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INTRODUCTION 
 

 

The classification of inflammatory bowel diseases (IBD) 

comprises: ulcerative colitis (UC), Crohn’s disease (CD) and 
indeterminate colitis [1]. Although still unclear, the pathogenesis 
of IBD is potentially influenced by several factors, including: 
genes, inflammation, infection, immune reactions and the 

Abstract 

As greater emphasis is currently being placed on the concept of ‘personalized medicine’, research with the objective of discovering a link 

between autophagy-related genes and treatment response of Crohn’s disease (CD) patients to anti-tumor necrosis factor (anti-TNF) drugs is 

booming. The aims are to predict which CD patients are more prone to treatment failure and which ones will achieve better response to anti-

TNF therapy; thus, providing more precise treatment. Below, we describe the three-key autophagy-related genes: nucleotide-binding 

oligomerization domain containing 2 (NOD2)/ caspase recruitment domain-containing protein 15 (CARD15), autophagy-related gene 16 like 1 

(ATG16L1) and immunity-related guanosine triphosphatase M (IRGM). Up to now, investigations through clinical studies have established 

ATG16L1 as the most encouraging candidate for evaluation of response to anti-TNF agents in CD patients. However, further studies are 

warranted to assess the different genes and their impact on anti-TNF treatment.  
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environment [2],[3]. The gut microbiota has also been reported 
to be less diverse in IBD, especially in CD patients [1]. Notably, 
genetic influences have a major impact on susceptibility to CD, 
especially in early-onset CD [3]. CD lesions can involve the 
entire gastrointestinal tract and its characteristic features are: 
transmural bowel inflammation, ‘skip lesions’ of inflammation, 
deep ulcers and fissures acquiring a ‘cobblestone’ appearance, 
perianal fistulas and various extra-intestinal complications [1]. 
Being a chronic, recurrent condition, CD eventually leads to 
bowel dysfunction [4]. Confirmatory diagnosis is made by 
visualization and biopsy during colonoscopy. Medical 
management of CD includes: 5-aminosalicyclic acid 
compounds, corticosteroids, immunomodulators (azathioprine, 
6-mercaptopurine, methotrexate) and the revolutionary biologics 
[1]. Approved anti-TNF agents used for moderate to severe 
disease are infliximab, adalimumab and certolizumab [4]. 
Nonetheless, one-fifth of CD patients will be primary non-
responders to anti-TNF therapy and a further one-third will 
experience secondary loss of response, necessitating 
alternative drugs or surgical management [4]. As precise 
medicine is more recognized, it is crucial to determine which 
group of patients will respond to or fail therapy with anti-TNF 
drugs. With the link between autophagy and CD unraveled, the 
aims of this review are to describe the key autophagy-related 
genes (ATGs) associated with CD susceptibility and discuss the 
evidence available surrounding their use to predict response to 
anti-TNF therapy.  

AUTOPHAGY 

Autophagy is a process of self-degradation, in which intracellular 

components of the cytoplasm are degraded or recycled [5]. It is 

a highly controlled cellular process, fundamentally regulated by 

the ATGs to maintain homeostasis [5],[6]. In response to a 

stimulus, the endoplasmic reticulum produces a phagophore, a 

double-membraned structure on which autophagy-related gene 

16 like 1 (ATG16L1) combines with the ATG5-ATG12 conjugate. 

This complex generates a multimer and subsequently lipidates 

light chain 3-11 [7]. Concurrently, the phagophore engulfs the 

targeted cytoplasmic component to form an autophagosome, 

which subsequently fuses with a lysosome to form an 

autophagolysosome, in which enzymatic degradation occurs [7]. 

The two key signaling pathways regulating the activation and 

inhibition of autophagy are the beclin/B cell lymphoma-2 and the 

mechanistic target rapamycin complex-1 pathways, respectively 

[5]. Additional roles of autophagy are antigen presentation, 

infection control, involvement in cellular stress response during 

nutrient deprivation state and cancer [8]. Autophagy is not strictly 

non-specific as it can also be selective according to its target 

and comprises of mitophagy, xenophagy, aggrephagy, etc [2].  

AUTOPHAGY AND IBD 

Dysfunctions in autophagy have been associated with the 

development of several diseases, including IBD. The three major 

ATGs linked to IBD pathogenesis are nucleotide-binding 

oligomerization domain containing 2/ caspase recruitment 

domain-containing protein 15 (NOD2/CARD15), autophagy-

related gene 16 like 1 (ATG16L1) and immunity-related 

guanosine triphosphatase M (IRGM). 

