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[# ZE] Q@& SERA EIREIRE B (upper tract urothelial carcinoma, UTUC) 2121 RAS AR IS5 4 B A W &
F 1 55444 A ( RAS-association domain family protein 1 isoform A, RASSFIA) F:[H i3 3 7 X A8 10 H 340 R3S, B3+
RASSFIA B[R 5 B 5 SR W R BAAE LA RO G B R MR R, & e R BB 2387 7 75, 2L A 687 Hi)
I RS — R B RN 2 F AR M UTUC B3, 8 5 B S AR S TR A Wl S B (9 5 35 % RASSFIA SE1H R
BT I AR S HEATA I, 2 R . UTUC 4028 vh RASSFIA JE A 4 F KL 4k 2k 26. 6% (183/687) , RASSFIA
PR Fw F AL 5 B AR M R B R R BT PR A ARTATE TR R ELAR B A I SR A R A oA Stk
(P>0.05) fHAr 5 5B E MRS (P =0.044) BB FUK (P <0.001) i 7 & (P <0.001) e A (P =
0.013) Mg /0 (P =0.001) Jifgi /32 (P =0.007) L Btk EL 25568 (P =0. 001 ) AH&, 1M ELJ5 VU3 35 Sk $2 7 i 9
MR RS N R AR IE . RASSFIA JEHE M 58 H RS R B FHEARFHBME & (P <0.001, HR =
0.471) FXH - PRE{E K (P =0.030, HR =0.269) (WAL fER N3 . RASSFIA JE[H g 2hF & FF 3Lk 41 i UTUC f&
HARJG WIS TC S & A A7 RV RUHI TC A & A AP R 35 LG SR & TR & AR R ) K Fn B AR %Eki
FERRELm  BLAN I £ & (P =0.002,HR = 1. 538) FIARFIH R EHikz (P =0.001, HR =1.725) 5352 UTUC &%
RIGBNE K s fER 2 . # 4 RASSFIA JL 5 37 X80 B 2R 5 UTUC [ ek i B B 2 A 56
MR NG S E YFRIC I R R R TS R % .
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Methylation status of RASSFIA gene promoter in upper tract urothelial carcinoma
and its clinical significance
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ABSTRACT Objective: To investigate the methylation status of the RASSFIA gene promoter in upper
tract urothelial carcinoma (UTUC) tissues and its correlation with clinicopathologic characteristics and
postoperative recurrence of primary UTUC. Methods: In a retrospective design, a total of 687 patients
who underwent surgeries for primary UTUC in the urology department of Peking University First Hospital
were enrolled. The methylation status of the RASSFIA gene promoter was analyzed using methylation-sen-
sitive polymerase chain reaction on tumor specimens. Results: Aberrant methylation for the RASSFIA
gene promoter was detected in 183 (26.6% ) DNA samples in total. Aberrant methylation of the
RASSFIA gene was strongly associated with tobacco consumption ( P =0.044) , ipsilateral hydronephrosis
(P<0.001 ), tumor location (P <0.001 ), tumor stage (P =0.001), tumor grade (P =0.007),
lymph node metastasis (P =0.001) and growth pattern (P =0.013). The methylated RASSFIA gene
promoter was an independent risk factor for bladder recurrence (P < 0.001, HR =0.471) and contrala-
teral recurrence (P =0.030, HR =0.269) of UTUC after surgery. Hypermethylated RASSFIA was pre-
dictive for improved bladder recurrence-free survival (BRFS) (P <0.001) and contralateral recurrence-
free survival (CRFS) (P =0.021) in the UTUC patients. Compared with the patients with unmethylated
RASSFIA, the patients containing tumors with hypermethylated RASSFIA had tendency toward longer re-
currence-free survival time [ (114.4 +3.9) months vs. (84.0 +3.2) months for BRFS, (138.1 +1.8)
months vs. (132.9 £1.9) months for CRFS] and higher estimated cumulative recurrence-free survive
rates ( five-year survival rate for example, 79.8% +3.4% vs. 57.4% +2.6% for BRFS, 98.9% =+
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0.8% wvs. 93.0% =1.4% for CRFS). Additionally, tumor multifocality (P =0.002, HR =1.538),
and ureteroscopy before surgery (P =0.001, HR =1.725) were independent risk factors for bladder re-
currence in postoperative UTUC patients. Conclusion: The methylation status of the RASSFIA gene pro-
moter appears to be a promising epigenomic biomarker for assessing the aggressiveness of UTUC and a
predictor predicting the urinary tract recurrence after surgery.
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RIS IR % | Fz 985 (upper urinary tract urothelial
carcinoma, UTUC) E&J5 T IR #& b5z, A 75 38 .
s PR W AT B UTUC, {5 BT A IR %
BN 5% ~10% "7 o HLIATE R R A K A
A 1 e R JT 8 R (radical nephroureterectomy with
bladder cuff excision) J& H i 2 AR T ARiGy7 UTUC
4 bR, UTUC RIGR S 2 K, A & RN
20% ~47% I FIREEE KRR 2% ~6% "4,
% e 52 i KB B R 22 0 I e P e Wl DDA, 000 52 % R
BT E RIRE 2 KU AR AR B E AL TR
B EHERIRE RIS . mELRSREERET
ARUEIE TN IR KA 0 = IR YT SIS N A
JIZ AR PR ZR PR I b B 0R BB, I & R e AT
HRIA PRI D DT AR R i PR A DI BR AR, B AIG T
BEAAF I H™ B R R R T

