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ABSTRACT. We investigated a possible role of hMLH1 hypermeth-
ylation and microsatellite instability in meningioma progression. Fifty 
meningomas were examined for methylation of hMLH1 using a meth-
ylation-specific PCR; 43 of them were analyzed for microsatellite in-
stability using nine microsatellite markers. Loss of heterozygosity on 
chromosome 22q was detected using two markers. Two atypical menin-
giomas showed microsatellite instability at four loci; one was methyl-
ated on hMLH1 and the other was unmethylated. Nine meningiomas 
were found to have methylated hMLH1; the frequencies in the different 
grades of meningioma were one of 20, two of 16, and six of 14, respec-
tively. We concluded that the methylation status of hMLH1 is associ-
ated with the meningioma grade but not with microsatellite instability. 
Loss of heterozygosity was detected in 22 cases in at least one marker. 
The frequency of loss of heterozygosity increased with meningioma 
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grade, but the tendency was not significant. The correlation between 
loss of heterozygosity and methylation of the hMLH1 gene was also 
not significant. We conclude that hypermethylation of the promoter of 
hMLH1 is an epigenetic change in meningiomas and is associated with 
the tumor grade, while microsatellite instability is an uncommon event 
in meningiomas.

Key words: Meningioma; Methylation; Microsatellite instability; 
hMLH1

INTRODUCTION

Meningiomas are the second most common primary tumors of the central nervous 
system, accounting for 20-25% of primary central nervous system tumors (Longstreth Jr. et al., 
1993). According to the criteria of the World Health Organization, meningiomas are classified 
to three grades. Grade I is a benign tumor that can be surgically cured and has a 31% chance of 
recurrence within 5 years if subtotally resected. Grade II is an atypical meningioma displaying 
a higher risk of local recurrence and a 40% likelihood of 5-year recurrence even after gross 
total resection is performed. Grade III is an anaplastic tumor with a median survival of 1.5 
years (Perry et al., 1997, 1999; Radner et al., 2002).

Considerable genetic investigations of meningiomas have been undertaken to under-
stand their development and progression. The most common alteration is loss of heterozygos-
ity (LOH) on chromosome 22q and mutation of neurofibromatosis type 2, with the frequency 
of 50-70 and 20-30%, respectively (Ng et al., 1995; Wellenreuther et al., 1995; Ueki et al., 
1999). Chromosome 1p is the second most frequently seen region of LOH in meningiomas, 
whereas p18INK4C, located at 1p32, is rarely altered.

Recent studies have indicated that in addition to genetic alterations, epigenetic changes 
may also play important roles in the progression of human tumors. Microsatellite instability (MSI), 
a genomic instability induced by somatic alteration within microsatellites, is believed to act as a 
pathway for carcinogenesis. MSI is caused by deficient DNA mismatch repair. Recent studies 
have revealed that hypermethylation of a promoter gene for DNA mismatch, hMLH1, is related 
to MSI in a wide variety of human cancers, including colorectal cancer, gastric cancer, and en-
dometrial carcinomas (Veigl et al., 1998; Simpkins et al., 1999; Fleisher et al., 2001). These 
studies have demonstrated that hMLH1 promoter hypermethylation is associated with the loss 
of hMLH1 expression and the MSI phenotype in colorectal carcinomas and gastric cancers 
(Cunningham et al., 1998; Herman et al., 1998; Deng et al., 1999; Leung et al., 1999; Baylin 
and Herman, 2000). The correlation between the methylation of hMLH1 and the MSI phe-
notype has also been found in uterine endometrial carcinomas (Esteller et al., 1999). These 
findings suggest that hMLH1 promoter hypermethylation is an early event in human tumori-
genesis; however, the role of MSI in meningiomas is still controversial. Pykett et al. (1994) 
have reported that 25% of meningiomas exhibit MSI, whereas Alvino et al. (2000) found only 
sporadic MSI in meningiomas. Until now, no reports on methylation of hMLH1 in menin-
giomas have been published. The current study was carried out to investigate the roles of the 
methylation of hMLH1, MSI, and LOH on chromosome 22q in meningiomas, as well as their 
correlation with one another.
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MATERIAL AND METHODS

