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INTRODUCTION

Both genetic and epigenetic alterations have the essential
role to evolve tumorigenesis phenomena. Chromosomal
instability, microsatellite instability (MSI) and CpG
island methylator phenotype pathways are responsible
for genetic instability in colorectal cancer (CRC).[*2

Microsatellite instability is genomic instability of short
tandem repeats. These are stretches of repeating units of
1-5 base pairs with 25-60 bp in length and are commonly
in the form of CA (bp) that are distributed throughout the
genome.® Actually, MSI is a molecular fingerprinting!* or
amutational signature that is the hallmark of CRC. It has
evolved as a result of inactivation of the DNA mismatch
repair (MMR) system.”®! MSI creates novel alleles

detectable as a change in allele size between tumor and
normal DNA. Expansion or contraction of these repeating
sequences due to increase or decrease in the repeat units
gives rise to what is referred to as MSI. Almost 15-24% of
all CRCs show MSI®! while in Lynch syndrome, including
nearly 3% of all CRCs, MSI is presented in almost all of
the casest® containing 20-25% of all MSI-CRCs. The rest
CRCs (75-80%) are due to the acquired loss of DNA MMR
activity caused by promoter hypermethylation of the
hMLH1 gene.” MSI is identified by polymerase chain
reaction (PCR) amplification of specific microsatellite
repeats. The existence of instability is determined by
comparing the length of nucleotide repeats in tumor cells
and normal cells.

One of the major clinical implications of finding MSI
tumors is that it is a cost-effective method to screen for
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Lynch syndrome. Once MSI tumors are detected, they can
then be tested for the germ-line mutation of the missing
MMR protein. It has a great impact on survival outcomes
for patients and their families through early introduction of
genetic counseling and cancer screening practices.

Colorectal cancer is the third most prevalent and the third
leading cause of cancer-related deaths in Iran® and its
incidence has been increased over the last three decades
in the Country." Since there is no enough data about
MSI status and associated clinicopathologic features of
hereditary nonpolyposis colorectal cancer (HNPCC) in
Iran, our study is a new trial to describe them in center of
Iran (Isfahan).

MATERIALS AND METHODS

Screening method

We used a descriptive retrospective study to identify
CRC patients at risk Lynch syndrome in Central Iran. Our
samples were screened from 1659 CRC patients registered
in Poursina Hakim Research Center (PHRC), an referral
gastroenterology clinic in Central part of Iran, Isfahan,
during about 14 years, from 2000 to end of 2013. We called
patients who met Amsterdam II criteria contain: Three or
more relatives with an associated cancer (CRC, or cancer
of the endometrium, small intestine, ureter or renal pelvis,
hepatobiliary tract, brain, skin, breast, and etc); two or
more successive generations affected; one or more relatives
diagnosed before the age of 50 years; one should be a first-
degree relative of the other two; familial adenomatous
polyposis should be excluded in cases of CRC; tumors
should be verified by pathologic examination.!"

Microsatellite instability testing

For MSI analysis, we need both tumor and healthy tissue
DNA. The National Cancer Institute recommended a panel
included two mononucleotide markers (BAT25 and BAT26)
and three dinucleotide markers (D25123, D55346 and
D175250) to analyze MSL"%! According to some studies,
mononucleotide markers have higher specificity and similar
or better sensitivity than dinucleotide markers to identify
an MSI-High (MSI-H) phenotype.l'*

We used a commercially kit from Promega Corporation
(MSI Analysis System, Version 1.2, Madison, USA) that
evaluates just mononucleotide markers (BAT-25, BAT-26,
MONO0-27, NR-21 and NR-24). Moreover, it contains two
pentanucleotide markers (Penta C and Penta D) as specimen
identification markers to detect specimen mix-ups. After a
fluorescent multiplex PCR amplification of the markers,
samples are sequenced to fragment analysis. In this process,
allelic profiles of amplified microsatellite markers are
compared from matching pairs of test samples, which may
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be MMR-deficient, and normal tissue samples. If new alleles
are observed in the tumor sample without their presence
in the corresponding normal sample, MSI is confirmed.
Tumors are considered as MSI-H if at-least two markers of
the quintet show instability and MSI-Low (MSI-L) if only
one marker is unstable.

Data analysis
We analyzed the obtained data by SPSS 16 software package
(SPSS Inc., Chicago, IL, USA).

