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Abstract ; [ Objective ] To evaluate the application of combined detection of SHOX2 and RASSFI1A
gene methylation in bronchoalveolar lavage fluid (BALF) for diagnosis of lung cancer. [Methods]
BLAF samples and the pathological data were collected from 261 patients with lung cancer and 319
controls. The methylation statues of SHOX2 and RASSFIA genes in BALF were detected by quanti-
fied real-time PCR(RT-PCR) and sequencing,and the consistency of two methods was analyzed. The
sensitivity and specificity of either positive SHOX2 or RASSFIA methylation for diagnosis of lung
cancer were compared with cytological examination in 277 patients with cytological results (130 cas-
es in lung cancer group, 147 controls) . [Results] The consistency rates of SHOX2 and RASSFIA
gene methylation detected by RT-PCR and sequencing were 97.5% and 98.0% ,respectively. The
sensitivity and specificity of combined positive SHOX2 and RASSFIA methylation for diagnosis of
lung cancer in 580 BALF samples detected by RT-PCR were 74.3% and 87.1%,respectively. In 277
cases with cytological results,the sensitivity of combined detection of SHOX2 and RASSFIA methy-
lation for diagnosis of lung cancer detected by RT-PCR was 83.2% ,higher than that in cytological
detection(44.6% , P<0.01); and the specificity in gene methylation(92.5%) was lower than that in cyto-

logical detection(98.6% ,P<0.05). The positive rate of combined SHOX2 and RASSFIA gene methy-

lation was 98.2%(57/58 )in cytology positive group,100.0%(35/35) in cytology undetermined group,
and 37.8% (14/37)in cytology negative group. [ Conclusion] Combination detection of methylation of
SHOX2 and RASSFI1A genes in BALF by RT-PCR may be used as a supplement to cytology for di-
agnosis of lung cancer, especially in patients with undetermined or negative cytology.
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RASSFI1A AE R 7E BALF it H G AROIR 25 LT Al
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1.1 HEITK

WSk 580 i i 19 BALF K Il PR s BRWE R, He
H i 2H 261 BRI 113 41, B9 56 i), K 4 i fifi
S 3 61, /N0 R fli 98 38 441, 2 2 TR BH A fili 9 51
i), XoF B2 319 1] ( B Al e 293 1], AR Jili s 11
SRR 26 1)), Hirp 277 (i 4 130 ], X R
147 B EA WM E S5 X5 20 51 (3 21 41,1 4
R AGBE T ) FEY 35 Ak ARG 00 I 2 1L 400 i 2% BF P 1 i DR 12
Wi Sk il R e AR L UE M R AR A R PR 1
PEATREDT (REAE 1 ¥R, NI 5 4 ) o AdLBE IYIG R
PRFFAETE DL SR 1(Table 1), Z B0y —Ji 4T BALF Y
WFFE I, PEBIFNAE S X SHOX2 K- 50 )

DRI I, AR BFF 5 76 53 B i s 2L R Xk JE 2 A 2 e 1)
AR IS FC X

12 EERLFFER
N SHOX2 RASSFIA JH H 24k DNA #6: 1 i
& (L 956 PCR 3% ) iy b ¥ 325 5t/ i BB Oy
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AR A A A S rF 98O PCR &I R 42 R
ABI7500;DNA & B 751 £ W 7 R AR A= fb BB A7 R
N R A T I LA /A 23 PR 2 DNA R EGIR 7)
&5 WA PR 1R & 3 ZYMO RESEARCH 4=
W1/~ F EZ DNA Methylation-Direct™ kit

1.3 DNA 5 T 1515

B 360 75 V6 9 10ml, 10 000rpm 5 0> Smin, 2
B L%, DUE H T DNA $EL, HARF R L3R 2 0L K
FR A AR A B2 Wl A 7= 11 i Y80/ 400 /20 28 5 P 4
DNA $2BULH & Ui 45 . $2HUS A9 DNA BT
VA R AR A, AR D BE S W, ZYMO RESEARCH 4=
Yy/5 ) EZ DNA Methylation-Direct™ kit i8] 45,

