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Abstract
AIM: To explore the epithelial-mesenchymal transition 
(EMT) in tissue from patients with Lynch syndrome, and 
to interpret biological behaviour of Lynch syndrome.

METHODS: Sixty-eight formalin-fixed and paraffin 
embedded tissue blocks were analyzed in this study, 
including tissues from Lynch syndrome (n  = 30), spo-
radic colorectal carcinoma (CRC) (n  = 30), and tumor-
adjacent tissues (n  = 8). Tissue sections were stained 
for human mutS homolog 2 (hMSH2), human mutL 
homolog 1 (hMLH1), transforming growth factor-β type 
Ⅱ receptor (TGFβRⅡ), E-cadherin, β-catenin, matrix 
metalloproteinase-7 (MMP-7) and tissue inhibitor of 
metalloproteinase-2 (TIMP-2) by immunohistochemical 
staining. Furthermore, clinical data such as age, gender 
and tumor-node-metastasis stage were also collected 
retrospectively. 
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RESULTS: The positive expression rates of hMSH2, 
hMLH1, TGFβRⅡ, E-cadherin, β-catenin, MMP-7 and 
TIMP-2 were significantly related to the depth of in-
vasion and lymph node metastasis, but not to sex or 
tumour size or location. The differences in the posi-
tive expression rates of hMSH2, hMLH1, TGFβRⅡ, 
E-cadherin, cytomembrane β-catenin, cytoplasmic 
β-catenin, MMP-7 and TIMP-2 were significant between 
sporadic CRC and Lynch syndrome. The expression of 
hMSH2 had a positive correlation with that of hMLH1 in 
Lynch syndrome and sporadic CRC. The expression of 
TGFβRⅡ had a positive correlation with that of hMSH2, 
hMLH1 and MMP-7, and a negative correlation with that 
of TIMP-2. The expression of MMP-7 had a negative 
correlation with that of TIMP-2 in Lynch syndrome and 
sporadic CRC. The expression of E-cadherin was posi-
tively correlated with that of cytomembrane β-catenin. 
However, the expression of cytomembrane β-catenin 
was negatively correlated with that of cytoplasmic 
β-catenin, and the expression of cytoplasmic β-catenin 
was positively correlated with that of MMP-7.

CONCLUSION: EMT may play an important role in 
the development and progression of Lynch syndrome. 
Lynch syndrome was caused by the mutations of mis-
match repair genes, mainly hMSH2 and hMLH1, which 
also beget the mutational inactivation of TGFβRⅡ. 
Therefore, the colorectal cancer of Lynch syndrome 
can escape the inhibitory effect of TGFβ1. However, 
TGFβ1 can up-regulate the expression of MMP-7 and 
down-regulate the expression of TIMP-2 in tumors by 
disassembling the E-cadherin/β-catenin complex in the 
cytomembrane.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: As a subgroup of colorectal carcinoma (CRC), 
Lynch syndrome presents better prognosis than spo-



plex to accelerate accumulation of  β-catenin in the cyto-
plasm, resulting in cell proliferation, tumour invasion and 
metastasis[15,16]. As an endogenous inhibitor of  MMP-7, 
tissue inhibitor of  metalloproteinase (TIMP) can induce 
expression of  the developmental EMT transcription fac-
tors and lead to down-regulation of  epithelial markers 
and up-regulation of  mesenchymal markers[17,18]. 

We performed this study to investigate whether a dif-
ferent mechanism for regulation of  EMT exists in CRC 
tissues of  patients with Lynch syndrome. Moreover, the 
correlation between EMT and biological behaviour of  
Lynch syndrome was also our target.

MATERIALS AND METHODS
Ethics
This work has been carried out in accordance with the 
Declaration of  Helsinki (2000) of  the World Medical 
Association. This study was approved ethically by Ethics 
Committee of  the Air Force General Hospital, PLA. All 
patients provided informed written consent.

