Zhang, et al, Genic expression and promotor methylation of (IMSH?2 in esophageal cancer tissues

Genic expression and promotor methylation of
hMSH2 in esophageal cancer tissues™

Gongyuan Zhang', Qiuliang Liu?, Chunxiao Ma?, Xiaoping Le', Yi Ding', Qinxian Zhang""*

'Henan Key Laboratory of Molecular Medicine, Basic Medical College, Zhengzhou University, Zhengzhou, Henan
450052, China; *The First Affiliated Hospital of Zhengzhou University, Zhengzhou, Henan 450052, China

Received September 22, 2008

Abstract

Objective. To detect hASMH2 gene expression and test aberrant methylation of hSMH2 gene promotor in esophageal
cancer tissues. Methods. The in situ hybridization (ISH) and PCR were to detect hAMSH2 mRNA expression and hMSH2
promotor methylation in 32 cases of esophageal cancer tissue. Results. The 46.88% esophageal cancer tissue was hMSH2
mRNA positive, lower than the normal tissue (84.38%). The correlation analysis revealed that the hMSH2 had weak cor-
relation with age and sex of esophageal cancer patients, the size and location of tumor, pathologic type, tissue-profiling,
lymph node metastasis, and tumor infiltration depth. The occurrence rate of hMSH2 promotor methylation was 32.4% in
the total 32 cases. No methylation was found in normal esophageal tissue. The positive expression rate of methylation in
elder patients (age > 70) was much higher than that in younger patients (age < 70); in addition, hMSH2 promotor methyla-
tion rate for patients with pathology level III — IV was much bigger than that with level I — II. Conclusion. n\MSH2 gene
was inactivated at the early stage of esophageal cancer. The hMSH2 gene inactivation may due to methylation of promo-
tor, and hMSH2 gene promotor methylation is related to patient’s age and tumor pathology type. [Life Science Journal.
2008; 5(4): 23 —27] (ISSN: 1097 — 8135).
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1 Introduction year, 300 thousand people develop esophageal carcino-
ma, while more than half of them are Chinese. Linxian

Oncogene, antioncogene and DNA repair gene are the (in Henan Province) and the neighbor counties such as
most important genes in the onset and development of Huixian, Anyang, etc. are the areas with high esophageal
carcinoma!!l. People have done researches on the effect cancer incidence and mortality in the world®. In this re-
of DNA mismatch repair (MMR) gene in hereditary non- search, the expression of hMSH2 mRNA in esophageal
polyposis colorectal cancer (HNPCC) recently. Loss and cancer tissues and normal tissues was detected by in situ

malfunction of MMR gene also exist in many other types hybridization (ISH), and the pathological data of patients
of carcinoma. hMSH2 was the firstly detected MMR were analyzed. The hMSH2 gene promotor methylation

gene. The inactivation of hMSH2 has strong relationship in esophageal cancer tissues was detected by the methyla-
with carcinogenesis. hMSH2 gene was inactivated by tion specific PCR, and its relationship with the incidence
gene loss, mutation, and methylation. Currently, research and development of esophageal cancer was discussed.

regarding MMR on methylation are mainly in the field of

intestinal cancer, ovarian cancer, pharyngeal cancer, and .

lung cancer. China is a country with the highest morbidity 2 Materials and Methods
and mortality of esophageal carcinoma in the world. Each 2.1 Subjects

Thirty-two cases of esophageal cancer patients were all
] _ _ _ , diagnosed with esophageal carcinoma and admitted in the
gg?ggﬁ?o%};ge Science and Technique Foundation of Henan Province First Afflited Hospital of Zhengzhou University between
*Corresponding author. Email: qxz53@zzu.edu.cn October 2002 and May 2003. Nineteen patients were
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males and thirteen were females. The age ranged from 50
to 78 years old, with mean age was 62.8 + 7.4 years old.
None of them ever took radiotherapy, chemotherapy be-
fore operation. All histological samples removed from the
surgeries were diagnosed and verified by more than two
pathologists. Among the samples: twenty-five cases were
squamous cell carcinoma, five cases adenocarcinoma, and
two cases adeno-squamous cell carcionma. Histological-
ly, twenty-two neoplastic lesions were stage [ — I, and ten
were stage I1I — IV. Twenty-three of them were squamous
cell carcinoma (SQ), and nine were adenocarcinoma
(AD). As for the location, four cases were found in the
upper esophagus, sixteen were in the middle esophagus,
and three were in the lower esophagus. Seventeen samples
were less than 5 cm, and the rest fifteen were larger than 5
cm. One sample of tumor was confined to esophageal mu-
cosa, eighteen were infiltrated to esophageal muscularis,
and the rest thirteen cases infiltrated to all esophageal lay-
ers. All samples were resected from surgery, and divided
into two parts: one part was paraffin-embedded, and the
other was stored in liquid nitrogen to extract DNA.

