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cytokines are secreted. Among them, tumor ne‑
crosis factor ‑α (TNF ‑α) is especially active, and 
drugs that block its activity currently play a fun‑
damental role in the treatment of CD. Specifical‑
ly, the introduction of anti ‑TNF drugs changed 

INTROduCTION Crohn disease (CD) is a chron‑
ic inflammatory disease characterized by an un‑
controlled immune response of cells in the in‑
testinal mucosa to antigens derived from its lu‑
men. As a result of these interactions, numerous 
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INTROduCTION Crohn disease (CD) is a chronic inflammatory disease characterized by an uncontrolled 
immune response of the intestinal mucosal cells to antigens derived from the gut lumen. Specifically, 
the introduction of anti–tumor necrosis factor (TNF) drugs has changed the approach to the treatment of 
inflammatory bowel disease, and set new therapeutic goals, such as that of controlling clinical symptoms 
while simultaneously achieving complete endoscopic and mucosal remission. The mechanisms of action 
of anti‑TNF drugs—and consequently the mechanisms of resistance to anti ‑TNF therapy—are unknown.
ObjECTIvEs Our study was an attempt to discover whether the potential mechanism of nonresponse 
may be conditioned by polymorphisms in the genes involved in independent inflammatory or apoptotic 
pathways.
PATIENTs ANd mEThOds The study included 196 diagnosed and clinically characterized Polish patients 
with CD treated with anti ‑TNF therapy. Variants rs7539036, rs2041747, rs5746053, rs5746054, rs1061624, 
rs1143634, rs7896789, and rs55790676 of the FCGR3A, IL1R, TNFRSF1B, IL1B, FAS, and ADAM17 genes 
were genotyped using Sanger sequencing, and analyzed in the context of response to biologic treatment.
REsuLTs We observed that 33 patients (16.8%) did not respond to the therapy, which was associated 
with carrying the rs2041747 G allele variant of the ILR1 gene (odds ratio [OR], 3.72; P = 0.009). Moreover, 
the presence of the FAS rs7896789 homozygous CC genotype correlated with increased susceptibility 
to the lack of response to the anti ‑TNF therapy (OR, 15.22; P = 0.003), whereas TT was identified as 
a potentially protective genotype.
CONCLusIONs In patients with CD treated with anti ‑TNF drugs, complex pathways with multigene con‑
ditioning participate in the mechanism underlying treatment resistance. The genes involved in apoptosis, 
FAS and ILR1, seem to play an essential role in the lack of response to the treatment, and would be 
interesting objects of further population and functional research.
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in these proinflammatory cells.6 After binding to 
cells with TNFR1 receptors on their surface, in‑
cluding mainly macrophages, the anti ‑TNF in‑
duces apoptosis of target cells through a costim‑
ulation mechanism.

Unfortunately, the mechanisms underlying 
the failure of response to anti ‑TNF therapy have 
not been fully elucidated. Their better understand‑
ing would be useful for optimizing the approach 
to personalized medicine in IBD.7 In our previous 
pharmacogenetic studies, after sequencing a pan‑
el of 23 genes using the next ‑generation sequenc‑
ing (NGS) technology, we observed that 11 loci 
located in the FCGR3A (rs7539036, rs6672453, 
rs373184583, and rs12128686), IL1R (rs2041747), 
TNFRSF1B (rs5746053), IL1B (rs1071676, 
rs1143639, rs1143637, and rs1143634), and FAS 
(rs7896789) genes were related to the lack of 
response following the induction of anti ‑TNF 
therapy in patients with CD.8 Herein, we aimed 
to confirm these interesting findings in a larg‑
er patient cohort to clarify whether the poten‑
tial mechanism of nonresponse could be driv‑
en by independent inflammatory or apoptosis 
pathways, such as antibody ‑dependent cell cyto‑
toxicity, reverse signaling, and blocking of TNF 
receptor–mediated activities, as well as by neu‑
tralization of the anti ‑TNF drug due to impaired 
TNF convertase ADAM17, which together would 
eventually cause an adverse effect.

PATIENTs ANd mEThOds Patient characteristics 
and samples The study included 196 Polish pa‑
tients hospitalized at the Department of Gas‑
troenterology, Dietetics and Internal Diseases 
of the Poznan University of Medical Sciences in 
Poznań, Poland. All participants gave their writ‑
ten consent to undergo genetic testing, endosco‑
py, magnetic resonance (MR) enterography, and 
blood testing for the assessment of biochemical 
parameters. The study was approved by the Bio‑
ethics Committee of the Poznan University of 
Medical Sciences (762/13).

The patients with a confirmed diagnosis of CD 
based on the medical history, physical examina‑
tion, endoscopy, and MR enterography results 
were analyzed. All individuals were treated with 
anti ‑TNF therapy under the therapeutic program 
of the National Health Fund (the official reim‑
bursement program for all biologic therapies in 
Poland) at the Gastroenterology Department in 
the years 2017 to 2021. We included biologically‑
‑naïve patients aged over 18 years with active CD 
and with a history of treatment failure or intoler‑
ance to first ‑line therapies, such as mesalamine, 
corticosteroids, and / or immunosuppressants. 
Presence of an ileostomy or colostomy and infec‑
tious complications (including intra ‑abdominal 
infections) were considered exclusion criteria. 
The diagnosis was based on predefined criteria,9 
and clinical disease activity was assessed using 
the Crohn Disease Activity Index (CDAI).10

The individuals who had never smoked or 
had quit smoking at  least 10 years prior to 

the approach to inflammatory bowel disease (IBD) 
treatment, and set new therapeutic goals, such as 
that of controlling clinical symptoms while simul‑
taneously achieving complete endoscopic and mu‑
cosal remission of the disease. Despite these ad‑
vances, approximately 40% of patients do not re‑
spond to anti ‑TNF therapy. Since biologic treat‑
ment may also induce adverse effects, there is 
a clinical need to establish predictive markers of 
response to identify a subgroup of patients that 
are more likely to benefit from anti ‑TNF treat‑
ment. Biochemical markers, mucosal factors, as 
well as the pharmacokinetics and pharmacoge‑
nomics of drugs are being investigated as the po‑
tential predictors.

