
Int J Clin Exp Med 2015;8(10):19652-19661
www.ijcem.com /ISSN:1940-5901/IJCEM0013420

Original Article
Human mutL homolog 1 expression characteristic  
and prognostic effect on patients with sporadic  
colorectal cancer 

Chibin Pu1, Weiguo Ren1, Zhenqiang Sun2,3, Xianbo Yu2, Wei Yuan1, Mingyu Huang1, Shourong Shen1,4, 
Xiaoyan Wang1,4

1Department of Gastroenterology, The Third Xiangya Hospital of Central South University, Changsha, Hunan 
Province, China; 2Department of Gastrointestinal Surgery, Affiliated Tumor Hospital of Xinjiang Medical University, 
Urumqi, Xinjiang Uygur Autonomous Region, China; 3Cancer Research Institute of Central South University, Chang-
sha, Hunan Province, China; 4Hunan Key Laboratory of Nonresolving Inflammation and Cancer, Changsha, Hunan 
Province, China

Received July 25, 2015; Accepted October 9, 2015; Epub October 15, 2015; Published October 30, 2015

Abstract: The aim of the present study was to analyze the relationship between aberrant human mutL homolog 1 
(hMLH1) expression and clinicopathological parameters of patients with sporadic colorectal cancer, and to explore 
the prognostic effect of aberrant hMLH1 expression in these patients. The relationship was measured by chi-square 
test and Fisher’s exact test. Survival analysis was performed with Kaplan-Meier analysis and Cox regression model 
to measure 5-year disease-free survival (DFS) and 5-year overall survival (OS) rates. Totally 17.13% of the patients 
with sporadic colorectal cancer showed aberrant nuclear staining for hMLH1 expression. Aberrant hMLH1 expres-
sion was related with tumor pathologic types, tumor location and TNM staging (P<0.05) in the patients with sporadic 
colorectal cancer. Cox regression analysis indicated important prognostic factors were age (RR: 1.021, 95% CI: 
1.003-1.039, P=0.023), mucinous adenocarcinoma (RR: 2.603, 95% CI: 1.705-3.974, P<0.0001), TNM staging 
(RR: 2.071, 95% CI: 1.170-3.666, P=0.012), lymphangion invasion (RR: 2.013, 95% CI: 1.227-3.303, P=0.006) and 
aberrant hMLH1 expression (RR: 0.414, 95% CI: 0.216-0.791, P=0.008). Consequently, hMLH1 expression level is 
related with some clinicopathologic features. Aberrant hMLH1 expression plays a significant part in prognosis for 
patients with sporadic colorectal cancer and it will promisingly become an independent prognostic factor. 
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Introduction

Currently, colorectal cancer is one of the most 
common malignancies, accounting for the third 
most common malignancy and second leading 
cause of cancer-related death worldwide [1]. 
Therefore, it becomes particularly important for 
the deep research on its pathogenesis and 
prognostic factors. It has been established that 
most colorectal cancers are sporadic (85%) 
while only in around 15% a hereditary compo-
nent can be detected [2]. Nearly all hereditary 
non-polyposis colorectal cancer (HNPCC) and 
10%~20% of sporadic colorectal cancer occurs 
gene mutation of mismatch repair (MMR) gene 
[3], or inactivation gene promoter of MMR by 
hypermethylation. It can also lower body mis-
match repair function, instable of the entire 
genome, rapidly accumulate mutations of cer-

tain oncogenes and tumor suppressor genes in 
vivo, and finally make colorectal cancer occur.

Recent studies have found that human mutL 
homolog 1 (hMLH ) expression can well predict 
function aberrant MMR gene and microsatelite 
instability (MSI) presence [4, 5]. One important 
feature of MMR dysfunction is positive MSI. 
Compared with normal cells, gene mutation 
rate of microsatellite sequences in tumor cells 
with dysfunction of MMR gene is from 100 to 
1000 times higher than normal cells. MSI can 
be found in a variety of tumors, of which colorec-
tal cancer has been researched more. MSI per-
forms positive expression in 15% of sporadic 
colorectal cancer, but its mechanism is not the 
same as HNPCC, and MSI occurred in sporadic 
colorectal cancer is mainly related with high 
hypermethylation of hMLH1 promoter [6, 7]. 
Some other studies showed, there were signifi-
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American Golden Bridge (GBI) international co., 
LTD. 

