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[Abstract] Radiotherapy and/or chemotherapy-induced oral mucositis is a common oral complication in tumor pa-
tients undergoing radiotherapy and/or chemotherapy, which seriously compromises patients’ quality of life and even af-
fects anti-tumor treatment. Biomarkers are signal indicators that appear at different biological levels before or during dis-
ease. A comprehensive understanding of the biomarkers associated with oral mucositis contributes to the early identifica-

tion of high-risk patients with oral mucositis and aids in the screening of patients prone to develop severe oral mucositis,
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guiding the prevention and treatment of oral mucositis. This article reviews the existing biomarkers associated with oral
mucositis. The literature review results showed that the biomarkers associated with oral mucositis included growth fac-
tors, inflammatory cytokines, genes, plasma antioxidants, and pro - apoptotic proteins/inhibitor of apoptosis proteins.
These biomarkers can be used to predict the risk of oral mucositis or facilitate early discrimination of patients prone to
exhibit severe radiotherapy and/or chemotherapy-induced oral mucositis. EGF, TNF-«, IL-6, IL-1B and CRP can be
used to predict and evaluate the risk and development of oral mucositis, whereas genes such as excision repair cross
complementing 1(ERCC1), X-ray repair cross complementing 1(XRCC1), methylenetetrahydrofolate reductase (MTHFR)
and tumor necrosis factor receptor superfamily member 1A (TNFRSF1A) have been focus of research in recent years.
The genotypes and expression levels of some of these genes exhibit variable capacities to predict the risk and severity of
oral mucositis. However, no biomarkers have been used in clinical practice, and more studies are needed in the future
to verify the reliability and accuracy of these biomarkers, to provide a reference for the early accurate prevention and
treatment of radiation and chemotherapy oral mucositis.
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methylenetetrahydrofolate reductase
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JAR YT P TS 26 R (radiotherapy and/or che-
motherapy-induced oral mucositis , RTOM/CTOM ) /24§
FETT R (8 A 97 B & 2B 7R 11 B 260 RS 1) % 1R
A, I R R R 1 2 B be KRR £ b | BB )=
K595 , 53 2238 80% Y 4% 32 i SR J7 MK 24
40% M2 AT BB . M E Y RTOM/CTOM 23
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KR HLEL , RTOM/CTOM % A A J& /i T JiC S 26 A
(B0 Hodis 245 W) 55 20 M 2 e SR T 5 LR 1 — &R
G =0 A AE AL 2 RO i A8 L 95 S DNA $5
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o B e R TR AR 2K B RS SR AR,
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LR P Y A 2H 2 b R I 3], AR IR T il R
A RTOM/CTOM (1 KU 2 75 38 i, A PO 5 5 &
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TR BRI, LA R il e — 6 351 7 58 Tl B

18 kD . AR SCHE i 25 R N TR A W bR 7 W) TE
RTOM/CTOM H & H: 19 A8 Ak Je 3 S, LAIX) RTOM/
CTOM HH M58 MG PR iR $e ik — 2 =%

1 EKEAF

A PR S A T A A A 3 P 1 4
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HAREZEEM, MR AR S RN, AR
A KA F BRI AH A
1.1 EERAKET

I A K A F (epidermal growth factor, EGF ) 1]
PRI b R A Y 3 A ik%ﬂﬁ HERE B
B, 2 58 Z MY, R R, A2
ﬁﬂ@u%ﬂj,”ﬁ(&EGFﬁi*E‘@Z’PHWﬁ@%@
W 2 AT, EFG % & 5 RTOM 9™ 8 72 B A7
FEREM AL S Bon , A AR KL
K PR T4 3 B T 10 A ok A R 6 R ) (dn o
JE . MR8 55 45 ) B W TIRYT HBE R R . it
Hh 5 AL A K BT Gk 4 i 48 95 0
+ AR 0T A0 A ER A CAne R SR B ) 26 T A A 7
HTHia R R, I, £ EGF C&E b H
UL RTOM/CTOM A= Wb i ) 2 — o [ B, 4 HL 2k
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1.2 & W R A K EF &bk w4 e m e & K
Shsh

