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(¥ P<0.05); FEHAMLLAB 240 FR, PI%E R 1E SIRT3 K288R 4l il 7+ i Bk (1C,,) thikm. 4518 - Z SUMO LBy
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Role of SIRT3 SUMOylation deficiency in the proliferation and chemotherapeutic sensitivity of breast
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[Abstract] Objective: To investigate the effects of deSUMOylation of sirtuin 3 (SIRT3) on the proliferation and chemotherapeutic drug resistance in
breast cancer cells. Methods-In order to construct the MFC7-SIRT3KO cell line, the CRISPR-Cas9 plasmid pX330-sgRNA targeting SIRT3 gene was
designed. Then, this cell line was infected with SIRT3 K288R (sumoylation modification site mutant), SIRT3 WT (wild type) or Vector retrovirus to
establish the SIRT3 SUMOylation site mutation and control cell lines. Cell counting and microscopic observation were used to determine the changes in
tumor cell number and morphology under the same incubation condition. To detect the chemotherapeutic drug resistance of SIRT3 K288R and the control
cells, these cells were treated with different concentrations of adriamycin (ADM) for 24 h, 48 h and 72 h. Results: The MFC7-SIRT3KO cell line was
constructed successfully, and then SIRT3 K288R, SIRT3 WT and Vector cell lines were established. The cell growth curves showed that the growth rate of
SIRT3 K288R cells was significantly slower than those of SIRT3 WT and Vector cells under the same incubation condition (P=0.000). This phenotype
was also observed under the microscope. The diameter of non-adherent breast cancer cell clumps of SIRT3 K288R cells was smaller than those of the
control cells. ADM resistance experiment showed that the activity of SIRT3 K288R cells was significantly higher than those of Vector and SIRT3 WT
cells treated with different concentrations of ADM (1.25 pg/mL, 2.5 pg/mL, 5 pg/mL and 10 pg/mL) for 24 h, 48 h and 72 h (P<0.05), and the half
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maximal inhibitory concentration (IC,)) of ADM in the SIRT3 K288R cells was higher than those in the control cells. Conclusion-The SIRT3
SUMOylation deficiency inhibits the proliferation of breast cancer cells MCF7, while increases the drug resistance to ADM.
[Key words] sirtuin 3 (SIRT3); SUMOylation; breast cancer; adriamycin (ADM); drug resistance
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DUERIH Y 1 3 (sirtuin 3, SIRT3) JEKHI T NAD'
M2 CBCEE, FBAFE TARRRE TR, REELR
PR B ARG B 7 ORI 5E R W] SIRT3
REMEXTF 2 2 S AR AR AR G L Wik, R EE
TP R E A LA SR AR A Y SIRT3 72 1 2 A & g it
PPt P A O R 1 IESE SIRT3 REAS A
T LRAR TG 7 (reactive oxygen species, ROS) M5~
Az, IR AR AT RIS A L AT Y R
SIRT3 % &l 2% fig 3 i 9 > = R R IF ¥F  (tricarboxylic acid
cycle, TCATEIR) F1 L kAl A FE h A 2 I e 1) 122 0k %
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3z £ 11 (small ubiquitin-like modifier protein,
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MM, HTEAMRE, AR SIRT3 SUMO 1L &1
i AL TIZ R 0 S BRS04 fL P ROS 7K
SERTRE AR, AT RE R e b A0 M A 2L DR
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1.1 LN

