Journal of Genetics (2023)102:37
https://doi.org/10.1007/s12041-023-01433-x

RESEARCH ARTICLE

© Indian Academy of Sciences

®

Check for
updates

A homozygous missense variant in PTPN2 with early-onset Crohn’s
disease, growth failure and dysmorphic features in an infant: a case

report

JOHNNY AWWAD!, MIRNA SOUAID2, TONY YAMMINEZ2, ALAIN CHEBLY?Z3, NABIHA SALEMZ,

RITA ESBER? and CHANTAL FARRAZ:4*

YObstetrics and Gynecology Department, American University of Beirut Medical Center, Beirut, Lebanon
2Medical Genetics Unit, Saint Joseph University, Beirut, Lebanon

3Higher Institute of Public Health, Saint Joseph University, Beirut, Lebanon

4Medical Genetics Department, Hotel-Dieu de France University Hospital, Saint Joseph University, Beirut, Lebanon

*For correspondence. E-mail: chantal.farra@outlook.com.

Received 9 August 2022; revised 27 March 2023; accepted 18 May 2023

Abstract.

Crohn’s disease (CD) is a chronic idiopathic inflammatory bowel condition that can affect any part of the gastrointestinal tract.

Several hundred candidate loci or genes including PTPN2 have been reportedly associated with CD. A whole-exome sequencing (WES)
was conducted in a 9-year-old Lebanese girl with a CD onset at 13 months and in both her asymptomatic parents. The analysis detected an
extremely rare homozygous variant in PTPN2: ¢.359C>T, p.(Ser120Leu) in the patient, while both her parents were heterozygous. This
variant, located in the protein tyrosine phosphatase (PTP) domain within a highly conserved amino acid, is classified as VUS according to
the American College of Medical Genetics (ACMG) criteria. To evaluate the hypothetical functional consequences of the identified variant,
a quantitative expression analysis of PTPN2 was performed in blood tissues of the patient, her parents, and two healthy controls. PTPN2
expression was not noted in the patient compared to her parents and the normal controls, suggesting a functional PTPN2 impairment caused
by ¢.359C>T. This variant ¢.359C>T, p.(Ser120Leu) in PTPN2 has never been previously described in the literature. Our report suggests an

association of PTPN2: ¢.359C>T with early-onset CD.
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Introduction

Inflammatory bowel disease (IBD) is a chronic intestinal
inflammation including Crohn’s disease (CD) and ulcerative
colitis (UC) (Zhang and Li 2014). CD is an idiopathic IBD that
can involve any part of the gastrointestinal tract. The major
symptoms are diarthea, abdominal pain, weight loss and in
some cases fever (Feuerstein and Cheifetz 2017). The CD is
reportedly a multifactorial condition with important genetic
implications. To date, several hundred genes have been descri-
bed in association with CD, UC or both (Lees et al. 2011).
NOD2 (#MIM: 605956) was the first gene to be reported in
association with CD (Lees et al. 2011; Zhang and Li 2014).
Further candidate loci or genes such as PTPN2 (#MIM: 176887)
were later outlined by genomewide association studies (GWAS)
(Wellcome Trust Case Control Consortium 2007; Glas et al.
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2012; Marcil et al. 2013; Sharp ef al. 2018). PTPN2, is a
member of the protein tyrosine phosphatase (PTP) family
known to be signalling molecules that regulate the functional
activity of cellular targets including Janus kinases, epidermal
growth factor receptors and signal transducers, and activators of
transcription family members (Spalinger et al. 2016). PTPN2
regulates autophagosome formation in the human intestinal cells
(Scharl ef al. 2012). It is a major player in controlling inflam-
matory signalling cascades and maintaining intestinal barrier
functions (Spalinger et al. 2016).

