EBRBREZM (R
Vol.44 No.I1 Nov. 2024 JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE) | 1347

QT BA R LA

E-EAHE CTe3 HEigMRE R A Mfw+a{EA R EHLF

?L;it:u B, REE', F B
x@k—?l:—teﬁfaﬁﬁﬁa’%hkﬁiﬁ%%i&@#ﬁﬁ%ﬁ%, L 200125

[(FZ] B - BHRE-S2 000 (cancer-testis antlgen CTA) FEJG A CT63 X8 M 3 1 M5 A0 ML A . A3 Ak R g J 1
R, FRHSFALH . F7iE - SRAYIE B 07 o B S R 20 B (TCGA) Hicdis e i 3 11 s £ 35 9 CT63 %
R 2 5 B RPN TS 5200 5 K CT63 m ey NP MERE 3 (1 s KS62 A 2, 3 S 96 a2 ek PCROFITR 115 B R 7
Wi CT63 M MR s 38 ) 41 S B BUAR A CCK-8 S8R 1Al CTO3 X 12 14 i 2 11 1M55 4l FLSG FE BB S s 5 1A T /NBRUZ
PSS, HRIE CT63 ZE RN IAEE T X8 1 6 ?E{Wﬁﬂ*ﬁki AR AN A A SR 5 3 3 D R 5 ) K562 4t i 1)
R E A B AL S, RS CT63 X8 1k B 28 11 L 40 i oAk BE 1 i 5% i 5 V‘{Wr&lﬁk CT63 Jiz 4L P e ki A 2y B 1 725
fb. Z5R - Kaplan- Meleréli(?ﬁﬂ%%ﬁj\*ﬁﬂm, CT63§#%§1_ S8 2 AR R E R TR B A R CTe3 il K562 21
RSB AN U 5 RER% CT63 2tk K562 A A TZE N RSN 434k s e CT63 il K562 4 A Hh Lk A P W 4 52 & 0 IV 936 o
I SFEETFEMM AR CEIMARIV (COX V). PN AN . JEHm I 2 M A (SDHA) il HL He AR 48 P B 25 - i
(VDAC) [MZRARIRA ARG RIX T IR, S K562 A iR BLIAMINE P . 518 + CT63 3Rk K- 558 2 1L & 4 11
WUGHISE; CT63 Al HERpZOR A R , (23 K562 AR 3G FE AN 1A P9 AU 5 CT63 R 4ERri2 M a6 2 111 i i i 1 Fo o8
AR B TR
(X8R Jm-2IUbii 63, MVERER MG ; ANMISGE ; AMMs-k; Lobifk
[DOI] 10.3969/j.issn.1674-8115.2024.11.002  [HE4H£ES] R733.72 [X#Ek#REDB] A

