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[ Abstract ] Objective To detect the expression of translationally-controlled tumor protein 1 (TPT1) in renal cell
carcinoma (RCC) and to explore its role in RCC. Methods Microarray dataset GSE15641 (including 23 normal kidney
tissue samples and 32 RCC tissue samples) was downloaded from the Gene Expression Omnibus, and differentially expressed
genes between RCC tissue and normal kidney tissue were screened using R 4.3.0 software. The TPT1 expression in RCC
tissue and adjacent non-tumor tissue of 90 patients diagnosed and treated at Affiliated Hospital of Nantong University, as well
as in human RCC cells (769-P, 786-O, ACHN, and Caki-1) and human embryonic kidney 293 cell (HEK293) was detected by
quantitative polymerase chain reaction (QPCR) and Western blotting. The relationship between TPT1 expression and clinical
pathological characteristics of RCC patients was analyzed by j” test. The clinical data of 522 RCC patients were derived
from The Cancer Genome Atlas, and the correlation between TPT1 expression and prognosis of RCC patients was analyzed
by receiver operating characteristic (ROC) curve and Kaplan-Meier survival curve. After in vitro transfection of TPT1 small
interfering RNA (siRNA) and its negative control (NC) into 786-O and Caki-1 cells, the TPT1 expression was detected by
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gPCR and Western blotting; the proliferation, migration, and invasion were detected by cell counting kit 8 assay, scratch
assay, and Transwell assay, respectively; and the expression of apoptosis-related proteins was detected by Western blotting.
Results TPT1 expression was significantly upregulated in the RCC tissue and cells compared with the normal kidney tissue
and HEK?293 cells (all P<<0.05). The RCC patients with low TPT1 expression levels had significantly smaller tumor size and
lower metastasis rate than those with high TPT1 expression levels (both £<<0.05). The ROC curve analysis results indicated that
TPT1 had high diagnostic value for RCC (area under curve was 0.856 9, 95% confidence interval was 0.804 5-0.909 3, P<<0.001).
The Kaplan-Meier survival analysis results showed that the overall survival of RCC patients in the low TPT1 expression group
was significantly longer than that in the high TPT1 expression group (P=0.018 4). In the cell experiment, compared with the
siRNA NC group, the proliferation activity, scratch healing rate, and invading transmembrane cell number of 786-O and Caki-1
cells were significantly decreased after transfection with TPT1 siRNA (all #<<0.01); the expression levels of B-lymphoma
gene 2 (Bcl-2) and matrix metalloproteinase-9 were significantly decreased, while the expression of Bcl-2 associated X protein
was significantly increased (all P<<0.05). Conclusion TPT1 is involved in the progression of RCC and may be a potential
therapeutic target for RCC.
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"B 40 Mi 95 (renal cell carcinoma, RCC) &
T S He RGeS 1 RCC R4 4T
2 Loy 2R, For DL B4 i RCC fioh &
B RCC BA w5 E R R R RN, 24
R E R R T H R 7™ . RCCHIA
Pk EEA TR BT ALY, (HZ2 BB R
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] [ R E HH 0 R AT B B g s R A
R, 2022 4EFREAG 7.37 Tl & RCC IR, A
2.4 77 ) i % I RCCAE T . 24 30% 1% RCC &
FAEMRVINR G & kA m b6, 5 A RT
20% 7 B, S48 RCC RIS EIRTEUS TR 1Y
A AEbR R L RIRYT . REE R E AR EE L
Z—5

BRI IR 25 71 1 ( translationally-controlled
tumor protein 1, TPT1 ) J&—Fh i BEARSF RO EE F T,
TEZFP NN v S 3k, S5 g 0 L 4 7
fRZRF TR L i, miRNA-216a-5p i
S 1) TPT1/ W 7L 2 ) F A A5 2 4 25 1 1 Sl o)
i g 38 (4 1 U IncRNA TPT1- 2 S RNA1 i
1 Y TPT1 26 3A 2 1k b fz P 00 S0 i e A= 1
SR, TPT1 78 RCC H i /E FH7EAR R AR B BT AS
ERE.