41 (35 Gibco, 10099141C), DMEM # #
([ Gibeo, 11995065), RPMI 1640 15373 (£ [H
Gibco, A1049101), B27 4Hfks 3=l (3£ [E Gibeo,
17504044) , F B £ K B+ (epidermal growth factor,
EGF) (3£[H Gibco, PHGO311L), MEGM }: 373k (£ H
Lonza, CC-3150), H&EE-4H X NPT (3£ E Hyclone,
SV30010) , Lipo3000 %% % ik 7| ( 3¢ [ Invitrogen,
L3000015) , PRl 4 P Y18 Bbs 1 (3¢ [E New England
BioLabs, #R0539), T4 DNA %% (3% New England
BioLabs, #MO0202), T4 Z R MM EF (35 E New
England BioLabs, #M0236), E. coli &=z 75410 (+ [
TIANGEN, CB101) , pX330 i % ( 2 [E Addgene,
#127875) , Gag-pol i ki ( 3£ [& Addgene, #14887) ,
pVSV-G itk (26 [E Addgene, #138479), #i SIRT3 Hifk
(SE[E CST, #5490), HiB-MahEA (B-actin) Fifk (R
CST, #4967), fRiE_HT (LR CST, #7074P2), HIHA
BEREMEAE LM BE (P [E YEASEN, 36401ES25), K%z
(£ [# Sigma, D1515) ., pBABE-3xFlag Jfi ki K J§ T A 52
K BEAE VY PUSUMOL Pk AR Se i s [ ATl 45 20
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121 4UiEsE ABFE EE MR R 9 AN FLIRE
il (MCF7: 258 ATCC, HTB-22), W[ b ERMF b
BAVKE SR ORI S A . BN, IR R T
ARG G o AN W RE AN, A B 10% R4 i v A
1% 7555 % -4 Z P01 DMEM 1 3538, B9 137 °C,
5% CO MG Feph, B 2~3 . ARWIFERY T A 52
LR Nl b iy NV S o Ul e L A s R

122 & 1 T #l BR SIRT3 3 [F By pX330-sgRNA Jfi
A F)FH 25 B RR 48 B T 24 B8 1Y) CRISPR sgRNA B3 78 26
V-5 (http://crispr.mit.edu) it sgRNA W5IHIFH] . £
ES AW HEHAE B 0 (http: //www.nebi.nlm. nih.
gov) AR A SIRT3 JEH A 4 fith 51, [ Bl At o B PRI i e
o F 1B HAA M 3% sgRNA G,

R1 sgRNAZI#EE

Tab 1 Primers used for sgRNA

Primer Sequence
SIRT3KO fwdl 5'-CACCGGGTCTTTGGCAGACTGTGC-3'
SIRT3KO revl 5"-AAACGCACAGTCTGCCAAAGACCC-3'
SIRT3KO fwd2 5"-CACCGTACGATCTCCCGTACCCCG-3’
SIRT3KO rev2 5"-AAACCGGGGTACGGGAGATCGTAC-3’
SIRT3KO fwd3 5"-CACCGCCGCACGGCCTCGGTCAAGC-3'
SIRT3KO rev3 5"-AAACGCTTGACCGAGGCCGTGCGGC-3'

e, FBREIE YIS Bbs T X pX330 JF kL #E 37 °C
FHEFY) 30 min, [RIEF, CKEA R sgRNA F T4 2 R
PABEAE 37 °CIEE 30 min, B )5 7E 95 °CYEH 5 min, 43
BRBEAL S cCCH B 25 °C, eI . R, Kk
b sgRNA 55 Byt i B8 e (P10 i) Bbs 1 V) 50k 38 5 T4
DNA # L5z . fela, W& W ALE E. coli %
AU, PRHER v BN Y %5 0 pX330-sgRNA JiU kL& 7544
HRI)

1.2.3  #J # MCF7-SIRT3KO 41 ffg & il i fig J&i &
Lipo3000 K pX330-sgRNA Jii ki 5% YLt MCF7 41, 15 5¢,
W55 YL pX330-sgRNA Y MCF7 48 g 1 5% 24~48 h If 1%,
SRIF A A 51 A 8] 96 LA, il A DMEM 58 4 85 57
HIFIR A TO R SR, alad 24 fLMR . 6 FLARIFLEAL R B 37
A AZABRE 04U R, R —FHT%E,
F—R R R 24 fLAR AR LB SR . TR ENNERS
RIPA J&¥ [ 50 mmol/L Tris-HC1 (pH 7.4) . 150 mmol/L
NaCl. 0.3% NP40 Fll 1% & I B il ) | 24028t it
SDS-PAGE #1 SIRT3 Ht 4445 I # 2 SIRT3KO 41 Jifd b #4
B