Patient tissue
Thirty resected specimens of  sporadic CRC, 30 CRC 
specimens of  Lynch syndrome and 8 tumor-adjacent 
tissues were collected from patients that had undergone 
operations from May 2007 to June 2012 at the Depart-
ment of  General Surgery, General Hospital of  Air Force. 
Clinical data (including age, gender, and tumor-node-
metastasis stage) were collected retrospectively. None 
of  the patients received radiotherapy or chemotherapy 
before surgery. The clinical diagnosis of  Lynch syndrome 
were established using AmsterdamⅡ criteria. Informed 
consent was obtained from patients prior to investiga-
tion. After surgical resection, all tissue samples were fixed 
in 4% formalin for 24 h, and then embedded routinely 
into paraffin for hematoxylin and eosin (H and E) and 
immunohistochemistry (IHC) staining. Sections were cut 
from paraffin blocks at 4 µm. H and E-stained samples 
were individually examined microscopically by two inde-
pendent pathologists. Clinicopathological characteristics 
of  tumors are provided in Table 1.

IHC for hMSH2, hMLH1, TGFβRⅡ, E-cadherin, β-catenin, 
MMP-7 and TIMP-2 proteins
Mouse monoclonal antihuman antibodies were used for 
the detection of  the hMSH2 (clone FE11; 1:50 dilution; 
Zhongshan Golden Bridge Biotechnology Inc.; Beijing, 
China), hMLH1 (clone 14; 1:50 dilution; Zhongshan 
Golden Bridge Biotechnology Inc.), E-cadherin (clone 
4A2C7; 1:50 dilution; Zhongshan Golden Bridge Bio-
technology Inc.), β-catenin (clone CAT-5H10; 1:50 dilu-
tion; Zhongshan Golden Bridge Biotechnology Inc.), 
MMP-7 (clone 1D2; 1:50 dilution; Zhongshan Golden 
Bridge Biotechnology Inc.) and TIMP-2 (clone 3A4; 
1:50 dilution; Zhongshan Golden Bridge Biotechnol-
ogy Inc.), and rabbit polyclonal antihuman antibody was 

251 January 7, 2014|Volume 20|Issue 1|WJG|www.wjgnet.com

Gu GL et al . EMT and Lynch syndrome

radic CRC for less invasion and metastasis. Our study 
found epithelial-mesenchymal transition may play an 
important role in the development and progression of 
Lynch syndrome. Lynch syndrome was caused by the 
mutations of mismatch repair genes, which also be-
get the mutational inactivation of transforming growth 
factor-β type Ⅱ receptor. Therefore, the colorectal can-
cer of Lynch syndrome can escape the inhibitory effect 
of transforming growth factor-β type 1 (TGFβ1). How-
ever TGFβ1 can up-regulate the expression of matrix 
metalloproteinase-7 and down-regulate the expression 
of tissue inhibitor of metalloproteinase-2 in tumors by 
disassembling the E-cadherin/β-catenin complex in the 
cytomembrane. 
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INTRODUCTION
Lynch syndrome is a dominant inherited disease charac-
terized by vertical transmission and familial aggregation 
of  colorectal cancer (CRC)[1-3]. As a subgroup of  CRC, 
Lynch syndrome presents intriguing clinicopathological 
features[4-7], such as early onset, frequent localization in 
proximal colon, tendency to develop multiple primary 
carcinomas, and excessively mucinous and poor differen-
tiation. Nevertheless, the prognosis of  Lynch syndrome is 
known to be better than sporadic CRC. One of  the pos-
sible explanations depends on the fact that patients with 
Lynch syndrome are less likely to suffer from metastasis[8]. 

Many factors have been raised to interpret oncogen-
esis, tumour invasion, and distant metastasis of  CRC. 
Among these, epithelial-mesenchymal transition (EMT) 
might play an important role[9-11]. Recent studies have 
revealed that EMT is not only correlated with tumor 
growth and differentiation, but also influences tumor in-
vasion and metastasis. Further investigation suggests that 
EMT might be the downstream of  E-cadherin/β-catenin 
and Transforming growth factor (TGF)β receptor type Ⅱ 
(TGFβRⅡ) in the cytomembrane[12]. As a multifunctional 
cytoplasmic protein β-catenin associates with E-cadherin 
and cytoskeleton, constituting an E-cadherin/β-catenin 
complex to maintain normal epithelial polarity and inter-
cellular adhesion; besides, β-catenin also regulates cellular 
differentiation and proliferation[13]. When the degradation 
of  β-catenin is interfered in the cytoplasm, β-catenin will 
accumulate in the cytoplasm, resulting in its translocation 
into the nucleus to promote the transcription of  down-
stream genes involved in the Wnt/β-catenin signaling 
pathway. Matrix metalloproteinase-7 (MMP-7) is a target 
gene product of  the Wnt/β-catenin signaling pathway[14]. 
MMP-7 can disassemble the E-cadherin/β-catenin com-