AW 5T T TPT1 78 RCC 4 41 ) 3 ik
IO K HG PR X, 3838 33 Dy e B 2k SEER 50 0E T
TPT1 7E A\ RCC 4iffirh gAY~ 2itg, B7EN RCC
HIS BT AR T P B 0 SR

1 #RFnFiE

1.1 ZFEREARGFL  NILHFBLEEIRE
J%£ ( Gene Expression Omnibus, GEO ) F#&f#[%51
E 4 GSE15641 (4045 23 i 1E & B WE 40 21 R AR
s 32 Bl RCCHAMEAKIE ) . HIR 4.3.0 4%
4 i) preprocessCore L 1 limma 43 73 51| £ 47 B4 b
TEACAL PRA L BRAL RN . R AR L Al B
HEALAE &0, 38 3 3 B3 73 B (principal component
analysis, PCA) J7 ik PPAG B At U ni 1 ol . fiff
FHR 4.3.0 4 ) limma £ 53 87 TPT1 () 22 55 % ik
oL, Tk S P<<0.05 H. |log,(FC)|>1 (FC Ky
20 o

1.2 RCC & # ¥ TR A5 A PIEIERERE 4
¥l % ( The Cancer Genome Atlas, TCGA; hittps://
cancergenome.nih.gov/ ) U5 E T 2% RCC & 1l
RAF S A TPT1 Fab %, HL4iAe 522 il RCC /3%
Bells o FEIR TPT1 FRIA AL (1.495) KB E TN
TPTI ik (TPT1 FKik/K-F-=1.495) Fl TPTI
23540 (TPT1 Fik/KF-<<1.495) , 4540 261 4,
K HAE 2R T A OncoLnc ( http://www.oncolnc.org/ )
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13 XA RCC ML (B 4 i i 93 40
769-P ' 37 B 40 i e 4 786-0 . N A i
JUR A5 20 i ACHN 1N 375 BH 200 1 98 1z Jok 2 45 4 i
Caki-1) FUIEH IR 293 40/ (HEK293 ) ¥ A
% [E ATCC, TPTI 457 ( TPT1 siRNA-1, TPTI1
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siRNA-2) . siRNA [ 4 X} I8 ( negative control,
NC) W A g5 35 AE YR A BRA R %44t
#] Lipofectamine® 2000, TRIzol i#7] .
SYBR Green qPCR Filii i 3414 [ 3¢ [ ThermoFisher
Scientific 22 i), RPMI 1640 5535 % (i& F 769-P.
786-0 4l i ) . DMEM (ifi H§ ACHN, HEK293 4f|
ML) . McCoy’s 5a 15 7% 5 (i H Caki-1 4118 ) .
FBS KPR B H € [E Gibco A F]; HRE K - 8
B Z R G VIO 11 95 [ Sigma 23] ; PrimeScript™
B Sl R G A KGE AW TRA R Al
GAPDH, TPTI. Bcl-2, Bel-2 #1% X #HH (Bcl-2
associated X protein, Bax ) FIJE i 4 J& 25 F1 i 9
( matrix metalloproteinase-9, MMP9 ) $ii1& & HRP
FRICH) T4 [ ¥ [E Abcam /A 7l ; CCK-8 Iy H
R R RAEYFAARAF],
1.4 BRI HL2013 459 H %= 2022 4F
1 A 76T 18 K2 B8 B B2 145 23697 19 90 il
RCC B 1 RCC 14 K55 1E #4140 (HE 25 M
Jikk 2 cm) , PRAFAE—80 CA& M. AMFFHEL R
R BE B AR ZE 1 23w AL (2022-K138-01)
1.5 @izt g RCC 2001 HEK293 41 fifs
FH &4 10% FBS & 100 UmL 8 £ - 55 £ 1)
B3 T 37 °C 5% CO, [HiR 5 A 3%, 1540
i 2% E 1k 24 80% I FH 0.25% JHE A5 14 i i AL AZ 48
PR T 6 FLARN, T At 25 B2 1K 50%~60%
ok B 48 BTG IV B SR L, 43 5K TPT1 siRNA-1,
TPT1 siRNA-2 Fl siRNA NC %% 7 3| 40 Jfd v, [6]
B 4s X% BB, TPTI1 siRNA-1 1F 4 ¥ 41 K
5"UGUUCAAGGUCUAUCAGUGGA-3', Jz X %%
¥ %1 4 5-“CACUGAUAGACCUUGAACAAU-3';
TPT1 siRNA-2 iF X 45 ¥ 51 5 5-~AUUGUUCAA-
GGUCUAUCAGUG-3', Jx ¥ % J¥ 5] 4y 5'-CUGA-
UAGACCUUGAACAAUUU-3'; siRNA NC 1F X 5#
¥ %} 5“GACUUCAUAAGGCGCAUGCUU-3’,
KX AE R )R 5-GCAUGCGCCUUAUGAAGUC-
Uu-3,
1.6 gqPCR %% {ifi 1] TRIzol ik 543 % A RCC 20
ZEUHZH P B A RNA L, F PrimeScript™ 2 5 5%
A &0 RNA 544 cDNA, L GAPDH /N
2, KM Maxima™ SYBR Green qPCR TR & 17
PCR#"#4, RWAAZ: 2XqPCR HIR K 12.5 pL.
7.5 umol/L 1E LRI 5319145 1.0 uL, cDNA2.5 ul.,

