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Abstract: [Objective] This study was designed to explore the dynamic changes of cytokines in the local tissues of radiation-
induced oral mucositis in a rat model. [methods] The rat oral mucosal tissues were obtained at 5 d, 8 d, and 14 d after
irradiation, which were received single X-ray irradiation of 30 Gy locally. RayBio® Rat Cytokine Array was applied to analyze the
19 cytokines. The mRNA levels of the 8 inflammatory-related cytokines were analyzed by real time-PCR. ELISA was employed to
detect IL-1ac, IFN-y, and TIMP-1 protein levels. [Results] Cytokine array detection showed that cytokines such as Frac, 1L-4,
IL-6, IL-10, and TNF-a were down-regulated after irradiation. IL-13, LIX, VEGF, and B-NGF were no obviously changed at the
same time course. The elevate range less than 2 fold of the CINC-2, GM-CGF, Leptin, MCP-1, and MIP-3« after irradiation were
detected. The increasing range more than 2 fold of CINC-3, INF-y, IL-1a, and TIMP-1 post irradiation were detected. The mRNA
levels of anti-apoptosis, such as Bel-2, and TNF-a, [L-6, VEGF, and IL-1B were low down, while the levels of promoting
apoptosis cytokine such as Bax, and neutrophil recruitment associated cytokines, CINC, and TLR-9 were up-regulated after
irradiation. The ELISA results of IL-lae, IFN-y, and TIMP-1 were identical with the results of the two previous analyses.
[Conclusion] The results of the three methods in the study should present evidences to prove each other. Some cytokines in the
local lesion of oral mucositis during the initiate, development, and progression stages were blocked, while others were positively
up-regulated to involving the control of the pathogensis of oral mucositis.
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¥ 24 HSD KRR, FEHLZ B IRZ 6 H,30
Gy HURSCIGA 18 H #i MRAR LR 2 78 7 1) 5
5T 30 Gy By RS FE A A Tk B L
FE—AE T, BB RE R R IE R A
SRAEA | 22 F7 Pl B A, 5 75 1) FOLTT
W, KEBhE U BE R R R, /R
B, ER 1 em x 1 em A FEGT X dk 4% 5
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12 h &, 55 F - 80 CHBARIR VKA A7 & .
1.2 ALEHRME

Fie HEAH L S 20 20 5 8 1 A B R 6 (i R
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SCEERAE X M R BRSBTS AR E T
-20 C ~ -80 CREELRAF. ARG Fe 45 0 JK
TIFF #%2C ) B R SCHR-AE . 384T ScanAlyze 3k 14,
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1.4 Real time-RCR #il 28 i [E F mRNA 7K F
1.4.1 RNA # =4 & #% TRIZOL i #& RNA i
FlE v A imEE RNA, PLHEZL i A TG RNase
BT K20 ~ 50 pL, BB RFT AR % 5 S B
-80 CUKFHIRAE 7T H
1.42 RNA %5 BORE% 2 TR M A Uk Al
B ERE UK RNA 403 K #E D (260 nm)/
D (280 nm) AT 1.7 ~ 2.0 Z [ W40 A = ZeiF 5T
FESR U/ (wg/mL)= D (260 nm) x Hi BA5 %0/
1 000,
143 ##FR ) FLHEEKIEEY . RNA 3 g,
0.5 wg/wL Oligo (dT) 18 1 wL, il J& RNA [ i
H,0 2 8K FH 10 pL, IREWAE 70 C/KH 3 min,
R3] 37 CHUE 10 min, RT WK .5 x RT &g
4 nl,2.5 mmol/L dNTP {2 & 4 L, RNA 1
A1 WL, MMLV 550 1 wL, IR G5 37 ClE iR
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1 min, M1 10 wL B9 RT WK E] 10 wL B KRS
Y, 37 CoK# 60 min, NFE] 95 CHERE 5 min,
9 RT LYW RN g cDNA K, B vKis 5 1

144 PCR 314pi%it  #34% Genebank rat ) GAPDH
(NM_017008.3) . Bcl-2(NM_016993.1) . Bax (NM_

017059.1) TLRO(NM_198131.1) IT-1B(NM_0315122),
IL-6 (NM_012589.1) . TNF-a (NM_012675) .VEGF
(NM_031836) ,CINC (NM_017183) 1) ¢cDNA %
A, R IMEK Primer 23 &) A9 Primer 5.0 5|4
B o0 AFT B ALY (R 1) .