used for the detection of  the TGFβRⅡ(sc-400, 1:100 
dilution; Santa Cruz Biotechnology, California, United 
States). Heat-induced epitope retrieval (microwave pre-
warmed for 5 min in 1 mmol/L EDTA buffer, pH 8) 
was employed prior to hMSH2, hMLH1, TGFβRⅡ, 
E-cadherin, β-catenin and TIMP-2 staining. MMP-7 
did not need epitope retrieval. Primary antibodies were 
then added and slides incubated for 2 h at 37 ℃. Slides 
were then processed on an immunostainer (LabVision 
Autostainer 360, Fujian, China). The primary antibody 
was replaced by phosphate-buffered saline as a nega-
tive control to assess the specificity of  the antibodies. 
Haematoxylin-counterstained sections were mounted in 
aqueous mounting medium and observed under a light 
microscope. 

The IHC staining scores (percentage of  stained cells 
+ staining intensity) for hMSH2, hMLH1, TGFβRⅡ, 
E-cadherin, β-catenin, MMP-7 and TIMP-2 are given for 
each case after semi-quantitative evaluation by two in-
dependent pathologists. The following scores have been 
used. Percentage of  stained cells was 0, < 10% (1), < 
50% (2), < 80% (3), or ≥ 80% (4). Staining intensity was 
negative (0), weak (1), moderate (2), or strong (3).

Statistical analysis
The results of  IHC are expressed as mean ± SD and ex-
amined by the χ 2 test. The age between the three groups 
was examined by the Mann-Whitney rank test. Correla-
tions between the expression levels of  hMSH2, hMLH1, 
TGFβRⅡ, E-cadherin, β-catenin, MMP-7 and TIMP-2 
were evaluated by Spearman bivariate correlation test. In 
all statistical analyses, P < 0.05 was considered significant.

RESULTS
The expression of  hMSH2, hMLH1, TGFβRⅡ, E-cad-

herin, β-catenin, MMP-7 and TIMP-2 in the three groups 
is presented in Table 2. We obtained the following findings.

Expression features of hMSH2, hMLH1, TGFβRⅡ, 
E-cadherin, β-catenin, MMP-7 and TIMP-2 in three groups
The proteins of  hMLH1, TGFβRⅡ, MMP-7 and 
TIMP-2 were dispersedly expressed as brown granules 
in the cytoplasm, hMSH2 protein was expressed in the 
nucleolus, E-cadherin and β-catenin proteins were ex-
pressed in the cytomembrane, and β-catenin and TGFβR
Ⅱ proteins also can be expressed in the cytoplasm (Fig-
ure 1). The positive expression of  hMSH2, hMLH1, and 
TGFβRⅡ declined from adjacent tissues, sporadic CRC 
to Lynch syndrome (P < 0.05). The positive expression 
of  E-cadherin and cytomembrane β-catenin declined 
from adjacent tissues, Lynch syndrome to sporadic 
CRC (P < 0.05). The positive expression of  cytoplasmic 
β-catenin and MMP-7 increased significantly from adja-
cent tissues, Lynch syndrome to sporadic CRC (P < 0.05). 
The positive expression of  TIMP-2 was significantly 
higher in Lynch syndrome than in adjacent tissues and 
sporadic CRC (P < 0.05).

