Journal of Crohn's and Colitis, 2017, 1393-1397
doi:10.1093/ecco-jcc/jjx083

Advance Access publication June 19, 2017
Short Report

Short Report

NODZ2 Genetic Variants Predispose One of Two C
Familial Adenomatous Polyposis Siblings to
Pouchitis Through Microbiome Dysbiosis

Kathleen M. Schieffer?, Justin R. Wright*°, Leonard R. Harris?,
Sue Deiling?, ZhaohaiYang, Regina Lamendella®*, Gregory S. Yochum?#,
Walter A. Koltun?

sDepartment of Surgery, Pennsylvania State University College of Medicine, Hershey, PA "Department of Biology,
Juniata College, Huntingdon, PA “Wright Labs, LLC, Huntingdon, PA ¢Department of Pathology, Pennsylvania State
University College of Medicine, Hershey, PA eDepartment of Biochemistry & Molecular Biology, Pennsylvania State
University College of Medicine, Hershey, PA

Corresponding Author: Walter A. Koltun, MD, The Pennsylvania State University, College of Medicine, Department of Sur-
gery, Division of Colon and Rectal Surgery, 500 University Drive, Hershey, PA 17033-0850. Tel: 717-531-5164; Fax: 717-531-0646;
Email: wkoltun@pennstatehealth.psu.edu

Abstract

Background and Aims: Individuals with familial adenomatous polyposis (FAP) may undergo a
total proctocolectomy with ileal pouch-anal anastomosis (IPAA) to surgically treat their disease.
Inflammation of the ileal pouch, termed pouchitis, is uncommon in FAP patients but prevalent in
patients who received IPAA for ulcerative colitis, a type of inflammatory bowel disease (IBD).
Methods and Results: We report on two FAP siblings, living in the same household, who underwent
IPAA surgery within one week of each other.Their mother also had an IPAA for FAP. One sibling developed
pouchitis while his brother and mother have remained pouchitis-free. We investigated the genetic and
microbial factors that might explain the development of pouchitis in the one sibling. We surveyed DNA
isolated from the two brothers and their parents for NODZ2 IBD risk variants by Sanger sequencing.The
composition of mucosa-associated bacteria was analyzed by 16S rRNA gene sequencing on terminal
ileum and rectal tissue collected at the time of surgical resection from the two brothers.The sibling with
pouchitis inherited the IBD-associated risk alleles for NOD2 (rs17221417 and rs2076756) from his healthy
father. Both the mother and unaffected brother lacked these variants. Microbiome sequencing of the
terminal ileum and rectum found reduced levels of potentially ‘beneficial’ bacteria (Faecalibacterium
prausnitzii, Bacteroides, and Ruminococcaceae) in the sibling with pouchitis relative to his brother.
Conclusion: These findings suggest that the NOD2 signaling pathway may contribute to intrinsic
bacterial dysbiosis which is pre-existing and which may then predispose individuals to pouchitis
after IPAA surgery.
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1. Introduction throughout the colon.! Although initially benign, if left untreated, these

- . . . . individuals will 1 1 i h f A
Familial adenomatous polyposis (FAP) is an autosomal dominant dis- 1nd1v1'dua s will deve Op colon cancer prior to t, ¢ age of 50 years
. . FAP is caused by various germline mutations in the adenomatous
order which leads to the formation of hundreds to thousands of polyps . . o . .
polyposis coli (APC) gene, the majority of which lead to expression of
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a truncated protein.? APC is a member of a cytoplasmic ‘destruction
complex’ of proteins which suppresses Wnt/B-catenin signaling by
targeting the B-catenin transcriptional co-activator for degradation.’?
In cells harboring APC mutations, deregulated B-catenin translocates
into the nucleus and associates with T-cell factor/lymphoid enhancer
binding factor (TCF/LEF) transcription factors to aberrantly drive
expression of Wnt/B-catenin target genes.* Expression of these targets,
including the MYC proto-oncogene, contributes to transformation by
promoting cellular proliferation and growth.*

To prophylactically remove the risk of colorectal cancer, FAP
patients undergo a surgical procedure involving total proctocolec-
tomy with ileal pouch-anal anastomosis (IPAA). This procedure
is also common for patients with ulcerative colitis (UC), a type of
inflammatory bowel disease (IBD). Up to 50% of UC patients with
an IPAA develop inflammation of the ileal pouch, known as pouchi-
tis.> Symptoms of pouchitis may include urgency, increased stool
frequency, abdominal pain, and rectal bleeding. Like UC patients,
FAP individuals with IPAA develop pouchitis, although much less
frequently (0-14%).¢ The underlying inflammatory disease associ-
ated with UC is potentially one mechanism to explain why pouchitis
is more prevalent in UC patients rather than FAP patients.” Recent
studies suggest that bacterial dysbiosis may be contributory to
pouchitis development in UC patients.®’ Furthermore, a multicenter
genetic association study implicated the nucleotide oligomerization
domain 2 (NOD?2) signaling pathway in pouchitis risk,'’ providing
further evidence that alterations in bacterial homeostasis may pre-
dispose IPAA patients to pouchitis.

