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Summary

Background: A 40 kb ancestral germline duplication upstream of the GREM1 gene was reported in Ashkenazi
families with hereditary mixed polyposis syndrome (HMPS). Objective: Assess the contribution of the
GREM1 mutation to familial colorectal cancer (CRC) in Ashkenazim. Methods: Jewish Ashkenazi individuals
(n = 472 155 males, 317 females) were genotyped for the GREM1 duplication, 194 with CRC, 131 had other
cancer types (endometrial, pancreatic and ovarian) that show a syndromic association with CRC, and 147
were cancer-free with a suggestive family history of CRC. Results: One mutation carrier was found who
fulfills the Amsterdam criteria for Lynch Syndrome (LS). The prevalence of this mutation amongst LS
Ashkenazim is 0·7%. Conclusion: If validated in additional studies it seems rational to recommend to look for
the GREM1 founder mutation in Ashkenazi individuals with multiple colorectal polyps and/or fulfill the
criteria for LS.

Introduction

In about 25% of CRC patients and individuals with
multiple colonic polyps a familial clustering is noted,
suggestive of inherited predisposition. Yet only in a
minority of these cases can germline mutations in
the Mendelian CRC genes be detected. There are
several known CRC syndromes affecting up to 5%
of incident CRC cases: LS and familial adenomatous
polyposis are the most common ones with a defined
phenotype (reviewed by Jasperson et al., 2010 and
Patel & Ahnen 2012). Other rarer syndromes include
a host of colonic polyposis syndromes that are
clinically hallmarked by multiple colonic polyps
(sometimes with distinct histological or phenotypic
features) usually detected at a young age and asso-
ciated with a substantially increased risk of CRC

and other cancer types (reviewed by Jasperson et al.,
2010 and Patel & Ahnen 2012). Mutations in several
genes have been reported to underlie these mixed
polyposis syndromes: LKB1/STK11 (Peutz-Jeghers
syndrome); MUTYH (MUTYH associated polyposis,
MAP and some cases of serrated polyposis syndrome
– SPS); SMAD4 and BMPR1A (in juvenile polyposis);
and PTEN and GREM1 (HMPS) (reviewed by
Omundsen & Lam, 2012). In HMPS, the only causal
mutation known to date affecting the GREM1 gene is
an ancestral 40 kb duplication upstream of the
GREM1 gene that is specifically present in individuals
of Ashkenazi origins (Jaeger et al., 2012).

Ancestry-specific mutations in other cancer suscep-
tibility genes have been described in the Ashkenazi
ethnic group. Examples include breast and ovarian
cancer predisposition genes BRCA1 (c.185delAG)
and BRCA2 (c.61774delT) (Roa et al., 1996), and
CRC genes APC (p.Ile1307Lys) (Woodage et al.,
1998), MSH2 (p.Ala636Pro) (Foulkes et al., 2002)
and MSH6 (c.3984dup4) (Goldberg et al., 2010). Of
these, I1307 K*APC and 6174delT*BRCA2 have
been shown to be founder mutations (Greenwood
et al., 2010). Since the GREM1 HMPS duplication
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is also likely to be a Jewish Ashkenazi founder 40 kb
mutation, its contribution to the burden of familial
CRC in the Ashkenazi population was evaluated in
the present study.

Materials and methods

Study participants

Eligible participants were all Jewish Ashkenazi indivi-
duals counselled at the Oncogenetics Unit, the
Institute of Human Genetics at the Sheba Medical
Center, Tel-Hashomer, Israel from 1 January 2008–
31 December 2012. All participants were referred for
counselling either because they were either diagnosed
with colorectal or other LS-associated cancer types
under age 50 years, or were diagnosed with CRC
and had at least two affected first- or second-degree
relatives (on the same parental lineage) with CRC at
any age, fulfilled the Bethesda guidelines, had 30 or
more adenomatous polyps initially diagnosed under
age 45 years or were healthy but with at least three
first- and/or second-degree relatives with colon or
other LS-associated tumors on the same parental side.

Genotyping for the predominant Jewish mutations in
the MSH2 and MSH6 genes

All participants underwent genotyping for the pre-
dominant Ashkenazi Jewish mutations in the MSH2
gene (A636P) and the MSH6 gene (3984Dup4) as
previously described (Barak et al., 2010). Individuals
with multiple polyps were additionally genotyped for
the predominant mutations in the MUTYH gene
(p.G396D and p.Y179C) as previously described
(Pitroski et al., 2011).

GREM1 duplication mutation genotyping

Genotyping of the 40 kb duplication upstream of the
GREM1 gene region was performed as previously
described (Jaeger et al., 2012) by using PCR primers
that map to a unique segment of DNA intercalated
between the duplicons and generate a specific PCR
product of 190 bp. As a control, a region upstream
of GREM1 was used, which generates a product of
435 bp in all individuals. All positive mutation car-
riers were confirmed by sequencing.

