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[ Abstract] Background and purpose: Alternative splicing is an important regulation mechanism of gene
expression. Aberrant alternative splicing is associated with dysregulation of the cell cycle, activation of oncogenes
and inactivation of the tumor suppressor genes. Thus, it is closely correlated with the pathogenesis and progression
of various tumors. DNA methylation is an important part of epigenetic phenomena. Aberrant methylation of the gene
promoter can result in gene silencing. Hypermethylation of tumor suppressor genes and DNA repair genes correlates
with the onset of many different cancers. Additionally, DNA methylation acts as a pivotal factor for alternative
splicing. Aberrant methylation disrupts the stabilization of the alternative splicing. This study investigated the promoter
methylation and expression of RNA binding protein, fox-1 homolog 1 (RBFOXI) gene in esophageal squamous cell
carcinoma (ESCC), and to elucidate its role in ESCC. Methods: MassARRAY approach and RT-PCR were used
respectively to examine the methylation level of RBFOXI gene and its expression at mRNA level in tumors and
corresponding adjacent normal tissues. The correlation between methylation level and clinicopathological features was
analyzed. Results: RBFOXI methylation level and mRNA expression in tumor tissues were significantly lower than

those in corresponding adjacent normal tissues (41.8% vs 68.3%, P<0.01). No significant correlation was observed

EEUA: EXARFIRETHITH (21172043) .
WEMEE . BRE  E-mail:kuaile z@sina.com



402

S AT

IxE, 5.

RS ERRBFOXI{E R EHHE POIHR

between methylation level and clinicopathological features. The cut-off (33.6%) was calculated as the mean of the

normal samples to which we applied 2.5 SD. According to the cut-off value, the object of the study was divided into two

groups. The methylation level lower than the cut-off was defined as group 1; methylation level higher than the cut-off

was defined as group 2. The 5-year overall survival rates of the two groups were 57.0% and 35.7%, respectively (P=0.06);

5-year progression-free survival rates were 48.7% and 28.9%, respectively (P=0.03). However, the multivariate analysis

results indicated that TNM stage was the independent factor of prognosis.Conclusion: The methylation level and

mRNA expression of RBFOX]I in tumor specimens are significantly lower than those in corresponding adjacent normal

tissues. The methylation level of the RBFOXI promoter is not an independent factor of prognosis.

[Key words ] Esophageal squamous cell carcinoma; Alternative splicing; Methylation; Expression; RBFOX]
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RNAZE 42 1 [A]JR{4 1 (RNA binding protein,
fox-1 homolog 1, RBFOX1)A:K {7 F16pl13.3,
K/NZI1694 246 bp, FiSHE AT 55 -UG-
CAUGU-3" ST 455 ok 895 L 2V e i A1
FETHE, WFRE R RBFOXT Y HE I A A0 HE [ 45
RN | iR A E AL R A YRR
LR R T2 R SRR 45 2 RBFOX 4RSI
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HABRA TR A K B IR 2= g = B
2007—20104F m] A AT R B, 21496,
Hrp B 13441, 156, Fil37~76%,
RN 58.4% BRG] E A IR AL 2R & AL
MNP B RS %S eml) b )98 55 1F 4l 20
(adjacent normal tissue, ANT), &P HE KAE]
BIRGAST FHOT o AR SE BV, FaAA
WA R )G -80 C A& F TR LI IUDNA K
RNA . ARJ5 5 L BRI WIE S5 21 2335 Ry etk
AR . i BRI Prpidm B 2 (International Union
Against Cancer, UICC)7™ R T TNMA
14945 i i f8 5 T W19 (6.0%), 111264
(17.4%), NIHH11445)(76.6%), M2l 21245 9%
N EIrE14450(9.4%) , T Ak881)(59.1%),
R e4711(31.5%) . FRASGRAS TIRBEZE Bt 234t
I E NG R E .
1.2 FHik
1.2.1 DNA#3% FeDNA 89 T2 5LER 3 4 22

B9 R HHZQIAmp DNAZE R & (15
E Qiagen/A H))IAF G TDNA $EHL, &rts
R 2 I 55 240 B 25 mg, v EpiTectill.
TR A R & (15 [ Qiagen 2\ vl )ik 77l & ik 7
WERRRERAL R, i 2 2URE 55 2H 2 DN A #5400~
500 ng, ¥ IR G UL B TR
1.2.2  FARAKFAER

