©
2019 2021

STEAP1
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STEAP1 has emerged as an ideal target in cancer therapeutics. However, the
functions of STEAP1 in hepatocellular carcinoma (HCC) remain unexplored. In the current study, we
sought to characterize the biological roles of STEAP1 in HCC. STEAP1 transcripts are over-expressed
and associated with poor clinical outcomes in patients with HCC in several publicly available
datasets. STEAP1 silencing using small interfering RNA inhibited cell growth and was accompanied by
G1 arrest induced by the suppression of cyclin D1 and the promotion of p27. STEAP1 silencing
suppressed the expression of c-Myc, which we identified as a component in STEAPL signal transduction

by mining publicly available datasets, and confirmed this by PCR array. In conclusion, the
knockdown of STEAP1 in HCC cells led to cell-growth inhibition involving Gl arrest by targeting the
suppression of c-Myc. This study suggests a preclinical concept for STEAP1 as a druggable target in
HCC.
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1. WFZEBRAA S H D 5

2018 DD AMEFHTHITIX, HCC DREBEUTR 39,000 N2 H DIEXD. & 51T HCC DAEFBEL
FHUTH 27,000 NIZET D (BASETIRIKE 5407) . UIBRRREAFMAZE (UR-HCC) (233 2 3
BEE LTI L > 3T =7 (Len) BERREA SNTA, 1HlZ B L72IBHRIE TR, 20
AAFHIE R IEIE 13.6 w A LE<, IRFHCC O FHIIRRTHH. Lo T, K VERMRIGHRE
ORIFENEBETHS. HFEEIL, CAUFRE L O NASH BE Ik, SHCHBIE Y 7 O 5B B E 12
L0 HEE O OB TLHE L, IS BRICER T2 RN THD Z 26T L
T & 72 (Bk, Takada K, Can J Gastroenterol Hepatol 2018). L7»L7Z2735, SkCHIBIE Sy 1
BED HCC HIRRIZ I DHEREIT A TH H. = Z THIFEHR 1T, SRHIBIEI ) T3 B 38 Hee B
DEFEMIRNC G 2 D BB % WA RNT LT, Z DGR Six Transmembrane Epithelial Antigen
of the Prostate 1 (STEAPI)D mRNVA @SR BIRENAEIZE D THR N AR T, 23D STEAPI DIEBL
MFEHCC HIT L L CHCC I THEICAmWZ E b M L7z, L7243 T, STEAPL 23 HCC DFIE -
ERIZHEG L TWDAREMERH D, LovLed s, ZHUETHCCIZH1F 2 STEAPL (IZBET 25
WEITHECTH 7.

2. WHEDORW

WA, G TRERNRRIECRIE T = v 7 R A v MIREIEAHEAR LT & 7203, RIZHEST HCC BB D
TRIFRARTH L. KVDROENBHREIELHIET 272018, HCC Do FEWFHIREAZTED Z
ENEETHD.

JESZRAE # » /X 7 E Tdh %D c-Mye 1%, HCC ZEiekkx iR BIZE G- L TH Y, c-Myc DR
JECIBFIFEHILHCC BEDOTFHRARE LML TWS, L, BBMIENICET S c-Myc O
PEIC &Y, c-Myc ZEHEOER LT HEAOBHEITH LV ONBIRTH 5.

Six—transmembrane epithelial antigen of prostate 1 (STEAP1) [ZE(SZIE CHEUICFEIE &
A, IEEMETIERENMELS, Z2< OB TBRERE L W OHIRERHEAE CHDH. K,
Fex IR STEAPL 2%BRIZEBL L TRV, NF-E2 BI#AF (NRF2) %% A Uik MERes
fii (Reactive oxygen species;R0S) Zi| 72 Z & TREGEMALD apoptosis [FEEICH 5 LT
WAHZ &I LT, Lo L3 h, HCC DIFRIZIS T % STEAPL OFEENIRIEAHTH 5.

FRRICHESE, AMFFETIE HCC (281 D STEAPL DI04 & ORE A f##HT L, STEAP1 23
HCC MR D HEFEIZ B 2 5 BB ORTF 2 Mt 2 2 & T, TR ZHTBIE R OB & B 15
L.