. ™
Maxima

ddH,0 8.0 uL. MW 451F: 95 °C 15min; 94 C 15s
(AstE) L 55°C30s (iBk) . 70 C30s (fE:fifi) |
3L 40 S 1F ¥R, TPTIIE 0] 51 %) I¥ 51 R 5-AGCC-
ACAGTGAGATGTTCTCT-3', J [a] 5| ¥ F%1 Ky 5"
CAGCCCGTCTGCAATTTCCT-3'; GAPDH
1 1) 51 ¥ 51 A 5-TGTGGGCATCAATGGATTT-
GG-3', JxIa5 %5 K 5-ACACCATGTATTCCG-
GGTCAAT-3', RH 2“3kt i i .

1.7 EaRpiEEod YR, 1mafLgn
o Hboin AR 1 B 24 AR U R R, ik &
10 min 28 ¥, 85 B 5 &F SDS-PAGE 43 & J5
A ZE PVDF K, H 5% 4 I7% H 8 FIEHCE 41 2 h,
JH TBST & PVDF [l 3 RS i e & —Hi (Fks Lt
¥IR1 0 1000) , #KJ5H TBST ¥k PVDF Jii 3 Ik
S AR E AN 0 (R 1+ 5000) o
T RECEREE rh YEFT ECL B 52140 18, FFH Imagel
AFPAT R oMY, IS 1R H & A R
2 SNSRI A

1.8 CCK-8 #al B % Ye J5 1) 40 My & B8 45 £L
1 X 10* MY R E] 96 FLATP 3%, 76 0. 24,
48, 72 h B4y IR IF A CCK-8 i, k2 ks
Fe4h, i HIEEFRSCI A i K 450 nm 2163 BEAE
1.9 XVRSE¥  40EHEME RS2 a00E, H
K 100 pL # 8 Tip Ak 0 — 45 B4k, TERIC4N
Mo s (RIS ), FE SRR X AL, S
FEAupE TIEIRIG IR TR IESE, 435I 0. 24 hiHH]
PBS P2 RIVE 4, T30 Wi FUEI IR,
1.10 Transwell 5% & 100 uL f*) Matrigel #i B¢
WS UR T Transwell FL 8% /)N % ICHFBEE B, 13/
FEAMINAS 10% FBS By 553555 900 pL, HA/NE
PR AN AL 2 1}X10° 4, # LG 3% 24 he R
i Transwell /NZE, H PBS PE¥R, A 4% 25 Bk
VW AE o SRIG RS i S Qe e, 7067y Wl
TR R, AL REALEEL 5 AP .
111 %t 542 R SPSS 20.0 #4140+
T, THEERE R IESS AU o, ™
2 [) He A R A ST REAS ¢ K06, 22 4 1) Fb AR B
R 2200075 A BImAS AW PP AR, w
21 8] He %>R H Wilcoxon Bk FIR IS . THE0C5 KL 4]
BORE BN, AN HESR ¢ KE. BF7ELR
T. E. OncoLnc, & ROC #h £k 73 #f TPT1 7£ RCC
LW M, SR F Kaplan-Meier 4= 17 [t £& 43 #7
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ik EJE (P<<0.000 1, log,(FC) &y 5 438.821,
B 1) o RPN EE N A R4 1 i R AT
ZEH IR, TPT1 78 MAPK {5 5 38 [ I ph 283 PR
T - ZAARAH EAE I b W s A . R AR e AR
ST A REH], TPT1 A/ N1 oA e v i 2%
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Relative
expression

