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Background: Adenomatous polyposis coli (APC) gene is thought to play a key role in the majority of sporadic colorectal cancers developed
through the chromosomal instability pathway. In 10-15% of CRC the defect of the mismatch repair genes (MLH1, MSH2), the microsatellite
instability is the underlying mechanism for carcinogenesis. The aim of this study was the correlation of APC, MLH1 and MSH2 immunoexpres-
sion in different types of colon adenomas/polyps (A/P).

Materials and methods: We processed biopsies and surgical pieces of colon A/P and carcinoma developed in adenoma (CC). The APC,
MLH1, MSH2 expression were graded, and used for establishing different immune phenotypes that have been compared by statistical tests.
Results: The majority of tubular and tubulovillous adenomas have the MLH1+/MSH2+/APC+ immune phenotype, and the ratio of MLH1-/
MSH2-/APC+ cases increases in case of hyperplastic polyps and serrated adenomas. A/P developing in the right colon and in patients below
40 years were more frequently MLH1-/MSH2-/APC+.

Conclusions: APC immunoexpression decreases in adenomas/polyps with dysplasia, and MLH1 and MSH2 expression is altered especially

in hyperplastic polyps and serrated adenomas.
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Introduction

The majority of colorectal cancers (CRC) are sporadic and
develop through the chromosomal instability pathway.
10-15% of CRCs develop through another underlying
mechanism for carcinogenesis: microsatellite instability
(MSI) [1].

Chromosomal instability leads to early mutation of
the Adenomatous Polyposis Coli (APC) (5q21-22) gene,
which is present in 30-70% of adenomas/polyps (A/P)
and sporadic CRCs [2]. The APC gene is considered a
"gatekeeper" gene that maintains the integrity of colon
epithelium, and its mutation leads to dysplastic abnormali-
ties in adenomas [3].

Microsatellite instability (MSI) becomes apparent by
the change in the number of DNA sequences (microsatel-
lites) repeating in the genome. Correction of these errors is
performed partly by the Mismatch Repair (MMR): MutL
Homolog 1 (MLH1) and MutS Homolog 2 (MSH2)
enzymes [4]. Metilation of the MLH1 gene is the most
frequent cause of MSI in CRC, and it is associated with
the mutation of the BRAF gene [4]. MSI was identified
in 29% of HPs and 53% of SA [5], while it is very rare in
adenomas and polyps (A/P) with dysplastic abnormalities
(4], which are associated especially with the mutation of
the APC gene [6]. For MSI screening there has been a rec-
ommendation to perform immunohistochemistry testing
of MMR proteins expressed by the nuclei of the normal
epithelial cells of the colon. Lack of nuclear expression in

Correspondence to: Zsuzsanna Pap
E-mail: papzsuzsa@yahoo.com

precancerous lesions and in CRCs suggests inactivation of
these proteins [1].

The aim of our study was to compare immunoexpres-
sion of MLH1, MSH2 and APC proteins in colon ad-
enomas/polyps, and correlation with clinico-pathological
factors in order to find out their role in colorectal carcino-
genesis.

Material and methods
We studied 17 hyperplastic polyps (HP), 42 adenomas (16
serrated — SA, 8 tubular — TA, 18 tubulovillous adenomas
—TVA) and 7 carcinomas developed from adenomas (CC)
of the colon from the archived biological material of the
Pathology Department of the County Emergency Clinical
Hospital of Tirgu Mures, Romania. Mean age of patients
was 59.8+2.89 years. The 3 pm thick sections obtained
from the formalin fixed and paraffin embedded resection
tissue specimens were routinely dewaxed and rehydrated.
Antigen retrieval was performed by pressurized steam
cooking (citrate solution, pH=6) followed by endogenous
peroxidase blocking. We used the following mouse mono-
clonal antibodies for APC (LabVision Fremont, CA, USA,
clone Epitop: C-terminal) in 1:75, MSH2 (Diagnostic Bi-
oSystem, Pleasanton, USA, clone 25D12) in 1:25, MLH1
(Abcam Biochemicals, Cambridge UK, clone G168-15)
in 1:25. Uleravision Labeled Polymer system (LabVision,
Fremont, CA, U.S.A), and DAB developing was used for
detecting primary antibodies. Negative controls were per-
formed by omitting the primary antibody.

We considered a decreased or absent reaction if less than
99% of cells showed positive labeling for APC, MLH1 and
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Fig. 1.

