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Abstract Objective: To identify and validate the potential tumor markers of renal clear cell carcinoma for progress
assessment and clinical treatment with proteomic. Methods: We analyzed 16 cases of tumor and
pericarcinomatous tissue with two-dimensional difference gel electrophoresis (2D-DIGE) and Q-Fourier

transform ion cyclotron resonance mass spectrometry (FT-ICR MS), and then identified the abnormal
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expression protein with Western blot, Real-time quantitative PCR and IHC. Results: A total of 1 873 proteins

were quantified with proteomic in 16 cases of renal clear cell carcinoma, and 51 proteins of 68 sports that

more than 1.5-fold differential expressing were identified, including 16 proteins upregulated and 35 proteins

downregulated in renal cell carcinoma (RCC) (P<0.05). Among them, the up-expressed NNMT, Annexin IV

and down-expressed ACY1, calbindin in DIGE were confirmed with 16 cases of tumor and pericarcinomatous

tissues with QRT-PCR and Western blot (P<0.01). Subsequently, SPSS analysis of IHC validated ACY1

decreased in 53 cases of clear cell renal cell carcinoma (P<0.001), and Annexin IV increased in 47 cases

(P<0.001). Conclusion: ACY1 and Annexin IV serve as a putative tumor suppressor and a potential treatment

marker for clear cell RCC.
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Table 1 Clinical characteristics of 16 renal cell carcinoma patients by DIGE analysis

%' el GRITES T N M TR B2 HiIEE KN/ em

1 5 42 T, N, M, Clear cell 8.6 X 6.7 5.6

2 2 41 T, N, M, Clear cell 7.6 X 6% 6.1

3 5 56 T, N M, Clear cell 32%2.5x2.0

4 7 52 T, N, M, Clear cell 33x3%x3.0

N % SS T, N, M, Clear cell 47 x 3.4

6 u 31 T, N, M, Clear cell 6.7 X 5.6

7 5 56 T, N, M, Clear cell 37%x28x42

8 5 52 T, N, M, Clear cell 58x5.5x%x3

9 5 44 T, N M, Clear cell 21x19%x3

10 5’ 48 e, N, M, Clear cell 4x3x2

11 % 76 T, N, M, Clear cell 29%x23

12 @ 53 T, N, M, Clear cell —

13 5 68 T, N, M, Clear cell 2.8%x2x3

14 5 s3 T, N, M, Clear cell 6.8%6.5x6.0

1S 5 58 T, N, M, Clear cell 2.5%3.0

16 % 54 T, N, M, Clear cell 4.8x6.2
BEHRMBINCyDyes Bt B (TEEGE  AFEIBIR AR

Healthcare/A A ) Anic o A BEAR YL R A9 IR 55 5 M b
e, K R R E B A 20 B Cy3 fiCyshrid, [A]
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g, SO pgik HAEA 53551 FH 400 pmol Y75 vk Ikt
Frig30 minf5, A 10 mmol/L L-lysine#F 172 1k .
FricJa Mg . IEH XN SHEAL S ug, IREGFH
THEBRERE,

1.2.2 =4 5% R M BE e 5t B %, 0k (2D-DIGE)

B RR LS AR AR 150 ug 5 7KL (7 mol/L
JRZ, 2 mol/L #iflk, 2% CHAPS, 100 mmol/L
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Ji, SIPGI % (pH 3~10 NL, 24 cm, f2[FEGE
Healthcare/Aﬁj)%ﬁ?ﬁ%yﬁﬁﬁﬁ?ﬁﬁ7kpé,
SX J5 7E Ettan IPGphor I1(GE Healthcare) |- %5 Hi, 5 £
85000 Vhro SRJEHF ISR 53 I AFE &4 1% w/v DTTAI
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Tris-HCl, pH 8.8), #A7i0JEASEHALALIE, P4
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LTI
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NH,HCO,)# AL FE1 h, 100% M F IR K5,
JIIA10 uL 12.5 ng/uL/Bffff (Promega), fE4 CFE
BEE 1 hEA37 CHAT AL E . T ik
o3,

