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Research Progress in Serum Protein Markers of Renal Cell Carcinoma

FU Yulin, HUANG Biao, ZHOU Xiumei*
(College of Life Sciences and Medicine, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract Renal cell carcinoma is the most common malignancy of the urinary system. In recent years,
with the development and application of “targeted therapy”, the treatment of renal cell carcinoma has made great
progress, but targeted therapy mainly targets patients with advanced renal cell carcinoma or inoperable renal cell
carcinoma. The 5-year survival rate of early-stage renal cell carcinoma can reach more than 90% if timely opera-
tion, but the 5-year overall survival rate of advanced renal cell carcinoma drops sharply to only 12%. Renal cell car-
cinoma has hidden onset and no obvious clinical features, which makes it difficult for patients to detect it. Clinical
cases of renal cell carcinoma are mostly discovered incidentally during tests (i.e., abdominal imaging) performed
for other reasons, and often have advanced stage or have progressed to distant metastasis at the time of diagnosis,
leading to poor prognosis. A variety of cancer serum protein markers have been found, which show excellent effect
on early clinical diagnosis of renal cell carcinoma. This article reviews the serum protein markers found in renal
cell carcinoma in recent years, in order to provide theoretical reference for early diagnosis, treatment, course moni-
toring and prognosis assessment of the disease.

Keywords renal cell carcinoma; serum protein marker; diagnosis; prognosis; clinical
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Y A6 G 300 0 T PR VR T ISR R A T E R AR AL,
(EAT A VF 22 [ R 15 Al R T. T Ve 8RR ' 4 M e
PIBRA R A T4 5 PR T A e T, AR
i, HFSZ w] AR S, Iz ke e e =B E AT
BAKEE, K2 B 20 M et B AE W PR A2 W I L &
NA R R AR R B D, SEUE A R
U, 5L SI2 A R TR AT SR A B R T %
. ST B TR 22, s N R 2, Pk
A BV T E I ROH I LW ST e hE A 5300
W, FEW TR B REAE T T LE N LA

AL AR OR L3 ER bR 5 A AN LAE iR 1) 812
Wb AE SR, 10 AR AR I F5UE VAl i 4
APGE, Al X EFEHENERS . ACHHEIL
SRR DL — L8 L3 5 AR S AR R 12 W e
FLT i I PR L A — 2R3, H B R D I PR R A
MERE 2 J69T R AUR RIS .

1 RCCHER

B 4f s SR B R M 26, A 3R
BB 32 B AR A — 28D WL SR A A LY
I3 H S TR B 325 BH 41 g e (clear cell RCC, ccRCC),
o A0 MR 1 LA 75%~80%, ST R S HIAT ; 4R
Ji 52 F KRG g (papillary RCC, pRCC), A
10%~15%; LA Bk €4 ' 48 i (chromophobe RCC,
chRCC), 4 b H6%~11%1,

i A, 2 kA | B/ NET . Jethfk
3pBk R BT 3p25 Y ik E 1) VHL(Von Hippel-
Lindau) 8 $00l] J5& D] (1) S8 AR 35 5 B 4 o e i A=A R,
VHLFE R ) 5 2 175 B 25 ) 4 M s AR oy 2 B2 1)
o VHLEERYmiS ) VHL S F i A (2t s 75 5
“F-a(hypoxia inducible factor o, HIF o) F& A (1 /E FH AT
54 iR I A AR RN IR A B B . R 2B
175 B 41 e FR 38 A7 AT VHLES R AR B A7 A st A%
WU F5 1K) VHLFS R R 238 BT LSOtk B 20 e £
Gtk 75/ 175 ERIH FE U FLIOIRE 4
JE A PFIE Y, A 1 RUR 20 M 1 R 3 R A A TR o —
R 4 AL K7 (mesenchymal-epithelial transition
factor, MET)IJ¥0R FIRAZ, 288 4% KT E2AH K K 1
2(nuclear factor E2-related factor-2, NRF-2)HT 54t %
M Ji {4 (antioxidant reaction element, ARE)I&/2 G A
S T B A s R = K 22 KB A B BT R 1
FENRTARE R . AR R B R SRR T4

