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Abstract
AIM 
To establish the relationship of protein tyrosine phosphatase 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 PTPN2/22 using TaqMan™ genotyping, while the effect of the SNPs on PTPN2/22 and IFN-γ 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 isolated 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:rs478582 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). IFN-γ 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. 
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Core tip: Knowledge of the pathophysiology of Crohn’s disease (CD) is vital in the development of new diagnosis 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 (PTPN2/22) 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. 
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INTRODUCTION
Single nucleotide polymorphisms (SNPs) play a significant 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[1,2]. Along with these genetic defects, environmental factors such as bacterial and viral infections have also been associated with inflammatory autoimmune disorders. These factors trigger phenotypical response to occur in the defected immune cells[1-3]. 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[1-4]. An example of regulatory immune genes that these diseases share SNPs in are in the protein tyrosine phosphatases non-receptor type 2 (PTPN2) and type 22 (PTPN22) genes[1-5]. 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)[4,5]. PTPN2 and its protein product (PTPN2) are also found in a majority of epithelial cell types including synovial joint tissue, β-cells, and intestinal tissues, where they control apoptosis and chemokine production[4,5]. 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[1-5]. 
With a majority of inflammatory autoimmune disorders 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)[6-10]. Recent studies have shown that Mycobacterium avium subspecies paratuberculosis (MAP) infections have been associated with a variety of different inflammatory disorders including CD[4,11-14]. Mycobacterial infections causes problems in these inflammatory autoimmune patients when the patient is genetically predisposed, causing the immune system to become dysregulated[4,11-14]. 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 inflammation[4,11-14]. 
In addition to sharing the same genetic pre-dispositions and environmental triggers, many inflammatory autoimmune disorders share the same medical treatments as well. For instance, anti-TNF-α therapeutics such as adalimumab and infliximab are used for RA and CD[6,7]. However, anti-TNF-α medications along with non-steroid anti-inflammatory drugs (NSAIDs), glucocorticoids, and other disease-modifying drugs cause several side effects[6-10]. These side effects include osteoporosis, hypertension, GI intolerance, autoantibodies against medications, and increased risk of developing opportunistic infections, especially mycobacterial infections[6-10]. With the undesirable 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 environmental 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-γ. 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
TaqMan™ SNP Genotyping Assays (Applied Biosystems™) 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. TaqMan™ genotyping assays for PTPN2/22 SNPs were performed on DNA samples following manufacturer protocol (Applied Biosystems™). Briefly, DNA samples and the TaqMan™ SNP Genotyping Assays mixtures (primers with Vic and Fam fluorophore attachment) were transferred into a 384-well plate along with 2x TaqMan™ Master Mix and 20x 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-γ gene expression
Gene expression of PTPN2/22 and IFN-γ was performed 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 RPMs 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 RPMs 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 RPMs 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 µL of RNase free H2O 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 µL of iScript™ Reverse Transcription (Bio-Rad®), and up to 20 µL RNase free H2O. 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/µL. 
For the RT-PCR reaction, 1µL of cDNA (30 ng) was added to a 96-well microamp plates along with 10 µL of Fast SYBR Green Mastermix (ThermoFisher Scientific®), 1 µL of PrimePCR SYBR Green Assay mix (Bio-Rad®) specific to target gene, and 8 µL of sterile H2O. 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 oligonucleotide 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 ∆CT (sample gene CT reading-18s RNA gene CT baseline reading) and using the equation (2(∆CT) x 1000). 

Detection of MAP IS900 DNA
MAP IS900 DNA was detected via nPCR from cultured peripheral leukocytes that were isolated from the subjects’ blood samples as described previously[15]. 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 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 uL of 100% isopropanol. The tubes were then incubated for 15 min at room temperature followed by centrifugation at 8000 RPMs for 6 min, where afterwards the supernatant was discarded, leaving a DNA pellet. DNA pellets from the subjects’ samples were then washed once with 500 µL 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 µL 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[15]. 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 µL/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 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 bromodexoyuridine (BrdU) labeling proliferation ELISA kit (Roche Molecular Biochemicals®) as described previously[16]. 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 105 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 µg/mL, Sigma-Aldrich®) or MAP PPD-like (5 µg/mL) along with respected subjects’ plasma. The plates were then incubated for 72 h at 37°C and 5% CO2 and then labeled with 20 µL/well of BrdU and incubated again for 24 h at 37°C and 5% CO2. The T-cell proliferation assay was done through the Roche BrdU proliferation ELISA kit as described previously[16]. 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.  