PCR N 14 7 2 6 H JEAE PCRIA I £ (Se-
quenom) AT MIAE A 8 W0 it R £ 15 1 1)
DNAFHZ1 pL, 10xZE k0.5 ul, 20 mmol/L
fUMgCl, 0.2 uL, 20 mmol/Lf*JdNTPs 0.04 uL,
5 nmol/LI¥ k. TUiF514)450.4 pL, Hotstar Taq
DNARAF0.04 pL, FRGEKIHEKER, [k
ZARFARS pLo W ScM: 94 'C 4 min, 17ME
#; 94 °C 20s, 56 °C30s, 72 °C 1 min, 345
AMEFR; 72 °C 3 ming WEEHEIIA2 pLH
FE105SAPHE, KW 4%F: 37 'C, 20 min;
85 ‘C, 5 min, KM ZEHRGE2 pLI N =4
IMAZ|5 L T-cleavage X WK R . 5xZ%

#1%0.89 puL, T-cleavage Mix 0.22 puL, DTT
0.22 uL, TRase DNAXR &##0.4 pL, RNase
A 0.06 uL; MW 5A4F37 'C, 3 h;y R4S
JamsKk20 pL, EALHER T . HMassAR-
RAY (3£ [E Sequenom 2y & ) K6 AL & 1Y B 31k
KA, W EMassARRAY (1 ke I [ {8 1%,
AMeaniE XA RBFOX 1 I 55 41 8V F ¥ 41 41
o IR KR 28 . R R R HEPCRIE
5485 -AGGAAGAGAGTTGATTTTA-
GAGATTTGTTGTGAGAA-3"; RIaa|¥H
5’-CAGTAATACGACTCACTATAGGGAGAAG-
GCTAAAAAAACCAAAAAACCAAATAA-
CA-3",
1.2.3 RT-PCR#&MRBFOX] mRNA# &k

F& TRIzo i 5] i3 W 45 42 B RN A (3€ 5]
Invitrogen/A Al), IS M Superscript Il¥if%
s & (€ E Invitrogen A w7 3 B 5 19 L
BmEE, K RNAW 5 cDNA, RT-PCR
2l FastStart DNA Master SYBR Green aster
Mix(Roche 2y w) )il & nae, KAk & fif
ABI ViiA TM7 system(35 [E Life Technologies
NEDHFEATYRG A ARSI E RT3 IR .
RBFOXI L5 %) 45 -AGCTAGTTTTGCAC-
CCTGCTA-3", N5 H5 -TTGGTCCGT-
GTTATTGGCACC-3’, GAPDHIE N NZ
A, EF#EsI¥ k5 - GGAGCGAGATCCCTC-
CAAAAT-3", TE51¥R5 - GGCTGTTGT-
CATACTTCTCATGG -3’ ASZE 3 i
ACtH) J5 i X RBFOX 13 [H 3 3k 1 iE 47 A X
30T
1.3 FEiA

W12 Kol Ak T, BE DT A A
FARHE#IEFE20134E12H31H . BEVIRHE N
2~724H, A BEVI R E] 2040 H o F AT
R . BEEIELNERES, ETCT.
PET/CTE¢ 58kt , PAHAA TCRERa & &
s,
1.4 itz ahE

FI AT £ 35k FHSPSS 20.048 14k (44753
Mo B8 i 2H 21 Bl e X 9 55 41 21 L R e fb
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IOV 26 SR ek 865 453 LBl S B
{5 g =2 B RS B4R AE 22 [A] (1% ¢ 32 ] Fisher
Kk ; Kaplan-Meierik 1 7/E 47500, Cox
WUEHEAT 2 W R0 I K 56 34 S s
P<0.05 A 5E 1 E X

2 4 R

2.1 RBFOXIEERBHhFREREWL

| H Vector NTI Advance 11(3E [ Invitrogen/y
Al), 456 MassARRAY. R BYER . AroAT iy
XIS A A 5~101CpG i i, 8 Fr A ARG I R
B, AT A T RBFOXT RN 3 8 1 X
ARG E R CpGEy B, 4 T chr16:6014214-
6014616 ( [ GRCh37/hgl9 1 #1741 (1), %
X341 % 61 CpGhi H.(CpGl, CpG2, CpG3,
CpG4., CpG5HICpG6), 455K IM64CpGiii st
ek R, H&R AL T CpGAr i 1) H 3
AT W AR T e L 83k 1 K2A), !
HRSE R H A ACOT IR TR 8, W 2
%ﬁéﬁiﬁi%?xcﬁll.zz% Vs 68.3‘2;){,}6 P<0.000 1),

~ e
® J
AREEE —
[ Transcription start site
Chrl6: 6014214 6014616 6019131
Region(403 bp)

