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Figure 1 Distribution of cases in the cohort (n=1207), with MSS and non- mutated MMR genes 
(n=1095); MSI, but without mutated MMR genes (n=86); and cases with MSI and mutated 
MMR genes (Lynch Syndrome, n=26). Mutations in these genes varied in their cancer risk by 
age 50 years; MLH1 14%, MSH2 35%, MSH6 20% and PMS2 increased 26%, EPCAM 7%. 
EPCAM, epithelial cell adhesion molecule; MMR, mismatch repair; MLH1, mutL homolog 1; MSI, 
microsatellite instable; MSH2, mutS homolog 2; MSH6, mutS homolog 6; MSS, microsatellite 
stable; PMS2, postmeiotic segregation 2.

Figure 2 Illustration (A) and colonoscopy findings (B) showing the approximate location 
in the sigmoid colon and rectum, from where the multiple polyps from case CRC 582, with 
familial adenomatous polyposis, were identified. (C) Schematic representation of the APC 
gene (NM_000038) exons, with indicated mutations and integrative genomics viewer (IGV) 
representation, for each of the polyps biopsied.

Letters

The study of Lynch syndrome in 
a special population reveals a 
strong founder effect and an 
unusual mutational mechanism 
in familial 
adenomatous polyposis

We read with interest the study by 
Møller and colleagues.1 The isolation 
and relative homogeneity of the Saudi 
population enhance the potential to 
discover founder mutations, while its 
high rates of consanguinity enhances 
homozygosity even for typically domi-
nant disease genes.2 3 We have previ-
ously explored the contribution of 
Lynch syndrome (LS) to colorectal 
cancer (CRC) based on ~800 Saudi 
patients.4 We have since expanded our 
cohort to 1207 CRC patients. Of the 
112 mismatch repair deficient (dMMR) 
cases, MMR gene mutations were 
identified in 26 cases and these varied 
in their cancer risk by age 50 years 
(figure 1). Three founder mutations 
were observed, accounting for 42.3% 
(n=11) of LS cases, and none is listed 
in gnomAD. The PMS2:c.1376C>G;p.
S459X variant was the most commonly 
encountered LS variant (n=6), and we 
calculated its minor allele frequency at 
0.0001.   Importantly, we were able to 
identify a homozygous individual for 
PMS2:c.1376C>G;p.S459X through 
a large scale whole- exome sequencing 
(WES) study.2 This individual presented 
at age 8 years with haematochezia and 
a typical picture of familial adeno-
matous polyposis (FAP) with thousands 
of polyps but negative adenomatous 
polyposis coli (APC) testing for germ-
line mutations and dMMR (figure 2). 
High depth capture sequencing of APC 
on three independent polyps showed 
at least one pathogenic APC variant 
per polyp (one had two variants, while 
one variant was shared by two polyps) 
completely absent in blood (figure 2). 
We also performed WES on one of the 
polyps and compared it to the WES 
performed on blood- derived DNA and 
observed no apparent enrichment for 
dinucleotide or trinucleotide repeat- 
derived mutations.

Thus, while our study shows a compa-
rable prevalence of LS and associated 
lifetime risk of CRC between Saudi and 
other populations, the genetic landscape 
of LS was distinct. First, the distribution of 

mutations among the MMR genes is unique 
since majority of LS cases in the literature 
are caused by mutations in MLH1 and 
MSH2 with less than 5% being caused by 

PMS2.5–7 Second, we note a strong founder 
effect in our population likely due to the 
heritage of tribal affiliation. The founder 
mutation (c.1376C>G;p.S459X) in PMS2 
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was previously reported in a single family 
in which the parents developed LS and one 
child developed T- cell acute lymphoblastic 
leukaemia.8 9 Here, we show homozygosity 
for this variant in a young child with typical 
colonic appearance for FAP. A study of 
APC- negative FAP cases found that biallelic 
inactivating mutations in MutS Homolog 3 
(MSH3) induce somatic APC mutations that 
are largely consistent with dinucleotide and 
trinucleotide repeat instability.10 That study 
also showed that biallelic PMS2 mutations 
cause FAP but did not analyse APC in those 
patients. Our patient with a homozygous 
PMS2 truncation, therefore, offers the first 
evidence to date that PMS2- related FAP 
is mediated by somatic APC mutations as 
demonstrated by the finding of at least one 
APC mutation in each of the three polyps. 
But why was one somatic mutation shared 
between two physically distinct polyps? 
This may hint at an earlier developmental 
onset of that somatic mutation such that 
a segment of the colon is affected. The 
resulting FAP phenotype and the unravel-
ling of multiple somatic APC mutations that 
are not dinucleotide or trinucleotide repeat- 
derived raise important questions about the 
underlying mechanism, which should be 
the subject of future investigations. In the 
interim, patients with biallelic mutations in 
MMR genes may benefit from targeted APC 
sequencing in their colon as part of their 
cancer screening.