2.2 Methods

2.2.1 ISH. ISH reagent was purchased from Wuhan Bo-
Shi-De Biotech Limited Ltd (China). We followed the
user’s guide provided by manufacturel®! protocol.

2.2.2 DNA extraction and modification. Genomic DNA
was extracted by proteinase-K digestion and phenol/chlo-
roform extraction, followed by ethanol precipitation.
DNA was modified using CpGenome DNA modification
kit (Intergen, USA).

2.2.3 PCR. The specific primers of hMSH2 gene meth-
ylation and normal were as follows: For the hMSH2
unmethylation:  (sense)  5-GGTTGTTGTGGTTG-
GATGTTGTTT-3', (antisense) 5'-CAACTACAA-
CATCTCCTTCAACTACACCA-3', the target sequence
to be amplified was 151 bp in length; For the hMSH2
methylation: (sense) 5-TCGTGGTCGGACGTCGTTC-
3', (antisense) 5'-CAACGTCTCCTTCGACTACACCG-
3' with the target sequence to be amplified was 150 bp in
length. Total volume was 50 ul: 10 x PCR buffer (Mg
plus) (Takara, Japan) 5 pl , 2.5 mmol/L ANTP (Takara) 4
ul, 20 pmol/L Primer pair (Sangon, China) 1 ul, modified
template 2 pl, 5 U/ul Taq DNA polymerase (Takara) 0.5
pl. Circle parameter: 95 °C for 5 minutes for denaturaliza-
tion; then 36 cycles: 95 °C for 50 seconds, 58 °C nor-
mal/56 °C methylation for 50 seconds, and 72 °C for 50
seconds; at last prolongation, 72 °C for 5 minutes.

2.3 Result verification
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After ISH, samples were observed under light micro-
scope. Positive signal was appeared as brown granules in
cytoplasm, and colorless cytoplasm was negative. PCR
product was judged by 2% agarose gel electrophoresis.

2.4 Statistical analysis

Comparison between different groups was conducted
by two-sample 7 test. The Pearson y? test and Fisher’s ex-
act test were also used (P = 0.05).

3 Results

3.1 The expression of hMSH2 mRNA in esophageal
carcinoma tissue and normal tissue

hMSH2 was mainly expressed in glandular cells of
the mucosa, but not in muscle tissue. The expression of
hMSH2 mRNA in esophageal cancer tissue and the nor-
mal tissues was demonstrated in Table 1. And hMSH2
mRNA expression in different pathological types of
esophageal cancer was listed in Table 2.

3.2 hMSH2 promotor methylation

Methylation results were judged by agarose gel electro-
phoresis. Of 32 carcinoma samples, 34.38% were methyl-
ated, but no methylation was found in normal esophageal
tissues (Table 1).

The measurement of methylation of hMSH2 promo-
tor in different types of esophageal cancer showed that
hMSH2 promotor methylation was associated with age
and histological grade, but not related with sex, tumor
size, pathological type, infiltration depth, and lymphous
node infiltration (Table 2).

While in esophageal cancer, 13.33% hMSH2 mRNA
positive tissues was detected hMSH2 promotor methyla-
tion, lower than that in hMSH2 mRNA negative tissues
(52.95%) (Table 3).

4 Discussion

Human MMR gene is capable of correcting defects in
DNA bio-synthesis, increasing DNA duplication “confi-
dence level”, and is critical to prevent random mutation.
The loss of MMR gene may result in massive DNA dupli-
cation errors and increase the instability of tumor micro-
satellite. Additionally, it may cause a number of key genes
to be inactivated due to the mutation. Therefore, it’s rec-
ognized as one of the possible causes for tumorigenesis™.
Human MMR gene was first discovered in germs. These
genes were named as “mut” genes, i.e. mutator genes.
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Table 1. Expression of hAMSH2 mRNA and the methylation of hMSH2 gene promotor in different tissues of esophageal cancer

hMSH2 mRNA Methylation of hAMSH2 gene promotor
Histological type n — - — -
Positive (n, %) Negative (n, %) Positive (n, %) Negative (n, %)
Cancer tissues 32 15 (46.88)" 17 (53.12) 11(34.38)" 21 (65.26)
Normal tissues 32 27 (84.38) 5(15.62) 0(0) 32 (100)

*: vs. normal tissue, P < 0.05.