B 1 RBFOXIEERE#HFXECpGHim = E
Fig.1 The schematic diagram of the CpG sites in the RBFOX1
promoter
F1 RBFOXIERBFTFXECGHLAK RENKF
Tab.1 Methylation status (%) of the detected sites of RBFOX1

promoter
CpGs Group Mean AMean P value
Normal 73.8 30.9 2.0E-32
CpGl
P Tumor 429
Normal 67.5 25.6 3.4E-23
CpG2
Tumor 41.9
Normal 85.0 22.6 3.3E-12
CpG3
P Tumor 624
Normal 40.6 13.7 4.8E-12
CpG4
Tumor 26.9
CpGs Normal 73.8 30.9 2.1E-32
Tumor 429
CnG6 Normal 72.6 36.6 5.9E-24
P Tumor 36.0
1 . 26. .SE-44
All Sites Norma 68.3 6.5 9.5

Tumor 41.8

AMean: the difference of mean methylation level between tumor and
adjacent normal tissue.

2.2 RBFOXIEEERBALFHIFRIE
HIRGERBFOX I HE HTE B A8 i vh ) 23R
B, AHIFFE M 1A ( B Xof 1) 87 4 SRR 55 2H 21
PEEL T 425 B X B 2H 2L TmRNA R IR 407 o
SR R AT TR 8, A 2P RBFOXI
LD FRIE W AR (A R s A b Rk w1y
19%), Pi#2ZESAZI2#E L (P<0.000 1, [
2B),
2.3 RBFOXIE#HTFHEUASIEKRFESHMN
X&R
Amean’E X N RBFOXI11E %55 4 41 FiE
AP B ALK 208, 43T Amean 5 4 5]
AR L WOR L R . ML AR . Uk
(WSR2 AN o IS o S D TSP SR VA W S
S5 5 R o AT B9 A 8 1 X3 RBFOX 1T A5 i
SIS AR K 25 R 5 R I R 3 2 4L
TCHBAHSE(P>0.05, #£2), XA A
ICpGON i 1 H A KF- 25 5 Stk L 255 % 2
A AAEE (P=0.05, r=—0.16) ; KAMEL,
RN 2 B K 22 53R (36.9% vs
26.3% ) 5 HAAT 5 TG AR .
2.4 RBFOXIBzhFHREMLXEWMEHXR
ZWRSCEP TR, EARBR S R
Jin 2 2 AR K P cut-off([8] {H )=Mean (Ji 5%
H2)-2.5SD(FrifE2E), Mean(fi5524H41)=68.3%,
SD=0.139, cut-off=33.6%, #Iicut-of f{E¥
WSS G AL, ART BE R —41E LR
ZH1(Group 1); = T H{E A R ZH2(Group 2),
PIALT . 3FISAE ) B A A7 % (overall survival,
0S)4351090.7% vs 79.7% . 66.1% vs 50.6%7Fl
57.0% vs 35.7%, 2&5 81t 755 L (P=0.06);
Joik B A A7 (progression-free survival, PFS)
SrH81.9% vs 70.4% . 56.9% vs 36.8% Kl
48.7% vs 28.9%, 2:5A4Guita¢E X (P=0.03),
BALPR 243 BT 3 8 TNMU 33012 52 i S AR A A7 1) A
+5 TNMZA ], S RAC RN AL 7K P2 52 i
Toilt JEAAE M F(GR3) s Krp MR RMA
CoxnlHiH T Z N ZR b, KILTNMAH = 2
A A A L TCHE J A= A7 A S 0 PR, H 34k
TS J2 A A A7 RN G 8 Ji A A7 ) A <7 T
F(P=0.316, P=0.121; #3).,

H
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Fig. 2 Methylation level at CpG sites and relative expression of RBFOXI gene.
A: Methylation level of RBFOX1 gene CpG sites; B: Relative expression of RBFOX1 gene; ANT: Adjacent normal tissues. ***: P<0.001.
&2 RBFOXIREWKTESIGKRFBEIFHENKX R
Tab. 2 Association between methylation difference (%) of RBFOXI and clinicopathological parameters
Parameters n Normal Tumor AMean P value
Gender 0.41
Male 134 68.2 41.2 27.0
Female 15 69.8 46.6 23.2
Agelyear 0.12
<58 68 69.5 40.7 28.8
>58 81 67.4 42.7 24.7
Alcohol habit 0.17
No 77 69.5 447 24.8
Yes 72 67.1 38.7 28.5
Smoking 0.70
No 44 67.2 39.9 27.3
Yes 105 68.8 42.6 26.2
Nerve invasion 0.46
No 117 68.3 41.2 27.1
Yes 32 68.4 43.8 24.6
Vessels invasion 0.44
No 124 68.9 41.9 27.0
Yes 25 65.4 41.1 24.2
T stage 0.88
T, 35 69.5 425 27.0
T, 114 68.0 41.6 26.4
N stage
No 75 67.2 39.5 27.7 0.39
N, 74 69.5 441 25.4
TNM stage 0.46
[-1 81 67.7 40.2 27.5
m 68 69.1 43.6 25.5
Differentiation 0.75
Well 14 70.4 43.0 27.4
Moderate 88 67.0 39.8 27.2
Poor 47 70.3 452 25.1
Lesion location 0.79
Upper thoracic 45 69.8 42.5 27.3
Middle thoracic 63 67.1 41.6 25.5