Correlation between hMSH2, hMLH1, TGFβRⅡ, 
E-cadherin, β-catenin, MMP-7, TIMP-2 expression levels 
and clinicopathological characteristics of tumors
The correlation between protein expression and clini-
copathological factors is shown in Table 3. The posi-
tive expression rates of  hMSH2, hMLH1, TGFβRⅡ, 
E-cadherin, β-catenin, MMP-7 and TIMP-2 were signifi-
cantly related to the depth of  invasion and lymph node 
metastasis, but not to gender or tumour size or location. 
Positive expression rates of  hMSH2, hMLH1, TGFβRⅡ, 
E-cadherin, β-catenin, MMP-7 and TIMP-2 were signifi-
cantly different between samples from sporadic CRC and 
those from Lynch syndrome.
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Table 1  Clinical data of patients

Group n Male Female Age (χ 2 ± SD, yr) Lesions Dukes stage

Colon Rectum A B C D
Lynch syndrome 30 23   7   18-68 (46.0 ± 10.6)1 21   9 2 19   7 2
Sporadic CRC 30 20 10 60-89 (70.3 ± 7.2)2 19 11 1 11 15 3
Adjacent tissues   8   6   2 45-70 (57.8 ± 8.1)3   6   2

1Lynch syndrome vs sporadic CRC (u = -6.637, P = 0.000); 2Sporadic CRC vs adjacent tissues (u = -3.447, P = 0.000); 3Lynch syndrome vs adjacent tissues (u = 
-2.238, P = 0.026). CRC: Colorectal carcinoma.

Table 2  The expression of hMSH2, hMLH1, TGFβRⅡ, E-cadherin, β-catenin, matrix metalloproteinase-7 and tissue inhibitor of 
metalloproteinase-2 in three groups

Group n hMSH2 hMLH1 TGFβRⅡ E-cadherin Cytomembrane 
β-catenin

Cytoplasmic 
β-catenin

MMP-7 TIMP-2

- + ++ - + ++ - + ++ - + - + - + - + ++ - + ++
Lynch syndrome 30 23a   7 0 14a   9  7 18a   8 4  4  26a  5  25a 16a 14 16a 11  3 11 15a 4
Sporadic CRC 30 11c 19 0   5c 11 14   8c 14 8 12c 18 15c 15  6  24c  4 16 10c 24  6 0
Adjacent tissues   8  0   1  7e  0   0    8e  0   1  7e  0   8  0   8   8e   0   8e   0  0    8e  0 0

aLynch syndrome vs sporadic CRC; cSporadic CRC vs adjacent tissues; eLynch syndrome vs adjacent tissues, P < 0.05. CRC: Colorectal carcinoma.
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TGFβRⅡ, E-cadherin, β-catenin, MMP-7 and TIMP-2 
is shown in Tables 4 and 5. The expression of  hMSH2 
had a positive correlation with that of  hMLH1 in Lynch 
syndrome and sporadic CRC (rLynch syndrome = 0.835, P = 0.000; 

Expression rates of hMSH2, hMLH1, TGFβRⅡ, 
E-cadherin, β-catenin, MMP-7 and TIMP-2 between 
Lynch syndrome and sporadic CRC
The correlation between expression of  hMSH2, hMLH1, 

A B

C D

E F

G H

Figure 1  Immunophenotypes of the investigated antigens in Lynch syndrome (× 400 magnification). A: hMSH2 (Positive staining located in the nucleolus); 
B: hMLH1 (Positive staining located in the cytoplasm); C: TGFβRⅡ (Positive staining located in the cytomembrane and cytoplasm); D: E-cadherin (Positive staining 
located in the cytomembrane); E: Cytomembrane β-catenin (Positive staining located in the cytomembrane); F: Cytoplasmic β-catenin (Positive staining located in the 
cytoplasm); G: MMP-7 (Positive staining located in the cytoplasm); H: TIMP-2 (Positive staining located in the cytoplasm).