ML N B2 HE K F (vascular endothelial growth
factor, VEGF) a4 ol 21 4 41 1 4 1< R (basie fi-
broblast growth factor, bFGF) £ 5 T [N ZE 4 41 1 B
Ao VEGF 7£ I 5z 20 i A i) 51 a9 A= 4 R, e
SRR A AR B AR TR R bFGE A] LA
BB B3G5, 2 5 0T YR 4G g 0 A i A
AT AE MM ALK . VEGE M bFGF AE £
PR SRS 00 7 AN (B0 A7 %) i F8 28 A e Y v
PR BLZ Sy (H 2 WA BT R 7E R R
RTOM Jp5-453 21 21 rh Gz 0 28] >4 1 45 722 Ak LA 45y 32
B A A IR B, VEGE R AR K, B Z
IS R, ik, VEGF FbFGF £ RTOM/
CTOM HYLEWIARAEY) , A AR I RN FH A E
13 HpbAKEF

AW fE A AE K E 025 THL R
hiE FME S b A8 . b AE K IR BAE AR b
20 A A PR, 0N SOOI PR R 2R R S
SRR HAE R E SR A RN e
Rl P 10 et 58 S B A rpy A A K
Z: 5 15530 B 2 A L A BOY A i AT 7% F
SEHEORE ST o [HIE AR Al LAY CTOM/RTOM HY A=
Wb 25030 5 B Z W FEAESE

2 REHMEETF

& 58 4 A PR 20 i 83 IR BE A - o (tumor necro-
sis factor-a, TNF-a ) . F1 414 Z (interleukin, IL) Ul
IL-1B8 TL-6 TL-8 &5 , J& 7 [ s Fh AR A & et f £ 28
BT 2 RN 2 7 A I Al R - i o —
T AR BT R AN T, W IL-10 ATIL-11, AT LA
BEAREE A 05 TE R IR OLT , I 28 4 1 40 i 1K)
TAbF Sh AT, A R AN R 322 h Thi 40
I3, 5 IR RIS A A A R S A OG s B AR
20 e A b Th2 280 B 3 26, AT LA Al o B8 AR
L, DRAP R
2.1 TNF-a

TNF-o [ 8 0] BE P4 caspase il B , F 18 1 %
B s R F- NF-kB SISO H SN I 2l 22 3450
b & H ¥ B (mitogen - activated protein kinase,
MAPK ) i i , #005 INK {55, S 2R H ALK B
B AR PR T AR R R R A R i R
TNF-a 3£ K (1211 T > €, 151799964 ) 24 C/C F [H Y
(R 558 ML K TNF - o Wk B2 I 255 1 T H Al ik A Y

(10.70 vs 9.62 ng/mL, P =0.008) , ELIfi. 3 TNF-o /5
WA 507 I 5 T R R A o S R AR
B XU A 5 (OR =7.33, P =0.031) , [a] i} B 5% 22 B
M % P Y TNF - o AT R 52 — 1 50 e B i RTOM/
CTOM iZWi FLA 7 P g i AL Wb s
22 REMGmMBIE

IL-1B \IL-6  IL-8 fF A 481 ot , 7E IR YL i
FEAN LSRR R LM A TR 2 B ) A A R
RN AL, NTTTFS & Jm BB el RGPk 2 0E . KB
RTOM )5 5 26 B I Bz 2 20 TL-18 /K 8 3% I
T BRI T Z A N LA K R, AR i
B, SR RYEA M, O RAE S i, YR
I AN (B30 A7 £ 35 IR v IL-18 L\ 1L-6  IL-8 7K
SR TF s, HLIL-1B TL-6 5 Zb 98 11 i oy 72 i 2
IEAR G, FEIRYT R IR IS 3 A, IL-18 A1 1L-6 7K - 34
AT LRI 7 s 78k BE AR AR, W FE SR 2
FER = e B H WA EY S (Bl
W5 R 1L-6 76 RTOM H AT W /R H |, BERE {2 #F
RTOM 1) & J& LA B T, H i K43 wF 58 A
9 1L-6 /& RTOM By E 48 A 114,
23 mEMEG@mEIE
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I AR AE | 0 40 L A DL S A e T
FETALTY H P L2 A0 R e eI PR p
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S B m RAEAR S Bk AR D i G