Postoperative therapy

Chemotherapy scheme FOLFOX6 was carried 
out to the patients with rectal cancer of stage III 
and stage II with high-risk factors received che-
motherapy, including poor differentiation, large 
lumps, T4, less than 1 cm of tumor resection 
margin, fewer than 12 lymph nodes for postop-
erative biopsy. Oxaliplatin (L-OHP) injection, 
130 mg/m2, intravenously infused for 3 hours, 
on the first day; calcium folinate (CF) injection, 
300 mg/m2, intravenously infused, on the first 
day; 5-FU injection, 400 mg/m2, intravenously 
injected, on the first day; and 5-FU 2400 mg/
m2, continuously intravenously infusion by 
micro pump for 48 hours. 14 days a cycle, 12 
cycles in total. For recurrence therapy, FOLFORI 
scheme was performed. Irinotecan 180 mg/
m2, intravenously infused, on the first and 
fourth day, two weeks a therapeutic circle, until 
dose intolerable or invalid. For the patients with 
drug resistance, chemotherapy scheme XELOX 
was applied, as followings, oxaliplatin (L-OHP) 
injection, 130 mg/m2, intravenously infused for 
3 hours, on the first day; capecitabine tablets, 
1000 mg/m2, po, twice a day, from first day to 
fourth day, 3 weeks a cycle, 9 cycles in total.

Follow-up 

All patients above enrolled in our hospital were 
registered, and complete personal follow-up 
files of the patients with explicit pathological 
diagnosis were established. After surgery, the 
patients were followed up once every three 
months for two years, and then once every 6 
months. Two follow-up ways were used, outpa-
tient or inpatient review and telephone follow-
up, including start time of postoperative che-
motherapy, chemotherapy regimens, chem- 
therapy course count, side effects of chemo-
therapy, recurrence and survival time.

Immunohistochemical method 

The neutral formalin-fixed(with concentration of 
40 g/L), paraffin-embedded specimens were 
serially sectioned by thickness of 5 μm, and 
two-step method of PV-9000 was performed, 
using mouse anti-human monoclonal antibody 
of MLH1 as primary antibodies with working 
concentration of 1:150. Universal two-step 
method (HRP) detection kit was utilized. PBS 
was instead of primary antibody as negative 

cant different clinicopathological features 
between the patients with MSI-high (MSI-H) of 
colorectal cancer and normal expression of 
MMR, such as the tumors with MSI-H appeared 
more in female patients, in proximal colon, 
poorly differentiated and mucinous adenocarci-
noma [8, 9]. However, the majority of findings 
revealed that, higher MSI patients with colorec-
tal cancer had a better prognosis [10].

Presently, there are few reports of the clinical 
significance of hMLH1 expression effect on 
sporadic colorectal cancer, especially for prog-
nosis. In the study, by collecting clinicopatho-
logic data and follow-up data of 327 patients 
with sporadic colorectal cancer in our hospital 
and detecting the protein expression level of 
hMLH1 by immunohistochemistry, we were to 
reveal the relationship of aberrant hMLH1 
expression and clinicopathological parameters 
of patients with sporadic colorectal cancer, to 
investigate its function in pathogenesis and to 
explore its effect on prognosis.

Materials and methods 

Study subjects and reagent 

Clinicopathologic data and postoperative sam-
ples of 327 patients with colorectal cancer 
from January 1st 2005 to January 1st 2008 in 
our hospital were collected. Data regarding age 
at diagnosis, the gender, nationality, tumor 
size, histological type, TNM stage, tumor loca-
tion, lymphangion invasion and peripheral 
nerve infiltration (detailed showing in Table 1). 
Diagnosis criterions are as follow: for heredi-
tary non-polyposis colorectal cancer, HNPCC, 
according to Amsterdam II; for TNM stage, 
according to American Joint Committee on 
Cancer (AJCC)/International Union Against 
Cancer (UICC) TNM staging system of colorec-
tal cancer (2010, Seventh Edition). Cases were 
excluded as followings, HNPCC diagnosis (23 
cases), classical familial adenomatous polypo-
sis, CFAP (4 cases), unknown-caused positive 
family history (3 cases), preoperative chemora-
diotherapy (14 cases), preoperative radiothera-
py (2 cases), preoperative chemotherapy (8 
cases) or data lack (5 cases).

