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Abstract

influenced by both genetic and environmental factors. This article presents a thorough review of the current land-

NSOC (non-syndromic oral cleft) is a common craniofacial birth defect with a complex etiology

scape in NSOC etiology research and outlines prospective directions for future investigations. In the realm of genet-
ics, the exploration extends to candidate gene and pathway studies, unveiling the latest discoveries from genome-
wide association studies, along with breakthroughs in whole exome sequencing and whole genome sequencing.
Environmental risk factors, such as malnutrition, maternal drug exposure, radiation, environmental pollution, and
prenatal infections, are scrutinized for their impact on NSOC, underscoring their intimate associations with cranio-
facial development. Additionally, this review delves into the intricate interplay between genetic and environmental

factors and outlines potential directions for future research in NSOC etiology. These prospects hold the potential to

furnish more comprehensive and precise strategies for the treatment and prevention of NSOC.
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Table 1 Genetic variations significantly associated with NSOC identified by genome-wide association studies
HAEE KA (] T AL 5 e SCHRG 5
First author Published time ~ Ethnicity Genetic variations Gene PMID
AVASTHI 2021 Indian 1s36019844, rs74146603, rs7680206, - 34941638
rs10254958, rs113361480
CURTIS 2021 European, Asian rs72728734, rs36047638, rs12682181, - 33817668
154312693, rs5980526, etc.
RAY 2021 European, Asian, 1s1339063, rs72741048, rs12632559, - 34242216
Latin America 1s9291207, rs4422437, etc.
ZHANG 2021 European, Asian rs2186801, rs8031462, rs4646022, MUSK, SLCO3A1, CASP9, 33937227
rs41117, rs68079474, etc. RETREGI, ANTXRI, etc.
MUKHOPAD- 2021 African, Asian, 1s9439714, rs6745357, rs16957821, PAX7, FAM49A4, NTN1, 33898419
HYAY European, American  rs7216951, rs1588366, etc. WNT3, TANC?2, etc.
CURTIS 2021 European, Asian 1s35631978, rs4069861, rs113551946, - 34130359
1s5003950, rs16837723, etc.
HE 2020 Chinese 1s7928246, rs3765115, rs2479824, ELMODI, SCAPER, 32758111
rs11119394, rs34937 HSDI17B3, SYT14, CLN3
YANG 2020 European, Asian, 1s2235370, rs7552, rs11273201, TRAF3IP3, FAM494, NTN1, 33137956
African 1s12600562, rs3845903, etc. LRRC37A42, LRIG1, etc.
DARDANI 2020 European rs742071, rs8071332, rs12543318, - 32373937
1s987525, rs8076457
HAALAND 2019 European, Asian 1s7964474, rs2294035, 1s10763707, ANO2, ARHGEF10, 31372216
1s3793861, rs814518, etc. LYZLI1, ANK3, SHKBPI,
etc.
HUANG 2019 Chinese 1rs12405750, rs7552, rs17820943, IRF6, MYCN, MAFB, 31609978
1s730570, rs765366 DLKI, ALX1
HOWE 2018 European rs7078160, rs227731, rs742071, - 30067744
17590268, rs8001641, etc.
CARLSON 2018 African, Asian, rs11142081, rs72804706, rs77590619 SPATA31C2, IPMK, NBEA 30277614
Latin American and
North American
HAALAND 2018 European, Asian rs1339221, rs13027140, rs1316471, ESRRG, FLJ30838, COBL, 29535761
116970288, rs13022580, etc. EEFIAIP7, RPL19P4, etc.
BUTALI 2018 African rs80004662, rs113691307, rs62529857,  CTNNA2, SULT2A1, 30452639
rs143238378, rs150382487, etc. OPALIN, SULT2A1,
LINC02476, etc.
YU 2017 Chinese rs10462065, rs7017252, rs2064163, FGF10, MYC, IRF6, 28232668
rs481931, rs1038294, etc. ABCA4, COL8AI, etc.
LUDWIG 2017 European, Asian 1s6740960, rs112800917, rs2963482, C2orf91, PKDCC 28087736
rs151137431, rs1265158, etc.
LESLIE 2017 European, Asian, 1575477785, 1s12944377, 1s66515264, IRF6, NTNI, ARHGAP29, 28054174
African, American 19439713, rs6072081, etc. PAX7, MAFB, etc.
LESLIE 2016 European, Asian, rs41268753, rs12065278, rs10009620, GRHL3, PCM1, VIRMA, 27018472
African, American rs12718385, rs11992342, etc. PUDP, YAPI, etc.
SUN 2015 Chinese 1s2235371, rs7078160, rs8049367, IRF6, VAXI, CREBBP, 25775280
14791774, 1s13041247, etc. ADCY9, NTN1, MAFB, etc.
WU 2014 European, Asian rs3733585 WDRI1, SLC249 24516586
BEATY 2011 European, Asian, 1s2294426, 1s1536895 C6orf105, SMC2 21618603
African
BEATY 2010 European, Asian 1s987525, rs10863790 IRF6 20436469
MANGOLD 2010 European 1s7590268, rs1258763, 1s17760296, THADA, GREM1, NOG, 20023658
1s227731, rs7078160 KIAA1598, SPRY2
GRANT 2009 European rs17085106, rs987525 - 19656524
BIRNBAUM 2009 European rs642961, rs987525 IRF6, GSDMC, PVTI 19270707
- ANHE

