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Abstract

Hereditary mixed polyposis syndrome (HMPS) is a hereditary syndrome that is characterized by multiple colon polyps of
mixed pathologic subtypes and an increased risk for colorectal cancer. A 40 kb duplication in the 5’ regulatory region of the
GREM| gene was recently found to be the causal mutation in a subset of Ashkenazi Jewish families with HMPS. Given this
discovery, the GREM1 5' regulatory region is now analyzed on many different multi-gene cancer panels, however the data on
duplications distinct from the 40 kb duplication remains minimal. Herein we report a novel 24 kb tandem duplication of the
5' regulatory region of GREM1 in a patient without Ashkenazi Jewish heritage, who had a family history that was concerning
for Lynch syndrome and satisfied Amsterdam II criteria. This is only the third reported GREM 1 duplication separate from
the 40 kb Ashkenazi Jewish duplication, and is the only reported duplication to selectively involve exon 1 of GREM . This
finding supports comprehensive testing of the GREM regulatory region in families of all ethnicities with multiple colon

polyps or colon cancer, and when Lynch syndrome is suspected.
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Introduction

Hereditary mixed polyposis syndrome (HMPS) was
described originally as an autosomal dominantly inherited
syndrome associated with colonic polyposis consisting of
multiple different polyp types including tubular/villous/
tubulovillous adenomas, serrated adenomas, hyperplastic
polyps, and hamartomatous polyps [1, 2]. Robust clinical
diagnostic criteria for HMPS have yet to be firmly estab-
lished, although HMPS is associated with increased colorec-
tal cancer risk [2]. However, at this time it remains uncertain
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whether there are any extra-colonic cancer risks associated
with this syndrome.

A genetic etiology for HMPS was first described in 2012,
when a 40 kb duplication in the 5’ regulatory region of the
GREM] gene was identified as the causal mutation in Ash-
kenazi Jewish families with shared haplotypes, suggesting
a potential founder effect [3]. Subsequently, two additional
GREM | duplications have been reported: a 16 kb duplica-
tion in the regulatory region of GREM was identified in
a non-Ashkenazi Jewish family with attenuated polyposis
[4] and a 57 kb duplication of the entire GREM gene was
identified in an individual with early onset colon cancer [5].
Given the association of GREM1 with HMPS, analysis of the
GREM]1 5' regulatory region is now available and included
in many hereditary cancer gene panels offered by commer-
cial genetic testing laboratories.

In HMPS, duplication of the predicted transcriptional
enhancer of GREMI has been associated with greatly
increased, allele-specific GREM1 expression, which is in
contrast to other polyposis conditions such as familial adeno-
matous polyposis (FAP) and MUTYH-associated polyposis
(MAP) where causative mutations lead to dysfunctional
protein products [6]. Increased GREM 1 expression leads to
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disruption of the bone morphogenetic protein (BMP) path-
way, which can both promote colonic polyp development
and increase risk for neoplastic transformation of colon
polyps that is outside of the stem cell niche [6]. Dysregula-
tion of the BMP pathway is also known to be an important
mechanism for polyp development in juvenile polyposis [7].

Given limited data in the field, medical management
of patients with HMPS remains a topic that continues to
evolve. Recently, guidelines from the National Compre-
hensive Cancer Network (NCCN) have started to include
recommendations for individuals with a GREM duplica-
tion: initiate colonoscopy screening at age 25-30, repeating
every 2-3 years if no polyps are found, and repeating every
1-2 years if polyps are detected [8]. However, these guide-
lines are based largely upon data from the 40 kb duplica-
tion reported in Ashkenazi Jewish families, and it remains
unclear whether individuals with other duplications should
be managed in a similar manner.