EENRZHM, HA ARV 2 R AT A A,
LI £ 4 B T AE £ A BN Birt-Hogg-Dubé
CEE LR VE TR AN NG 2 E B P ou g 30

2 RCCiZHf

B A0 e - TC R R I R R I, R BB,
NTE B REREAR, A% 2R DR Ag R A A g G A JiR DR fik 52 8
B B CTR & I R . DU AR 4 =R 45 A
MR PR o SR AR T fo B ) 3 e RSk v2 W 4 e,
(B [FJ ISt 30 = RS IR B g > W, IX K 1297 X
JEo BRI K2 OB v W 4005 A i
ERUE A R o DRI, 3 A AR ART — AN E R A
ZolREM. —RHEES SRR, R E
o B 2 A 2 R AZ T 2 g

MR RAERIGEERE ., X2&iZH, CThE,
W REIEHR 1% (magnetic resonance imaging, MRI)EG: £t
MR BRI, R B RSB
TR AR BOS A HEER, TR T 5 R 8w
SRR I AL Ao s AEAR AT R B E AL
ARG LAEFARGBTT IR RS EET B,
FEREM XL W, 2RI E N E R EEART
B, RZHOCREIR S 400 o] BB K. 45575
AR A, G 5 CTTN 531 5 s 0 5 2 M
ITIHERI R IE 90% LA b, HBEA Ao AL AL E
BRI BEEFEES CWIMERE . EE
MRIK#, #ERFR S5CTH, BA G 2T700
FUG HIHARRR 55, % B AR 2 WA e TR Ta A =
BHIMME . R E BB S ARG E RS
W7 A N AME

X R AR S W IR 2 1 AH e R R O,
L e EE I B IR VA (renal tumor biopsy, RTB)!
B, AR AR W R SR i B 21
AR SR, BEITIEAM B s, T HL RO AR A
SRR I A AR AN IR, AT 51 B s A R
AT e, PRI Ay BB H 7.

K 2 550G A B e 0 491 2 7 AR R S 1 R IR B
b S 1) 5 B A A B R AR IZ T I, B
B A JTEZ R, HCTHMRIFA B B 2,
15 9% F & 7 45 i DRI R ) 7 AR I R B i) 2 R
110 LT B 4 e B R AEAN WL R, #E T A & 2 AR
R, B2 Wi Ok e R S Bl i3 g it A e #2,
B AR T LR T R EORE A R o L Hks il
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E H AT AR bR OO 8 5 A 3 A
B AR SR G e BEAT R A HERA A2 W AT
7 ROTAY, R RZBIR IR I — A B IR TR
PRIk, 9 32 HH A 00 A1 ' e 1MLV 2 bR A A
A7 AR R IR

3 RCCIEZFRE
3.1 MEEREHERY

I A B 2R 5 1 4(angiopoietin-like protein 4,
ANGPTLA), R A T2 8% 1 5 /10 55 AR R AR 9%
®|H, 450 BT ANGPTsZ i, 45 185 i 5 F1 &
BP0 AR RS I @B T TN RE ™. ANG-
PTLAR BT AR I SCEE A1 [R 7, A S iRE LA =

f IURE 14 B 45 95 HH Pl R A HEAE D 21 53 7 ANGPTLA

AR —Fp o3 WA B 1, 7E PR 20 B DA RV 22 96 i 11
AR BEIX BT #5553 IA , A @ i 0 1 i i
P DL K 988 20 B Fr0 32 B AR 28 R BH L B e 4 4 7%
HIFEH 22, HOTAIRMIE N — s K 5 AR gm it
RNA(IncRNA), HF P20 i J5 7.8 HM1-37E B 3% 1
Y AR o R S ANGPTLARIE , DL R ER
SRR LRI A AR B R, 158 B ANGPTLATE 15 41
e e b EAT SR o 7E B hRg v 4R, ANG-
PTLARImRNAZK- A H K- #B 19 1, ANGPTLA A=
FHRBE X JE B R 48X, A, ANGPTLANAEH LI
37 U A M A PR A R R R 4
thAR AR VERINEZS I 5 R ILANGPTL4 mRNA
FIK 55 5 375 BH A e e v PS5 A G s L SOk R R
' 37 W20 B RS Wiks B4, hANE R I ANGPTLAY
mRNAIE AT PAIX 735K [ 25 P8 B 10037 B 40 e -

