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Abstract 

Inflammatory bowel diseases ( IBDs ) are complex chronic disorders of the gastrointestinal tract with the following two subtypes: 
Crohn’s disease and ulcerative colitis. Disease presentation and progression within and across IBDs, especially Crohn’s disease, are 
highl y heter ogeneous in the location, sev erity of inflammation, intestinal stenosis and obstruction, and extraintestinal manifesta- 
tions. Clinical classifications fail to accurately predict the disease course and response to therapies. To date, most IBD genetic associ- 
ations are derived from individuals of European ancestries, leading to a limitation of the discovery and application of IBD genetics in 

the rest of the world populations. In this mini-re vie w, we summarize the latest pr ogr ess of genome-wide association studies of IBD 

across global ancestries especially the Chinese population, the similarities and differences in genetic ar c hitecture betw een European 

and East Asian ancestries, as well as, the clinical significances r elev ant to IBD genetic study. 

Ke yw ords: Chinese population, Crohn’s disease, East Asian, inflammatory bowel disease, susce ptib le gene, ulcerati v e colitis 
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Introduction 

Inflammatory bo w el diseases ( IBDs ) ar e a gr oup of c hr onic 
non-specific inflammatory diseases in the gastrointestinal tract, 
mainly including ulcerative colitis ( UC ) and Crohn’s disease ( CD ) .
The incidence and pr e v alence of IBD ar e incr easing globall y, par- 
ticularly in China, while the specific pathogenesis of IBD has not 
been fully elucidated. A series of studies have demonstrated that 
IBDs are caused by an abnormal immune response to the intesti- 
nal microbiota in genetically susceptible individuals.1 , 2 Genome- 
wide association studies ( GWAS ) have identified > 240 genetic loci 
associated with human IBD. Ho w e v er, most IBD genetic associa- 
tions have been derived using individuals from European popu- 
lations, with only a few studies of much smaller sample sizes in 

non-European populations.3 , 4 In this r e vie w, we highlight the lat- 
est pr ogr ess of GWAS of IBD acr oss global ancestries especiall y in 

the Chinese population. Mor eov er, this mini-r e vie w also focuses 
on the similarities and differences in the genetic arc hitectur e be- 
tween European and East Asian ancestries, and the clinical signif- 
icances r ele v ant to IBD genetic study. 

Pathogenesis of IBD 

The contempor ary vie w of the pathogenesis of IBD has advanced 

r a pidl y, due to r ecent br eakthr oughs and emer ging a pplications 
in human genetics, intestinal m ucosal imm unology, and micr o- 
biome study. A role for genetic risk factors in the development 
of IBD has been highlighted by the identification of susceptibility 
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work is pr operl y cited. For commercial re-use, please contact journals.permissions
oci in GWAS.3 , 4 In addition to the genetic contributions to IBD
athophysiology, the mucosal immune system and the commen- 
al microecosystem may also substantially contribute to both the 
e v elopment and pr ogr ession of IBD. Gut microbes, together with
he intestinal epithelial barrier and a variety of immune cells
n gut mucosa, form the complex intestinal microecosystem,
hich does not merely induce immune cell activation and dif-

erentiation, but also impacts intestinal homeostasis.5 Previous 
tudies have shown that certain microbiota-derived antigens and 

etabolites play a vital role in inducing the differentiation of mu-
osal CD4 + T cells . P ol ysacc harides pr oduced by Bacteroides fragilis
ct as a ligand for Toll-like receptor 2 on the surface of CD4 + T
ells and participate in type 1 T helper cell ( Th1 ) activation and
ifferentiation.6 Ho w ever, some intestinal commensal microbes 
 e.g. Clostridium nucleus , Peptostreptococcus ) could induce mucosal 
D4 + T cells to differentiate into regulatory T cells ( Treg ) . Evidence
lso suggests that intestinal C-X3-C motif chemokine receptor 
 ( CX3CR1 + ) phagocytic cells enable the balance between Th1 
nd Treg cell immune responses by the induction of interleukin
0 ( IL-10 ) pr oduction thr ough r ecognizing symbiotic antigens.7 