Although the exact mechanisms of action of an‑
ti‑TNF drugs, and consequently the mechanisms 
of resistance to anti ‑TNF therapy, are unknown, 
several proteins have been identified as the key 
mediators of this targeted clinical approach. One 
such protein is tumor necrosis factor receptor 1B 
(TNFR1B), a TNF receptor that has been implicat‑
ed in the pathogenesis of inflammatory diseas‑
es, and is expressed primarily on activated cells 
of the immune system, fibroblasts, as well as en‑
dothelial and epithelial cells in response to pro‑
inflammatory factors and cytokines, including 
TNF itself.1 Specifically, the M196R gene poly‑
morphism is associated with an increased risk 
of ulcerative colitis (UC), systemic lupus erythe‑
matosus, and rheumatoid arthritis.2,3 TNFR1B 
can bind to both membrane and soluble forms 
of TNF; however, the complex formed with the 
membrane form is more stable. Binding of TNF 
with TNFR1B results in the recruitment of cyto‑
plasmic complexes of TNF receptor–associated 
factor 2, cellular inhibitors of apoptosis 1 and 2 
(TRAF ‑2 – cIAP ‑1 – cIAP2) domains, which can 
further exert ubiquitin ligase activity and inhib‑
it caspases and other inducers of apoptosis. This 
activity not only increases cell survival, but also 
cell proliferation.4,5 Accordingly, it has recent‑
ly been generally acknowledged that anti ‑TNF 
therapy limits the antiapoptotic influence of ac‑
tivated TNFR1B, ultimately promoting apoptosis 

whAT’s NEw?

The number of biologic drugs is increasing, and patients differ in their response 
to this type of therapy. There is a need for research enabling individualization 
of biologic treatment based on patient genetic predispositions. Data published 
to date are limited and inconsistent. In the present study, we analyzed selected 
genetic variants in the context of the lack of response to anti–tumor necrosis 
factor (TNF) therapy in patients with Crohn disease (CD), and showed that the 
genes involved in apoptosis, FAS and ILR1, seem to be associated with treat‑
ment nonresponse. The results broaden our understanding of the mechanisms 
underlying the lack of primary response to anti ‑TNF drugs in patients with CD. 
In addition, our study is the first pharmacogenetic research concerning anti ‑TNF 
therapy in Polish patients with inflammatory bowel disease. The results are 
highly desirable and needed in clinical practice and personalized therapies, 
and constitute the basis for further research in other populations.
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buffer, 1.5 mM MgCl2, 200 μM deoxyribonucleo‑
tide triphosphate, 0.15 μM of each primer, and 1 
unit of FIREPol DNA Polymerase (Solis BioDyne, 
Tartu, Estonia). The amplification was performed 
using a T100 Thermal Cycler (BIO ‑RAD, Hercules, 
California, United States). The PCR program start‑
ed with initial denaturation at 95 °C for 4 minutes, 
followed by 32 cycles of denaturation at 94 °C for 
30 seconds, annealing at a temperature shown in 
TAbLE 1 for each fragment, respectively, for 30 sec‑
onds, and extension at 72 °C for 1 minute, as well 
as final extension at 72 °C for 7 minutes. Then, 
Sanger sequencing was performed in both di‑
rections on an Applied Biosystems 3500 Genet‑
ic Analyzer (Thermo Fisher Scientific, Waltham, 
Massachusetts, United States) using a BigDye 
Terminator v3.1 Cycle Sequencing Kit (Thermo 
Fisher Scientific), according to the manufactur‑
er’s instructions. The results were analyzed using 
the Sequencing Analysis Software system (Ther‑
mo Fisher Scientific).

statistical analysis The comparison of interval 
data between the responders and nonresponders 
to the anti ‑TNF therapy was conducted using 
the nonparametric Mann–Whitney test, since 
the data did not follow the normal distribution 
(assessed using the Shapiro–Wilk test). The χ2 
test was used to compare nominal data, as well 
as to determine whether the association between 
the allele frequencies and the response to treat‑
ment was significant. These analyses were per‑
formed using STATISTICA 13.3 software (StatSoft 
Inc., Tulsa, Oklahoma, United States), and all dif‑
ferences were considered significant at a P value 
below 0.05. After selecting the gene variants that 
were identified as significant in terms of the per‑
centage of particular allele distribution between 
the groups of responders and nonresponders to 

participating in the study were considered non‑
smokers. The patients were administered inflix‑
imab infusions at a dose of 5 mg/kg body weight 
at weeks 0, 2, and 6 (induction phase), and then 
every 8 weeks up to 1 year (54 weeks; mainte‑
nance phase). Adalimumab was administered sub‑
cutaneously at a dose of 160 mg at week 0, 80 mg 
at week 2, and then 40 mg every other week for 
up to 1 year (54 weeks). Response to the anti ‑TNF 
therapy was assessed after 12 weeks of the treat‑
ment, using the CDAI score. Clinical response 
was defined as a reduction in CDAI by at least 
70 points. In patients with fistulas, a complete 
response was defined as a complete cessation of 
fistula drainage, while a partial response was de‑
fined as a drainage reduction by at least 50%. We 
also assessed the biological marker (C ‑reactive 
protein [CRP]), endoscopic response (simple en‑
doscopic assessment of Crohn disease [SES ‑CD]), 
and magnetic resonance imaging (simple assess‑
ment of enterographic activity in Crohn disease 
[SEAS ‑CD]).10,11 These parameters were assessed 
twice—before the treatment and 12 weeks after 
induction of the therapy.

