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Abstract
AIM: To investigate genetic differences between Crohn’s 
disease (CD) patients with a sustained remission vs  
relapsers after discontinuing infliximab while in cortico-
steroid-free remission. 

METHODS: Forty-eight CD patients received infliximab 
and were in full corticosteroid-free clinical remission but 
then discontinued infliximab for reasons other than a 
loss of response, were identified by review of an elec-

tronic database and charts. Infliximab-associated remis-
sion was defined as corticosteroid-free plus normaliza-
tion of clinical disease activity [CD activity index (CDAI) 
< 150] during follow-up visits based on physician global 
assessments. A CD relapse (loss of infliximab-induced 
remission) was clinically defined as a physician visit for 
symptoms of disease activity (CDAI > 220) and a thera-
peutic intervention with CD medication(s), or a hospital-
ization with complications related to active CD. Genetic 
analyses were performed on samples from 14 patients 
(n  = 6 who had a sustained long term remission after 
stopping infliximab, n  = 8 who rapidly relapsed after 
stopping infliximab). Nucleotide-binding oligomerization 
domain 2 (NOD2)/caspase activation recruitment do-
main 15 (CARD15) polymorphisms (R702W, G908R and 
L1007fs) and the inflammatory bowel disease 5 (IBD5) 
polymorphisms (IGR2060a1 and IGR3081a1) were ana-
lyzed in each group. 

RESULTS: Five single nucleotide polymorphisms of 
IBD5 and NOD2/CARD15 genes were successfully 
analyzed for all 14 subjects. There was no significant 
increase in frequency of the NOD2/CARD15 polymor-
phisms (R702W, G908R and L1007fs) and the IBD5 
polymorphisms (IGR2060a1 and IGR3081a1) in either 
group of patients; those whose disease relapsed rap-
idly or those who remained in sustained long term 
remission following the discontinuation of infliximab. 
Nearly a third of patients in full clinical remission who 
stopped infliximab for reasons other than loss of re-
sponse remained in sustained clinical remission, while 
two-thirds relapsed rapidly. There was a marked dif-
ference in the duration of clinical remission following 
discontinuance of infliximab between the two groups. 
The patients who lost remission did so after 1.0 years 
± 0.6 years, while those still in remission were at the 
time of this study, 8.1 years ± 2.6 years post-discon-
tinuation of infliximab, P  < 0.001. The 8 patients who 
had lost remission after discontinuing infliximab had a 
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mean number of 5 infusions (range 3-7), with a mean 
treatment time of 7.2 mo (range 1.5 mo-15 mo). The 
mean duration of time from the last infusion of inflix-
imab to the time of loss of remission was 382 d (range 
20 d-701 d). The 6 patients who remained in remission 
after discontinuing infliximab had a mean number of 6 
infusions (range 3-12), with a mean treatment dura-
tion of 12 mo (range 3.6 mo-32 mo) (P  = 0.45 relative 
to those who lost remission).  

CONCLUSION: There are no IBD5 or NOD2/CARD15 
mutations that predict which patients might have sus-
tained remission and which will relapse rapidly after 
stopping infliximab. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Crohn’s disease (CD), a type of  inflammatory bowel dis-
ease (IBD), is a complex chronic condition characterized 
by relapsing transmural inflammation throughout the gas-
trointestinal tract. The etiology of  CD remains unclear and 
as with most complex-trait diseases, the development of  
IBD involves a combination of  genetic and environmental 
risk factors. Epidemiological data and family studies do 
suggest a genetic basis for CD[1,2]. For instance, the single 
greatest risk factor for developing IBD is having an af-
fected family member, as demonstrated by twin studies in 
which a monozygotic twin of  a CD proband has approxi-
mately a 1 in 3 lifetime risk of  developing IBD[3]. Genome-
wide association studies have found approximately 100 
genetic loci to be significantly associated with IBD[4].