%1 Real-time PCR {EH3|%
Table 1 Primers of Real-time PCR

Genes Sequences of primers Annealing temperature (°C) Product length (bp)

GAPDH F: 5’AAGAAGGTGGTGAAGCAGGC 3’ 58 203
R: 5'TCCACCACCCTGTTGCTGTA 3’

Bel-2 F: 5'CTGTGGATGACTGAGTACCT 3’ 59 121
R: 5"AGCCAGGAGAAATCAAACAG 3’

Bax F. 5'TGCTACAGGGTTTCATCCAG 3’ 59 175
R: 5’ATCCACATCAGCAATCATCC 3’

TLR9 F: 5'TCCAAGACCTGAGAAGCCTGATT 3’ 59 150
R: 5'CCAGACTGCTCCAGTTAAAGAAAGA 3’

IL-1B F. 5’CCCAAACAATACCCAAAGAA 3’ 59 175
R: 5'AGTCAACTATGTCCCGACCA 3’

1L-6 F. 5'TTGGGACTGATGTTGTTGAC 3’ 59 285
R: 5'"GGCAAATTTCCTGGTTATATCC 3’

TNFa F. 5'CTCAGCCTCTTCTCATTCCT 3’ 59 101
R: 5'ATTTGGGAACTTCTCCTCCT 3’

VEGF F. 5’"AGCATTTGTTTGTCCAAGATCC 3’ 59 168
R: 5'CTAGTTCCCGAAACCCTGAG 3’

CINC F. 5"CAAACCGAAGTCATAGCCAC 3’ 59 176
R: 5'CTAGTGTTGTCAGAAGCCAG 3’

145 RHKZZEPCR A KA mRNA
ERGIE YA iR RE A RA R, B
568 Real Time PCR RN, JUANBREERBER) DNA
BEAR DL K78 5 cDNA #E 5143 9 C 2 Realtime
PCR RN RZR , R RFCE AT . ANTP(2.5 mmol/L
each)2.5 pL,10 x PCR &K 2.5 wL, MgCl, I5 T
1.5 pL, Tag A MHE 1 u, Sybergreen I 244 0.25
x 10 pmol/L ¥ PCR 55519 F 1 pL, 10 pmol/
L i PCR &5 514 1 wL, cDNA (hp fEAR M & 15
W) 1 pL, vk 2= SRR 25 WL, 568 850
J5 & T Rotor-Gene 3000 Real-time PCR 1% I #f7
PCR RN, N 4F4r 540 F . GAPDH 95 C,5
min;30 4~ PCR ¥ (95 °C,10 s;58 °C,15 s;72
°C,20 s;84 CYEDIN,5s), Bel-2:95 °C,5 min;
35 4~ PCR G (95 °C,10 s;59 °C,15 s;72 C,
20 s;83.5 CWHED I ,5s), Bax:95 C,5 min;
35 /4~ PCR G#R (95 °C, 10 5359 °C, 15 5372 °C,20 s;

83.5 CUHE,5 s), TLR9:95 °C,5 min;35 4>
PCR ¥ (95 C,10 s;59 C,15 s;72 °C,20 s;
82 Tt ,5 s), IL-1B:95 C,5 min;35 4>
PCR &£ (95 °C,10 5359 °C, 15 $;72°C,20 s;81 °C
WD, 5 s) . 11-6:95 °C,5 min;35 4> PCR fE#
(95 °C, 10 $;59 °C,15 ;72 °C,20 s;81 CUHER
3,5 s), TNF-a:95 °C,5 min;35 /> PCR 7 (95
°C,10 5359 °C,15 5;72 °C,20 s;81 CYLEEDE,5
s), VEGF:95 °C,5 min;35 > PCR fE¥ (95 °C, 10
359 C,15 5;72 °C,20 s;81 CUTHEDIE,5 s),

CINC:95 °C,5 min;35 > PCR fGFF (95 °C, 10 s;
59 °C,15 5372 °C,20 s;81 CHETN,5s), N T
HAT PCR PO IE A il 2%, L3R B 47 48 s iy &5
WG AREEIN 72 CEAZINFAE] 99 C(H 5 s Fri 1
C)o

1.4.6 R 53 RAEZ 6098 B DNA
PRUERZe, FAE A, B %36 DR FIAS 58 L R () vk i 45
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Fig.1 Cytokines in the local tissues of radiation-induced oral mucositis were detected by RayBio® Rat Cytokine Array

A the spots of 19 cytokines and exposures of the X-ray films; B,C,D,E: comparison of the grey levels for each spots respectively; Con:

control; 5d, 8d, and 14 d: 5 day, 8 day, and 14 day after irradiation
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4 FhARMLIN 5 BB IR 3 FOKSP B THIREE /N T 2 4% ‘Tom sd sd g "TGm sd 84 14d

B 40 L 45 CINC-2 .GM-CGF  Leptin , MCP-1 £l
MIP-3a 5 FRZHAIA T, LFHIRERT 2 5L EA
CINC-3 . TIMP-1 IL-lc FIl INF-y 4 FhZ A 1
2.2 HmE RNA BEER