3 &

AR SEIA R DNA 403003 18 52 Fn A e s 7
RTOM/CTOM [ & Ji& FE it , DNA % [y 24 B 22 sl iod
1% 1 4 (reactive oxygen species , ROS) % %% 5 K 1
NF-kB ] 45 5 SR T 2 240 i A0 R B5E 1 e 4 i 4
751 B AR E AT JE KR RTOM/CTOM A S HL A Y
FCHRRFAE i AN TE AE , B I AIF 5% 3 WY 5 28 L ) 1) A
¥ R 2 & 1 (single - nucleotide polymorphisms ,
SNPs) REAE g WAL A Wb 5 ), 7 S8 AT Ak
ZHI X £ RTOM/CTOM (14 XU Je ™ o 2 B i 4 7
PRAR TR S B P A P Y AR B B
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& 2 28 X H 4 % A 1 (excision repair cross comple-
menting 1, ERCC1) X S 585t HAME B B 1(X-
ray repair cross complementing 1, XRCC1) A% A2
1% i J5 i V. B8 2 [A] (ribonucleotide reductasesub-
unit M1, RRM1) [ A [m] B PR 8 5 3% 55 & FT RTOM/
CTOM ) & A= KU #H G . ERCCL 2 4% 1 i V) B &
BRGNS . AR EZAERAIT S
ERCC1 118 ZL[H B C/T & I I K iE & AR
T C/C B T/T /B, [ T/T H 3 Kk A ™ i 5
iE AR T /Y XRCCT AT LLAE 52 B4
2, S 5FERIR)Z MBS . 7E S 83 o0
225, XRCC1 399Arg/Gln e D5 R Y H 34 07 5 % 1 ™
HAYRTOM ™ . RRM1 3 K 4 i 4% 1 R A W 1Y) 8
F, FL O RE A OAE T LIRS 41 DNA & HL Y
BRI R RTOM [ & A%, IR IGY7 il
AR i RRMT 5 IR 7 8 2638 578057 5 ~ 7 JA B &
Az 7 E RTOM FY XU 5 35 A OG>0, BRG] DAGE 3xF
AR I RRM JE PR A 3% 58 ok DA B8 3 AR ™ o
RTOM {1 AU .
32 AR mAEE AR

WF 5T % B, 5 40 R S04k 2 1 AH 56 1Y) 3 R 461 4
A -2 AHOCHE A B AR5 2 R - Lo AH DG
% 356 5 BK K % B (acylpeptidehydrolase , APEH )
H PR 118 AN [] 5 PR 80 Y 3 38 & 5 RTOM/CTOM 1Y %
AR AH G . A E A B2 MG BARIE T I
F-To M R HE AR IE 3 B I 20 L A 3
ik, £ RTOM/CTOM 35 (336 B A | iy F NF-
kB UG 5 L RGE i 2 AR T S B I A
MRIBIENN, IS 5 RAER . APEHZ 5 T 41
fif ROS )ik 7% , L PR 4% X 2 284 (¢.-521G > C,
154855883 ) FL Ml 5 H I BE . WS & L C/C LR Y
5 b H A R A B ™ B RTOM () JRURS: Al AE A7 A
K2 R APEH 5 R 22 250 AT AE A 1 RTOM
1A= s &0
3.3 AU AE R L B

58 & B, 55 HLAAR AR R O %) 2 DR 461 2 Y
VU & R 38 J5 i (methylenetetrahydrofolate reduc-
tase, MTHFR ) 3 (5] i 73 ik ( ghrelin , GHRL ) & [A] ()
A [R) H& [ B8 5 RTOM/CTOM £ % A= XU 41 56
MTHFR 2 M fig A 9 A0, o rs1801131 11
rs1801133 HLAX 11 iR 22 A8 M el 28 L% % , MTHFR
CO7TT H 3 43 F PR A8 Bl 3 43 5 PR 5l 2k AT RE 3 B
MTHFR F i 15 M FEAIG , 35 2 2 RTOM/CTOM &
AU GHRL ZE P A IX 2 8 (e.-2531C > T,

151629816 [] ¥ 52 i) 25 i 98 £8 % RTOM 19 & A= J
FPEE R . WFST A GHRL LK B A A/A 193k 35
W MR BB AETIOT 6 AR A T H RTOM 1Y AU
i E R (OR=0.14,P=0.481)">", [Ntk GHRL J
IR Z2 25k ] Bk T30 RTOM B A= bR i)
34 KMARAXAR