In terms of  CD itself, a potent proinflammatory cy-
tokine, tumor necrosis factor alpha (TNF-α), is a well-
known mediator of  inflammation[5]. Clinical trials have 
shown anti-TNF-α agents such as infliximab to be highly 
efficacious in terms of  induction and maintenance re-
sponses (ACCENT 1 and 2)[6,7]. However, anti-TNF-α 
agents are costly, and the long-term safety risks such as 

development of  autoantibodies, drug-induced lupus, 
infection, and neoplasia can be concerning in the long 
term[5,8-10]. Furthermore, the appropriate duration of  anti-
TNF-α therapy for CD patients who are in remission is 
as yet undefined; specifically, the factors which affect the 
duration of  sustained clinical benefit after discontinua-
tion of  infliximab remain poorly understood. 

As part of  a project to achieve such an understand-
ing, a longitudinal cohort study at our institution of  
over 7 years duration, identified CD patients who were 
in full corticosteroid-free clinical remission and then 
discontinued infliximab for reasons unrelated to loss of  
response[11]. This study demonstrated that one third of  
these CD patients remained in a sustained clinical remis-
sion for up to 7 years after the infliximab was discon-
tinued, and that concomitant drug therapy, number of  
infliximab doses, age, gender, and CD location were not 
predictive of  this sustained clinical benefit. This finding 
lends support to the hypothesis that a patient-unique 
genotype of  CD may play a role in determining the du-
ration of  long-term remission after the discontinuation 
of  anti-TNF-α agent therapy.

Research on CD genotypes associated with anti-TNF-α 
therapy has generally studied infliximab responders and 
compared the results to infliximab non-responders. Cas-
pase activation recruitment domain 15 (CARD15) was the 
first gene to be associated with CD[12,13]. The nucleotide-
binding oligomerization domain 2 (NOD2)/CARD15 
product is an intracellular protein involved in recogniz-
ing bacterial lipopolysaccharides in the nuclear factor 
kappa B-TNF-α pathway[14]. This NOD2/CARD15 gene 
is known to be associated with susceptibility to CD[12,15]. 
Previous studies have identified certain TNF-α polymor-
phisms as predictive of  a lack of  response to infliximab[16], 
while other studies focusing on NOD2/CARD15 muta-
tions (R702W, G908R, 1007fs)[17,18] have not confirmed a 
relationship between such mutations and the response 
to anti-TNF-α agents. Urcelay et al[19] studied 40 Span-
ish CD patients who received infliximab, 25 responders 
and 15 non-responders, and identified a homozygous 
mutant in the IBD5 region on chromosome 5q31 that 
was significantly associated with a lack of  response to 
infliximab[19]. However, no studies have reported correla-
tions of  CD genotypes for patients who relapse rapidly 
versus patients who do not relapse after discontinuing 
anti-TNF-α therapy.  

This study thus examined a cohort of  CD patients 
who had discontinued infliximab for reasons other than 
non-response while in full corticosteroid-free remission, 
to determine if  genotypic differences might contribute 
to the varying lengths of  post-infliximab remission times 
observed. 

MATERIALS AND METHODS
Selection of infliximab-treated patients in remission who 
then discontinued infliximab
This study was reviewed and approved by the ethics 
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board at the University of  Alberta prior to study ini-
tiation and subjects were provided informed consent 
before study participation. Forty-eight Caucasian CD 
patients who received infliximab between July 2001 
and July 2007, and who were in full corticosteroid-free 
clinical remission but then discontinued infliximab for 
reasons other than a loss of  response, were identified 
by review of  an electronic database and chart reviews. 
Reasons for infliximab discontinuance included physi-
cian choice, loss of  insurance coverage, fear of  side-
effects, adverse events, and pregnancy. These patients 
were referred from the IBD practices of  thirteen gastro-
enterologists associated with the University of  Alberta. 
Long-term follow-up data for each patient was available 
through to July 6, 2011.

Patients with CD were eligible for study inclusion 
based on the following criteria: (1) clinical response to inf-
liximab (5 mg/kg) induction dosing administered at weeks 
0, 2 and 6; (2) advancement to scheduled maintenance 
infliximab therapy every 8 wk; (3) maintenance of  a stable 
corticosteroid-free clinical benefit for at least 6 mo; (4) 
discontinuation of  infliximab therapy for reasons other 
than loss of  response; and (5) sufficient follow-up that 
allowed assessment of  ongoing wellness and/or disease 
relapse. A subject was excluded from the study if  he/she 
was under the age of  18 years. Eligible patients were 
contacted via telephone by a research associate with a 
request for participation in the current study. 