Specimens and DNA preparation

Fifty tumor samples and 5 normal control specimens were obtained from meningiomas 
in our brain tumor archives (West China Hospital, Sichuan University). All cases were single 
masses without other systematic diseases or genetic lesions. The 50 cases were reviewed and 
graded according to World Health Organization criteria and previously published criteria (Perry et 
al., 1997, 2001). Twenty cases were graded as classic meningiomas, 16 as atypical meningiomas, 
and 14 as anaplastic meningiomas. Normal samples were obtained from meningeal cells during 
tumor resection. Patient age ranged from 17 to 84 years (50.04 ± 13.57), and the ratio of female 
to male patients was 2.33:1. Tumor-matched blood samples were obtained from 43 meningiomas. 
The extraction of genomic DNA from frozen tissues and blood was performed using conventional 
proteinase K digestion and phenol/chloroform extraction (Sambrook et al., 1989).

DNA bisulfite modification

The bisulfite treatment of DNA converts all unmethylated cytosine to uracil, leaving 
methylated cytosine intact. The DNA is then amplified through subsequent polymerase chain 
reaction (PCR) with unmethylated and methylated specific primers differentially. Five micro-
grams of original DNA was modified using the CpGenome DNA Modification Kit (Intergen) 
according to manufacturer recommendations. Modified DNA was dissolved in 25 mL buffer 
(10 mM Tris, 0.1 mM ethylenediaminetetraacetic acid, pH 7.5).

Methylation-specific PCR assay

Primer sequences of hMLH1 for the unmethylated reaction were 5ꞌ-TTT TGA TGT 
AGA TGT TTT ATT AGG GTT GT-3ꞌ (sense) and 5ꞌ-ACC ACC TCA TCA TAA CTA CCC 
ACA-3ꞌ (antisense); for the methylated reaction, they were 5ꞌ-ACG TAG ACG TTT TAT 
TAG GGT CGC-3ꞌ (sense) and 5ꞌ-CCT CAT CGT AAC TAC CCG CG-3ꞌ (antisense) (Dong 
et al., 2001). PCR was performed in a 20-mL reaction volume containing bisulfite-modified 
DNA (50 ng), 0.3 mM primers, 0.2 mM deoxyribonucleotide triphosphate, 2.5 mM MgCl2, 
1X PCR buffer II, and 0.4 U AmpliTaq Gold DNA polymerase (Applied Biosystems) under 
the following conditions: 95°C for 10 min to active the enzyme, 35 cycles of 94°C for 30 s, 
55°C for 30 s, and 72°C for 50 s, and a final extension of 72°C for 10 min. Five microliters of 
each PCR product was applied for electrophoresis. All PCRs were performed with CpGenome 
Universal DNA (Intergen) as a positive control and no DNA-loaded control.

Microsatellite analysis 

Forty-three of the 50 meningiomas with matched blood DNA were analyzed using 
9 microsatellite markers: BAT25, BAT26, D2S123, D5S346, D17S250, humAR, CTT16, 
D19S210, and DHFRP2. Two polymorphism markers on chromosome 22q - D22s280, located 
at 22q12.2-12.3, and D22s929, located at 22q12.2 - were selected for the LOH analysis. Prim-
ers were labeled in the 5ꞌ-end with the fluorochromes HEX (green) or FAM (blue) (Tech Dragon 
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Limited). PCR was carried out in a 20-mL reaction volume containing genomic DNA (50 ng), 
0.3 mM primers, 0.2 mM deoxyribonucleotide triphosphate, 2.5 mM MgCl2, 1X PCR buffer II, 
and 0.5 U AmpliTaq Gold DNA polymerase (Applied Biosystems) under the following condi-
tions: 95°C for 10 min to activate the enzyme, 35 cycles of 94°C for 40 s, 52°-60°C (depending 
on the specific marker) for 40 s, and 72°C for 1 min, and a final extension at 72°C for 10 min. 
Two microliters of each PCR product was mixed with 3 mL loading buffer (formamide:dextran 
blue:ethylenediaminetetraacetic acid, 5:1:1, ROX 400 size standard). Samples were loaded 
onto 36-lane gels and electrophoresed on an ABI Prism 377 automated DNA sequencer (Per-
kin-Elmer). The gel image was analyzed using Genescan and Genotyper (Applied Biosystems).