Concentration mouse anti-human MLH1 gene 
monoclonal antibody, DAB chromogenic rea- 
gent kit and polylysine were bought from  
Beijing Zhongshan Biotechnology Co., LTD. PV-
9000 two step method assay kit was from 
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control, while normal colo- 
rectal mucosa and/or infil-
trating lymphocytes were 
used as positive control. 
Normal expression of MLH1 
was in nucleus. Result judge-
ment standard was accord-
ing to Liangzhong Xu’s immu-
nohistochemical method cri- 
terion [11], which was that 
microscopic tumor cells 
showing positive nuclear 
staining was combined with 
staining intensity and per-
centage of positive cells, to 
determine normal expres-
sion levels. 5 high-power 
fields with more cancer cells 
were selected from each 
slice by light microscope and 
each field counted 100 cells 
per field. According to grad-
ing of staining intensity, no 
coloring is 0 points, light yel-
low is 1 point, yellow is 2 
points and brown is 3 points; 
according to grading of posi-
tive cell percentage, no posi-
tive cell is o point, Less than 
or equal 10% is 1 point, from 
11% to 50% is 2 points, from 
51% to 75% is 3 points and 
more than 75% is 4 points. If 
the result of two scores 
above multiplying is more 
than or equal 2 points, it will 
be judged as a normal 
expression case, meanwhile 
if less than 2 points, it will  
be judged as an aberrant 
expression case. Normal 
control was positive nuclei of 
normal colorectal mucosa 
and/or infiltrating lympho-
cytes. However, aberrant is 
judged in case of nucleus 
normal expression of normal 
control and tumor cell nuclei 
missing staining. Each judge-
ment was finished by two 
pathology experts.

Statistical analysis

Univariate analysis between 
hMLH1 protein expression 

Table 1. Univariate analysis results between hMLH1 protein expres-
sion and clinicopathological features

Normal 
hMLH1 
(n=271)

Aberrant 
hMLH1 
(n=56)

Total 
(n=327) χ2 P-value

Age (years) 0.439 0.507
    <50 66 16 82
    ≥50 205 40 245
Gender 0.184 0.668
    Male 168 33 201
    Female 103 23 126
Nationality 1.109 0.775
    Han 226 49 275
    Uyghur 26 4 30
    Hui 11 1 12
    Others 8 2 10
Tumor location 14.486 0.001
    Right hemicolon 46 22 68
    Left hemicolon 88 11 99
    Rectal 137 23 160
Tumor size (cm) 1.906 0.386
    <4 100 19 119
    4-6 103 18 121
    ≥6 68 19 87
Tissue type 10.487 0.005
    Glandular (well/moderately) 191 27 218
    Glandular (poorly) 33 11 44
    Mucous gland/signet cell 47 18 65
TNM staging 12.508 0.006
    I 26 5 31
    II 79 29 108
    III 130 20 150
    IV 36 2 38
T staging 1.620 0.655
    T1 15 2 17
    T2 32 6 38
    T3 62 17 79
    T4 162 31 193
N staging 6.834 0.033
    N0 114 34 148
    N1 90 11 101
    N2 67 11 78
Distant metastasis 4.263 0.039
    M0 235 54 289
    M1 36 2 38
Lymphangion invasion 0.006 0.578
    Yes 30 6 36
    No 241 50 291
Peripheral nerve infiltration 0.254 0.615
    Yes 14 2 16
    No 257 54 311
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and clinicopathologic features was performed 
with chi-square test and Fisher’s exact test, 
and multivariate correlation analysis between 
the two above was made with Logistic regres-
sion test. Univariate survival analysis was car-
ried out by Kaplan-Meier survival curves, and 
Log-rank test was used for comparison between 
the groups. Multivariate survival analysis was 
performed by COX regression model. All above 
were carried out via SPSS for Windows Version 
18 (SPSS Inc., Chicago, IL, USA). P values of 
less than or equal 0.05 were considered to be 
statistically significant.

Results

Immunohistochemical measurement results of 
hMLH1

In the total of 327 cases with sporadic colorec-
tal cancer, 56 cases (17.13%) showed aberrant 
nuclear staining and 271 cases (82.87%) indi-
cated normal nuclear staining of hMLH1 
expression (Table 1). Normal colorectal muco-
sa tissue showed normal nuclear staining of 

hMLH1 protein expression is observed in stro-
mal cells and epithelial tumor cells. Colorectal 
cancer tissue indicated that hMLH1 protein 
expression is only observed in stromal cells, 
not in epithelial tumor cells (Figure 1).