Standardized infliximab administration
Each patient included in the study had received her or 
his infliximab in accordance with the Canadian Associa-
tion of  Gastroenterology’s anti-TNF-α treatment guide-
lines for CD patients[20]. The “step-up” approach speci-
fied by these guidelines requires that both corticosteroids 
and immunosuppressive (azathioprine or methotrexate) 
treatments have failed the patient due to a lack of  re-
sponse or intolerance before infliximab therapy is begun. 

Definition of infliximab-induced remission 
Infliximab-associated induction and maintenance remis-
sion were defined as corticosteroid-free plus normaliza-
tion of  clinical disease activity [CD activity index (CDAI) 
< 150] during follow-up based on physician global as-
sessments at each successive visit. The dates of  each ini-
tial and final infliximab infusion were determined using 
an infliximab infusion database. 

Definition of loss of remission after discontinuing infliximab
A CD relapse, and thus loss of  infliximab-induced re-
mission (CDAI > 220), for those patients who had dis-
continued infliximab was defined as a physician or hos-
pital visit for documented symptoms of  disease activity 
and a therapeutic intervention with CD medication(s), 
or a hospitalization with complications related to active 
CD. The date of  a CD relapse after discontinuation of  
infliximab therapy was identified through review of  pa-
tient medical records. Mucosal healing, laboratory inves-

tigations such as CRP and radiological evaluation were 
analyzed for each patient but not reported in this paper.  

Genotyping
Informed consent for participation in the study and ge-
notyping was obtained from those participants who met 
the inclusion criteria and who were willing to join the 
study. Urban patients attended an appointment at the 
University of  Alberta outpatient gastroenterology clinic, 
where an 8 mL blood sample was obtained via arm veni-
puncture. For patients residing in rural areas, the blood 
sample was obtained by the patient’s local laboratory and 
was couriered to the University of  Alberta hospital for 
genetic processing. 

The laboratory scientists who analyzed the disease loci 
from these samples were blinded to the study groups as 
they performed the following steps. Genomic DNA was 
purified from peripheral blood leukocytes. All sam-ples 
were amplified from an individual FTA card. Five single 
nucleotide polymorphisms (SNPs) (R702W, G908R, 
L1007fs, IGR2060a1, IGR3081a1) were detected. R702W 
and G908R were analyzed using the SNaPshot method 
(Single base pair extension). L1007fs, IGR2060a1, and 
IGR3081a1 were analyzed using the Sanger sequencing 
method. All samples were run on a capillary instrument. 
Previously sequenced samples were used as controls. The 
polymerase chain reaction primers are listed in Table 1. 

Statistical analysis
Statistical analysis was performed using SPSS 16.0 soft-
ware (Statistical Package for the Social Sciences Inc., Chi-
cago, IL). Association between genotype mutation and 
CD remission status was estimated using the odds ratio 
with a 95% CI. Fisher’s exact test was utilized to calculate 
P values. A P value of  0.05 was considered to indicate 
statistical significance.  

RESULTS
Patient recruitment 
A total of  48 CD patients whose disease was in an inflix-
imab-induced corticosteroid-free clinical remission, and 
who had then discontinued infliximab for reasons other 
than non-response (see Methods above) were identi-
fied from an electronic database and chart reviews. Six 
patients were excluded from the study for the following 
reasons: 2 patients were excluded due to non-Caucasian 
ancestry and its possible confounding effects on genet-
ics and 4 patients were not interested in participating. 
Of  the 42 patients who met the inclusion criteria, 3 
had changed their telephone number and were unable 
to be contacted, 5 had moved out of  province, 10 rural 
patients agreed to participate but did not have blood 
samples drawn, 3 patients missed venipuncture appoint-
ments, and 7 could not be reached by telephone despite 
two messages being left. The remaining fourteen CD 
patients were stratified into a group of  those still in full 
clinical remission (n = 6) and a group of  those who had 
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lost remission (n = 8).  