B 1 {%PEFIEEE GSE15641 f RCC 5E# BFALNERRIEERSHT

Fig1 Differential expression gene analysis between RCC and normal kidney tissue from microarray dataset GSE15641

A: The volcano plot of differential expression gene analysis; B: The heatmap of differential expression gene analysis. RPL41/S23/L13A/
S18/L23A/S15/S4X/S2: Ribosomal protein L41/S23/L13A/S18/L23A/S15/S4X/S2; TPT1: Translationally-controlled tumor protein 1;
EEF1A1l: Eukaryotic translation elongation factor 1 a 1; TMSB10: Thymosin B 10; UBC: Ubiquitin C; HLA-A/B/C: Human leukocyte

antigen-A/B/C; VIM: Vimentin; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; G1: RCC tissue; G2: Normal kidney tissue.

22 TPT1 /£ RCC A 4 ¥ 4§ % ik & % 5 RCC %
F e KRR AEAE G X R X B K E IR BE B
90 f5i] RCC FE HLEAR ) qPCR Kl Z5 R s, 5
FEo7 IEH S EL, RCC 41819 TPT1 mRNA ik
m (P<0.01, ¥ 2A) o &0 Py Ao ) 245 24 i
7N, TPTI £ RCC 414U 3Rk 1.474+0.094,
RIS IE R AU B RIAE N 0.91040.088, 25
B4t X (P<0.01, B 2B) . #4E TPTI &
HRIA IR RCC B35 400 TPT1 m3Kis (TPTI
EHRBKFE=1474, 39 6] ) SEEE (<1.474,
SUBI) 41, KA 7 K 43#r TPT1 #6355 RCC (¥
Il PRI BURRAE B OC R, &5 R /R, TPT1 Rk K ¥
5 RCC BHAFWY . ER . M bR TCE, H
TPT1 35K PR 1 RCC 3 s K/ K 56 7% %
AR IRT TPT1 Rk KB (P=0.048,
0.017) . W3 1.

2.3 TPTI £ RCC# ¥ A F)a ¥ #9 14 % TCGA
el 522 1) RCC EF AR AR B X TPT1 ikt
B T ROC gk srdlr, 4553 EsR, TPT1 Xf RCC HA
Rk E (AUC=0.856 9, 95% CI0.804 5~

0.909 3, P<<0.001, K 3A) . >k H Kaplan-Meier
HEAE ML 2y B TPT1 7E RCC A TS H (8L, 45 5%
FUAML TPT1 I RCC B E W A GF K T 5
TPT1 Fik4 (P=0.018 4, K1 3B) .
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Fig2 Expression of TPT1 in RCC tissue
A: Quantitative polymerase chain reaction analysis of 7P7/ mRNA
expression in 90 pairs of RCC tissue and adjacent normal tissue
("P<0.01. n=90, median); B: Western blotting of TPT1 expression
in RCC tissue and adjacent normal tissue. TPT1: Translationally-
controlled tumor protein 1; RCC: Renal cell carcinoma; GAPDH:
Glyceraldehyde-3-phosphate dehydrogenase.
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Tab 1 Clinical and pathological characteristics of RCC patients with different TPT1 expression levels
n (%)
Characteristic Low TPT1 N=51 High TPT1 N=39 i value P value
Age 0.019 0.889
<50 years 15 (29.4) 12 (30.8)
=50 years 36 (70.6) 27 (69.2)
Gender 0.222 0.637
Male 37 (72.5) 30(76.9)
Female 14 (27.5) 9(23.1)
Tumor maximum diameter 3.893 0.048
<3 cm 29 (56.9) 14 (35.9)
=3 cm 22 (43.1) 25 (64.1)
Differentiation of tumor 0.407 0.523
Well-moderate 27 (52.9) 18 (46.2)
Poor 24 (47.1) 21 (53.8)
Metastasis 5.679 0.017
No 35 (68.6) 17 (43.6)
Yes 16 (31.4) 22 (56.4)

TPT1: Translationally-controlled tumor protein 1; RCC: Renal cell carcinoma.