iy 5 DR 2 196 77| 7B 1 4000 e DR D) R A 2K 2 g
AR R B R R 2 — A i R R R SR A
EEEPR A 37 DX AR S 1 . AR Bk i
IBFFEIE SE RS 2 B B R DRSS T IR
R KL BRI R R EAEA Y . RAS B
A e DR ERER i I (e b T N LA
TS E S AR RAS 5 508 i S i 2 A ] 2 5 g
MR K. RAS M CE5 M) I 1 02 RAS {5 53l
i v EE A RGN Y T R T RAS AH S M IR
F % % ( RAS-association domain family, RASSF) , Y2
LI 10 Fh RASSF 25 1, Horpr 9 B A Bt i g
IR FEIRE G . RASSF 1 1 4414 A(RAS-
association domain family protein 1 isoform A, RASSFIA)
J& T RASSF, HEL KA T A28 3p21, ixdE Hid i =
BEIR SRR 1R 5 RAS 454, 1T RAS 1Y
T " . RASSFIA S22 W 5% 35 3% 36 TN A8 4 b
TEA I 1, ZIEFEIESS RASSFIA K29 )3 2l 1 1)
S e FREAL 5 8% e PR #% | B2 98 (bladder urothelial
carcinoma, BUC) B B 983 70 1. 7 2% 5 & kK M
PN

HH, ¢ T RASSFIA Jg g 7 W IR & 5
UTUC ARG 52 B e 1 S v A A7 1) JR e A
U W, i HARAS D BEYTI R 2 T AR HEAS
gi— B AHEAR 4 . T BUC 5 UTUC 8

EIET AT IR b, Br DA 3 [R] 4 2 T 36 st
L2 A AR 22 AR o A A TR 2 i 14 T 5
H, X RASSFIA JE R 28 W ist % 22 4 i
PEATRIAR ™ AT 53 75 AT R 5T ) A, S04
UTUC &35 Mg R A 1) RASSFIA J5 3l ¥ H Ak MR
A 845G BE G IR A KA ) SR 8 IR L S
UTUC &5 T 5 B AH G .