Characteristics of patients still in remission and those 
who lost remission after discontinuing infliximab 
There were no statistical significant differences in terms 
of  the mean age, gender, disease duration, disease loca-
tion, duration of  disease prior to first infliximab infu-
sion, age at first infliximab infusion, mean number of  
infliximab infusions, or mean duration of  infliximab 
treatment between the CD patients who were still in re-
mission after discontinuing infliximab (n = 6) and those 
who had lost remission after discontinuing their inflix-
imab (n = 8) (Table 2). 

The 8 patients who had lost remission after discon-
tinuing infliximab had a mean number of  5 infusions 
(range 3-7), with a mean treatment time of  7.2 mo 
(range 1.5-15 mo). The mean duration of  time from the 
last infusion of  infliximab to the time of  loss of  remis-
sion was 382 d (range 20-701 d). The 6 patients who 
remained in remission after discontinuing infliximab 
had a mean number of  6 infusions (range 3-12), with a 
mean treatment duration of  12 mo (range 3.6-32 mo) (P 
= 0.45 relative to those who lost remission). Of  the 8 
patients who lost remission, 4 patients are currently on 
adalimumab, 2 patients are again on infliximab, 1 patient 
remains on azathioprine alone, and 1 patient is currently 
on no biological or immunomodulating agents due to a 

malignancy. 
In contrast, there was a marked difference in the du-

ration of  clinical remission following discontinuance of  
infliximab between the two groups. The patients who lost 
remission did so after just 1.0 years ± 0.6 years, whereas 
those who were still in remission were at the time of  
this study, 8.1 years ± 2.6 years post-discontinuation of  
infliximab, P < 0.001 (Table 2). This marked difference 
confirms a group of  patients that remained in remission 
for an extended interval of  time after infliximab was 
discontinued while another group rapidly relapsed. We 
proceeded to genetically type these two groups. 

Patient genotypes
Five SNPs of  IBD5 and NOD2/CARD15 genes were 
successfully analyzed for all 14 subjects. There were no 
significant differences in SNPs between the group of  
patients who remained in remission for an extended in-
terval of  time after infliximab was discontinued, and the 
group of  those who relapsed rapidly after infliximab was 
discontinued (Table 3). 

DISCUSSION
Anti-TNF-α agents are well known to be effective for 
both induction and maintenance of  remission in CD. 
However, no phenotypic features, environmental fac-

5061 September 28, 2012|Volume 18|Issue 36|WJG|www.wjgnet.com

  Genetic variant Sense primers Antisense primers

  Arg702Trp 5’-CAT CTG AGA AGG CCC TGC TC(C/T)-3’ 5’-CAG ACA CCA GCG GGC ACA-3’
  Gly908Arg 5’-TTG GCC TTT TCA GAT TCT GG(G/C)-3’ 5’-CCC CTC GTC ACC CAC TCT G-3’
  Leu1007fs insC Not available Not available
  IGR2060a1 5’-CTC ATT ACA TCC TTG CAA CCC T(G/C)-3’ 5’-GAC ACA TGG TGT GAG CTC AGT CA-3’
  IGR3081a1 5’-TCG CGT GAG TCC TAT TCT TTC T(T/G)-3’ 5’-TTC ATA CTT CCA GCA GCG GG-3’

Table 1  Polymerase chain reaction primers used for genotyping

  Characteristic Remaining in remission following 
discontinuing infliximab (n  = 6)

Lost remission following 
discontinuing infliximab (n  = 8)

  Male:female (n)                          4:2                         4:4
  Age of Crohn’s disease onset (yr), mean (range)                        30 (14-47)                       26 (15-38)
  Current age (yr), mean (range)                        53 (41-60)                       41 (25-57)
  Duration of disease prior to first infliximab infusion (yr), mean ± SD                        15 ± 8.0                    10.1 ± 11.3
  Age at first infliximab infusion (yr), mean ± SD                        45 ± 7.6                       36 ± 11.1
  Number of infusions, mean ± SD                       5.7 ± 3.5                      4.7 ± 1.7
  Duration of infliximab treatment (mo), mean (range)                        12 (3.6-36.2)                      7.2 (1.5-15)
  Duration of remission after infliximab stopped (yr), mean ± SD                       8.1 ± 2.61                      1.0 ± 0.62

