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ABSTRACT

Background: Subjects having Lynch syndrome do not show any distinct features apart from
increased evidence of adenocarcinomas. As Lynch syndrome lacks any distinguished
phenotypic feature, its diagnosis is challenging.

Aims: The present study aimed to reveal the clinical presentation of Lynch syndrome and to
assess if there is a successive decrease in the age of presentation with the generations. The
study also aimed to assess if MLH1 mutation acts as a founder mutation for Lynch syndrome
and if genetic alteration constitutes the clinical presentation of the disease.

Materials and Methods: The Study included 12 families (40 subjects) having colorectal
cancer under the age of 50 years or at least two relatives (first/second degree) who had a
history of colorectal cancer at any age The TagMan SNP genotyping assay was done in all
the subjects and controls to assess the missense mutation in gees (MSH1, MLH2, MSH6, and
PSM 2). The collected data were statistically analyzed.

Results: Only 1 individual among the controls was carrying MLH1 mutation. Concerning the
haplotype analysis, in the selected 12 families a region of genes in a range of 1-3 Mb was
characterized with crossovers present. A shared haplotype was observed between upstream as
well as downstream haplotypes in the assessed families. This sharing of haplotype implied
that in different families compared, there are mutation events different from the
recombination, occurring in the markers of these families. The NREM model was applied
along with the COX-R model and these models showed that there was a constant decrease in
the consecutive generation regarding the mean age of first-time cancer diagnosis. This
decrease in the present study was shown to be by 2.2 years in consecutive generations in the
whole study cohort.

Conclusion: The results of the present study conclude that the clinical presentation of Lynch
syndrome depends on the gene mutated, environmental factors, and personal factors (age and
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gender). Although the Lynch syndrome incidence is lower globally, with the recent advances
in diagnostic criteria and surveillance, more cases with different clinical pictures are
identified recently. There was also seen a decrease in the age of detection of the first cancer
in Lynch syndrome in successive generations.

Keywords: CRC, Founder mutation, genetics, Haplotype, Lynch syndrome, mismatch repair
genes, Missense mutation, MLH 1. MSH2.

Keynote: Although genetic heterogeneity is associated with Lynch syndrome, a great
variation is seen in the phenotypic presentation of the disease. This heterogeneity can be
attributed to environmental alterations and genetic variations. This heterogeneity makes the
diagnosis as well as treatment for Lynch syndrome difficult. In clinical representation, Lynch
syndrome shows a very high risk for colorectal cancer in addition to ovarian cancer, cancer of
the biliary tract, pancreas, brain, urinary tract, and stomach. Rarely, associated lesions of the
skin can be encountered.

INTRODUCTION

Lynch Syndrome, which was earlier termed Hereditary Non-Polyposis Colorectal Cancer
(HNPCC), is a hereditary carcinoma travelling in autosomal dominant form from generation
to generation.? Lynch syndrome accounts for approximately 3-5% of the colorectal cancers
that exist. The main characteristics of Lynch syndrome are associated with high tumour
incidence in the ascending colon, early onset of colorectal cancer, a high number of
extracolonic manifestations (small bowel, endometrium, renal pelvis/ureter cancers), and
excessive metachronous and synchronous tumours.? Colorectal cancers associated with
Lynch syndrome, are characterized by adenocarcinoma in the ratio of 1:1.3

Henry Lynch in 1966 was the first to describe Lynch syndrome as the syndrome following
the autosomal dominant fashion with an average onset age of less than 45 years, having
approx. equal prevalence in males and females, and associated strongly with the
adenocarcinomas of the endometrium, colon, and stomach.*

Based on the criteria for its identification (Amsterdam criteria | and 1), the association of
small bowel/uterine pelvis or endometrial cancer, and association with the families and
relatives, Lynch syndrome was originally explained as a familial clustering entity.> However,
later the familial adenomatous polyposis was excluded and Bethesda Guidelines were
proposed in 1997 and were later revised in 2004.% These guidelines were described based on
tumour phenotype to identify patients at high risk of developing Lynch syndrome. Bethesda
guidelines also recommended the MSI (microsatellites) testing criteria.” MSI are the repeated
sequences found in tumour s with instability in their genome. The general guidelines of
Amsterdam criteria and Bethesda guidelines do not fit all the subjects with Lynch syndrome.
Also, the families which meet these guidelines and criteria may not show the genetic
alterations in the mismatch repair genes (MMR).8

Although genetic heterogeneity is associated with Lynch syndrome, a great variation is seen
in the phenotypic presentation of the disease. This heterogeneity can be attributed to
environmental alterations and genetic variations.® This heterogeneity makes the diagnosis as
well as treatment for Lynch syndrome difficult. In clinical representation, Lynch syndrome
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shows a very high risk for colorectal cancer in addition to ovarian cancer, cancer of the
biliary tract, pancreas, brain, urinary tract, and stomach. Rarely, associated lesions of the skin
can be encountered. These include keratoacanthomas and sebaceous lesions, which might be
indicative of Muir Torres (a rare variant associated with Lynch syndrome).1%1!