Here, a homozygous PTPN2 variant (NM_002828.4):
¢.359C>T, p.(Ser120Leu) in exon 4 was found in a 9-year-
old girl with a very early-onset CD, growth failure and
dysmorphic features. Analysis of PTPN2 expression in the
patient almost showed no activity compared to her
heterozygous parents and healthy controls.


http://crossmark.crossref.org/dialog/?doi=10.1007/s12041-023-01433-x&amp;domain=pdf
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Materials and methods
Case presentation

The patient is the first-born female to a healthy consan-
guineous, couple with unremarkable family history
(figure 1a). Pregnancy and delivery were uneventful. From the
age of 18 months, the patient experienced recurrent episodes
of diarrhea. The patient presented at the age of 9 to our
Medical Genetics Unit for evaluation and genetic workup.
She had growth retardation with height and weight (-5 DS),
head circumference (-3 DS) and a history of chronic diarrhea
with haematochezia, anemia with iron deficiency, neutrophilia
and lymphocytopenia. She also had dysmorphic features,
namely concave nasal ridge with prominent nasal tip, midface
retrusion, and mandibular prognathia. Moderate neurodevel-
opmental delay was also reported. Digestive endoscopy per-
formed earlier revealed the presence of a slightly erosive and
congestive lesion at the level of the antrum as well as a diffuse
severe erosive colitis relatively sparing the rectum and the
right colon. No other imaging tests or biopsy reports were
available. She was followed up for her nutritional diet and
was treated with azathioprine. No other extra intestinal man-
ifestations were reported.
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Whole exome sequencing (WES) and analysis

DNA was extracted from peripheral blood using QIAamp
DNA Blood Mini kit according to the manufacturer’s
instruction (Qiagen, Germany). After fragmentation of the
genomic DNA, library preparation was performed using the
Twist Human Core Exome Plus Kit (Twist Bioscience,
USA) following manufacturers’ instructions. The generated
library was sequenced on an Illumina HiSeq 2500 (Illu-
mina, USA). An in-house bioinformatics pipeline, includ-
ing genomic alignment against the hg19/GRCh37 assembly
and variant calling were, respectively, done with BWA-
MEM v.0.7.12 and GATK Haplotype Caller v.3.4 (Broad
Institute, Boston, USA) (Li and Durbin 2009). An in-house
script filter was used to filter the identified variants
according to the most likely hypothesized inheritance pat-
terns would be de novo or autosomal recessive. Variants
with a depth below 5 x and intronic variants were excluded,
as well as variants with a minor allele frequency above 1%
in the gnomAD database (https://gnomad.broadinstitute.
org/) in order to only retain rare exonic variants. A copy
number variation (CNV) software, ERDS v. 1.1 was used to
detected a gain or loss of genetic material in the patient
(Zhu et al. 2012).
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Figure 1. (a) The pedigree of the consanguineous family studied, the proband (IV-1) is indicated by shaded circle. (b) Individual IV-1 with
homozygous variation, ¢.359C>T in PTPN2. Sanger sequencing electropherograms of genomic DNA for the IV-1 and her parents (1II-1 and
I11-2) showing the segregation of the ¢.359C>T variation in PTPN2. (c) Sanger sequencing electropherograms of the cDNA for the proband
and her parents.


https://gnomad.broadinstitute.org/
https://gnomad.broadinstitute.org/
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RNA extraction and cDNA sequencing

RNA was extracted from whole blood using TRIzol Reagent
(Invitrogen Life Technologies, USA). Reverse transcription
was realized using 1500 ng RNA with the Superscript II
reverse transcriptase (Invitrogen, Life Technologies, USA).
To rule out the contamination of RNA samples by genomic
DNA, PCR of the housekeeping gene B-globin was per-
formed with the following primers: Globin-F: 5-AAG TTG
GTG GTG AGG CCC TG-3' and Globin-R: 5-TTG CCA
AAG TGA TGG GCC AG-3'. An amplicon of ¢cDNA
spanning exons 3 to 8 was analysed by Sanger sequencing
using the following primers: PTPN2-3F: 5-GAAGAG
GCACAAAGGAGTTACA-3' and PTPN2-8R: 5'- CCTG
TACATCGGTCACCTGT-3'. Primers were designed using
Primer3 for amplification and sequencing of exond: 4F
(5-TGTCTGCTTCCCTCATCTGC-3') and 4R (5-GGAC
AGAAACACTTTGACCGC-3).