Results

Study population

A total of 472 individuals were included in the study, 155
males and 317 females. Overall, 402 (85·1%) were of
Ashkenazi descent in both parental lineages, and the
rest (n = 70) were of mixed Ashkenazi/non-Ashkenazi

origin, but the CRC history could be traced to the
Ashkenazi parent’s side of the family. There were
194 participants affected with CRC (94 males and
100 females) with mean age (± SD) at diagnosis of
54 ± 13 years, range 20–88 years, median 56 years;
131 individuals were non-colorectal tumor patients
[with endometrial (n = 96, mean age (± SD) at diagno-
sis 56·5 ± 12·24 years, range 30–78 years, median
59 years), pancreatic (n = 13, mean age (± SD) at diag-
nosis 61 ± 8·4 years, range 44–74 years, median
60 years) or ovarian (n = 22, mean age (± SD) at diag-
nosis 53·6 ± 11·8 years, range 29–75 years, median
55 years) carcinomas] whose family history were con-
sistent with an inherited predisposition to cancer but
did not fulfill all of the Amsterdam criteria for LS
(Giardiello et al., 2014).

Additional 147 cancer-free individuals with a strong
and suggestive family history of CRC: having two
first- or one first- and one second-degree relatives
with CRC with at least one of the affected family
members diagnosed under age 50 years (39 males
mean age at counselling 40·2 ± 11·6 years, range 25–
72 years, median 38 years; 108 females mean age at
counselling 47·05 ± 13·1 years, range 25–81 years, me-
dian 45·5 years). Overall, of the 325 participants who
were affected with cancer, 138 were from families that
fulfilled the Amsterdam criteria for LS.

Genetic analysis

None of the participants were found to harbour any of
the tested mutations in MSH2 MSH6 and MUTYH.
In one of the participants, the GREM1 HMPS dupli-
cation mutation was found. This individual was a
male CRC patient, diagnosed at age 56 years, of ma-
ternal Ashkenazi and paternal Russian, non-Jewish
origins. Notably, in none of the pathological or colo-
noscopic reports is there any mention of colonic
polyps, although the possibility exists that existing
polyps were simply not reported. His family history
is noted for a mother with CRC at age 60 years, a ma-
ternal grandmother who was diagnosed with CRC at
49 years and a father with gastric cancer diagnosed
at 52 years of age.

Discussion

The current study suggests that the HMPS 40 kb du-
plication upstream of the GREM1 gene is present at
low rates in Jewish Ashkenazi individuals with evi-
dence of a familial predisposition to CRC. Based on
the current study, we estimate that the duplication is
present in 0·7% (1/138) of Jewish Ashkenazi indivi-
duals with strict clinical LS criteria. Importantly, the
individual who was found to harbour the mutation
in the current study does not have any clinical
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evidence of the colonic polyp features suggestive of
HMPS. As noted earlier it is still possible that existing
polyps were simply not recorded or reported.

The genetic screen for the GREM1 duplication only
identifies carriers of the specific mutation present in
HMPS patients. All the evidence based on previous
haplotyping analysis and the low prior probability
that the specific duplication would arise multiple
times are consistent with this mutation representing an-
other example of a founder effect in the Ashkenazi
population. The relatedness of this ethnic group has
been known and established for many years but was re-
cently supported by a study of the genome in 128 unre-
lated Ashkenazim (Carmi et al., 2014).

In conclusion, if the results are validated in a larger
study that includes more individuals with multiple
polyps and/or LS, it would make sense to look for
the GREM1 40 kb duplication in Ashkenazi indivi-
duals who have multiple colorectal polyps and/or
who fulfill the criteria for LS in this ethnic group.
However, based on the results of the present study
such recommendation seems premature.

Core funding to the Wellcome Trust Centre for Human
Genetics was provided by the Wellcome Trust (090532/Z/
09/Z).

Declaration of interest

None.

References

Barak, F., Milgrom, R., Laitman, Y., Gemer, O.,
Rabinovich, A., Piura, B., Anteby, E., Baruch, G. B.,
Korach, J. & Friedman, E. (2010). The rate of the pre-
dominant Jewish mutations in the BRCA1, BRCA2,
MSH2 and MSH6 genes in unselected Jewish endometrial
cancer patients. Gynecologic Oncology 119, 511–515.

