Gastroenterology

Baishideng Publishing Group Inc



/{/ (]‘ World Journal of
Gastroenterology

Contents Weekly Volume 24 Number 6 February 14,2018

ORIGINAL ARTICLE
Basic Study
657 Role of PTPN.2/22 polymorphisms in pathophysiology of Crohn’s disease

Sharp RC, Beg SA, Naser SA

671 Health-related quality of life, anxiety, depression and impulsivity in patients with advanced
gastroenteropancreatic neuroendocrine tumours

Lewis AR, Wang X, Magdalani L, D’Arienzo P, Bashir C, Mansoor W, Hubner R, Valle JW, McNamara MG

680 Analysis of hepatitis B virus preS1 variability and prevalence of the rs2296651 polymorphism in a Spanish
population
Casillas R, Tabernero D, Gregori J, Belmonte I, Cortese MF, Gonzalez C, Riveiro-Barciela M, Lopez RM, Quer J, Esteban R,

Buti M, Rodriguez-Frias F

693 Inhibitory effects of patchouli alcohol on stress-induced diarrhea-predominant irritable bowel syndrome

Zhou TR, Huang JJ, Huang ZT, Cao HY, Tan B

706 Recombinant expressed vasoactive intestinal peptide analogue ameliorates TNBS-induced colitis in rats

Xu CL, Guo Y, Qiao L, Ma L, Cheng YY

Retrospective Study
716 Split-dose bowel preparation improves adequacy of bowel preparation and gastroenterologists’ adherence to
National Colorectal Cancer Screening and Surveillance Guidelines

Menees SB, Kim HM, Schoenfeld P

725 Clinical utility of hepatitis B surface antigen kinetics in treatment-naive chronic hepatitis B patients during
long-term entecavir therapy

Lin TC, Chiu YC, Chiu HC, Liu WC, Cheng PN, Chen CY, Chang TT, Wu IC

737 Performance of transient elastography in assessing liver fibrosis in patients with autoimmune hepatitis-
primary biliary cholangitis overlap syndrome

Wu HM, Sheng L, Wang Q, Bao H, Miao Q, Xiao X, Guo CJ, Li H, Ma X, Qiu DK, Hua J

Raishidenge ~ WJG | www.wjgnet.com 1 February 14, 2018 | Volume 24 | Issue 6 |



World Journal of Gastroenterology

SellEi Volume 24 Number 6 February 14, 2018

Clinical Practice Study
744 Value of contrast-enhanced ultrasound in the differential diagnosis of gallbladder lesion

Zhang HP, Bai M, Gu JY, He YQ, Qiao XH, Du LF

Observational Study
752 High prevalence of hepatitis B-antibody loss and a case report of de novo hepatitis B virus infection in a
child after living-donor liver transplantation

Sintusek P, Posuwan N, Wanawongsawad P, Jitraruch S, Poovorawan Y, Chongsrisawat V

CASE REPORT
763 Gastroenteritis in an adult female revealing hemolytic uremic syndrome: Case report

Chinchilla-Lopez P, Cruz-Ramon V, Ramirez-Pérez O, Méndez-Sanchez N

Raishidenge ~ WJG | www.wjgnet.com I February 14, 2018 | Volume 24 | Issue 6 |



Contents

World Journal of Gastroenterology
Volume 24 Number 6 February 14,2018

ABOUT COVER

Editorial board member of World Journal of Gastroenterology, Yoshiaki Iwasaki,
MD, PhD, Professor, Health Service Center, Okayama University, Okayama
700-8530, Japan

AIMS AND SCOPE

World Journal of Gastroenterology (World | Gastroenterol, WJ]G, print ISSN 1007-9327, online
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WG was estab-
lished on October 1, 1995. It is published weekly on the 7" 14th, 21, and 28" each month.
The W]G Editorial Board consists of 642 experts in gastroenterology and hepatology from
59 countries.

The primary task of ]G is to rapidly publish high-quality original articles, reviews,
and commentaries in the fields of gastroenterology, hepatology, gastrointestinal endos-
copy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastroin-
testinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional ther-
apy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterol-
ogy, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biol-
ogy, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics,
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal
therapeutics. WJG is dedicated to become an influential and prestigious journal in gas-
troenterology and hepatology, to promote the development of above disciplines, and to
improve the diagnostic and therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING

Waorld Journal of Gastroenterolagy (WJG) is now indexed in Current Contents®/Clinical Medicine,
Science Citation Index Expanded (also known as SciSearch®), Journal Citation Reports”, Index
Medicus, MEDLINE, PubMed, PubMed Central and Directory of Open Access Journals. The
2018 edition of Journal Citation Reports® cites the 2016 impact factor for WJG as 3.365 (5-year
impact factor: 3.176), ranking ]G as 29" among 79 journals in gastroenterology and hepatol-

ogy (quartile in category Q2).

EDITORS FOR
THIS ISSUE

Responsible Electronic Editor: Yi-Jie Ma
Proofing Editor-in-Chief: Lian-Sheng Ma

Responsible Assistant Editor: Xiang Li

Responsible Science Editor: Xue-Jiao Wang
Proofing Editorial Office Director: Ze-Mao Gong

NAME OF JOURNAL
World Journal of Gastroenterology

ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

LAUNCH DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF

Damian Garcia-Olmo, MD, PhD, Doctor, Profes-
sor, Surgeon, Department of Surgery, Universidad
Autonoma de Madrid; Department of General Sur-
gery, Fundacion Jimenez Diaz University Hospital,
Madrid 28040, Spain

Stephen C Strom, PhD, Professor, Department of
Laboratory Medicine, Division of Pathology, Karo-
linska Institutet, Stockholm 141-86, Sweden

Andrzej S Tarnawski, MD, PhD, DSc (Med),
Professor of Medicine, Chief Gastroenterology, VA
Long Beach Health Care System, University of Cali-
fornia, Irvine, CA, 5901 E. Seventh Str., Long Beach,

CA 90822, United States PUBLICATION DATE
February 14, 2018
EDITORIAL BOARD MEMBERS

All editorial board members resources online at http://

www.wignet.com/1007-9327/editorialboard.htm

COPYRIGHT

© 2018 Baishideng Publishing Group Inc. Articles pub-
lished by this Open-Access journal are distributed under
the terms of the Creative Commons Attribution Non-
commercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is
otherwise in compliance with the license.

EDITORIAL OFFICE

Ze-Mao Gong, Director

Waorld Journal of Gastroenterology

Baishideng Publishing Group Inc

7901 Stoneridge Drive, Suite 501,

Pleasanton, CA 94588, USA

Telephone: +1-925-2238242

Fax: +1-925-2238243

E-mail: editorialoffice@wijgnet.com

Help Desk: http://www.f6publishing.com/helpdesk

SPECIAL STATEMENT

All articles published in journals owned by the Baishideng
Publishing Group (BPG) represent the views and opin-
ions of their authors, and not the views, opinions or

heep:// “wgnet.com policies of the BPG, except where otherwise explicitly
PUBLISHER indicated.
Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS

7901 Stoneridge Drive, Suite 501,

Pleasanton, CA 94588, USA

Telephone: +1-925-2238242

Fax: +1-925-2238243

E-mail: bpgoffice@wjgnet.com

Help Desk: http:/ /www.f6publishing.com/helpdesk
http:/ /www.wjgnet.com

Full instructions are available online at http://www.
wignet.com/bpg/getinfo/204

ONLINE SUBMISSION
http:/ /www.f6publishing.com

JRaishideng®

WIJG | www.wjgnet.com

1

February 14, 2018 | Volume 24 | Issue 6 |




W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.f6publishing.com

DOT: 10.3748,/ wjg,v24.16.657

World | Gastroenterol 2018 February 14; 24(6): 657-670

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Basic Study
Role of PTPN2/22 polymorphisms in pathophysiology of
Crohn’s disease

Robert C Sharp, Shazia A Beg, Saleh A Naser

Robert C Sharp, Saleh A Naser, Burnett School of Biomedical
Sciences, College of Medicine, University of Central Florida,
Orlando, FL 32816, United States

Shazia A Beg, University of Central College of Medicine,
Health Center, Orlando, FL 32816, United States

ORCID number: Robert C Sharp (0000-0002-5167-8941);
Shazia A Beg (0000-0002-4096-9452); Saleh A Naser (0000-0
001-9222-4527).