Subjects having Lynch syndrome do not show any distinct features apart from increased
evidence of adenocarcinomas. As Lynch syndrome lacks any distinguished phenotypic
feature, its diagnosis is challenging. 12 Hence, a detailed history of the family and relatives
concerning cancer, in a suspected subject is an important factor to reach a definitive diagnosis
of Lynch syndrome. This makes the diagnosis and decoding of the pattern of disease easy for
the clinician and the patient. To identify the inheritance pattern, the family pedigree for 2-3
generations along with age at the time of death and ethnicity should be judged.®

According to recent diagnostic criteria, Lynch syndrome is confirmed in patients with genetic
rearrangements, point mutations, and germline mutations in five genes which are considered
Mismatch repair genes (MMR). These genes are MutL homolog 1 (MLH1), MutS homolog 2
(MSH2), MutS homolog 6 (MSH®6), post-meiotic segregation increased 1 (PMS1), and post-
meiotic segregation increased 2 (PMS2).1* In the recent past, another germline (EPCAM) is
linked with Lynch syndrome, as a chromosome for EPCAM s located adjacent to that for
MSH2. However, genetic testing is available widely for Lynch syndrome, it is limited to
MLH 1 and MSH2 gene, as these two are the most frequently mutated. Early diagnosis is
warranted despite low incidence globally, to reduce associated mortality and tumour s in
affected individuals as well as family members.>¢

The present study was conducted to reveal the clinical presentation of Lynch syndrome and to
assess if there is a successive decrease in the age of presentation with the generations. The
study also aimed to assess if MLHZ1 mutation acts as a founder mutation for Lynch syndrome
and if genetic alteration constitutes the clinical presentation of the disease.

MATERIALS AND METHODS

The present study was carried out at and utilizing the data obtained from different cancer
institute of India. All the study subjects were asked for verbal as well as written informed
consent. The mean age group of the study subjects was 43.6 years with the age range of 38
years to 54 years. A total of 40 subjects were included for the trial from 12 families. All the
study subjects had MLH1 mutation with associated Lynch syndrome. To assess the
prevalence a cohort of 250 individuals from previous records was collected, and individuals
visiting the OPD (n=200) for routine check-up purposes were randomly included to serve as
the controls for the study. Tagman SNP genotyping assay!’ was done in all the subjects and
controls to assess the MLH1 mutation. Microsatellites (19) which were polymorphic and
were present around the MLH1 gene were subjected to PCR for amplification using
electrophoresis. The patients were regularly assessed from the time they first presented with
cancer.

The subjects were enrolled in the study based on the following inclusion criteria where the
tumour tissue from a colorectal cancer patient was available to be analyzed for MSI mutation,
colorectal cancer was diagnosed in one of the members from included 12 families before the
age of 50 years or if at least two relatives (first/second degree) had a history of colorectal
cancer at any age. In subjects where tissue was not available then for the screening of the
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mutation, at least one member should be present. The included 12 families with 20 subjects
met these inclusion criteria and hence, were included in the study. Among the study subjects,
there were individuals with no positive family history or relatives with colorectal cancer.
These subjects were detected with colorectal cancer before the age of 50 years.

A complete medical and family history was recorded for all the subjects, after which they
were divided, based on the Amsterdam criteria either | or Amsterdam criteria Il or as a non-
Amsterdam family. Those included in Amsterdam criteria were the families which had 3
individuals diagnosed with colorectal cancer including one relative and others younger than
50 years of age or had other associated cancer as per the Amsterdam criteria 11. Among
included 40 subjects 28 fulfilled the Amsterdam criteria and the remaining 12 were
considered non-Amsterdam families. Ethical Clearance for the study was obtained from the
institutional Ethical Review Board.

The MSI testing was done following the Bethesda guidelines from the dissected tumour
tissues. At least one tissue sample from each family was taken. Because of suspicion about
sporadic cancer in older individuals, the youngest member was chosen for tumour analysis
from the family. MSI testing was done based on conventional MSI testing. MLH1, MSH2,
MSHS6, and PMS2 assessment was done using immune-histochemistry. The patient's records
were thoroughly analyzed to detect the history of any surgery for cancer (hysterectomy/
polypectomy). For mutations, the described testing was done. The data stratification was
done for age, gender, gene mutation, and primary cancer. The collected data were statistically
analyzed.