Univariate analysis of hMLH1 expression and 
clinicopathologic features

By univariate analysis, hMLH1 aberrant expres-
sion of sporadic colorectal cancer was closely 
related with tumor location, tissue type, TNM 
staging, N staging, distant metastasis with sig-
nificant statistically difference (P<0.05). There 
were no significant statistical difference 
between hMLH1 protein aberrant expression 
and age, gender, nationality, tumor size, T stag-
ing, lymphangion invasion and peripheral nerve 
infiltration (P>0.05; Table 1).

Multivariate analysis of hMLH1 expression and 
clinicopathologic features 

By Logistic regression test, independent risk 
factors of hMLH1 aberrant expression were his-

Figure 1. hMLH1 protein expression showing by Immunohistochemistry (magnification, ×100) A: Normal colorectal 
mucosa tissue showed normal nuclear staining of hMLH1 protein expression is observed in stromal cells and epi-
thelial tumor cells. B. Colorectal cancer tissue indicated that hMLH1 protein expression is only observed in stromal 
cells, not in epithelial tumor cells. hMLH1, human mutL homolog 1.

Table 2. Multivariate analysis results between hMLH1 protein expression and clinicopathologic fea-
tures

Variable B value OR
95% confidence interval

P value
Lower bound Upper bound

Histological type

    Poor/mucinous adenocarcinoma vs good/moderate adenocarcinoma -0.973 0.378 0.205 0.695 0.002

Tumor location

     Right hemicolon vs left hemicolon/rectal -1.180 0.307 0.161 0.587 <0.0001

TNM staging

    I, II vs III, IV 0.486 1.626 1.124 2.352 0.01
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tological types (OR: 0.378, 95% CI: 0.205-
0.695, P=0.002), tumor location (OR: 0.307, 

0.05). However, for staging III patients, 5-year 
survival rate of aberrant expression group was 

Figure 2. Comparison of 5-year survival rate be-
tween the groups of normal and aberrant hMLH1 
expression. A. Represents total patients: 5-year 
overall survival rate in group of aberrant hMLH1 
expression was higher than normal group, with 
significant statistical difference (Ptotal=0.007); B. 
Stands for staging II patients: 5-year overall sur-
vival rate in group of aberrant hMLH1 expression 
was higher than normal group, with no statistical 
difference (PII=0.595); C. Represents staging III: 
5-year overall survival rate in group of aberrant 
hMLH1 expression was higher than normal group, 
with significant statistical difference (PIII=0.036).

Table 3. Multivariate survival analysis on prognosis of COX regres-
sion 

Variable B value RR

95% confidence 
interval

P value
Lower 
bound

Upper 
bound

Age 0.020 1.021 1.003 1.039 0.023
Tumor size 0.038 1.039 0.947 1.139 0.417
Glandular (well/moderately) — — — — 0.000
Glandular (poorly) 0.313 1.368 0.731 2.562 0.328
Mucinous adenocarcinoma 0.957 2.603 1.705 3.974 <0.0001
Left hemicolon — — — — 0.945
Right hemicolon 0.089 1.093 0.622 1.920 0.757
Rectum 0.062 1.064 0.679 1.668 0.786
T staging 0.008 1.008 0.788 1.289 0.949
N staging 0.260 1.297 0.923 1.822 0.134
TNM staging 0.728 2.071 1.170 3.666 0.012
Distant metastasis 0.271 1.311 0.578 2.972 0.517
Lymphangion invasion 0.700 2.013 1.227 3.303 0.006
Peripheral nerve infiltration 0.309 1.362 0.668 2.776 0.396
hMLH1 expression -0.883 0.414 0.216 0.791 0.008

95% CI: 0.161-0.587, P< 
0.0001) and TNM staging 
(OR: 1.626, 95% CI: 1.124-
2.352, P=0.01) (Table 2).