Methods
Clinical presentation

A 63-year-old female, with no Ashkenazi Jewish ancestry
and no personal history of cancer, was referred for a genetics
evaluation given concern for Lynch syndrome. The patient
had a strong maternal family history of cancer including
colon cancer diagnosed in her mother (age 56), two mater-
nal aunts (at unknown ages) and maternal grandfather (mid
fifties), as well as a maternal aunt who was diagnosed with
endometrial cancer in her early forties (Fig. 1). Although
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none of the affected relatives had genetic testing performed,
prior to her arrival at our program the patient was being
managed as if she had Lynch syndrome based upon her fam-
ily fulfilling Amsterdam II criteria. The patient had her first
colonoscopy at the age of 46, with a total of eight colonosco-
pies performed over the next 17 years, during which time she
had a total of 20 colon polyps that were removed. Pathology
reports were available from 16 of her polyps, which showed
11 tubular adenomas and five hyperplastic polyps. Given the
high clinical suspicion of Lynch syndrome, this patient had
also undergone several upper endoscopies, which were nor-
mal, and had a risk reducing total hysterectomy and bilateral
salpingo-oophorectomy at age 62.

Genetic evaluation

After presentation to our program, the patient’s personal
and family history was elicited by a genetic counselor and
genetic testing was recommended. She was consented and
provided a sample for multi-gene panel testing, which was
performed by Color Genomics using a next-generation
sequencing based 30-gene panel for hereditary cancer
risk that included the following genes: APC, ATM, BAPI,
BARDI, BMPRIA, BRCAI, BRCA2, BRIPI, CDHI, CDKA4,
CDKN2A, CHEK?2, EPCAM, GREM1, MITF, MLH1, MSH2,
MSH6, MUTYH, NBN, PALB2, PMS2, POLDI1, POLE,
PTEN, RAD51C, RAD51D, SMAD4, STK11, and TP53.
Copy number changes were assessed based on read depth
analysis. A dedicated split read detection algorithm was used
to identify structural variants. Subsequent Sanger sequenc-
ing was used to confirm the presence of detected variants.
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Fig. 1 Proband’s family pedigree. The proband’s paternal great grandfather and maternal great grandfather are brothers. (Color figure online)
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Genetic test results

This multi-gene panel identified a novel 24 kb tandem
duplication of the 5’ regulatory region of GREM1 span-
ning Chr15:2.32987207-g.33011059 (23,853 bp) and a
pathogenic BRCAI mutation (E1373X). For secondary
confirmation of the duplication, an amplicon was designed
that is specific to this in-tandem duplication using NCBI
Primer-BLAST (forward primer-TGAGATGGAGAC
TGGCAAGG aligning at Chr15:2.33010905-33010924;
reverse primer-AGTGGCACCTACCAACTACC align-
ing at Chr15:2.32988251-32988270), which rendered the
appropriate 1219 bp PCR product supporting the presence of
the in-tandem duplication. In addition, the Sanger sequence
based on the forward primer confirmed the breakpoints as
derived from NGS. The identified 24 kb in-tandem dupli-
cation (chr15:2.32987207_33011059dupinsTG) partially
overlaps with the previously published 16, 40, and 57 kb
duplications in the upstream regulatory region of GREM1,
and includes the enhancer element thought to be respon-
sible for overexpression of GREM1 (Fig. 2). Based on the
identification of this GREM duplication, the patient will
continue to undergo colonoscopic screening but will no
longer receive other Lynch syndrome surveillance, such as
upper endoscopy. At this time, no other living members of
the proband’s family have pursued genetic testing, all of the
proband’s older relatives have already passed away without
having prior genetic testing or DNA banking, and it is not
feasible to obtain tumor tissue from any of the proband’s
relatives affected with cancer. Therefore, the lineage of these
two mutations has not been established.