DONGZ52H IS ELISA 3 #7 15 H, B 4H it e 52
ML ANGPTLAZK - . 25 vy T fidk 5 Xof HE 4 0 A
KEIEIE # (P=0.000 1), H. 55 FuhrmanZ) 2% .
FE RS IR A A 3 Ik 2 5 54 7% 3 W A OK(P=0.05). H
TIX 535 20 e R 2 5 (B GT BRZEL I TAEARRAE 4%
NI AR (area under the ROC curve, AUC)N0.844, R &
J5E FIES S350 31 M 69.1%HF193.9%, [X 0 e B
SR BFE IAUCN0.725, 7 A50E M 4 1)
990.9%F1156.8%. B4k, B LR K I35 ANGPTL4
B TR I E ANGPTLA R 3 (1) o it e AR A7 s K
(P=0.033).
3.2 AKREREIR71 kDaZE R

HARTE[EYPR 71 kDafk [ (heat shock cognate

71 kDa protein, HSC71)x& —Fl 4 Bl Y 22 38 (I 145
W, MYERE AR E B OCEL ., AR,
HSCTUEH T B M S K455 REIEH, AR
yii s = iy S e R TR g S Wi o ) e A
TEJRRE A, B P #0K 3 2 [ (heat shock proteins,
HSPs) A R I RE, — Lo Kk v 8 H 4 UE B 5 12
J7- VA 200 L BP0 T L 1) PR 5 o L S 2 AR R A A
() AN T U EL AR B F AL T 2 i A R A
A PR TOE B F R DhRe, e BLG) R &
P B R 9% FR 0 T ) S I B P A AT
L, AR BB MR e 1 T HSPs T e R A AN
[ () DY RE™, HSPs 3 IA 1E 22 M I Hh 45 15 3 o

ZHANGZE BRI 5 T-ITRAQI) & 2K 1 i 4H
AT T, I8 Western blotAl ELISA#FAT 3&1F ,
i H I3 2 HSC7 152 12 W 5 240 e (08T AR 2 A
YibsEA, AUCHO0.86, 7 B FIHF 514 73 70 87% A1
80%, LA 15 ng/mL. 757H ZHANGZ P G4l
ZUL ST AN B e A HSCT1 3Rk &, FH M
N 41.3%, NN HSCT1Z5 2 80U B s 83 S iz Ak
MR AR . T AT FE AN R AR AR A A B ST S
K2 .
3.3 EEELEE-3

Jili Uk ¥R AL B -3 (prolyl hydroxylase-3, PHD3).
BRAA75 5 Bl 7 (hypoxia inducible factor, HIF) /2 & 4]
P ges 9 AL 1) 0 S B TR 9 BT 1, AT A R
PRI AR B R 7, anifil 87 9 B2 2B KK F- (vascular en-
dothelial growth factor, VEGF)®?, &% B 41 iy Jeg
Jifp e ¥ 1) 2 1 (VHL protein, pVHL) %15 5 2 HIF I8
PEAE TR R A, AT 51 R 5 - PHD3
i, MIIKKULAINENZ B 7CiE ] 7 PHD3
FEAERR B 37 W 40 e vh 1 50 S 20 i D e (45 B
fEAE A AR E B REENIEH . EE
3% B 21 e 1 B E R R AR AR s A R, 3-BEIR
i i &L 1(glycerol-3-phosphate dehydrogenase-1,
GPD 1) # ik B 75 15 375 B 40 s 4l 2 p 308 T, T
GPD 1 X4 UE B n[ 40 PHD3, [H itk n] 75 i PHD3/E
175 B 20 B o e A PY MITKK ULAINEN 2539 % B,
5 37 B 40 i 5 0 i PHD3 ) i 3R IA4E+F | HIF-2a
SRR EL R s 3k, IX AT RE Y 5 1B A R A
72t . KAMPANTAISE: PR 5T UE ], PHD37E B 4
e b FE R IA, HWFu 4 R A2~ PHD3AE & 1% W 48
Jf e h R AR, oy PDH3 mRNA L 51
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IR R AR