-: unclear.
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rs6819546 1159681004, P=5.15x10%), —Ii%ET
806/ H1[E NSCL/P triosiE 4T [ FGF: K 5 ik v &
AR A8 HAR R SCR I, FGF107 111523305421
TBX57 111946295 2 A AFAE e . 55 )28 HAE L, AE
Bonferronif% I J5 /548 2 2 (P=9.63x10°), MOSSEY
6 U205 NSOCHH 1 % BN B o TGFAR MTHFR(Y)
L HAER AT T, RIERKIN AR, TGFA4 S
MTHFRWIZ HAERE LGP EFEEE X,
DUANZ Borsst  [5] A B NSCPOJ; 1] %6} [ i 47 35 [K] —
SR A HAER 081, R rs4844913F1rs11119388
Z I8 (P=1.80%x10"*) A } rs607208 111 rs6102085 2 [d]
(P=3.60x10 V7 1ER R R A2 HAEH .

T RN IR IX B SE R 2 (R A8 BAR A, 84T
BV A % 5 4 TH HUEE AR NSOC I &I AL, TN
RV TT ATRBIT B AL T RS HEANAMAAL B T 5
22 MERKRER

Rt ALK 2 4h, NSOCHIE 249 K 5 & 44 v]
AR R R B UIA GBI . BHA N IR 5 AR5
Befih, Qi RE R RIRAS . ZAHTE R RHMAERZ5Y)
FRE T s %, DR SERRMAL
HAEHEE T REREMIRIG R E , AT RN TR
Befal R &, AR AT IRIG TR B R .
2.2.1  RIA /B R 23 WS AR AN 2 A DAY
NSOCK MG % . LITTLES: X252 04
SR TS NSOCAHH G I B e R I . 7 A [l 3t
AT (R — T 5 0t HEE e b, ZHANGES PHIESE T 240
IR 5 NSOC K A= 1 8 2 6Bk . bk, JTAZE 123

() AR IR 1 FRATT0 22 8 3 W X% NSOC KR
A R [ 55 PR 2 RS B S A Bl RA 23 il () B A
Et (odds ratio, OR)=1.86, 11.42; 95% & {Z X |] (confi-
dence interval, CI)[2.28, 2.69; 6.87, 19.00]. IT4EH (]
— IUEE R Mt R I A B WO B B 5 NSO C XU 1S
I £ 525 A 9% (OR=2.05, 95% CI[1.27, 3.30])!">°,
EURIF 5 2 TR A7 AE B S5 1) S o A, 0 0 6D 7
IS N ATIAAAE S 1L o

