expressed MMP-1 directly 
damages the colon mucosa by degrading ECM in UC 
patients. While damaging colon mucosa, excessively 
expressed TNF-α stimulates MMPs secreting cells to 
produce more MMP-1 and aggravates the mucosa damage. 
MMP-1 promotes secretion of  TNF-α in a positive 
feedback manner to cause further injury in the mucosa 
of  colon. MMP-1 and TNF-α can be used clinically as 
biological markers to judge the severity of  UC. 

 COMMENTS
Background
Matrix metalloproteinases (MMPs), their tissue inhibitors (TIMPs) and inflammatory 
cytokines, e.g., tumor necrosis factor-α (TNF-α) participate in the development of 
ulcerative colitis (UC) which is a chronic, non-specific inflammatory disease of the 
colon mucosa with unknown etiology and pathogenesis. This study was to deal 
with the expression of MMP-1 and TNF-α transcript and their proteins in colonic 
mucosa of patients with UC and their interrelationships in the pathogenesis of UC.

Research frontiers
Participation and functions of MMPs, TIMPs and inflammatory cytokines in the 

was significantly higher than that in non-inflamed colon 
area of  normal controls. Furthermore, the expression of  
MMP-1 in ulcerated area was significantly higher than 
that in the inflamed area. In the present study, MMP-1 
expression was closely correlated with the severity of  the 
disease (correlating factor was 0.942, P < 0.05), indicating 
that MMP-1 is closely related to colon mucosa damage 
in UC patients[9,10]. Immunohistochemistry showed that 
MMP-1 was expressed mainly in the cytoplasm of  mono-
macrophages, which is consistent with the results reported 
by Von Lampec et al[11]. McKaig et al[12] also found that 
MMP-1 is expressed in damaged tissue vascular smooth 
muscle cells, indicating that MMP-1 may be related with 
formation of  new blood vessels. 

Our results showed that at transcription and protein 
levels, the expression of  TNF-α in the ulcerated and 
inflamed area of  UC patients was significantly higher 
than that in the non-inflamed area of  normal controls. 
The expression of  TNF-α was closely correlated with 
the severity of  the disease (correlating factor was 0.890, 
P < 0.05), indicating that the more severe the disease, the 
higher the TNF-α expression. Immunohistochemistry 
revealed that the TNF-α positively stained cells were 
mainly mono-macrophages. Ishiguro[13] also reported that 
TNF-α expression in the diseased mucosa of  colon in UC 
patients is significantly higher than that in the unaffected 
area of  normal controls, suggesting that lipopolysaccharide 
produced by the intestinal flora may directly activate 
macrophages in the lamina propria, proliferating and 
producing a series of  cytokines including TNF-α which 
damage the mucosa barrier of  colon and produce typical 
inflammatory changes in UC. Apart from inflammatory 
cytokines, anti-inflammatory cytokines such as IL-10 
also take part in the pathogenesis of  UC. Gasche et al[14] 
reported that the expression of  IL-10 mRNA is significantly 
decreased while Niessner et al[15] found that IL-10 mRNA is 
highly expressed in active UC, indicating that the expression 
of  IL-10 mRNA is different in UC patients. Using in 
situ hybridization and immunohistochemical methods, 
Autschbach et al[16] showed that the number of  IL-10 
secreting monocytes and the mucosal expression of  IL-10 
are both significantly increased, but the expression of  IL-10 
in lanmina propria is relatively low, suggesting that IL-10 
cannot effectively inhibit inflammatory cytokines such as 
TNF-α in lamina propria. 

In the present study, MMP-1 was found to be closely 
correlated with TNF-α, indicating that there is a certain 
relationship between MMPs and cytokines. There is 
evidence that multiple cytokines may influence the 
expression of  MMPs during inflammatory responses. 
Previous studies indicate that IL-1β and TNF-α are 
potent stimulators of  MMP-1 and MMP-3[17,18]. They can 
regulate the secretion of  MMP-1 and MMP-3 produced by 
mono-macrophages. Sylvia et al[19] found that the activity 
of  T cells is correlated with the extent of  colon mucosa 
damage, and that the colon mucosa injury is mediated by 
endogenously produced MMPs. Some authors believe that 
anti-inflammatory cytokines, such as IL-4 and IL-10, are 
able to inhibit the secretion of  MMPs by monocytes[20-22]. 
Qiu et al[23] found that MMP-2 and MMP-9 combine with 
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pathogenesis of UC have been extensively studied in recent years. Study in 
this field has become one of the hotspots at present. Previous studies have 
demonstrated that MMPs and some inflammatory cytokines, such as TNF-α, are 
responsible for the development of ulceration and inflammation in the colonic 
mucosa of UC patients. Based on these findings, treatment targeting these 
proteins, such as anti-TNF-α antibody and exogenous MMPs inhibitors has been 
designed and studied in animal models. Preliminary results of these studies have 
shown beneficial and promising effects. Further experimental and clinical studies 
are needed before certain conclusions can be reached. 

Innovations and breakthroughs
The association between MMPs and inflammatory cytokines with UC has been 
studied previously. However, most of the studies focused on their functions on the 
development of UC. The relationship between MMPs and other cytokines and the 
activity of UC remains largely unexplored. This study has bridged this gap and 
may provide additional targets for therapeutic development. 

Applications 
Since some basic evidence provided for MMP-1, TNF-α and their relationships in 
the development of UC, therapeutic approaches targeting MMPs or TNF-α, can be 
implemented in future study and new methods for treating UC may be developed. 

Terminology
Matrix metalloproteinases (MMPs): MMPs are a group of zinc-dependent 
peptidases that degrade extracellular matrix (ECM). In this family, more than 
20 MMPs have been identified. MMP-1, also known as interstitial collagenase, 
degrades mainly collagen typeⅠ, Ⅱ, Ⅲ, Ⅵ, Ⅸ, and proteoglycan, and plays an 
important role in degrading ECM and in leading to colonic mucosa damages in UC 
patients.

Peer review
This is an informative study demonstrat ing the associat ion between 
metalloproteinase (MMP) and tumor necrosis factor (TNF) with disease activity in 
individuals with ulcerative colitis. The association of TNF with UC is well known but 
the relationship of other cytokines with disease activity remains largely unexplored. 
This study is an attempt to bridge this gap and may provide additional targets for 
therapeutic development. The preliminary conclusion is justified and substantiated 
by the results obtained.
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