KIMZE BT AR B, B 4 e i 3 1) 37 PHD3
KPR, AUCH 0.668, #1E1E 4 0.761 ng/mL,
BB L RS BE M FIUUAR AN B 4 SR 43 5 A
66.1%. 68.1%- 28.8%K137.3%, AHMEMIR K/ N>2 cm
(PR i P LTI P e A B i, HOR S B 4
fJPHD3 /K12 E AR T ARFIT K-
34 BEREATERTS

Hi] % BT 2 (1 78(glucose regulated protein 78,
GRP78)#& #7251 70(heat shock protein 70, HSP70)
BFR IR —, CHIE] 2 N M (endoplasmic re-
ticulum, ER)H 17> F-F-AR, 3= B0 87 1F 5 441 P i Y
Rid, fEVF 2 AR iR (B E AR AR, S
8 PN BT A JIEE ) By 7 ) R R S EL AR B8 I SRS
7E 4 M S8 R R, GRP78 M ER %R % 50 3] 5 Jit
TER R RV Z BRI 244, IR BeE N NS Al
FEEN H SPUR, IR EEIE ST Wi, R4,
AT, RAER GRS, WrE R an i, i+
HIEIPERIZE. B FLIRIR R JO0E M., GRPT78
Tk K i, BB AN ARG FE . A B SR
B, GRP783d R idicd fish e AR A1 8 1 1 RS54
W 4E LT &7 JE B e I 257k, 1 GRP78IT BRI
Y g 719, FUSE PR H RT-PCRAMG & 4141045
50 BT GRP78 mRNAFIEE (4 [ IA K, KL
5 241 g £ 2 ) GRP78 mRNA /KT AR ik 7K
%1 FM, 3E K IMGRP78 mRNAMIEE (4 ik /K& 5
RR. IRR D M A <. GRPTSIERIESMIKIITH
RERIF TR W], GRP78 R i 5 375 40 o e 410 e 10) 184
TR PR T R 1S HAE T FEN, R R
GRP783 12 1 I 2 $U1 1) 55 440 e 40 B A K A B v
X, FE155 5G40 H R

KUMARZ: ™IS H RT-PCR. Western blot. %%
HLUL A ELISASE J7 2400 GRP78, HifF 78 3% B 5 fi
JFREXT HE AR B B A i £ 55 GRP78EmMRNAUK -, 4
ZUKFRIGE K B35 525 B, 9 H GRP78FRIE
5B A PR B0 3 O o R A TS B AR
ROC £ 3 HT 27, GRP7SIZ Wil FHE A 1.203 ng/mL
B, GRP78IMLTE 7KF- [X 73 1 4 g A 1A R sk
ARSI 2> N 71.7%F1066.7%, HLAMIE T 45 Bt % 1
7K IMEGRP785RCCT i 2 AH 2K o
3.5 ARtHEBATSEHIIEE-1

e H IR S AL P EE- 1 (glutathione peroxidase 1,

GPX 1) vz o0 A T2 bR FI A f i, /& GPXs ST
ORI R 2 — , HRIE Y R 2R T I
k= U AL LR e TP N N B 3 R N ET N
EALBE 2 —, fE7E M4 (reactive oxygen species, ROS)
P e B AR, AT IR 1E 5 4 i 40 52 AL
R BRI, PR BRIE 14 (solute carrier fam-
ily 7 member 11, SLCTA11){E 2 R fifRg o v 5 R0k,
HLAT S 2 R e 12 A4 L N GP XA A R, AT
WG T 4R N ROSHE FEAR R S 8O A 4 17, 1
GPX 1M1 GPX41E & H 4 A H.AE (protein-protein inter-
action, PPT) W £ HRAFAE AT BLAE H, (R, GPX1R] #E
Z 57X —d BBk 5 R 1A . CHENSE MIHEN 7E
B PRg it et AR, Ui U4 431 52 e Hippof 518
% 1 [R] AT BE R 520 GPX R I, T AE 8k 15 i
IR R MeAh, 3 RIS 40 o F GPX1 1) 3RIA &1
X REZH I N, UE S GPX15 ' 40 e 2B 38 e A A
Kot

