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Abstract

Colorectal cancer (CRC) is the second leading cause of cancer among men and women and represents the
leading cause of cancer death in Puerto Rico. Familial CRC accounts for 10-15% of the total CRC cases, with Lynch
syndrome (LS) implicated in 2-4% of cases. Limited information is available on the prevalence, clinical
manifestations, and genetic mutations of hereditary CRC in USA Hispanics. In this paper we report a PMS2 mutation
in a Puerto Rican Hispanic patient with LS recruited through the Puerto Rico Familial Colorectal Cancer Registry. At
the age of 35 years our proband was diagnosed with endometrial cancer with parotid cancer established the
following year. A diagnosis of Lynch Syndrome was established through analysis of protein expression by
immunohistochemistry and genetic sequencing of mismatch repair genes. Mutation in the PMS2 gene is rarely
linked with LS. This case report adds Parotid Carcinoma to the spectrum of malignant conditions associated to LS.
We emphasize on the importance of genetic testing in at-risk patients for hereditary CRC from various racial
backgrounds, and underscore the need for genetic counselling of patients and their family members. Recognition of
LS carriers will allow early detection of malignant condition and the implementation of effective therapy, which will
ultimately improve prognosis.
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Introduction

In Puerto Rico (PR), Colorectal cancer (CRC) is the second leading
cause of cancer among men and women [1]. During the last decade,
the mortality rate of CRC in PR has remained high and it is the first
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leading cause of cancer death, accounting for 13.1% of cancer deaths in
men and 13.6% in women [1]. In the United States (US), CRC is the
third leading cause of cancer death in Hispanics, accounting for 16.1
deaths per 100,000 men and 10.7 deaths per 100,000 women [2].
Familial CRC is implicated in 10-15% of all CRCs [3,4], and several
studies suggest that inherited genetic factors have a major influence in
the pathogenesis of up to one third of all CRC cases [5]. Lynch
syndrome (LS), also known as hereditary nonpolyposis colorectal
cancer (HNPCC), is the most common hereditary CRC syndrome and
is responsible for approximately 2-4% of all CRC cases [6,7]. The
Amsterdam criteria are a set of diagnostic criteria used by physicians
to help identify families that are likely to have LS, which was revised to
increase the sensitivity by also including the LS-tumor spectrum and
the MSI tumor testing results as part of the criteria [6,7].

LS is a highly penetrant, autosomal dominant cancer-prone
syndrome caused by germline mutation in one of the four mismatch
repair (MMR) genes: mutL homolog 1 (MLHI), mutS homolog 2
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(MSH2), mutS homolog 6 (MSH6), postmeiotic segregation increased
DNA mismatch repair (PMS2), or deletions in epithelial cell adhesion
molecule (EPCAM) gene [6,7]. Deletions in the 3’ end of EPCAM
causes silencing of the neighboring MSH2 gene by hypermethylation
of the promoter resulting in loss of MSH2 expression without
detectable MSH2 germline mutation [6]. MMR genes products are
responsible for maintaining genomic integrity by correcting nucleotide
errors that have escaped the usual editing function of DNA polymerase
[6]. This results in genomic microsatellite instability (MSI), an
increased mutation rate through the accumulation of DNA polymerase
errors [6,8]. Therefore, loss of MMR promotes neoplasia and is
associated with a lifetime risk of 40-80% of malignant transformation
[6,8]. Target organs at risk for malignancy include CRC and
endometrial cancers, followed by ovarian, gastric, small bowel,
hepatobiliary tract, pancreas, urinary tract, brain, skin, and cutaneous
sebaceous glands [6,9]. A number of unusual sites associated to the
mutation have been recently described including breast, prostate, lung,
thyroid, adrenal cortex, sarcomas, and melanomas, show MMR
deficiency and are being reported in patients with LS [9,10].
Nevertheless, parotid cancer has not been reported as part of the
spectrum of “unusual tumors” due to absence of clinical evidence to
support their inclusion into the LS-cancer spectrum nor to
recommend general screening and surveillance guidelines for LS [9].