1.4 SERF3ESE PCR(RT-PCR)#&M SHOX2,RASSFIA
EFEREN

&M 5 9 DNA B #: I A SHOX2 RASSFIA 3&
34k DNA A6 30 50) & (RT-PCR ¥ ) A, %
AR 5 5 SR Wy ik LV S AR e B R A FR
ANEUEE S,

1.5 JFE#M SHOX2,RASSFIA EEFEL

HRYEAEMG S 1 DNA JP51, &1 SHOX2 3L I
RASSFIA E W F 519,y 51 40T : SHOX2 4 DX i
FF 51 % F3.GGTGTTGTGTCGTATAGGGAGT,R3:
TCCGCCTCCTACCTTCTAAC ; RASSFIA FE K ¥ 51
¥ :F11.GAGGGAAGGAAGGGTAAGG,R11:GAGGG-
AAGGAAGGGTAAGG,

A 7 PCR 4 % (40pl) . & 1fi J5 DNA Spl, I iff
1% (10pmol/L)0.8l, T i 51 ¥ (10pumol/L)0.8ul,
2*%Taq 28 "W (&% dANTPs F1 Taq f )20ul, Jin /K
13.4pl,

PCR ¥ 342 5 . T AZ PE 95°C 10mim; 1§ ¥ 95°C
30s,58°C 35s,72°C 30s,45 MEH; LEf 72°C 8min,

Table 1 Clinical features of the patients in lung
cancer group and control group(%)

Ttems Total  Lung cancer group Control group

Age(years old) 580(100.0) 261(100.0) 319(100.0)
<50 141(24.3) 33(12.7) 108(33.9)
51~60 172(29.6) 76(29.1) 82(25.7)
>60 267(46.1) 152(58.2) 129(40.4)
Medium 60.0 61.5 58.0
Range 10~88 24~86 10~88

Gender
Male 391(67.4) 195(74.7) 197(61.8)
Female 189(32.6) 66(25.3) 122(38.2)
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PCR F=¥ KA 4% J5 , 2% 1
S EI
1.6 BALF fHpa =4
TS B O i B R TG A AL TE 2% R 2R A
1~2ml A7 Ve Bm AR BRI ;. SRS & TG kL 37°CK
A BEER 7K 25~50ml, 57 B B R [l VR U, e A
AT
1.7 Zitz4eE
VIS Wi VE SRy S bm e, 153 il s R 6 A 0

e TR TR R

T2 W A SRR 5 e e | LR A I i
-5 it 9 PP PG 0032 W it 8 14 O P S5 o S

oK I SPSS22.0 G b2 ik Xt Bt 5e b4 b, ok
FH R O 6 56 ) T A [ 2 A5 AE A B e 2 5,
Kappa Z 50534 RT-PCR 50 )5 77 32 46 U HY Ak —
otk I Kappa 250 95% T {5 X 18] (95%CI) , P<
0.05, AN EFHAG ¥R X,

2 H#H R
2.1 RT-PCR ZFSEENF# M SHOX2,RASSFIA
AEL—HEHRR

%} 580 {5 BALF #£ 74 | 43
A RT-PCR 03 K 5 14 J7
P A H SHOX2 . RASSFIA H

2.2 RT-PCR :#& il SHOX2 1 RASSFIA £ & H
B A 72 Bl 22 48 BY 12 W B9 I ER A0 B

580 i £ A % Fl RT-PCR ¥ £ {lll SHOX2 F
RASSFI1A 22 P B A0 AT 2 BH P o Jili 985 12 W7 114 S50k
PE AR S M2 74.3% 0 87.1% ., ¥ [R) i #L 2
Wr 25 7 53 41, RT-PCR L4 SHOX2 ,RASSF1A it
PR AR 45 S 4N 3¢ 3 (Table 3) frzs, Horb i 41
SHOX2 #1 RASSF1A 5 K B 56 Ak b fHPE | XUPH P
FUE 22 BEPE B BR300 R 69.7% .53.2% . 49.4%
743% , W% T X MR 10.6% .5.9% 3.7% il
12.8% , H.2: % HAT Gt 2% B X (P<0.01)

