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Key molecular events in renal carcinogenesis
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[ Abstract ]| Darwin’ s Theory of Evolution: inherited variation. natural selection and adaption to survive in the
environment is vividly manifested by the process of cancer cell evolution. For each step from precancerous lesion to cancer in situ
and metastasis, cancer cells continuously mutate and subclones are selected by the pressure from tumor microenvironment.
Cancer is characterized by heterogeneity, which is also a reflection of cancer cell evolution. Renal cell carcinoma (RCC) is one of
the most common tumors in urinary system and the incidence rate of RCC is rising in recent years. Because RCC is not sensitive
to radiotherapy or chemotherapy, systemic targeted therapy is the only option for patients with advanced RCC. This paper
reviews the significant molecular events during the evolution of RCC, revealing the high heterogeneity of RCC both in different
patients and in the tumor itself. Understanding the characteristics of RCC evolution is a must to search specific molecular
markers for early diagnosis and for practice of individualized therapy.

[Key words |

renal cell carcinomaj; evolution; genetic heterogeneity; targeted therapy

[Acad J Sec Mil Med Univ,2014,35(12):1315-1319]]

"5 4 Hu 955 (renal cell carcinoma, RCC) 323 [E Wk
PR ZR G M 96 v s AU T I8 I s ) o AL S e
. AR RCC R RFFEIG I3 R %
T2tk Bk 50 & 4k 55 % LU RCC Ak % 11
B, AR RCC B KA A7 DUEUF . 5 4R R A7 %
A3k 70265 A EE RCC B #HATIRIA ARG A
2500 ~30% MR H HE AR KA mb ., RCC

[WmBE] 2014-09-23 [#=HH8] 2014-10-25

Je /0 LR X8 7 R T 38 AN SRR B S AR L X L B
AR A 2R -2 TR AR R S IR Y LA R A
200074y . DRI S AR SR HE ) VR YT R TR YT Y RCC
BAEMEETFBr. RCC I B 57 vk i s AR 3
IR SCHEAR TR 1Y HE A UL G A 78 5 F AR R 4 L0
AT i A A E A A A v A A G I 45 TR
3t A - A R SR B IR T L B R [ BE T 9 5%

[£2£mB] EFARRY¥HA4(81101928). Supperted by National Natural Science Foundation of China (81101928)

[EE®AI] X A Bh#. E-mail: verayanliuyan@163. com

* 38 {5 7 # (Corresponding author). Tel: 021-81871061, E-mail: xjtan2013@aliyun. com



+ 1316 -

BEPER AR 2014 4R 12 HLHE 35 8

A 20 0. 5 [ 0 R R G A R R S AR
TR AEAR R IK R T B B AL FE L. XD S
PEASUABLAE A 7] RCC A2 I8 B 7 L US [8] 1Y
225k b i HAARBLAE B4 RCC AR 5240 P 5 I
SERER UM 25 5 o LU Y U 1k B Oy Sk
filh » 2R3 RCC A A ] B A 1A Py 14 i 98 S i A 2 1)
] RCC T e AL 10 O o 20 B L 2 ) ST Jig A1
BT B 42 2 B