urther, this pr ocess mainl y depends on the cellular autopha gy
 elated pr oteins autopha gy r elated 16 like 1 ( ATG16L1 ) and
ucleotide binding oligomerization domain containing 2 ( NOD2 ) .
onsistently, dendritic cells in the intestinal mucosa of patients 
ith ATG16L1 or NOD2 gene deficiency could r estr ain Tr eg cell
ifferentiation and IL-10 secretion.8 Moreover, various environ- 
ental factors such as smoking, air pollution, hygiene habits,
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nd psyc hological str ess hav e been identified to be the important
actors involved in the development and progression of IBD.2 

usceptible variants are associated with 

uman IBD 

ervious twin studies in IBD hav e pr ovided e vidence of a str ong
enetic contribution, with heritability of liability estimates of 0.75
or CD and 0.67 for UC.9 More than 240 IBD-related susceptibility
oci have been identified by genome-wide sequencing and GWAS,
nd most of them are co-susceptible to both CD and UC.1 An
nalysis of 15 IBD GWAS cohorts from European populations has
hown that 110 of the 163 IBD loci are common susceptibility
enes of CD and UC, which are related to innate and adaptive
mmunity, including cytokine signal transduction ( e.g. IL-23R,
L-10 ) and immune signal transduction ( e.g. interferon gamma
 IFNG ) , Janus kinase 2 ( JAK2 ) , tumor necrosis factor super family
8 ( TNFSF18 ) ) .10 Specific susceptibility genes for CD are mainly
oncentrated on the IL-23 pathway ( e.g. IL-23R, IL-12B, JAK2,
nd tyrosine kinase 2 ( TYK2 ) ) . Several common mutations in
L-23R ( e.g. Gl y149Ar g, Val362Ile, and Ar g381Gln ) hav e been found
o be significantly associated with CD, but these susceptibility
oci are ethnically different, especially the mutant Gly149Arg,
hich is the most common in the Han population.11 Perianal
D-associated variant rs4151651 in complement factor B ( CFB ) is
 loss-of-function mutation that impairs its cleav a ge, activ ation
f alternative complement pathway, and pathogen phagocytosis,
hus suggesting that targeting the alternative complement path-
a y ma y be a no v el ther a peutic a ppr oac h in the tr eatment of
erianal CD.12 In addition, a missense variant in the autophagy
ene ATG16L1 ( rs2241880, Thr300Ala ) is observed to be strongly
ssociated with the incidence of CD. Besides, the T300A variant
ensitizes ATG16L1 to caspase-3-mediated degr adation, ther eby
uggesting a functional connection between CD, caspase acti-
 ation, and autopha gy.13 Consistentl y, mice lac king the Atg16l1
ene in intestinal epithelial cells have an exacerbated intestinal
njury, c har acterized by crypt epithelial cell death, heightened
nflammation, and decreased survival. Ho w ever, anti-IFN- γ treat-

ent could abrogate epithelial cell death in Atg16l1 �IEC mice,
uggesting that IFN- γ -targeted therapy may be appropriate for
atients with CD with variants in ATG16L1.14 

The susceptibility genes of UC are found to be mainly associ-
ted with epithelial barrier ( e.g. hepatocyte nuclear factor 4 al-
ha ( HNF4A ) , laminin subunit beta 1 ( LAMB1 ) , cadherin 1 ( CDH1 ) ,
nd G protein subunit alpha 12 ( GNA12 ) ) , T cell pr olifer ation and
ctiv ation ( TNFSF14 ) , type I interfer on expr ession ( r aftlin famil y
ember 2 ( RFTN2 ) ) , and the Toll-like receptor pathway ( interferon

egulatory factor 5 ( IRF5 ) ) .11 Further analysis of major histocom-
atibility complex ( MHC ) region variation has pointed out that hu-
an leukocyte antigen ( HLA ) shows the strongest correlation with
C.15 

a test pr ogress of genetic study on IBD in 

hinese and other East Asian populations 

ince most IBD genetic associations have been derived using in-
ividuals from European populations, with only a few studies of
 uc h smaller sample sizes in non-European populations,10 this