2. Case Report

We report on an African-American family with multiple generations
afflicted by FAP (Figure 1) confirmed by the presence of a single
nucleotide polymorphism (SNP) in APC (R232X). Four immediate
family members were recruited and are designated patients A, B,
C, and D. Siblings A and B had a total proctocolectomy with IPAA
scheduled within one week of each other. A J-pouch was con-
structed in both siblings of similar lengths (Table 1). Patient B had
a one-stage surgery while patient A required a two-stage surgery,
incorporating a temporary ileostomy. At the time of surgery, nei-
ther was on antibiotics. Pre- and post-operatively, both were non-
smoking and lived in the same household. Patient B developed his
first episode of pouchitis three months after surgery. Pouchitis was

1.. O
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Confirmed FAP [  No Disease [_]  Pouchitis [l
Figure 1. Pedigree denoting the family history of familial adenomatous
polyposis. FAP is denoted in blue with pouchitis in red. Mother and father
are designated C and D, respectively. Brothers are designated A and B, with
patient B developing pouchitis.

confirmed by symptoms of frequency, tenesmus, and proctoscopy
and biopsy showing severely inflamed pouch mucosa (Figure 2).
The mother (patient C) also had FAP and received IPAA surgery
at an outside institution. To date, she has not developed pouchitis.
The father (patient D) has no family history of IBD nor has been
diagnosed with FAP or IBD. Since surgical and environmental fac-
tors were similar between the two siblings, we hypothesized that
IBD-associated genetic variants may contribute to the differential
pouchitis susceptibility seen in the two siblings.

The NOD?2 signaling pathway was previously implicated in
a predisposition to pouchitis.’® To determine the potential role
of this pathway in the pedigree, we genotyped the parents and
siblings for SNPs associated with the NOD2 locus. DNA from
all four family members was Sanger sequenced for NOD2 SNPs

Table 1. Clinical indices and demographics.

Patient A Patient B
Pouchitis No Yes
FAP genetic mutation APCR232X APCR232X
Age at surgery 18 16
Race African-American African-American
Sex Male Male
IPAA surgery year 2009 2009
Pouch type ] ]
Pouch length (cm) 22 20
IPAA surgery stages 2 stage 1 stage
Medication usage pre-op None None

Smoking status Never smoked Never smoked

Figure 2. Biopsy of the ileal pouch from patient B. (A) Under low power, the
small intestinal type mucosa shows focal villous blunting and a lymphoid
follicle (original magnification x 40). (B) High power view shows focally
decreased mucin and neutrophilic infiltration in the lamina propria and
epithelium (original magnification x 400).

Table 2. NOD2 genotypes.

Sibling 1 (A)  Sibling 2 (B)  Mother (C)  Father (D)
Pouchitis No Yes No N/A
rs17221417 CC CG CC CG
rs2076756 AA AG AA AG
rs2066844 CC CC CcC CcC
rs2066847 DD DD DD DD

Crohn’s disease risk allele for each variant is italicized.
DD indicates that the frameshift C insertion was not present.
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Figure 3. Bacterial dysbiosis is pre-existing at the time of IPAA surgery. 16S rRNA gene sequencing was performed on tissue samples to analyze the mucosa-
associated bacteria at the time of IPAA surgery. Relative abundance was calculated and compared between siblings A (red) and B (blue). Patient B subsequently
developed pouchitis while patient A did not. (A) Mucosa-associated bacteria from rectal tissue at the time of IPAA. (B) Mucosa-associated bacteria from terminal

ileum tissue at the time of IPAA.

(rs2066844, rs2066847, rs2076756, and rs17221417). We found
that only rs17221417 and rs2076756 segregated by pouchitis
diagnosis (Table 2). These two SNPs are in moderate linkage dise-
quilibrium (D” = 1.0, R? = 0.592). Patient B, the sibling that devel-
oped pouchitis, was heterozygous for both SNPs. His brother,
patient A, did not have either risk allele. Genotyping of the par-
ents indicated that patient B inherited the NOD2 risk alleles from
his healthy father, patient D. These data indicate that patient B
had two variants found in the NOD?2 signaling pathway that play
a role in enteric host defense.