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 autoimmune diseases, we continued to investigate the SNP in more detail along with PTPN2:rs478582[3-5,17-19]. 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 (P-values < 0.05). 

Relationship of PTPN2:rs478582 and PTPN22:rs2476601 on expression of PTPN2/22 and IFN-γ in CD 
The average relative gene expression (2(-∆CT) x 1000) of PTPN2, 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-γ 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 PTPN2: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 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-γ changed in subjects with PTPN2:rs478582 or PTPN22:rs2476601 (Figure 3C and 3D, respectively). The average relative gene expression of IFN-γ 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-γ 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-γ 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). 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 susceptibility 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-γ in CD
When examining CD and healthy control subjects with or without MAPbacteremia presence alone, there was no change in PTPN2/22 and IFN-γ 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 = 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-γ 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-γ 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-γ 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 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[6-10]. 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-α and IFN-γ, which promote chronic inflammation, increased granuloma formation, and increased apoptosis of intestinal tissues[8,9,20,21]. Since the majority of CD medications are blocking pro-inflammatory cytokines such as TNF-α and IFN-γ, other types of targets has been ignored[6-10,20,21]. 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 well[4,5,17-19,22-24]. 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)[3-5,17-19,22-24]. 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{3-5,17-19,22-24]. 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-γ 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 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[25-28]. This could lead to loss of activity in the protein once fully translated[25-28]. 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[19,26-28]. 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[19,26-28]. 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-γ, other factors do control IFN-γ expression and production. These include cytokines, such as TNF-α and IL-12, which stimulate T-cell production of IFN-γ and cytokines, such as IL-6 and IL-10, which decrease T-cell production of IFN-γ[29]. However, since CD and other inflammatory autoimmune disorders are T-cell mediated, we focused only on PTPN2/22 regulation on IFN-γ expression. This is due to PTPN2/22 ultimately acting as negative regulators of T-cell activity and thus controlling IFN-γ production from T-cells. Further investigation of the effect of these other regulatory IFN-γ 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[4,9,11-16,20]. 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[30-34]. 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)[30-34]. This increased activity of macrophages will not only lead to increased pro-inflammatory cytokines like TNF-α, but could allow MAP and other intracellular pathogens to survive and grow faster due to the increased activation of newer macrophages[30-34]. 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-γ for example) by T-cells after being induced 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 TaqMan™ SNP genotyping, PTPN2/22 and IFN-γ gene expression by real-time PCR (RT-PCR), MAP presence by MAP IS900 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-γ 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 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-γ, 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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Table 1 Demographics and results of MAP presence and frequency of PTPN2:rs478582/PTPN22:rs2476601 in CD subjects 
	Sample code
	Gender
	Age
	Diagnosis
	MAP +/-
	PTPN2:rs478582
	PTPN22:rs2476601

	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
	-
	CC
	GG

	RCS10
	F
	31
	CD
	NA
	TC
	GG

	RCS11
	M
	21
	CD
	+
	NA
	GG

	RCS12
	M
	25
	CD
	+
	CC
	GG

	RCS13
	F
	40
	CD
	+
	TC
	GG

	RCS14
	M
	36
	CD
	+
	TC
	GG

	RCS15
	NA
	NA
	CD
	-
	CC
	GA

	RCS16
	F
	25
	CD
	+
	TC
	GG

	RCS17
	F
	27
	CD
	+
	TC
	GG

	RCS18
	M
	20
	CD
	-
	TT
	GG

	RCS19
	M
	25
	CD
	+
	CC
	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
	+
	CC
	GA

	RCS27
	F
	43
	CD
	+
	CC
	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
	+
	CC
	GG