Table 2. The hMSH2 mRNA expression and hMSH2 gene promotor methylation
in different pathological types of esophageal cancer tissues

. hMSH2 mRNA expression hMSH?2 gene promotor methylation
Clinical features — - — -
Positive Negative Positive (n, %) Negative (1, %)
<70 years old 5(20.0)" 20 (80.0)
Age 62.3 + 6.4 (years) 63.3 + 8.4 (years)
>70 years old 6 (85.7) 1(14.3)
S Male 9 10 7 (36.8) 12 (63.2)
ex
Female 7 4 (30.8) 9(69.2)
. <5cm 9 5(29.4) 12 (70.6)
Cancer size
>5cm 9 6 (40.0) 9 (60.0)
Top 7 (35.0) 13 (65.0)
Tumor Middle ' '
location
Lower 4(33.3) 8(66.4)
Squamous carcinoma 12 13 8(32.0) 17 (68.0)
Pathological .
Adenocarcinoma
type . 3(42.9) 4(57.1)
Squamous adenocarcinoma 0
i Mucosa 1 0 6(31.6) 13 (68.4)
Invasion Muscularis 10 8 ' '
depth
Full thickness 4 9 5(38.5) 8(61.5)
Lymphatic Present 12 11 9(39.1) 14 (60.9)
metastasis Absent 3 6 2(22.2) 7(77.8)
I-1I 11 11 4 (18.2)* 18 (81.8)
TNM stage
nr-1v 4 6 7(70.0) 3(30.0)

" vs. > 70 years old, P <0.05; *: vs. stage II1 - IV, P <0.05.

Table 3. Relation of hMSH2 promotor methylation and its
mRNA expression

Methylation ( +) Methylation ()

mRNA (+) 2 (13.33%) 13 (86.67%)
mRNA (-) 9 (52.95%) 8 (47.05%)
Total 11 (34.40%) 21 (65.60%)

. 25.

Four different mut genes were found in Backwoods coli,
and they were named as MutS, MutL, MutH, and MutU,
respectively. After that, 6 types homologous genes were
discovered in Saccharomycetes and they were named as
MSHI1 — MSH6. So far, 6 homologous genes were found
in human gene and they’re hMSH2, hMSH3, hMSH®6,
hMLH1, hPMSI1, and hPMS2. Among them, hMSH2 was
the first MMR gene to be identified. It’s also the first to
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be isolated. h(MSH2 is located in 2p21 — 22. Its protein
functions to detect the base pair mismatches. Wang et a/
reported DNA microsatellite instability lymphoma was
detected in new-born rat whose hMSH2 gene was inacti-
vated. This is the most direct proof regarding the relation-
ships between human mismatch gene inactivation and the
tumor onset!?l.

Among those hereditary tumor syndrome, such as
HNPCC, gastric cancer and lung cancer, hMSH2 muta-
tion is ranked top in MMR gene mutations® 7. Rass K et
al® did research on the melanoma and they found hMSH2
gene had great importance on carcinogenesis, cancer sta-
bilization and infiltration. Li et a/'! reported that the ex-
pression of hMSH2 gene significantly decreased 22.6% in
the esophageal cancer tissues. In this research, the positive
rates of hMSH2 mRNA in esophageal cancer tissue and
normal tissue were 46.88% and 84.38% (P < 0.05), re-
spectively. Further research showed that the expression of
hMSH2 mRNA didn’t correlated with esophageal cancer
patient’s age, sex, carcinoma size and location, pathologi-
cal type, tissue-inflitration, lymph node metastasis, and
tumor infiltration depth (P > 0.05). It indicates that the
loss of hMSH2 might be a forecast of esophageal cancer.

The hMSH2 mRNA positive cells are mainly gland
cells in the esophageal mucosa gland, however, no
hMSH2 mRNA expression was detected in muscle tis-
sues. Almost all normal mucosa cells expresed hMSH2
mRNA, while only part of the gland cells with cancerous
lesion expressed. This indicated that the positive level in
cancerous tissues was lower than that of normal tissues.
This was consistent with Zhang’s research'”, who report-
ed that the positive expression level of normal stomach
tissue was higher than that in gastric carcinoma tissues.

It’s also reported that 60% of human gene promotor
has CpG island. The methylation of these CpG islands
controls the DNA expression by alterating DNA structure,
conformation and stability, and by participating in DNA
and protein interaction. Therefore, the detection of aber-
rant methylation has been a hot research area for discover-
ing the cause of tumorigenesis. Recently, many research-
ers focus on the MMR gene hMSH2 methylation in tumor
development. Fang et al found that 68 gastric carcinoma
samples had hMSH2 gene methylation'!. Wang et al did
research on 14 female non-cellule lung cancer patients
and found that 28.6% hMSH2 promotor was methylated.
They thought promotor methylation was the major cause
of hMSH2 inactivation!'?. Herman et a/ found there was
no high promotor methylation in Backwoods coli®!. They
used MSP method to detect hMSH2 gene promotor meth-
ylation and found that the positive rate was 34.4%. No
methylation was found in normal tissuein in our results.
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The hMSH2 mRNA detection indicated that hMSH2 pro-
motor methylation is somehow related to the low expres-
sion of hMSH2 mRNA in the esophageal cancer tissue.