Genotyping In all participants, genomic DNA was 
isolated from the peripheral blood using the gua‑
nidine isothiocyanate solution, and stored at 4 °C 
in a TE buffer containing 1 mM EDTA and 10 mM 
Tris ‑Cl. Amplification of the DNA regions con‑
taining the loci of the FCGR3A, IL1R, TNFSF1B, 
IL1B, FAS, and ADAM17 genes was performed us‑
ing primers designed in a Primer3 ‑BLAST design‑
ing tool (National Library of Medicine, Bethesda, 
Maryland, USA). Combinations of all the primers 
used and the length of amplicons are presented 
in TAbLE 1. A polymerase chain reaction (PCR) was 
carried out in a total volume of 25 μl with 100 ng 
of genomic DNA, 2.5 μl of 10‑times concentrated 

TAbLE 1 Characteristics of targets and primer sequences of the FCGR3A, TNFRFS1B, ADAM17, 1L1B, IL1R, and FAS genes

No Gene (variant) OMIM, 
No

Chromosome coordinates, 
GRCh38 / hg19

Primer sequence (5’→3’) Annealing 
temperature, °C

Amplicon 
length, base 
pairs

1 FCGR3A (rs7539036) 146740 chr1:
161542941

F: TGGGTACCAAGTCTCTTTCTGC 57 362

R: GGTACTCACTGGGGCTTCC

2 TNFRFS1B 
(rs5746053, 
rs5746054)

191191 chr1: 12202241/ 12202369 F: GGCCAGTGCGTTGGACA 65 568

R: TATCAGTAGCTGGGCCGTG

3 TNFRFS1B 
(rs1061624)

chr1: 12207208 F: GGTGTGGGCTGTGTCGTAG 59 404

R: GGTTTTCTGGAAGCCAGAGC

4 ADAM17 
(rs55790676)

603639 chr2: 9555759 F: CTTCCGGCTGTGGGTGG 63 265

R: GAGACTGCCTCATGTTCCCG

5 1L1B (rs1143634) 147720 chr2: 112832813 F: CACTCCCAGCTTCATCCCTAC 61 366

R: AATTAGCAAGCTGCCAGGAGG

6 IL1R (rs2041747) 147810 chr2: 102171949 F: GGCCAGTTGAGTGACATTGC 57 169

R: GCTTTTAAACTGAACCGACAAGGT

7 FAS (rs7896789) 134637 chr10: 89005107 F: AAACTAGGTTGAGTGCTTTGGAG 57 450

R: TGAATATGATGATGTGGGGAGGAC

Abbreviations: chr, chromosome; F, forward; OMIM, Online Mendelian Inheritance in Man; R, reverse
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important differences between the responders 
and nonresponders are illustrated in FIGuRE 1.

In the group of responders, the values of all 4 
parameters used in CD monitoring (CDAI, CRP, 
SES ‑CD, and SEAS ‑CD) decreased significantly 
after the induction of the therapy, as compared 
with the values before the therapy (P <0.001). In 
the group of nonresponders, we did not observe 
significant differences in these parameters before 
and after initiation of the therapy.

Genotyping results The genotype and allele fre‑
quencies for the analyzed loci are summarized 
in TAbLE 3. Almost all the analyzed single nucleo‑
tide polymorphisms (SNPs) were consistent with 
the Hardy–Weinberg equilibrium. The only excep‑
tion was the rs7896789 SNP of the FAS gene, for 
which we observed deviations in the group of non‑
responders (P <0.001). The distribution of minor 

the anti ‑TNF treatment, in the next step, we cal‑
culated odds ratios (ORs) to demonstrate dif‑
ferences in the occurrence of a particular vari‑
ant between the responders and nonresponders. 
The analysis of concordance of the genotype dis‑
tribution with the Hardy–Weinberg equilibrium 
and calculations of ORs with 95% CIs were per‑
formed using the online calculator of the Insti‑
tute of Human Genetics in Munich, Germany 
(http://ihg.gsf.de/cgi ‑bin/hw/hwa1.pl, accessed 
October 10, 2022).