T AT 8 J5 3% 53 A A2 B 1 HL S 25 - = DU AT -
L 57 AR e B - I i A AR B 3 b AT G I (9.4
Tesla, 3% [E Bruker Daltonics/AH), IEE TS
BT BHEHRE, 3900 V; BIZ IRy
F&, 3300V; HBIZEUA, 1.0 L/min, THAE
Wik, 5.0 L/min; THEAURILE, 180 C. LM
IR R I1(3E ESigma/A A ) FThACTH(18-39) (3£
Sigma’s 1)) KA ER AR HE S, B DD Y kB S H
REE, Ph3 uL/minfy3l BEA FEG 88 98 BT A
B TR, SRAETTZ I (m/2)800~4 000 Daffi {5,
T 5k A% R i SR R RS, Bo/ME MR
10, %200 DafIEHE NS0, HENMEANREEZA
200115, RZER<2 ppm. % EJF HIFFIFENCBInr
MASCOT (www.matrixscience.com) %3 72 7 fifi 18
REILHAT X % E, R ieE . 4%
ML . B EE)T 8 il (Sequence coverage) . 15347
PO IR BOER | 15 22 RN P A5 0 Lo iff o HARER
1.2.5 #IE RNA Fo BLE %

A & 7 % (RNeasy Mini Kit, %[
QiagenAH]), M30 mgiifr 2P 2 BUERNA,
& W O 1Y A% TR G I AT 2 9% Bk R VEAR T
Nanodrop One (3 [E Thermo Scientific/A fl )M &
RNAM M4, PRandom primer(j%liilPromega
INED) KB, TEM-MLV I SERFER T, ¥
1 ug BNRNA 54 i cDNA., EARET N . ok
RNASFEHLGIH, 70 °C/10 minf5, & T UK L
WH; SR)5 0 A Buffer/RNase inhibitor/10 mmol/L

#2 BME NS EEKQRT-PCR5| )

Table 2 Primers of target and reference gene

dNTP/M-MLV, 37 C/60 min, 75 °C/1S min,
4 °C/8 min, HUL[ENS, SABj IERNAE G R A
KIZADNAM TG Y, W3 B AN & A7 S s it i B
X R [R Bf AT
1.2.6 5B &L ZF PCR

SCRT 9t E S PCR(real-time quantitative
PCR, qRT-PCR)JZ )ik HJABI 7500 Fast Dx Real-
Time PCR System. 5|#/7% W32,

PCRZ MK ZR K10 uL, f14%5: 5 uL Fast
SYBR™ Green Master Mix, 2 uL ¢cDNAFI2 pL5]|
Yo RBZ&HWMTR: 95 C (10 s), 11EH;
95 C (3s); 60 °C (34s), 40 MG, HEAEESLHD
A3NEAL, GAPDHAENNS LA, [6l N & —
AN PEXT R 3 PR A X 3k A A MR A 27k
Kt
1.2.7 Western ¥ 1T %

ALY AL <0.5 em* 7 HL, A & (g
Hil I RIPAZS MW, K ERESIK G, EAREK
T AT AR 42 fk M A5 2L/ (Diagenode™ Bioruptor™
Pico Ultrasonicator), )G E T UK EZL4#10 min,
12 000 r/min®j.L>10 min, HAE )G, W40 pgit
11SDS-PAGE % % (iblot2, 3 E Thermo Scientific
INED) . BRIEAEHE, HTBSTZE ik k3R, 2%
BSARW I ET 1 he BES, A 0lIMA—di4 Cid
R, HAHPNNMTHIACY 1 B8R vr B i {4 (3%
[E|Abcam/Zy A]) . JEIK K F (Annexin IV) b 3¢ ¥R v [
ik (3 [E Santa Cruz/A ) . Calbindin A H 5 78 f
PR (FEE CSTA ), SR )5 HUR i & AL P Bl b id
B9 30 (3 E Santa CruzA /) EIRIFHE 1 h, WEMN
AECL I 4 5 78 5E MR AL (Kodak Image Station
4000R)_#EFTHARE

A EmEGH(s—3") K151 41(5'—3")

ACY-1 CATGCCTGCTGCCACTGACAACC CCACCCCACGGAGGAACACA
NNMT CAGGAGCTGGAGAAGTGGCT GGACCCTTGACTCTGTTCCT
Calbindin ATCCCTCATCACAGCCTCAC TCCATCATCTCTTTGCCCATA
Annexin IV GGAGGTACTGTCAAAGCTGC GCCACTCAGTTCTGACTTCAG
GAPDH CTCTGCTCCTCCTGTT CGAC ACGACCAAATCCGTTGACTC
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1.2.8 & AR5