5 RASSFI1A I, 75 45 fifi 98 s B 24H , SHOX2
FH A B P 26T | AU - R 4 it 988 (100.0%, 3/
3), J\ﬁﬁiﬁﬁﬂﬁﬂ?‘;(947% 36/38) , Jii 5 47 (85.7% ,48/
56), LRI (68.6%,35/51), Mt
(53.1%,60/113) ,
2.3 RT-PCR EEE B E KN 5 40 R = 46 0 i
928 1912 BT 3 B

277 IREA (il g5 20 130 491, %+ B2 147 1)), [F)
I 200 6~ 7 9 0 3 PR R 6 AR R v (RT-PCR) 43
Mr (Table 4), B4, 40M0F & B0 40 58 4
(44.6% ); 3L R H 3 Ak vk (FF 3 BH ) 106 41 (81.5% )

Table 2 Consistency of SHOX2 and RASSF1A gene methylation detection by

RT-PCR and gene sequencing

BTG O A5 R o PR IT I5

Sequencing Kappa

Genes RT-PCR N —————————— Kappa . 95%Cl
2% SHOX2 W 3L Ak 46 Il — 3% Positive  Negative coefficient(%)
N 97.5% (Kappa=0.946,959, ~ SHOX2  Positive 202 196 6 0046 97.5 0.918~0.973
Negative 378 9 369
i — 98.0 iti
H % ft h bl ﬁl ) %  RASSFIA Positive 159 152 7 4051 08.0 0.923-0.978
(Kappa =0.951,95% C1.0.923 ~ Negative 421 3 416
Total 580 157 423

0.978) (Table 2),

Table 3 Methylation status of SHOX2 and RASSF1A genes in different pathological diagnosis specimens[n(%)]

Groups Pathology N SHOX2 RASSFIA Both positive  Either positive
Lung cancer Adenocarcinoma 113 60(53.1) 49(43.3) 39(35.5) 70(61.9)
Squamous cell carcinoma 56 48(85.7) 25(44.6) 25(44.6) 48(85.7)

Large cell carcinoma 3 3(100.0) 2(66.6) 2(66.6) 3(100.0)

Small cell carcinoma 38 36(94.7) 36(94.7) 36(94.7) 37(97.3)

Undetermined type 51 35(68.6) 27(52.9) 27(52.9) 36(70.5)

Total 261 182(69.7) 139(53.2) 129(49.4) 194(74.3)

Controls Benign lung disease 293 31(10.5) 17(5.8) 10(3.4) 38(12.9)
Non-lung malignancies 26 3(11.5) 2(7.6) 2(7.6) 3(11.5)

Total 319 34(10.7) 19(6.0) 12(3.8) 41(12.9)

1034 BE % AR 2016 44 22 B % 12



Xt R L R A0 A R 2 B AN 145 11 (98.6%) , 3
PR HA Ak 7k OBL I 1) 124 151 (84.3% ), & [H Y S Ak Ao
R X T 4 Jf 27 ] Gk 25 B S M O 12 W U E (O
44.6%%) 81.5%) ,(H 47 M M\ 98.6%F% % 84.3% , Xf
20 1 (3 21 ), 1 15 A ABE 7 ) B 56 Ak BH 14 1H 20
2 B i 2 W A it R R e SR IR TE R
FEAS 25 R s 0 EAT B U7 (B4 1 0, i 5 4R ), 3t
RN 13 51, FRHE B | 3645 J A R Ak A
1) B PR R S P 43 ) T R Ry 83.29% (119/143) il
92.5%(124/134), 55 20 Jfd 2% 45 W 7y SO PE TR S5 7
FHEG BB PE 3 = o 2 (R S A TR AR, 39 ¢
24 X (P<0.01,P<0.05)