Author contributions: Sharp RC is the primary author who
performed all experiments, collected data and participated in
writing the manuscript; Beg SA is the clinical coordinator in
this study and has supervised recruitment of subjects, collection
of clinical samples and transmitting of relevant data to the
investigators. She played a vital role in analyzing the data and
revising the manuscript; Naser SA is the leading investigator
in the lab and has supervised all aspects of the study including
writing and editing of the manuscript.

Supported by the Florida Legislative Grant and the Crohn’s
Disease Grant Funded by the State of Florida (in part).

Institutional review board statement: The study was approved
by the University of Central Florida Institutional Review Board
#IRB00001138. Each subject completed and signed a written
consent form before samples were collected. Each subject signed
a written consent form for publication purposes.

Conflict-of-interest statement: The authors declare that they
have no competing interests.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is 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 and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Baishidenge ~ WJG | www.wjgnet.com

Correspondence to: Saleh A Naser, PhD, Professor, Associate
Director, Burnett School of Biomedical Sciences, College of
Medicine, University of Central Florida, 4110 Libra Drive,
Orlando, FL 32816, United States. saleh.naser@ucf.edu
Telephone: +1-407-8230955

Fax: +1-407-8230955

Received: December 20, 2017
Peer-review started: December 21, 2017
First decision: December 27, 2017
Revised: January 3, 2018

Accepted: January 18, 2018

Article in press: January 18,2018

Published online: February 14, 2018

Abstract

AIM

To establish the relationship of protein tyrosine pho-
sphatase non-receptor type 2 and 22 (PTPN2/22)
polymorphisms and mycobacterial infections in Crohn’s
disease (CD).

METHODS

All 133 subjects’ blood samples were genotyped for nine
single nucleotide polymorphisms (SNPs) in PTPNZ2/22
using TagMan™ genotyping, while the effect of the
SNPs on PTPN2/22 and IFN-y gene expression was
determined using RT-PCR. Detection of Mycobacterium
avium subspecies paratuberculosis (MAP) IS900 gene
was done by nPCR after DNA extraction from the iso-
lated leukocytes of each subjects’ blood samples. T-cells
isolated from the patient samples were tested for
response to phytohematoagglutonin (PHA) mitogen or
mycobacterial antigens by BrdU proliferation assays for
T-cell activity.

RESULTS

Out of the nine SNPs examined, subjects with either
heterozygous (TC)/minor (CC) alleles in PTPN2:
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15478582 occurred in 83% of CD subjects compared
to 61% healthy controls (P-values < 0.05; OR = 3.03).
Subjects with either heterozygous (GA)/minor (AA)
alleles in PTPN22.:rs2476601 occurred in 16% of CD
compared to 6% healthy controls (OR = 2.7). Gene
expression in PTPN2/22 in CD subjects was significantly
decreased by 2 folds compared to healthy controls
(P-values < 0.05). JFNV-y expression levels were found
to be significantly increased by approxiately 2 folds
in subjects when either heterozygous or minor alleles
in PTPN2:rs478582 and/or PTPN22:rs2476601 were
found (P-values < 0.05). MAP DNA was detected in
61% of CD compared to only 8% of healthy controls
(P-values < 0.05, OR = 17.52), where subjects with
either heterozygous or minor alleles in PTPN2.rs478582
and/or PTPN22:rs2476601 had more MAPbacteremia
presence than subjects without SNPs did. The
average T-cell proliferation in CD treated with PHA
or mycobacteria antigens was, respectively, 1.3 folds
and 1.5 folds higher than healthy controls without any
significant SNP.

CONCLUSION

The data suggests that SNPs in PTPN2/22 affect the
negative regulation of the immune response in CD
patients, thus leading to an increase in inflammation/
apoptosis and susceptibility of mycobacteria.

Key words: Crohn’s disease; PTPN2; PTPN22; PTPN2/22;
Mycobacteria; Single nucleotide polymorphisms

© The Author(s) 2018. Published by Baishideng
Publishing Group Inc. All rights reserved.

Core tip: Knowledge of the pathophysiology of Crohn's
disease (CD) is vital in the development of new dia-
gnosis techniques and treatments for the disease. Our
study involves the investigation of single nucleotide
polymorphisms (SNPs) in protein tyrosine phosphatase
non-receptor type 2 and 22 (PTPNZ/22) and their
effects on susceptibility to mycobacteria species and
the elevation of pro-inflammatory cytokines. Our data
demonstrates that SNPs in PTPN2/22 lead to less
negative regulation in T-cells and increase susceptibility
to mycobacteria, thus increasing inflammation and
apoptosis in intestinal tissues. Personalized treatment
could be accomplished by genetic testing and antibiotic
treatment for mycobacteria in CD patients.

Sharp RC, Beg SA, Naser SA. Role of PTPN2/22 polymorphisms
in pathophysiology of Crohn’s disease. World J Gastroenterol
2018; 24(6): 657-670 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i6/657.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.16.657

INTRODUCTION
Single nucleotide polymorphisms (SNPs) play a signi-
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ficant role in the pathogenic process of inflammatory
autoimmune disorders. These SNPs affect several
immunity genes, leading to an overactive immune
system. Consequently, self-tolerance mechanisms fail in
a variety of immune cells including T-cells, B-cells, and
antigen-presenting cells™*. Along with these genetic
defects, environmental factors such as bacterial and viral
infections have also been associated with inflammatory
autoimmune disorders. These factors trigger phe-
notypical response to occur in the defected immune
cells' . Some of these diseases, such as Rheumatoid
Arthritis (RA), Type 1 Diabetes (T1D), and Crohn’s
Disease (CD), share some of the same genetic SNPs with
each other'™*., An example of regulatory immune genes
that these diseases share SNPs in are in the protein
tyrosine phosphatases non-receptor type 2 (PTPNZ2) and
type 22 (PTPN22) genes' . PTPN2/22 are genes found
more frequently in T-cells, where they encode enzymatic
phosphatase proteins (PTPN2/22) that negatively
regulate the T-cell receptor (TCR)"*?). PTPN2 and its
protein product (PTPN2) are also found in a majority of
epithelial cell types including synovial joint tissue, p-cells,
and intestinal tissues, where they control apoptosis and
chemokine production*?. SNPs in PTPN2/22 have been
hypothesize to cause a dysregulation of the immune
system that is brought upon by overactive T-cells and
increased pro-inflammatory cytokine production due to
lack of negative regulation™™.