Expression study

Quantitative RT-PCR was performed using cDNAs with the
SYBR Green PCR Master Mixes (Applied Biosystems,
USA) on a 7500 Fast Real Time PCR (Applied Biosystems,
USA) in triplicate. Primers for PTPN2 were designed using
Primer 3 (http://primer3.ut.ee/) and checked for specificity
with primer blast (https://www.ncbi.nlm.nih.gov/tools/
primer-blast/primertool.cgi): PTPN2-F: 5'-GCCGCTGT
ACTTGGAAATTCG-3' and PTPN2-R: 5'-TGTAACTCCT
TTGTGCCTCTTC-3'. TBP was used as a reference gene
(TBP-F: 5-CACGAACCACGGCACTGATT-3' and TBP-R:
5"-TTTTCTTGCTGCCAGTCTGGA-3’. Samples included
patients’ cDNA as well as two normal controls, in addition
to the RT-negative products. Finally, data were analysed by
relative quantification according to the 27AAC method, and
statistical analyses R 3.5.2 were used (Livak and Schmittgen
2001). Mean relative mRNA ratio between the patient,
parents, and controls were compared with a Welsh #-test.
The patient’s parents signed an informed consent for
participation, sample collection and data publication
according to the university ethics committee regulations.

Results

WES data (mean coverage 98.9% at > 20x) revealed a
homozygous missense variant in exon 4 of PTPN2
(NM_002828.3): ¢.359C>T p.(Ser120Leu). No other
homozygous or heterozygous variants within the known IBD
genes were detected (Bolton e al. 2022). No clinically rel-
evant CNVs were identified. The finding was confirmed by
Sanger sequencing in the proband and both her parents who
were found to be heterozygous for the variant (figure 1b).
The ¢.359C>T is located in the protein tyrosine phosphatase
domain within a highly conserved amino acid (http://grch37.
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ensembl.org/Homo_sapiens/Transcript/Domains?db=core;g=
ENSG00000175354;r=18:12792152-12884234;t=ENST000

00309660). The physico-chemical difference between serine
and leucine is highly significant. The allelic frequency of this
variant as per gnomAD database is 0.0012% with a Z score
of 1.38. No homozygous is reported with this variant in the
gnomAD database. ¢.359C>T is classified as VUS according
to the American College of Medical Genetics (Richards et al.
2015) and Varsome (Kopanos et al. 2019), cumulative cri-
teria based on conservation scores and in silico prediction
tools such as: phyloP100 (score 7.662), high pathogenicity
by dbscSNV (0.99130), damaging by Diogen?2 (score 0.5234,
0.5035), and MetaRNN (score 0.6875), pathogenic by
FATHMM-XF (score 0.9853), and FATHMM-MKL (score
0.9853), uncertain by DANN (0.9976), mutation taster
(0.999.1), and SIFT (score 0.006, 0.119) assess the variant as
uncertain.

Sanger sequencing of cDNA also confirmed the presence
of the variant ¢.359C>T in exon 4 of PTPN2 in the proband
and both her parents in homozygous and heterozygous
states, respectively (figure 1c).

To assess the hypothetical functional consequences of the
variant, a quantitative expression analysis for PTPN2 was
conducted. Quantitative RT-PCR revealed a near absent
PTPN2 expression in the patient’s blood tissue compared to
blood samples from her parents and two healthy controls,
confirming a defective impact of this variant on PTPN2
function (figure 2).

Discussion

The incidence of early-onset IBD is increasing worldwide.
Although, typically considered a polygenic disorder,
advances in next-generation sequencing have led to the
discovery of more than 80 monogenic causes of IBD to date.
Patients reported with monogenic IBD are usually younger
at diagnosis, and more likely to have CD as well as extra
intestinal symptoms (Collen et al. 2022). Recently a series
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Figure 2. Expression of PTPN2 in blood tissue of the patient
compared to her parents and two healthy controls. The graph
denotes relative fold change.
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on 26 pediatric children with IBD showed that 50% were
linked to a monogenic defect (Cheema et al. 2021).