  Disease distribution, n (%)
     Ileum                          2 (33)                         2 (25)
     Ileo-colonic                          3 (50)                         4 (50)
     Colon                          1 (17)                         2 (25)
  Current medications in patients who lost remission, n
     Adalimumab                         4
     Infliximab                         2
     Azathioprine alone                         1
     No Biological or immunosuppressive therapy3                         1

Table 2  Characteristics for Crohn’s disease patients still in remission and those who lost remission after discontinuing infliximab

1All patients still remain in remission at the time of this study; 2Follow-up time from last dose of infliximab to either date of flare or last day of study (July 6, 
2011), P < 0.001; 3This patient developed both basal cell and renal cell carcinoma.
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tors, or clinical markers have been definitively shown to 
predict the duration of  sustained clinical benefit after 
discontinuation of  infliximab. 

The lack of  response to infliximab in patients with 
CD appears to be a stable occurrence over time, thus 
suggesting that infliximab response/non-response is 
related to a genetic predisposition[5]. Though over 100 
genetic loci have been associated with IBD thus far, only 
two genes, IBD5 and CARD15, have reliably been linked 
to CD susceptibility, and few genes have been proven to 
influence response to infliximab[12,19,21]. Although less than 
20 percent of  patients are homozygous for CARD15 and 
the relative risk of  developing CD for these individuals 
ranges from 10 to 40 percent, genetic markers remain 
important to understanding the complex pathogenesis of  
this disorder[22]. In comparison to biochemical markers 
such as C-reactive protein, genetic elements theoretically 
offer ideal markers for predicting disease outcomes, as 
genes are not affected by disease activity and are stable 
over time. As we more fully understand genetic variants 
and the roles they play in the development of  CD, it is 
very plausible that certain genetic polymorphisms may 
be predictors of  response to or relapse from anti-TNF-α 
agents such as infliximab.

Utilizing a well-defined cohort of  patients with CD 
who were in an infliximab-induced corticosteroid-free 
clinical remission and then discontinued infliximab for 
reasons other than non-response[11], we studied two ge-
netic variants of  the IBD5 locus on chromosome 5q31 
(IGR 2060a1 and IGR3081a1) along with three NOD2/
CARD15 polymorphisms (Arg702Trp, Gly908Arg, 
Leu1007fs insC), in those patients who had relapsed rap-
idly and compared them to those patients who remained 
in a long-term sustained remission.  

Our study results show no significant increase in 
frequency of  the NOD2/CARD15 and IBD5 polymor-
phisms, for either the CD patients whose disease re-
lapsed rapidly or for the CD patients who remained in a 
long-term sustained remission following the discontinu-

ation of  infliximab. 
Urcelay et al[19] reported that the homozygous mutants 

in the 5q31 locus were related to a significant lack of  re-
sponse to infliximab and the frequency of  these mutants 
was significantly higher in the non-responder group. Our 
study did not identify such findings, likely due to the fact 
that we were examining those infliximab-treated patients 
who had initially all responded to infliximab but after 
discontinuing infliximab fell into two groups: those that 
had a long-term sustained remission and those that rap-
idly relapsed. 

Other studies have also shown no association be-
tween NOD2/CARD15 genotype and response to inflix-
imab[17,18]. In a large study of  two CD patient cohorts with 
534 participants (ACCENTI), Mascheretti et al[18] found no 
association between SNPs 8, 12 and 13 of  the CARD15 
gene and infliximab response. SNP 8 includes the variant 
R702W and SNP12 includes G908R, which were also ana-
lyzed in our study. Genes encoding for TNF-α and TNF-α 
receptors have also been an area of  some study, given the 
primary role of  TNF-α in the inflammation of  CD. A 
large cohort study by Louis et al[23] in 2002 did not show 
a CD response to infliximab amongst patients with the 
-308 polymorphism, a TNF-α promoter region mutation 
thought to influence TNF-α transcription. In another 
study focusing on the receptors TNFR1 and TNFR2, 
where TNF-α binds and exerts its effects, no clear effect 
of  the polymorphisms on infliximab response was ob-
served[24]. Again, the results from these previous investi-
gations may not be comparable to those of  the current 
study, in that we examined those infliximab-treated pa-
tients who initially responded to infliximab but who after 
discontinuing infliximab, fell into two groups: those that 
had a long-sustained response and those whose disease 
rapidly relapsed.