REsuLTs Clinical parameters We studied 196 
biologic ‑naïve patients with CD. Three months 
after the induction of the therapy, 163 patients 
(83.16%) achieved a response to anti ‑TNF drugs, 
whereas 33 patients (16.84%) did not respond 
to the  treatment. Clinical characteristics of 
the patients are shown in TAbLE 2, and the most 

TAbLE 2 Characteristics of the study participants

Parameter All patients 
(n = 196)

Responders 
(n = 163)

Nonresponders 
(n = 33)

P value

Sex F 77 (39.29) 62 (38.04) 15 (45.45) 0.43

M 119 (60.71) 101 (61.96) 18 (54.55)

Age, y, mean (SD; min–max) 30.65 (10.58; 17–64) 30.03 (9.77; 17–64) 33.73 (13.64; 19–64) 0.25

Smokers 9 (4.59) 9 (5.52) 0 0.17

Previous operations 67 (34.18) 49 (30.06) 18 (54.55) 0.007

CRPa, mg/l 18.6 (6.3–40.7) 14 (5.93–35.23) 37 (18.95–60.4) 0.001

CRPb, mg/l 3.95 (1.2–13.18) 2.9 (1–8.4) 26 (10.1–54.7) <0.001

CDAIa, points 323 (300–344.3) 320 (290–340) 340 (320–350) <0.001

CDAIb, points 190 (150–220) 180 (150–200) 300 (285–305) <0.001

Disease duration, mo, mean 
(SD; min–max)

60.67 (60.67; 3–348) 65.77 (74.76; 3–620) 69.88 (65.49; 3–234) 0.9

Intestinal locationc

Ileal (L1) 51 (26.02) 40 (24.54) 11 (33.33) 0.29

Colonic (L2) 68 (34.69) 58 (35.59) 10 (30.3) 0.56

Ileocolonic (L3) 77 (39.29) 65 (39.88) 12 (36.36) 0.71

Disease behaviorc

Nonstricturing, 
nonpenetrating (B1)

113 (57.65) 94 (57.67) 19 (57.58) 0.99

Stricturing (B2) 33 (16.84) 28 (17.18) 5 (15.15) 0.78

Penetrating (B3) 1 (0.51) 1 (0.61) 0 0.65

Perianal disease modifier (P) 51 (26.02) 42 (25.77) 9 (27.27) 0.86

Medication

Mesalamine 193 (98.47) 161 (98.77) 32 (96.97) 0.44

Corticosteroids 59 (30.1) 49 (30.06) 10 (30.3) 0.98

Azathioprine 111 (56.63) 96 (58.89) 15 (45.45) 0.16

Infliximab 139 (70.92) 115 (70.55) 24 (72.73) 0.8

Adalimumab 57 (29.08) 48 (29.45) 9 (27.27) 0.8

Data are presented as number (percentage) or median (interquartile range) unless indicated otherwise.

a Before anti ‑TNF treatment

b After 3 months of anti ‑TNF treatment  

c Disease location and behavior were classified according to the Montreal Classification.12

Abbreviations: CDAI, Crohn Disease Activity Index; CRP, C‑reactive protein; F, female; M, male; TNF, tumor necrosis 
factor



ORIGINAL ARTICLE Pharmacogenetics in CD patients treated with anti ‑TNF drugs 5

the treatment. However, studies published to date 
have presented equivocal results that could not 
help define the genetic markers of response to 
anti ‑TNF drugs. It is known that the process of 
apoptosis of intestinal inflammatory cells is one 
of the basic mechanisms responsible for the cor‑
rect elimination of these cells and, consequent‑
ly, the reduction of inflammation. This process is 
disturbed in CD. It has been observed that T cells 
located in the intestinal lamina propria are resis‑
tant to apoptotic signals. On the other hand, in 
the pathogenesis of IBD, excessive elimination 
of intestinal epithelial cells occurs. As a result, 
the integrity of the intestinal barrier is lost and 
inflammation increases. It is known that both 

allele frequencies (MAFs) among the responders 
and nonresponders, and their comparison with 
the European population are shown in FIGuRE 2. 
The nonresponders presented different patterns 
for the ILR1 (rs2041747) and IL1B (rs1143634) 
gene loci, and the responders presented differ‑
ent patterns for the FAS (rs7896789) gene. For 
the remaining loci, the MAF distribution among 
the responders and nonresponders was similar 
(value differences <5%) to that of the Europe‑
an population.

dIsCussION Due to the  increasing number 
of biologic drugs introduced into IBD therapy, 
there is a growing need for research to personalize 

FIGuRE 1  Clinical parameters of the responders and nonresponders to anti–tumor necrosis factor (anti ‑TNF) treatment before and after 3 months of 
the therapy 
a P <0.01 
b P <0.001 
Abbreviations: IQR, interquartile range; SEAS ‑CD, Simple Enterographic Activity Score for Crohn Disease; SES ‑CD, Simple Endoscopic Score for Crohn 
Disease; others, see TAbLE 2 
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TN
F itself and the receptors associated w

ith its 
activity are involved in the induction of apop‑
totic processes in intestinal epithelial cells. 13 It 
has been proven that, through a m