1 ARSHE

L1 BFEX4

PEFE 1999 4% 2011 4Eglis TAb st Ry — &
B PRAMEHE 2 T ARG YT, i B2 Wy UTUC H Bl
VIBERhe # 14 55 5 D BORE B OH: I e 2H U bR
Ao AWRIFETTZ IR E 5 — BB AR 2
oA ALUE, A B A R

FARI AL B SRRV ~ VI H R
B IIHE R4 UTUC S 174 IR B R DI BR AR Bl
W IRE VIR G A, KR BETERIRE 2K
PIBRA 5 X AR AR 0 A s 7] B ik T2 45 5 7%
AR i S MO R A5 ) R E AT R R AE R
HEBR L AT B IDE R B b B 98 9 5 B85 O % IDE DR ¢
bRz BN UTUC /Y 84, e 687 fi UTUC
BENARII

TEAREHEN , BFH 3 D HEMEIZ 1 IR E
TCRER K, IR Z JG 2 UCR A 1 IGC NG
FFERAS A A IR PR R L AR AL e X £k
JE R (B CT \MRI) | JB5 DG | 40 i 27 A6 4 (3
PRYECIFALARSE) 55 o
1.2 WPEARRe MR A il S

FEHCDNADJHC8 B S pum 1) iR 2 21
EEH AR AT By, A DNA 4§ Bl ) & ( QTAamp
DNA FFPE Tissue Kit, Qiagen, Germany ) Ff-3% iR H
ERAE UL BRI 2L DNA, JE 5 DNA ¥R

WHLER R AL 1.5 g DNA fifi il A AR &
EEbAiRF & (EpiTect Fast Bisulfite Conversion Kits,
Qiagen, Germany) JFATIVARIR 2 b1k M alifk.

A LA AR S5 TR it i W ( methylation-specific
polymerase chain reaction, MSP) . 1 RASSFIA }:[H
JABF ¥4 -204 ~ - 36 bp (AIXf T RASSFIA B:H
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(R TR I X IRAFAE 16 4 CG i A&
MR e 1.2.3.14 15 16 (& 1) o AR
e S Eh %54k DNA Fil MSP %7 & ( EpiTect MSP Kit,
Qiagen, Germany) #EfT RASSFIA £:H 3 3T H 34k
ARZS BRI , RASSFIA JE IR )3 3l 15 W 364 L 37 5
Yh 5'-GGGTTTTGCGAGAGCGCG-3', N5 WM
5'-GCTAACAAACGCGAACCG-3' 1B KR N 64°C |
P73 1 Be ol 169 bp; RASSFIA JLPH )3 3l 7K HY kAl
FWE51 % N 5’ -GGTTTTGTGAGAGTGTGTTTAG-3",
TR % 5'-CACTAACAAACACAAACCAAAC-3,
IBKIRE R 59 C P71 7 Bl 169 bp, HIEAEASE
FLH 4 DNA (EpiTect Control DNA and Control DNA
Set, Qiagen, Germany ) 1 2 FH £ % B, JC A% IR il 7K
(nuclease-free water, Qiagen, Germany ) 4 A [H 14 X
BE 5 PCR 45 F PCR Y f1 .95 °C 10 min 94 °C A5
15 s,i8:4 30 5,72 CHJ£ 30 s; A RT— 4T, £ 38
MEH,72 CY7JE 10 min,

HLUK S RAR < AR 3% (J5ifit 3850 BrRARWHBERE
RARHNN 0. 6% (Jit 7380 IR CEEV IR, B T
VKA ) HL K s PCR 74 B2 DNA ladder £ J 10
pL B BERE E AL, B 120 V, R ALK 15
min  REEEREE TBEAER 70 248 Gel Doc 1000
SR BB

i T8 5% 1B 42U h RASSFIA JEH 5 3+ 1Y
B A 38 A I, AR 52 56 2R T Xk A N o % 1E R 21
gt
1.3 SGil2#o#r