Gu GL et al . EMT and Lynch syndrome
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rsporadic CRC = 0.549, P = 0.002). The expression of  TGFβR
Ⅱ had a positive correlation with that of  hMSH2 (rLynch 

syndrome = 0.592, P = 0.001; rsporadic CRC = 0.444, P = 0.014), 
hMLH1 (rLynch syndrome = 0.472, P = 0.009. rsporadic CRC = 0.682, 
P = 0.000) and MMP-7 (rLynch syndrome = 0.735, P = 0.000. rspo-

radic CRC = 0.792, P = 0.000), and a negative correlation with 
that of  TIMP-2 (rLynch syndrome = - 0.582, P = 0.001; rsporadic CRC 
= -0.394, P = 0.031). The expression of  MMP-7 had a 
negative correlation with that of  TIMP-2 in Lynch syn-
drome and sporadic CRC (rLynch syndrome = -0.421, P = 0.008; 
rsporadic CRC = -0.545, P = 0.034). The expression of  E-cad-
herin was positively correlated with that of  cytomembrane 
β-catenin (rLynch syndrome = 0.438, P = 0.015; rsporadic CRC = 0.516, 
P = 0.004). However, the expression of  cytomembrane 
β-catenin was negatively correlated with that of  cytoplas-
mic β-catenin (rLynch syndrome = -0.449, P = 0.013; rsporadic CRC 
= -0.389, P = 0.034), and the expression of  cytoplasmic 
β-catenin was positively correlated with that of  MMP-7 
(rLynch syndrome = 0.393, P=0.031; rsporadic CRC = 0.367, P = 0.046).

DISCUSSION
Lynch syndrome is caused by germline mutations in mis-
match repair genes, mainly hMSH2 and hMLH1[19-21]. Pa-

tients with Lynch syndrome have better prognosis due to 
less metastases compared with sporadic CRC. However, 
specimens from Lynch syndrome patients are reported to 
be less differentiated than sporadic CRC, and the survival 
benefits of  Lynch syndrome remain unexplained. Im-
munological response of  intraepithelial cytotoxic T lym-
phocytes against tumor cells in Lynch syndrome has been 
proposed as a possible explanation. Studies also demon-
strated that EMT might also be an important regulator 
in tumorigenesis[22]. The EMT status in Lynch syndrome 
was investigated in the present study, and we demon-
strated significantly lower expression levels of  hMSH2, 
hMLH1, cytoplasmic β-catenin, TGFβRⅡ and MMP-7, 
and higher expression levels of  E-cadherin, cytomem-
brane β-catenin and TIMP-2 in Lynch syndrome. The 
mutations of  hMSH2 and hMLH1 in Lynch syndrome 
are in accordance with AmsterdamⅡ criteria. So ICH 
might be an easy and cheap way to detect hMLH1 and 
hMSH2 expression for the diagnosis of  Lynch syndrome. 

Many alterations of  structural or functional genes may 
exist in tumorigenesis. TGFβRⅡ is a downstream gene 
of  MMR[23]. When the mutations of  hMSH2 and hMLH1 
results in Lynch syndrome tumorigenesis, mutations of  
TGFβRⅡ often occur. This may make the tumors escape 

Table 3  The relation of expression of hMSH2, hMLH1, TβRⅡ, E-cadherin, β-catenin, matrix metalloproteinase-7 and tissue 
inhibitor of metalloproteinase-2 with clinicopathological characteristics of Lynch syndrome and sporadic colorectal carcinoma

Clinicopathological parameter n hMSH2 hMLH1 TGFβRⅡ E-cadherin Cytomembrane 
β-catenin

Cytoplasmic 
β-catenin

MMP-7 TIMP-2

Lynch syndrome 30 7 16 12 26 25 14 14 19
   Male 23 4 10 10 21 20   9 12 14
   Female   7 3   6   2   5   5   5   2   5
Tumor size
   < 4 cm 16 4   8   7 14 13   8   8 10
   ≥ 4 cm 14 3   8   5 12 12   6   6   9
Position
   Right half of colon 18 4   9   7 16 16   9 10 11
   Left half of colon   3 1   2   1   3   2   1   1   2
Rectum   9 1   5   4   7   7   4   3   6
Invasion
   Inner chorion 21 5 10  11a  21a  20a   7   7    17a,c