24 5 2140 RNA $2HUS |, 1.5% Bt I8 W5 56 I
LUK S Al o e EE AR B 7 . T AR RNA
T i FL K 4571 1 I, 28S FE 18S rRNA 457 22 i K
T 1:1(E 2);D(260 nm/280 nm) HAEN T 1.8 ~
2.1 Z[A),D(260 nm/230 nm) = 2.0, & & = 2 pg,
JH A4S Real-time PCR SZLEG R

1 2 3 4 35 6 7 § 610 11 12 13 14

28 S [
188 . il
Bl 2 RNA #FmRkER

Fig.2 Electrophoresis of 1-14 RNA samples from the

local tissues of radiation-induced oral mucositis

2.3 WHZEE RT-PCR il

R A I 4y e 45 2F — 25 40 A 153 3 Bel-2 116
TNF-a \VEGF .IL-1B .Bax .CINC F1 TLR-9 % 8 F
o K A M PRl ARG AR AT LR A R, A5 R R
Bcl-2 IL-6 TNF-a \VEGF & IL-1p ¥ ik F [% ;
Bax .CINC 1 TLR-9 ik FTH(E 3).

2.4 ELISA &%

Tecan FAm A3 AL A F1 53 A A5 2 Fr o ith 2 Fn
FZAHL A 38T 0 5075 2 RE 5 Y TL-1a IFN-y |
TIMP-1 &1 (£ 2), Al WL IFN-y H 5 d &  TIMP-1
H 8 dit IL-lo 7E45 14 RIFE 1 LA R 5 .

& 2 ELISA &40 f F F 7k
Table 2 Cytokines detected by ELISA  (pg/mg)

Cytokines
Groups
IL-To [FN-y TIMP-1
Control (n =6) 336 + 56 67 £ 34 247 + 56
5d(n=06) 326 + 68 138 29V 256 =77
8d(n=06) 390 + 84 287 £37% 584 £89%
14d(n=6) 676 +133% 490 + 68% 577 +63%

Compared with control, 1) P<0.05, 2) P<0.01

0k 1

=
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£

3 112 Bux 12 1321

Fuld ul mBNA
= =
I a
z

Con sd &d 144 Con 54 84 144

B 3 Real-time PCR #ill &AL EF mRNA
HITEXT R IA KT
Fig.3 Relative mRNA levels of 8 cytokines in the local
tissues
After 5d, 8 d, and 14 d received single X-ray irradiation of 30 Gy
locally, and compared with control group (non-irradiation, n = 6).
The mRNA levels of anti-apoptosis, such as Bel-2, and TNF-a, IL-
6, VEGF, and IL-1P were low down, while the levels of promoting
apoptosis cytokine such as Bax, and neutrophil recruitment
associated cytokines,  CINC,  TLR-9 were up-regulated after
irradiation. n = 6, 1) P<0.05; 2) P<0.01

3 i #

PriAEs B R AR A R & A ke () —Fh T LA
[i) Fsf R 22 2 1 B TR KRR, K AN ]
(AR e BT (%) 0 HE B I [ 5 76 S Re - 2
PREHBURSS SR T, RIS B i, 58 5
RS — R PR R B AR IC ) A
J7 R L K 5 TR AR 0 2 R T RS,
PP AL SR v A B B T
H i HAEREAR FE 2 H 2580, I A7 A 5
M (R ) 2 Jm LR R g AR b AL T At
V6 o ATRACRHPUAS BRI 2Dk
ROM HHOCHN MR 7 sh 8484k, 9 e 1 PCR X
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D K6 8 P AH G I 1 B mRNA 7K ELISA & &
K ROM i #5341 2 () 4t DXL 77K SF , DUHR R R
i A OGP FAE ROM B Jitiad 72 rb ) 4 R A S
B, NS HEBEIA ROM 1585 TR bR At 5ot
AR R,
3.1 AR E F R EE

AT G 2R FH R it A 19 K B L PR B s
AR B ARG PL RIS ] 41  REE TR S
ATRFINREAR (] 19 Fo 40 B PR 1) 22 501) , e A
& B SEME LRI ZAEAAG I, R A B 98 AL A
S5d4l.8 ddl 14 d 4l 1EH XF B2 A BEHL A0 —
AEEARAVETR AL, 5 2R R T, TN AT 4454l
MIREAS , ST RS20 298 o i PCR 3B £ K8
FhARBE N 7 (mRNA, BP OB SEOKSE) A&
ELISA £ IL-1oc IFN-y  TIMP-1 (£ [ 7K, B
LB . S5 AR REE R, iR —Fhde R
R4 SR — 3%, R — AR SR
3.2 HSTER A E K S AR R H 4R 10 B 4 Rl
FEULR—