3. WO IIE

(1) FFHERSEIZ351F B STEAPL DFEIREB X OF# & DEEDRET

B DOIST U7~ Gene Expression Omnibus (GE0) ®5 —# ¥+ b (GSE14520, GSE36376) & F\>
T, BFH OIS & O HCC #f%I12351T 5 STEAPL DR ILFE % in silico THATLIZ. &5
(2, STEAP1 OFEHL & HCC BE DT & OBRIZ OV T, T—% & v F® 6SE14520 & The Cancer
Genome Atlas Program (TCGA) 23\ T, Receiver Operating Characteristic (ROC) gl A {E
BCLRRE L7y MAZMEIZ LY, STEAP1 OFBILE CHRE % 2 BECHIV 115, STEAPL OFEH
L BATEHIR (Overall survival: 0S) & ORHEEIZ-DW\ T Kaplan-Meier {512 L 0 74T L 7=,

(2) STEAP1 HSHEMHEFHIZ &5 %X B EBE X BT OMF OGSt



HCC #Efefk (HepG2, Hep3B)IZHUWNT, ZHENBLSNDOIRRZ 2 FHD siRNA % VT STEAPL
% knock—down L, ffAIEFEIZ 5 2 A 582D T transfection 72>% Oh, 24h, 48h, 96h DM
SUZEBWT WST-1 1E24TV, WIEREIZIE S 7= A AR & AERL LR L 72, knock—down ZhER(C
BY LTI, transfection 235 72h M5 T RT-qPCR ¥ K X Western blot {E#EITUVWGHER L7=.
EDIZE O Z R 5728, TR0 HCC Mgk T STEAPL % siRNA % VT knock—down
L, transfection 2>5 72h ZICHIlAE I OK I DOE G KL apoptosis MEOEIE % flow
cytometry {ECHEMT L7, & 512, MAREIBE 2 > )7 BEIZ-DOW T Western Blot & TR L
7z
(3) STEAP1 D FHICHTET D ¥ 7T VIRERK OB

STEAP1 O FIRICHFAET D ¥ 7 T /VREREE A 20T 5728, £3 GE02R  HCC BE DT
— &+ v b (GSE14520-GPL3921) % FHVNT, STEAP1 O JHME LARFEBBEIC 01, ThEn3EH
TEnEfsF (Differentially Expressed Genes;DEGs) #fliH L72. & 51Z Gene Set Enrichment
Analysis (GSEA) Z JHVY, STEAP1 (T & o THIE S D BARFIT DWW THRET L, STEAPL OFEBL L 4
RO 5531122\ T GE0O OF —# & v b (GSE14520, GSE36376) & TCGA {23\ C in silico T
it 24172, & 51T, HCC MMEEE (HepG2, Hep3B) {233\ T STEAPT @ knock—down #4278 H i
5 EEEATF O3B A RT-qPCR ¥4 & Western blot JE TR L, PCR array T3 7 IV mERE &
RS D B AR5 T2 OV TE DR B A 3G L 7=
(4) HEHFHIRRES

WEHFHIA EZRTEIL Student t test, Mann—-Whitney U-test, log—rank test, one—way ANOVA
L FhzHi < Bonferroni’ s post—hoc test ZHWTITVY, FHEAOHTIX Pearson DFRES AT T
{To7=. P<0.05 %%~ hA 7ML LTz,

4. WF7ERk R
(1) STEAP1 X HCCIZBWTBRERE L TEY, MIL-FHRARERFTHSD

GSE14520 GSE36376
P<0.01 '
S :

> ~ (GSE14520 ¥ &
TR GSE36376) DfiFHT
M5, STEAPL (FIEH

P<0.01

o'
=}
(ad
o

n
©

»
E)

Relative gene expression
N
2
Relative gene expression
N
©

Eg

'
'
'
'

BN & e L N ! &7
1.5 ] 2.6
T HCC #Hfk TI BN Non-tumor  Tumor Non-tumor  Tumor
Sy - e \
ARITTELTWD ¢ GSE14520 08 D GSE14520 RFS R TCGA 08
: 1004
TEAERHBLE. X = LowsTeapr 10
801 (n=135) 80 Low STEAP1 80
- . A 2 ) = Low STEAP1
512, GSE14520 8 X € 6o £ w0 {n=22) S 60+ v (n=220)
B B s %
N — = 40- High STEAP1 - 40
O TCGA DF—%t& g% ' 0 40 ‘ 3 Py P
5o (n=107) o 35 High STEAP1 204
= (n=114)
v b & W RS T o] P=0.02 o] P=002 {eleh) o P=0.01
T T T T T T 1 T T T T T T T T T T T Y H P
. 0 1 2 3 4 5 6 7 01 2 3 4 5 6 7 0 2 4 6 38 10 12
bi, STEAP1 @%T?EE‘)L Time (months) Time (months) Time (months)
OB AEE Figure 1. STEAP1 expression is upregulated and associated with poor

survival in patients with hepatocellular carcinoma

EAFHAR (overall
survival:0S) OEHENB S L 72V, STEAP1 OFBLTTHEN HCC IZBW T TR ARKRFTHH =
LaRLT- (Figure 1).