ffi ] SPSS 21. 0 B AT Ge i AL 3L, 0 B JR
1l PR BE DT80 FbRAs B A Bl , B RASSFIA
FEPRA 37 X AL S UTUC B8 25 i A B AIE
FRIAHSC I, LA KXk fi 6 45 St 1 A 47 ( cancer-specific
survival , CSS) A J5 M TC & K& 4= 1% ( bladder recur-
rence-free survival, BRFS) F1A Jg % Ml Jc & & 4 7
( contralateral recurrence-free survival, CRFS) #:474
For AT, B BUS R o Bl 7 ik s Pearson” s £
TR ok 23 #4326 78 i 5 Mann-Whitney U A5 50 1
Kruskal-Wallis H #6546 2l 23t i 2275 & ; Log-rank 4
BN Cox [m1YA 73 H7 73 31 FH Ok AT BAAS it A0 25 7408 )
A 4753815 CSS (BRES I CRES 4= 475347 43 33 LA b
FRESHAET T ARG BRI e s ) 1 PR i
RN FINTE] L, P <0.05 I 2= A G2 E X

2 HR

A 687 (i LS WA UTUC 1Y R 5 98 AASBF
FUAFWE 20 ~90 % (3R 1), hAL4F I O 68 %, Bl 1

3~ 144 A H i BETTIN ] 48 AN, rhof A A7 ik
[ 115 ™ H (95% CI: 99 ~131 A~ ), 5 4F 2
HAFFEN 69.6% (( £2.0% ) . BEVIIHIEA 225 i &
% (32.8% ) BEF UTUC, 45 228 i [ (33.2% ) &
JaW e %, A 36 i (5. 2% ) AR Jg Wi &
(%£2),
2.1 RASSFIA BN gh+ DX sk iy FH 564k 5 42 7R 1l
Ja AN BRI DRSPS BEARRAIE 8 254 OC

LK R Logistic [B1IH 751, 434 UTUC 3%
(G R BRRFAE 5 RASSFIA KL [H )3 3l + W AR R
A RECE, H A 183 5 (26.6% ) ) DNA KA
HA] R B RASSFIA BRI 2+ R &R AL, S8 1)
FH AR RS 4300 5 JB 8 IR 52 (P = 0. 044 ) | [R] ]
BFRUK(P <0.001) Jigg (i & (P <0.001) J2iEAIA
KIS (AEFLKAR, P =0.013) (& Mg 4330 (pT3/4,
P =0.001) &R s34 (G3,P =0.007) LA KA ik EL
25568 (pN + ,P =0.001) AH3C, T )5 4 T Ry fen i
HIEA R AREAAE (R 1) o
2.2 RASSFIA JEPH 5 3 F i) H B4R 5 UTUC
S IR R AR R AR S BT

UTUC BET-4H J 35 Fn R e JE T4 s
(1) RASSFIA B& A )3 2+ w5 B 3 A6 1 L 2843 51
25.5% (118/462 {4 ) #128. 9% (65/225 {4]) , BiZH ]
ZRTCGITFE L (P =0.352,382) , @il s
M AT AT, AR B b 2 kT R E R
IR AT A A T PR A4S A g ELAR R MR v 43
A W LSS R P4 g ey e AR AP A R B
2 (323 f4) . RASSFIA I 5 3+ P b4
SR B2 YRR 2 [A), g o S e 2 A I [) R
FHAEMFRERY TG I E L (P =0.093, &
2A) .
2.3 RASSFIA FEH A 31 H LIRS UTUC
BTG B IETC I A A 53 A

B TG &k A B E R & R A R E
RASSFIA J H )3 3 + = B 346 19 L 2255 51 o
33.1% (152/459 f5i]) Fi1 13. 6% (31,228 f4]) , Fi&
mTE#H (P<0.001,582), il s 270 a
HAE T B, UTUC B35 AR J5 I8 e 52 % i) 1k 57 16
FaH 2R J& RASSFIA B 8 3 W B fb (P <
0.001, HR =2.123) i £ % (P =0.002, HR =
1.538) ARBTHIRE 8K (P =0.001, HR =1.725)
DL TCk 25564 (P =0. 021, HR =3.228,3% 3 Al
4) . HHI RASSFIA BEPR A 2l TR H Sk 4, FP R
L2y UTUC S8 35 AR S5 19 5 I TG 52 % A= A sk ) 4
K, BRAAREE (P <0.001, 5 2B) .
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R 1 RASSFIA FER A 811 HEEAIRAS 5 UTUC 38 I AR BRAR(IE
Table 1 The methylation status of RASSFIA gene promoter and clinicopathologic characteristics of UTUC patients