Studies suggest that there are differences in cancer risks depending
on the gene that is mutated, increasing the CRC risk in families
diagnosed with MLH1 mutation [6,11]. Cases with MLH1 deficiency
are diagnosed at a younger age compared to MSH2 and MSHS6, with a
median age of 40 years for any cancer and 41 years for CRC [11].
MLH1 and MSH2 mutations often occur in families that fulfill
Amsterdam criteria with tumors that are MSI-high (MSI-H).
Histologically these neoplasms are characterized by the “presence of
tumor infiltrating lymphocytes, Crohn’s-like lymphocytic reaction,
mucinous/signet-ring differentiation, or medullary growth patterns”
[12]. Deficiency of MSH2 is associated with a higher risk of
extracolonic tumors [6]. MSH6 mutations have later onset, higher risk
of endometrial cancer, and/or MSI-low (MSI-L) [6,13]. Information
regarding cancer risks for PMS2 gene mutation is limited, but in
general the 4 overall cancer risks appear to be lower. [14]. CRC in
heterozygous PMS2 patients is located predominantly proximal to the
splenic flexure, show MSI, and behave mostly like sporadic CRC with
no significant family history of any LS-associated cancer [13,15].

The clinical consequences of PMS2 germline mutations are poorly
understood compared with other MMR gene mutations [7,14]. This is
primarily due to the limited number of carriers described to date and
the lower penetrance compared to the other MMR genes [14,15].
PMS?2 is a MutL homologue MMR gene located on chromosome 7p22,
which interferes with the analysis of such mutations given the presence
of a large family of pseudogenes located on the same chromosome,
resulting in missed diagnoses of PMS2 mutations [13-15]. There are up
to 15 non-functional PMS2-related genes on the long arm resembling
the 5” end of PMS2 exons 1-5 and one 98% identical to the 3’ end of
exons 9 and 11-15, which is known as PMS2CL and was detected by
Nakagawa et al. [15]. However, most of these complications have
recently been overcome with long range polymerase chain reaction
(PCR) to amplify the PMS2 gene rather than its pseudogenes, thus
detection of such mutations is more accurate except for exons 13-15 in
which pseudogene-related conversion may confound the analysis
[7,15].

In addition to LS, PMS2 mutation is associated with other
hereditary cancer predisposition syndromes such as Turcot syndrome
and Constitutional MMR-deficiency (CMMR-D) syndrome [16,17].
Previous reports of individuals with biallelic germline PMS2 mutations
typically present with malignancy at younger age and have a distinct
phenotype from the classic LS, often consisting of gastrointestinal and
hematologic malignancies, brain tumors, and features of
neurofibromatosis type 1 including café-au5 lait-spots [14,16].
Another profile that is suggestive of PMS2 mutation has been recorded
in one prior report of Muir-Torre syndrome (MTS) [18], which is a
phenotypic variant of LS and comprises approximately 1-3% of LS
families [19,20]. In such study, isolated loss of PMS2 in
immunohistochemistry (IHC) staining was recorded in 1 of 12 MMR
deficiency cases [18]. The most common associated neoplasms in MTS
are CRC, genitourinary tumors, breast carcinomas, and hematologic
disorders [19]. Other less common malignancies include those of the
parotid gland, larynx, biliary tract, small intestine, lung,
paraganglioma, and chondrosarcoma [19].

Variants of uncertain significance (VUS) limit the interpretation of
genetic testing results among Hispanics who undergo germline genetic
testing, due to the little information available on the prevalence,
clinical manifestations, and genetic mutations in the USA Hispanics
with LS [21]. Published data suggests that mutations in the PMS2 gene
are rare in the etiology of LS. Mutations in MLH1 and MSH2 account
for approximately 60-80% of all LS cases, while PMS2 mutations
represent 1-13.7% [17,22]. Furthermore, the majority of families with
PMS2 mutations do not comply with the Amsterdam criteria [23]. It is
important to understand the clinical manifestations and risks of PMS2
mutations for adequate screening, surveillance, and counseling. Using
the PR Familial Colorectal Cancer Registry (PURIFICAR), we
identified patients for LS who have had germline genetic testing [24].
The aim of this study was to report the unusual clinicopathological
phenotype of a germline PMS2 mutation found in a Caribbean
Hispanic patient with LS recruited through PURIFICAR.