ultidirectional 
m

echanism
 of action, anti ‑TN

F drugs not only in‑
hibit the activity of this cytokine, but have a m

uch 
w

ider eff
ect. It consists, inter alia, in influencing 

the apoptotic pathw
ays. Epithelial cell apopto‑

sis has been show
n to decrease in patients treat‑

ed w
ith anti ‑TN

F drugs. Th
e exact m

echanism
 

responsible for this process is not fully under‑
stood. 14 O

n the other hand, after anti ‑TN
F ad‑

m
inistration, apoptosis of lam

ina propria T cells 
is increased. 15

Th
erefore, research aim

ed at determ
ining 

the genetic m
arkers of apoptosis is largely direct‑

ed at the receptors and cytokines involved in this 
process. Th

is theory corresponds w
ith the results 

of our previous studies, w
here w

e dem
onstrated 

that diff
erences in the prim

ary response to anti‑
‑TN

F am
ong C

D
 patients w

ere associated w
ith 

m
olecular variants in the apoptosis and inflam

‑
m

atory pathw
ay genes. 8 U

sing the N
G

S m
ethod 

in a group of 107 biologically treated patients w
ith 

CD
, w

e determ
ined the sequences of a panel of 23 

genes that m
ay predispose to achieving a response 

to the anti ‑TN
F therapy. W

e show
ed that variants 

of the FCG
R3A, IL1R, TN

FR
SF1B, IL1B, and FA

S 
genes w

ere associated w
ith treatm

ent response. 8 
H

erein, w
e aim

ed to verify these findings in a larg‑
er group of 196 patients w

ith C
D

. In our study 
group, there w

ere m
ore m

en than w
om

en (119 vs 
77; TA

b
LE 2). Th

is reflects the observation m
ade by 

K
ucha et al 16 in their analysis of Polish nationw

ide 
data from

 the years 2012–2020, that w
om

en re‑
ceive biologic treatm

ent for both CD
 and U

C sig‑
nificantly less frequently than m

en. W
e assessed 5 

loci identified in our previous study
8 (rs7539036, 

rs2041747, rs5746053, rs1143634, rs7896789) in 
the FCG

R3A, IL1R, TN
FRSF1B, IL1, and FAS genes, 

respectively. Th
ere, w

e found associations w
ith 

the response to treatm
ent in 11 variants. H

ow
‑

ever, the loci w
ithin the IL1B and FCG

R3A genes 
form

ed 2 haploblocks in com
plete linkage dis‑

equilibrium
 (D

’ = 1); hence, w
e w

ere lim
ited to 

choosing 1 haploblock variant (rs7539036 and 
rs1143634, respectively). 8 M

oreover, w
e extend‑

ed the current research by including 3 addition‑
al polym

orphism
s that had presented border‑

line significance in our previous N
G

S analysis—
rs1061624 and rs5746054 in the TN

FRSF1B gene, 
and rs55790676 in the AD

AM
17 gene. 8

C
ytokines are responsible for the proper in‑

teraction betw
een intestinal cells, and m

any IBD
 

risk loci are found in the genes encoding proteins 
responsible for m

aintaining these cell ‑to ‑cell in‑
teractions. 17 O

ne of the prim
ary proinflam

m
ato‑

ry cytokines is interleukin (IL)‑1. Th
e IL ‑1 fam

i‑
ly includes 2 IL ‑1 agonists (IL ‑1α and IL ‑1β), and 
a natural IL ‑1 receptor antagonist (IL ‑1R

a). Th
ese 

cytokines m
ainly bind to the IL ‑1 type 1 receptor 

(IL ‑1R
1), resulting in cell signaling and increas‑

ing the m
essenger R

N
A

 (m
R

N
A

) expression of 
hundreds of genes in target cells. Th

ere is also 

TAbLE 3 Allele and genotype distribution of analyzed genetic variants affecting the response to anti –tumor necrosis factor agents

No Single 
nucleotide 
polymorphism

Gene Responders (n = 163) Hardy–Weinberg equilibrium Nonresponders (n = 33) Hardy–Weinberg equilibrium

Genotypes, n (%) Alleles, n (%) χ2 P value Genotypes, n (%) Alleles, n (%) χ2 P value

11 12 22 1 2 11 12 22 1 2

1 rs7539036 FCGR3A 130 
(79.75)

33 
(20.25)

0 293 
(89.88)

33 
(10.12)

2.0677 0.15 26 (78.79) 7 (21.21) 0 59 
(89.39)

7 (10.61) 0.4645 0.5

2 rs2041747 IL1R 152 
(93.25)

10 
(6.15)

1  
(0.61)

314 
(96.32)

12 
(3.68)

2.9627 0.09 26 (78.79) 7 (21.21) 0 59 
(89.39)

7 (10.61) 0.4645 0.5

3 rs5746053 TNFRSF1B 115 
(70.55)

43 
(26.38)

5  
(3.07) 

273 
(83.74)

53 
(16.26)

0.1583 0.69 26 (78.79) 7 (21.21) 0 59 
(89.39)

7 (10.61) 0.4645 0.5

4 rs5746054 105 
(64.42)

52 
(31.9)

6  
(3.68)

262 
(80.37)

64 
(19.63)

0.0196 0.89 24 (72.73) 9 (27.27) 0 57 
(86.36)

9 (13.64) 0.8227 0.36

5 rs1061624 31 
(19.02)

75 
(46.01)

57 
(34.97)

137 
(42.02)

189 
(57.96)

0.5062 0.48 6 (18.18) 19 (57.58) 8 (24.24) 31 
(46.97)

35 (53.03) 0.8006 0.37

6 rs1143634 IL1B 86 
(52.76)

61 
(37.42)

16  
(9.82)

233 
(71.47)

93 
(28.53)

1.1036 0.29 12 (36.36) 18 (54.55) 3 (9.09) 42 
(63.64)

24 (36.36) 1.0523 0.31

7 rs7896789 FAS 137 
(84.05)

25 
(15.34)

1  
(0.61)

299 
(91.72)

27 
(8.28)

0.0148 0.9 27 (81.82) 3 (9.09) 3 (9.09) 57 
(86.36)

9 (13.64) 12.4423 <0.001

8 rs55790676 ADAM17 109 
(66.87)

51 
(31.29)

3  
(1.84)

269 
(82.52)

57 
(17.48)