Function and mechanism of cancer-testis antigen CT63 in chronic myeloid leukemia
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[Abstract] Objective-To explore the effects of the cancer-testis antigen (CTA) family member CT63 on proliferation,
differentiation, and tumorigenicity of chronic myeloid leukemia (CML) cells, and uncover the underlying molecular mechanisms.
Methods- The link between CT63 expression and the prognosis of myeloid leukemia patients was analyzed using bioinformatics
methods (TCGA database). A K562 cell line with CT63 knockdown was established. The knockdown efficiency of CT63 was
confirmed by qRT-PCR and Western blotting. Live-cell imaging and CCK-8 methods were adopted to evaluate the inhibitory effect
of CT63 knockdown in CML cells. A subcutaneous tumorigenesis assay in nude mice was conducted to examine the effects of CT63
on tumorigenesis, tumor growth, and differentiation of K562 cells in vivo. Phorbol 12-myristate 13-acetate (PMA) -induced
monocyte/macrophage differentiation experiment was carried out to investigate the role of CT63 in the differentiation of K562 cells
in vitro. Mitochondrial function was assessed to determine the impact of CT63 on CML cells both in vivo and in vitro. Results-The
Kaplan-Meier survival curve indicated that low expression levels of CT63 were correlated with longer survival in patients with
myeloid leukemia. Down-regulation of CT63 in K562 cells inhibited proliferation and promoted differentiation. Live-cell imaging
and CCK-8 assays displayed that knockdown of CT63 inhibited cell proliferation and extended cell doubling time in K562 cells. In
the subcutaneous xenotransplantation model, down-regulation of CT63 inhibited tumor growth in nude mice. K562 cells expressing
lower levels of CT63 were more prone to differentiate into monocyte/macrophage both in vivo and in vitro under PMA exposure
condition. Knockdown of CT63 suppressed the activity of mitochondrial respiratory chain complex IV . This led to decreased
expression of mitochondrial markers, including cytochrome C oxidase IV (COX IV), pyruvate dehydrogenase, succinate
dehydrogenase A (SDHA), and voltage-dependent anion channel (VDAC), thus affecting the mitochondrial metabolic activity of
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K562 cells. Conclusion*CT63 is related to the prognosis of myeloid leukemia patients. CT63 plays an important role in promoting
proliferation and inhibiting differentiation of K562 cells in vivo and in vitro. CT63 serves as a switch to regulate the balance between
proliferation and differentiation of CML cells via the modulation of mitochondrial activity.
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) = L A DAL P L 20 P A 3 e A L AR RS LA B
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CT63 /& CTA K & 1) — i, IR #k PASD1 (Per
ARNT Sim domain containing 1), fxF-7E7REIME K B
2 LMK R R R B L 2005 4F, BFSTEAE A kB
R R ALY B E A A S i R I 21 CT63
FIk Y 201948, WS H KB CT63 1E IR R
R FRIE EIE, ELEERE CT63 230k nT 34l fise JoJed 400 it
FUSEBERE ST 11 20224F, BFSEH LRSS B AL SR
A PRI B CT63 im ik, FFIA K CT63 Al AR 4G
T I RO Y AR AR, CT63 {UHE
AEFHA LI (EXTF MR R, MR AL S R o
— L E R AP A BRI R i R, X8 CT63
FEIRNT IR 1) T A AN A S AT e VR o T B R 4
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1.1 FHFL

10 4. EESER A PESE R M LK K562
2 DA K AR 1 H2 HEK293T 40 Jifd 22 34 g A 52 36
FRAFE . NI CT63 5L 1) CDS X B % 3 NCBI
RefSeq B4 A B9 NM 173493 3§51, 4 5415 CT63
FL R A% & J2 RNA (short hairpin RNA, shRNA) ¥
4138 3 InvivoGen I 3 %2 71 (http://www. invivogen.
com). FiRiFg# . 256 PCR (qRT-PCR) 545
B shRNA J B i 51 ¥ A= T A T/ (i)
I A BRAS A A . R A g ) pLVX-
mCherry . pGreen-Puro it f LA K 15 955 55 6 % o FH (1)
dR8.9. VSVG Brhi 1 AL 50 28 (R AT
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112 EZEKF 5 DMEM ;373 . RPMI-
1640 ¥r e Bt (JRKGAEDY), HED, JR4IMIE (Gibeo,
FVE ), FRAWIPEAZ R N UIEE . T4 DNA % $ i
(Thermo Fisher, JE[), %I CT63 ik (NOVUS,
M), %IECDIb, CDI4¥iiA (Abcam, F[H ),
FLIE a-tubulin, HSP60HTIA (Proteintech, JE[E), %
P40 2% C EALREEIV (cytochrome C oxidase IV,
COX V) . AR 5t S ity Pl AR 1 ) 5 3 i
(voltage-dependent anion channel, VDAC) . 3% ¥R
I &E A (SDHA) Jifk (CST, 2£E), Lipo30004H
M gk F & (Invitrogen, FE[E), KEEFIAF &
(Takara, H7Z%), Hieff gPCR SYBR Green Master Mix
(BXAY), HE), CCKSIRHF . LekiiRMEgaEE &
PV G R R & (A TAY, TE), Blood &
Cell Culture DNA Mini Kits (QIAGEN, f#[H),