Methods

Recruitment

The proband was identified through PURIFICAR [24]. Individuals
with either personal or family history of possible familial CRC and/or
polyposis are referred to PURIFICAR by gastroenterologists,
oncologists, and colorectal surgeons [21]. This registry was established
in 2006 at the University of PR Comprehensive Cancer Center
(UPRCCC) and has received support from the National Institutes of
Health, UPRCCC, the PR Gastroenterology Association (http://
www.gastropr.org), and the PR Colorectal Cancer Coalition (http://
cancercolonpr.org) [21]. Subjects enrolled are USA and Caribbean
Hispanics with clinical and/or genetic diagnosis of familial
adenomatous  polyposis  (FAP), attenuated FAP  (AFAP),
hamartomatous polyposis syndrome, or LS [25]. Probands are referred
to the University of Puerto Rico (UPR) Cancer Genetics Clinic where
they are offered genetic counseling and testing, diagnostic and
surveillance endoscopic procedures, referral to specialists, and
communication with insurance companies to facilitate approval of
services [25]. A Daseline questionnaire capturing medical,
environmental exposures and cancer family history is completed for
each consented proband [25]. Pedigrees for each proband are
completed to trace the number of affected relatives with polyposis
and/or cancer using PROGENY or INVITAE software [26,27].
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Medical, surgical and pathology reports are obtained from medical
records to confirm cancer diagnosis notified by probands. Affected
family members living in PR and USA are also invited to participate in
the registry. According to Cruz-Correa et al, in this registry 35
individuals have been diagnosed with LS, consisting of 14 males and 21
females, with a mean age of CRC at 46.3 (+ 13.4) years and the
following distribution of LS mutations: 66.7% in the MSH2 gene,
25.0% in MLHI1, and 8.3% in MSH6 [25]. For the current study,
analysis was limited to the proband and her family.

THC analysis

Commercial IHC analysis for the presence of MLH1, MSH2, MSHS,
and PMS2 proteins was evaluated in endometrial and parotid tumor
blocks.

Genetic sequence analysis

Genetic diagnosis of LS was established by identifying mutation
with commercial sequence analysis, Ambry Genetics Corp. [28]. DNA
was extracted from peripheral blood samples that were sent to Ambry
Genetics Corp. for molecular testing. As part of this process, Ambry
Genetics Corp. performed full gene deletion/duplication analysis using
the PMS2 SALSA multiplex ligation-dependent probe amplification
(MLPA) KIT P008-B1, but it cannot accurately assess if deletions/
duplications in exons 13-15 occur in the PMS2 gene or a pseudogene
[28]. Thus, if a deletion is detected in exons 13-15, Ambry Genetics
Corp. performs double stranded sequencing of the appropriate exon(s)
of the pseudogene PMS2CL to determine if the deletion is located in
the PMS2 gene or pseudogene [28].

Analytical Range: According to Ambry Genetics Corp., PMS2 exons
1-15 coding domains plus at least 20 bases into the 5’ and 3’ ends of all
the introns and untranslated regions are analyzed by sequencing. Gross
deletion/duplication analysis determined gene copy number for exons
1-15 of PMS2 [28].