Survival analysis of normal 
and aberrant expression 
groups of hMLH1

All patients were followed up 
for 5 years with 20 cases in 
lost midway. By survival analy-
sis, for total patients, 5-year 
survival rate in group of 
hMLH1 aberrant expression 
was higher than that of nor-
mal group, with statistical sig-
nificant difference (P<0.05). 
For staging II patients, 5-year 
survival rate of the group wi- 
th aberrant expression of 
hMLH1 was a little higher 
than that of normal expres-
sion group, with no statistical 
significant difference (P> 
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higher than that of normal group, with statisti-
cal significant difference (P<0.05) (Figure 2).

Cox regression analysis indicated independent 
prognostic factors included age (RR: 1.021, 
95% CI: 1.003-1.039, P=0.023), mucinous 
adenocarcinoma (RR: 2.603, 95% CI: 1.705-
3.974, P<0.0001), TNM staging (RR: 2.071, 
95% CI: 1.170-3.666, P=0.012), lymphangion 
invasion (RR: 2.013, 95% CI: 1.227-3.303, 
P=0.006) and aberrant hMLH1 expression (RR: 
0.414, 95% CI: 0.216-0.791, P=0.008) (Table 
3).

Literature retrospection of hMLH1 effect on 
prognosis in sporadic colorectal cancer

Detailed showing in Table 4.

Discussion 

At present, a number of reports have confirmed 
immunohistochemical method is reliable for 
MMR gene measurement. The method has 
been put to use in vast majority of hospitals 
and research institutions. With stability and low 
cost, immunohistochemical method in detect-
ing MMR gene expression and MSI of tissue 
specimens, has shown high sensitivity (77-
100%) and specificity (98-100%) [12], so that 
recently immunohistochemical method has 
been suggested as the preferred method of 
MMR gene mutation analysis [13]. Immuno- 
histochemistry PV-9000 two-step method 
belongs to enzymatic biotin method. Mono- 
valent Fab fragments of second antibody mol-
ecules polymerize with enzyme instead of tradi-
tional method of secondary and third antibody. 
Consequently, the antigen-antibody binding sig-
nal is directly amplified. Compared with tradi-
tional SP third step method, it shows simple, 
fast and sensitive. Meanwhile, it also avoids 
background staining due to no biotin. Thus, 
immunohistochemistry PV-9000 two-step me- 

thod is popularly used in clinical work. Thus, in 
the study immunohistochemistry PV-9000 two-
step method was performed to measure the 
situation of hMLH1 expression in 327 postop-
erative pathologic specimens.

Recently, MMR system includes genes MLH1, 
MSH2, MSH6, PSM1, PSM2, MSH3 and MSH5 
[14]. Their expression product is a nucleic acid 
enzymes to correct mismatched basic group in 
DNA replication process for keeping more fidel-
ity in copy process. Genes MLH1 and MSH2 
have been researched more in the world [15], 
while the studies of genes MSH6 and PSM2 are 
relatively less. Plenty of researchers have con-
firmed the deficiency rate of gene MLH1 is high-
er than MSH2 [16]. The reason of the occur-
rence of the majority of sporadic tumor with 
MSI-H may be inactivation of gene MLH1 in 
somatic cell [10]. CpG islands of MLH1 gene 
promoter region is hypermethylated, which 
causes barriers of gene transcription, transla-
tion and protein expression. And deficiency of 
MLH1 finally appears [17]. In the study, MLH1 
was chosen for study. 17.13% patients showed 
aberrant nuclear staining of hMLH1.

Some studies showed that it turned out higher 
deficiency rate when tumor located in the right 
colon, belonged to histological type of mucus 
glands or signet ring cell carcinoma, or was 
poorly differentiated [10, 18]. In the study, 
tumor in right colon, poorly differentiated and 
mucous glands suggested poor prognosis, with 
its histopathological features of MSI-H. MSI 
occurrence of sporadic colorectal cancer was 
mostly caused by MMR gene aberrant. However, 
hMLH1 owned the highest proportion in MMR 
system, so the high aberrant rate of hMLH1 
was mostly found in right colon, poorly differen-
tiated and mucinous adenocarcinoma. As to 
biological and molecule features, it was differ-
ent between proximal and distal colon [19, 20]. 
Most current studies indicated that there was 

Table 4. Literature retrospection of hMLH1 effect on sporadic colorectal cancer
Country n MMR Aberrant rate (%) Selection of patients Prognostic factor