With a majority of inflammatory autoimmune dis-
orders sharing the same genetic pre-dispositions, it is
possible that the pathogenesis of these disorders could
also share some of the same common environmental
triggers with each other as well (Figure 1)%, Recent
studies have shown that Mycobacterium avium
subspecies paratuberculosis (MAP) infections have been
associated with a variety of different inflammatory
disorders including CD™*'¥. Mycobacterial infections
causes problems in these inflammatory autoi-
mmune patients when the patient is genetically pre-
disposed, causing the immune system to become
dysregulated™***, This dysregulation will lead to high
amounts of pro-inflammatory cytokines, production of
autoantibodies, and high amounts of apoptosis occurring
in a variety of cell types, thus leading to chronic inflam-
mation™***4,

In addition to sharing the same genetic predis-
positions and environmental triggers, many inflam-
matory autoimmune disorders share the same medical
treatments as well. For instance, anti-TNF-a therapeutics
such as adalimumab and infliximab are used for RA
and CD'™7”), However, anti-TNF-o. medications along
with non-steroid anti-inflammatory drugs (NSAIDs),
glucocorticoids, and other disease-modifying drugs
cause several side effects’®'?!, These side effects
include osteoporosis, hypertension, GI intolerance,
autoantibodies against medications, and increased
risk of developing opportunistic infections, especially
mycobacterial infections®'®. With the undesirable
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side effects of these medications, it is important that
inflammatory autoimmune disorders pathogeneses is
thoroughly examined in order to develop more accurate
detection of disease and to develop more personal
treatment with little side effects.

In this study, we focus on the pathogenesis of
CD, where we explore the effect of both the genetic
predisposition of SNPs in PTPN2/22 and the environ-
mental trigger of MAP infection. We hypothesize that
SNPs in PTPN2/22 lead to loss of negative regulation in
T-cells and, with a MAP infection, increases production
of pro-inflammatory cytokines such as IFN-y. This
leads to an increase inflammation and apoptosis in the
intestinal tissues of CD patients.

MATERIALS AND METHODS

Clinical samples

A total of 133 consented CD subjects and healthy
controls donated two to three 4.0 mL K2-EDTA coded
blood tubes for us in this study. The study was approved
by the University of Central Florida Institutional Review
Board #IRB00001138. Each subject completed and
signed a written consent form before samples were
collected. Healthy control subjects completed a
survey that question if said subjects had any medical
abnormality (CD, T1D, RA or “other diseases”). No
healthy control subjects had any type of medical
conditions to the best of their knowledge. The severities
of the CD subjects’ symptoms were scored from
moderate to severe symptoms. The average age of
CD subjects was 39.6 £ 14.3 with a gender ratio of
48.6% male and 51.4% female. The average age of
healthy controls was 30.7 + 13.4 with a gender ratio
of 41.9% male and 58.1% female subjects. Table 1
lists age, gender and other demographic information
for all CD subjects in this study. From the blood tubes,
the following procedures were done to the samples:
PTPN2/22 genotyping, gene expression profiling,
MAP IS900 nested PCR (nPCR) detection, and T-cell
proliferation assays.

PTPN2/22 genotyping

TagMan™ SNP Genotyping Assays (Applied Bio-
systems™) were used to genotype nine SNPs in
PTPN2/22 from the isolated DNA from subjects’ blood
samples. Samples and reagents were sent to the
University of Florida Pharmacotherapy and Translational
Research Department (Gainesville, FL) to perform
genotyping assays. Out of the nine SNPs, four SNPs
were specific to PTPN2 that includes rs1893217,
rs2542151, rs7234029, rs478582 along with five SNPs
that were specific to PTPN22 that includes rs2476601,
rs2488457, rs33996649, rs34209542, rs2476599.
Briefly, DNA was extracted from whole blood samples
using QIAamp® DNA Blood Mini Kit (Qiagen™) following
manufacturer’s protocol. TagMan™ genotyping assays
for PTPN2/22 SNPs were performed on DNA samples

Baishidenge ~ WJG | www.wjgnet.com

659

Sharp RC et al. PTPNZ/22 and Mycobacteria in CD

following manufacturer protocol (Applied Biosystems™).
Briefly, DNA samples and the TagMan™ SNP Genotyping
Assays mixtures (primers with Vic and Fam fluorophore
attachment) were transferred into a 384-well plate
along with 2 x TagMan™ Master Mix and 20 X Assay
Working Stock in each well. Plates were treated to an
RT-PCR protocol consisting of 95 C for 10 min for 1
cycle, 92 C for 15 s and 58 *C for 1 min for 50 cycles.
The plates were then read for VIC (551 nm) and
FAM (517 nm) fluorescence, where VIC or FAM alone
determined allele 1 or allele 2 in the samples, while VIC
and FAM together determined heterozygous for each
allele in the samples.

PTPN2/22 and IFN-y gene expression
Gene expression of PTPN2/22 and IFN-y was per-
formed by converting RNA from subjects’ whole
blood samples to cDNA and performing RT-PCR. RNA
from the subjects’ blood samples were isolated from
peripheral leukocytes via TRIzol® Reagent (Invitrogen)
per manufacturer’s instruction. Briefly, 1.0 mL of whole
blood from subjects’ samples were transferred into a
microcentrifuge tubes and centrifuged for 3000 rpm for
15 min until the leukocytes formed a buffy coat layer,
which was then transferred to new 2.0 mL RNase free
microcentrifuge tubes. Tubes containing the leukocytes
from subjects’ samples were then suspended in 1.0
mL of TRIzol®, where the tubes were incubated and
gently rocked for 15 min at room temperature. Next,
0.2 mL of chloroform was then mixed in each tube
and then incubated at room temperature for 3 min.
Tubes were then centrifuged at 11400 rpm for 15 min
at 4 C, where afterwards the upper aqueous phase
containing RNA was transferred to new 2.0 mL RNase
free microcentrifuge tubes. Next, 0.5 mL of 100%
isopropanol was added to the tubes containing subjects’
RNA samples, where they were incubated at room
temperature for 10 min. Tubes were then centrifuged
at 11400 rpm for 10 min at 4 C, where afterwards
the RNA pellets were washed in 1 mL of 75% ethanol.
Washed RNA pellets were then centrifuged for 8700
rpm for 5 min at 4 °C and then air-dried until fully dried.
Dried RNA pellets were then suspended in 20 uL of
RNase free H20 and boiled to 60 C for 10 min.

Conversion of RNA to cDNA was done following the
iScript™ Reverse Transcription (Bio-Rad®) manufacturer’
s instruction. RNA concentration from each subjects’
samples were first quantified via NanoDrop ND-1000
Spectrophotometer (ThermoFisher Scientific®) and
then diluted to 600 ng of total RNA. Next, diluted RNA
samples were then added to PCR reaction tubes that
contained 0.2 mL PCR reaction, 4 uL of iScript™ Reverse
Transcription (Bio-Rad®), and up to 20 uL RNase free
H20. The PCR reaction tubes then underwent a PCR
protocol consisting of 5 min at 25 °C, 20 min at 46 C
and 1 min at 95 C, where the final concentration of
cDNA for each sample was 30 ng/uL.

For the RT-PCR reaction, 1 uL of cDNA (30 ng) was
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Table 1 Demographics and results of mycobacterium avium subspecies paratuberculosis presence and frequency of PTPN2:

15s478582/PTPN22:rs2476601 in CD subjects

Sample code Gender Age Diagnosis MAP +/- PTPN2:rs478582 PTPN22:1s24766071
RCS1 M 50 CD - TC GA
RCS2 F 25 CD - TC GA
RCS3 F 68 CD + TC GG
RCS4 M 26 CD + CC GG
RCS5 F 56 CD + CC GG
RCS6 NA NA CD + TC GG
RCS7 M 60 CD + TC GG
RCS8 M 43 CD + TC GG
RCS9 F 54 CD - CcC GG
RCS10 F 31 CD NA TC GG
RCS11 M 21 CD + NA GG
RCS12 M 25 CD + CcC GG
RCS13 F 40 CD + TC GG
RCS14 M 36 CD + TC GG
RCS15 NA NA CD - CcC GA
RCS16 F 25 CD + TC GG
RCS17 F 27 CD + TC GG
RCS18 M 20 CD - TT GG
RCS19 M 25 CD + CcC GA
RCS20 F 41 CD - TC GG
RCS21 M 20 CD - TT GG
RCS22 M 40 CD - TC GG
RCS23 M 30 CD - TC GG
RCS24 F 60 CD + TC GG
RCS25 F 39 CD + TT GG
RCS26 F 30 CD + CcC GA
RCS27 F 43 CD + CcC GG
RCS28 M 30 CD + TC GA
RCS29 M 28 CD + TC GG
RCS30 M 66 CD + TT GG
RCS31 M 53 CD - TT GG
RCS32 M 28 CD - TC GA
RCS33 F 38 CD + CcC GG
RCS34 M 44 CD - CcC GA
RCS35 M 53 CD - TC GG
RCS36 M 24 CD + TC GG
RCS37 F 51 CD + TC GG
RCS38 F 46 CD + TC GG
RCS39 M 24 CD - CcC GG
RCS40 F 63 CD + TC GG
RCS41 F 25 CD - TC GG
RCS42 F 66 CD - TC GG
RCS43 F 27 CD i TC GG
RCS44 F 25 CD i TC GG
RCS45 F 38 CD dr TC GG
RCS46 F 26 CD - CC AA
RCS47 M 54 CD + TT GA
RCS48 F 31 CD + TC GG
RCS49 M 56 CD - CC GG
RCS50 F 53 CD - TC GG
RCS51 F 51 CD - TT GA
RCS52 F 23 CD + TC GG
RCS53 M 26 CD + TC GG
RCS54 M 38 CD - TT GG
RCS55 F 31 CD + TC GG
RCS56 M 61 CD + TC GG
RCS57 F 24 CD + TC GG
RCS58 M 57 CD - CcC GG
RCS59 F 30 CD + TT GG
RCS60 M 51 CD - CcC GG
RCS61 F 55 CD - CcC GG
RCS62 F 61 CD - TT GG
RCS63 F 31 CD + TC GG
RCS64 F 56 CD NA TC GG
RCS65 M 25 CD + NA NA
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RCS66 F 53
RCS67 M 30
RCS68 F 49
RCS69 M 28
RCS70 M 26
RCS71 M 26
RCS72 M 58

CD
CD
CD
CD
CD
CD
CD
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ar NA NA
- TC GG
- CcC GG
+ TT GG
+ TT GG
+ CcC GG
+ CcC GG

CD: Crohn'’s disease; TT: Homozygous major allele/no SNP; TC: Heterozygous allele; CC: Homozygous minor allele; GG: Homozygous major allele/no

SNP; GA: Heterozygous allele; AA: Homozygous minor allele; MAP: Mycobacterium avium subspecies paratuberculosis.

Shared treatments:

* Immunomodulators

(Azathioprine)

* Biologics
(Infliximab)

o elc.

Genetics
HLA-DRB1
CTLA4

CcD40

-~

Environmental
Cigarette smoking
Bacterial infections

Figure 1 Shared genetic predispositions and environmental triggers between common inflammatory autoimmune disorders. For inflammatory autoimmune
disorders, many share the same treatments and some of the same genetic single nucleotide polymorphisms in specific immunity genes. Thus, it is possible that these
disorders share the same environmental triggers as well, such as Mycobacterium avium subspecies paratuberculosis (MAP) bacterial infection. CD: Crohn’s disease;
PTPN2: Protein tyrosine phosphatase non-receptor type 2; PTPN22: Protein tyrosine phosphatase non-receptor type 22.

added to a 96-well microamp plates along with 10 uL
of Fast SYBR Green Mastermix (ThermoFisher Sci-
entific®), 1 pL of PrimePCR SYBR Green Assay mix
(Bio-Rad®) specific to target gene, and 8 uL of sterile
H20. For the positive control for the RT-PCR reactions,
the 18s RNA gene was the target to determine if the
reaction work and to obtain baseline CT readings. The
oligonuclectide primers for the 18s RNA gene that were
used for the RT-PCR reaction was the following: forward
primer: 5-GTA ACC CGT TGA ACC CCA TT-3’ and
reverse primer: 5-CCA TCC AAT CGG TAG TAG CG-3.
RT-PCR reactions were performed using the 7500 Fast
Real-Time PCR System (Applied Biosystems®), where
relative gene expression levels were calculated using A
CT (sample gene CT reading-18s RNA gene CT baseline
reading) and using the equation (2““” x 1000).

Detection of MAP 1S900 DNA

MAP IS900 DNA was detected via nPCR from cultured
peripheral leukocytes that were isolated from the
subjects’ blood samples as described previously™!.
Briefly, subjects’ blood sample tubes were centrifuged
for 3000 rpm for 10 min at room temperature, where
the buffy coat layer containing peripheral leukocytes
was present and transferred to new sterile 2.0 mL
microcentrifuge tubes. The peripheral leukocytes were
then washed twice by adding double the volume of
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red cell lysis buffer (ammonium chloride solution,
G-Biosciences®) to each tube and incubating/gently
rocking for 10 min and then centrifuged at 5000 rpm for
5 min at room temperature. The supernatant from each
subjects’ samples were then removed and the isolated
peripheral leukocyte pellets were re-suspended in Tris-
EDTA (TE) buffer. The isolated pellets were then cultured
in BD Bactec™ MGIT™ Para-TB medium (Becton,
Dickinson and Company®) tubes supplemented with
800 uL of Bactec™ MGIT™ Para-TB Supplement (Becton,
Dickinson and Company®) for six months at 37 C in a
BD Bactec™MGIT™ 320 Analyzer (Becton, Dickinson
and Company®).

After six months of culturing, subjects’ cultured
samples underwent DNA extraction by using a modified
DNAzol® (ThermoFisher Scientific®) extraction protocol
as follows. A 2.0 mL sampling of culture from each
subjects’ tubes were obtained and pipetted into new
sterile 2.0 mL microcentrifuge tubes. The tubes were
then centrifuged at 13000 rpm for 2.5 min, where
afterwards the supernatant was discarded from the
tubes and the culture pellets were saved. The subjects’
culture pellet tubes were then mixed with 1.0 mL
DNAzol® reagent and then mixed with 400 pL of 100%
isopropanol. The tubes were then incubated for 15 min
at room temperature followed by centrifugation at 8000
rpm for 6 min, where afterwards the supernatant was
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Figure 2 Allele frequency in nine single nucleotide polymorphisms in crohn’s disease and healthy control subjects. A: Represents allele frequency of PTPN2
SNPs: rs1893217, rs2542151, rs7234029, rs478582; B: Represents allele frequency of PTPN22 SNPs: rs2476601, rs2488457, rs33996649, rs34209542, rs2476599;
C: Represents haplotype combinations PTPN2:rs478582 and PTPN22:rs2476601. °P < 0.05, healthy vs CD. T-G: Major/major; C-G: SNP/major; T-A: Major/SNP;
C-A: SNP/SNP; SNPs: Single nucleotide polymorphisms; CD: Crohn’s disease; PTPN2: Protein tyrosine phosphatase non-receptor type 2; PTPN22: Protein tyrosine

phosphatase non-receptor type 22.

discarded, leaving a DNA pellet. DNA pellets from the
subjects’ samples were then washed once with 500 puL
DNAzol® reagent and centrifuged at 8000 rpm for 5
min. Supernatant was then discarded from the tubes
and the DNA pellets were then washed again with 1.0
mL of 75% ethanol, where they were centrifuged at
8000 rpm for 5 min. DNA pellets were then dried after
supernatant was removed via speedvac for 5 min. The
dried DNA pellets were then dissolved in 50 uL of TE
buffer.

MAP IS900 DNA was then detected in each subjects’
samples by the use of our nPCR protocol and nucleotide
primers as described previously!**l. Subjects were
considered to have MAP presence when a 298 bp band
on a 2% agarose gel is shown after nPCR reaction. The
positive MAP DNA control that was used originated from
our laboratory cultured clinical strain UCF4, which was
isolated from a CD patient. The negative controls for
each PCR step that was used contained all PCR reagents
except for the DNA template used in the reactions.