Results

Patient history

Our proband, defined as the first person in the family in which the
mutation was detected, is a 36-year-old female with significant medical
history of idiopathic thrombocytopenic purpura, endometrial cancer,
and parotid cancer. She has no history of alcohol, cigarette smoking, or
drug use. She was first diagnosed with endometrial cancer at the age of
35 years (2013) by endometrial biopsy, which determined a well-
differentiated adenocarcinoma, FIGO grade I, nuclear grade 1. IHC
studies performed were focally positive for p-16, p-53, KI-67, and
positive for betacatenin- A, vimentin, estrogen receptor, and
progesterone receptor. She then underwent abdominal hysterectomy
and pathologic analysis confirmed endometrial adenocarcinoma with
FIGO grade II/III, nuclear grade 3/3, invading less than half of the
myometrium. Neither endocervical nor vascular invasion was
identified and it was classified as FIGO stage IA. In 2014, at 36 years of
age, she developed a painless swelling near her right ear and was
referred for sonographically-guided fine needle aspiration (FNA) of
the right parotid gland. FNA was suspicious for low-grade
mucoepidermoid carcinoma (MEC) and the differential diagnosis also
included a mucus retention cyst or mucocele. CT scan of the neck
revealed a small right parotid gland nodular lesion and scattered
discrete lymph nodes on the right jugulo-digastric space and left

submandibular region; excision was suggested to exclude malignancy.
Subsequently she underwent right parotidectomy with lymph node
biopsy. Pathologic analysis confirmed low-grade MEC measuring 1.0
cm without lymphatic, vascular, and perineural invasions. She was
then referred by her oncologist to the UPR Cancer Genetics Clinic
after the endometrial tumor revealed absence of PMS2 expression on
IHC assays for MMR proteins. Surveillance
esophagogastroduodenoscopies and  colonoscopies have been
unremarkable, asides from hiatal hernia and hemorrhoids. The
proband’s family history was also positive for cancer in her paternal
side: CRC in her father’s uncle, endometrial cancer in her father’s
cousin, breast cancer in her father’s cousin and father’s aunt, CRC and
ureteral cancer in her grandfather. A detailed pedigree is shown in
Figure 1.
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Figure 1: A detailed pedigree.

Our proband’s family pedigree does not comply with Amsterdam
criteria. It shows five family members with history of cancer in her
paternal side. In the first generation family line, the proband’s paternal
grandfather was diagnosed with CRC and ureter cancer, her father’s
maternal uncle with CRC, and her father’s maternal aunt with breast
cancer. In the second generation, one of her father’s maternal cousins
was diagnosed with breast cancer and another one with endometrial
cancer. In the third generation, the proband was diagnosed with
endometrial and parotid cancers. A full detailed pedigree is shown in
Figure 1.

THC and Genetic analysis: Commercial IHC analysis of the
proband’s endometrial tumor expressed MLH1, MSH2 and MSH6
proteins, with absence of PMS2 protein expression, as shown in Figure
2. Genetic sequence analysis done by Ambry Genetics Corp. detected
that the proband is heterozygous for the p.S461 pathogenic mutation
located in exon 2 of PMS2. This alteration is caused by a G>T change
at the nucleotide 137 (c.137G>T). This single nucleotide substitution
leads to a missense mutation, where the serine at codon 46 is replaced
by isoleucine, an amino acid with differing properties [28]. Since
parotid malignancy has been reported in MTS [19], we considered the
proband’s parotid MEC as one of the “unusual LS tumors” and we
ordered THC staining for all MMR proteins. However, her parotid
tumor IHC staining was positive for all MMR proteins, as shown in
Figure 3.
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Figure 2: Endometroid adenocarcinoma, H&E 400x. a,b,c: MLHI,
MLH2, and MSH6 proteins by immunohistochemistry technique
(DAB) expressed in the tumor and stroma d: PMS2 protein is not
expressed by the tumor (stroma as an internal control is positive)
Technique for detecting MSI proteins: Primary antibodies and
detection system by DAKO, Carpinteria, California, USA.
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Figure 3: Mucoepidermoid carcinoma, low grade, H&E 400x.
abcd: MLHI, MLH2, MSH6, and PMS2 proteins by
immunohistochemistry technique (DAB) expressed in the tumor
and stroma.