Maintained APC expression in a hyperplastic polyp without
dysplasia, 13x

MSH?2. Results were analyzed using the Graph Pad In Stat
3, version 3.06 statistic calculation software (GraphPad
Software Inc., San Diego, U.S.A.). We considered the as-
sociation significant when p<0.05, with 95% confidence
interval.

Results

1. Immunoexpression of APC, MLH1 and MSH2 proteins
APC expression was noted in 83% (49/59) of A/P and in
all CCs (Figure 1). The ratio of cases with low APC ex-
pression increased with the grade of dysplasia, and it was
more frequent in TVAs. MLH1 and MSH2 expression was
decreased 40.6%), and 45.7% of the cases, respectively, in
A/D, and in 85.7%, and 71.4% respectively in CCs. This
decrease was more pronounced in HP and in SA, as com-

pared to TA and TVA (Figure 2, 3, 4). All A/P cases devel-

Fig. 3. Decreased MSH2 expression in a serrated adenoma with
low-grade dysplasia, 20x

Fig. 2. Maintained MSH2 expression in a tubular adenoma with
moderate dysplasia, 20x

oped under 40 years of age, and the majority of the lesions
developed in the right colon maintained their APC expres-
sion, and showed decreased MLH1 and MSH2 expression.
Localization of the lesions, gender and age of the patients
do not show statistically significant correlations with APC,
MSH1 and MLH2 expression (Table I).

2. Correlations

MLH1 expression correlates with MSH2 expression
(p<0.05). The ratio of MSH2+/MLH1+ cases decreases,
and the ratio of MSH2—/MLH1— cases increases start-
ing from TA, through TVA, HP, SA untl CC (p<0.05).

dysplasia, 13x
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Table I. Correlation of clinico-pathological factors with APC, MSH2, MLH1 immunoexpression
APC- APC+ p MLH1- MLH1+ p MSH2- MSH2+ p
Histological type
HP 0 17 6 11 11 6
SA 2 14 10 6 11 5
TA 0 8 <0.05 2 6 =0.05 1 7 <0.05
TVA 8 10 6 12 4 14
CC 0 7 6 1 5 2
Dysplasia
w/o D 2 23 11 14 12 13
LD 2 17 <0.05 9 10 >0.05 10 9 >0.05
MoD 2 7 3 6 3 6
HD 4 2 1 5 2 4
Localization
Right colon 1 13 >0.05 8 6 >0.05 9 5 >0.05
Left colon 4 30 15 19 15 19
Age (years)
<40 0 3 >0.05 3 0 >0.05 3 0 >0.05
>41 10 53 27 36 29 34
Gender
Female 4 28 >0.05 13 19 >0.05 15 17 >0.05
Male 6 28 17 17 17 17

HP - hyperplastic polyps, SA - serrated adenomas, TA — tubular adenomas, TVA - tubulovillous adenomas; CC- carcinomas; w/o D — adenomas without dysplasia, LD - low-grade dysplasia,

MoD - moderate dysplasia, HD - high-grade dysplasia;

Thus the majority of TA and TVA are characterized by the
MSH2+/MLH1+ immune phenotype, and the majority of
HP and SA by mixed immune phenotypes, where one or
both markers have decreased or absent expression. In case
of CC the MSH2-/MLHI1- immune phenotype is pre-
dominant (Figure 5).

75% of TA were MSH2+/MLH1+/APC+, while this im-
mune phenotype was noted in just 33% of TVA. Otherwise,
in case of TVA we noted mixed immune phenotypes. The
ratio of MSH2+/MLH1+/APC+ cases decreases in case of
SA (12.5%), as compared to HP (35.3%), while the ratio
of MSH2-/MLH1-/APC+ cases was about similar in case
of HP (35.3%) and SA (37.5%). The MSH2—/MLH1+/
APC+ immune phenotype was detected only in case of
HP (29.4%), and SA (18.7%). Most of the examined CC
(71.4%) were MSH2—-/MLH1-/APC+ (p<0.05) (Figure 6).
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MSH2-/MLH1+ ® MSH2-/MLH1-

Fig. 5. Ratio of MSH2/MLH1 immune phenotype according to A/P
type. HP - hyperplastic polyps, SA - serrated adenomas, TA - tu-
bular adenomas, TVA - tubulovillous adenomas, CC - carcinomas

Most of the A/P without dysplasia (56%) show mixed
MSH2/MLHI1 immune phenotypes with APC+ expres-
sion, and only 36% are MSH2+/MLH1+/APC+. 32.3%
of A/P with dysplasia were MSH2+/MLH1+/APC+, and
44% show mixed MSH2/MLH1 immune phenotypes
with APC+ expression, and in 22.8% with APC— expres-
sion (p<0.05).