1 RCC 2HENMEFERREME

RCC &A™ PR ] 9 5 02 M AL B RCC 1y ik 4k

RE BT RCC RERE R NS B .
1. CEZAwHFhH RCCEERTHE LK
11 e i S ﬁ%rHEP‘%F‘*W,J‘I_E%E%@?@%‘QWH}E@
9 (ccRCC, 75 % ~80 %) JFL3K IR RCC(10%~15%)
4. ccRCC H1 500 | & KA VHL R %A, ik
S A S RS A 58 -0 ) B R i 62 e B T 1 v
A RCC &AM XKEER , i PBRM1“ FI BAP1™ 45,
FLkIR RCC EHE G oMer SN EEAH K, Y
MET B[R it B2 0 v {8 24 B 39 5 23 A6 98 19 25 8L . 15
R AE TR JR 3 0 48 B3 Bl . AT 2 ik R ) T
AR, BT 480 VHL-HIF {558 8% 21k
FHZ Y ccRCC KW 19 E AL 45 Notch™ [ #H ¥ B
(NF-B)I | MAPK"™ | PISK/ Akt 45 i i 1 5 % i
o ERATHWEIE o W8 T A B H K S-# 5%
fitf x3(GSTM3) . CYR61,SLCI15A1,AV722783 J3 ¥
1) ccRCC g #m i 3L, DNA Jg 3l 7 W Sk v
B HE R TTBR S RCC & A B YT AH ¢, FATTHE ccRCC
RN 2] GSTMS3 Ji 8 F X CpG & B B AL & R AR 1%
SE IR IR E W1 2P 0 18 ccRCC Hh GSTM3 3
Wig sh 7 X CpG & B 3 g, A iE & 3
ccRCC LU AEAE 2 TR B 1 % 56 7 19(TCF19)
(45 4 57 35 S AR (TCF19-1, TCF19-3) , 3 3o 52 fif
P i PCR ORI TIE 523X 2 Ff 55 44 4% 75 g A1 96 55
QDEPiéJ%%L, B TCF19-1 £ J R i 41 21 v 3k %
TR A4, TCF19-3 798 55 418U i Rk 3
S5 LA AL, $2 8 TCF19-1 (1 £k Al ik 5
ccRCC My A4 6 o Ry i S 328 2404k 20 T 55 05 05
FATHE W R I PTPRD F: P £ ccRCC 5 1) 8 fiL
BIVIE &R 2 200 il N S B R A0 b Rk g AR
ccRCC g i gih B % TR . k4@ /x PTPRD

—_

FERJZ ccRCC R A Wy 2L 2 7E /Y ccRCC A
SRR . BRI FE T AT RCC KL
I3 FALE A . A FATT 5 5 - X5 BRBIE 5T
A BT IR B BMI(=25 kg/m®) & I 9 52 7 25
A9 & ccRCC 1y A BS 2= s Mk &k 55 (=
500 mL/d) M J& ccRCC Wy 3 & &M, I Ik & 7
FeasE By RCC i fa AHEBAN S, a0 45 2% DL By & i
S DRGSR AR HEAT R 0T I R B 1 O R B
LT R T v] v fE A BETR RCC &k A 4R 45 W
LA E
TEIS A% Gy J A Oy 1 AT I R E IR R IAE A

it N v 55 o 2 PR AR G BE R CYPLATmA (138t 1%
Z AL (rs1799814) 76 o [ v 3 AN AEAE 5 [ B
CYPIA1 ( rsd646903, 1s1048943 ), NAT?2
(rs1799929., rs1799930, rs1799931) K GSTPI1
(rs1695)7E ccRCC 20 Flfgt e X BEZH v i) 2 25 P 3 A
(25 SR A Ge vt 2% S0, R 3 e R i i A R gt
1L 225X E N RCC fa [ B 2 i 5Tk R 4 ik

ifi—41fF EPAS1 . PTPRD % 3£ ) ccRCC i %
% 75 ¥k 7 A (rs1867785, rs7105934 . rsd765623,
rs7579899‘r52279776)7‘§5ﬂﬁ§/l\12|§ ccRCC 5 & Jr
A EESHMEN . RS R
JEI P GSTM3 fﬁ%mﬁéﬂ,,\ JE A 9 4L 20 RS
PR LU I 2 R AR R B ARDY AR R AL T fig 5
BT HE 3 7 XY rs1332018 7 1 19 55 7 B ] C
A, BT BRI ST R, rs1332018 FEH A AC+
CC 5 RCC & H: KB A K HA Fe it 27 & L, COX [H]
43 B s iE B rs1332018 JE A A1 AC+ CC J& 5% i
RCC f# # AR 5 iy 2k 57 fa B R, /b 42 7R
rs1332018 JE R AR T 5 RCC KAk & R il Y 5% gk
FF A8 RCC AL R & e 2] 7 G5 1E T .
1.2 RCC &g 4w Y0 A 02 52t s — 2
T 2T B, 2 A R 2 W R R T B Ik
S G R R R ) B E . ti T RCC ) i 9 5%
e E B B IR RIS B W 2 A T
PRI I R 0T . O B 9 A L R AR R AR R Z L AR
S5 R ek 2 A 0 e 1 5 W A R PR U
MELLBI ) RCC 1y B0 7> F 00 X & RCC =4
3 TEHE S B2 W oy AR R R 2 — . —