1.1592 0.28 21 (63.63) 11 (33.33) 1 (3.03) 53 (80.3) 13 (19.7) 0.0952 0.76
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anti ‑TNF efficacy was first described.8 Here, we 
confirmed the participation of the rs2041747 vari‑
ant in the response to the anti ‑TNF treatment. 
We observed that the nonresponders had a signif‑
icantly higher frequency of the G allele (P = 0.03; 

TAbLE 4). The AG genotype was overrepresented in 
the nonresponders almost 4 ‑fold, as compared 
with the responders (FIGuRE 3). Because the homo‑
zygous GG genotype occurred with a very low fre‑
quency (<1%; TAbLE 3), we postulate that the G al‑
lele identified in the AG carriers may be a nonre‑
sponse risk allele. The rs2041747 variant is locat‑
ed in the intron region (c.839+31G>A), the func‑
tion of which has not been described so far, but 
it should be noted that variants of this type may 
contribute to exon splicing.

The above results are a valuable addition to 
the existing pharmacogenetic research. Howev‑
er, it should be noted that their functional aspect 
is still not fully known. In the previous studies 
conducted using intestinal mucosa biopsies of CD 
patients, an increase in the IL1B mRNA expres‑
sion was observed in the anti ‑TNF–refractory pa‑
tients.20-22 In our previous investigations, we iden‑
tified such a relationship especially in the samples 
obtained from sites of inflammation, in relation 
to the mucosa of healthy people.22 In contrast, 
the IL1R receptor gene demonstrated increased 
mRNA expression in the responders to the anti‑
‑TNF treatment. When the relative expression 
was assessed in vitro in the cultures of peripheral 
blood mononuclear cells treated with anti ‑TNF an‑
tibodies, a significant increase in the mRNA level 
of the IL1B gene was found in the control group, 
in contrast to both the responders and nonre‑
sponders.22 More research is needed in this area.

As mentioned above, one of the basic pro‑
cesses responsible for chronic inflammation is 
the defective process of apoptosis. The primary 
receptor responsible for inducing this process 
is the Fas receptor. It is a member of the TNFR 
family that contains the death domain. Its ac‑
tivation is carried out by the Fas ligand (FasL), 

a second form of the IL ‑1 receptor, IL ‑1 type 2 
receptor (IL ‑1R2). The binding of IL ‑1 to this re‑
ceptor does not cause signaling—it is a decoy re‑
ceptor. The potent proinflammatory effects of IL‑
‑1α and IL ‑1β are limited to 3 main levels: synthe‑
sis and release, membrane receptors, and intra‑
cellular signal transduction. This pathway sum‑
marizes the extracellular and intracellular IL ‑1α 
or IL ‑1β signaling, including positive and nega‑
tive feedback mechanisms that enhance or termi‑
nate the IL ‑1 response. It is noteworthy that most 
of the intracellular components that participate 
in the cellular response to IL ‑1 also mediate re‑
sponses to other cytokines (including IL ‑18 and 
IL ‑33), toll ‑like receptors, and many forms of cy‑
totoxic stress. It has been shown that some pa‑
tients have a particularly high concentration of 
IL ‑1 in inflammatory infiltrates. Many research‑
ers suggest that failure to respond to the anti‑
‑TNF treatment may be associated with genet‑
ic defects in the IL ‑1 pathway. There may also be 
a group of patients who would clinically benefit 
from blocking IL ‑1 or IL ‑1R rather than TNF.18

Lacruz ‑Guzman et al19 described the potential 
pharmacogenetic role of the rs1143634 polymor‑
phism (c.315C>T). They showed that the pres‑
ence of the C allele was associated with a poor‑
er response to infliximab treatment in CD pa‑
tients, and also with a higher serum concentra‑
tion of IL ‑1β. In our previous publication,8 we 
also showed an association between the SNP of 
the IL1B gene and the response to the anti ‑TNF 
treatment. We found that the T allele was more 
common among the nonresponders than among 
the responders (50% vs 28%, respectively). Ad‑
ditionally, the rs1071676 (c.*505G>C) polymor‑
phism was described for the first time as a poten‑
tial pharmacogenetic factor in CD. We also found 
an association of the other 2 variants of the IL1B 
gene (rs1143639 [c.597+76G>A] and rs1143637 
[c.467 ‑334G>A]) with the treatment response. 
In addition, the relationship of the variant in 
the IL1R gene (rs2041747 [c.839+31G>A]) with 

FIGuRE 2  Comparison 
of minor allele frequency 
in the study groups and 
the European population
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There are many studies showing that selected 
FASL polymorphisms are associated with the re‑
sponse to anti ‑TNF drugs. Netz et al25 report‑
ed that the FASL CC genotype was 4 times more 
common in the nonresponders, as compared 
with the TC or TT genotype (OR, 4.3; 95% CI, 
1.45–12.8; P = 0.009). They also studied the fre‑
quency of the rs763110 variant of the FASL gene 
and the rs1800629 variant of the TNF gene, and 
showed that a combination of FASL CC genotype 
and the TNF A allele was significantly more fre‑
quent in the nonresponders than in the respond‑
ers to the anti ‑TNF therapy (OR, 4.76; 95% CI, 
1.35–16.77; P = 0.015). Hlavaty et al26 showed 
that the CC and CT genotypes of the FASLG gene 
in locus c.–843 (rs763110) were significantly as‑
sociated with better response in the subgroup 
of patients with both luminal and fistulizing 
CD. Overall, 75% (n = 135) of the luminal CD pa‑
tients with FASLG –843 CC and CT genotypes and 
38% (n = 21) of the homozygous TT individuals 