RESULTS

Concerning the prevalence study included 250 cases from the previous medical records and
200 controls who visited the hospital OPD for routine check-ups were considered. Only 1
individual among the controls was carrying MLH1 mutation. Concerning the haplotype
analysis, in the selected 12 families a region of genes in a range of 1-3 Mb was characterized
with crossovers present. A shared haplotype was observed between upstream as well as
downstream haplotypes in the assessed families. This sharing of haplotype implied that in
different families compared, there are mutation events different from the recombination,
occurring in the markers of these families. The mutation in the MLH1 gene was found in all
the samples evaluated. The MLH1 mutation is found universally around the globe even
though it shows a very low allele frequency. The isolated population showed a more marked
effect of these mutations than the heterogeneous individuals.

The mean age of the study subjects when cancer associated with Lynch syndrome or
colorectal-associated cancer was 50 years and this reference age of the first diagnosis was
considered in this assessment. When this age was assorted based on the mutated genes i.e.,
MLH1, MSH2, MSH6, and PMS2 genes, the mean age was different for all the mutated
genes. For these genes, the mean age was 49 years, 51 years, 56 years, and 62 years
respectively for MLH1, MSH2, MSH6, and PMS2 genes. The NREM model was applied
along with the COX-R model and these models showed that there was a constant decrease in
the consecutive generation regarding the mean age of first cancer diagnosis. This decrease in
the present study was shown to be by 2.2 years in consecutive generations in the whole study
cohort. The stratification of the study subjects when done based on the genes which were
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mutated, then for the effects of anticipation, the assessed confidence interval for PMS2, and
MSH2 was shown to be away from null values, whereas, the anticipation effect was less
obvious for MSH6 and MLH1 gene. The anticipatory effects of genes in the consecutive
generation are summarized in Table 1 and Table 2 based on NREM and COX-R criteria
respectively.

As in various previous studies in the literature, the tumour spectrum in subjects with lynch
syndrome was analyzed in the present study along with the tumour frequencies of various tumour
s associated with Lynch syndrome. The relative frequencies of various tumours were analyzed
except for endometrial cancer and colorectal cancer, with these being the most common cancers.
In the study cohort, the most common cancer among males was the cancers of the urinary tract,
small bowel cancer, and gastric cancer. While in females, skin cancer, and ovarian cancers were
found commonly.

Concerning the genes where a mutation in Lynch syndrome is found, the number of study
subjects with PMS2 Had few mutations and hence this gene was not studied/investigated further in
the study. Patients having mutated gene MSH6 showed a 9% higher risk of developing cancer of
the upper GI tract. The subjects with MLH1 mutation had a higher number of small bowel,
pancreas, and gastric cancers. Study subjects with MSH 2 gene mutation had a high frequency of
ovarian (females), skin (females), urinary tract, small bowel, and urinary tract cancer.
DISCUSSION

The present study aimed to reveal the clinical presentation of Lynch syndrome and to assess
if there is a successive decrease in the age of presentation with the generations. The study
also aimed to assess if MLHZ1 mutation acts as a founder mutation for Lynch syndrome and if
genetic alteration constitutes the clinical presentation of the disease... Concerning the genes
where a mutation in Lynch syndrome is found, the number of study subjects Same as mentioned
above. Patients having mutated gene MSHG6 showed a 9% higher risk of developing cancer of
the upper Gl tract. The subjects with MLH1 mutation had a higher incidence of small bowel,
pancreas, and gastric cancer. Study subjects with MSH 2 gene mutation had a high frequency
of ovarian (females), skin (females), urinary tract, small bowel, and urinary tract cancer.

MSH 2 mutation was seen in the study subjects, the similar results were shown by the other
studies conducted in the population of Portugal in the study by Pinheiro M et al in
2013.%8This study showed recurrent mutations. In the present study as well as the study by
Pinheiro M et al'® the MSH2 mutation acted as the founder mutation in compliance with the
MLH1 mutation. These findings were also consistent with the findings by Tomsic J et al in
2012.%The evaluation of the risk for developing cancer in Lynch syndrome can be easily
assessed by considering these recurrent and founder mutations as a tool for risk assessment,
in addition to Single nucleotide polymorphism seen in the shared haplotypes as found in the
present study. These shared haplotypes with a missense mutation of the MLH1 gene are
found to be linked to extracolonic cancers, and this finding was shared between the present
study and the study by Minde DP et al in 2011.%°