BERCHLIKAY . PCRAY (Bio-Rad, 3E[E), #AMY
ZIREIRAL (GE, R, LRMERME (ZEISS,
% % ) , QuantStudio™ 7 Flex 2K I} 2 5 &2 & PCR Y
(Thermo Fisher, 3¢ [ ), 4% fil = 8 7 ik 24 i A
(SONICS, ZE[H), FACSCalibur ™ =X 41 Ml 43 31X
(BD, ZE[E ), Livecyte ™ i 4 Ji i 1% /0t R &
(Sartorius, & [ ), IVIS™/NZh ¥ 1% 1k 1R & 48
(PerkinElmer, 3£ ),

1.2 8iik

121 4fedE5E  HEK293T 4 & 10% FBS Y
DMEM 85 32 3L 55 3%, K562 40 i fdi F & 10% FBS )
RPMI-1640 1 37 585 5% . B g7 F P A 100 U/mL
HRRMI00 UmL 55 R WIIR AW, IHFHEHET
37°C. &H 5% CO,MTHIREEFRAA o BRI A 77 &
438 F HEK293T 4l fifd R AN, HARSLER 25 Rk U5 F
K562 4iififl % .

1.2.2 kM E X HEE DNA 5] 8 3F 17 36 K %
10 min, it [ AAREIRIB A, B HIE A A BamH 1/
EcoR T Z % K v i X 4% 7= 9 o i H BamH 1/
EcoR T BRI PN VI Y1 pGreen-Puro kA I 1] i 7]
W, ¥4 BamH 1 /EcoR 1 ZhVEAK S A pGreen-Puro
LA 7 BE 5B KW AT, R R S T
CT63 B: A 1Y shRNA G BTRL, LA 124 shCT63, [F]
BF, A FH AN S i A ] 356 PRI A AR ) /N B B by B X
M, 0N shCtrl, 47 shRNA F B ) i STk 76 41 it
RIRJE, RENEZIE 1 77 4E siIRNA J: S PE4s & TR
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L) mRNA, T IEH0IE A ) kK, shRNA F
B HBFIIWE L,

1 shRNARFERHBHFT]
Tab 1 Target sequences of shRNA

shRNA Target sequence (5'—3")
PG-shCT63-1 GCTTTGCATATCCATGTTCTA
PG-shCT63-2 GCCATTGATAGATACCTCAAA
PG-shCT63-3 CCAAACACATTACGCCACGTT
PG-shCT63-4 GCTACAGTTATTAGATGGCT
PG-shCT63-5 GCCTGAGGTGAATCCATTGTA
PG-shCtrl CCTAAGGTTAAGTCGCCCTCG

1.23 RFEHBEAME RiFaaarobFEs S
shRNA H Bt i) ki 5 dR8.9 . VSVG Gk 4% L {91 Fid &
(4:3:2), fii 1 Lipo3000 % Y i 5145 STk i U 22 41 it
24 80% [ HEK293 T 4t rh o % 4% 6 h Je B4l 5%
FE, A8 hE W AR VSR, LA 0.22 wm P B
UE, RN EEM . PPN ERIR SRR 1 IR E
JE M A polybrene (¥ LR 10 weg/mL), KHiR-AS WM
A 5% BE 40%~60% I 7 KS62 4lififi &= h, 24 h )5
e h 7 10% FBS ) RPMI-1640 55 5535 L 72 h
i 58 P 248 L =X 8 AL 39 ¢ £ 90 A 5 B 7 4
ML, A5 B MR CTe3 35 ik 1Y S5 5 2H K562 i i
(shCT63 K562 Al 72 ) FIA mf CT63 3Rk i X) HR4]
K562 4iifits (shCtrl K562 41 &) .

