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The Advances of Genetic Susceptibility to Nasopharyngeal Carcinoma

WANG Tongmin', JIA Wenhui®, JIA Weihua'**
('State Key Laboratory of Oncology in South China, Guangdong Key Laboratory of Nasopharyngeal Carcinoma Diagnosis

and Therapy, Guangdong Provincial Clinical Research Center for Cancer, Sun Yat-sen University Cancer Center,
Guangzhou 510060, China; *School of Public Health, Sun Yat-sen University, Guangzhou 510080, China)

Abstract NPC (nasopharyngeal carcinoma) is a malignancy originating from the epithelial cells of naso-
pharyngeal mucosa and is closely associated with EBV (Epstein-Barr virus) infection. It is predominantly preva-
lent in regions such as South China and Southeast Asia. Numerous studies have shown that genetic factor plays an
important role in NPC development. Candidate gene studies and GWAS (genome-wide association studies) have
identified many common variants associated with NPC risk, while recent advancements in high-throughput se-
quencing have facilitated the identification of rare variants involved in NPC carcinogenesis. Additionally, integra-
tion of GWAS data and other omics data such as epigenomics and transcriptomics has accelerated the discovery of
functional variants, expanding the spectrum of susceptibility genes for NPC. Moreover, important findings have
also emerged regarding the interactions between susceptibility genes and EBV and its role in NPC development.
This article summarizes the common and rare variants of the NPC susceptibility genes by their biological functions,
focusing on immune-related genes in the HLA (human leukocyte antigen) region and non-HLA regions, and other
genes involved in DNA repair pathways and tumorigenesis-related pathways, thereby presenting a comprehensive

molecular landscape of genetic susceptibility to NPC and suggesting future research direction such as risk predic-

tion, genetic consultation, and discovery of novel therapeutic target.
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Fig.1 Research progress on susceptibility genes for nasopharyngeal carcinoma
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Fig.2 The role of susceptibility genes in the pathogenesis of nasopharyngeal carcinoma (this figure was created in BioRender.com)
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Tk A B DR A D BRI FE R WAL T 5p15.33(TERT/CLPT-
MILFER X35 ) (1) rs3 148955 S5 W 2 95 XK I 5 A
7% (OR=0.81~0.85). LIU%E MO8 jot 41 ) g R 00 7
R 1831489y LM e R AP 1% 5 S A 5 (OR=0.78)
ERAZ X IR I Th i 2 AT 05 AN A B . TERTZE R 1
e KB, LA DNATE S il ik 75 v 1) se B 10,
EBJF 224wt (198 AR IE 25 1 LMP1 A 0% TERTII R IA
308 R i L A 1, AT S PR e 0 e e 5 22 AN
T2, PREFRFEEIAE AL J11Y, YUSSIHOR L 14 T
CLPTMIL. BRD2. HNRNPUX:H ()5 WA #4857t
55 SR SRR . ZUOSE M@ it XYLt Ao
B3 At R IAL T DMD W 2 1 X 180K 1$5927056 5 &
MR 7 % 975 4 5 AH ¢ (OR=0.81), %Az 5 ] G i i %
DMDWIFRIE | BEARA AN S0 (1) 55 8 . DMDXE
A VE FRA R B8 H & 5% (dystrophin-glyco-
protein complex) FIZH 8553, 1440 i B ZE A 40 i o1
B, FEE N MR S B R 2 5 8] 70 5 R 1R R R
_!:jiﬁ%[l&]o