Carmi, S., Hui, K. Y., Kochav, E., Liu, X., Xue, J., Grady, F.,
Guha, S., Upadhyay, K., Ben-Avraham, D., Mukherjee, S.,
Bowen, B.M., Thomas, T., Vijai, J., Cruts, M., Froyen, G.,
Lambrechts, D., Plaisance, S., Van Broeckhoven, C., Van
Damme, P., Van Marck, H., Barzilai, N., Darvasi, A.,
Offit, K., Bressman, S., Ozelius, L. J., Peter, I., Cho,
J. H., Ostrer, H., Atzmon, G., Clark, L. N., Lencz, T. &
Pe’er, I. (2014). Sequencing an Ashkenazi reference
panel supports population-targeted personal genomics
and illuminates Jewish and European origins. Nature
Communications 5, 4835–4844.

Foulkes, W. D., Thiffault, I., Gruber, S. B., Horwitz, M.,
Hamel, N., Lee, C., Shia, J., Markowitz, A., Figer, A.,
Friedman, E., Farber, D., Greenwood, C.M., Bonner,

J. D., Nafa, K., Walsh, T., Marcus, V., Tomsho, L.,
Gebert, J., Macrae, F. A., Gaff, C. L., Paillerets, B. B.,
Gregersen, P. K., Weitzel, J. N., Gordon, P. H.,
MacNamara, E., King, M. C., Hampel, H., De La
Chapelle, A., Boyd, J., Offit, K., Rennert, G., Chong,
G. & Ellis, N. A. (2002). The founder mutation
MSH2*1906G–>C is an important cause of hereditary
nonpolyposis colorectal cancer in the Ashkenazi Jewish
population. American Journal of Human Genetics 71,
1395–1412.

Giardiello, F.M., Allen, J. I., Axilbund, J. E., Boland,
C. R., Burke, C. A., Burt, R.W., Church, J. M.,
Dominitz, J. A., Johnson, D. A., Kaltenbach, T., Levin,
T. R., Lieberman, D. A., Robertson, D. J., Syngal, S.,
Rex, D. K. & US Multi-Society Task Force on
Colorectal Cancer. (2014). US Multi-Society Task Force
on Colorectal Cancer. Guidelines on genetic evaluation
and management of Lynch syndrome: a consensus state-
ment by the US Multi-Society Task Force on colorectal
cancer. Gastroenterology 147, 502–526.

Goldberg, Y., Porat, R.M., Kedar, I., Shochat, C.,
Galinsky, D., Hamburger, T., Hubert, A., Strul, H.,
Kariiv, R., Ben-Avi, L., Savion, M., Pikarsky, E.,
Abeliovich, D., Bercovich, D., Lerer, I. & Peretz, T.
(2010). An Ashkenazi founder mutation in the MSH6
gene leading to HNPCC. Familial Cancer 9, 141–150.

Greenwood, C.M., Sun, S., Veenstra, J., Hamel, N.,
Niell, B., Gruber, S. & Foulkes, W. D. (2010). How
old is this mutation? - a study of three Ashkenazi
Jewish founder mutations. BMC Genetics 11, 39–46.

Jaeger, E., Leedham, S., Lewis, A., Segditsas, S., Becker,
M., Cuadrado, P. R., Davis, H., Kaur, K., Heinimann,
K., Howarth, K., East, J., Taylor, J., Thomas, H. &
Tomlinson, I. (2012). Hereditary mixed polyposis syn-
drome is caused by a 40-kb upstream duplication that
leads to increased and ectopic expression of the BMP
antagonist GREM1. Nature Genetics 44, 699–703.

Jasperson, K.W., Tuohy, T.M., Neklason, D.W. & Burt,
R.W. (2010). Hereditary and familial colon cancer.
Gastroenterology 138, 2044–2058.

Omundsen, M. & Lam, F. F. (2012). The other
colonic polyposis syndromes. ANZ Journal of Surgery
82, 675–681.

Patel, S. G. & Ahnen, D. J. (2012). Familial colon cancer
syndromes: an update of a rapidly evolving field.
Current Gastroenterology Reports 14, 428–438.

Pitroski, C. E., Cossio, S. L., Koehler-Santos, P., Graudenz,
M., Prolla, J. C. & Ashton-Prolla, P. (2011). Frequency of
the common germline MUTYH mutations p.G396D and
p.Y179C in patients diagnosed with colorectal cancer in
Southern Brazil. International Journal of Colorectal
Disease 26, 841–846.

Roa, B. B., Boyd, A. A., Volcik, K. & Richards, C. S.
(1996). Ashkenazi Jewish population frequencies for com-
mon mutations in BRCA1 and BRCA2. Nature Genetics
14, 185–187.

Woodage, T., King, S. M., Wacholder, S., Hartge, P.,
Struewing, J. P., McAdams, M., Laken, S. J., Tucker,
M. A. & Brody, L. C. (1998). The APCI1307 K allele
and cancer risk in a community-based study of
Ashkenazi Jews. Nature Genetics 20, 62–65.

GREM1 mutation in Jewish familial colon cancer 3


