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AY = a ff— 1l .—l—\.
RPS27TL EEEABFHRGFEEYRMR
g RIS RS TR 2 Bk W W RWRAR B
DCRBERRY: AL 230032)

P (FEHREFRERAGT SESEFIR JEE 100850)
R 307 EERE dbRT 100071)

HE  DSNEICONBE RN S, FFFCHR G RPS27L 3 DRI (4 Ak i) 25 7 A0 ) B 3 A AR, R AR N
AT IR BT AT M. SRR 3 AR SNE L, R y S gext FE AT HE SR IRORI 43 S A
0. 0.5, 1. 2. 4. 6 f1 10 Gy, ZIRJ5 37 'CH7% 2. 4. 8. 12 fl24 h, FIFsehf 5t & PCR #ill RPS27L
BN MFRIEZA, FEOMAE 37 MEFEANMEP AR KT, 45RER, ZESM 4. 8. 12 f124 h RPS27L
BRI REBNRZE, W HEERGAFERBOCR: EARFERAMERN A RPS2TL AR KK P A £
o Ak, RPS27L &K BA VBN HT R B0 br £ 7 11 .

XHER ZAEAT, RPS27L, BERHFRIALAM, SIRJGER PCR, AMbrEY

hESES TL7I

TE KNG 5 55 S M R A RR o 5 3
e N AE I 52 HE AR AT DA 2 A B KR 1 9%
o DUA AR E AL 7 3 B et AR R AR 43
RO 3 S i A% 2 2, X e T vk AR
HAREMNLF . RBUE SRS, HHFHE 2-3 d
BTG TE, AR IR HAE R F T
TEAMLIIEA, i TAERK, TCIEH R F
RS KRB SZ RN AT DO i@ A ) 7
Ko EAWSGHBA AR ETFER, FHRER
P RE R BOR EE = AR T RO U
VIR AT ER

B 9 T AEDFHEARBENKE, FEFEKF T
AEWIFR BRI (AN R R RE AU T R
W AE B AR S AW . Amundson Z5P°T Ik
PRICT AN Ak A mRNA A HE S5 4
Pk EVRTAT M, &I DDB2. CDKNI1A Al
XPC JEFFE 0.2-2 Gy Y5 24 h F1 48 h A 4N
FIR—N K R, I H I ROT 9 A R FEE sk,
L R ST RES 15 S CDKNI1A. DDB2 Al GADD45A
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PR RS v Y AT E R N R L GRS sy N
Bho A5G = F AR S RS A AR 0k 1) L4
RPS27L B:[AI7E N 1) 22 /N S ASUB R R, I s o
TR R B AR 22 7/, AR AR M U S5
Mo RPS27L J&—FpH 5 pS3 AT IR, =
L) DNA 545 B, 5 4EREFE R AR e it o 8
BAIER . JEAHCSCHRRIE, HATXF RPS27L 1)
W L HTE P53 75 5 HIATL i 2 DA S e e i
0| T

AW LN AAR), SR S 5 i &
PCR iR, #FFE RPS27L 3 [RI7E A [\ W Wi 7] s A
[FSCEE I (] (R 3R R AKP AR AL, DA RCTE AN ) AR
JEAKF, #RFT RPS27L i[RI A 58 i 4% A )
PR BV AT AT 1

1 MRISEE%E
1.1 M#sE
SEOG Iy N IR AR AL . 32 FRZH % R A B
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IAREHEAT AN [F) 77 2 () BT FOAS [RI B [R]85 97, L%
MAFEH ) RPS27L BEF R E B ARHARNAFH
SRS BORIME S () JE 5 N ILRE, ATFFT RPS27L &[]
PIAJEAKT . ZIEH: RE 3 ZERMA (AL C
RHME, B ATtk ¥R BRI sE, 1T
K2 X-W R &S s, A JC R L.
KRR AL By CHRET AN 260 25 81 24 %) 4b
JA ML 42 mL, EDTA Fitdt. K0 putii -r 5
N T4y, B 6 mLo AJRA: REE 37 BARFEE
HAEHEANANE L 2 mL, EDTA $ift.

1.2 BREFFMmAEE ST

37 CKBTEE M HE-60 BURIR v 54k
(FIEZEN 1.14 Gymin ") 4> B A REE 0.5, 1.
2. 4. 6 Al 10 Gy, WALARZZH(0 Gy)IFEXT .
TSGR T 37 'C. WRIE RN 5% CO, B 3746+
SRETE 2. 4. 8. 12 fl124h, YE4s.