. Patient Methylated promoter Unmethylated promoter Analysis
Variables
n % n % n % HR 95% CI P
Age™ 68 20 -90 1.003 0.987 -1.019 0.716
Gender 0.955 0.680 —1.343 0.793
Male 306 44.5 80 11.6 226 32.9
female 381 55.5 103 15.0 278 40.5
Tobacco consumption 0.610  0.377 -0.987 0.044 "
Yes 124 18.0 24 3.5 100 14.5
No 563 82.0 159 23.1 404 58.9
Main tumor location 0.401 0.279 -0.577 <0.001"
pelvis 380 55.3 130 18.9 250 36.4
ureter 307 44.7 53 7.7 254 37.0
Multifocality 0.656  0.430 -1.002 0.051
Presence 164 23.9 34 4.9 130 19.0
Absence 523 76.1 149 21.7 374 54.4
Ipsilateral hydronephrosis 0.481 0.341 -0.677 <0.001"
Presence 384 55.9 78 11.4 306 44.5
Absence 303 44.1 105 15.3 198 28.8
Ureteroscopy before surgery 0.59%4 0.335-1.052 0.074
Yes 86 12.5 16 2.3 70 10.2
No 601 87.5 167 24.3 434 63.2
Radical surgery 1.213 0.491 -2.998 0.676
Yes 664 96.7 176 25.6 488 71.1
No 23 3.3 7 1.0 16 2.3
Main tumor diameter 1.187 0.741 -1.902 0.475
<5 cm 589 85.7 154 22.4 435 63.3
>5 cm 98 14.3 29 4.2 69 10.1
Tumor architecture 1.630 1.110 -2.39%4 0.013 "
Papillary 530 77.1 129 18.8 401 58.3
Sessile 157 22.9 54 7.9 103 15.0
Tumor stage 1.847 1.298 -2.628 0.001 **#
Ta or T1 229 33.3 50 7.3 179 26.0
T2 242 35.2 57 8.3 185 26.9
T3 197 28.7 62 9.0 135 19.7
T4 19 2.8 14 2.0 5 0.8
Tumor grade 1.601 1.139 -2.249 0.007 **
Gl 21 3.1 4 0.6 17 2.5
G2 368 53.6 84 12.2 284 41.4
G3 298 43.4 95 13.8 203 29.6
N Status 2.592 1.474 -4.557 0.001"
N+ 54 7.9 25 3.6 29 4.3
¢NO or pNO 633 92.1 158 23.0 475 69.1
CIS 1.186  0.449 -3.135 0.730
Presence 20 2.9 6 0.9 14 2.0
Absence 667 97.1 177 25.8 490 71.3

n =687, * Statistically significant: P <0.05. 5t Age is a continuous variable and is presented as median and range. # In the univariate analysis,
tumor stage was stratified into low tumor stage (T1 or T2) and high tumor stage (T3 or T4) ,and tumor grade was stratified into low tumor grade (Gl or

G2) and high tumor grade (G3).