7 . 38 23 2 57 F2 E 1 RCC i fa A Mﬁu,kﬁ;ﬁﬁaﬁa
W B RCC W &4 & J8 WG 5515 B0 % T 42



S WX A SRR N A R R R T

« 1317 -

P RE 5 Pk 1) RCC 12 Wb 245 ) mTBE 3 A &4, 51X
XFFIFFE R UE RCC bk & 1Y K5 4y 7 2
D/ NI IS By T 1 I E - (S Tl o i B
KA R RIS WAR S RO, R S & ek g
PR 14 5 PR 2 5 i 0 A7 T o PTRE L A B B A
BOR BT RS BR3P et
1.3 RCC ## )5 6957 R E (e ikh,
T 0 B R R B 055 20 B B kg Sl B G 1 R UE T
[Fi) B S Bt 2 B 3 A 3 R A B R T J % I 78 4 i
10306 5 FE 7 3 Sk e B kb R D K ok 36 PR R ) A ] 4
BT AR, B 1994 F LR RATBW E LG
#Hr R P E L ceRCC 40 R, 4045 5 0 DUk A
ccRCC 4l itk . N 5 5% B 1% ccRCC 40 Ml bk IR 5% 75
P ccRCC 4H H R 1B PR TR 6 g 40 M ik J2 RCC i
MRt S WAL . R A 1 ccRCC 40 g #k 11y NF-
w3 3 5% 1 VO KT B AR A% P ccRCC AR il Bk
m 78 NF-«B i B 5l RIERMANS 5T
RCC kA4 HZ5 T RCC HREMEIEE . LI EWF
A T R E A FRS] RCC 4 M Bk F 7 1) RCC %%
R s, Sk BF 58 b B A RCC & A F 6 7% 19 4y 7 Bl
il AR RE IR E RCC KA FEE RS 43 45 i FIE I7 #0 bR
BEE T ) o R Al R AR A

FATNFH cDNA microarray J7 2 i 5 A [7] #% £
TERE RIS 5% ccRCC 4l 2 7] 22 57 R KL XL 25 &
— ROV AZ I T AR — N
RCC # % #1 % 09 # 3 B FSTL1, AV722783,
GSTM3, SLC15A1, DDX17, ORC2L #l PKMYT1
25 AR ccRCC 41413k 1% 0 4 IR L 56 B 1k
ccRCC A h iR RXMWERAE PKMYTL H
ORC2L %, F F LML F A FSTL1.GSTM3,
SLC15A1 F1 AV722783 4. FRATAE I 4o 96 5 o 5%
LM 25 5 3R K B b AR Ry Rk .
X S 3 AT e 5 ccRCC &AL R R % ) A 56,
J& RCC b & & 1 el oy -,

s RCC 105 A d5c 32 2 B3R 2 5 #4097 L (AL
— o3 U AL 0 TG AT A7 AR K I 28 57, TR G 7
ST ST I TS PO AR T S A Ao 3 PR A Y 2
SR BT 43 T b5 ik o E — 25 4 e 000 R R 1Y 19
MARe. FATER A RCC o 1K 3p.9p. 14q 1
LR AR E (MSD K A& Pk 2k (LOHD & B,
DIS168 i 5 #) MSI J LOH 5 RCC &% Wi )5 A B

A K. DIS168 fy sk T0 AR Bt 748 3 3 A7 A% T 5 43 S5 i
A AE DISL68 fif TR AR i) 3 WG # 2%  H
H D9S168 7 4 LOH H 3 [ i J5 3 2% . COX [l 154y
Br i Ak 52 DIS168 & 5 i g S8 T AH O 1 i 37 15 5
PR HALHI AT B B T DIS168 {410 48 Sk A
PTPRD N, EMZ&MZ M T PTPRD 3k, i
11 4 2 5 e SR 3 U