PTPN? is involved in the regulation of signal transduc-
tion, neoplastic transformation, and the control of the mitotic
cycle (Cool et al. 1989; Collen et al. 2022). It is as well
implicated in the immune responses both innate and adap-
tive, and is reported to play an important role in the intestinal
epithelial barrier function (Spalinger et al. 2016).

Our patient presented with IBD and dysmorphic features.
She was found to have a novel homozygous missense
variant in PTPN2: ¢.359C>T. This variant has not previ-
ously been described in association with CD in humans.

When compared to heterozygous carriers or normal con-
trols, homozygous ¢.359C>T showed a near-absence of
PTPN?2 expression in the patient’s blood tissue. The Mouse
Genome Informatics database reported on a knockout mouse
for PTPN2™'~ gene displaying clinical features comparable
to those observed in our patient, namely growth retardation,
anaemia, decreased in B and T cell number, chronic diarrhea
(http://www.informatics.jax.org).

Early-onset IBDs, have been reported in monogenic dis-
orders with a broad spectrum of manifestations such as in
disorders including major skin defects resulting from
ILI0RA (#146993), ILIORB (#123889) deficiencies. More-
over, GWAS studies showed that SNPs including rs2542151,
rs1893217 and rs7234029 in PTPN2 are associated with a
high susceptibility risk to CD (Sharp et al. 2018). The data
suggest that these could potentially affect the negative reg-
ulation of the immune response resulting in an increased
inflammatory response which may contribute to CD (Sharp
et al. 2015).

Recently, a heterozygous de novo pathogenic variant,
c.646T>G located in the protein phosphatase domain of
PTPN2 was reported in a 3-year-old patient with an isolated
IBD, and with no other systemic involvement or dysmorphic
features (Parlato et al. 2020).

Analysis of endogenous PTPN2 protein derived from
Epstein-Barr virus transformed B cell lines (EBV-B) indi-
cated that these variants do not impact PTPN2 expression,
but further induce a downstream hyperactivation of the JAK-
STAT pathway.

Another study in a 20-year-old man identified a mono
allelic stop gain variant in PTPN2, p.Glu291Ter, inherited
from his mother and a PTPN2 rs2847297-G allele inherited
from his father. The patient presented with immunodefi-
ciency and arthritis while his mother had lupus erythe-
matosus, type 1 diabetes, hypothyroidism and autoimmune
neutropenia and his father had no manifestations. An allele
specific expression analysis revealed a reduced PTPN2
transcription from the rs2847297 allele in the index case
compared to his mother’s normal allele (Thaventhiran et al.
2020).

Previous studies had demonstrated a strong association of
the PTPN2 152542151 allele with CD (Rioux et al. 2007,
Franke ef al. 2008). Review of the literature showed a report
on a child presenting with Turner-like syndrome clinical
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features and a 13.9-Mb deletion within chromosome
18p11.21-11.32 encompassing 52 OMIM genes including
PTPN?2, the patient, nevertheless, had no CD manifestations
(Chen et al. 2018). This maybe an indication of incomplete
monoallelic penetrance and variable expressivity.

Our patient has a homozygous missense variant in the
protein tyrosine phosphatase domain. This was never pre-
viously reported in association with CD. Our patient’s pre-
sentation is consistent with that observed in a mouse PTPN2
knock out model. In addition, her symptoms are more severe
than those of the patient with a heterozygous variant
described by Parlato et al. (2020). Further, neither of our
patient’s heterozygous parent had any history or manifesta-
tions of bowel disease. They both had normal expression of
PTPN2 in their blood samples compared to healthy controls.

Altogether, these data might illustrate a case of monogenic
recessive form of CD caused by the homozygous variant
PTPN2: ¢.359C>T, inherited from both nonsymptomatic
heterozygous parents. It might, however, not rule out the
possibility of oligogenic or polygenic inheritance for IBD
with PTPN2 playing a major role.

In conclusion, this study reports, for the first time, an early
onset CD, growth failure, and dysmorphic features associ-
ated with a homozygous PTPN2 variant. Further cases and
functional analyses would allow a better delineation of the
genotype—phenotype correlation and the implication of
PTPN2 in early-onset CD.
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