2 U TE 10% HY T [ 5 W T I RC.C B X iR 4 41
FRACECH, dEfF A s . U1 R, BT HEY
R 2 2E . R T EPIANNMTAMIACY1
% B 9% E Abcam /A F), —Hifdi fiDaKo Envision
FLEXZ %, JFHE4 Al s d 2k e iy ik
1T (FF % Dako A H]), TV 43 BY J5 58 H¢ fet a5 A1 L A5
st E A, HAsREE (<) ho, (+)AL, (++)
F2, (+++)R3, 0% R0, 0.1%~5%H1,
5.1%~25% M2, 25.1%~50% N3, 50.1%~75% M4,
75.1%~100% K5, B ¥R HSPSS 19.0% 4o

1.3 GEitF4bIE

KPR 7 22 73 Ht (AVONA) B X DIGEBE I
AR 25 S R AR AT s X S B e
HPCR., AL ATEIr . Western E13T K 5 (i
1) 5 2 43 AT R F Student” t-test; I R 8 RH Hfi iA
KHE A, A Rk RS I 555
P G e 42K FHSPSS 19.03E 47 70 A, XU AG:
K, FELIP<0.0S W EA G2 L,

2 R

2.1 BiERAAMENESHEANELREZST
FI 2D -DIGE S #1641 ' 175 B 40 Hfd g S8 5 Jib

JoE X MR A UG 2 1 A 2 (L), I R 3 R I
%1, fEpH 3.0~10.0f110~170 kD (1 D=1 U) ¥
SFRELEN, ﬁimDeCyderTMéfil‘fﬁfLFTE
XF1 87348 H BT KR AT 1R AN Ay B,
FoBEE 1 5 | R L, FE95% CIiii Bk i 335
JE =155 095 A, N e BT TR 684
PRUHR W] UL 8 1, 3l R AR B AR S AT

Y% 8 5 B 76 N CB U P2 i 48 & A L Xt
Ja, Ao BE A S KT s ENE
HoxF RRBC . 35 P A ] . BRI 25 FIP<0.05,
YE eI HARE H (R3), ifs3fi&Ey, H
CERE 74 (13.2%) , MRS 261 (49%) ,
LRAR A CE I 111-(20.8%), B . 5fi.
NI, FHEEEIIREE 9N (19%), Hf 18/ EA
TERRE Rk L, 3SPMNEHRATIHE, £ix L
W E AP T B WA R (Tl
1), ¥#iz7% Pk (Vitamin DS E N . 85 0), B
AT (PR E . ATP & N . NADHI &
fitg), MEACIE M (B ER B, JE d B -N- LA RS
FBENNMT, ZIEEBEALEEACYL), 25444 F 161 (i
EEA, WREAAMER) UGG Mtz (R
9 Annexin IV, 54544 19 Calbindin, K 75E
F)& . Beah, fEJLAE A IKRB T &8 T A 9 &
BT, AlRESE T Sk fa A [ .

B 1 1671 1 B 40 B JeE A RS A0 2 55 4H 422D -DIGE 43 1

Figure 1 2D-DIGE analysis and preparative gels of early stage of clear cell renal cell carcinoma

(A) 55 375 W 240 s R LE 3 B 4 4R 6 22 BRI Lk BI% . pH 3~10NLJE 4%, 12.5% SDS-PAGE; (B)HDeCyderTMEI{ 3 M7k
PEXIDIGBIEMGHEAT /3T, i i B PR 38 5 22 70 B U R A 25 ZH VR A 22 5 K T LS9 954N H 1 (P<0.05)

(A) 2D-DIGE fluorescent photography of clear cell renal cell carcinoma and normal kidney tissues (fused image), pH 3-10, 12.5% SDS-

PAGE is presented; (B) Ninety-five differential proteins between carcinoma and normal tissues were significantly labeled with markers,

whose average abundances of spots were quantified and those with relative changes in abundance were greater than 1.5 times up or down at

95% confidence level (P<0.05).
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FRIEBEARBAFEEMDNONER = 1LSBEHNEAR

Table 3 Proteomic analysis and identification of 61 sports more than 1.5-fold expression difference

UniProtKB/  4FHL s 25 e bl [N N =
i AR ) e FH 485y - . s P
Swiss-Prot (P1) TRZE B %L
(MwW)  Hufl/%