F 58 % B, R AR A J5T AH G 35 IR 49] 41 TNF - o 2
Al TNF 52 R 35 R G X Ik ) A R 2 Atk
RTOM/CTOM A9 & A= RS AH G . TNF-a 3K 31+
X2k 110 P A% R 3k PR 22 25 P R ) TNF - o 11 D) 6B
ik, DTS2 M) 10 s R S 98 1 i BRI o BiF9E
PR, TNF-a FE K (<1211 T > C, rs1799964 ) A C/C F&[H
U BB 10K TNF - v B I 2 v T LA B R A
5 S S ) RTOM KUK AH 56 Bt AT LA
i 3 TNF-o FE R [ SNPs > T i % & 4= RTOM 1Y
DR B ™ SRR o Mo Ied SR B R 52 1A ] 52 I 1l 5
1A (tumor necrosis factor receptor superfamily member
1A, TNFRSF1A) (rs4149570) {37 T TNF 52 {4 3 [5] 3
FF X, R RN Z 8 (-610 T > G) 5%
TNF By HIfig . AR R W T AR N 1 /8 kA
™55 RTOM 1) XURS: B b 5 T G A A >, TR
A] DL3E i TNFRSF1A JE R SR 1 R Ik TR 2 25 1
TR 6 & RTOM f14) XU B ™ SR
35 HiuAnXARE

Ik E 48 B 470 )5 6 &2 45 4K (lymphocyte antigen 6
complex, LY6G6C ) J& T~ 1 4 fl Hit it -6 J K 7%, 5
MHC 1L #13% , {7 TR , S 50BN FE S
e, AR, FERUTHET AR R TR
i el B 4% 1) SR A RO R O R R B T s B R
1 B LY6GOC ik L H , (HE R G i 2F 5
SRS LY6G6C HI RE S T ST JE ™ E RTOM 11
WEAE YIRS

4 MmEHEMF

LS AT AR AR T S — o 40 it 3 9 3] o S ) L
A E A AR A Y I B
il X A2 1) K a3 S AR A O VR B DR AP 1 4 o
HAE D R R 0 R R R b A HEEH . 78
1 66 B2 ¢ HE IR A TR B B, B2 D DL | /S 1)
DNA 5 3 5 251 Bz RIS P Bz 240 M L B 21 4% 240 g
120 27 5 40 9 BE i ROS, 1M ROS 7E 4% F 28 i
P R A A AAE 1Y DGR E
4.1 BEPE R G AALH)

N3 A AR Th AR R ST AR F A
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FEH E AL W) 1 AL 8 (superoxide dismutase , SOD) | i
A Ak A W (catalase, CAT) 4 Bt H K & 4616 9 1t
(glutathione peroxidase, GPx) = K & . SOD,CAT
FI GPx E 515 bk ROS B a3 VRS ALY , I8 37 g 4
JHLFN - 1 20 ) 2 AE AF G BE PR, A A R A ik
e R AR . RTOM/CTOM HAH G4
AT AIE 58 R WA E (AT BT 58 3 B 11 4% A8 4 e
¥ HF SOD M CAT 7K P45 55 1t GPx B A, [7] Bk 75
H1SOD  CAT HBAKI GPx w7 o (HALA B FEFR I
5 S 8 13 GPx KB . A 2 R 48
P AL BE 75 5 RTOM/CTOM 1 28 H b 5400 ¥
7 2N
4.2 AREREAT R G AACH]

ARl R PR R4 E R E(a-EF
i) e R C(HUIR MR ) - TR \B-HH 2 bR
S o A TR IS AR OCHEA: 3RS BRI R
T 5 L RTOM/CTOM ™' o HAt it 48 A 7 H s 2
I 1 B 16 i A — s IR L AHRE A A5 0 A W A
B AR

5 RAT/HATHEEER

20 B 8 T 2 RTOM/CTOM 3 Ji& v ity — % Ul ik
B A0 T AT el SOk 37 B B4, B ST 2R A
T 12175 5 25 H (apoptosis-inducing factor, AIF ) ,
DNA & A RHAEW 2w 5 2 i 98 T4 il 2
(inhibitor of apoptosis proteins , IAP) J& 4l ifd 5€ T #11
AT ISR B 21 7. RTOM By 72 o ]
DA 0 1 470 9 T R O 36 IR K ST 5 1 A2 O T AR
KT LT, N L AEEASHT-EA
Fik TR I Rk
5.1 AIF