®2 UTUCSET s A B RASSFIA SN )5 31 H AR 1 A

Table 2 Distribution of methylation status of RASSFIA gene promoter for UTUC patients’ survival and rencurrence

Unmethylated RASSFIA gene promoter Methylated RASSFIA gene promoter

Variable P Survival Survival
Death (or recurrence) * Ve Death (or recurrence) * Hrviva

(or recurrence-free) * (or recurrence-free ) *

Cancer specific survival 0.352 160 344 65 118
Bladder recurrence after surgery <0.001" 197 307 31 152
Contralateral recurrence after surgery 0.011* 33 471 3 180

# Statistically significant; P <0.05 . # Presented as the number of patients.
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Table 3  Prognostic factors of UTUC patients survivaland recurrence using univariate analysis

Vaciables Cancer specific survival Bladder recurrence-free survival Contralateral recurrence-free survival
HR 95% CI P HR 95% CI P HR 95% CI P
Age® 1.017 1.010-1.037 0.011* 0.994 0.982-1.006 0.315 0.976 0.949 —1.004 0.095
Gender (male vs. female) 1.706 1.056 -1.814 <0.001" 1.159 0.893 -1.504 0.268 0.495 0.239 -1.027 0.059
Tobacco consumption ( yes vs. no) 0.990 0.558 -1.162 0.952 1.030 0.737 -1.439 0.864 0.893 0.372-2.147 0.801

Main tumor location
(ureter vs. pelvis)

1.116 0.873-1.693 0.413  1.396

.076 -1.811 0.012* 0.928 0.478 -1.802 0.825

—_

.092 -2.010 0.347 1.813

[u—

Multifocality ( presence vs. absence) 1.150 .381 -2.381 <0.001* 1.366 0.671 -2.782 0.390

Ipsilateral hydronephrosis
(presence vs. absence)

1.385

—_

.259-2.207 0.018" 1.253 0.962-1.632 0.095 1.616 0.815-3.207 0.170

Ureteroscopy before surgery

—

0.519 0.367 -0.955 0.006* 2.085 1.527 -2.847 <0.001* 1.177 0.489 -2.837 0.716

(yes vs. no)
Radical surgery (yes vs. no) 1.334 0.403 -1.515 0.352 0.584 0.240-1.416 0.234 0.832 0.114-6.085 0.856

Main tumor diameter
(>5cmuvs. <5 cm)

2.831

—_

.291 -2.498 <0.001* 0.706 0.455-1.096 0.121 0.982 0.345-2.796 0.972

Tumor architecture

. . 1.952 0.745-1.596 <0.001* 0.739 0.521 -1.047 0.089 0.498 0.176 -1.411 0.189
(sessile vs. parpillary)

Tumor stage ( per stage increase ) 1.952 1.594 -2.267 <0.001* 0.870 0.744 -1.017 0.081 0.785 0.519-1.189 0.254
Tumor grade (G3 vs. Gl or2) 1.543 0.563 -1.055 0.001* 0.630 0.478 -0.832 0.001* 1.011 0.520-1.962 0.975
N status (N + vs. ¢NO or pNO) 2.628 1.061 -2.480 <0.001* 0.221 0.082-0.594 0.003* 0.431 0.059 -3.153 0.407
CIS (presence vs. absence) 1.674 0.802-2.760 0.096 1.155 0.571-2.340 0.688 0.048 0.000-275.117 0.491

RASSFIA methylation status ( methylated

S 1.284 0.808 -1.498 0.090 0.407 0.279 -0.594 <0.001* 0.273 0.084 -0.892 0.032"
vs. unmethylated promoter CpGls)

HR, hazard ratio. # Age is a continuous variable and it is presented as median and range. # Statistically significant; P <0.05.

&4 UTUC BH AT M R BUGR R M2 N R T

Table 4 Prognostic factors of UTUC patients survival and recurrence using multivariate analysis

Cancer specific survival Bladder recurrence-free survival Contralateral recurrence-free survival
HR 95% CI P HR 95% CI P HR 95% CI P
.023 1.010-1.036 0.001

Variables

#

[u—

Age

—

Gender (male vs. female) .413 1.078 -1.851 0.012

Tobacco consumption ( yes vs. no)

Main tumor location (ureter vs. pelvis) 1.191 0.910-1.558 0.203
Multifocality ( presence vs. absence) 1.538 1.165-2.030 0.002

Ipsilateral hydronephrosis ( presence wvs. 1,663 1.257 -2.199 <0.001

absence )
Ureteroscopy before surgery (yes vs. no) 0.627 0.390-1.008 0.054 1.725 1.256-2.369 0.001
Radical surgery (yes vs. no)

Main tumor diameter ( >5 cm vs.