1.2.4 qRT-PCR £ % fifi Fi| TRIzol ¥ 2 HU 40 i 11
RNA J&, RS &, SIRUL B Rk 1T
BefE, PRATAMIAY cDNA, i SYBR 5 B il /2 1
K&, P N4, AL T & PCRY 1S,
SIS I, UL 2720 X528 fr g C M EA T
FOYHT, 1533 H S AT A R SCER T I
YIFs W22,

1.2.5 FEEAFEGEEN 0 TTE i AE R
SR, IRAVJE UK L E 10 ming A RS A AR AY
40% D) R4, MFE S A 3 s, [IfE3 s, 84
PEFR ., 12 000xg B5.0> 10 min J5 W HiEW, EHER
Je IAKE B FREZE v, 95 °CHIA 10 min JE 1 1 FE
FEdh o 847 SDS PAGE Hiyk, i IR E AR
ZPVDF L. & A 5% IR 4= W5/ TBST #% i &
M1, IIAXT R —3T, 4 CCFE LR . H TBST MK
3, BR 10 min, JIAXTR “HiERBEE 1 h, HE
TBST VIR A AL b 2% 2 ek, 4k
2R ICIEAT R

1.2.6  Livecyte ™ {if 4fl ffl Q% 41 M 35 78 52 50 B
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Tab 2 Sequence of primers used for qRT-PCR

Gene Forward primer (5'—3")
CT63 CATCGTGGGGAATGAGAGGG
mtDNA CGAAAGGACAAGAGAAATAAGG
Nuclear CAACTTCATCCACGTTCACC
HSP60 GTGTAGACCTTTTAGCCGATGC

Note: mtDNA-mitochondrial DNA; HSP60-heat shock protein 60.

shCtrl K562 5 shCT63 K562 4 £ LA 1x10*4~/FL 1) %
FE R T 2 R A TR g o6 LR, 464 &
2. 100xg 2.0 6 min AN EE S, B 96 fLARE T
Livecyte™{{#5H1, 1£37°C. &4 5% CO, M54 T 55
F%o BRIP4 XA R AR AT LRI, E Sk
148 4 d, IF {8 ] Livecyte ™ % 12 4> BT 48 M 5% 1% Fn
H4%HE

1.2.7 NRBUREE (T 6~8 IR IR, LATESS
K562 shCtrl 40 i i BR BRUAE R IRZH (12 2, DA
K562 shCT63-2 4 fifl (& Fx shCT63) HURE A ML
4 (12 H)o M/NRZE BBORT RTINS, B
TSR S AR 1 LIRS R, UV
TS 2x10° A . V5T 4 RS B /N, RIS 78
IVIS™/ N A% Z e ks i f H s 2 e (5 5 /. i
HEWT 2L FE/INER, A S0 IO g, A1 RO R i P
1T FH 4% 22 5 WY R 11 o s AT A A R0 o

1.2.8 HAK-Prafa (H-EY@) AIEvR7F
THER D CEERBCRK RIEIES IR AR G
W) et 4 mine Y07 K 90 10 min, 1% %
fig ZBE e 3 s, WK MYE 10 min, PR A 41 4y
W e 1 ming S U HRIRHEK . SEER RN
THZR R, PO TR E R

1.2.9 XYM AIAE 4% 2 5 H [ e
10 min, PBS ¥t 2 ¥k, ffi /b & PBS & 4 L )5 |
100xg 250> 8 min, $RFEMW Kok WA, M 0.25%
NP40. 1% Triton X-100 f#% 38 i ¥ % i 10 min, PBS
YE3 W HE 5% BSA (13 A E 30 min, —¥T
4°CIFE R . HPBSYE3 WK, Mot 4t (1:500)
FIRWFE 1 he FHPBSTE3 WK, MIA 1 png/mL i)
DAPI 44 = % 5 10 min, PBSPE3 WG H A, 7k
e TSI AR

1.2.10  #hikERifE 2404k ffi 1] DMSO e & Wk i
1 mmol/L i) J s (phorbol 12-myristate 13-acetate,
PMA) . Kiid & PMA I 4 3 A i % CT63

e
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Reverse primer (5'—3")
GATTGCAGAGGGGCACAGAT
CTGTAAAGTTTTAAGTTTTATGCG
GAAGAGCCAAGGACAGGTAC
GTGCCAGTACAGTAGCAGTGG