SRR, O BB AT 5 ~ 8 d B4 R T K
T RAR AL FARAK, o] e SE ) A AR ZL 2T 4
JiLAh T 453405 i B, 40 M T B 2 8L, IE E 1) A i TR
Trek Az B, 3 Frac IL-4 I1-6 IL-10 .
TNF-o 25 40 ffL R 753 0 B, ik L G A 45 02 98 E
UM R - TL-4 IL-6 \TNF-oo, WA 058 40 M A 1
IL-10; FE U IR 14 d, BRI R &= 1 1 7 41
25 5t Y dac )™ EE 1 B B, {EL UG ST ) 40 L PR K
PR AL T AR OK P, W CINC-3 \ TIMP-1 | IL-
Lo 1 INF-y 45 4 Fp i K- 7K 06 AR T B B
Ab AR K R At A 2ETE 5 d (8 d; 4
B AT, SN AR LH SR TR RS R AN 3
T B S A L DXL 5 12 B, A R 52 2 TS
HI AN 5 A 40 R - K- BE 1 T
3.3 BEREMEEATHEHXAAREF LA,
MEATEF T

WS IR ST 5 d.8 d.14 d ¥ Bel-2 mRNA 7K
2R R IR K 0.3 F5 LT, S A,
Bax [) mRNA 7KF4ERFTE 2.5 f5 L4 1 Bel-2 &4
PAT-AMAEH 7, 0 Bax AR T H T, 5 R S
J5 5 d.8 d. 14 d i ROM J5 1t 41 L 4 i 4 45 4y 3=
A—2,
3.4 E5REIREMMEERXNEMBETFRE

YR 20 f S5 A 2o AR R AR B N ARSI A B ik

Jry A FH FRA) e A4 DI L 2 SR 240 L ) 6 T
e A B2 Ry 3 S T B e W) 2 A . A 1 A
F AR R 53, SUR il & S8 RE TV W G Ak
XU R g nm FUIE E A5 L A B 7E N 2P R
FEA R , Ltk — 25 i T R I R
TS & T GG, 18 S AE M A & e

O3 AR ZE WL ] ROM Jg it 4143 5 d .8 d,
14 d 4 IL-1a .CINC-2 .CINC-3 7284k, =F 1ymtAH
A FEAR —F, 1L-1o B ELEEROVE S0 BRI
MY E-selectin . ICAM-1 V-CAM 45 Bt 49— F1
W CINC 45k 7= 4, CINC 5 A& 1L-8 i
FIE L GRO-a [A]¥, J& KB CXC Bk 1%
R BRI R | R SRR AR 40, 3 e e
YO S I ae 1 B 7 N b v o o vzt VUS4
N EZ FRPRG BRI R A b 2 B 2 1 4Urh ) 02 | ks
Y5 N R A0 ORI T RS 2 L R 2 T
— L0 .

3.5 MEBEEABEXHNAREFEESEEETL

ARG IR AT 58 B B R LTBE | 70 1 | 76 A
I, fHIE R ROM E 2N 1L-18 . 1L-6 \VEGF |
GM-CSF F- &A1 A5 B9 RE B S 3 &7 | B &= a0 4k
TRARIRDS . R Z 058 0E W IL-18 . 1L-6 XF T
RTOM Wy &4 BAEZEH, HErmaRilHh
IL-6 £ RTOM iy 2 A o7 JE iy, B REAE
HE T B 05t 9 & e 1O RN O B B R
BT, oA RGE T RES S IL-1Ra & BRI AT
TNFR BEJICY 117 3 P A 43 AT AR BR IR 1
T, AR HATRIEE VA 45 RTOM H i 85k
1 fEXF T TL-6 76 RTOM H 5% 35 42 51 8 RE 1 7E
H, B A 288 52 e w7 2 — 20w
5% HEW AT BEAEFE N A8 R SR RO R P A i R 7 2
[i) £y 5 2 R 0% 1 2 1 HH 3 B X 0 45 2R
VEGF J2 Ifil 3738 75 F P9 iz i e A= KPR 7, 2 dieot
FURY IS ORI 7, ASBIESE HDUL 2] VEGF
TEAS I A LA 22 AN K, R BE I AH 52 R F
B, 1d B R A I A AR b AR R T A B R
ML RTE R
3.6 N &

KPR 456 202 & PCR (ELISA £
AR RO H ROM. 555 454 2 8 A 1) 41 i PR 7
Ak, ARIT AR IC A AL R - Bax A9 mRNA 7K
EVE BUFE T Bel-2 B9 mRNA TR 42 ok
A SEHEA N T IL-1a . CINC-2 ,CINC-3 3k [
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