Ethical approval

Ethical approval was received from the medical ethics
committee of Shahrekord University of Medical Sciences
(Research project Number: 91-01-70-1364). The research was
carried out according to principles set out in the Declaration
of Helsinki 1964 and all subsequent revisions, informed
consent was obtained, and the privacy and confidentiality
were observed throughout the study.

RESULTS

Altogether 1659 CRC patients had been registered in
PHRC within a 14-year period (2000-2013). Of these
413 patients (24.9%) were <50 years at diagnosis.
Among 219/413 successful calls, 45 HNPCC families
were eventually selected using Amsterdam II criteria
for molecular testing stage of which 14 probands were
omitted due to lack of their tumor tissues or being
unwilling for incorporation.

Of 31 studied HNPCC probands, 9 patients (~29%) showed
MSI in their tumor tissues (6 patients [19.4%] with MSI-H).
The proportion of male to female in microsatellite stable
(MSS) probands was 11/11 = 1, and in MSI probands it
was 6/3 = 2. Among quasimononucleotide markers used
in MSI testing, BAT-26 was the most instable marker with
instability in 7/31 MSI tumors (22.6%), both BAT-25 and
NR-24 markers showed instability in 6/31 (19.3%), and both
MONO-27 and NR-21 markers were instable in 5/31 (16.1%)
MSI-CRC tumors.

In 4/6 MSI-H patients all markers were instable (66.6%),
and among two rest patients, one showed instability in
four markers (except MONO-27) and the other showed
instability in two of them (BAT-26 and NR-24) [Figures 1
and 2].

The mean age at diagnosis in MSS, MSI-L, and MSI-H
probands was respectively 44.7, 51.7, and 36.0 years
(P=0.123).

The most common tumor sites in CRC probands with MSS,
MSI-L, and MSI-H phenotype were rectosigmoid (~72.8%),
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Figure 1: Frequency of five quasimononucleotide markers in 31 HNPCC tumors
according to instability state. HNPCC = Hereditary non-polyposis colorectal
cancer

rectum (~66.7%), and right colon (50.0%), respectively.
Although in MSS probands, just 18.2% of the CRC tumors
were located in the right side of the splenic flexure, in MSI-H
tumors it was about 70%.

Overall, there was history of 186 cancer patients within
our 31 HNPCC families (103 men or 55.4%) of which
86 patients (46.2%) had been affected by CRC tumors
and 100 patients (53.8%) by extracolonic cancers. The
average of cancer patients among MSS, MSI-L, and
MSI-H groups of the HNPCC families was 5.4, 7.7,
and 6.0 patients per family, respectively (P = 0.12).
Moreover, the average of CRC affected members among
MSS, MSI-L, and MSI-H groups of our HNPCC families
was 2.2, 3.3, and 4.7 patients per family, respectively
(P=0.014). Meanwhile, the average of affected members
by extracolonic cancers in these three groups was 3.2,
4.3, and 1.3 patients per family (P = 0.045). Moreover,
the proportion of CRC patients to all cancer patients was
40.3%, 41.7%, and 65.1% among MSS, MSI-L, and MSI-H
groups of these families, respectively.

Among extracolonic cancers, stomach, lung, and breast
with respectively: 18.3, 15.5, and 11.3% were most
common involved organs in MSS group of the studied
families. In males of this group, lung and stomach with
28.9 and 23.7%, and among their females, breast and
brain with 24.2 and 15.2%, respectively, were the most
prevalent involved organs by extracolonic cancers.
Moreover in MSI-L families, breast and brain equally with
21.4%, and hepatobiliary tract with 14.3%, and in MSI-H
families, stomach and hematopoietic system with 26.7 and
20.0%, respectively, were evaluated as the most common
involved organs. Among the males of MSI-H families,
stomach and hematopoietic system with 25.0 and 33.3%
were the most prevalent involved organs by extracolonic
cancers. While in females of this group, 84.2% of cancers
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Figure 2: An example of microsatellite instability in one of our DNA
electropherogram Traces: It is related to three quasimononucleotide markers
including NR-21, BAT-25, and MONO-27, indicating normal stability state in
upper sample (153453 3) as normal healthy tissue, and instability state in every
three markers in lower sample (153454 4) as tumor tissue

were CRC, and then breast, uterus, and hepatobiliary
tract equally with 33.3% of all extracolonic cancers were
the most common involved organs [Table 1].

Overall, respectively, 8, 10, and 18 different organs were
affected within MSI-H, MSI-L, and MSS families.