32.93 mb

32.94 mb 32.95 mb 32.96 mb 32.97 mb

SCG5

Fig.2 Schematic overview of published duplications overlapping
the GREM 1 putative enhancer region as defined in [1] (dark red box,
marked with asterisk). The 16 and 40 kb duplications do not include
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Discussion

To our knowledge, this is only the third report of a copy
number variation in the regulatory region of GREM1 dis-
tinct from the 40 kb Ashkenazi Jewish founder mutation,
and is the first report of this specific 24 kb duplication
in the GREM 1 regulatory region. Both the 40 kb [3] and
16 kb duplications [4] have been shown to significantly
increase GREM 1 expression. While the 57 kb [5] and this
novel 24 kb duplication completely overlap the GREM ]
enhancer region and support the clinical phenotype, the
impact upon expression level resulting from these dupli-
cations has not been assessed explicitly. Interestingly, the
proband also has a germline BRCA mutation. Although
some data has pointed toward a possible increased CRC
risk in young BRCA1 carriers [9], current guidelines do
not support increased CRC screening in BRCAI carriers
[10], and to our knowledge there is no known association
between pathogenic BRCA I mutations and colonic polypo-
sis. Additionally, we are not aware of concurrent GREM [
(chromosome 15q13) and BRCAI (chromosome 17g21)
mutations, nor is there, to our knowledge, evidence that
these mutations are influencing each other at the germline
level or having epistatic interactions. Additional research
is needed to determine if coexisting mutations in BRCAI
and GREM1 could potentially have additive effects on can-
cer risk.

The paucity of knowledge about the phenotype of
HMPS, especially outside of the Ashkenazi Jewish
population, makes clinical screening recommendations
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any GREM1 coding sequence; the novel 24 kb variation duplicates
GREM1 exon 1; and, the 57 kb variation constitutes a whole gene
duplication. (Color figure online)
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challenging. Although current NCCN guidelines recom-
mend screening colonoscopy beginning as early as age
25, there are reports of earlier colonic findings in GREM ]
mutation carriers, including a tubulovillous adenoma in a
13-year-old [11], and metastatic colon cancer in a 21-year-
old [12]. It is difficult to determine if the aforementioned
families represent rare outliers or if polyp formation in
adolescents should be included in the clinical spectrum of
HMPS. Nonetheless, several groups have advocated for
colonoscopy surveillance starting at age 18 or earlier for
those with a GREM I mutation [11, 12]. What also remains
unclear is whether all GREM duplications have the same
colon cancer risk, and ultimately additional research on
the phenotypic spectrum of GREM1 associated HMPS
is necessary to make appropriate medical management
recommendations.

With the recent identification of GREM duplications
and their association with colonic polyp development and
increased colon cancer risk, it is conceivable that these
copy number variations (CNVs) in the regulatory region
of GREM1 are present in families with colonic polyposis
without a known genetic cause or in kindred with familial
colorectal cancer type X [13] who may have had genetic
testing prior to recognition of the significance of GREM 1.
Additionally, CNVs of regulatory regions are not typically
analyzed during whole exome sequencing (WES), and there-
fore, changes in the regulatory region of GREMI may not be
detected in polyposis families who have previously under-
gone WES. Furthermore, as illustrated by this case, GREM I
testing should be pursued in families where there is concern
for Lynch syndrome due to potential phenotypic overlap.

The two main limitations of this report include lack of
co-segregation data, which would be helpful in understand-
ing the associated phenotype of this duplication, as well as
tumor testing demonstrating increased protein expression
resulting from this duplication. Nonetheless, given the pau-
city of data in the field, this report contributes an important
addition to GREM 1 literature, and provides support for full
sequencing of the GREM I promoter region when indicated
for cancer risk assessment.

Conclusion

In summary, we present a non-Ashkenazi Jewish female with
a personal history of multiple colon polyps and a strong
family history of colon cancer, who was found to have a
novel 24 kb duplication in the regulatory region of GREM 1.
The identification of this novel duplication associated with
colon polyps provides further evidence to support testing for
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GREM mutations in individuals with polyposis or a clinical
suspicion of Lynch syndrome, independent of their ethnicity.
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