 

AUTOPHAGY-RELATED GENES: 

NOD2/CARD15 

The first CD-susceptibility gene discovered in 2001 is the 

NOD2/CARD15 gene which is located on chromosome 

16q12[3],[5]. NOD2/CARD15 gene encodes an intracellular 

pattern recognition receptor expressed in monocytes, 

macrophages and dendritic cells, especially in the Paneth cells 

of the small intestine. Also, it has a role in innate immunity and 

defense against pathogenic bodies [8]. Under normal conditions, 

the gene has a low level of expression while it is enhanced under 

inflammatory conditions [9]. Moreover, recruitment of ATG16L1 

protein for autophagosome formation is also mediated by 

NOD2/CARD15, thus illustrating its role in autophagy [10]. 

Mutations of the NOD2/CARD15 gene leads to alteration of the 

inflammatory immune response and it has been reported that 

harboring homozygous mutation of the NOD2/CARD15 gene 

augments the risk of developing CD by 20- to 40-fold [5],[11]. 

Westerners, unlike Asians, are the main carriers of aberrant 

NOD2/CARD15 genetic variants [8]. The three leading 

NOD2/CARD15 mutations associated with CD are R702W, 

G908R, and 3020insC. Mutations in NOD2/CARD15 correlate 

with early disease onset, primary involvement of the terminal 

ileum, complications such as perianal disease, stricture and 

fistula formation as well as high probability of surgical 

intervention [3],[11],[12]. Gazouli et al. found NOD2/CARD15 

3020insC polymorphism to be considerably higher in patients 

with CD onset in childhood [13].  

ATG16L1 

The association of ATG16L1 with increased CD susceptibility 

was initially described in 2007 by Hampe et al [14]. ATG16L1 is 

involved in the autophagic process as it is necessary for 

autophagosome formation, bacterial clearance, T-cell 

responses and it also has a role in the exocytotic pathway of 

Paneth cells [8],[15]. Subsequently, studies have demonstrated 

reduced autophagy levels and Paneth cell dysfunction in certain 

cell types with NOD2/CARD15 and ATG16L1 T300A mutations 

obtained from CD patients [5]. ATG16L1 dysfunction can also 

lead to disruption of the intestinal microbiota, thus enhancing the 

severity of CD flares [15]. The most investigated variant of 

ATG16L1 is rs2241880, which encodes a missense variant 

leading to a substitution of threonine-to-alanine amino acid at 

position 300 (T300A) [15]. It was found that people harboring the 

T300A variant had double the risk of developing CD [7]. CD 

patients homozygous for T300A are more prone to develop 

structuring complications and experience recurrent relapses; 

consequently, this group is found to be treated with 

immunomodulators earlier in the disease course [15]. Knowing 

the genotype-phenotype relationship can support more 

assertive therapy in special high-risk patients to minimize the 

risk of complications and relapses. 

IRGM 

Located on chromosome 5q33.1, IRGM is another autophagy-

related gene implicated in CD susceptibility [16]. Its role in 

autophagy is via its encoded GTP-binding protein which has the 
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ability to restrict replication of intracellular bacteria; thus, lack of 

normal IRGM gene activity may eventually lead to chronic 

intestinal inflammation [17]. A meta-analysis including over 

75,000 IBD and control subjects, found a robust association 

between IRGM and CD [18]. Moreover, in a large case-control 

study, Runifi et al analyzed the association of IRGM with CD and 

found two variants of IRGM, rs13361189 and rs4958847, to 

influence the phenotype of CD [19]. The polymorphism 

rs13361189 was noted to augment the risk of strictures, ileal and 

perianal disease, as well as, surgery in CD patients. In a meta-

analysis of case-control studies, the latter IRGM polymorphism 

showed a significant association with CD, thus, discovery of 

these potential markers could have a significant impact on the 

future of CD treatment strategies [16]. In their study involving the 

German population, Glas et al also found IRGM to have a 

significant association with CD susceptibility, thereby supporting 

its potential involvement in CD pathogenesis, although evidence 

for the role of ATG16L1 in CD pathogenesis is more substantial 

[17]. However, since most studies have focused on 

NOD2/CARD15 and ATG16L1, the impact of altered IRGM on 

CD phenotype remains uncertain.  

RESPONSE TO BIOLOGICS  

Regarding the role of autophagy-related genes for the prediction 

of response to biologic therapy, NOD2/CARD15 and ATG16L1 

are the two most investigated genes.   