Discussion

LS is a highly penetrant syndrome that is inherited in an autosomal
dominant pattern and affects less than 5% of all CRC cases [6]. It is
associated with germline mutations in MMR genes, which increases
risk for CRC and endometrial cancer, followed by gastric, ovarian,
urinary, sebaceous glands, and brain cancers [6,9]. The Amsterdam
criteria has been used to identify families with this inherited
syndrome, however it has limited sensitivity and specificity since 40%

of families with MMR gene mutation do not meet this criteria and
approximately 50% of families who meet the Amsterdam criteria do
not have detectable defect in the MMR genes [6]. Therefore, various
physicians have been screening CRC and endometrial tumors for LS at
the time of surgical diagnosis, often using IHC to assess the status of
MMR proteins, which allows for the identification of individuals at
increased risk regardless of their age or family history and facilitates
the search for mutations by indicating the most likely mutated gene
based on the absence of its protein in the tumor [14]. So far, the most
reliable way to diagnose LS is to detect a mutation in the MMR genes
of the suspected patient [2], most of them in the MLH1 and MSH2
genes [29]. The most common MMR gene affected in non-Hispanic
populations is MLHI1 [29]. In contrast, the mutation spectrum in
Caribbean Hispanics portrayed by our group is composed mostly of
MSH2, followed by MLH1 and MSHS6 [25]. Also, our group described
a novel MLH1 gene mutation ¢.2044_2045del found in one Hispanic
family from PR [21].

Our familial cancer registry, PURIFICAR, contains 35 Hispanic
families with MMR mutations or MMR protein deficient tumors.
Through this registry we identified our proband, a 36-year-old female
diagnosed with endometrial cancer at age 35 and parotid cancer at age
36. Her family history presents with cancers highly associated with LS
such as CRC, ureteral cancer, and endometrial carcinoma (Figure 1).
Upon the evaluation of the proband’s MMR sequence analysis, we
found the individual is heterozygous for the p.S461 mutation in the
PMS2 gene. Because the development of improved PMS2 mutation
diagnostic measures is recent, clinical reports concerning heterozygous
PMS2 mutation carriers include small cohorts [7]. Previous studies
described a lower PMS2 mutation penetrance for CRC and
endometrial cancer compared with MLH1 and MSH2 mutation
carriers, but similar or lower risks when compared with MSH6
mutation carriers [7]. Moreover, relatives of biallelic PMS2 mutation
carriers rarely develop CRC or other LS-related cancers [7]. It has been
hypothesized regarding this lower penetrance of PMS2 mutations that
MLHI can form a heterodimer with MLH3 or PMS1 in the absence of
functional PMS2; therefore, these MLH1/MLH3 and/or MLH1/PMS1
heterodimers may partially compensate for the MutLa heterodimer
between MLH1 and PMS2 in the MMR process [7,14].