455 BEREHEI P06396.1 5.9 86 043 11 24 91 10 +1.75 0.0021

499  fEHEHa P04217.4 5.58 54809 30 64 0.0075 11 +5.26 0.0030
|25

500  HEEMHa P04217.4 5.58 54 809 37 85 5.8e-005 13 +4.84 0.026
|-

881  HUBRMEEHa  P01009.3 537 46878 44 81 0.00015 16 +1.98 0.017
3

1051 HEHEMa P68363 494 50804 47 118 3.2¢-008 18 +2.04 0.0097
W3

1058  EHEHa P68363 494 50804 46 116 5.1e-008 19 +2.19 0.0072
|25

1078 4 E DY P02774.1 5.4 54 526 37 63 0.0097 12 +1.84 0.0088
GHEH

1213 HREH P08670 5.06 53676 57 125 6.4e-009 34 +5.02 0.0072

1291  EEEA P08670 5.06 53676 45 80 0.00022 19 +10.02 0.00022

1925  JEEREEEV P08758 494 35971 51 104 8.1e-007 18 +2.61 0.00033

1928  BEEREEEV P08758 494 35971 54 142 1.3e-010 19 +2.52 0.021

1938 JEEREEFHIV P09525 5.84 36088 50 120 2e-008 21 +4.40 8.5e-006

1947  REKEHIV - P09S2S 5.84 36088 50 133 1e-009 21 +6.83 0.00044

2010 SEETHE 000299 5.09 27248 38 70 0.0021 8 +2.90 0.0013
Grd=|

2028 FEFMGA QYUL46 544 27515 51 68 0.0035 11 +2.01 0.0037
HIE R A
LN 2=3)

2057 fRFRTEFAGL P00915 6.59 28909 45 68 0.0036 10 +2.02 0.022

2092 WEMRHIWAE  P18669 6.67 28900 59 107 4e-007 19 +1.89 9¢-005
{7 g1

2104 JERBERE-N-  P40261 556 30011 21 36 4.5 4 +5.82 7.2e-005
H L il

2106  BEMRHIMAE  P18669 6.59 28909 52 102 1.3e-006 16 +1.89 0.0091
{7 fig1

2269 HREEFIEAE  P02794 5.3 21383 54 80 0.00019 9 +2.14 0.0084

2286  a-fniAEA P02489 6.76 20146 62 82 0.00012 10 +2.20 0.026
pHE

2291  ZRHBIRATP 075947 521 18 537 77 83 0.00011 12 -1.96 2e-005

B I
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UniProtKB/  Z5Hi 4 G i Gk PLACK 7t
g < niPr ~F R L = 4 7 -
i BRI Swiss-Prot (P1) s 57} o Rz BOE fEHL i
(MW) e Hl/%

1175 ZRRiIRATP P06576 5.26 56 525 57 102 1.3e-006 22 -1.70 0.00088
A BB
R85

1684  Hih-3-f P21695 5.81 38171 76 143 1e-010 22 -6.68 2.4e-007
i I
[NAD+]

1723 PR/K i Q9HOW9 6.23 35608 39 83 0.00011 17 3.61 2.4e-005
Cl11/f54

1756  WAEEFBIE  P68371 479 50255 32 90 2.1e-005 19 -2.01 0.0022
HoCh

1803 L-FLMA  P07195 5.71 36900 53 77 0.00043 23 -2.90 1.5e-006
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ACY1: Aminoacyseasel; CAL: Calbindin; NNMT': nicotinamideN-methyltransferase; ANXA4: Annexin IV; N: normal tissues; T: tumor

tissues; N-T': analysis between normal and tumor tissues.
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Figure 3 mRNA expression level of ACY1, Cabindin, NNMT and ANXA4 in renal cell carcinoma and normal tissues
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Figure 4 Protein expression level of ACY1, Cabindin, NNMT and ANXA4 in renal cell carcinoma and normal tissues
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Figure S Immunohistochemical expression of ACY1 in renal cell carcinoma and normal control

(A-C)IEW BFHAPACY1IFIK(A: x40, B: x100, C: x200); (D-E)EBEWLAMEPACY1NEIL(D: x40, E:
x 100, F: x200); (G)IEH B HERM(x 100); (H)'HEEHAMMIEHESE(x 100); (1)S35%F g A1 1E F %t B2 21
ACY1IEIE G