FIR 1Y S 2H A ML R R R CT63 383K (A% REZH 448
M3 FRFE, i PMA TAEWE RS 1 wmol/L, N4
Je BT HATHIE, 48 hs WA O RE &

1211 ZKi{ADNA (mtDNA) ¥ i ] DNA 2
BUKH &, R 1310541 1 DNA L X FFfS ke
A iEAT QRT-PCR SE 56 >, LLFE fl v B-globin 3 [ (14
¥ DNA &N S, Kl mtDNA Y& . BARS 9
JPH W22,

1.2.12  SAAIFIREE S IVIEHERD KRR
shCtrl K562 FilshCT63 K562 A 7, fifi FH £k A1
WA WIVIEEER &, SR EE, 0
20 2R AT I % 52 A IV AT 1

1.2.13 40 3 PR Al A i T %0 R 6 8
(cell counting kit-8, CCK-8) 4 il 2 it 14 FE 5 4 . s
shCtrl K562 B¢ shCT63 K562 ZH My LA 1x10* A /FL3EFD T
96 LM, 7E37 °CH A 5% CO, M4 F 153, Aidl
WAL 10 ERE AL, MRS 24 hiG, WA R
FEAEREAL A S R R 0 85 3R I Ak S 8 5 4 h,
At It B S 5 4% FLAE 450 nm KR 09 W6 B (il
D (450 nm), FHEEAHXT MG Ty, S WS 2 40 B Y
VIER=RU

1.3 B br

1.3.1 AAfFiig ot {#FH Kaplan-Meier plotter 4= 17
4y M1 W ¥k (http: //kmplot. com/analysis/) , X & H
TCGA %l 2 v 353 5l & 11 1ML £ # FE A 1Y mRNA
Fik e 5 A AR Z R AR DG PEEAT 3B o (i Cox
DA (8] DA A8 3 Sl 3455 v A 20 ARG 4 5 Te A
H1EW (event free survival, EFS) #H ¢4 iy XU b
5PE, SHrAFEE T CT63 3 ik 75 EFS 2
(] o AH e o

1.3.2 RNAseq #5047 R (v43.1) 41
Bk B R AA: DR A BR S Al 42 L RNA-seq £
o IR EURE S A REFREFF T, JEAT B2 il A
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ALEE, i limma W iE17 22 57001, W ERRIK
f#%0 (fold change) KT 1.58/NF-1.5, LLP{H0.05
M BE, Gk h 2 SRR R A %
clusterProfiler fi %} 2= 57 ¥ [H ¥ F/E GO 43 ¥1 5 GSEA
3T, BRI 2SI A Y DI A S L
15 M. {HFH enrichplot f4XF GO 43 #7 Il GSEA 437 1)
SERIATATNAL, AR p P R J R 2 S B N TE T il i A
AR

2 &R

2.1 #iFk CT63 % K562 A% 5 i /5 W

M TCGA il 2 rp i 1 H 353 1348 28 1 10 78
RUFEA , Kaplan-Meier A 77 i 28 43 #7245 5 g 7k CT63
AR R E A B g (B1A).

qRT-PCR Fil Western blotting 2% H i 7~ , 5 X 18
AL, SCE A AN CT63 %3k B 7E mRNA /K
¥ E AR (& 1B), shCT63-1 1 shCT63-2 4 il
T CT63 168 FI/KF- M m b e W B (I&11C) o T 4l
Mozt W o, SXPIRAMI L, CT63 MR RUR 4
) 52 B 41 40 0 (shCT63-1, 2) 14 5 o 7 % fiK
(FE 1D, E), 20 A5 1S o) i 2 0, i 28 1K F
oAV AS HD S 200 L P 5 34 s (i) 55 X6) RECZE AR B ) G ek 3
25 (EF) . 640 se it MR 25 R o, bk
CT63 fig ¥ il AN CML 40 it K562 40 fifg 5 9 3 5 .
CCK-8 LI iR, 5 shCuldlMitk, #ifF CT63
T30 KS62 4 M 1Y Ky A W BE R 40 MR TE ) BE AR
(F1G).