1.2.4  FHEREE SR RE ORI A A

http://xuebao.shsmu.edu.cn

SIRT3 2 SUMO fh 6/ 8 55 L A8 41 it MCF7 34 515 S AR 25 ) Uk (R ATF 9 | 1559

SEHE AN G, K AH R N 9 SIRT3 3 A 7 51 47 A %
pBABE-3xFlag [ BamH 1 Fll EcoR 1 FVIf 2 0], #4#
SIRT3 WT J 5% 59 85 ks, FLRBI WP 4 3 2.

£ SIRT3 WT S e s b, il 31 SIRT3 26
288 {7 51 52 1 A S B PR ] L4 5 1 00 0 B K A o st 98738 SRyl
R, fHRI N TR #0K (1 SIRT3 4K (A RE S & 2 SUMO
e, 45 AN kAR i 2 0l As DA #4 E SIRT3
K288R S s 2 kL, AN 5 10751 I3 2.,
£2 HMREHRRHERKSINFS
Tab 2 Primers used for retroviral plasmids construction

Primer Sequence

SIRT3WT fwd 5"-CGCGGATCCATGGCGTTCTGGGGTTGGCGC-3'

SIRT3WT rev 5"-CCGGAATTCTTTGTCTGGTCCATCAAGCTT-3"

SIRT3K288R fwd 5'-GGCGTTGTGAGGCCCGACATT-3'
SIRT3K288R rev  5'-AATGTCGGGCCTCACAACGCC-3’

125 st aE Boki Y MCF7 SIRT3KO 4l & %
IR EERYLRT 24 h, 7E 10 cm #5332 ML R MCF7 4000, 7%
AN EE AT 2 60%~T70% o i1k [ 5% s R 24 ok
Gag-pol. pVSV-G Hl HFrFER FURLAE 293T 4l 72 7 A= i
W F3mLIREE . 1 mLIEFFRELANS pg/mL 1Y SR BRIk Y
MCF7 SIRT3KO 40 fifl 75 , 3 3o W2 4 5 2K O 1 449 2t 25 2k
(Vector), SIRT3 WT FI SIRT3 K28SR 4l 5 .

1.2.6  AMZRARA S50 Eg R 1x10°1 4l L, FH PBS
VEgANM 23, VKR TS ) PBS e d B A i, HX
A A T, FIARAIIETE 4 °CTF 600%g B 0> S min,
FEVEW, A1 mL&RR S B (210 mmol/L H #
B . 70 mmol/L i B . 5 mmol/L Tris-HCI (pH 7.5) |
1 mmol/L EGTA. 0.5 mg/mL BSA] ZEiMiakslgirh, &
BRURFTHAM, VK bR 10~15 min; $E20 S W0 75 2 9%
AR AR T, A1 30 N A . AHMEAIIRIRAE 4 °CF 600xg
B30 10 min, JUIE EZON ML 53, NOA IS
BE B —DBLE T, 7E4 °CF 3 500xg B0 10 min, /)
ORBE LIEALGr, DURERD R 4 B4 2 A 40 Ml LRk
1.2.7 RPEVOVELR MR 1< 10° 420 i (9 Sk A 4 43,
FH PBS Wik 1~238 , il A 300 pL 40 S M & vh il [ &%
50 mmol/L Tris-HCl (pH 7.4) . 300 mmol/L NaCl. 0.3%
NP40 Fl 1% #& (IR 5 1, 13 500xg 2.0 )5 B W
B 1/10 A A A B X BERAREAS AR 24 A T L
AR BT, 124 CCTHERIEE . # 10 pL B A B
B AL B A LR 40 i A% T AE 4 °C R IR IR &
2~3 h, f£4°CF 4 500xg &.0> 5 min, KR HELLA IR
EOREEN B LIERNOWE, PRSI S Al A e
BB v RE 3R, )i, #EAT Western blotting 7347
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1.2.8  Fgg 3R 25 P S 5
HRIERR S 96 FLAR T, IMAEA 10% I I RPMI 1640 35
Fekk, TERALTH I RIIMAZMREE #1110, 5. 2.5, 1.25 pg/mL
B2 AL BE 24 48, 72 h, LA NBATEE 2 b B (1 20 i 1
okt RRZE 43 60 BE A U K 540 nm Ak B WO FE AR
(D (540 nm) |, it A [HMIIEPE= (D (/D ) *
100% ] TT5 4G P, # 2 SIRT3 K288R FL AR I 41 iy 7¢
RO TS T 25 A RBURRPE o 43 AR 2 3R A 31 4t i
FRAEZHN TR (half maximal inhibitory concentration,
IC,,) -