In the right colon 50% of A/P are MSH2-/MLH1-/
APC+, and in the left colon 38% of the cases are MSH2+/
MLH1+/APC+, and only 26.4% are MSH2-/MLH1-/
APC+.

All A/P developed under 40 years of age are MSH2-/
MLH1-/APC+, and the ratio of this immune phenotype
decreases with age (25.4% over 40 years). 33.3% of A/P de-
veloped over 40 years of age are MSH2+/MLH1+/APCy+.

71.4%

37.5%

29.4% 18.7%

14.2%
12.5%

TA ' TVA ' HP ' SA ' cc .
——MSH2+/MLH1+/APC+ —li—MSH2-/MLH1+/APC+ —#&—MSH2-/MLH1-/APC+
Fig. 6. Evolution of MSH2/MLH1/APC immune phenotypes
according to A/P type. HP - hyperplastic polyps, SA - serrated

adenomas, TA - tubular adenomas, TVA - tubulovillous adenomas,
CC - carcinomas
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This immune phenotype is the most frequent in the 41 to
50 years (50%) and 71 to 80 years age groups (53.3%).

Discussions

In our study the APC protein expression was detected in the
majority of A/P (83%), in all HP and TA, and in the major-
ity of SA (87.5%) and TVA (55.5%). According to biblio-
graphic data, the A/P ratio with maintained APC expression
varies between 71 and 86.7% [7,8,9], which confirms our
observations regarding HP [10]. Instead, the APC positive
TA, TVA, SA ratio varies between 56 and 76% [7,8,10].
Our results show that APC expression decreases signifi-
cantly with the grade of dysplasia; similar results have been
obtained by Bortlik et al (20006) as well [8]. We noted that
A/P developed in young patients (under 40 years), and in
the right colon more frequently show decreased APC expres-
sion; this also has been noted by other authors [7,8].

MLH]1 and MSH2 expression was decreased in 40.6%,
and 45.7%, respectively, in A/P and in the majority of CC
(85.7%, and 71.4%, respectively). These ratios are lower in
other studies, both in case of A/P (3-20%) [11,12,13,14],
and CRC (2-33%) [12,14,15,16,17]. Oh et al. 2005 re-
ported a significant decrease of Mismatch Repair proteins
expression in CC, as compared to A/P [18]. Unlike other
authors, we observed that in case of HP and SA, MMR
proteins expression is much more decreased compared to
TA and TVA [11,12]. MMR immunoexpression did not
correlate with age and gender of the patients, and locali-
zation of A/P [11,12]. We observed that A/P developed
in the right colon and in young patients, more frequent-
ly have altered MMR expression. It is known that CRC
with MSI are poorly differentiated, located especially in
the right colon, and they are more frequent in women and
young people [15,16].

By correlating MMR expression and APC expression,
we noticed that the ratio of MSH2+/MLH1+/APC+ cases
decreases, and the ratio of MSH2—/MLH1-/APC+ cases
increases from TA, through TVA, HP, SA untl CC. In
about 30% of A/P with dysplasia mixed immune pheno-
type MMR occur with decreased APC expression, while
in case of A/P without dysplasia mixed immune pheno-
type MMR predominate with retained APC expression.
MSH2-/MLH1-/APC+ A/P are more frequent in young
patients and the right colon. According to our knowledge
there are no bibliographical references related to immune
phenotype changes in colon A/P.

Conclusions

APC immunoexpression decreases in adenomas/polyps
with dysplasia, and MLH1 and MSH2 expression is altered
especially in hyperplastic polyps and serrated adenomas.

Acknowledgements

This paper is partially supported by the Sectoral Op-
erational Programme Human Resources Development,
financed from the European Social Fund and by the
Romanian Government under the contract number

POSDRU/89/1.5/5/60782.