T-cell isolation and proliferation assay

T-cells were fully isolated from subjects’” whole blood
samples by the use of RosetteSep™ Human T-cell
Enrichment Cocktail (StemCell™ Technology) as per
manufacture’s instruction. For the T-cell isolation and
proliferation assays, the entire T-cell populations were
examined in this study and were not segregated by
subpopulations. Briefly, 50 uL/mL of RosetteSep™
Human T-cell Enrichment Cocktail was added to each
subjects’ whole blood samples and was incubated at 20
min at room temperature. Samples were then diluted
with equal volumes of PBS with 2% fetal bovine serum
(FBS, Sigma-Aldrich®) and mixed gently. The mixtures
from each subjects’ samples were then layered on top
of a Lymphoprep™ (Axis-Shield®) density medium in
a separated tube and centrifuged for 20 min at 2500

Roishidenge ~ WJG | www.wjgnet.com

663

rpm at room temperature. Separated T-cells from
each subjects’ samples were then found on top of the
density medium layer and were collected into new
sterile 2.0 mL microcentrifuge tubes and washed twice
with PBS with 2% FBS.

Subjects’ isolated T-cells were then plated on a
96-well plate, where T-cell proliferation assays were
done using bromodeoxyuridine (BrdU) labeling pro-
liferation ELISA kit (Roche Molecular Biochemicals®)
as described previously™!. To stimulate the subjects’
isolated T-cells, phytohematoagglutunin (PHA) was
used as a positive control mitogen. The test mitogen
used in the T-cell proliferation assays was purified
protein derivative-like (PPD-like) from UCF4 MAP
bacterial cultures that were prepared by purification of
supernatant from sonicated protein extract. Briefly, 1 x
10’ isolated T-cells from each subjects’ samples were
transferred in triplicates to 96-well plates and incubated
in the following conditions: RPMI-1640 (Sigma-Aldrich®)
only, PHA (10 ug/mL, Sigma-Aldrich®) or MAP PPD-
like (5 pg/mL) along with respected subjects’ plasma.
The plates were then incubated for 72 h at 37 'C and
5% CO: and then labeled with 20 ulL/well of BrdU and
incubated again for 24 h at 37 C and 5% CO:. The
T-cell proliferation assay was done through the Roche
BrdU proliferation ELISA kit as described previously!®.,
Relative T-cell proliferation levels of samples were
compared to the control group (isolated T-cells in RPMI
only) by examining the fold change in the absorbance
reading of each well at 450 nm.

Statistical analysis

Samples were analyzed for significance using unpaired,
two-tailed t-tests; unpaired, two-tailed z-scores; and
odds ratio. GraphPad Prism 7 was used for statistical
analysis and creation of graphs. P-values < 0.05 were
considered significant.
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RESULTS

PTPN2/22 SNP allele frequency in CD

Allele frequency of the nine SNPs examined in PTPN2/22
found in both CD subjects and healthy controls are
shown in Figure 2. All genotyped samples were found
in Hardy-Weinberg equilibrium. Out of the four SNPs
found in PTPN2 (rs1893217, rs2542151, rs7234029,
and rs478582), rs478582 was significant in the CD,
where heterozygous (TC) or minor (CC) alleles when
examined together were detected in 57/69 (82.6%) in
CD compared to 36/59 (61.0%) healthy controls (OR =
3.03, 95%CI: 1.35-6.84, P-values < 0.05, Figure 2A).
Specifically, the heterozygous (TC) alleles were detected
in 38/69 (55.1%) CD compared to the 28/59 (47.5%)
of healthy controls, while homozygous (CC) alleles
were detected in 19/69 (27.5%) CD compared to 8/59
(13.6%) healthy controls. SNPs rs1893217, rs2542151,
and rs7234029 were found to be not significant in
CD compared to the healthy controls. Out of the five
SNPs specific to PTPN22 (rs2476601, rs2488457,
rs33996649, rs34209542, and rs2476599), none of
SNPs were considered significant in CD compared to the
healthy controls (Figure 2B). However, since PTPN22:
rs2476601 is found significantly in various inflammatory
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autoimmune diseases, we continued to investigate the
SNP in more detail along with PTPN2:rs4785825%1711,
For PTPN22:rs2476601, CD with either heterozygous
(GA) or minor (AA) alleles were detected in 11/70
(15.7%) subjects, while 4/62 (6.45%) was detected in
healthy controls (OR = 2.7, 95%CI: 0.81-8.98, P-values
> 0.05). Specifically, the heterozygous (GA) alleles
were detected in 10/70 (14.3%) CD compared to the
4/62 (6.45%) of healthy controls, while homozygous
(AA) alleles were rare in all samples.

For confirmation that CD subjects were significant
in having SNP alleles for PTPN2:rs478582 and PTPN22:
rs2476601, determination of haplotype combinations
were done (Figure 2C). Examination of the following
haplotype combinations between PTPN2:rs478582 and
PTPN22:rs2476601 were examined: T-G, C-G, T-A, and
C-A. The T-G haplotype (major/major) was found more
significantly in the healthy controls (21/59 = 35.6%)
than in CD (10/69 = 14.5%, P-values < 0.05). The C-G
haplotype (heterozygous or minor/major) and the C-A
(heterozygous or minor/heterozygous or minor) were
found more in CD (48/69 = 69.6%; 9/69 = 13.0%,
respectively) than in healthy controls (34/59 = 57.6%;
2/59 = 3.39%, respectively). The C-A haplotype was
found more significantly in CD than the healthy controls
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(P-values < 0.05).

Relationship of PTPN2:rs478582 and PTPN22:rs2476601
on expression of PTPN2/22 and IFN-y in CD

The average relative gene expression (2" x 1000) of
PTPNZ2, regardless of SNPs, in CD was significantly lower
(5.27 £ 2.68, n = 38) than in healthy controls (10.5 £
6.95, n = 30, P-values < 0.05, Figure 3A). Similarly, the
average relative gene expression of PTPN22, regardless
of SNPs, was also significantly lower in CD (1.76 £+ 1.12,
n = 38) than in healthy controls (3.24 £ 1.84, n = 30,
P-values < 0.05, Figure 3B). The evaluation of the
effect of PTPN2:rs478582 and PTPN22:rs2476601 on
expression of PTPN2/22 and IFN-y was determined.

For subjects with either heterozygous (TC) or minor
(CC) alleles in PTPN2:rs478582, regardless of disease,
expression of PTPN2 did not change when compared to
the normal (TT) subjects. However, when examining the
CD and healthy control subjects in each allele group, CD
overall had a lower average relative gene expression
of PTPN2. The average relative gene expression in CD
with heterozygous (TC) or minor (CC) alleles in PTPN2:
rs478582 was significantly lower (5.34 + 2.77, n = 31)
compared to 10.2 £ 7.15 (n = 21) in healthy controls
with similar SNPs (P-values < 0.05). Specifically, when
examining subjects with heterozygous (TC) alleles in
PTPN2:rs478582, CD average relative gene expression
was 5.22 + 2.57 (n = 22), which was significantly
lower than the healthy controls with heterozygous (TC)
alleles (10.5 £ 7.15, n = 17, P-values < 0.05). When
examining subjects with homozygous (CC) alleles in
PTPNZ2:rs478582, CD average relative gene expression
was 5.64 £ 3.37 (n = 9), which was lower than the
healthy controls with homozygous (CC) alleles (8.89 +
8.03,n=4).