The present study also showed MSH2 mutation to be highly linked with colorectal cancer in
males and ovarian cancer in females. In the study cohort, it was also seen that a higher risk
for ovarian cancer was associated with a missense mutation in genes MSH2 and MSH 6,
whereas, was not found associated with MLH1 mutation. A similar rise in ovarian cancer was
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seen associated with MSH2 mutation in the study by Stuckless S in 2007.2 Although ovarian
cancer is less common than cervical cancer, its prevalence is higher in Lynch syndrome as
confirmed by Coburn SB in 2017.%2

Apart from the genetic implications, despite various advances in the diagnostic criteria, the
mechanism behind these anticipations in genetics remains largely unknown. A molecular
mechanism is required to break the lock of the mechanism behind the hereditary transmission
of cancers in Lynch syndrome. Nowadays, surveillance for Lynch syndrome is started at an
earlier age before the cancer diagnosis, and this might be the reason for the decrease in the
age of cancer diagnosis in successive generations with Lynch syndrome.

The present study also indicated a relative increase in the cancers of the small bowel
concerning Lynch syndrome. Also, an increase in the cancers of the bile duct, stomach, gall
bladder, duodenum, and pancreas was seen. These findings were correlated with the findings
of the study by Ramsoekh D et al?® 2009 and Engel C et al** 2012 where an increased risk of
bowel cancer was associated with Lynch syndrome. Recently, another prospective study by
Dominguez-Valentin M et al?® in 2020 was found consistent with the present study where
upper GI tract cancer risk was associated with Lynch syndrome, and this increased risk was
also linked to the genetic implications. The missense mutation in genes MHS2 and MLH1
was linked with the increased risk of upper Gl tract cancers by 7% in Lynch syndrome.
Although ovarian cancer is less prevalent and more lethal in females when compared to
uterine cancer, breast cancer, and cervical cancer, this was contradicted in the present study.
However, the results of the present study depicted these findings, where a higher prevalence
of ovarian cancer was found in females with Lynch syndrome and mutation in genes MSH2
and MSH6. Similar findings were reported by the study ofMgller P et al?® in 2018where
subjects with MSH2 and MSH6 mutations had a higher prevalence of ovarian cancer in
premenopausal age by 17% compared to controls, and MSH2 mutation, besides, was found to
be associated with increased uterine cancer.

Concerning the association of skin cancers with Lynch syndrome, non-melanoma cancer was
found higher in females with Lynch syndrome. Muir-Torre is well linked to Lynch syndrome
which presents as a malignancy of the GI tract and sebaceous gland. An increase in
pancreatic cancer was seen in the study subjects. These findings were consistent with the
findings of Bansidhar BJ et al?’ in 2012 and Kastrinos F et al?® in 2009. Similar mutations
were seen in the study of Mgller P et al?® in 2018. Whereas, contradicted results were
reported by Barrow E et al in 2009 where authors reported the mutation in different germline
mutations.

CONCLUSION

The results of the present study conclude that the clinical presentation of Lynch syndrome
depends on gene mutation, environmental factors, and personal factors (age and gender).
Although the Lynch syndrome incidence is lower globally, with the recent advances in
diagnostic criteria and surveillance, more cases with different clinical factors are recently
described in the literature. There was also seen a decrease in the age of detection of the first
cancer in Lynch syndrome in successive generations. These findings are of particular
importance for genetic counseling and better public health screening programs.
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The missense mutation in genes such as MSH1, MLH2, MLHG6, and PMS2 is associated with
the different colorectal cancers based on the mutated gene. Also, associated cancers of the
upper Gl tract and female reproductive organs were highly associated with Lynch syndrome.
Despite advances in diagnostic tools for Lynch syndrome, a definitive diagnosis of the
syndrome is still lacking. It can be attributed to heterogeneity in the phenotype of study
subjects and environmental factors. The role of genetics is also debated largely in literature,
with few studies reporting no correlation of genetics with the clinical picture.

The decrease in the age of diagnosis in successive generations can be attributed to the
improvement in diagnostic tools. The study has a few shortcomings including the smaller
sample size, uniform sample with similar geographical and environmental factors of the study
subject, similar study design for all the subjects, and similar uniform criteria for inclusion.
Future studies should include wider genetic involvement with larger study samples from
different geographical areas and different environments. The subjects should be monitored
for a longer duration to reach definitive conclusions.
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Mutated Gene | NREM (anticipation effects in consecutive generation) p-value
MLH1 -1.84 0.042
MSH2 -2.68 0.006
MSH6 -1.67 0.384
PMS2 -7.21 0.018
Table 1: Anticipatory effects of genes in the consecutive generation (based on NREM)

. Mutated Gene | COX-R (anticipation effects in consecutive generation) p-value
MLH1 0.125 0.142
MSH2 0.268 0.003
MSH6 -0.007 0.985
PMS2 -0.592 0.064

Table 2: Anticipatory effects of genes in the consecutive generation (based on COX-R)
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