The presence of MSI was defined according to previously reported criteria (Kulke et 
al., 2001). LOH was scored with a semi-quantitative expression of the degree of allelic imbal-
ance: QLOH = (t1/t2) / (n1/n2), where t1, t2, n1, n2 are the peak height of 2 alleles in tumor and 
blood samples. When this ratio gives a value greater than 1, QLOH is set to inversion. Thus, 
QLOH ranging from 0 to 1 indicates total loss to retained heterozygosity (Skotheim et al., 2001). 
If QLOH was less than 0.4, LOH was identified.

Statistical analysis

Statistical analysis was performed using SPSS version 13.0. The correlation of frequen-
cy of methylation of hMLH1 among the 3 tumor grades was evaluated with the Pearson chi-
square test, and the correlation between 2 parameters was evaluated using the Fisher exact test.

RESULTS

Methylation analysis

Fifty meningiomas and 5 normal samples were examined in this study. We found that 
the 5 normal DNA samples were unmethylated, whereas 18% (9 of 50) of meningiomas ex-
hibited aberrant promoter hypermethylation in hMLH1. The rates of methylation of hMLH1 in 
classic, atypical, and anaplastic meningiomas were 5 (1 of 20), 12.5 (2 of 16), and 42.86% (6 
of 14), respectively. Statistical analysis showed that the incidences of methylation was signifi-
cantly correlated with grade (P = 0.014, Pearson chi-square test; Figure 1, Table 1).

Figure 1. Representative methylation-specific PCR results of hMLH1 for meningiomas. The case numbers are 
indicted on top. Met- = unmethylated case; Met+ = methylated case; U = unmethylation; M = methylation; C+ = 
CpGenome Universal Methylated DNA as methylation control; H2O = water blanks.
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Cases Grade MSP of hMLH1                       Microsatellite analysis

    CTT16 D17S250 D18S210 DHFRP2 D22S280 D22S929

  M1   I -      R NI
  M2   I -      R L
  M3   I -      ND ND
  M4   I -      R R
  M5   I -      L L
  M6   I -      L L
  M7   I M      L R
  M8   I -      R L
  M9   I -      R R
M10   I -      R R
M11   I -      R R
M12   I -      R NI
M13   I -      R R
M14   I -      ND ND
M15   I -      R R
M16   I -      ND ND
M17   I -      L NI
M18   I -      ND ND
M19   I -      ND ND
M20   I -      R R
M21  II -      L L
M22  II -      R R
M23  II -      L NI
M24  II -      L L
M25  II -      R R
M26  II -      L R
M27  II -      R R
M28  II -  MSI MSI  MSI MSI L
M29  II -      ND ND
M30  II -      NI R
M31  II M    MSI  L NI
M32  II M      R R
M33  II -      ND ND
M34  II -      R NI
M35  II -      NI R
M48  II -      L L
M36 III M      L L
M37 III -      R R
M38 III -      L NI
M39 III -      R R
M40 III -      L NI
M41 III M      L L
M42 III -      L L
M43 III -      NI L
M44 III -      L L
M45 III -      L L
M46 III M      R R
M47 III M      R R
M49 III M      R R
M50 III M      L L

Table 1. Summary of methylation-specific PCR (MSP) and microsatellite analysis.

M = methylated; - = unmethylated; MSI = microsatellite instability; L = loss of heterozygosity; R = retention of 
heterozygosity; NI = non-informative; ND = not done.

Microsatellite analysis

Forty-three meningiomas with matched blood DNA were evaluated for microsatellite anal-
ysis, including 15 classic, 14 atypical, and 14 anaplastic meningiomas. Nine microsatellite markers, 
which were identified for examining MSI in meningiomas or other tumors in previous studies (Al-
vino et al., 2000), were selected to detect MSI. We found only 2 atypical meningiomas that displayed 
MSI in 4 markers. M28 showed MSI on D17S250, CTT16, and DHFRP2, and M31 showed MSI on 
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D19s210. D17S250 localized at chromosome 1711.2-12, CTT16 at 17pter-qter, DHFRP2 at 6pter-
qter, and D19s210 at 19q13.4. Our findings were consistent with those of Pykett et al. (1994). M31 
was methylated, whereas M28 was unmethylated on a promoter of hMLH1. Statistical analysis 
showed no difference in MSI between methylated and unmethylated samples (Figure 2; see Table 1).