Cawkwell. 1999 UK 99 hMLH1 hMSH2 15.15 sporadic colorectal cancers Yes

Kruschewski. 2002 Germany 127 hMLH1 hMSH2 11.81 sporadic colorectal cancers No

Smyth. 2004 UK 111 hMLH1 28.83 right hemicolon cancer Yes

Lanza. 2006 Italy 718 hMLH1 hMSH2 15.88 stageII, IIIcolorectal cancer Yes

Park. 2010    Korea 318 hMLH1 hMSH2 11.32 sporadic colorectal cancers Yes

Yoon. 2011 Korea 2028 hMLH1 hMSH2 10.21 sporadic colorectal cancers DFS, Yes; OS, No

Aparicio. 2013 France 91 MMR 28.57 colorectal cancer, ≥75 y, staging II Yes
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more aberrant MMR in right-sided colon carci-
noma than that in left-sided colon and rectum 
carcinoma. And no statistical difference in left 
colon and rectum was showed, which suggest-
ed pathopoiesia effect of aberrant MMR gene 
mainly existed in tumor incidence stage and 
was closely related with organizational molecu-
lar biology. There may exist higher proportion of 
gene promoter hypermethylation which could 
cause MSI occurrence. Meanwhile, this phe-
nomenon might also explain the fact that most 
malignant tumor with high MSI were mainly 
caused by aberrant hMLH1 or sporadic promot-
er hypermethylation [21, 22]. In colorectal can-
cer, promoter methylation mostly occurs in 
hMLH1 gene, consequently showing hMLH1 
deficiency. For colorectal cancer patients, the 
factors of cancer tunica externa breakthrough, 
peripheral nerve and vascular invasion, region-
al lymph node metastasis and distant metasta-
sis suggest advanced stage and poor progno-
sis. Park reported that aberrant MMR rate was 
very low in the patients with advanced stage 
factors of positive regional lymph node metas-
tasis, distant metastasis, positive lymphatic 
invasion, TNM staging III and IV [23]. However, 
Kruschewski indicated that the patients with 
colorectal cancer of lymphatic invasion and 
right colon cancer showed a higher aberrant 
MMR rate, with no statistical difference of the 
rest clinicopathologic features [24]. Therefore, 
prognostic influence of aberrant MMR in 
patients with colorectal cancer hasn’t come to 
consistency. 

In our study, the patients with negative regional 
lymph node metastasis, no distant metastasis, 
TNM staging I and II had a higher aberrant 
hMLH1 rate, which was consistent with Park’s 
study. Presumable reasons of the above may 
be the followings. The clinicopathologic fea-
tures of negative regional lymph node metasta-
sis, no distant metastasis, TNM staging I and II 
mostly indicate early stage of tumor develop-
ment; aberrant hMLH1 mainly occur in initial 
stage of tumor, so the patients with the several 
features above had a higher aberrant hMLH1 
rate; the higher aberrant hMLH1 rate was 
accompanied by MSI-H, which could indicate a 
good prognosis. Thus, the phenomenon that 
the higher aberrant hMLH1 rate was mainly in 
earlier stage was observed in patients with 
colorectal cancer. In contrast, the clinicopatho-
logic features of tumor invasion through mem-

brane, larger tumor, peripheral nerves invasion 
and lymphatic invasion indicated late tumor 
performance. Although the results suggested 
that aberrant hMLH1 rate was relatively low, 
the statistical results didn’t show significant 
statistical difference. Therefore, we speculated 
aberrant hMLH1 expression was mostly 
involved in occurrence of early-staging colorec-
tal cancer and the patients with higher aber-
rant hMLH1 rate had a better prognosis.

Dieumegard reported that MSI can be mea-
sured in approximate 90% of patients with 
HNPCC, accompanied by aberrant mismatch 
repair genes MLH1 and MSH2 [25]. Although 
these patients were mostly young and low tis-
sue differentiation, they often owned a better 
prognosis than those of sporadic colorectal 
cancer [26]. The reason may be that clinico-
pathologic features in the patients with HNPCC 
were similar to those of the patients with MSI-H 
in sporadic colorectal cancer, and the two types 
of patients had similar genetic background. 
The patients with colorectal cancer and posi-
tive MSI had some specific clinicopathological 
features, such as poorer differentiation, muci-
nous adenocarcinoma, young individuals and 
positive regional lymph node metastasis [27]. 
Characteristics of those were similar for 
HNPCC. Sankila reported that five year survival 
rate in the patients with HNPCC was 65%, while 
that of sporadic colorectal cancer was 44% 
[28]. The result was supported by the majority 
of other studies [29].