1.4 RCC#fzaysr T RCC XL FEUT ¥
AEOE T M RCC B B8 iR IT ik & 7
TR A A R-2 TR o 2 H AT
IR F3GY7 RCC iy EZ AW R dil fl. MAMEH H
A2 B B 82 97 1 1% O 125 0 A RR AR P 4R IBCER 43 B
FEAN ML RSP AT B IR VT O TR X S T iR
291 i 10 iy 30) 0 A AR PN R R R A L R R T Ik
B —FB 43 RCC R #H A G I7 BOR . H 43 RCC
20 i v B 28 0 Al ) HL o 06k S0 5 W T 1 BB ) L B
KRG HAPEIRIT R, RCC 20 13 Ff 1k 3Bk 5 8 97 ok
FR A R, ST B S BT R A A R B R
HUA I VR E R SO 5 A 9 T ) Y I B B AT RE RS
B UK, X 2 b [ 4 B 5K e & BUR E X
Jr iRk iR S BE . AE Seliger 194534 H N = A J5 I
U A i B T % 0k R A AL AR - 1D kR b R A i A
o DT 75 b 983 200 10 AS % 9 9 % g R i an
Mg A e i ) R EALAMHEEE G T KPR
(MHC ). {4540 f 21 T 240 M A 58 P50 b 98 . A
7T U 25 92 240 i X b 98 1 R P VR T . (2) 08 i g
AR R o B3] 0 e A8 TR 355 o ) 40 i PR - 2 0 B L T
12 I fie 98 240 A 1 S 38 0k i RN 4k B2k K. (3) IR b
JoA TP B v 19 8 4 i 1 T R L 9 A D L R B 0 e
FETE S R A B A R LA S 8 A ] S g S
(20 i Tregs MME5E . 5 1E % AREAE L, RCC &
HHME M Treg B . b TR GEEIRIT P
FAHLE FATR A Whiteside J5 2 Ml JR ccRCC 4
S L) 3 R M b T A0 M CTILD RSP IRG
FIAR-2 B AR RV BN FR-2 B TIL B A
AP I 988 0 M X R iR AR R A £ 0 R
SR DL A B2 O B S IR IT X ccRCC
MR YE R 2 T ke 4 5. TIL 78 g Ji
A 57 ccRCC AH G BT i BB, 2 7% fb A TIL %f
ccRCC i i Fy M R e h i EE R A Z —. TIL
PUIRE e 55 8 430 S g U 1Y 40 M R e 0 A G HL



+ 1318 -

BEPER AR 2014 4R 12 HLHE 35 8

A G . TIL 23 W8 % 5 14 3 40 i R 52 0 1k
BTIL Rz —. HI&R-2 MR g A7
T3 G e B PR I v A W] B s TIL T A 3 1k

2 RCC MMM FRIEME

M 8 [ 48 BURRE BT I 1Y Gerlinger 1842 I
HFgE /N R 2 s B F IR Y 0 R R
RCC £ 35 1) JE P 42 A0 S i Jeg a0 Ak sl g5 SR &
I BEE 53 AT 0 T R ZH VR H R EG i BeiRg oN S JR
IFERE B 2 198, 6]l — RCC B F RN, 7 A X35
R L R AR AL 20 AN TR ] A5 (AR 7 1 L b
7 J50) MR 1 28 A8 1% 34 2 R [E] . DA B2 R 5 A ik
ST SRS P B S M [ S 35 B R A B
Bi s 1N AWk .