   Outer chorion   9 2   6   1   5   5    7a    7a    2c

Metastasis
   No 21 4 11  11a  21a  20a   7   6   18a,c

   Yes   9 3   5   1   5   5    7a    8a   1
Sporadic CRC 30 19 25 22 18 15 24 26   6
   Male 20  12c  17c 14 11 10 17 18   4
   Female 10   7   8   8   7   5   7   8   2
Tumor size
   < 4 cm 13    9c  11c   9   8   7 11 10   4
   ≥ 4 cm 17  10c 14 13 10   8 13 16   2
Position
   Right half of colon 14    8c 11 12   9   9 12 13   3
   Left half of colon   5   4   4   3   3   2   3   4   1
Rectum 11    7c 10   7   6   4   9   9   2
Invasion
   Inner chorion 14   7 11    13a,c  12a  10a   9  10c    5a

   Outer chorion 16  12c 14    9b   6   5  15a  16a   1
Metastasis
   No 12    7c 10    12a,c  10a   9a   7    8c    5a

   Yes 18 12 15  10c   8  6   17a  18a   1

aCompared within the group; cCompared between groups, P < 0.05. CRC: Colorectal carcinoma; TGFβRⅡ: Transforming growth factor-β type Ⅱ receptor; 
MMP-7: Matrix metalloproteinase-7.
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the inhibition by TGF-β and promote the development 
of  tumors[24]. The anti-mitogenic and pro-metastatic ef-
fects of  TGF-β can co-exist simultaneously with TGF-β 
to accelerate metastatic tumour progression[25]. Accord-
ing to this theory, the onset age of  Lynch syndrome will 
be earlier than sporadic CRC, and the developing speed 
of  Lynch syndrome tumours will be faster than sporadic 
CRC. This may be a reason why Lynch syndrome has an 
early onset, tendency to develop multiple primary carci-
nomas, and excessively mucinous and poor differentia-
tion. Our study showed that the abnormal expression 
of  TGFβRⅡ is significantly correlated to the depth of  
invasion and lymph node metastasis. This indicates that 

mutation of  TGFβRⅡ not only associates with carcino-
genesis of  colorectal cancer, but also affects the invasion 
and metastasis of  the tumors. 

E-cadherin, β-catenin, MMP-7 and TIMP-2 are 
proteins correlating with EMT in CRC[26-29]. Our study 
showed that as tumour invasion became deeper and 
lymph node metastasis occurred, the expression of  
E-cadherin and plasmamembrane β-catenin markedly de-
creased, and the expression of  MMP-7 and cytoplasmic 
β-catenin markedly increased. Moreover, there have been 
significant differences in the expression of  E-cadherin, 
β-catenin, MMP-7 and TIMP-2 between Lynch syn-
drome and sporadic CRC. The proportional unbalance 

Table 4  The correlation of hMSH2, hMLH1, TGFβRⅡ, E-cadherin, β-catenin, matrix metalloproteinase-7 and tissue inhibitor of 
metalloproteinase-2 expression in Lynch syndrome

Lynch syndrome hMSH2 hMLH1 TGFβRⅡ E-cadherin Cytomembrane 
β-catenin

Cytoplasmic 
β-catenin

MMP-7

(++) (+) (-) (++) (+) (-) (++) (+) (-) (+) (-) (+) (-) (+) (-) (++) (+) (-)

hMLH1 (++) 0 7   0
(+) 0 0   9
(-) 0 0 14

TGFβRⅡ (++) 0 2   2 0 0   4
(+) 0 4   4 0 0   8
(-) 0 1 17 7 9   2

E-cadherin (+) 0 7 19 6 7 13 3 7 16
(-) 0 0   4 1 2   1 1 1   2

Cytomembrane 
β-catenin

(+) 0 5 20 4 8 13 3 6 16 21 4
(-) 0 2   3 3 1   1 1 2   2   5 0

Cytoplasmic 
β-catenin

(+) 0 3 11 2 6   6 1 2 11 14 0 10 4
(-) 0 4 12 5 3   8 3 6   7 12 4 15 1

MMP-7 (++) 0 2   1 2 0   1 1 2   0   1 2   1 2 2   1
(+) 0 4   7 4 1   6 3 2   6 10 1   9 2 9   2
(-) 0 1 15 1 8   7 0 4 12 15 1 15 1 3 13

TIMP-2 (++) 0 2   2 2 1   1 0 0   4   3 1   3 1 2   2 1 1 2
(+) 0 2 13 2 8   5 0 4 11 13 2 13 2 8   7 1 6 8
(-) 0 3   8 3 0   8 4 4   3 10 1   9 2 4   7 1 4 6