Of  our 8 patients who experienced a flare of  their 
disease after the discontinuation of  infliximab, 4 are on 
adalimumab, 2 are on infliximab, 1 is only on azathio-
prine, and the remaining patient is on no therapy due 
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  Variant Remaining in remission following 
discontinuing infliximab (n  = 6)

Lost remission following discontinuing 
infliximab (n  = 8) Odds ratio P  value

  Arg702Trp 1.50 1.00
     Homozygous wild type, CC (%) 4 (67) 6 (75)
     Heterozygous, CT (%) 2 (33) 2 (25)
     Homozygous mutant, TT (%)                                  0                              0
  Gly908Arg - -
     Homozygous wild type, GG (%)   6 (100)   8 (100)
  Leu1007fs insC 2 (33) 2 (25) 1.50 1.00
  IGR2060a1 1.67 1.00
     Homozygous wild type, GG (%) 1 (17) 2 (25)
     Heterozygous, GC (%) 3 (50) 2 (25)
     Homozygous mutant, CC (%) 2 (33) 4 (50)
  IGR3081a1 - 0.47
     Homozygous wild type, TT (%)                                  0 2 (25)
     Heterozygous, GT (%) 4 (66) 2 (25)
     Homozygous mutant, GG (%) 2 (33) 4 (50)

Table 3  5q31 and nucleotide-binding oligomerization domain 2/caspase activation recruitment domain 15 variants in crohn’s dis-
ease patients still in remission and those who lost remission after discontinuing infliximab

Lu C et al . Crohn’s disease genotypes affecting response
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to active malignancy. Interestingly, of  the 48 initially 
identified CD patients in the longitudinal cohort who 
were in an infliximab-induced clinical remission and then 
discontinued infliximab, approximately 16 patients (34%) 
remained in clinical remission a median of  477 d (95% 
CI; range of  290 to 1339 d; data from Waugh et al[11] as 
of  July 2009. However, as time progressed, of  these 16 
patients who had remained in remission, 6 additional pa-
tients have now flared and are on alternative therapy as 
of  July 2011 and only 10/48 (21%) remained in remis-
sion. This implies that even those patients who are in a 
long term sustained remission after discontinuing inflix-
imab may ultimately relapse. 

As we have seen with infliximab primary response, 
no genetic markers have been predictive of  CD re-
sponse to adalimumab. In a recent study assessing such 
a response to adalimumab, the same three NOD2 poly-
morphisms (Arg702Trp, Gly908Arg, Leu1007fs insC), in 
addition to TLR4 and CD14 mutations, were analyzed 
for 24 Spanish CD patients who had lost response to, 
or were unable to tolerate infliximab[25]. No association 
with any of  these polymorphisms for the adalimumab 
response was noted. 

There is a complex and not yet well-understood rela-
tionship between gene expression and disease behavior; 
indeed many genes remain to be identified in the case 
of  CD. Of  the genes identified so far, no variants have 
adequate sensitivity and specificity to be used in clini-
cal decision making with biologic agent response[26]. 
Perhaps attention should be turned to pharmacogenetic 
studies, as despite being given optimal doses and dura-
tion of  medications, 20 to 30 percent of  IBD patients 
find their disease refractory to any given medication[26]. 
Currently, the only genetic test available in guiding clini-
cal treatment decisions is that used for assessing risk of  
hematopoeitic toxicity from metabolism of  thiopurine 
analogues by the enzyme thiopurine methyl transferase, 
which is under genetic control[27]. Polymorphisms of  
proteins targeted by drugs or enzymes involved in drug 
metabolism may be potential areas of  useful study. How-
ever, limitations related to heterogeneity in IBD, such as 
disease severity, behaviour, and environmental factors af-
fecting drug response, also make this a challenging area.

In the case of  other autoimmune conditions such 
as rheumatoid arthritis, advancements have been made 
in predicting response to infliximab, specifically using 
whole-genome gene expression analysis with microar-
rays[27]. Julià et al[28] have presented an 8-gene model ob-
tained from whole blood RNA samples with an 85.7% 
prediction accuracy of  treatment response. However, 
like CD, no studies in rheumatoid arthritis have exam-
ined the genotypes responsible for relapse or remission 
after anti-TNF-α therapy has been stopped.  