To discern whether bacterial dysbiosis could account for why
one sibling developed pouchitis whereas the other did not, we per-
formed 16S rRNA gene sequencing from the terminal ileum and
rectum at the time of IPAA surgery. Full thickness tissue sections
were obtained from a polyp-free area immediately after resec-
tion from both terminal ileum and rectum. DNA was extracted

from the full thickness tissue using the DNeasy Blood and Tissue
kit (Qiagen, Germantown, MD) and an aliquot of the DNA sent
for 16S rRNA gene sequencing. Bioinformatic analysis was per-
formed using QIIME 1.9.0."' and open reference operational
taxonomic units (OTUs) were assigned using the USEARCH7
algorithm and taxonomy assigned using Greengenes 16S rRNA
gene database.!? Since the ileal pouch was constructed from the
terminal ileum and connected to the rectum, we surveyed both
tissue types at the time of surgery to gain a better understanding
of how the intrinsic microbial composition differed between the
two siblings. Moreover, analyzing these two tissues was impera-
tive since the microbiome temporally shifts to a phenotype more
similar to the colon as the ileal pouch matures.!> Within the rec-
tum, we identified diminished levels of OTUs associated with
Faecalibacterium prausnitzii, Bacteroides, Ruminococcaceae, and
Lachnospiraceae in patient B, who developed pouchitis, compared
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to levels in patient A (Figure 3A). Additionally, patient B dem-
onstrated enrichment of Rhodobacteraceae, Stramenopiles, and
Clostridium taxa relative to levels in patient A. Similar patterns
were seen in the terminal ileum of both individuals, with the most
drastic differences described as a reduction in Ruminococcaceae,
Lachnospiraceae, and Clostridiales taxa in patient B (Figure 3B).
Together, these findings indicate that the bacterial dysbiosis, and
specifically that associated with pouchitis, was present prior to the
IPAA surgery.

3. Discussion

Pouchitis is a relatively common medical condition in individuals
who receive IPAA surgery for UC. However, pouchitis is rare in FAP
patients who receive the same surgery.® Based on this dichotomy, it is
thought that the genetics and microbial dysbiosis associated with IBD
may increase risk for pouchitis in the UC population.” One difficulty
with cohort studies is properly controlling for genetic variation and
differences in environmental exposures. In this study, we reported on
a family in which the mother and her two sons had FAP and under-
went IPAA surgery. As environmental factors would be largely com-
parable in this family, we addressed whether genetic and microbial
factors could potentially explain why pouchitis developed in only one
of the two siblings.

Our analysis found that patient B inherited NOD2 intronic var-
iants, rs17221417 and rs2076756, from his asymptomatic father.
NOD?2 was the first gene found to be associated with Crohn’s dis-
ease (CD).'*!5 The NOD?2 signaling pathway recognizes muramyl
dipeptide (MDP) on the cell surface of intracellular bacteria to
stimulate an innate immune response and clearance of pathogens.'®
These SNPs were found to increase the risk for developing CD in
two large European cohorts.!”!® The NOD2 1007fsCins variant
(rs2066847) confers high risk for developing CD (OR: 3.99).”
Interestingly, this polymorphism is not commonly found in UC
patients.?>*! However, rs2066847 was associated with chronic
pouchitis in UC patients (OR: 3.21 [95% CI: 1.38-7.47]) in a large
multicenter study,'® confirming two smaller studies.?>?* IPAA is
contraindicated in CD patients so the association between NOD?2
variants and pouchitis, which commonly occurs in UC patients,
suggests that dysregulation of the NOD2 signaling pathway, and
therefore defective bacterial recognition, may be involved in the
pathogenesis of pouchitis.

Since both brothers were living in the same household at sur-
gery and exposed to the same environments, the aforementioned
genetic variants in the NOD2 signaling pathway may have been
involved in intrinsic bacterial dysbiosis present prior to IPAA con-
struction. This dysbiosis may have therefore predisposed patient
B to subsequent development of pouchitis. E prausnitzii is prob-
ably the most well-defined bacterial taxa associated with IBD.2**°
Microbiome analysis identified reduced levels of E. prausnitzii in the
terminal ileum and rectum at the time of IPAA surgery in patient
B, the sibling who subsequently developed pouchitis. These bacte-
ria are commonly considered beneficial due to their production of
the short chain fatty acid butyrate,? which provides a fuel source
to the ileal pouch enterocytes.”” These bacteria also demonstrate
anti-inflammatory properties,?*?’ partially through the secretion of
metabolites that block the NF-xB pathway and IL-8 production.*
Lower levels FE prausnitzii OTUs in patient B correlates with pre-
vious findings in patients with acute/recurrent pouchitis whether
operated on for UC or FAP compared to those with healthy UC
and FAP pouches.® Moreover, reduction of mucosa-associated

E prausnitzii was seen in CD patients homozygous for the NOD2
SNP13 variant,?! suggesting that genetics plays a role in the host
microbial composition.

In summary, we analyzed genetic and microbial factors to evaluate
the role of the NOD2 signaling pathway in pouchitis pathogenesis in
one of two brothers with FAP who lived in the same household. Two
genetic variants in the NOD2 gene (rs17221417 and rs2076756)
were inherited by the sibling with pouchitis. Moreover, the sibling
who subsequently developed pouchitis had a dysbiotic ileal and rec-
tal microbiome that was pre-existing at the time of surgery, which
included reduced levels of butyrate-producing bacteria, such as
E prausnitzii. These findings suggest that genetics may contribute to
intrinsic bacterial dysbiosis which subsequently predisposes to the
development of pouchitis.
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