1.3 £ RNA IZ2EUK cDNA REEF

FIH RNAiso Blood 4= Ifil %4 f# i (Cat#9112,
TaKaRa), fIA 3 5 IMFEARFIZAERR, WIS
Reoe R e & 5 T B A TG 7K 2 B 42 B
RNA, Wl 58 < & F1 4t . ] PrimeScript' ™ RT reagent
Kit with gDNA Eraser [ #% 57l £ (Cat#RRO47 A,
TaKaRa)$% 1 pg mRNA [EAREEAE U T
SR

14 SIEREHEH AR

HH i A mARYE NCBI 48 A % RPS27L Al
B-actin & K7 #I{5 B HEAT S| D RIARE B, Bot&
BB RRET FE A LR 1. 1E. K5I RRET
1N 5°-37, RPS27L I B-actin =443 54 81 bp
F171 bp.

F 1 RPS27L FB-actin 3| ¥ 5K F5
Table 1 The primer and probe sequence of RPS27L and B-actin

1B FFHI(5-3) FEMIRANS /bp
Sequence name Sequence Product size
RPS27L S IE R 75 ATGTAAAATGTCCAGGTTGCTACAA 81

Forward primer sequence

Elky)raeils 2l GAACAACCTACACAAAGAACCACTG

Reverse primer sequence

REFF 5 ATCACCACGGTTTTCAGCCATGCTC

Probe sequence
B-actin SIYIER 73] CCCTGGCACCCAGCAC 71

Forward primer sequence

Elky)raeils 2l GCCGATCCACACGGAGTAC

Reverse primer sequence

REFF 5 ATCAAGATCATTGCTCCTCCTGAGCGC

Probe sequence

1.5 SERTREEE PCR EMERERIE

KH Taqman FREFE 05 HEAT 5L % 2 &
PCR i, F MyiQ™2 % & S 5% % 58 i PCR X
FSEZI 5 7€ 5 PCR A, 4% B Af 6 B A7 R
. BEAFESASI 3 ANEAL, DA B-actin AN S
B[R, OB SRR, BT R R R KP
3T

1.6 FitFESH

SZHLHEH 27T (ACT=CT nn—CT wzmm
AACT=ACT spumpes—ACT xpmpes) HIFANHE &M

J7iE, UL B-actin NNS A AR R H 45} 2
BT, RIS ARAE M ZE T 100 45 DUEL
B-actin X cDNA H1{&F RPS27L # U1%. RH
SPSS 17.0 it #3347 t ke 38 7041, p<0.05 AR A
BREEER,

2 #HR
2.1  SERERHEESE PCR MG EMIEL
2.1.1 BB B, AR

SRR ERIPEAE, B KRR 58-62 'CHL 5
ANEFERRRE, XY EAE MR, X R
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FEl N CT fE3A R 200, 38 PCR RBAEIX — i
EVEENAEE. 1 60 CIEAB KIEHIEE . i@
It DL b S e A0 8 R NAE T A 94 °C, 3 min;
94 C, 20s; 60 C, 30s; It 40 MEH,
212 AREHZMES

Xof FURLARAE S HEAT 6x10%-6x107 M2 LKL 7

()

ARSI, 153 CT HIEFEZ A 3.32 [
Sy (K 1a); DUFRIHEE DUEUT 6 S0/E i
AebR, CTAEVENNLLER, X TS EE & 15 -

y=—3.6308x+42.329, R’=0.9955

bR E R R R R (& 1b)s

(b)

2500 —

ju) 50

=

%3000

& A y=—3.6308x+42.329

2 2500 e 4 4or

5 P R*=0.9955

= /

2 2000 —— 30 F

£ 7N =

£ Z 3

2 1500 o k

[} / /

= /| /

= 1000 —t

2 / 10k

-] /

~ 500 1 3 A 5 6 FAT8

o 221.55 B . . . . )
F— = === —= | 0 2 4 6 8 10
0 5 10 15 20 25 30 35 40 Ig copies

Cycle

1 RPS27L JEPASE 4¢ i i B PCR 47 3 bt ih 2 1) i v
(a) RPS27L FE R 7EAH M #% UKL R (37189 th 28 (1-8 23514 6x10%, 6x107. 6x10°, 6x10°. 6x10* 6x10°,
6x10° A% DUECRIBPE):  (b) RPS2TL (b il 225 72
Fig.1 Establishment of standard curves for quantitative real-time PCR amplification of RPS27L gene
(a) Amplification curves of RPS27L in the corresponding copy (number 1-8 respectively represent 6x10%, 6x107, 6x10°, 6x10°,
6x10*, 6x10°, 6x10? copy number and negative); (b) RPS27L’s standard curve equation

22 EEINMFERN KR

X7 AT AT S AN TE] 5 R RE AT S ¢
JeE R PCR A& . 45 REIR, 5ARZWALMEL, 7
TS 4. 8. 12 F124 h 4 AN [a] f5 RPS27L FE[H %
R R, R RN g
WG 2 h, %578 RPS27L R AN, H5 0Gy

P C WA 2 5 R STS RPS27L HEAT B[R] 2500
8T, WK 2 s AFFIERES S 4 h, RPS27L
RIEEHPH RN, ERFE 8 h AR E(H
9.975+1.205, TfiJ5 12 24 h iZ#i N4, ERSE
24 h iR m T AR Z B4, HS 0 Gy L& FIE sy A
BREEZER.