For subjects with either heterozygous (GA) or
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minor (AA) alleles in PTPN22:rs2476601, regardless
of disease, expression of PTPN22 did not change when
compared to the normal (GG) subjects. However, when
examining the CD and healthy control subjects in each
allele group, CD overall had a lower average relative
gene expression of PTPN22. The average relative gene
expression in CD with heterozygous (GA) or minor
(AA) alleles in PTPN22:rs2476601 was significantly
lower (1.58 = 0.93, n = 6) compared to 3.40 = 1.19
(n = 4) in healthy controls with similar SNPs (P-values
< 0.05). Specifically, when examining subjects with
heterozygous (GA) alleles in PTPN22:rs2476601, CD
average relative gene expression was 1.48 £ 1.00 (n
= 5), which was significantly lower than the healthy
controls with heterozygous (GA) alleles (3.40 £ 1.19, n
=4, P < 0.05). Minor (AA) alleles in PTPN22:rs2476601
was rare in all subjects.

Correlation analyses were performed to determine if
expression of relative gene expression of IFN-y changed
in subjects with PTPN2:rs478582 or PTPN22:rs2476601
(Figure 3C and 3D, respectively). The average relative
gene expression of IFN-y in CD subjects with the
PTPN2:rs478582 heterozygous (TC) or minor (CC)
allele was 0.41 £ 0.31 (n = 38), which was significantly
higher compared to the CD subjects with normal (TT)
alleles (0.21 £ 0.22, n = 12, P < 0.05). Specifically,
CD subjects with the heterozygous (TC) allele had
significantly higher (0.41 + 0.31, n = 24, P < 0.05)
IFN-y relative gene expression than CD subjects with
normal (TT) alleles, while CD subjects with the minor
(CC) alleles had higher gene expression as well (0.40
+ 0.31, n = 14). There was no significant change in
IFN-y relative gene expression in the CD subjects with
the PTPN22:rs2476601 heterozygous (GA) or minor
(AA) alleles. However, in healthy controls, subjects
with the heterozygous (GA) or minor (AA) alleles had a
significantly higher gene expression (0.67 = 0.28, n = 4,
P < 0.05) than healthy controls with normal (GG) alleles
(0.40 £ 0.21, n = 20).

Effect of PTPN2:rs478582 and PTPN22:rs2476601 on
susceptibility of MAP infection in CD

Overall detection of MAP IS900 DNA was found in
CD and healthy control subjects and were correlated
with PTPN2:rs478582 and PTPN22:rs2476601 (Table
2). Out of 70 CD subjects, 43 (61.4%) were positive
for MAPbacteremia compared to only 4/48 (9.33%)
of healthy controls (P < 0.05, OR = 17.5, 95%CI:
5.65-54.3).

Correlation analyses with PTPN2:rs478582 and
PTPN22:rs2476601 along with MAP infection was
done on CD and healthy controls to see if these SNPs
increase MAP susceptibility (Table 2). For CD subjects
with heterozygous (TC) or minor (CC) alleles in PTPN2:
rs478582, 34/56 (60.7%) had MAPbacteremia presence
compared to only 2/30 (6.67%) in healthy controls with
similar SNPs (P < 0.05, OR = 21.6, 95%(CI: 4.68-100.1).
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Specifically, CD subjects with heterozygous (TC) alleles
in PTPN2:rs478582 was 25/37 (67.6%) compared to
0/22 (0.00%) in healthy controls with heterozygous (TC)
alleles (P < 0.05, OR = 91.8, 95%CI: 5.14-1640.3).
The CD subjects with heterozygous (TC) or minor (CC)
alleles group (34/56 = 60.7%) and CD subjects with
heterozygous (TC) allele group (25/37 = 67.6%) in
PTPN2:rs478582 had higher MAPbacteremia compared
to CD subjects with normal (TT) alleles (6/12 = 50%).

For CD subjects with heterozygous (GA) alleles in
PTPN22:rs2476601, 3/10 (30.0%) had MAPbacteremia
compared to 0/4 (0.00%) in healthy controls with
heterozygous (GA) alleles (OR = 4.2, 95%CI:
0.17-101.5). Presence of MAPbacteremia was rare in all
subjects with the minor (AA) allele.

Correlation of haplotype combinations of PTPN2:
rs478582 and PTPN22:rs2476601 alleles on sus-
ceptibility to MAPbacteremia was analyzed, where
CD subjects with the C-G haplotype (heterozygous or
minor/major) had 31/46 (67.4%) with MAPbacteremia
presence compared to 2/29 (6.90%) of healthy
controls with the C-G haplotype (P-values < 0.05,
OR = 30.0, 95%CI: 6.3-142.6). The T-A haplotype
(major/heterozygous or minor) and the C-A haplotype
(heterozygous or minor/heterozygous or minor) was
rare in all samples. However, CD subjects with the
T-A haplotype had 1/2 (50.0%) with MAPbacteremia
presence compared to the 0/2 (0.00%) in healthy
controls with the T-A haplotype, while CD subjects
with the C-A haplotype had 3/9 (33.3%) with
MAPbacteremia presence compared to the 0/2 (0.00%)
in healthy controls with the C-A haplotype.

Relationship of combined MAP presence with PTPN2:
rs478582 and PTPN22:rs2476601 on expression of
PTPN2/22 and IFN-y in CD

When examining CD and healthy control subjects with
or without MAPbacteremia presence alone, there was no
change in PTPN2/22 and IFN-y relative gene expression
when examining correlation data. However, PTPN2 was
significantly lower in CD subjects than in the health
control subjects regardless of MAPbacteremia presence
or not. CD subjects who had MAPbacteremia presence
had an average relative gene expression of 5.25 + 2.58
(n = 21) in PTPN2 compared to the healthy controls with
MAPbacteremia presence (11.9 £ 10.5, n =3, P < 0.05).
CD subjects who had an absence of MAPbacteremia
presence had an average relative gene expression of
5.28 £ 2.87 (n = 17) in PTPN2 compared to the healthy
controls without MAPbacteremia presence (10.3 £ 6.71,
n = 27, P < 0.05). For PTPN22 average relative gene
expression, CD subjects with MAPbacteremia presence
had 1.73 £ 0.97 (n = 21) compared to healthy controls
with MAPbacteremia presence (2.83 £ 1.94, n = 3).
CD subjects without MAPbacteremia presence had an
average relative gene expression of 1.81 £ 1.31 (n
= 17) in PTPN22 compared to the healthy controls
without MAPbacteremia presence (3.29 £ 1.86, n =
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27, P-values < 0.05).

The effect of combined MAPbacteremia presence
and either PTPN2:rs478582 or PTPN22:rs2476601 did
not significantly change PTPN2/22 expression in all CD
and healthy control samples. However, when examining
the combined effects of MAPbacteremia presence
and either PTPN2:rs478582 or PTPN22:rs2476601,
the average relative gene expression of IFN-y does
increase in subjects compared to subjects without
MAPbacteremia presence and no SNPs. For CD subjects
with both MAPbacteremia and heterozygous (TC) or
minor (CC) alleles in PTPN2:rs478582, the average
relative gene expression of IFN-y was higher (0.40 +
0.29 n = 22) compared to the CD subjects without
MAPbacteremia and PTPN2:rs478582 (0.23 £ 0.31, n =
5, Figure 4). For CD subjects with both MAPbacteremia
and heterozygous (GA) or minor (CC) alleles in PTPN22:
rs2476601, the average relative gene expression of
IFN-y was higher (0.42 £+ 0.32, n = 4) compared to
the CD subjects without MAPbacteremia and PTPN22:
rs2476601 (0.37 £ 0.31, n = 18).