(A-C) Expression of ACY1 in normal Renal tissues (A: x 40, B: x 100, C: x 200 ); (D-E) Expression of ACY1 in ccRCC tissues (D: x 40,
E: x 100, F: x 200 ); (G) Normal renal tissues (HE, x 100); (H) ccRCC tissues (HE, x 100); (I) SPSS of ACY1 expression in 53 pairs of

ccRCC and normal tissues.
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R4 ACY1EBHRIEEIR 5% ARl RS EFFE 2 8 B8 K1 (n=53)
Table 4 Relationship between ACY1 protein expression and clinicopathological features of 53 patients with RCC (n=53)

i RS % i il (1911 (9%)] IR RERRAR/ (191 (%)] L RRAR/ (191 (%) ] p

iEW/ % 0.596
=60 20 (37.7) 7 (35.0) 13 (65.0)
<60 33 (62.3) 14 (42.4) 19 (57.6)

il 0.177
& 17 (32.1) 9(52.9) 8 (47.1)
L 36 (67.9) 12 (33.3) 24 (66.7)

pTHHY 0.922
1 40 (75.5) 16 (40.0) 24 (60.0)
2/3 13 (24.5) 5(38.5) 8 (61.5)

PN/ 0.164
0 40 (75.5) 18 (45.0) 22 (55.0)
1/x 13 (24.5) 3(23.1) 10 (76.9)

L2 021
MO 35 (66.0) 16 (45.7) 19 (54.3)
Ml/x 18 (34.0) 5(27.8) 13(72.2)

M 0.949
= 23 (43.4) 9(39.1) 14 (60.9)
= 30 (56.6) 12 (40.0) 18 (60.0)

el 0.837
= 16 (30.2) 6(37.5) 10 (62.5)
= 37 (69.8) 15 (40.5) 22 (59.5)

eI 0.24
IE 26 (49.1) 8(30.8) 18 (69.2)
& 27 (50.1) 13 (48.1) 14 (51.8)

BH IR 0.312
P 10 (18.9) 5(50.0) 5(50.0)

e 43 (81.1) 16 (37.2) 27 (62.8)
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Figure 6 Immunohistochemical expression of ANXA4 in renal cell carcinoma and normal times
(A-C)IEH B AP ANXA4AUFEIL(A: x40, B:x 100, C:x200); (D-E)¥E &AM FANXA4HYZIA(D: x40, E: x100,
F: x200); (G)IEH FAIZIHERA (% 100); (H)'H B AMIEHER A ( x 100); (1)47%F Fifgd F1E H % FRZL 21 ANX A4 T
GUERa T

(A-C) Expression of ANXA4 in normal renal tissues (A: X 40, B: x 100, C: x 200 ); (D-E) Expression of ACY1 in ccRCC tissues (D: x 40,
E: x 100, F: x 200 ); (G) Normal renal tissues (HE, x 100); H: ccRCC tissues (HE, x 100); (I) SPSS of ANXA4 expression in 47 pairs of

ccRCC and normal tissues.

TS5 ANXA4E ARFRIEER 5% ARG RFESFAE Z B B8 XM (n=47)

Table S Relationship between ANXA4 protein expression and clinicopathological features of 47 patients with RCC (n=47)

&R Z4L il [51(9)] i35/ 151 (%) ] 25/ [B1(%)] p

R/ % 0.881
=60 18 (38.3) 4(222) 14 (77.8)
<60 29 (61.7) 7 (24.1) 22(75.8)

P53 0.466
i@ 13 (27.4) 4(30.8) 9(69.2)

L: 34(72.3) 7 (20.6) 27 (79.4)
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2 15 (31.9) 3(20.0) 12 (80.0)

3 6(12.8) 1(16.7) 5(83.3)

PN/ 0.264
0 37 (78.7) 10 (27.1) 27 (72.3)

1/x 10 (21.3) 1(10.0) 9 (90.0)

L2 0.427
MO 34 (72.3) 9(26.5) 25(73.5)

Ml/x 13 (27.7) 2(15.4) 11 (84.6)

Fuhrman73-%% 0.70S
1 17 (36.2) 3(17.6) 14 (82.4)

I 22 (46.8) 7 (31.8) 15 (68.2)

111 8 (17.0) 1(12.5) 7 (87.5)

W 0.881
b 18 (38.3) 3(59.4) 15 (0)

w 29 (61.7) 8(27.6) 21(72.4)

el 0.527
= 12 (25.5) 3(25.0) 9 (75.0)

& 35 (74.5) 8(22.9) 27 (77.1)

e I 0.363
s 27 (57.4) 5(18.5) 22 (81.5)

i 20 (42.6) 6 (30.0) 14 (70.0)

W5 R 0.927
= 9(19.1) 2(222) 7(77.8)

& 38 (80.1) 9(23.7) 29 (76.3)
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