and results in the activation of the effector pro‑
teins responsible for the apoptosis process: cas‑
pase 8 and adapter molecules released from cy‑
tochrome c, as well as in activation of the inter‑
nal pathway. It has been shown that anti ‑TNF 
drugs, apart from TNF inactivation, show multi‑
directional activity.23 It is believed that they can 
bind directly to FasL or indirectly affect the cells 
that are affected by FasL.24 In our study, we did 
not find any differences between the respond‑
ers and nonresponders in the allele frequen‑
cy of the rs7896789 variant, but we identified 
a significantly higher frequency of CC homo‑
zygotes in the nonresponders than in the re‑
sponders (9.09% vs 0.61%). This suggests that 
the rs7896789 T allele in homozygotes may act 
as a protective allele, while the rs7896789 CC 
genotype may be associated with an increased 
susceptibility to nonresponse to anti ‑TNF thera‑
py (FIGuRE 3). Similar observations were previous‑
ly presented by Walczak et al.8

TAbLE 4 Comparisons of allele and genotype frequencies between the groups of responders and nonresponders to anti–tumor necrosis factor 
treatment

Gene; SNP 
(major > minor 
allele)

Allele frequency 
difference

Heterozygous Homozygous Allele positivity

1 vs 2 2 vs 1 11 vs 12 22 vs 12 11 vs 22 22 vs 11 11 vs [22 
+ 12]; risk 
allele 2

[11 + 12] 
vs 22; risk 
allele 1

FCGR3A; rs7539036 
(G>A)

1.05 
(0.45–2.5)

0.95 
(0.4–2.25)

1.06 
(0.42–2.66)

0.22 
(0–12.21)

4.93 
(0.1–253.75)

0.2 
(0–10.46)

1.06 
(0.42–2.66)

0.21 
(0–10.51)

P = 0.91a P = 0.9 P > 0.99 P > 0.99 P = 0.9 P > 0.99

IL1R; rs2041747 
(A>G)

3.105 
(1.17–8.21)

0.322 
(0.12–0.85)

4.09 
(1.43–11.71)

2.14 
(0.08–60.17)

1.918 
(0.076–48.351)

0.52 
(0.02–13.14)

3.72 
(1.32–10.47)

0.62 
(0.03–15.51)

P = 0.03b P = 0.005 P = 0.41 P = 0.68 P = 0.009 P = 0.65

TNFRSF1B; 
rs5746053 (G>A)

0.61 
(0.27–1.41)

1.64 
(0.71–3.78)

0.72 
(0.29–1.78)

1.9 
(0.1–37.98)

0.4  
(0.02–7.39)

2.52 
(0.14–47.06)

0.65 
(0.26–1.59)

2.33 
(0.13–43.06)

P = 0.24a P = 0.48 P = 0.37 P = 0.29 P = 0.34 P = 0.31

TNFRSF1B; 
rs5746054 (C>T)

0.65 
(0.3–1.37)

1.55 
(0.73–3.29)

0.76 
(0.33–1.75)

2.35 
(0.12–45.32)

0.33 
(0.02–6.08)

3.02 
(0.16–55.4)

0.68 
(0.3–1.56)

2.77 
(0.15–50.28)

P = 0.25a P = 0.51 P = 0.31 P = 0.24 P = 0.36 P = 0.26

TNFRSF1B; 
rs1061624 (G>A)

0.82 
(0.48–1.39)

1.22 
(0.72–2.08)

1.31 
(0.48–3.59)

1.805 
(0.74–4.42)

0.73 
(0.23–2.28)

1.38 
(0.44–4.33)

1.06 
(0.4–2.78)

1.68 
(0.71–3.97)

P = 0.46a P = 0.6 P = 0.19 P = 0.58 P = 0.91 P = 0.23

IL1B; rs1143634 
(G>A)

1.43 
(0.82–2.497)

0.7 
(0.4–1.22)

2.12 
(0.95–4.71)

1.57 
(0.41–6.01)

1.34  
(0.34–5.3)

0.74 
(0.18 =9–2.94)

1.96 
(0.9–4.23)

1.09 
(0.3–3.97)

P = 0.2a P = 0.06 P = 0.5 P = 0.67 P = 0.09 P = 0.9

FAS; rs7896789 
(T>C)

1.88 
(0.83–4.23)

0.53 
(0.24–1.2)

0.66 
(0.19–2.36)

0.04 
(0–0.56)

15.22 
(1.53–151.9)

0.07 
(0.01–0.66)

1.27 
(0.47–3.4)

0.06 
(0.01–0.62)

P = 0.12a P = 0.52 P = 0.003 P = 0.003a P = 0.63 P = 0.002

ADAM17; 
rs55790676 (G>T)

1.16 
(0.59–2.26)

0.86 
(0.44–1.69)

1.12 
(0.5–2.5)

0.65 
(0.06–6.82)

1.73 
(0.17–17.45)

0.58 
(0.06–5.83)

1.15 
(0.53–2.52)

0.6 
(0.06–5.95)

P = 0.67a P = 0.78 P = 0.72 P = 0.64 P = 0.72 P = 0.66

Data are shown as odds ratios (95% CIs). P values <0.05 were considered significant.