	RCS34
	M
	44
	CD
	-
	CC
	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
	-
	CC
	GG

	RCS40
	F
	63
	CD
	+
	TC
	GG

	RCS41
	F
	25
	CD
	-
	TC
	GG

	RCS42
	F
	66
	CD
	-
	TC
	GG

	RCS43
	F
	27
	CD
	+
	TC
	GG

	RCS44
	F
	25
	CD
	+
	TC
	GG

	RCS45
	F
	38
	CD
	+
	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
	-
	CC
	GG

	RCS59
	F
	30
	CD
	+
	TT
	GG

	RCS60
	M
	51
	CD
	-
	CC
	GG

	RCS61
	F
	55
	CD
	-
	CC
	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

	RCS66
	F
	53
	CD
	+
	NA
	NA

	RCS67
	M
	30
	CD
	-
	TC
	GG

	RCS68
	F
	49
	CD
	-
	CC
	GG

	RCS69
	M
	28
	CD
	+
	TT
	GG

	RCS70
	M
	26
	CD
	+
	TT
	GG

	RCS71
	M
	26
	CD
	+
	CC
	GG

	RCS72
	M
	58
	CD
	+
	CC
	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.


Table 2 MAP IS900 nPCR presence and correlation with PTPN2:rs478582/PTPN22:rs2476601 in clinical subjects
	MAP presence

	
	Healthy
	CD
	OR (95%CI)

	Overall
	4 (9.33)
	43 (61.4)a
	17.5 (5.65–54.3)a

	rs478582
	
	
	

	TT
	2 (11.8)
	6 (50)a
	7.5 (1.17-48.2)a

	TC
	0 (0)
	25 (67.6)
	91.8 (5.14-1604.3)a

	CC
	2 (25)
	9 (47.4)
	2.7 (0.43-16.9)

	TC + CC
	2 (6.67)
	34 (60.7)a
	21.6 (4.68-100.1)a

	rs2476601
	
	
	

	GG
	4 (6.78)
	33 (55.9)a
	17.6 (5.59-54.4)a

	GA
	0 (0)
	3 (30.0)
	4.2 (0.17-101.5)

	AA
	0 (0)
	0 (0)
	1.00 (0.02-92.4)

	GA + AA
	0 (0)
	3 (27.3)
	4.53 (0.19-105.8)

	Haplotypes
	
	
	

	T-G
	2 (13.3)
	5 (50.0)a
	6.5 (0.94-45.1)a

	C-G
	2 (6.90)
	31 (67.4)a
	30.0 (6.3-142.6)a

	T-A
	0 (0)
	1 (50.0)
	5.00 (0.11-220.6)

	C-A
	0 (0)
	3 (33.3)
	2.69 (0.1-73.2)


aP < 0.05 vs healthy.
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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.
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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. aP-value < 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.
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Figure 3 Relative mRNA expression (2(-∆CT) × 1000) of PTPN2, PTPN22 and IFN-γ. Relative mRNA expression of PTPN2 (A) and PTPN22 (B) in CD and healthy control subjects. Relative mRNA expression of IFN-γ was correlated with CD and healthy control subjects with either PTPN2:rs478582 (C) or PTPN22:2476601 (D). IFN-γ: Interferon-γ; CD: Crohn’s disease; PTPN2: Protein tyrosine phosphatase non-receptor type 2; PTPN22: Protein tyrosine phosphatase non-receptor type 22.
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Figure 4 The effect of both Mycobacterium avium subspecies paratuberculosis and PTPN2:rs478582 on IFN-γ gene expression in Crohn’s disease and healthy control subjects. IFN-γ: Interferon-γ; CD: Crohn’s disease; MAP: Mycobacterium avium subspecies paratuberculosis; SNPs: Single nucleotide polymorphisms.
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Figure 5 Complex interaction of Crohn’s disease pathophysiology. The effect of single nucleotide polymorphisms (SNPs) in Protein tyrosine phosphatase non-receptor type 2 and 22 (PTPN2/22) and Mycobacterium avium subspecies paratuberculosis (MAP) in a dysregulated immune response in Crohn’s disease (CD). 
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