Studies focused on the phenotype of LS due to germline PMS2
mutation agreed that the cumulative cancer risk to age 70 for CRC is
15-20%, for endometrial cancer is 15-20%, and for any LS-associated
cancer is 25-32% [7,14]. Senter et al. reported that the incidence of
CRC in PMS2 mutation carriers was 5.2 fold higher than the general
population, the incidence of endometrial cancer was 7.5 fold higher,
and there was no elevated risk for non-LS-associated cancers [14].
Regarding tumor MSI, Hendriks et al. identified seven PMS2
mutations, including four genomic rearrangements and three point
mutations, and all LS-associated tumors showed MSI-H [23]. Another
profile that has recently been associated with the loss of PMS2 or
MSH6 expression is MTS [18,30]. MTS is identified by the lack of
MLH1 and/or MSH2 in IHC of tissue samples, but more recently,
absence of MSH6 and/or PMS2 has been shown in sebaceous tumors
of these patients [31]. Orta and co-workers reported loss of PMS2
unaccompanied by MLHI loss [18]. From a total of 12 patients, IHC
staining included concurrent loss of MSH2/MSHS6 in 8 patients (67%),
concurrent loss of MLH1/PMS2 in 2 patients (17%), isolated loss of
MSHS6 in one patient (8%), and isolated loss of PMS2 in one patient
(8%) [18]. Such study recommended that since isolated loss and
concurrent loss of MSH6 or PMS2 can occur in sebaceous neoplasms
and CRC, the antibody panel should include MSH6 and PMS2 [18].
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Besides the abovementioned LS-associated cancers, limited
information regarding parotid cancer as part of the LS-tumor
spectrum is known. However, it can be seen in MTS, which is
considered a subtype of LS [19]. Our proband was diagnosed with low-
grade MEC of the parotid gland, the most common malignant salivary
tumor [32,33]. Cancer of the salivary glands is rare and usually
develops in the parotid glands, of which about 20% are malignant
[33,34]. MEC is most commonly seen between the ages of 35-65 years
[34]. It is composed of mucin-producing cells, clear cells and squamoid
cells, and expresses various membrane-bound mucins MUCI, MUC4,
MUCS5AC, and MUC5B [32,34]. 1t is also characterized by a specific
translocation t (11;19) (q14-21;p12-13), which creates a novel fusion
product MECT1-MAML2 and disrupts the Notch signaling pathway
that plays a role in the normal development of many tissues and cell
types [34]. So far, IHC analysis for MMR protein expression in salivary
gland tumors is not usually performed [35,36]. Castrilli et al. examined
the expression of MLH1 and MSH2 by IHC in salivary carcinomas and
all carcinomas expressed these proteins, thereby suggesting no MMR
defect in the pathogenesis of malignant salivary gland tumors [36].
Our proband’s MEC expressed all MMR proteins on IHC despite
having PMS2 gene mutation, which could be due to certain degree of
residual protein function or the possibility of a coincidental sporadic
tumor. According to Martinez and Kolodner, although many missense
mutations in MMR genes are lossof- function, various mutations have
either no effect on MMR or cause weak MMR defects emphasizing the
need for functional testing before determining missense mutations are
pathogenic [37].

To date, little is known about the phenotype and cancer risks of
PMS2 mutation carriers [7,14]. Furthermore, these individuals do not
fulfill the clinical Amsterdam criteria for LS [23], making it harder to
identify such mutations. Our report of a patient with PMS2 mutation
¢.137G>T diagnosed with endometrial and then parotid malignancies
contributes to the unusual phenotypic characterization of PMS2
mutation carriers with LS. Previous cases of ¢.137G>T mutation in
patients with CMMR-D syndrome have classified the mutation as
pathogenic [17]. Herkert et al. described such mutation in a Dutch
family with CMMR-D syndrome, which affected a female proband at
the age of 19 years and her younger brother at the age of 15, both
developed multiple high-grade dysplastic colon adenomas and jejunal
adenocarcinoma; she died at 23 years of age and he died at 22 [38]. The
familial cancers included: bladder transitional cell carcinoma and
rectal cancer in the female proband, duodenal adenocarcinoma and
Tcell acute lymphoid leukemia in her younger brother, CRC in their
sister and paternal grandmother, gastric cancer in their maternal
grandfather, and endometrial cancer in their maternal grandmother
[38]. Borras et al. also described this mutation in a series of Spanish
patients with LS [17]. In their study, PMS2 pathogenic mutations
accounted for 6% of the LS patients, where ¢.137G>T mutation was
identified in a family with the male proband affected by CRC and skin
tumors at age 60 and his relative affected by bladder cancer [17].
Borras et al. showed the distinct expressivity of PMS2 mutations,
where 44% of families detected with PMS2 pathogenic mutations did
not meet any clinical LS criteria [17]. Our report highlights the
importance of genetic testing in the Hispanic community in order to
identify families with LS. Information about the clinicopathological
significance of PMS2 mutations is crucial for appropriate counselling
and surveillance of patients and their family members, which could
overall help in the patient’s prognosis and management.

Core Tip

Limited information is available about the prevalence, clinical
manifestations, and genetic mutations in USA Hispanics with
hereditary CRC. LS have been described in less than 5% of CRC cases.
This case report presents the unusual phenotype of a Hispanic patient
from PR with a PMS2 gene mutation, which is rare in the etiology of
LS. Our objective is to present this uncommon genetic mutation and
its clinical manifestations to improve the surveillance and genetic
counseling in the medical community, which could significantly
influence the patient’s prognosis and management.
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