22 TR IR PRI AR AN [R] 240 27 25 SR v R R A
Kz I DL (Figure 1), 45 5 0 A 7w | SE A 38 AR B
AR (A 2 BH P ) BH R 258 70 200 i 2 T B0 9 240 PR 26y
98.2% (57/58) , 45 - A& WA 41 K 100.0% (35/35) , K& k&
PRIER A M4l hy 37.8% (14/37) , &7~ K RT-PCR %
PEFT SHOX2 Al RASSFI1A JE [ H 3 AL 1 4 K i (/T
P ) T LAAE hy 200 16 2 A6 000 10 4 38, AR )2 A 40
SR DN 235 B B B B P B

701
M Cytology
60 [
M Either positive of methylation of
g 50 SHOX2 or RASSFIA
S
40
30
20 -
10 -
0
Cytology Cytology Cytoloty
positive group undetermined group negative group
Cytologic results
Figure 1 Methylation status of SHOX2 gene and
RASSFI1A gene in different cytological diagnosis results

Table 4 Comparison of the efficacy of SHOX2 and RASSF1A
gene methylation and cytology in the diagnosis of lung cancer

Methods Sensitivity (%) Specificity (%)
Cytology 44.6(58/130) 98.6(145/147)
RASSFIA 60.7(79/130) 92.5(136/147)
SHOX2 75.3(98/130) 86.3(113/147)
SHOX2 or RASSFI1A 81.5(106/130) 84.3(124/147)
Cytology or SHOX2 or RASSFIA 82.3(107/130) 84.3(124/147)

MBS 2% 2016 4% 22 5% 12

3o #

DNA H AL A Ry — BBt B B 3 br & 0, 76 b
R R R REEZENER, B 40 HAE
O TR 2 WA 4 1 2010 4F, Schmidt %08
KRB SHOX2 W B Ak AR AT b IX 43 fili & R S8 PR
S OB FURR 5V 53 R 68% 1 95% ., AT Uk 2k
TR B 5 il 9 £ 3 I3 ORI 2 SHOX2 S5 A
M H A4k, 25 0 R B 34k i SHOX2 AN AL AT AAE
Sk SRS DU ) A PR A T ELAT AR S NSCLC FilJs
() 0 7 TN 6 bR U2 (HREE OF R IRA, KB
SHOX2 W J Ak X il i 98 1412 W U (47%0~65% )
A T /0N A0 i T 98 (829%~97 % ) il it #5598 (81%~
82%)"7 , RASSF1A {1y — Tl 284 g 41 i & P, HE
TE NP e M O g B R B VE A JE A EEZE . Shimizu
FEBESE T RASSFIA R i 2 3k e 2k 5 fili Mg 96 1)
KA YA 2L . Tomizawa S50 HE H | 7F NSCLC H#,
RASSFI1A 7 9 i) B SE AR AR Lo AE Sl 98 v 3 g
T FE] PR VAT TR 5 IR A5 R DO % i 46 92 9 12 W D 8
2 W KRB . FeATTXE ] RT-PCR ¥ A6l
580 {4l /& 1Y BALF ¥ SHOX2 . RASSFIA 3 Ak 2%
BTG MT , VR HE i i 12 W 4 1 PR A 6

WEoE W A 0 7 A 2 F, AR BIF5E BT i Y
RT-PCR (77 454 1 Wi iR £k 18 1 Al Tagman £
R E S N IR R R e AN P N S A RO 8 25
el U BiEE 76 PCR 97 3G b B b P55 46 R T B,
1M H B ARG C BB LR A AN A8 | DR AT DA X 43 R4k
FoR B BEAR B C B3 BT X & 1 /IS B9 5 31 22 55
RS T B SRS k1T PCR 845 R
Taqman FREEXF 438G 77 Wy HEA TR0 | 38 3k 0 Ak 1) B iz
TR R A S Re 5 Taq BEA(E A 76 58828 5% PCR V-5
S BT RE S P 3L DNA (4 SR, 580 AL
A ] B 2R Bl RT-PCR AN R 5 2% K6 1 SHOX2
RASSFIA W H SR, —BOR A 51 97.5% il
98.0% .,