In conclusion, this study found that, in a cohort of  
infliximab-treated CD patients who had a sustained cor-
ticosteroid-free clinical remission and then discontinued 
infliximab, there are two groups; those who relapsed early 
usually within a year, and those who have a sustained clini-

cal remission of  up to a decade. Furthermore, this study 
was the first to attempt to identify genetic polymorphisms 
in these two subgroups, though the findings suggest no 
specific correlations for the polymorphisms tested. 
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COMMENTS
Background
The etiology of Crohn’s disease (CD) remains unclear and as with most com-
plex-trait diseases, it involves a combination of genetic and environmental risk 
factors. Although over 100 genetic loci have been associated with inflammatory 
bowel disease (IBD) thus far, only two genes, IBD5 and caspase activation re-
cruitment domain 15 (CARD15), have reliably been linked to CD susceptibility. 
In terms of CD itself, a potent proinflammatory cytokine, tumor necrosis factor 
alpha (TNF-α), is a well-known mediator of inflammation. Furthermore, the ap-
propriate duration of anti-TNF-α therapy for CD patients who are in remission is 
as yet undefined; specifically, the factors which affect the duration of sustained 
clinical benefit after discontinuation of infliximab remain poorly understood. This 
lends support to the possibility that a patient-unique genotype of CD may play 
a role in determining the duration of long-term remission after the discontinu-
ation of anti-TNF-α agent therapy. Previous studies have analyzed genetic 
differences in infliximab responders and compared the results to infliximab non-
responders, but the patient population does not include patients who have all 
initially responded to infliximab such as in this study. 
Research frontiers
In the area of identifying genetic factors responsible for infliximab responses, 
the research hotspot has mainly focused on nucleotide-binding oligomerization 
domain 2 (NOD2)/CARD15 genotypes and few studies have analyzed TNF-α 
receptor and promoter region polymorphisms. No genetic markers have been 
definitively predictive of CD response to infliximab.
Innovations and breakthroughs
A breakthrough in the area has been that over 100 genetic loci have been asso-
ciated with IBD and thus far, two genes, IBD5 and CARD15, have reliably been 
linked to CD susceptibility. However, few genes have been proven to influence 
response to infliximab. Utilizing a well-defined unique CD patient population 
who were in an infliximab-induced corticosteroid-free clinical remission and then 
discontinued infliximab for reasons other than non-response, the authors stud-
ied two genetic variants of the IBD5 locus on chromosome 5q31 (IGR 2060a1 
and IGR3081a1) along with three NOD2/CARD15 polymorphisms (Arg702Trp, 
Gly908Arg, Leu1007fs insC), in those patients who had relapsed rapidly and 
compared them to those patients who remained in a long-term sustained remis-
sion. These patients experienced either a sustained remission up to a decade 
or have relapsed rapidly often within a year. The study results show no signifi-
cant increase in frequency of the NOD2/CARD15 and IBD5 polymorphisms 
for either group of CD patients. This study was the first to attempt to identify 
genetic differences in these two unique subgroups. 
Applications
There is a complex and not yet well-understood relationship between gene ex-
pression and disease behavior. Anti-TNF-α agents such as infliximab are costly, 
and the long-term safety risks can be concerning in the long term. Furthermore, 
the appropriate duration of anti-TNF-α therapy for CD patients who are in re-
mission is as yet undefined; specifically, no genes have been definitively identi-
fied to predict which CD patients who discontinued their infliximab while in full 
corticosteroid-free clinical remission might either have a sustained remission or 
will relapse rapidly after stopping infliximab. 
Terminology
CARD15 was the first gene to be associated with CD; The NOD2/CARD15 
product is an intracellular protein involved in recognizing bacterial lipopolysac-
charides in the nuclear factor kappa B-TNF-α pathway. This NOD2/CARD15 
gene is known to be associated with susceptibility to CD. IBD5 is a 250 kb hap-
lotype in the 5q31 gene cluster associated with increased risk of CD.
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Peer review
This is an interesting study comparing genetic differences between Crohn’s dis-
ease patients who after discontinuing their infliximab while in full corticosteroid-
free clinical remission, experienced a sustained remission versus those patients 
whose disease relapsed rapidly.  
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