Low thoracic 41 68.6 41.3 27.3
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FBFOX1
C-Src Calitonin FGF/FGFR

Cortactin cAMP Ras/Raf

MAPK PKA ERK

Invasion ) Proliferation

metastasis Apoptosis differentiation

3 RBFOXTE[F T HEHTEE = F1if 25
Fig. 3 The possible targets and signaling pathway of the RBFOXI gene
#3 REEGFEENMTHBEGEMNERZMSEZEST
Tab.3 Univariate and multivariate analysis of OS and PFS
R . 0s” PFS”

oS PFS
Parameter P value HR 95%ClI P value HR 95%ClI
Age 0.75 0.95
Alcohol habit 0.40 0.47
Smoking 0.07 0.06 0.196 1.44 0.83-2.52 0.212 1.40 0.83-2.39
Nerve invasion 0.66 0.54
Vessel invasion 0.22 0.04 0.335 1.33 0.75-2.36
TNM stage 0.00 0.02 0.001 2.13 1.38-3.30 0.007 1.72 1.16-2.54
Differentiation 0.68 0.87
Lesion location 0.38 0.12
Methylation levels 0.06 0.03 0.316 1.34 0.76-2.38 0.121 1.52 0.90-2.58

*: Univariate analysis; “: Multivariate analysis.
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il . AR AL I TP RBFOXTIE R 17
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KA BAR TR S5 41 8Uh Rk KR T 78
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R T ) 38 IR UK e g 55 4L 4 R 2Rk KR
W ERRAR . R MRIEZ LR HE R, K
PRIt 2k 58 28 R TR I 3l 1 S AR L
IS R 28 o LIRS 3h 10 i B 3R b A e 53k
FESEUTER VE T AR SE IR f 263k, Wi H S M
o 1202 KGR T RBFOX 13 A S 1 4 e 1
S AR BT 80, 1 G
ML RERI RN . OB FFERBFOXIHEH
R ZEAE M TR A, T BB
M RBFOXIIER R IR BN R, @K
5% 1 6 CpGAL X RBFOX 13 [F ) e 35 5 1)
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X 3 /3 A A5 254 CpGiz i, 2 . ®RBFOXI3E
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TR EATAERBFOXTHE IR Bl I S 78 A T B J 43
BERAESE

T RBFOXIHE DK R 1 Y J DA TR o5 4%
Z R W FH, RBFOXIFEH RS 5
o G R S SRR R . BT S
WIH RBFOXT5E A7 B A5 S h R S PR A
JIT LA BLHE— 25 (R SRR 5T RBFOX TR B4 %
JERA . RIEMSEN, LM RBFOXIFEN G 3+
ICH A X A5 W D RE A5

SR S0 3k £ 5 I R BR A R E
G, 7E &8 0 v A BT 32 B 3L R 5 1
FA 5 oAb o o 4R 0 Rtk T 45 i B S A
S T8 AEAHISE TR 6 CpG AL
CpGOQ i H SR 22 5 Sk L 25 56 45 2 Ul
TS, H AR 25 S5 R i Mg B & A Ik
LR, X 5 5% H b (2 ok B R A Ak A=
RS A —2 ' L AW RBFOXTHEIA
Ho A 5 1) S T A S 45 I R AE TG I A
Mk, AT RE Y IR R 5 TS BRI A B X K
W] B8 5 RBFOX ISR T &4 i ik . ik
ELEEFE RS S /N G5 30 W] BE 25T 1A
EN SR AT S N T ) o N i
Him : FERRN R, K5 T33.6%
F) FR SAF A A R AIC U J A A7 SRR T H 4k K
AR T33.6%MEH; HEZHERST, L
TNMZ ]2 AR A AF R TE S A A7 2R (R ik ST
TR -, W43 b B s 2 X B fE K7
ANHEAVE A AEAF A BT T R -

M, AR EEREY, EEEEET
RBFOX I R EAL K P Ak KA T IR
AL, FrorHri)a s+ X kchr16:6014214-
6014616( [ GRCh37/hg19 ] )i B 3L Ak 7K F- A B
VR T A2 7 T R 7
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