T 21 Y S S8 e iy G TR) s BORS BALF 2 11 R
f 8 FLERAE e BALF AP0 A5 R B RS, R 5 1R
N At Jie 98 40 R, L TR 200 B A5 AR X 4 & TE AR BT
T Bl RE AR 261 6] (45.0% ) , KM Al 350 % A8 293
1 (50.5% ) , 575 45 S £E 26 {1 He Al 1 il 358 firk 98 B AR
(4.5%), SHOX2 F1 RASSFIA 3K F 3L Ak 75 fili I3 21

1035



Journal of Chinese Oncology,2016,Vol.22,No.12

B 2 7 T4 BB 4H (P<0.001 ) , AT LLAG 45504 1) B 2% 1k il
S LA K fiti s 5 G A 32 o 8

T X Bl S 2H 43 R R B, SHOX 2 3 [H B 34k
TE R 24 1t 98 v BH P 232 5 55 (100.0% ), MU Sy /N 2
it Jiti 92 (94.7% ) 8595 (85.7% ) JR I (53.1%) , 4% 41
Z A 22 A G247 L (P<0.001) , %X FhEL S H #if
BT B 0 R, e ) A7 2 — A RT R A s [
2, /INAT A it g AN 5 9 % AR R AT S b, R B
WAL FA B H AR DNA (50 F0m] fg PR 4T e S5
SR IA NI

A Jili g 4 b, 7 S PRI B R I ) A H R AN
%5, RASSFIA 3£ X N 43.3% (49/113),SHOX2 3 [H
WALAT 53.1%(60/113), H. SHOX2 Fil RASSFIA ¥
PR g L A A T /02 (35.59% , 39/113) , {HL I 35 Bk 45 6
AT {7 5 DAL 56 Ak e it e 8 1 A T R v A e )
61.9% (70/113,P<0.05), SHOX2 H RASSFIA #£ A
FEAS R il B Sz b AS v IR BRI, AT BB T R
A B AR ML LA % il i g 4 AL 2 A BT AR T

BALF ‘& #2H M 25 22 4 A V5 R 2F A0 it 350 95 s
M T B 2 R TG IR, SR, 4 2 A6 W A7 A
22 Nk R 28 5 M) R RIS (439%0~4 8 %) 1y 11 2 [
FF I 2 B o 25 SR A B 1) A 0 i 15 S ZE AR 5
277 BIREZA R B AT T 200 B 2 R LA i, il i
2 e 20 i 2 G T i PR g A L 58 497, R R FR R A k)
FHAE % 98.29% ; 45 A B 35 il , Fk PR FH 35k Ak A6 ) BH
PEE 100.0% ; A & B3 40 i 37 461, Jik AR A Az ol
PHAE 2 37.8% , kA 56 DR 3L AL AR 40 ffg 2% vT &k
4R R 2 W AR (N 44.6%%) 81.5%) , {H DL
£ L 25 G T 235 R Ay Rl B A R R TR R A
FRMEAUH 84.3%, 5 CHRHRE M 95%~98% 07
k25t %k 20 6 (3 21 1, 1 1R BE T ) B 31k
A6 0 o A L 200 27 B 1 %) s DR 32 W A il 358 Sk e | 52
SEY K EMFEE SRR AR (B 1
WA 5 4R gl A It 13 41 AR 5 1t
B, VR I A S DR R S A ARG A SR R S
I3 9h 83.29%(119/143) F1 92.5% (124/134) , k4 4k
PR AR AR Ay — Fof o 28 190 fii 98 4l B2 W i, 4001
S TE 40 0 2 55 5 o B kB 2 e T S i g X i A 1
iR

FEZ IR BT, S SN S Al H Ak
DA il s S 30032 W RN WS TEAR R 2 s T, ST
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