6 RESGREFSEBFENXZEIER

EBJi 8 I8 G A& S 7 — R BRI R . 1E
BEAERTFCH , HLA S EBV (A B A T S HL 7 S0 e
RAEFMAE—EHZR ZRE. RATREIA
F W], HLAZ 1AL 155 EBV VCA-IgAFTIAIK T I
EBVE G BALF2 V31TMZ A HAE I 5 5
TEWE N RAE, IF HEBVAEX b R T
IR HLATE S 0% RGP 750K EBVHUR
JUR 52336 25 40 i B 14 TAH B (cytotoxic T cell, CTL), i
1M 75 5 2547 EB VB GL A0 ¥ S 38 [ S, {H2: 1% 40 9%
SN i PR T M FRTHLA 2> 28 BRI, 4528 B g
) IBAH K HLAK) EBVHLUER IR EE &538 , PIRg 245
WA ez 35 4 5 JE P B B3R 4% . DENGES USIZE 5 451 %of i
NEE R THLAD 5 oK HLAZE 47 2 K 5 BT EBV
PrFE IR EAT 456 77 0, i 4 IR 2H 27 R 43 i &R
GUIRFUAE S W 5 (R FE0 RN R AN [ HLA BB A% 1
5t N, EBVHUS RS Gk i) 22 5, Hodr, ARAT TR )oK
5 SR R A YIS H EBV S A M) R I
W55 55 B XU A 9 HLA-AO278 78 () /MA Al f]
XFEBV i f@ VA 4 BNRFE1 V1222191 5 ik 45 &
335 FRAR, TS5 Y SR OR A Y HLA-A 0388 BY (1)
&, A AT TX EBV R fE YA 4 BALF2 1613V HT 5 K
S BB . ZE AN A R T
I 5y [B S R HL A Gn o] e it 52 EB VLR K 45 & 8 )
2 5 SR KA K .

Fr T HLAZER A1, HoAth 5 & EE R 5 EBJR B (1)
AR R MAA M IEIRIE . XTAOSE WI7E B I i = e
KA, IR 5 BEEE K POLNY; EBY £ ¥ HAE
K%, R POLNIEL 5 EBV DNA XA 4 X T
BMRFIEA % A BAE A, (23 EBVERS#EIE R %
15, B DNAZYE S0 SO d R RN, 25 5l

7 B HRERSHERRRZEEH

5% T EBRTRR S, FREE A 7 SR Al
SRS (0 R R T AR Sheh, ORI
SN IZ a2 — 00, R, S R
HEAFI DRI B B A4 7 2 DR 3 4 5 I FRHSE 1
I P B 5 ) € BT B RS K SRR
FONNRYAREES L ARY AT L N R e
S 1% i DNAJ B 5 STAR DG HE R AL AT AR AR 5%
SN A S, PRI T AR R ST AR
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T HAER . i, CAOZM R IDNA# 515 5
FHOGIE R XRCC IR TR 8 57 194 Trp/ Trp-5 5 Wi &
95 UG 535 K 5% (OR=0.48), T 7EM IR, %407 A
HLA T 50 (38 AE 2N (OR=0.34); SINGHZE L0717
W CYPEKE. GSTH K LK DNATR {718 2 AH S HE A
(XRCCI. XRCC2)54: 3% AHKRIMNAZHAEH, K
I GSTM I fes b 55 A7 5k [RI FE WA DA K £ F A g 1)
F AN TR B T (I8 AR RLSE, 1T XRCC &R 55
37 25 [R] 7 ML WG 0 AR ) AR DA S A iR
i) £ (1) A o B v A I A BB TR R, T8
W T AR AR e L CHRNAS 2 A5 PEAT 5 rs384124 (1)
2k (ins/del 5% del/del) X} & W e 205 L AT e I RUM.
(OR=1.52), - HAE 45 1207 poi fe [0 78 S5 A7 25 K] 1149 M
NEE, BRI A XU 2 485 2t DR 4 AL A7 AR R
T B 4,354, $RIR %A 5 5 TR A7 78 58 35 B 22 HL
YEH; LIAOZE! VR IUA - 2.1 Mt S 22 1% (aldehyde
dehydrogenase, ALDH)FI{ 55 508 i 5 Jik 14 V2 2%
FHIR, FF HaX S s SRS TR A AR AE B3 W R
e Ah, A — Se it 5T 35t ) g3k 1 AT 2 Ik
SR S WA A2 HAE S, (A2 2 RIABA

G2t )‘([92,94,96,106] .