According to pathologic reports of the probands’ tumors,
the most common pathologic phenotype in MSS and MSI-L
CRC tumors was “well differentiated Adenocarcinoma”
with 31.8 and 66.7%, respectively; while in MSI-H CRC
tumors, “moderate differentiated Adenocarcinoma” with
50.0% was evaluated as the most common pathologic
phenotype.

Moreover, 63.6% of MSS CRC tumors of the probands
have been diagnosed in late pathologic TNM stages
(stages III or IV) while 100% and 83.3% of MSI-L and
MSI-H CRC tumors, respectively were diagnosed in
these late stages.

Overall 12/31 (38.7%) of the probands had been deceased at
our study time. The proportion of the deceased probands
among MSS, MSI-L, and MSI-H groups was 31.8%, 100%,
and 33.3%, respectively.

The survival period of the probands, the interval between
diagnosis time and date of death or date of analyses were
averagely calculated for MSS, MSI-L, and MSI-H group of the
probands as: 6.1, 2.0, and 5.8 years, respectively (P = 0.341).
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Table 1: Percentage of different types of cancer among Amsterdam-Il positive families according to MSI status and gender

MSI status Cancer type Gender
Male Female
Frequency Percentage Frequency Percentage
MSS Colorectal 28 42.4 20 37.7
Kidney 1 1.5 0 0.0
Brain 1 1.5 5 9.4
Skin 2 3.0 1 1.9
Thyroid 2 3.0 0 0.0
Hematopoietic system 1 1.5 1 1.9
Testis 1 1.5 0 0.0
Bone 1 1.5 1 1.9
Pancreas 1 1.5 0 0.0
Nasopharynx 0 0.0 1 1.9
Intestine 1 1.5 4 7.5
Stomach 9 13.6 4 7.5
Hepatobiliary tract 2 3.0 3 5.7
Breast 0 0.0 8 15.1
Lung 1 16.7 0 0.0
Prostate 3 4.5 0 0.0
Uterus 0 0.0 4 7.5
Bladder 2 3.0 1 1.9
Total 66 100 53 100
MSI-L Colorectal 6 46.2 4 36.4
Brain 2 15.4 1 9.1
Hematopoietic system 0 0.0 1 9.1
Testis 1 7.7 0 0.0
Intestine 0 0.0 1 9.1
Stomach 0 0.0 1 9.1
Hepatobiliary tract 2 15.4 0 0.0
Breast 0 0.0 3 27.3
Lung 1 7.7 0 0.0
Prostate 1 7.7 0 0.0
Total 13 100 11 100
MSI-H Colorectal 12 50.0 16 84.2
Hematopoietic system 3 12.5 0 0.0
Stomach 4 16.7 0 0.0
Hepatobiliary tract 1 4.2 1 5.3
Breast 0 0.0 1 5.3
Lung 2 8.3 0 0.0
Prostate 2 8.3 0 0.0
Uterus 0 0.0 1 5.3
Total 24 100 19 100

MSS = Microsatellite stable; MSI = Microsatellite instability; MSI-L = Microsatellite instability-low; MSI-H = Microsatellite instability-high

DISCUSSION

We evaluated in this study, tumor MSI state in index
CRC patients among 31 identified HNPCC families
within Central Iran for the 1 time. Screening process was
performed according to genetic counseling of at-risk families
for HNPCC given the Amsterdam II criteria. Somewhat high
prevalence of familial CRC among our population and the
limitation of our financial resources made us using these
more specific criteria. Meanwhile, we had not an explicit
visage of molecular aspects in our HNPCC families to
establish a systematic, population-based screening program
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in our population. So, running this study could help us to
elucidate partially this vague state.

Microsatellite instability prevalence

Sole 29% of screened CRC probands showed MSI in
their tumor tissues of which 19.4% demonstrated MSI-H.
Apparently, it is lower than similar studies on different
populations around the world. For example, in a recent
Spanish study, 80% of CRC patients with Amsterdam or
Bethesda criteria had MSI positive tumors.l"! In addition
in another study, 59.4% of Amsterdam I-positive CRC
probands had MSI tumors.['”! Although some Iranian studies

| February 2015 |



Zeinalian, et al.: Tumor microsatellite instability in patients at risk for Lynch syndrome

have shown high relative frequency of MSI among sporadic
CRC tumors,[® given the lack of enough data regard
to MSI status among Iranian HNPCC patients, it seems
more evaluation is necessary. Meanwhile, more molecular
analyses are advisable to explore possible, unknown DNA
loci among MSS patients.