References

1. Kaur G, Masoud A, Raihan N, Radzi M, Khamizar W, Kam LS. Mismatch
repair genes expression defects & association with clinicopathological
characteristics in colorectal carcinoma. Indian J Med Res. 2011,
134(2):186-192

2. Takayama T, Miyanishi K, Hayashi T, Sato Y, Niitsu Y. Colorectal cancer:
genetics of development and metastasis. J. Gastroenterology 2006, 41:
185-192

3. Cheng L, Lai MD. Aberrant crypt foci as microscopic precursors of
colorectal cancer. World J Gastroenterol 2003, 9:2642-2649

4. Geiersbach KB, Samowitz WS. Microsatellite instability and colorectal
cancer. Arch Pathol Lab Med. 2011, 135(10):1269-1277

5. Snover DC. Serrated polyps of the large intestine. Semin Diagn Pathol
2005, 22: 301-308

6. Boparai KS, Dekker E, Polak MM, Musler AR, van Eeden S, van Noesel
CJ. A serrated colorectal cancer pathway predominates over the classic
WNT pathway in patients with hyperplastic polyposis syndrome. Am J
Pathol. 2011, 178:2700-2707

7. lwamoto M, Ahnen DJ, Franklin WA , Maltzman TH. Expression of
B-catenin and full length APC protein in normal and neoplastic colonic
tissues, Carcinogenesis. 2000, 21:1935-1940

8. Bortlik M, Vitkova |, Papezova M, Kohoutiva M, Novotny A, Adamec S.
Deficiency of Adenomatous Polyposis Coli protein in sporadic colorectal
adenomas and its associations with clinical phenotype and histology.
World Gastroenterol 2006, 12:3901-3905

9. Dai WB, Ren ZP, Chen WL, DU J, Shi Z, Tang DY. Expression and
significance of APC, beta-catenin, C-myc, and Cyclin D1 proteins in
colorectal carcinoma. Ai Zheng. 2007, 26:963-966

10. Kim DH, Kim JW, Cho JH, Baek SH, Kakar S, Kim GE, Sleisenger MH,

Kim YS. Expression of mucin core proteins, trefoil factors, APC and p21

in subsets of colorectal polyps and cancers suggests a distinct pathway

of pathogenesis of mucinous carcinoma of the colorectum. Int J Oncol.

2005, 27:957-964

.Molaei M, Yadollahzadeh M, Almasi S, Shivarani S, Fatemi SR, Zali MR.

Sporadic colorectal polyps and mismatch repair proteins. Indian J Pathol

Microbiol. 2011, 54(4):725-729.

12.Balbinotti RA, Ribeiro U Jr, Sakai P, Safatle-Ribeiro AV, Balbinotti SS,
Scapulatempo C, Alves VA, Corbett CE, Carrilho FJ. hMLH1, hMSH2 and
cyclooxygenase-2 (cox-2) in sporadic colorectal polyps. Anticancer Res.
2007, 27(6C):4465-4471

13.Lee KH, Lee JS, Nam JH, Choi C, Lee MC, Park CS, Juhng SW, Lee
JH. Promoter methylation status of hMLH1, hMSH2, and MGMT genes
in colorectal cancer associated with adenoma-carcinoma sequence.
Langenbecks Arch Surg. 2011, 396(7):1017-1026

14.Yasugi A, Yashima K, Hara A, Koda M, Kawaguchi K, Harada K, Andachi
H, Murawaki Y. Fhit, Mih1, P53 and phenotypic expression in the early
stage of colorectal neoplasms. Oncol Rep. 2008, 19(1):41-47

15.Kaur G, Masoud A, Raihan N, Radzi M, Khamizar W, Kam LS. Mismatch
repair genes expression defects & association with clinicopathological
characteristics in colorectal carcinoma. Indian J Med Res. 2011,
134(2):186-192

16.Yoon YS, Yu CS, Kim TW, Kim JH, Jang SJ, Cho DH, Roh SA,
Kim JC. Mismatch repair status in sporadic colorectal cancer:
immunohistochemistry and microsatellite instability analyses. J
Gastroenterol Hepatol. 2011, 26(12):1733-1739

17.Ashktorab H, Brim H, Al-Riyami M, Date A, Al-Mawaly K, Kashoub M, Al-
Mijeni R, Smoot DT, Al-Moundhri M, Al-Hashemi S, Ganguly SS, Raeburn
S. Sporadic colon cancer: mismatch repair immunohistochemistry and
microsatellite instability in Omani subjects. Dig Dis Sci. 2008, 53(10):2723-
2731

18.0h K, Redston M, Odze RD. Support for h(MLH1 and MGMT silencing as
a mechanism of tumorigenesis in the hyperplastic-adenoma-carcinoma
(serrated) carcinogenic pathway in the colon. Hum Pathol. 2005,
36(1):101-111

-
-