W TV 2 5 A8 15 ] — B 3 AN ) X3l 174 i 97 24 21
FEAS o JE AN 87 30 A7 76, BRI AE [7] — B8 1R N A [m] X35
{14 968 2 205 58 738 15 100 2 A ) 1) 5 7R A #E AT HE 1)
RIS AT 200 SRR . /D
A3 BCIR i 98 2 A AR S TS R T R IR 2 3 3 A AE R
GiRtFE T B AR S AT MG R B, B
VHL .PBRM1 #1 SETD2 ix %t 5 RCC k4= & J£ &
LR G 0 A 240 L S PR RIS T Gtk 3p b 8 ) A X
HEACR 3T F Y G HE S S S A AT RE R AR A B R
SRR 2 5, T 32 55 RCC I TR 18 I7 %05R 19 3% 3
PE. AT UL SRR E A A L 51 A B RCC By 31
AT b A AT AR 1] R 7 4 ) — A B o B B
AR AV P 9RO B0 DT 5 T T DA
M il B 1] 8 45 90 A E AL J 2 T By ok AE % 0 AE AR E
FIFET 35 B B8 14 958 0 5 A8 18 R i B 1Y

3 & iE

FhT T 2 DR AN R T e 2 M e et A A2
St O Tl TR 200 i 0 e R ko BRI T A R L R
EAEIRAE IR T 7 T E 2 U T BOR Y ik e L {EL A i
AT R ) T B — S I B A A A T O
13 N I 08— PR . ) W88 E 22 R AL 8 B 1)
2y 2578 A0 A 15 9 23 BIL A S A e e 2E R R T
J S [ 14 5 B o 7 45 3 L IR T RS R AR
I7 BRI FE AR T T HA LR

4 FEmHp=R

P AT A 3 75 B AR SO B AT AR A i o 2%

[ % 3 8]

[1] King S C,Pollack L A, Li J,King J B, Master V A.
Continued increase in incidence of renal cell carcinoma,
especially in young patients and highgradedisease: Unit-
ed States 2001 to 2010[J]. J Urol, 2014, 191 1665~
1670.

(2] #F FH.¥KEE. 8 s EEE, kES %
2002-2012 4F 1 117 A% W XA XN A B 400 M 98 K s A
HEAP LA L. 45 = BE K2 R, 2014,35,8-13,
Han X, Huang C X,Zhao J,Tan X J,Hou J G,Zhang H
W, et al. Incidence and survival analysis of renal cell
carcinoma patients among permanent residents in Yang-
pu district of Shanghai during 2002-2012[J7]. Acad J Sec
Mil Med Univ,2014,35:8-13

[3] Thoenes W, Storkel S, Rumpelt H J. Histopathology
and classification of renal cell tumors (adenomas,onco-
cytomas and carcinomas). The basic cytological and his-
topathological elements and their use for diagnostics
[J]. Pathol Res Pract,1986,181:125-143.

[4] Xu X,Hou Y,Yin X,Bao L,Tang A,Song L,et al. Sin-
gle-cell exome sequencing reveals single-nucleotide mu-
tation characteristics of a kidney tumor[J]. Cell, 2012,
148.886-895.

[5] Pena-Llopis S, Vega-Rubin-de-Celis S,Liao A,Leng N,
Pavia-Jimenez A, Wang S, et al. BAP1 loss defines a
new class of renal cell carcinomal J]. Nat Genet, 2012,
44.751-759.

[6] Sjolund J.Johansson M, Manna S, Norin C, Pietras A,
Beckman S, et al. Suppression of renal cell carcinoma
growth by inhibition of Notch signaling in vitro and wi-
vo [J].J Clin Invest,2008,118.:217-228

[7] Tan X,He S,Han Y, Yu Y, Xiao J,Xu D,et al. Estab-
lishment and characterization of clear cell renal cell car-
cinoma cell lines with different metastatic potential
from Chinese patients[ J]. Cancer Cell Int,2013,13;20.

[8] Huang D,Ding Y.Luo W M, Bender S, Qian C N, Kort
E,et al. Inhibition of MAPK kinase signaling pathways
suppressed renal cell carcinoma growth and angiogene-
sis in vivo[]]. Caner Res,2008,68:81-88.

[9] Sourbier C,Lindner V,Lang H, Agouni A,Schordan E,
Danilin S, et al. The phosphorinositide 3-kinase/AkT
pathway:a new target in human renal cell carcinoma
therapy [J]. Cancer Res,2006,66:5130-5142.