As above, the frequency of instability among
5 quasimononucleotide markers of pentaplex Promega
panel in our MSI-CRC tumors was between 19.2% (MONO-
27 and NR-21) and 29.2% (BAT-26). In other words, all
of these five markers were determinant to diagnose MSI
status of our HNPCC probands. Nevertheless, different
studies have presented variable molecular phenotypes
for these markers. For example, in a recent Iranian
study on 80 sporadic CRC patients, the most instable
markers were NR-21, NR-24 with 45%. In this study,
NR-27 with zero and BAT-26 with 6.7% instability were
the most stable markers.? Other similar studies among
different ethnic populations around the world have
shown various results.?"#! Apparently, instability feature
of mononucleotide markers differs among different
populations due to an ethnic variation in frequency of
different mononucleotide markers. Moreover, may be it
differs in sporadic CRCs compared to HNPCC CRCs, an
issue about which more evaluations are necessary.

Clinicopathologic features

Microsatellite instability-H group of our probands had
been affected averagely 7 years earlier than MSS group.
Moreover, the proportion of CRC tumors localizing in the
right colon among MSI-H probands to MSS group was near
4-fold (70% vs. 18%), while all of MSI-L tumors localized
in distal colon. This is like to other similar studies among
different populations in which there are findings for early
onset and proximal localization of majority of MSI-H
tumors. 724241

The average of CRC patients among the MSI-H families
was significantly >2 other groups (4.7 patients vs. 3.3 and
2.2 in MSI-L and MSS families, respectively). Meanwhile,
the average of extracolonic cancer patients among the MSS
families was about 2.5-fold of MSI-H families (3.2 vs. 1.3).
Similar previous studies have presented more relative
frequency of CRC patients among Lynch syndrome-affected
families compared to those affected by familial colorectal
cancers.['727%]

The most prevalent extracolonic cancers among males of
MSS families were in lung and stomach, and among their
females in breast and brain, respectively. Although gastric
and breast cancers have been the most common cancers
among Iranian population in recent decade,*” apparently
some unknown inheritable molecular changes are accused
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for familial aggregation of less prevalent cancers like
brain in these families. Meanwhile, similar environmental
conditions in interaction with some particular genotypes
may lead to familial aggregation of some less inheritable
cancers including lung and hematopoietic system.**? The
most prevalent extracolonic cancers among males and
females of MSI-H families were in stomach and breast,
respectively, compatible with current epidemiologic pattern
of cancers among Iranian general population.”” It again
could determine significance of the environmental factors
in tumorgenesis among these families in interaction with
some molecular phenotypes.

As we mentioned, of 18 different organs involved
in cancer patients among the families, just 8 organs
were affected within MSI-H families. Whereas, 18 and
10 different involved organs were seen among MSS
and MSI-L families, respectively. Apparently, familial
aggregation of distinct cancers involving multiple organs
among MSS HNPCC families is more extensive than
MSI group. It could correspond to different underlying
molecular pathology of MSS probands compared to MSI
group of them, suggesting a new cancer-causing gene or
genes responsible for tumorigenesis in multiple organs
than only colorectal tract or a few associated organs. It
is, apparently, different from some similar studies on
other populations, discussing a heterogeneous feature
of the disease among various communities.'” It could
also discuss new definitions to describe HNPCC families
based on some new molecular phenotypes; an issue
around which more evaluations should be administered.
Moreover, multiple organ involvement among MSS
HNPCC families or “familial CRC type X” families
according to some authors”# suggests that the current
cancer screening guidelines for HNPCC like annual
colonoscopy or transvaginal ultrasound is somewhat
questionable.

“Well differentiated Adenocarcinoma” was the most
prevalent pathologic feature of the MSS CRC tumors;
while among MSI-H CRC tumors, the most common was
“moderate differentiated Adenocarcinoma”. According to
different studies, MSS HNPCC patients have had less often
poorly differentiated Adenocarcinoma in comparison to
MSI HNPCC patients.!727%]

We found more MSI probands in late pathologic TNM
stages than MSS group while there was no statistical
difference between them regard to their survival period.
It could be corresponded to better survival among MSI
group of the probands than MSS group of them; the
fact that other similar studies have pointed to it.[%?53
Meanwhile, more evaluations within our population are
recommended.
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