Figure 2. Two meningiomas showed microsatellite instability at 4 loci. Blood samples are at the first row and tumors 
are at the second row. Cases are on the top and markers are given at the bottom. Arrows indicate the new alleles.

LOH analysis

Two markers, D22s280 and D22s929, were used to examine LOH on chromosome  
22q in the series of 43 meningiomas. All 43 pairs of specimens were informative for at least 
1 marker. We detected LOH on at least 1 marker in 22 (51.2%) cases, and the frequencies of 
LOH among classic, atypical, and anaplastic meningiomas were 40, 50, and 64.3%, respec-
tively. Eighteen of 40 informative meningiomas exhibited LOH on D22s280. M28, the case 
showing MSI at 3 loci, also displayed MSI on D22S280. Fifteen of 35 informative menin-
giomas showed LOH on D22s929, and 11 cases showed LOH on both markers. Statistical 
analysis showed no association between LOH on chromosome 22q and grade of meningiomas 
(P > 0.05, Fisher exact test) and no correlation between LOH and methylation of hMLH1 (P > 
0.05, Fisher exact test; Figure 3; see Table 1).

Figure 3. Representative loss of heterozygosity (LOH) of two markers on chromosome 22q. Markers are given at 
left. Blood samples are at the first row and tumors are at the second row for each marker. Cases are on the top of 
the peaks. LOH are indicated by arrows.
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DISCUSSION

MSI is thought to act as a pathway for carcinogenesis. It was first reported in colorec-
tal carcinomas (Thibodeau et al., 1993) and later described in a wide variety of human tumors, 
including gastric and endometrial carcinomas (Wirtz et al., 1998; Salvesen et al., 2000). How-
ever, the role of MSI in brain tumors is still controversial. Dams et al. (1995) have reported 
that MSI in glioblastoma can be regarded as an evolution in tumor progression, whereas Lun-
din et al. (1998) have shown that MSI is infrequent in sporadic adult gliomas. Pykett et al. 
(1994) examined 2 meningioma cell lines and 14 primary meningiomas (no grade informa-
tion given) with 15 pairs of primers. They found 1 cell line and 3 primary meningiomas that 
displayed MSI with a frequency of 25%. The main microsatellite markers showing MSI were 
humAR, CTT16, D19S210, and DHFRP2. However, Sobrido et al. (2000) have reported that 
only 6.3% (2 of 32) of meningiomas show MSI at 2 or 3 loci, which is consistent with the 
findings of Zhu et al. (1996). In our study, 43 meningiomas - including 15 classic, 14 atypical, 
and 14 anaplastic meningiomas - were examined with 9 microsatellite markers, 5 of which 
were considered to be the most sensitive and specific for detecting MSI. Four of the markers 
have shown a high frequency of MSI in meningiomas in previous reports (Pykett et al., 1994; 
Dietmaier et al., 1997; Boland et al., 1998). We found that only 2 cases exhibited MSI in 4 
different loci with an incidence of 4.66%, which is consistent with the results of Sobrido et al. 
(2000). These findings suggested that MSI is uncommon in meningiomas.

It has been reported that hypermethylation of a promoter gene for DNA mismatch, 
hMLH1, is correlated with MSI in a variety of human cancers (Veigl et al., 1998; Simpkins 
et al., 1999; Fleisher et al., 2001). However, no reports have examined the methylation of 
hMLH1 in meningiomas thus far. In our study, 18% (9 of 50) of meningiomas showed hy-
permethylation of the hMLH1 promoter, and the frequency in the 3 grades was 5, 12.5, and 
42.86%, respectively. Statistical analysis revealed that the methylation of hMLH1 was associ-
ated with the grades of the meningiomas. This finding supports those of Bello et al. (2004), 
who concluded that aberrant DNA methylation of promoter-associated CpG islands contrib-
utes to the development of meningiomas. Our study has also uncovered methylation in other 
multiple genes (Liu et al., 2005).

To investigate the relationship between methylation and MSI, we correlated the meth-
ylation status of hMLH1 with MSI and found that 1 of the 2 cases of MSI showed methylation 
of hMLH1, whereas the other was unmethylated. No significant difference was found for MSI 
between the groups with or without hMLH1 methylation. Our results showed that methylation 
of hMLH1 was correlated with the grade of meningioma but not with MSI, suggesting a role 
for hMLH1 hypermethylation in meningioma progression. Conversely, MSI was unrelated to 
the development of meningiomas, although it has been found in the tumorigenesis of colorec-
tal and gastric carcinomas (Thibodeau et al., 1993; Wirtz et al., 1998).