<5 om) 1.848 1.329 -2.570 <0.001

Tumor architecture ( sessile vs.

1.127 0.769 -1.652 0.540

parpillary )
Tumor stage (per slage increase ) 1.830 1.537 -2.179 <0.001
Tumor grade (G3 vs. Gl or2) 0.730 0.514-1.038 0.080 0.772 0.582-1.024 0.072
N status (N + vs. ¢NO or pNO) 1.529 1.004 -2.331 0.048 0.310 0.114-0.840 0.021

CIS (presence vs. absence)

RASSFIA methylation status ( methylated

vs. unmethylated promoter CpGls) 0.471 0.321 -0.690 <0.001 0.273 0.084 -0.892 0.032°

HR, hazard ratio. # Age is a continuous variable and is presented as median and range. * Statistically significant; P <0.05.
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2.4 RASSFIA JEPH 5 3 F 1) I BEIRZS 5 UTUC
SBE AT X LR B8 TC R KA B

X TG & A 2 AR 3 X AR ke A BB Y
RASSFIA F H )3 2 + = W2 Ak 09 L 22 55 3
27.6% (180/651 4i)) F18.3% (3/36 f4]) , Hii# &
mTE#H (P=0.011,3%2), # s ke rha
HEAES M B, UTUC 38 AR J5 Xl &2 % 1) 4 57 1
B 2= & RASSFIA FEHJE 3 R B4k (P =
0.032, HR =3.663,33 Fl14) , tH RASSFIA K:[H
JA IR AL 4L, " H Rk 4 iy UTUC BB ARG
N TC I A A A R A, R AE R 3R = (P =
0.021,[¥2C) .

1 2 3 4 5

GGGCTCTGCGAGAGCGCGCCCAGCCCCGCCTTCGGGCCCCACAGTCCCTG

6 7 8 9

CACCCAGGTTTCCATTGCGCGGCTCTCCTCAGCTCCTTCCCGCCGCCCAGT

10 11 12 13

CTGGATCCTGGGGGAGGCGCTGAAGTCGGGGCCCGCCCTGTGGCCCCGCLC

14 15 16
CGGCCCGCGCTTGCTAG

The primers designed for MSP were aimed at the 1, 2, 3 and 14, 15, 16
CG sites which are shown in red, and the rest CG sites are shown in

blue. The 16 CG sites (1 —16) are shown in bold.
B FSARE AR G EHE SR RASSFIA SR A S ¥4

Figure 1 The nucleotide sequences of RASSFIA gene promoter
amplified by MSP

3 it

RASSF1A JE A58 3k TA S 1) 9 400 i) A1 ¢,
J& T RAS AHOCE5 Bl A 1 80, AR A T A2
3p21, 5B E I Norel 13 3[R, RASSFIA
HEAEA C o) RAS AHICEE N I — 1955 H- v
G55/ B C PRSP A5 DL K ATM B R 4k 17
R B SRR S KR 1R 5 RAS BRI 45
& T RAS oo 0 B A iR AL
B i R 2 22 & BT RASSFIA FEBH S 8111
R 2 S W2 ST R B LB S 2L
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A, estimated survival curves of cancer-specific survival (P = 0.089) ; B, estimated survival curves of bladder recurrence-free survival (P <0.001) ;
C, estimated survival curves of contralateral recurrence-free survival (P = 0.021).
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Figure 2 Estimated survival curves of UTUC patients survival and recurrence stratified by methylation status of RASSFIA gene
promoter CpGls using univariable analysis by Kaplan-Meier test
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