[10] Tan X, Zhai Y,Chang W, Hou J, He S, Lin L,et al.



o512 1. X

s A M A S S T

+ 1319 -

[11]

(12]

[13]

[14]

Global analysis of metastasis-associated gene expression
in primary cultures from clinical specimens of clear-cell
renal-cell carcinomal J]. Int J Cancer, 2008, 123 1080-
1088.

WML B AR, W SCE L B P AR L 4
5 3 B 20 0 g v A e Ik SR RS il M3 DR Y SR 0k
HIA g F X CpG & i 3K [T, 88 Z 4 K%
R ,2008,29.1273-1278.

Wu Q,Hou J G,Du W B,Chang W J,Zhai Y J,Lin L
P, et al. Expression of glutathione S-transferase M3 in
clear cell renal cell carcinoma and its promoter CpG
methylation[ J ]. Acad J Sec Mil Med Univ, 2008, 29
1273-1278.

B VBRI B B SCE WL R IR 6 G BN S
5 375 B 240 0 4 R b e S R 19 R IR R R 0T 4 S
P AR (28 R ek A5 5 [T . 485 B K225 4, 2010,
31:706-710.

Qian T,Lin L P,Chang W J,Cao T H,Xu X X, Yang Y
H,et al. Types of alternative splice variants of tran-
scription factor 19 and their expression patterns in clear
cell renal cell carcinoma tissues[J]. Acad J Sec Mil Med
Univ,2010,31.:706-710.

Li X, Tan X, Yu Y, Chen H,Chang W, Hou J, et al.
D9S168 microsatellite alteration predicts a poor progno-
sis in patients with clear cell renal cell carcinoma and
correlates with the down-regulation of protein tyrosine
phosphatase receptor delta[ J]. Cancer,2011,117:4201-
4211.

Wang G, Hou J,Ma L, Xie J, Yin J, Xu D, et al. Risk
factor for clear cell renal cell carcinoma in Chinese pop-

ulation: a case-control study [ J]. Cancer Epidemiol,

[15]

[16]

[17]

[18]

(19]

[20]

[21]

[22]

2012,36:177-182.
Du Y,Su T, Tan X, Li X, Xie J, Wang G,et al. Polymor-
phism in protein tyrosine phosphatase receptor delta is
associated with the risk of clear cell renal cell carcinoma
[J]. Gene,2013,512:64-69.
Tan X,Wang Y,Han Y,Chang W,Su T, Hou J,et al.
Genetic variation in the GSTM3 promoter confer risk
and prognosis of renal cell carcinoma by reducing gene
expression[ J ]. Br J Cancer,2013,109:3105-3115.
Borisov N M, Terekhanova N V, Aliper A M, Venkova
L S.Smirnov P Y.Roumiantsev S,et al. Signaling path-
way activation profiles make better markers of cancer
than expression of individual genes[]J]. Oncotarget,
2014 ,510198-10205.
Seliger B. Immune escape mechanisms of renal cell car-
cinomal J]. Eur Urol Suppl,2007,6:616-622.
P R B TS0, A BRI BT B L AR
B ] TIL A IL-2 3697 RCCLT . o A b BR A1 B} 2%
5.1996,17.279-281.
P I B TS0, O RN B SO R AR
5 200 i 92 31 R 2L 40 ) 1S s b R O M 0 K R AL Gy
BrLa]. B IRANRY 24 35, 1996, 17 . 73-76.
Gerlinger M, Rowan A J, Horswell S, Larkin J, Endes-
felder D, Gronroos E, et al. Intratumor heterogeneity
and branched evolution revealed by multiregion sequen-
cing[J]. N Engl ] Med,2012,366:883-892.
Gerlinger M, Horswell S, Larkin J,Rowan A J,Salm M
P, Varela I, et al. Genomic architecture and evolution of
clear cell renal cell carcinomas defined by multiregion
sequencing[ J]. Nat Genet,2014,46:225-233.
[AxHmE] T+ %