We found LOH on chromosome 22q with a frequency of 51.2% and no significant 
difference among grades in this study, suggesting that LOH on chromosome 22 is an event in 
the tumorigenesis of meningiomas. However, no significant correlation was found between 
methylation of hMLH1 and LOH, indicating that methylation of hMLH1 is independent from 
LOH on chromosome 22q.

In summary, hypermethylation of a promoter of hMLH1 is an epigenetic change in 
meningiomas and is associated with tumor grade; however, it is not correlated with MSI, 
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which is an uncommon event in meningioma tumorigenesis. Our data suggested a role for 
hMLH1 hypermethylation in meningioma progression. 

ACKNOWLEDGMENTS

Research supported by the Scientific Research Foundation for the Returned Overseas 
Chinese Scholars, State Education Ministry of China.

REFERENCES

Alvino E, Fernandez E and Pallini R (2000). Microsatellite instability in primary brain tumors. Neurol. Res. 22: 571-575.
Baylin SB and Herman JG (2000). DNA hypermethylation in tumorigenesis: epigenetics joins genetics. Trends Genet. 

16: 168-174.
Bello MJ, Aminoso C, Lopez-Marin I, Arjona D, et al. (2004). DNA methylation of multiple promoter-associated CpG 

islands in meningiomas: relationship with the allelic status at 1p and 22q. Acta Neuropathol. 108: 413-421.
Boland CR, Thibodeau SN, Hamilton SR, Sidransky D, et al. (1998). A National Cancer Institute Workshop on 

Microsatellite Instability for cancer detection and familial predisposition: development of international criteria for 
the determination of microsatellite instability in colorectal cancer. Cancer Res. 58: 5248-5257.

Cunningham JM, Christensen ER, Tester DJ, Kim CY, et al. (1998). Hypermethylation of the hMLH1 promoter in colon 
cancer with microsatellite instability. Cancer Res. 58: 3455-3460.

Dams E, Van de Kelft EJ, Martin JJ, Verlooy J, et al. (1995). Instability of microsatellites in human gliomas. Cancer Res. 
55: 1547-1549.

Deng G, Chen A, Hong J, Chae HS, et al. (1999). Methylation of CpG in a small region of the hMLH1 promoter invariably 
correlates with the absence of gene expression. Cancer Res. 59: 2029-2033.

Dietmaier W, Wallinger S, Bocker T, Kullmann F, et al. (1997). Diagnostic microsatellite instability: definition and 
correlation with mismatch repair protein expression. Cancer Res. 57: 4749-4756.

Dong SM, Pang JC, Poon WS, Hu J, et al. (2001). Concurrent hypermethylation of multiple genes is associated with grade 
of oligodendroglial tumors. J. Neuropathol. Exp. Neurol. 60: 808-816.

Esteller M, Catasus L, Matias-Guiu X, Mutter GL, et al. (1999). hMLH1 promoter hypermethylation is an early event in 
human endometrial tumorigenesis. Am. J. Pathol. 155: 1767-1772.

Fleisher AS, Esteller M, Tamura G, Rashid A, et al. (2001). Hypermethylation of the hMLH1 gene promoter is associated 
with microsatellite instability in early human gastric neoplasia. Oncogene 20: 329-335.

Herman JG, Umar A, Polyak K, Graff JR, et al. (1998). Incidence and functional consequences of hMLH1 promoter 
hypermethylation in colorectal carcinoma. Proc. Natl. Acad. Sci. U. S. A. 95: 6870-6875.

Kulke MH, Thakore KS, Thomas G, Wang H, et al. (2001). Microsatellite instability and hMLH1/hMSH2 expression in 
Barrett esophagus-associated adenocarcinoma. Cancer 91: 1451-1457.

Leung SY, Yuen ST, Chung LP, Chu KM, et al. (1999). hMLH1 promoter methylation and lack of hMLH1 expression in 
sporadic gastric carcinomas with high-frequency microsatellite instability. Cancer Res. 59: 159-164.

Liu Y, Pang JC, Dong S, Mao B, et al. (2005). Aberrant CpG island hypermethylation profile is associated with atypical 
and anaplastic meningiomas. Hum. Pathol. 36: 416-425.