T-cell proliferation response in CD

T-cell functionality when SNPs and MAPbacteremia
was presented in subjects was determined in five CD
and five healthy control subjects. All five CD subjects
that had their T-cell response tested had SNPs in either
PTPN2:rs478582 and/or PTPN22:rs2476601, while
the five healthy control subjects had no observed
SNPs present. Overall, when the subjects’ T-cells were
treated with PHA, the average overall fold change in
the CD subjects was 2.22 = 1.36 (n = 5) fold increase
compared to the healthy controls (1.67 £ 0.51 fold
increase, n = 5). Similarly, when the same T-cells
were treated with MAP PPD-like, the average overall
fold change in CD subjects was 2.01 £ 0.79 (n = 5)
compared to the healthy controls (1.39 £ 0.24 fold
increase, n = 5).

Out of the five CD subjects, 3/5 were tested for
having MAPbacteremia presence. When examining
T-cells treated with PHA from CD subjects tested
positive for MAPbacteremia presence, the average
overall fold change was 2.7 £ 1.65 (n = 3) compared
to the CD subjects’ T-cells that were absence of
MAPbacteremia presence and treated with PHA (1.51
+ 0.51 fold increase, n = 2). Similarly, when the same
T-cells were treated with MAP PPD-like, the average
overall fold change in CD subjects with MAPbacteremia
was 2.5 £ 0.59 (n = 3) compared to the CD subjects’
T-cells without MAPbacteremia presence (1.27 + 0.12
fold increase, n = 2).

DISCUSSION

The pathogenesis of CD, as with other inflammatory
autoimmune disorders, involves both genetic pre-
disposition leading to higher immune responses
and an environmental trigger that exacerbates the
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immune response. However, with current diagnosis and
treatment, it has been difficult to treat CD symptoms
due to loss of treatment response and many side
effects®*?!. Thus, understanding the key elements of
CD pathogenesis (genetic SNPs and environmental
triggers), it is possible to find new treatment targets for
the disease and new diagnosis techniques as well. CD
pathogenesis is very dependent on the overproduction
of pro-inflammatory cytokines such as TNF-a and
IFN-y, which promote chronic inflammation, increased
granuloma formation, and increased apoptosis of
intestinal tissues!®®?°?!1, Since the majority of CD
medications are blocking pro-inflammatory cytokines
such as TNF-a. and IFN-y, other types of targets has
been ignored®'****!), This study is focused on finding
new targets for both diagnosis and treatment of CD,
where we looked into the SNPs of negative regulatory
genes PTPN2/22 and their impact on: increased
production of pro-inflammatory cytokines, apoptosis,
mycobacterial susceptibility, and inflammation. To our
knowledge, this is the first study to look into SNPs in
both PTPN2/22 together along with correlation with
gene expression and MAP susceptibility in CD.

The effect of SNPs in PTPN2/22 in CD pathogenesis
has been highly debated in the literature, thus we
selected nine SNPs that not only was found associated
with CD, but with other diseases as wellt*>71922-24],
Out of the nine SNPs examined in this study, PTPN2:
rs478582 was found to be significant in CD (P-values
< 0.05, OR = 3.03) compared to the healthy controls
(Figure 2A). Although PTPN22:rs2476601 was found to
not be significant to CD (P > 0.05, OR = 2.7) compared
to the healthy controls, we continued to study the
effects of the SNP along with PTPN2:rs478582 due to
PTPN22:rs2476601 being associated with inflammatory
autoimmune diseases in general (Figure 2B)F>17192224,
Since a diverse population (no restriction on race,
place of origin, age, or gender) was used in this
study, alterations of allele distribution in the SNPs
could possibly happen due to SNPs overall fluctuating
between different population groups®>'"'%*?4_ Further
isolated population studies on PTPN2/22 SNPs in CD
subjects need to be investigated more. Knowledge of
which SNP is more associated with CD could possibly be
used as a diagnosis tool for clinicians when examining
patients with CD like symptoms.

Gene expression of PTPN2/22 correlated with the
SNPs PTPN2:rs478582 and PTPN22:rs2476601 was also
done to determine if the SNPs did change PTPN2/22
levels. Although overall PTPN2/22 expression was
significantly decreased in CD subjects (P < 0.05, Figure
3A and 3B), the SNPs PTPN2:rs478582 and PTPN22:
rs2476601 did not change gene expression between
normal, heterozygous, or minor alleles. However,
IFN-y gene expression was found significantly higher
in both CD and healthy controls (P < 0.05) along with
an overall increased T-cell activity in subjects that had
heterozygous/minor alleles in either PTPN2:rs478582
and/or PTPN22:rs2476601 (Figure 3C and 3D). These
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Table 2 MAP IS900 nPCR presence and correlation with

PTPN2:rs478582/PTPN22:rs2476601 in clinical subjects

MAP presence

Healthy CcDh
4/48 (9.33%) 43/70 (61.4%)"

OR (95%Cl)
17.5 (5.65-54.3)°

Overall
15478582

TT 2/17 (11.8%)  6/12 (50%)" 7.5 (1.17-48.2)°
TC 0/22 (0%)  25/37 (67.6%) 91.8 (5.14-1604.3)"
CcC 2/8(25%)  9/19 (47.4%) 2.7 (0.43-16.9)
TC +CC 2/30 (6.67%) 34/56 (60.7%)" 21.6 (4.68-100.1)"
752476601
GG 4/59 (6.78%) 33/59 (55.9%)" 17.6 (5.59-54.4)"
GA 0/4 (0%) 3/10 (30.0%) 4.2 (0.17-101.5)
AA 0/1 (0%) 0/1 (0%) 1.00 (0.02-92.4)
GA + AA 0/5 (0%) 3/11 (27.3%) 4.53 (0.19-105.8)
Haplotypes
T-G 2/15(13.3%) 5/10 (50.0%)" 6.5 (0.94-45.1)°
C-G 2/29 (6.90%) 31/46 (67.4%)" 30.0 (6.3-142.6)"
T-A 0/2 (0%) 1/2 (50.0%) 5.00 (0.11-220.6)
C-A 0/2 (0%) 3/9 (33.3%) 2.69 (0.1-73.2)
°P < 0.05 vs healthy.

correlation analyzes shows that the SNPs PTPN2:
rs478582 and PTPN22:rs2476601 may not necessarily
change the regulation of the PTPN2/22 gene, but
could possible disrupt the protein activity of PTPN2/22.
For the PTPN2:rs478582 SNP, a base change (T > C)
in intron 3 occurs, where it is theorized that splicing
problems could occur during the RNA splicing™®,
This could lead to loss of activity in the protein once
fully translated®?®!. The PTPN22:rs2476601 SNP is
a base change (G > A) that occurs in exon 14, which
physically changes the amino acid arginine (R) to a
tryptophan (W) on the 620 amino acid residue on
the catalytic portion of the PTPN22 protein'*®**?®, It
has been highly debated what the R620W does to
the PTPN22 protein, but it is suspected to cause the
protein to be less active™®?**®, Overall, the SNPs
PTPN2:rs478582 and PTPN22:rs2476601 seem to
cause a loss of function in PTPN2/22, thus leading to
less negative regulated T-cells. This will lead to a high
production of pro-inflammatory cytokines, which will
lead to increased inflammation/apoptosis in intestinal
tissues in CD subjects. Other SNPs in PTPN2/22 will
need to be studied further to see if those SNPs will
alter gene expression of PTPN2/22 instead of PTPN2:
rs478582 and PTPN22:rs2476601 just altering protein
activity. Although we only examined the effect of
PTPN2/22 on the expression of IFN-y, other factors do
control IFN-y expression and production. These include
cytokines, such as TNF-a and IL-12, which stimulate
T-cell production of IFN-y and cytokines, such as IL-6
and IL-10, which decrease T-cell production of IFN-/***,
However, since CD and other inflammatory autoimmune
disorders are T-cell mediated, we focused only on
PTPN2/22 regulation on IFN-y expression. This is due
to PTPN2/22 ultimately acting as negative regulators of
T-cell activity and thus controlling IFN-y production from
T-cells. Further investigation of the effect of these other
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receptor type 2 and 22 (PTPN2/22) and Mycobacterium avium subspecies paratuberculosis (MAP) in a dysregulated immune response in crohn’s disease (CD).

regulatory IFN-y production cytokines in subjects with
SNPs in PTPN2/22 is needed.