CHENGZ ™I ¢ i/, GPX 18 A 7E B 41 s
i R RIA, T UE I GPX AT {2t B 40 e 40 A 1 38
FE SEVRTER ITRAIEZE. Ak, BRI K
FGPX1 5B AAERT R AL HE . IR EL L AL
oI IEARSG . ROCHIZR /3T o, MfiLiE GPX 17K
ST X 43 32 WA A0 e RLIE 414, FLAUC 0,790 8,
=1 GPX1/KF-HPK RCCERFE 5 IEH AX 3 JT K, His
GPX 7K1 4 B B A AE S T
3.6 BHtAETF-1

B #5144 X1 -1(kidney injury molecule-1, KIM-1)
e IEEREE A, A8 HAVer- 1R TIM-1, J&
T T2 A G2 3Kk B 1 RN 6 2 11 45 74458 (T-cell immuno-
globulin and mucin domain, TIM)& A% %, KIM-15
A Z G % 73 YA R Z A AE T, EAMN BEAE S i
PEA R Rk, EREAE bR A R Rk BT A
LA YUER KIM- 135 D] 400 1) 325 Y 240 . ' 4 e 1 D 2%
786-0M PR AMAIMAR N AE K, 25 AR I KIM-1 7] g fig i3t
= ot o b T A o = 7 - 2] 1 I = A
B R A I KIM-1 3k s 3, A 7T IE B PR
AL B KIM- 17K 08 B 4t s B A 12 W H B2
CUADROSZE P 745 R 2o, KIM-1HE % &
IL-63%15, 0 STAT-3 (2 1t [ Jed 241 i o i A= A PR
AE A R R 7 B 2IE , DAGR 2k g i AR KA 1% .
5 53— WU FE A R, 38 e A ifi 2 KIM- 13 8 ] i
WA 5475 40 e (9 Ao 26, HLIZ Wi IfL % KIM-1
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TR T 545 1 A4 P R TS R 22 AR OGP,
KUSHLINSKIIZESIHE 7T 1 32 W ' 20 i g 56
AT L g s A A R A 0T B ) LT KIM- 17K P,
R ILKIM- 17K B89 3 3 5 2 T e, ZELDAE
FEARKST A 1y 150 R ZH B R 1 g JB 3, A ' 4t s
R B FHE NTT7 pg/mL, Befd REBUE . R 7 JE 5
73 9 81%A183%:; Y1~V 311 41 Jfd g A I F) SR 8%
97%. IMLIEKIM-17KF-Fifi 35 Ji < Jigg o /N AT AR 1)
g I, HA R R AL T e B
TEKIM- 1R B 5 5
3.7 HiBERE
ARFFURIL, Fiihi] F -1 (arrestin-1)IK B S 44
TE '8 g v i 3RIE , FEWE FUREAR T 75% 00
I35 A A DU R BT ) 2= -1 B Srduik, Bkt
arrestin-1H S HUAA B B 40 0 A Y0hs S
10, 4/ 2 6(interleukin 6, IL-6)2& —Ff [A]
[ g i S S 70 e A 11 O o R e S e e
JL B4 5 R R (AR A B 4 R b RT R R AR
A B A B 20, RT A BT B A P P A= 2R AN A
%, H I3 7K P B A B U A T A e BT
73 AMPINENZE BB FE A I, 72 40 i e 763 MLV
FRAR I 2B B 2R -2(angiopoietin-2, Ang-2)fE 1A, H
H 5 5 A o 30 S UG AEEA G . thANE R 2
TAE 78R I, I3 Hh LR I S8 (lactate dehydroge-
nase, LDH). }BtZ Z-C(cystatin-C, Cys-C). kiR
(hepcidin, Hepe). A= /70 AL I ¥ 15(growth/differen-
tiation factor-15, GDF-15). Cx i H5 HEHHZE

(C-reactive protein to albumin ratio, CAR) L f Wi i I8
f74E 4 KA F (Cripto-1, CR-D)ILE /K75 B 41 f e
o B T PR U E D, ZEAR B E A TREAT A A]
CLNIRIT T SR Mk 42 E 48 5, FEAR S Rl mT A4
AR AT T JE S bE T TAE B A = .