Longstreth WT Jr, Dennis LK, McGuire VM, Drangsholt MT, et al. (1993). Epidemiology of intracranial meningioma. 
Cancer 72: 639-648.

Lundin DA, Blank A, Berger MS and Silber JR (1998). Microsatellite instability is infrequent in sporadic adult gliomas. 
Oncol. Res. 10: 421-428. 

Ng HK, Lau KM, Tse JY, Lo KW, et al. (1995). Combined molecular genetic studies of chromosome 22q and the 
neurofibromatosis type 2 gene in central nervous system tumors. Neurosurgery 37: 764-773.

Perry A, Stafford SL, Scheithauer BW, Suman VJ, et al. (1997). Meningioma grading: an analysis of histologic parameters. 
Am. J. Surg. Pathol. 21: 1455-1465.

Perry A, Scheithauer BW, Stafford SL, Lohse CM, et al. (1999). “Malignancy” in meningiomas: a clinicopathologic study 
of 116 patients, with grading implications. Cancer 85: 2046-2056.

Perry A, Giannini C, Raghavan R, Scheithauer BW, et al. (2001). Aggressive phenotypic and genotypic features in pediatric 
and NF2-associated meningiomas: a clinicopathologic study of 53 cases. J. Neuropathol. Exp. Neurol. 60: 994-1003.

Pykett MJ, Murphy M, Harnish PR and George DL (1994). Identification of a microsatellite instability phenotype in 



©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 11 (4): 3933-3941 (2012)

Methylation of hMLH1 and MSI in meningiomas 3941

meningiomas. Cancer Res. 54: 6340-6343.
Radner H, Blumcke I, Reifenberger G and Wiestler OD (2002). The new WHO classification of tumors of the nervous 

system 2000. Pathology and genetics. Pathologe 23: 260-283.
Salvesen HB, MacDonald N, Ryan A, Iversen OE, et al. (2000). Methylation of hMLH1 in a population-based series of 

endometrial carcinomas. Clin. Cancer Res. 6: 3607-3613.
Sambrook J, Fritsh EF and Maniatis T (1989). Molecular Cloning: A Laboratory Manual. 2nd edn. Cold Spring Harbor 

Laboratory Press, New York.
Simpkins SB, Bocker T, Swisher EM, Mutch DG, et al. (1999). MLH1 promoter methylation and gene silencing is the 

primary cause of microsatellite instability in sporadic endometrial cancers. Hum. Mol. Genet. 8: 661-666.
Skotheim RI, Diep CB, Kraggerud SM, Jakobsen KS, et al. (2001). Evaluation of loss of heterozygosity/allelic imbalance 

scoring in tumor DNA. Cancer Genet. Cytogenet. 127: 64-70.
Sobrido MJ, Pereira CR, Barros F, Forteza J, et al. (2000). Low frequency of replication errors in primary nervous system 

tumours. J. Neurol. Neurosurg. Psychiatry 69: 369-375.
Thibodeau SN, Bren G and Schaid D (1993). Microsatellite instability in cancer of the proximal colon. Science 260: 816-

819.
Ueki K, Wen-Bin C, Narita Y, Asai A, et al. (1999). Tight association of loss of merlin expression with loss of heterozygosity 

at chromosome 22q in sporadic meningiomas. Cancer Res. 59: 5995-5998.
Veigl ML, Kasturi L, Olechnowicz J, Ma AH, et al. (1998). Biallelic inactivation of hMLH1 by epigenetic gene silencing, 

a novel mechanism causing human MSI cancers. Proc. Natl. Acad. Sci. U. S. A. 95: 8698-8702.
Wellenreuther R, Kraus JA, Lenartz D, Menon AG, et al. (1995). Analysis of the neurofibromatosis 2 gene reveals 

molecular variants of meningioma. Am. J. Pathol. 146: 827-832.
Wirtz HC, Müller W, Noguchi T, Scheven M, et al. (1998). Prognostic value and clinicopathological profile of microsatellite 

instability in gastric cancer. Clin. Cancer Res. 4: 1749-1754.
Zhu J, Guo SZ, Beggs AH, Maruyama T, et al. (1996). Microsatellite instability analysis of primary human brain tumors. 

Oncogene 12: 1417-1423.