ATF 38 5 57 TSR P9 RS & #5240 M AR 3P 4
M1 s 66 1165 4% b ROS 19 B 2R sl 40 A 4 ML
L pS3 15 5 B SRR S IRE 33 1, ATF Ay —
ANSRAT J7 (A I8 T fioh i e R TS ) 440 L 5 A
K, fuh & 20 B PR TG RSN I S5 & B
TEAG B MR G 5 | JES Y 4 AE 20 it Hp G 0 21 6 58 ATR
PR 28 A A1) 53 50 0 3 B AT, TG ALF 119 40 A% 43 4
TEIRYL 5 24 h B TH &, O il Rk e 1sF ] 7 428 T
FrEr >, WA A ATF B 1E 5 RTOM/CTOM 4=
Vi & BT o
5.2 IAP

TAP L HE ZFp R 7, Horft cTAPT 3 cIAP2 X TNF-
o 15 I AH LA T A PR AE T L cIAPL FT cIAP2 1)

B X NF-kB X TNF-o Y15 5 5% 48 B 2 A0 46l
TERRY o AP IR PEXTE Mz Z A E B 05 5 =
G SRR T AR, &Rz R A A
) ERATIFF/DRRES . AR EIH=Z
cIAP1 8 cIAP2 5 XIAP /N UFEF 5 BB
AP ¥ 88 2 B¢ 5 M o 2k 5 &2 & 5 800 W R
SiE2 TAP fEAS £E RTOM/CTOM H4E Jg 4= Mibrnic ¥

6 H fib

C 2 Wi % F (C reactive protein, CRP) J&—Fl 2
PR AH RN 2R 1, S5 2R AR B s B A, R
T N TL-1 A2 AR B Rk 2 LA SRR TL-10 K A%
BURAVEH . WFFEFEW RTOM & I3 CRP 4, HL
Wi 5 R 790 R 1 i S W v TR FH R AT AR
B2 I Bh R 52 14 25 1T DUBH S A SRR 0T
CRP /K", HETE AWt T %1% 48 ELISA
TP AR A B A Iy 5K 8 ) 25 I Y CRP
FHA 28 P40 B R 7 (TNF-o  IL-6 DL R TL-18) 1
hy A= b 2 e T £ RTOM/CTOM 9 XU , F:
H % 3L RTOM/CTOM 1) ™ 5 4 B 5 HAT #5588 1 AH
Kk,

21 6 JE) 30 A 4046 R pl6 S — b 4 i S 1
bR, B 4500 BT TS B0 i R I B . A B
FEE W TE T AR 5 5 0 K R R AR AS /NER
Ji 15t 9 R R BB Bk 15t 97 155 AR b ple 1Y 3R A
Tty BRI R p16 BT LA i B 4 i S kAR
4 RTOM/CTOM [T FERR &

FEA G ER 41 0y WF 58, i 1) RTOM/
CTOM £ 35 M i H 3443 m/z 3487 m/z LA ) 4135 m/z
EAWEAE ETE, 6237 m/z 8 FEAE T, E—
WFFE % B RTOM fE 25 e i v 1 DO 2# 28 11 21 A8 fE A
[\, T CTOM H& & MR 1 3443 m/z 4135 m/z 5 111
8 I T, 3487 m/z. 6237 m/z & 10 1H F %, #2758
3443 m/z . 3487 m/z 4135 m/z Fl 6237 m/z J& RTOM/
CTOM W TE M AE b &

7 R O&

RTOM/CTOM 1 2 197 A6 T IF 1 JE Jeg 30 4 D
JERAE, BRI FUE R R A 5 A LR B B < e
LRI A0 O A S ORI o R A
A B B AR b s W 10 5 K AN TR) .
I AR MRV I AU B A R A, T L
N3 38 H 3 B RTOM/CTOM HY XU 2 75 384, L)
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R 25 ) & J B™ B RTOM/CTOM (1) f 4
JEA BT WD AR AR X PO BN, DA R E T
7 S B 15 Ak . 25 2R Wrbr A 1 A B
B AR T RTOM/CTOM ) % J& , 5y RTOM/
CTOM By T By i 97 LA S AE W2 Al it T 25 11
o SR, AR B AT KB Z R AE VR EY
AJ LA FH SR 7500 RTOM/CTOM () R 35 3 5 1032 5]
25y %M B RTOM/CTOM Y 2 %, 15%%?71%%%
Pibn &Y TG IR , ROk 5 8 2 () IF 58 % i

A= bR A 0 AT S R R P R A T IR IE
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