Additionally, we found that the hMSH2 promotor meth-
ylation had no obvious correlation with the tumor size,
location, infiltration depth and patient’s sex (P > 0.05),
however, it had close relationship with patient’s age and
TNM stage. The hMSH2 promotor methylation in elder
patients (age > 70) was much higher than younger pa-
tients (age < 70). In addition, the methylation level (70%)
in patients with stage III — IV was much higher than level
I —II (P < 0.05). This indicated that hMSH2 gene pro-
motor methylation possibly got involved in the develop-
ment of esophageal cancer, especially for elderly people.
The samples of clinical pathological cases of esophageal
cancer was not big enough, so it’s necessary to add more
research samples for the further research on hMSH2 gene
expression and its relationship with CpG island methyla-
tion in esophageal cancer.

Besides, the hMSH2 methylation in the group of the
positive hMSH2 mRNA expression was 13.33%, lower
than the hMSH2 mRNA negative group (52.95%). This in-
dicated that the abberant mutation of MMR gene hMSH2
is highly related to hMSH2 promotor methylation.

5 Conclusion

In our research, we found that 53.12% of esophageal
cancer was hMSH2 mRNA negative and the 34.38% of
the samples was detected that the hMSH2 gene promotor
was methylated. The difference may tell us abnormal pro-
motor methylation is one of the reasons to block mRNA
copy. However, further research is required to discover
the causes of the loss of expression in hMSH2 gene and
the underlying mechanism of the abnormal promotor
methylation that blocked mRNA copy.

References

1. Wood RD, Mitchell M, Sgouros J, et al. Human DNA repair gene. Sci-
ence 2001; 29(5507): 1284 — 94.

2. Wang LD, Zheng S. The carcinogenesis of esophagus and cardia in the
district with high incidence of esophageal cancer in Henan Province.
Journal of Zhengzhou University (Medical Science) 2002; 37(6): 717
—-29.

3. Herman JG, Umar A, Polyak K, et al. Incidence and functional con-
sequences of hMLH1 promotor hypermethylation in colorectal carci-
noma. Proc Natl Acad Sci USA 1998; 95: 6870 — 5.

4. Zhang GY, Liu QL, Ma CX, et al. Expression of hMSH2 gene in esoph-
ageal cancer. Journal of First Military Medical University 2004; 26(6):
662 —4.

5. Shen XC, Shi SF, Xie LP. The human mismatch repair gene system
and tumor. International Journal of Urology and Nephrology 2001;
21(suppl): 10 —2.



Zhang, et al, Genic expression and promotor methylation of (IMSH?2 in esophageal cancer tissues

Maruyama A, Saito T, Hachitanda Y, ez al. Cancer history and loss of
MSH2 and MLHI1 protein expression in patients with endometrial hy-
perplasia. Int J Gynecol Cancer 2003; 13(3): 352 — 60.

Wang Y, Friedl W, Lamberti C, et al. Hereditary nonpolyposis colorec-
tal cancer: frequent occurrence of large genomic deletions in MSH2
and MLH1 genes. Int J Cancer 2003; 103(5): 636 —41.

Rass K, Gutwein P, Welter C, e al. DNA MMR enzyme hMSH2 in
malignant melanoma: increased immunoreactivity as compared to ac-
quired melanocytic nevi and strong mRNA expression in melanoma
cell lines. Histochem J 2001; 33(8): 459 — 67.

Li HC, Zhao XJ, Liu HL, et al. Study on the expression of mismatch re-
pair genes in human esophageal cancer and cardiac carcinoma. Tumor

.07 .

2002; 22(1): 23 - 5.

. Zhang QX, Du P, Le XP, et al. Expression of hMSH2 mRNA in human

gastric cancer tissues. Journal of Zhengzhou University (Medical Sci-
ence) 2001; 36(4): 379 — 82.

. Fang DC, Luo YH, Liu WW. Methylation status of hAMLH1 and hMSH2

promoter in gastric cancer. Acta Academiae Medicinae Militaris Tertiae
2001; 23(9): 1010 —1.

. Wang YC, Lu YP, Tseng RC, ez al. Inactivation of h(MLH1 and hMSH2

by promotor methylation in primany non-small cell lung tumors and
matched sputum samples. J Clin Investigation 2003; 111(6): 887 — 95.