NOD2/CARD15 

Interest in the NOD2/CARD15 gene has fuelled the existence of 

various studies and researches to assess its role in anti-TNF 

therapy for CD. A recent genotype-phenotype retrospective 

analysis with 161 CD patients conducted by Schaffler et al found 

that 34.2% of the study sample harbored NOD2/CARD15 

genetic mutations [12]. In addition to the above-mentioned 

clinical picture seen with NOD2/CARD15 mutations, they 

commonly found anti-TNF levels in a sub-therapeutic range 

during therapeutic drug monitoring and reduced anti-TNF trough 

levels compared to NOD2/CARD15 wild-type. Consequently, it 

was deduced that higher doses of anti-TNF drugs would be more 

beneficial to CD patients with NOD2/CARD15 mutations. 

Despite the above-mentioned findings, Wang et al performed a 

meta-analysis, involving 4 studies and a total of 355 CD patients 

treated with adalimumab and/or infliximab and the study 

demonstrated no significant association of NOD2/CARD15 

polymorphisms in the prediction of treatment response; 

however, the studied sample size was small [11]. Moreover, in 

2010, another study reported no apparent association between 

NOD2/CARD15, TLR4 and CD14 gene polymorphisms and 

response to adalimumab therapy [20]. In a large study, 

Mascheretti et al. [5] found no positive correlation between 

therapeutic response to infliximab and NOD2/CARD15 

mutations [21]. Similarly, Vermeire et al found no association 

between response to infliximab and NOD2/CARD15 mutations; 

however, in their study, 32.6% of CD patients compared to 15% 

of healthy participants harbored NOD2/CARD15 mutations [22]. 

Further clinical studies are warranted to evaluate the association 

of NOD2/CARD15 gene with biologic therapy to choose the most 

efficient therapy for different CD genotypes. 

ATG16L1 

In the search for a superior and more personalized management 

strategy for IBD, advanced research to find a relation between 

autophagy-related genes and response to anti-TNF agents is 

ongoing. Currently, the gene displaying the most potential is 

ATG16L1[23]. A recent study found that CD patients carrying 

mutant ATG16L1 are more frequently treated with adalimumab; 

thus, hinting that disease genotype may influence drug choice 

for therapy [23]. In another study, Dezelak et al considered the 

role of autophagy-related genes: ATG12 and ATG5, which 

interact with ATG16L1 in the autophagy process, for the 

prediction of adalimumab treatment response in CD patients 

[24]. Using inflammatory bowel disease questionnaire (IBDQ) 

scores, they found that polymorphisms rs9373839 and rs510432 

of ATG5 are promising positive predictors of adalimumab 

response. The study by Koder et al enrolled 102 Slovenian CD 

patients and similarly used IBDQ index and C-reactive protein 

(CRP) levels to evaluate the role of single nucleotide 

polymorphisms (SNPs) in predicting adalimumab treatment 

response [25]. The results showed ATG16L1 SNP rs10210302 

to have a robust association with adalimumab response. A 

prospective cohort study by Netz et al identified Fas Ligand SNP 

(rs763110) and TNF gene­308 (rs1800629), to be related with 

non-response of CD patients to anti­TNF treatment [26]. On the 

other hand, no association was demonstrated with ATG16L1 

SNPs. This study emphasizes the importance of detecting non-

responders to anti-TNF agents via genetic screening to reduce 

the burden of expenses for patients who might not respond to 

such therapies and to avoid subjecting such patients to the risks 

of anti-TNF drugs. 

CONCLUSION 

With advanced genetic research, more and more genetic 

components linked to chronic conditions are being uncovered. 

As the relation between CD and autophagy-related genes has 

been established, it is further being investigated as a tool to 

predict the success or failure of anti-TNF therapy. So far, the 

most promising gene is ATG16L1, which has shown potential to 

predict response to adalimumab. However, for a more extensive 

appreciation of this association, further and larger sample sized 

studies are necessary. Conversely, in numerous studies, 

NOD2/CARD15 polymorphisms have shown no significant 

associations with treatment response to anti-TNF agents. As 

precision medicine is still an evolving field, further research will 

benefit the management of CD patients by classifying them as 

suitable or unsuitable for anti-TNF therapy. This would lead to 

prompt and a more cost-effective management of CD and also 

avoid subjecting unsuitable patients to unnecessary risks linked 

to biologics. 
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