trong bias to w ar d European ancestry severely limits our insight
nto IBD biology and, further, decr eases its a pplication amongst

ost of the world’s population. The first trans-ancestry associa-
ion study of IBD has identified 38 risk loci, including the identified
D gene autophagy related 4B cysteine peptidase ( ATG4B ) , which
einforces the importance of autophagy in CD pathogenesis. Like-
ise, the importance of epithelial barrier function in IBD patho-

enesis is underscored by oncostatin M receptor ( OSMR ) , which
odulates a barrier-pr otectiv e host response in intestinal inflam-
ation. Mor eov er, man y of the identified genes ( e.g. lymphocyte

ntigen 75 ( LY75 ) , CD28, C-C motif chemokine ligand 20 ( CCL20 ) ,
FKB inhibitor zeta ( NFKBIZ ) , aryl hydrocarbon receptor ( AHR ) ,
nd nuclear factor of activated T cells 1 ( NFATC1 ) ) modulate the
rocess of T cell activation and immune response. Five more new
usceptibility loci ( e.g. SHC adaptor protein 1 ( SHC1 ) , chromod-
main Y like 2 ( CDYL2 ) ) for IBD have been identified in GWAS
tudies in K oreans .3 , 16 Non-HLA region susceptibility genes spe-
ific to Asian UC patients have also been identified from samples
r om Ja pan and North India, including imm unoglobulin r eceptors
c gamma receptor IIa ( FCGR2A ) , solute carrier family 26 mem-
er 3 ( SLC26A3 ) , and protein tyrosine phosphatase receptor type
 ( PTPRC ) .17 , 18 

Recentl y, the lar gest r e ported IBD genetic stud y in China and
ther East Asian countries has been implemented and includes
088 Chinese IBD patients and 6279 age- and sex-matched healthy
onors, together with Korean and Japanese IBD genetic datasets,
hus expanding the number of IBD patients from East Asian coun-
ries to 14 393, resulting in the largest IBD genetic study in the
ast Asian population.19 Most inter estingl y, this study identified a
otal of 80 IBD loci in East Asians alone ( Fig. 1 ) . Mor eov er, the study
lso discov er ed 81 ne w genetic loci associated with IBD across
oth East Asian and European ancestries, thus increasing the
umber of IBD-associated genetic loci to 320 by comparing 30 713

BD cases and 338 106 healthy donors from the International IBD
enetics Union and FinnGen.19 Furthermore, Liu and co-authors
ompared the conditional effect sizes across East Asian and Euro-
ean ancestries for IBD putative causal variants at the locus level,
nd found that genetic effects for man y IBD loci wer e consistent
n both populations, with only a few loci as clear exceptions
 e.g. TNFSF15, colon y stim ulating factor 2 r eceptor subunit beta
 CSF2RB ) , and IL23R ) ( Table 1 ) . Although both East Asian and
uropean ancestries had largely consistent genetic effects in the
HC region, the MHC locus sho w ed evidence of significant hetero-

eneity of the genetic effect across Chinese , K or ean, and Ja panese
ncestries at the locus le v el. The observ ed heter ogeneity does not
ecessarily suggest different biology within East Asian ancestries
ecause the MHC locus is a highly complex locus with long-range
inkage disequilibrium that spans se v er al megabases . T hese data
ave shown that variances supported by IBD-associated loci
iffer across East Asian and European ancestries, which are, to a
r eater degr ee, driv en by minor allele frequencies ( MAFs ) but less
y the effect sizes ( 32% IBD associations hav e differ ent MAFs, and
2% hav e differ ent ORs ) . CD has a gr eater ancestr al dependency
han UC, with NOD2 and ATG16L1 as top CD drivers in European
ncestries and TNFSF15 in East Asian ancestries, r espectiv el y.
9 Inter estingl y, ATG16L1 as a classical autopha gy-r egulating
rotein has been found to be down-regulated in different types of