4 BRESRE

I J6 A 75470 R e JRE e A B s ) P 2 1 B
AR, 5 AR RR R B VIAR DG, T
R A 2 W. IRIT . TR LA R TS IR
T IR LT R T bRic), H T e R B i
S DRI 2 1A 5 ) S ik o AR IR s 2B L
BHA RGPER, R thEif, gext g iiiT e, S
T E R ARG, B M S T TS SR . I S
HRAROE 178 7E B A B br S Z KR R, 5 2 P
iR R AEAEAEAR ORIR, LA K 22 21 1 7E B 4 s s
MU A F AN B ARG, e =2 AT SEEE , DRI i H
A SEBRIE A R A 14 B 40 B e T332 (1 ARt 40 1)
MEFE AR AT AN, T B I B 4 s v 7
(AR EDIINIG R H R B, B ST 2 Hi i
F G RIE FHAME , 0 R B BT K IARE DT, TR
WIFFERELE 1 B A s AR W0 B S TR AR G, A
T ren 2 e A2 P UK TR e

2 ERTA, % ANGPTL4. HSC71. PHD3.
GRP78. GPX1. KIM-1. arrestin-1. IL-6. Ang-2.
LDH. Cys-C. #if&. GDF-15. CARFICR-1#4
JCH ' R AR SIS T (R ). HH RIS

®1 BHRERNEENBRSY R EINEE

Table 1 Potential serum markers of renal cell carcinoma and their functions

PRED SCik AR 533 Lig Tijs
Markers References Cut-off value Stage Metastasis Prognosis
ANGPTL4 [23] 28.4 ng/mL v v \
HSC71 [27] 15 ng/mL - N \
PHD3 [32] 0.761 ng/mL x - -
GRP78 [49] 1.203 ng/mL v N \
GPX1 [43] - v N N
KIM-1 [48] 77 pg/mL v N \
arrestin-1 [49] - - N \
IL-6 [50] - - N \
Ang-2 [51] - - \
LDH, CR-1, Cys-C, Hepc, GDF-15, CAR [52-56] - - - J

SR M, BRI, “ A

“\ indicates correlation, “x” indicates no correlation, and “~ indicates no study.
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FAIREL D | — L HE 1 5T A2 1 2 e o ) £ FE AL 1
ANHT, AR TR S 2 i PR AT 78 ok 9o ik L AT S
BEAh, XL AERR B IR AL B G e A A 31 1R 56
RS, AR B B AR B S SRR L hR S
YIRIRIK, AR — 2 TR R, 1E12 1 2 EEw
[ R Z A S, DR R AT T LB 2 R
ASRFIANLA (0 LR, 252 B 1R R A4 R,
L0 TR TR RS S, 0 T
B, S MRS B . SO TIA I L 2
R A P AR R 2 TS, SRR
MUZZ VAT A FIREE RIVEH, B X X e T 5T
AR, KA AT Be R I B Va7 B s

H A IHE 28 B 4 e P E AR BV 2 LU ELISAVE A
W, ZITEE R TR b C i R Bk, —E R
JE B T hRic A iEE . kA, BT ELISARY
REUERAK, BT RAES R, fEt:
RS 00 90 AN 2 27 VR LRI R e I T 2
PP 43T (time-resolved fluorescence immunoas-
say, TRFIA) & — B AR AE R 3R S e i, Al
/N T R IR RIS PUR BAUA, RATBELRIE 1 45
DG . 5 BLISARIN 57240 L, TRFIA R
BREE S FE Vel ARG Rl 58 SR ool
1, S ST A e ML R R 0 e R TRFTARG N 7 7%
G BT i B 2 W 2R

ek, PA b AT A A BN B A g T A
BV 77, A2 B a0 e R N2 . 2 LTS
PR, A5 J7 T A — B U R, W OB S A AN
T PG IR AL IR S5 .
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