(2) STEAP1 DFEEINHIX HCC RUAERDIEFHREZ KT S ¥ 5
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Figure 2. Knockdown of STEAP1T leads to inhibition of cell

2 MEORRS HCC Mtk A B
(HepG2, Hep3B) 12 35\ T, J &
negative control ® siRNA ¥ ‘20-8
L UUSTEAPL ZAEMY L Lz 2 F £ -
HORE ORISR D siRNA % .
0.2.
transfection L, 72h &AM
Control siSTEAP1_1siSTEAP1_2
Z B YL L, RT-qPCR & & & &
Western blot =12 L Y knock— ___:::H
down BhEEZF-AM L7=. Z Ok S P&
5., STEAP1 %#fEfy & L7- siRNA € IS .
1.6 1
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Wl 52 5 8% WST-1 3k 5
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0 0
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proliferation in HCC cell lines
BERE O THNE D LN
(Figure 2).

(3) STEAP1 DZEIRMHI 1L HCC MIAZRRIZIB VT Gl arrest ZHE T3

Propidium iodide (PI)

Z W7z flow cytometry 512 K W STEAP1 knock—down 1% KU JE #1z

DUWTHEHT L7z, 2 O 2 HCC gtk (HepG2 36 KUY Hep3B) IZFW T, control &bl L
T, STEAP1 knock—down A HepG2
120 HepG2 Control| ., SiSTEAP1
#ITIE G0/GL o - ’ KR 3
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PREp— - lin D1
DOEIILFB O 72 o - triggers G1 arrest in HCC cells
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S — S—— Actin
down 12X > CFFEIH
“(} JQ\ 60\ ng\
7= HCC HMakkiZ31F % & & & &
Gl arrest DA =X
LEMRETT D729, western blot IE&FEH L, HCCMakRIZIWCHEJAEHEARE ¥ o X7 B D



WL~V EFEML7=. Gl HIOEITICEE 95 cyclin D1 OFBIIME F L, Gl arrest Z#5E 7
3 p27 OFRBITEZITHEM LTV, Z SIS X, STEAPL AN E HA & Hi4 L HCC o a5
WZHEGLTWA LD EEZ BT,

(4) STEAP1 IF#=BHT c-Myc & FDEMELETEZHIBLTVD

B> X 51T STEAPL @ knock—down #1258 Hi 5 Gl arrest & AMEANE T2\,
Z OS2 HICHEHT 5 BAIT, GEO2R  HCC fE DT — % & » b (GSE14520-GPL3921) % [
T, STEAPL D@ BilE L IRREBIREIC /0T, TN ENRBILE)E{S T (Differentially
Expressed Genes;DEGs) ZHiitH L7=. & 512, 2 DD )L —7T Gene Set Enrichment
Analysis (GSEA) & VRS 24T - 7245 5, STEAP1 DFEEL & MYC_TARGET V2 E{nF DI i
RO IE OB & 788 7= (r=0. 037, P=0.004). ZOFER IV, FxiE HCC 128V T STEAPI
MY T FIAREREED EFRICH D, THRO c-Myc ZHIEIL TWD EWIREZYT, 51
Rt a7z, 2 FEEEO Fi7e % HCC Mk (HepG2, Hep3B) 1238 NT, STEAPL @ knock—down
%12 RT-qPCR #£ & Western blot 5T c-Myc DRIRAZFMHL7=E 25, WTHOHMIIZB
THABRBIL T 2Dz, X512, HCC MRk (HepG2) IZ 43T STEAPL % knock down
L7-2%, PCR array \ZX VHHZITV, c-Myc @ FiildH AIEHESF D mRNA OIS
STEAP1 @ knock—down (Z X WK F L TWA Z &AL E L7z (Figure 4).
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