Table 5  The correlation of hMSH2, hMLH1, TGFβRⅡ, E-cadherin, β-catenin, matrix metalloproteinase-7 and tissue inhibitor of 
metalloproteinase-2 expression in sporadic colorectal carcinoma

Sporadic CRC hMSH2 hMLH1 TGFβRⅡ E-cadherin Cytomembrane 
β-catenin

Cytoplasmic 
β-catenin

MMP-7

(++) (+) (-) (++) (+) (-) (++) (+) (-) (+) (-) (+) (-) (+) (-) (++) (+) (-)

hMLH1 (++) 0 14   0
(+) 0   5   6
(-) 0   0   5

TGFβRⅡ (++) 0   4   4   7   0 1
(+) 0 10   4   7   5 2
(-) 0   5   3   0   6 2

E-cadherin (+) 0 12   6 12   4 2 6   9 3
(-) 0   7   5   2   7 3 2   5 5

Cytomembrane 
β-catenin

(+) 0 13   2   9   5 1 6   8 1 12   3
(-) 0   6   9   5   6 4 2   6 7   6   9

Cytoplasmic 
β-catenin

(+) 0 14 10 13   8 3 7 11 6 15   9 10 14
(-) 0   5   1   1   3 2 1   3 2   3   3   5   1

MMP-7 (++) 0   6   4   6   2 2 7   3 0   8   2   5   5   7 3
(+) 0 12   4   6   9 1 1 11 4 10   6 10   6 14 2
(-) 0   1   3   2   0 2 0   0 4   0   4   0   4   3 1

TIMP-2 (++) 0   0   0   0   0 0 0   0 0   0   0   0   0   0 0 0 0 0
(+) 0   4   2   4   0 2 2   2 2   5   1   4   2   1 5 4 2 0
(-) 0 15   9 10 11 3 6 12 6 13 11 11 13 23 1 6 14 4
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of  MMP-7(+)/TIMP-2(-) and cytoplasmic β-catenin/cy-
tomembrane β-catenin was obviously heightened. This 
may explain why Lynch syndrome has less invasive/me-
tastasis and better prognosis than sporadic CRC. First, 
sporadic CRC is mainly caused by the mutation of  the 
APC gene[30,31], and the inactive APC protein cannot dis-
assemble the cytoplasmic β-catenin complex. As a con-
sequence, β-catenin will accumulate in the cytoplasm and 
promote the expression of  MMP-7, and this will acceler-
ate the invasion and metastasis of  tumours. Second, there 
is crosstalk between TGF-β/Smad and Wnt/β-catenin 
signalling pathways[32-34], and TGF-β can make use of  
Smad2 to disassemble the E-cadherin/β-catenin com-
plex. But in Lynch syndrome, the mutations of  MMR 
lead to mutational inactivation of  TGFβRⅡ. This will 
reduce the function of  TGF-β to disassemble the E-cad-
herin/β-catenin complex, so the expression of  E-cadherin 
and plasmamembrane β-catenin will increase in Lynch 
syndrome than in sporadic CRC. Recently there is a study 
reporting that exon 3 of  the β-catenin gene in Lynch syn-
drome is more likely to be mutated than in sporadic CRC 
without functional inhibition[35]. 

The chemosynthetic inhibitors of  MMP and β-cat 
enin[36-40], such as batimastat and marimastat, have been 
used in clinical treatment for the invasion and metastasis of  
tumours. But this kind of  drug is very expensive now. Our 
study shows that MMP-7 and cytoplasmic β-catenin were 
not expressed in all CRC specimens, and their expression 
levels are not similar in different stages of  tumogenesis. So 
it is worthy to optimize the timing to use the inhibitors of  
MMP and β-catenin to cure patients with CRC. We think it 
is feasible to examine the levels of  MMP-7 and β-catenin 
in tumour tissue and (or) serum before the prescription of  
inhibitors of  MMP-7 and β-catenin to patients. In a word, 
our study suggests that MMP-7 and β-catenin inhibitors 
might be tomorrow agents for the treatment of  tumour 
invasion and metastasis.
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