8 REGRERNEEESHEMEKL
T RR H HY Rz A

i o S IR 153 A% 5 RS TR R R A b e, A
1 B AR KU VR A T R P AR B AL . R s A%
Ty I RUR T ) 22 DR XU P AR Y, e I S
T I N S B R = R R N I B A KRS VR
fitie RUANZE O S7 AL 74 SNPAV s 1 22 5 R X
[ 173 (polygenic risk score, PRS)FRAY | 1Z A5 4 n] 7F
— R E F AR S e = e A [AUC(area under
the curve)=0.64], 41k 18 1% 5) A7 i 5 SR e SR
. RN R RS, SR E B U R RE T 2 1R
FH(AUC=0.74), ZHOUZEMIELA 74 SNPA 55 f 34
EBVZA S AL st L 45 MR T A, itk — 4R T
TR E NBERR AL RE . HESE PO 1 @A A
AR, B T ALE 144018 % 5 IR AT 5 1) PRSFEAY
e FL R T A HE 1 S TR A A B, R T AR
AT I A S R e e XU A BB 3 O EB R B
PO A B AR, R BoAAR 575 25 FH A4 S50 M- 257K
T 4.33%5ETHE] T 11.91%; MeAk, MATE 5T 154% K
I PP 7 ) 2 S MR IS 2 J2 SRS, 2 b T MR A O

7% LR M 9], RPRS=90% A\ BE, il i
EIR TR RIPE FL 323 % ; TXT PRS<10% A\ Hf, i fx
ACIAFE I T EIR 418 . WANGEE U 4 %of £ 1 g
mE R RNEE, LT A TR RCE WA RN
WAL RSP 8L, BRI T PRSP i 5 (= 75%)
S TR e 2 A2 SRR AR B2 10T 25%, 2 e {1 R 4.
126 . ERBHAON SRR RIBUEE W mfa AR
WU A AN HE TR B 1R 4 T BB S5,

9 BREERE

I 25 T MR ) R 7K, SR 2 £ 5
A 5 TR R 5 K, 845 5 I IR 1) Th A AL
o A T4 B B R 2, SRR I 388 £ ) K
VEEAT LR LA B (1) HLA X I8 72 580y i
1 5 Bk R O ; (2) 5 IKIER S BRI
ZHAE, RS EREERE; (3) 5 EALA i
e P 2 R s R S SR MR R 2k
W2 5 BRI R AR . XL AE B8R T it
TR 2 M 2R, T 2 O SRR R B
S8 10 R 5 AL Gt s il

S 53 2% 995 38 A 5 S AL ) £ TOF 9 695 03 ot
I % 5 B TR DD RS PR L BT BB T8 L 465K
A 01 S AR e | K 2 D IR it
7 S o 5 0 LA AR SIS A, PR Y
REHBRORE R X b B EE, WA R
S R v D B 8 1 B S 4T A 4
FHUEIT A B 52hr 7 Lo G028 U N &
K7 5 (lead SNP) % L i85 35 HE 431 1 57 A4 HEAT T R
R PO R BT A S M BB, U2
W T L S AR A SR P 7 S (0 P R A T R
B R, (ER S R 5 AL S N T LA 4
SRR S, Y e 3 T R B 91
SR SRR | A SR S G /5 22 L (0 4 0T A
VAT A 4T, S HE S 5 I A T TR A MR 1
et