ntestinal and accessory tissues in Chinese CD patients . 20 Another
r oteomics study pr ovided a compr ehensiv e c har acterization of
he preclinical inflammatory profile by analyzing plasma samples
rom individuals who developed UC later in life and identified
 pr edia gnostic pr otein signatur e consisting of matrix metal-
opeptidase 10 ( MMP10 ) , C-X-C motif chemokine ligand 9 ( CXCL9 ) ,
CL11, signaling l ymphocytic activ ation molecule famil y member
 ( SLAMF1 ) , CXCL11, and monocyte chemotactic protein 1 ( MCP-
 ) . 21 The high-throughput profiling of multi-omics analysis has
ound that fibroblast growth factor 19 ( FGF19 ) and zinc finger and
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Figure 1. IBD-associated genetic loci in Chinese and other East Asian ( EAS ) populations. Ther e ar e 80 genetic loci significantl y associated with CD, UC, 
or both in the EAS population ( P < 5 × 10 −8 ) . Among these 80 genetic loci, 16 genes are new IBD-associated loci, and 26 genes have been identified in 
the EAS population pr e viousl y. A total of 54 genes were first reported in the EAS population, while 38 of these 54 loci have been reported in the 
non-Finnish European ( NFE ) population previously. The three tables show the most important IBD-associated loci based on the odd ratios ( ORs ) and P 
values. ORs and P values are from the inverse-variance-weighted fixed-effect meta-analysis ( two-tailed ) including all East Asian samples. ∗Nearest 
gene to the index variant. 
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BTB domain containing 16 ( ZBTB16 ) ar e positiv el y corr elated with 

micr obial ric hness, facilitate a priori determination of optimal 
ther a peutics for patients, and serve as targets for nov el ther a pies.
22 In conclusion, these multi-omics data serve as a blueprint to 
figure out more variants in different populations and facilitate a 
priori determination of optimal ther a peutics for patients. 

Clinical significance of IBD genetic study 

Genetic studies allow us to better understand the clinical signifi- 
cance of IBD, including the pathogenesis, disease risk, and classi- 
fication. Based on a br oad arr ay of studies, av ailable e vidence has 
demonstrated that host genetics is associated with IBD de v elop- 
ment, particularly with disease beha viors , locations , and medical 
r esponse. A pr e vious study has reported that CD patients could 

be classified into three phenotypes ( ileal, colonic, and ileocolonic 
lesions ) according to three variants ( NOD2, MHC, and macrophage 
stimulating 1 ( MST1 ) ) .23 NOD2 has been found to act as a vital 
isk factor in the pathogenesis of CD, whose mutations are
lso associated with specific disease phenotypes ( e.g. ileocoecal 
isease, ileocoecal resection, structuring, and perianal disease ) 

n subsequent studies . T her a peutic drug monitoring in patients
ith a mutation in the NOD2 gene has also shown more frequent

umor necrosis factor ( TNF ) trough levels in the subtherapeutic 
ange and lo w er anti-TNF tr ough le v els compar ed to patients with
o mutation in NOD2. In addition, these patients might r equir e
igher doses of anti-TNF agents in order to ac hie v e sufficient
nti-TNF tr ough le v els.24 Anti-TNF ther a pies ar e the most widel y
sed biologic drugs for treating IBD, but repeated or long-term 

dministration could induce the formation of anti-drug antibod- 
es, thus increasing the risk of treatment failure. In a GWAS of a
opulation of European descent, the variant HLA-DQA1 ∗05 has 
een observed to present a 2-fold increased risk of development
f antibodies against infliximab and adalimumab in CD patients,
egardless of concomitant immunomodulator use . T herefore ,
esting patients for HLA-DQA1 ∗05 might help physicians to de-
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i  
ide whether patients should r eceiv e anti-TNF and combination
mm unomodulator ther a py.25 Recent studies identified four nudix
ydr olase 15 ( NUDT15 ) coding v ariants ( p.Ar g139Cys, p.Ar g139His,
 .Val18Ile, and p .Val18_Val19insGl yVal ) that a ppear as a loss of
ucleotide diphosphatase activity. NUDT15 inactivates thiopurine
etabolites and decreases thiopurine cytotoxicity in vitro , and