Although the role MAP has been studied in CD
pathogenesis extensively, correlation studies with SNPs
in PTPN2/22 and MAP susceptibility have not been done
before until this study™®'**%?!, Overall, the correlation
analyzes of SNPs in PTPN2/22 and MAPbacteremia
presence showed that the SNPs might have increased
susceptibility in CD subjects (Table 2). Specifically,
60.7% (OR = 21.6, P < 0.05) of CD subjects with
PTPN2:rs478582 SNP (heterozygous or minor group)
had MAPbacteremia presence, while 27.3% (OR
= 4.53) subjects with the PTPN22:rs2476601 SNP
(heterozygous or minor group) had MAPbacteremia.
Limitations however in the detection of MAP IS900 DNA
from the blood of subjects’ samples do not provided the
information that the MAP bacteria is alive or dead, thus
does not show active infection or previous infection.
Further culturing of the blood from the subjects is
necessary to determine live MAP infection in the
subjects examined. The findings found in this study
suggest that SNPs in PTPN2/22 increases susceptibility
to MAPbacteremia, which is possible due to the lack
of negative regulation in the T-cells. Since T-cells
control macrophage activity and mycobacterial species
such as MAP can survive in infected macrophages, it
is important that the T-cells are regulated correctly
in order to prevent MAP infection®®>%. If problems
involving the PTPN2/22 gene regulation or function the
PTPN2/22 protein occurs, T-cells will be overactive and
in turn will make macrophages overactive as well (Figure
5)B%3 This increased activity of macrophages will
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not only lead to increased pro-inflammatory cytokines
like TNF-o,, but could allow MAP and other intracellular
pathogens to survive and grow faster due to the
increased activation of newer macrophages®®**. This is
why SNPs in PTPN2/22 and the hyperactivity of T-cells
should increase susceptibility to intracellular pathogens
such as MAP.

To further test if T-cells from the CD subjects with
the PTPN2:rs478582 and the PTPN22:rs2476601
were overactive, we induced isolated T-cells from CD
subjects with either PHA or MAP PPD-like. Although we
did not isolate out total T-cell populations from mucosal
intestinal tissues and instead from peripheral blood
draws, we believe that T-cell proliferation will be the
same regardless of the source of origin. This is possible
due to PTPN2/22 being found in every T-cell population,
regardless of the site of isolation, thus SNPs in PTPN2/22
should affect all T-cells in the body in the same way.
Overall, CD subjects with the SNPs proliferated more
than healthy controls without the SNPs. In addition, CD
subjects who had MAPbacteremia presence and SNPs
in PTPN2/22 proliferated more than CD subjects who
did not have MAPbacteremia presence. These analyzes
showed that for T-cells to become overactive, both
SNPs in PTPN2/22 and the presence of MAPbacteremia
is required to induce the pathogenesis process of CD.
This is further evidence that for the pathogenesis of
any inflammatory autoimmune disorder, both genetic
predisposition and an environmental trigger are
needed to cause disease. Further investigation in gene
expression of pro-inflammatory cytokines produced
(IFN-y for example) by T-cells after being induced
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with antigens need to be examined. Along with this,
further investigation of subpopulations of T-cell activity
is needed to determine which T-cell population is more
active in subjects with SNPs in PTPN2/22.

Overall, SNPs in PTPN2/22 lead to overactive T-cell
activity and increased susceptibility to intracellular
pathogens such as MAP. With genetic testing for SNPs
and detection/treatment for mycobacterial infections
such as MAP, it is possible for personalized treatment
of CD to be an option. Further studies in SNPs in
PTPN2/22 and other immunity specific genes need to
be researched and correlated with bacterial infections to
improve CD diagnosis and treatment.

ARTICLE HIGHLIGHTS

Research background

Single nucleotide polymorphism (SNPs) and environmental triggers have been
associated with a variety inflammatory autoimmune disorders including Crohn’
s disease (CD). Specifically, SNPs in the negative regulatory immune genes
Protein Tyrosine Phosphatase Non-receptor type 2 and 22 (PTPN2/22) have
been associated with CD along with mycobacterial infections. Although both
elements have been examined separately, correlation analysis have not been
done to determine if SNPs in PTPN2/22 along with a Mycobacterium avium
subspecies paratuberculosis (MAP) infections do cause a dysregulation in the
immune system that could lead to CD symptoms.

Research motivation

Due to the flaws of current diagnosis and treatments of CD, new and better
methods need to be determined. Investigating the pathogenesis of CD via
SNPs analysis and MAP presence could lead to the possibility of individualized
diagnosis/treatment for CD patients via genetic testing and antibiotic treatments.
Our research could potentially propose newer routes of CD treatment for
clinicians in the near future.

Research objectives

In this study, we examined the allele distribution in nine SNPs found in
PTPN2/22 along with MAP presence in CD and healthy control subjects. Along
with this, we determined gene expression of PTPN2/22 and correlated with
both SNPs and MAP presence. Lastly, we examined T-cell proliferation of
the subjects and correlated that with both SNPs and MAP presence as well.
This study overall examined the effects of both SNPs in PTPN2/22 and MAP
presence in CD subjects.

Research methods

We obtained K2-EDTA coded blood tubes from both CD and healthy control
subjects. Each subjects’ blood was examined for PTPN2/22 genotyping by
TagMan™ SNP genotyping, PTPN2/22 and IFN-y gene expression by real-time
PCR (RT-PCR), MAP presence by MAP /S900 nested PCR (nPCR), and T-cell
proliferation by BrdU treatment.

Research results

We found in this study that the PTPN2:rs478582 SNP and the haplotype
combination of PTPN2:rs478582 and PTPN22:rs2476601 SNPs were found
significant in CD subjects compared to healthy control subjects. Gene
expression of PTPN2/22 was also found to be decreased significantly in CD
subjects as well. IFN-y gene expression was found to be significantly higher in
subjects with either PTPN2:rs478582 or PTPN22:rs2476601. MAP presence
was found significantly in CD subjects compared to the healthy control subjects,
were CD subjects with either PTPN2:rs478582 or PTPN22:rs2476601 had
higher MAP presence than subjects without SNPs. Overall T-cell proliferation
was higher in CD subjects with either SNPs and induced with MAP antigens
than subjects who didn’t. These findings should provide more background
to the pathogenesis of CD. Further studies into the gene expression of pro-
inflammatory cytokines produced by T-cells with SNPs in PTPN2/22 after
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proliferation needs to be investigated.

Research conclusions

This study was done in order to provide answers on the pathogenesis of CD.
We have demonstrated that SNPs found in PTPN2/22 are found significantly in
CD subjects and the SNPs have the following effects on the immune system:
increases T-cell proliferation due to loss of negative regulation, increases
pro-inflammatory cytokines such as IFN-y, and increases susceptibility
to mycobacterial infections. This is further evidence that both a genetic
predisposition and an environmental trigger are needed to cause disease in
inflammatory autoimmune disorders such as CD.

Research perspectives

This study has provided us with new, possible targets that could be used in
diagnosis methods and treatment for CD. With the data found in this study,
the possibility of personalized treatment for CD could be possible with genetic
testing for SNPs and antibiotic treatments for MAP. Further testing for other
immune gene SNPs are needed in order to fully understand the genetic profile
of CD patients. Additional research in MAP’s relationship with CD pathogenesis
is also needed to fully understand the effect of MAP in CD patients.
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