o - LI A 5 I A% 0 (X H LA, 10 it
(1) s 5 MR S IR S e B ST I 5 R 2 P, —
5T, HLA X 350 LA 45 460 2 B P A0 68 052 2% (1 S 72
SRS P 0, 7S HLA X I8 ELA G2 S
(A S 0 A R S, RO RS T DR B L
RSE AR . 9 T AR — AR, R T EIRA
GhFAMAL . AR R (AR, HE— 5
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HLATE SR8 AL 5 K10 3L ok, 18752
HLAS EBVEAEMIA B R, N BT I T IR
22 )RR F PR B -HLASE & 70l T 5, % HLAJE
DRI S 1 25 1) BB 270 S5 K B S b S, AT
B HLAZE R I ThAg . 59— 71, T ReRs = m)
IR AR, HLA DX S8 0 s B I N B ek
A S A vy R X S5 R XN AR HL A S5 A B PR A 2
RGEPIAS TS5 AR BB 2 5%, THA M HLAS
R BT RR XA, I T &
WA S AF 50 AT e S B R MERR A 2 . IRk, ROk
R IS T B e R XN Rk S HLA S %5
SEDRZH, DASETFHLA > B B wERf 1, 100 T 21 S e e
S Ty A R, I IR BT 4 RORE VR T B it
BFEEARAE

155 BRI 7, B T A0S B sh, oF
JEARAN 5K Y THRESL IR IR IF O E B, AR, HAT
ST B 5 B R AR FE AL, AR Bk = A 11
PRI AN SRIRUFHE . — J5 T BT 6038 B AR AT 5T
PRI TR o B S 5 SR 2H 2R3 14 (99% EBVRH )
—E AR D, BT C666-1F1NPC43 2/ % fE
s K IAYEFE EBVIHPE A iR 4, # K& 128 H
) SR ZH PR CNE L. CNE2FTHK 125, T IREB Vi
e Y I (R 2 4 HeLadl iy Jua% () i 122, vkt
Bl = AR AR YRR T B 0N R IR e 2 PR AR
AR/ BRRA SE AE HLh > EB VIR Yy
(/I8 BRI 43 R 044 S A B A AR B R
B, ARG R SWMABAFEERES . MH
S MR SIS 2 B AR I i Th a5 U2, BF AT N DK e
IR N HOAR VT 5y B R (R T REATL 1, e pit o 2L 1di iR
JIWIESE . 55— J7 1, LA I B0 5 5 L R T g
W2 AT — G RS s N, BEA R, B
7 v 0 B ) A O 5 R R A T R, i e i Y
R B BE DR S 56 V2R 5 i CRISPR/Cas9 2 [l
SRR AR VAR TV I L K S Nk 5 BT a5 R A
D) Re AR LB BT T B

JAE B R e ()84 T 1K 61.3%~68.08%, {H A2 {E
GWASHT FE il 4= 4h B T4 7T FF , FITAT 7 s % £ i
T BB A% FE AN 10.3%~15.2%01261271 3% 5 7p « 2k
K38 4% FZ ”(missing heritability) 75 14 5 £ ) 77 1%
K2 W8 . —J7 T, 75 BG4S Ih TE 8L AR A
B, B TR W I 2 AL 2 A, IR
HoAD IS A 57, 5] G a sk 4 R DR 20 — AR P B

KEERKMFFEAR, %58 K B2 7k &2 57
. Sy, BER RS EBVIISZ AR R
oK S A Jee: 5y SR KRE R T RERIE 7E B0 B 2077 1) , R A0
T 95 DRI (B P R s o X e F RS 4k S HE B
WA ek 388 4% B TR i ) A T AL, 3BT AL A 0 5
A Jeet 2 35k D] XS PP ALY, 5 BT B 4 MR ) s 1
Nitto RIS, teRE AR YT #E A R B B R 25t
RS S  Q 3 BRSPS EE PN R
Bl 5 ) e TR 27 SR B (A DN A5 112 52 308 36 ) R 5%
SN S EAHE. ALY B AT A
SRR I A B R R B I 29 0R T R R BT, &5
MR IR SR R B DG N 1 2 A S
ITT PR AT 70T, RAT B SRk iR T UK
HE, NEBENMRIBITIRBHE T
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