*2 AFEFIEREHEA R E RPS27L HEXFREKF _

Fig.2 The relative expression level of RPS27L after irradiation with different doses and time (X=£9)
& /Gy & J5 i 18] Time after irradiation / h
Dose 2 4 8 12 24
0 1.000+0.000 1.000-+0.000 1.000-0.000 1.000-0.000 1.000+0.000
0.5 0.963+0.196 1.450+0.156" 2.963+0.685" 2.019+0.361% 1.755+0.038*
1 0.851+0.205 2.427+0.489" 4.789+0.597* 2.293+1.336 2.103+0.166*
2 1.339+0.415 2.636£0.301" 6.538+0.985* 3.158+1.251 2.272+0.086*
4 1.628+0.554 3.007+0.685" 7.308+1.502%* 3.370+1.214" 2.450+0.602"
6 1.570+0.516 3.612+0.842" 8.228+1.823* 4.094+1.274"* 2.831+0.509"
10 1.526+0.682 3.883+0.808" 9.975+1.205* 4.440+1.914 3.350+1.244"

WE: #p<0.05, *p<0.01.
Note: “p<0.05, *p<0.01.
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23 FIE-MNEEHE

X} 52 J8 J5 RPS27L AT I~ RN A, 3K 2.
1B 7 AEEEZ G E T RIE ARG, 10 Gy
AR E, 2IH REFFRIERBCR. B A
2RI 4 AR AT R RS 8T, B2k
Hy 4 RPS27L ZE R EURT J AH N Rk K, x N

ZHRHAE. SRWE 2, B3R5~ 4 h, y=
0.7608In(x)+2.141 , RP=0.9594( & 2a); 8 h, y=
2.1686In(x)+4.3925, RP=0.9636 (&l 2b); 12 h,
y=0.8334In(X)+2.4676, RP=0.9684 (K&l 2c); 24 h ,
y=0.4786In(x)+2.023, R?=0.9204 (K& 2d). 4 PMI7FE
] RAAEFIRT 0.9, B RPS27L R %iE A A R
TP AR R

(b)

y=2.1686In(x)+4.3925
3k R*=0.9636

Relative expression level
[=2)

Dose / Gy

(d)

y=0.4786In(x)+2.023
R*=0.9204

Relative expression level

0 5 10 15
Dose / Gy

BEUHE 4 h )y 8h(b). 12h () 24 h ()7 RN i 2 S D £ T fe

Fig 2 Dose effect curves and equations after 4 h (a), 8 h (b), 2 h (c) and 24 h (d) irradiation

5 -
3 a4t
2
g
2 3F
2
a
5
o 2T =0.7608In(x)+2.141
g R*=0.9594
o
< 1f
0 5 10 15
Dose / Gy
(c)
8 -
s or
k5
E=1
S
z 4T
)
5
2 1} 1=0.8334In(x)+2.4676
5 R*=0.9684
~
0 5 10 15
Dose / Gy
&2
24 KEREFKEDH

AL P S R A A R AN B SR R A ) A
ROBIARICHE, T H R EAZER . PR NMEZE 7
LR, A REN 2 R NBER) B AT PR . A
PR A S K P A0 22 S PR 4 B Ot 9, AT % 37
RN CE M 20 N, 2ot 17 JOIMFE#E4T RPS27L
AR Z 708 (B 3a), RPS27L ¥4 U1
B4 1.436+0.196, HBNEHETE 1.050-1.760 X [4],
A RN 13.6%, RIKRRAKTZ 72BN, AR

B)— o B E R AR AL AT, SRR
7, RPS27L KIE/KPAEAF#E 21-30.31-40 F1 41-50
M WA 141140217 . 1.400+0.147 A0
1.481+0.218, PIPZHIE] p fE 7374 0.752. 0.121 Al
0.061, KT 0.05, BiH RPS27L fEFE4H 2 [H) G
BFEMZES (B 3b); RPS27L Fik/KTF, ik
1.465+0.193. A 1.402+0.199, p=0.364, Witk
ZTEEEESR (B 3c). Hikgt, RPS27L 3
I Z AW . YRR R 22 e sgmn,  BA 1N
SRR B D
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Copies
—_
=i

SggsgemeTe $5E323

(b)

20

15
ki

& 1.0
@]