2.2 kB CT63 M/NELEE T HUIR IR 3% Wi
AR AN 4 F s, G R 12 HAR R K
T PRI AT UL A B T bR, TSR SR A 3 R A H
(B 2A) o il FH TVIS™ /NSl 49 % AR i A% 22 0 A6 T A4 B
PR SR 1) mCherry 9O R SRR . G5 M R, 55X
HEZH M LL L S50 4 A% il 3 ¢ 6 A 5 o 3 B 3 R IR
(KE12B) o XFRRERIEAT AR, HCH MR 40 405 % b &

PR, S 2H IR () R /N R IR A A e
FEAL (K 2C, D). H-EJ: a5 R mor, XF R4 ad

Jed A MR e LR, s TR EL A A v R G T R
(F2E) . PTG OLE R Bon, wfe e 4n i vh
CT63 K ikJG (EI2F. G), Ki67 BHM: ) 40 i L i %
fiX (E2H. 1), ULBERE CT63 i 4l 23 b kb 1%
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BR 7 20T A0 B s A, R AR R T RE A sz B T
kTS

2.3 HEFE CT63 % K562 4K 534k 11 5% i

i 6 CT63 fi B I 15 B N CML 4H il 25 5 3% 3k
mRNA, K H RNA-Seq £ AR M5 A CML 41l Jifl i) #5158
WM, BAREIANELE . AT S5 414 i
CT637E RNA K- (E3A) FEHKY (EI3B) 1
FIR B IRACG , BT B2 5 S0 s 4] v 3L [ Rk
HESHEHKT 1.5 (log,FC=1.5, P>0.80) Hy25HF3%
ik mRNA, X HHAT5r R RERE 547 (K13C) . K&l
TREANEIE TR 2R RBHE, daFRRERE
B mRNA, #EAFRR LS TR mRNA, 47EER
IR 3 AT 2 20 240 i v 2% 5 3R 3K mRNA (9 230 A 16 O o
gER BN, Wi CT63 )5, 476 MMM FEIL L,
[ 297 DRI T (B13C) o X 2 41 24 ffd 2=
5435 mRNA #17 GO T RE R S s 4R hr, RILE
H 22 52 358 mRNA KRR 9 1249 GO term 431 2 36 5
RSk . HANMETE LAY IE ST . AanikatetE . §E
AHAMMWER . RS . L2AEN TR
PE L ORLR R R T B TR L R SER 4 LS5 AR R T I
I 5 Sm s (K3D) . MIEHIE GO s b iy 4h
FIJH] QRT-PCR 26 CT63 Rl X K562 41 o 6 5273
HAH G HE I mRNA K3k K152 00, 25 BoR CT63
g B T BORE &R A A o> Pk A G AR AR W) IL7R . AXL.
CDID FIMT16%5535 L (EI3E).,

2.4 #E R CT63 i K562 41 L i) 0 K%/ w21 if

mik

fifi I PMA 4331175 3 X BB 41 shCtrl K562 4 ffg Al 52
5521 shCT63 K562 4 ifd [ FRAZ% /1 W 240 Jfd 3 Ak . i
WY A R RV, LA CTe3 TG
(K 4A, C), BAK%/E W40 B i 20 M 2% 1 AR S 9
CDI11b (4B, D) MICDI14 (K4E. F) FHYER4H
Jit] 5B S5 19 hn . Western blotting (&1 4G) i =X 21 jitg
AR (E4H, 1) 4558 8BIR CT63 iR ik i/ B
W 240 JHO 4 40 i 3% 18 BR 7 ) CD11b Bl CD14 %3k . 4
Bz RR S I6 R AG 14 iR 4 SRR AR AT G e e Y
SIS, 25 S R RE 7 S92 50 21 240 R AT A= 1 i e 2H 240
H1 CD11b Fl CD14 FH 4 0 41 A 3 B 4 b 35 3 =
(&1 4)) . %45 B4R CT63 ] HE B il fif 952 20 i [i) 2
i/ BEWE &R 504k
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Fig1 Proliferation of K562 cells after down-regulation of C763
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Fig 2 Tumorigenic ability of K562 cells in nude mice after down-regulation of C763
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