As the above mentioned, aberrant hMLH1 
expression can be a good predictor of MSI pres-
ence. MSI highly expressed in the patients with 
HNPCC, and approximate 15% of the patients 
with sporadic colorectal cancer had MSI-H. A 
growing number of studies have been showing 
that MSI-H indicates good prognosis. Popat 
found that the patients with MSI showed better 
prognosis than microsatellite stability (MMS) by 
researching the prognosis of 7642 patients 
with colorectal cancer [10]. Wang XF reported 
survival analysis results of 146 patients with 
sporadic colorectal cancer were that 5-year 
survival rate of the patients with MSI was 
92.3%, significantly higher than MMS showing 
of 63.5% [30]. The conclusion above had also 
been confirmed by most other studies [31, 32]. 
The reason might be that MSI-H limited tumor 
growth. Although the studies above confirmed 
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the patients with MSI had good prognosis, 
some other studies remained contrary views 
[33]. hMLH1 methylation of in sporadic colorec-
tal cancer mostly causes MSI which is closely 
related to prognosis. Consequently, predicting 
better prognosis of aberrant hMLH1 can be 
inferred. However, some researchers gave dif-
ferent viewpoints. By researching 318 cases 
and the relation of the two groups of different 
aberrant hMLH1 and hMSH2 in sporadic 
colorectal cancer, Park pointed out that the 
group of the patients with aberrant MMR had 
better prognosis than normal MMR and staging 
III patients showed higher survival rate. As we 
all know, the later TNM staging of colorectal 
cancer patients are, the poorer prognosis they 
own. If there is better homogeneity that the 
patients with colorectal cancer in the same 
TNM staging, effect will be better by research-
ing prognosis impact of a certain factor. By 
studying 718 patients with colorectal cancer in 
staging II and III, Lanza reported 6-year survival 
rates of the two groups of the patients with 
aberrant and normal expression in the same 
staging II were 97% and 82% respectively. And 
similarly those were 78% and 56% respectively 
in the same staging III [34]. Consequently, the 
difference was statistically significant. Up to 
now, there have been few researches on MMR 
expression and prognosis. Most studies 
showed that the patients with aberrant MMR 
had better prognosis [35], but the conclusion 
hasn’t yet form a final conclusion [36]. 

For the arguments above, in our study, by immu-
nohistochemistry PV-9000 two step method 
hMLH1 expression of postoperative specimens 
of 327 patients with sporadic colorectal cancer 
were detected and all of them were postopera-
tively followed up. The results indicated the 
group of the patients with hMLH1 deletion had 
a higher 5-year survival rate than normal group 
(80.36% vs 61.25%). Simultaneously, to keep 
better homogeneity of different TNM staging, 
the patients with staging II and III were sepa-
rately underwent statistical analysis. And the 
result showed that 5-year survival rate of aber-
rant hMLH1 group were both higher than nor-
mal group in the same staging II and III respec-
tively. However, statistical difference only 
showed in staging III patients (P<0.05). Why do 
aberrant hMLH1 patients have better progno-
sis? Malesci reported that the reason was part-
ly dependent on early cancer diagnosis [37], 
with consistency with Park’s study. Although we 

didn’t detect MSI expression of specimens in 
our study, the above mentioned MSI expression 
was mainly caused by aberrant MMR in spo-
radic colorectal cancer, and MSI expression 
closely related with hMLH1 methylation [38-
40]. Therefore, the reason why the patients 
with aberrant hMLH1 had higher survival rate 
might be that the lack of hMLH1 accompanied 
by the occurrence of MSI and MSI-H in colorec-
tal cancer limited tumor growth. Meanwhile, 
COX regression was performed on possible 
prognostic factors and the result suggested 
that hMLH1 deficiency was a better indepen-
dent prognostic factor. 

In conclusion, it indicated aberrant hMLH1 was 
closely correlated to some clinicopathologic 
features in patients with sporadic colorectal 
cancer. Its deletion was correlated with higher 
survival rate and could hopefully be regarded 
as a prognostic independent risk factor, espe-
cially for staging III patients. However, its 
detailed mechanism still requires deeper 
research.
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