0.5

0
21-30 31-40 41-50
Age/a

—_ e = =

Individual

Copies
[=}

Gender

3 MEEREAKEEREERES T, MARERBM, FRELM: ()37 MMEARAKTE, #IHCH 100 4~B-actin Y2 K %
JS2f RPS27L JE R #5 UK (b)FRHZESR:: (ot ER
Fig.3 Individual background level and its difference analysis, M represents male, F represents female: (a) 37 individual’
background level and the copy number is the RPS27L corresponding to 100 B-actin; (b) Diversity of age; (c) Diversity of gender

3 Wig

ARSI T AN Ay S 2k B S Ah A o
RPS27L MK, FForHr 37 AN RPS27L
BRI AR TIEAK Y & kHRE RPS27L LA R K
w23 y S SRIL, R RPS27L 78
37 AR N AR RIS —, #1278 RPS27L
HA T4 5 A7 s A 5 vT g

B Py M FE 3 0 R T AR R i T AT
AL Z REHEAT T IRANGE ST Sepkl i i )
RS RIS = 2 AL, RIUERRIEEA MR
TFRIFIE RN . FasE PEANMERA M, EST T F T Hos
AW BAT AT . SCERY M IR gPCR A
qNPA J7iE%F CDKNIA. DDB2 &3k A R 5 5 i3E47
WEFT, R IARE 7 25 (R 1) 2Rk 8 R 68 4 Wi A
JE 752 . Tucker 21 5L /N B 4 P IR S5 1T 90 3
Bl (e ik A8 4k, KR BAE<6 Gy I}, ASTNR.CDKN1A.
GDF15 1 ATM 4 NERZMHR R R T, 5
R 2 1 7 2 1) S B 1 R AN TS0 75 B i i, {E 7
®HL 6 Gy J5 B HE I IE MRS 6 Gy LA
2 G

AR S 06 = AT 0@ o 5 RS R B R O ik 3
RPS27L AAESTE S i Ris L, He %¥7E 2007
SEEIRIRIE T RPS27L LK, it 4 R4 4
Mrifi e P53 EiEES RPS27L KIS, RPS27L X
HoRMEHE T, [HE RPS27L 625 DNA i
P3N, TRV YHHE IR 2T 25 . DNA B, Jeta
PRFasE MR EEEN . O SckEmts,
P53 LR B R AHE S OE, PR R T RE S
fR1E RPS27L Kk o KTz A (4R 18 = AL R AE
P53 i S AN L8 DL S S e A 7T, RS
AR A DG B RE

AWFTCRIL, AME L2 BIRFFIE y SRR
JG, fE4. 8. 12 124 h, RPS27L Fik S EMK
RN, H 0.5 Gy Z R4S E & T R Z IR xHE
H, FERIZFEEFE MR TR ATE 0.5 Gy. BFRIZN
TN, TERZIEFIEA, 5 4 h RPS27L Rik
G B, 8 h AENEE, WiEEE N, fER)E
24 h s T AR BREXT IR, #2718 RPS27L "] H ¥
MG 4-24 h JEE N IWIE RS E . X 4 AN A A
AR BN HEAT PR, 5 RERAE 0.92 BLE
LR . XA T, KB RPS27L A&
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JRAEAN 1.436+0.196, PiahVEFETE 1.050-1.760, #H
¥ —, T HAAE A ZER AR R 2= e (-
3bf3¢).

AWFFEXT RPS27L RS J5 2 AR A4 1) B[] 285 2

FFNE PR RIAT T b, $enH T H TR S
4-24 h Z NIFIEAL S, EFEIEE 0.5-10 Gy.
A R PR T 9 AR B A SRS AR
B, B — BV HAE RS AR E T e AT

R P
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Study on RPS27L gene as a marker of radiation damage

LI Xiaoxin'? HU Jiangwei’ ZHANG Xueging” SHEN Liping” LI Lin
CHANG Cheng® WANG Zhidong® CHEN Ying'*
Y(Medical University of Anhui, Hefei 230032, China)
Y(Institute of Radiation Medicine, Academy of Military Medical Sciences, Beijing 100850, China)
% (The 307" Hospital of PLA, Beijing 100071, China)

ABSTRACT In order to explore RPS27L’s possibility as a biomarker of radiation damage, we studied its
time-response and dose-response after irradiation as well as its background level. Three healthy adults’ peripheral
blood was exposed to gamma-rays with 0, 0.5, 1, 2, 4, 6, and 10 Gy, separately and cultured for 2, 4, 8, 12, and 24 h
respectively. RPS27L’s expression change was detected by quantitative real-time PCR. We also analyzed its
background level in 37 individuals. The results showed that RPS27L had a significant difference at 4, 8, 12,24 h and a
great dose-independent response. There was also a uniform background level of RPS27L among different age and
gender. Thus, RPS27L is of great potential to be a new biomarker of radiation.

KEYWORDS Nuclear radiation, RPS27L, Gene expression change, Quantitative real-time PCR, Biomarker
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