Abdul K Siraj,1 Tariq Masoodi,1 Rong Bu,1 
Sandeep Kumar Parvathareddy,1 Sarah Siraj,1 
Ali Alassiri,2 Fouad Al- Dayel,3 
Fowzan S Alkuraya,4 Khawla S Al- Kuraya    1

1Human Cancer Genomic research, King Faisal 
specialist Hospital and research Center, riyadh, saudi 
Arabia
2Department of Pediatric surgery, King Faisal specialist 
Hospital and research Center, riyadh, saudi Arabia
3Department of Pathology, King Faisal specialist 
Hospital and research Center, riyadh, saudi Arabia
4Department of Genetics, King Faisal specialist Hospital 
and research Center, riyadh, saudi Arabia

Correspondence to Dr Khawla s Al- Kuraya, Human 
Cancer Genomic research, King Faisal specialist 
Hospital and research Center, riyadh 11431, saudi 
Arabia;  kkuraya@ kfshrc. edu. sa

Contributors FsA and KsA designed and 
implemented the study. tM, AKs and ss performed 
Wes, critical data analyses, interpretation of results 
and wrote the manuscript. rB performed DNA 
extraction and analysed the data. sKP, AA and FAD 
contributed samples and analysed clinical data. 
FsA and KsA wrote the original draft and critically 
reviewed the manuscript.

Funding the authors have not declared a specific 
grant for this research from any funding agency in the 
public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; 
internally peer reviewed.

Open access this is an open access article distributed 
in accordance with the Creative Commons Attribution 
Non Commercial (CC BY- NC 4.0) license, which permits 
others to distribute, remix, adapt, build upon this work 
non- commercially, and license their derivative works on 
different terms, provided the original work is properly 
cited, appropriate credit is given, any changes made 
indicated, and the use is non- commercial. see: http:// 
creativecommons. org/ licenses/ by- nc/ 4. 0/.

© Author(s) (or their employer(s)) 2020. re- use 
permitted under CC BY- NC. No commercial re- use. see 
rights and permissions. Published by BMJ.

AKs, tM and rB contributed equally.

To cite siraj AK, Masoodi t, Bu r, et al. Gut 
2020;69:2048–2049.

Received 19 December 2019
revised 6 January 2020
Accepted 6 January 2020
Published Online First 10 January 2020

Gut 2020;69:2048–2049. doi:10.1136/
gutjnl-2019-320511

ORCID iD
Khawla s Al- Kuraya http:// orcid. org/ 0000- 0002- 8430- 
6693

RefeRences
 1 Møller P, seppälä tt, Bernstein I, et al. Cancer risk and 

survival in path_MMR carriers by gene and gender up 
to 75 years of age: a report from the Prospective Lynch 
syndrome Database. Gut 2018;67:1306–16.

 2 Monies D, Abouelhoda M, Assoum M, et al. Lessons 
learned from large- scale, First- tier clinical exome 
sequencing in a highly consanguineous population. 
Am J Hum Genet 2019;104:1182–201.

 3 Monies D, Maddirevula s, Kurdi W, et al. Autozygosity 
reveals recessive mutations and novel mechanisms in 
dominant genes: implications in variant interpretation. 
Genet Med 2017;19:1144–50.

 4 siraj AK, Prabhakaran s, Bavi P, et al. Prevalence of 
Lynch syndrome in a middle eastern population with 
colorectal cancer. Cancer 2015;121:1762–71.

 5 tutlewska K, Lubinski J, Kurzawski G. Germline 
deletions in the ePCAM gene as a cause of Lynch 
syndrome - literature review. Hered Cancer Clin Pract 
2013;11:9.

 6 Hampel H, Frankel WL, Martin e, et al. screening 
for the Lynch syndrome (hereditary nonpolyposis 
colorectal cancer). N Engl J Med 2005;352:1851–60.

 7 Peltomäki P. role of DNA mismatch repair defects 
in the pathogenesis of human cancer. J Clin Oncol 
2003;21:1174–9.

 8 Oberg JA, Glade Bender JL, sulis ML, et al. 
Implementation of next generation sequencing into 
pediatric hematology- oncology practice: moving 
beyond actionable alterations. Genome Med 
2016;8:133.

 9 Marks LJ, Oberg JA, Pendrick D, et al. Precision 
medicine in children and young adults with 
hematologic malignancies and blood disorders: 
the Columbia University experience. Front Pediatr 
2017;5:265.

 10 Adam r, spier I, Zhao B, et al. exome sequencing 
identifies biallelic MsH3 germline mutations as a 

recessive subtype of colorectal adenomatous polyposis. 
Am J Hum Genet 2016;99:337–51.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gutjnl-2019-320511 on 10 January 2020. D

ow
nloaded from

 

http://orcid.org/0000-0002-8430-6693
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-8430-6693
http://orcid.org/0000-0002-8430-6693
http://dx.doi.org/10.1136/gutjnl-2017-314057
http://dx.doi.org/10.1016/j.ajhg.2019.04.011
http://dx.doi.org/10.1038/gim.2017.22
http://dx.doi.org/10.1002/cncr.29288
http://dx.doi.org/10.1186/1897-4287-11-9
http://dx.doi.org/10.1056/NEJMoa043146
http://dx.doi.org/10.1200/JCO.2003.04.060
http://dx.doi.org/10.1186/s13073-016-0389-6
http://dx.doi.org/10.3389/fped.2017.00265
http://dx.doi.org/10.1016/j.ajhg.2016.06.015
http://gut.bmj.com/

	Antibiotic use and risk of colorectal cancer: a meta-analysis of 412 450 participants
	References
	References
	References
	References
	Test for HBV DNA at baseline
	Risk stratify based on the potency of immune suppression and anti-HBs titre
	References
	References
	References
	References
	References
	References