- Low TPT1 n=261
- High TPT1 n=261

»100
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> = 75¢
E 5
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02l 7 AUC=08569 £ 25t
! P<0.001 3
okl . . . A e Q.B
02 04 06 08 1.0 NN SN SR MR
Q NN NN
1 —specificity N e

Time/d
B3 TPT1 7 RCC 2T K /g a R {E
Fig3 Value of TPT1 in diagnosis and prognosis
evaluation of RCC
A: Receiver operating characteristic curve of TPT1 in diagnosing
RCC; B: Kaplan-Meier survival analysis of TPT1 in evaluating
prognosis of RCC. TPT1: Translationally-controlled tumor

protein 1; RCC: Renal cell carcinoma; AUC: Area under curve.

24 TPT1 £RCC #m it ¥ & 2 L8 qPCR %5l
g5 R B on, 5 HEK293 # Lk, RCC itk 769-P.
786-O. ACHN Fil Caki-1 4t Jfl ' TPT1 mRNA [ %
A% EiE (P<<0.05 8, P<<0.01) , VLA 4,
2.5 TPTI1 siRNA #+ # s F eg I iE  qPCR A i 2%
RBIR, 25 FXIRZH AT siRNA NC 44 HEK293 41 fifg
H1 TPTI mRNA Fik 22 G242 L (P>0.05 );
5 siRNA NC 41 #H I, HEK293 4H ifl ¥ %t TPT1
siRNA-1 I TPT1 siRNA-2 J5 TPTI mRNA 35 T
(P<<0.05 1%, P<<0.01, &I 5A) , B TPT1 siRNA-1
I TPT1 siRNA-2 356 YL i T . P& AH LL TPT1
siRNA-2 %f TPT1 Kk TR B4, K+t

TPT1 siRNA-2 #47 /522550 . 5 siRNA NC 41 A
[, # TPT1 siRNA-2 %% 44 5| 786-0O Fl Caki-1 2 i
J&i TPTI mRNA Fik &85 HIFE% (64.89+£6.14) %,
(63.90+5.41) %, ZR¥AHITFENL (PH<
0.01) . A FELBERINZS R 7R, TPT1 siRNA-2
FI siRNA NC 41 786-0 4fi Jifd o TPT1 & [ 1) 3% ik &
43 512k 0.835+0.038 F1 1.032+0.004, Caki-1 28 Jifd
T TPT1 & F1 A9 3% 35 & 43 il o9 1.19010.040 F1
1.46110.031, ZH5¥A%5H2#E L (¥ P<0.01,
Kl sB) .
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Fig4 Expression of TPT1 in normal embryonic kidney cell
HEK293 and RCC cells (769-P, 786-O, ACHN, and Caki-1)
Quantitative polymerase chain reaction analysis results.
'P<0.05, "P<0.01. n=3, x+s. TPTI: Translationally-

controlled tumor protein 1; RCC: Renal cell carcinoma.
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Fig5 Verification results of TPT1 interference efficiency

A: Expression of 7PT] mRNA in normal embryonic kidney cell HEK293 after transfection detected by quantitative polymerase

chain reaction; B: Expression of TPT1 protein in renal cell carcinoma cells 786-O and Caki-1 after transfection detected by Western

blotting. "P<<0.05, “"P<<0.01. n=3, x%s. TPT1: Translationally-controlled tumor protein 1; siRNA: Small interfering RNA; NC:

Negative control.