— L5 R I, 7EH E (OR=1.79, 95% CI[1.03,
3.12DM WIS R 32 AT E (OR=19.30, 95% CI[1.03,
3.12]" R0 B 5 5F (OR=1.90, 95% CI[1.17, 3.08])!'"
N BEAEAE BT 5 NSCL/P ) & A2 XU 2 35 4 5%
DEROO% PO — Il 25 25 73 A WL % 21 5 A R 5 4
b, IR RS TR SHE DL B BESR BEAE n Re A T
NSCLOFJ % )L(OR=1.48, 95% CI[1.01, 2.18]). ELPEH)
T 7RI, FXFTNSCPO, i S EINSCL/PH]
XU 18 0 AE X5 XU EE (relative ratio, RR)=1.54, 95% CI
[1.07,2.38]"31,

T LTI A A IR TN 5 NSOC & AE 2 [ {1 52 44
KA T Z 2 ES, 58 7 FE R AENSOC
9o DRl 7 1) SCRAE FH o ASR BT 90 75 B B R N
PR AT WS O A0 A 28 %of R I B 1R 21 LD, DA S 2
T ARIX — I BRI N T SRR SR A B RS R
222 BERE A /o B AR ZAE A L A2
NSOCKA M — AN E BT GSHR . &4 0E T
ST IEFEMRRE R REE, M Z R EE R IR
A RER I NSOCHI KRS 132, W 7E KRB, Z2H1E F- AN
SRR FEUE G T E AR AL RERE . G
TREEIRICR, IR, 4 KRB A4EARA, 5
NSOCIHRA BZ M IS, X T RIEMAG K B 1
FURM B Py 4B A . AL R ZH SR Rk ) O
.

e E IR T I E = 5 NSOCI1 58 K5 i 52 2
K. MRIEZIAPI R — P EZE R E IR R, Hik
Z 52 S NSOCH) K AE G INAR 2 14, WIL-
COXEE I FL R I, MIRAN 7B A5 NSOCK
AR TR DR R AR AR O o — T0T ] N T 4 A 51 A
TR, AER XA G2 w65 H A 400 pg it g
(AE oAt o 2B 25 ) n] PRI NSOCRUR: (RR=0.69, 95%
CI[0.55, 0.87])1,

TR KB, 44 2 B A 2 ] 5 1 s
T M T A % U300 el (1) — T 25 26 43 i R B e 242
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* NO, -

e Organic solvents and/
or formaldehyde

« Folic acid
o Vitamin A
e Vitamin B ,

o

Radiation

Smoking
3 ¢ Opioids
¢ Antibiotics
o Aspirin and other
NSAIDs

° Antidepressants

» Cytomegalovirus
e Mycoplasma
infections

. « Bacterial infections
(\\\\, « Toxoplasma gondii
- f\

&

Caffeine

BAFEWIH . YA IS R(BAEPMa s PMios NO, A HLIAFIRYE FRE) B IR R (AR 4EE3RA 4R KB L) FEST MIER L R Ge(f
RIS SRR, ANE G SM) RN EAEIT A 2R258). PR, PR DALt AR S AT 28 25, Uil ).

These include smoking, alcoholism, environmental pollution (including PM, s, PM,,, NO,, organic solvents, and/or formaldehyde), nutritional supple-

ments (including folic acid, vitamin A, vitamin B,,), radiation, caffeine, infections (including cytomegalovirus, mycoplasmac infections, bacterial infec-

tions, toxoplasma gondii), and medication intake (including opioids, antibiotics, aspirin and other nonsteroidal anti-inflammatory drugs, antidepres-

sants).

E1 ENSOCKEEBEHAMIMERKEER

Fig.1 Environmental risk factors significantly associated with NSOC
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FIJOHANSENZESIRIAIE 72 35 A J& BN HE ] 6 NSOC
MIVEF o XL Fr e SRR 0, uinmk BR8N Pl BR 7
NSOCHI K& H K% — & rIEH , (72T 2 1wt
TR AT HARIX — Gk AR IIHTE 5T M 1% F B % (&
ASTFI R R SRR AN SN &, T4 A AR &, LA
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