atients with defective NUDT15 alleles show excessive levels of
hiopurine active metabolites and toxicity. These results indicate
hat NUDT15 variation plays a determinant part in thiopurine
ntolerance.26 Further studies in the Chinese population also
onfirmed that NUDT15 v ariants ( p.Ar g139Cys , p.Val18Ile , and
.V al18_V al19insGlyV al ) are risk factors for thiopurine-induced
eukopenia. Combined detection of the three variants could
ncr ease the pr edictiv e sensitivity of thiopurine-induced leuk ope-
ia and help to distinguish early leukopenia in heterozygotes.27 

her efor e, NUDT15 v ariants ar e r ecommend to be detected befor e
nitiating thiopurine drugs in Chinese patients with IBD. Dose

onitoring by NUDT15 variant detection is promising for future
ndividualized ther a py. A long dur ation of IBD may increase the
isk in colorectal cancer. Whole-exome sequencing analyses of
BD and colorectal cancer have revealed that IBD-associated
umors have a different mutation spectrum. Several genes are
 utated mor e fr equentl y or uniquel y in IBD-associated tumors,

uch as SRY-box transcription factor 9 ( SOX9 ) and E1A binding
rotein p300 ( EP300 ) , which encode proteins in the wingless-type
MTV integration site ( WNT ) pathway, indicating an important

ole for WNT signaling in the development of colorectal tumors
n IBD patients.28 Primary sclerosing cholangitis ( PSC ) is a highly
omorbid phenotype with IBD. Of note, 6 of the 14 loci associated
ith PSC and IBD display str ong e vidence of a shar ed causal

ariant with UC, CD, or both ( MST1, IL21, histone deacetylase 7
 HDAC7 ) , SH2B ada ptor pr otein 3 ( SH2B3 ) , CD226, and proteasome
ssembl y c ha per one 1 ( PSMG1 ) ) . Although comorbid gastr oin-
estinal inflammation seen in the majority of PSC patients cannot
e fully explained by shared genetic risk, the biliary and intesti-
al inflammation seen specifically in PSC should be studied to
dvance our understanding of the disease and improve clinical
utcome for patients with this de v astating disorder.29 

onclusions and perspectives 

his mini-r e vie w pr ovides a br eakthr ough in the genetic c har ac-
eristics of IBD that clarifies genetic variants associated with IBD
sing the largest samples to date from the East Asian population

ncluding Chinese IBD patients. Many new IBD-associated loci
iscov er ed fr om this study ar e driv en by v ariants with ele v ated
AF in the East Asian population, which highlights the potential

f recruiting global populations in genetics studies to identify
ew disease associations . T his will help us to better understand
he pathogenesis and provide potential precision medicine in
hese emerging regions with high incidence of IBD. Although the
ata have shed some light on improving the statistical po w er
or the East Asian population compared with European studies,
ne-ma pping r esolution and the ability to compar e genetic
ffects across different ancestries are fairly limited, especially
t loci hosting multiple independent associations. Additionally,
 comparison of genetic effects can only proceed in variants
har ed acr oss East Asian and Eur opean populations. It is un-
 eliable to e v aluate extr emel y r ar e putativ e causal v ariants for
heir causal roles in East Asian or European populations. Rapidly
xpanding omics analytical platforms and tec hniques r epr esent a
aradigm shift in molecular e pidemiological research. Ad vances

n m ulti-omics anal ysis pav e the path for advances in molecular



Pr ogr ess on genetic c har acteristics of inflammatory bo w el disease | 5 

 

 

 

 

 

 

 

1  

 

1  

 

1  

 

1  

1  

1  

 

1  

1  

2  

 

 

2  

2  

2

 

2  

 

 

2  

2  

 

2  

 

 

epidemiology of IBD, which ma y ha ve important implications for 
the prediction of IBD onset and preventive strategies. Multi-omics 
analysis with genes is also needed to screen rare variants in 

non-Eur opean populations, particularl y in Chinese IBD patients. 
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