2.6 TPTI1 xr RCC %8 fie 38 74 ¢ % vh1  CCK-8 SL %
ZER IR, 5 siRNA NC ZHAH L, 7E TPT1 siRNA-2
YL 48 h Il 72 h J5 786-O 1 Caki-1 4 il 1Y 384 58 16

- siRNANC
1.25- — TPT1 siRNA-2

1.00F

0.75F

<

W

=)
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0.25F
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Time/h

TIEIREAR (¥ P<<0.01, K 6) , FIHMEH TPTI %
KRR RCC 4 i35 fig
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Time/h

B 6 CCK-8i£4#1 TPT1 X RCC 4l 786-O (A) #1 Caki-1 (B) H3HE JIHIFNG
Fig 6 Effects of TPT1 on proliferation of RCC cells 786-O (A) and Caki-1 (B) detected by CCK-8 assay

"P<<0.01 vs siRNA NC group at the same time point. n=3, x+s. CCK-8: Cell counting kit 8; TPT1: Translationally-controlled tumor

protein 1; RCC: Renal cell carcinoma; siRNA: Small interfering RNA; NC: Negative control.

2.7 TPT1 *F RCC %@ e it # 09 % RIJR S50 45
B R, siRNA NC 4 786-0 i fE 24 h 5 KIJE i
TG/ N (26.52+41.98) %, TPTI siRNA-2
20 W) IR T FR 4 D B R 1Y (55412029 ) %;
siRNA NC 4 Caki-1 4 il 7 24 h Ji5 R IR i FL45 /)
FJF k) (56.72+5.28) %, TPTI siRNA-2 ZH I
IR T AR AR /N ER A (72.8110.39) %, 5 siRNA
NC ZHAH I, %9 TPT1 siRNA-2 J5 786-O & Caki-1
MRS R SRR (P 34<<0.01) o WK 7.
2.8 TPTI #f RCC 4a e 43 % 49 % @  Transwell 52
I 4k B4 R, TPTI1 siRNA-2 21 786-O 41 iy 1Y {2
AN A R (114+5) 4, /> F siRNANC 4 11

(417+4) 4~ (P<0.01) ; TPTI1 siRNA-2 2H Caki-1
AR TR (99+4) 4N, /DT siRNANC 44
) (41243) 4~ (P<0.01) , FHAFLYL TPT1 siRNA-2
J&i 786-0 J Caki-1 41122 R S 4 FEA%. LA 8,
29 TPTI AfRCC@fef AT—HXEZEdH LEN
¥ BB G kA U 45 AR iR, siRNA NC
2H 786-0 41l Jifi Bcl-2, Bax. MMP9 [ 35 ik & 43 5l
9 0.998+0.002, 0.402+0.019 F1 1.339+0.054,
TPT1 siRNA-2 204351 7 0.923 +0.028 . 0.678 =0.016
A1 0.795+0.015; siRNA NC 2H Caki-1 4Hfifi Bcl-2 .
Bax . MMP9 [1)3&ik 553002 1.230£0.044, 0.288 &
0.014 F11 0.842+0.022, TPTI1 siRNA-2 #4143 5 K
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7 XYRSEIISIEHNE TPT1 RiX/F RCC 40Hf 786-0
(A) % Caki-1 (B) EHBEAMEWL (200X)
Fig7 Migration ability of RCC cells 786-O (A) and Caki-1
(B) after inhibiting TPT1 detected by scratch test (200 <)
TPT1: Translationally-controlled tumor protein 1; RCC: Renal
cell carcinoma; siRNA: Small interfering RNA; NC: Negative

control.

8 Transwell SXIEIE TPT1 X RCC 4AAE
786-O K Caki-1 2RBESHIRNT (200 X)
Fig8 Effects of TPT1 on migration of RCC cells 786-O
and Caki-1 detected by Transwell assay (200 <)
TPT1: Translationally-controlled tumor protein 1; RCC: Renal

cell carcinoma; siRNA: Small interfering RNA; NC: Negative

control.
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Fig9 Expression of Bcl-2, Bax, and MMP9 in RCC
cells 786-0O and Caki-1 after inhibiting TPT1 detected by
Western blotting
TPT1: Translationally-controlled tumor protein 1; RCC: Renal
cell carcinoma; Bel-2: B-cell lymphoma gene 2; Bax: Bcl-2
associated X protein; MMP9: Matrix metalloproteinase-9;
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; siRNA:

Small interfering RNA; NC: Negative control.
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