a Pearson goodness ‑of ‑fit χ2 test (df = 1)

b Fisher exact test

Abbreviations: df, degrees of freedom; SNP, single nucleotide polymorphism; 1, the first allele (major); 2, the second allele (minor); 11, the first type of 
homozygous genotype; 22, the second type of homozygous genotype; 12, heterozygous genotype; [11 + 12] vs 22, dominant model with risk allele 1, 
eg, [GG + GA] vs [AA], dominant model, risk allele: G; 11 vs [12 + 22], recessive model with risk allele 2, eg, [GG] vs [GA + AA], recessive model, 
risk allele A
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noted that these investigations are a continuation 
of a previous study8 in which, based on the analy‑
sis of gene polymorphisms using the NGS method, 
we identified variants that may be responsible for 
the response to anti ‑TNF drugs. Our current study 
focused solely on the preselected genetic factors, 
while including a much larger number of patients. 
It is also a continuation of our expression ‑level re‑
search concerning individual genes in vitro and in 
vivo.22 The formerly obtained results showed dif‑
ferences in the expression of these genes in par‑
ticular groups of patients. It could not be ruled 
out that the variants we described influence this 
observation.

The strength of the presented investigation is 
an ethnically homogeneous patient group, sim‑
ilar in terms of the disease behavior and activi‑
ty. These features, especially in genetic research, 
are of great importance. Our study is the first one 
conducted in Poland in this field.

Conclusions Our results suggest that the re‑
sponse to the anti ‑TNF therapy in CD patients 
is characterized by complex pathways, including 
multigene conditioning combined with the actual 
immunological status of the body, as well as mu‑
cosal and environmental factors. Among the ge‑
netic factors, the genes involved in apoptosis, 
FAS and ILR1, seem to play an important role in 
the lack of response to the treatment, but their 
exact functional characterization requires fur‑
ther research.

ARTICLE INFORmATION

ACKNOwLEdGmENTs None.

FuNdING KS ‑E received a fellowship for young research‑
ers from the Poznan University of Medical Sciences, Poland 
(502–14–02223359–10715).

CONTRIbuTION sTATEmENT LL ‑S designed the study. MS ‑Z and LL ‑S 
prepared the manuscript. MS ‑Z, JZ, and MW contributed to the experimen‑
tal and laboratory work. LL ‑S, IKK, and KS performed patients’ clinical exam‑
ination and qualification for the study. MM was responsible for statistical 
analysis of the data. MS ‑Z prepared the figures. KS ‑E, AD, and RS acquired 
the funding. AD and RS supervised the research group. All authors approved 
the final version of the manuscript.

CONFLICT OF INTEREsT None declared.

OPEN ACCEss This is an Open Access article distributed under the terms 
of the Creative Commons Attribution ‑NonCommercial ‑ShareAlike 4.0 

responded to the treatment (OR, 0.11; 95% CI, 
0.08–0.56; P = 0.002). In the cohort of fistu‑
lizing CD patients, genotype –843 CC/CT was 
the sole predictor of response (OR, 1.66; 95% CI, 
1.21–2.29; P = 0.002). As mentioned earlier, FasL 
is the key protein of the death effector domain 
protein family, responsible for apoptosis induc‑
tion. The FASLG gene c.–834C>T polymorphism 
occurs in the promoter region at the CAAT bind‑
ing site of the enhancer protein. In the case of the 
C allele, the affinity of the protein to the binding 
site increases 3 ‑fold and is associated with a 3 ‑fold 
higher expression level of FASLG.

Our research did not include the FASLG gene 
polymorphism. However, we showed the contri‑
bution of the FAS receptor gene variant in the 
anti ‑TNF treatment effect. This supports the hy‑
pothesis that the involvement of the FasL–Fas re‑
ceptor–induced apoptosis pathway may play a role 
in the response to anti ‑TNF drugs in CD patients. 
We did not confirm the contribution of the other 
studied polymorphisms to the anti ‑TNF response. 
In our study, the groups of responders and non‑
responders did not differ in the disease behavior. 
Therefore, there must be other factors responsible 
for achieving a response to the treatment. CD is 
a complex disease in terms of both behavior and 
immunological processes occurring in inflamma‑
tory infiltrates. Therefore, the drug response pro‑
cesses are undoubtedly complex.

study limitations and strengths In our study, we did 
not measure the concentrations of antidrug anti‑
bodies. Our observations concerned the response 
to the therapy in the patients undergoing induc‑
tion. These were patients who had not previously 
received anti ‑TNF preparations. Therefore, accord‑
ing to the recommendations, there was no need 
to assess the antibody level. In this group of pa‑
tients, the response to the treatment is unaffect‑
ed by anti ‑TNF drug concentrations and antibod‑
ies, for which the therapy induction period is too 
short. Most likely, other factors, including genet‑
ic ones, are responsible for the therapeutic effect. 
Another limitation of our study is the relatively 
small number of patients. However, it should be 

FIGuRE 3  Distribution of genotypes for variants of the ILR1 and FAS genes significantly associated with the response to anti–tumor necrosis factor 
(anti ‑TNF) treatment
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25 Netz U, Carter JV, Eichenberger MR, et al. Genetic polymorphisms pre‑
dict response to anti ‑tumor necrosis factor treatment in Crohn’s disease. 
World J Gastroenterol. 2017; 23: 4958‑4967. 

26 Hlavaty T, Pierik M, Henckaerts L, et al. Polymorphisms in apopto‑
sis genes predict response to infliximab therapy in luminal and fistulizing 
Crohn’s disease. Aliment Pharmacol Ther. 2005; 22: 613‑626. 
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