13 Sl

K F GraphPad Prism 8.0 {447 414011, £adads
PAxts 27, 22400 HLRCR IS AEA ok, Py S22
DHESE 3, LLP<0.05 KR 2T A SR L

2 BR

2.1 437 SIRT3 SUMO fL & i 28 74 i) MCF7 41l il 5

R TR S b AT ST SIRT3 25 1 %) 7L A9 200 M 1) 5 i),
FATE ety TR SIRT3 FlR i) MCF7 4 ML 3 o W ey
Y pX330-sgRNA ¥% 4L 2 MCF7 #li i, F Western blotting
Il SIRT3 26 (14577, S0 UERE Yok, IR0 e Mk ek
FH AR e () MCF7 4 /R FREXT 8 . 255 (| 1A) Al
sgRNA1. sgRNA2 FlsgRNA3 # YL J5 40 SIRT3 4547, i
M SIRT3 L 5 ; # sgRNAL, sgRNA2 il sgRNA3 4 Jif;
Ui #g gt T SIRT3 il B 1) MCF7 40 ig &, H) MCF7-
SIRT3KO #iiifd, W] H] T Fp s 20 f 15 5%

J T #E— 5T SIRT3 Y SUMO 1k X} 7L i 8 A 52 1
F AT MCF7-SIRT3KO 41 g i 564k [, 4373l %% A SIRT3
WT J5i 4% #1 SIRT3 K288R i ki, 15| SIRT3 WT F SIRT3
K288R Fa % 241 ff bk , DA Ye 25 9 B 411K 19 MCF7-
SIRT3KO A IAE A *f I (Vector ) . #RJ5, % ELT
UE Fll Western blotting %5 & f2 57 41 il & (&1 1B), 7F Input
Hr, SIRT3 WT I SIRT3 K288R A UL A%t 43 1 i £ 28 000
MR 14570, 1T Vector ZHJC 4571, ¢ IH 2 MR 40 it 32 34 L2
%% A SIRT3 ki, JH SIRT3 Pk fezeivide, I SIRT3
FISUMOL iGN, 455 iR SIRT3 WT 4 SUMO 1L1&
Wi, BDAEAE— AN HE X 4 F BT A 47 000 (1 454, TTAE
SIRT3 K288R %47, M SIRT3 K288R fit i i MCF7 4l
Jfl (¥ SIRT3 SUMO £k & ifii ik 2k, W] H T #F 5 SIRT3 2%
SUMO Ak A& Wi 7 L M 40 B ) 4 1
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PL1x10° 4N /AL I % B MCF7 A B
&
&
\@\ 5 ”>$ '*:@,
& S L &
Seds < S S
X
& § g§ § IP: SIRT3 |
9L @d & IB: SUMOI . ‘S‘%%IOR“
IB: SIRT3 | oy
IP: SIRT3 - SU-SIRT3
IB: SIRT3 > 47 000
IB: B-Actin | <l s Sy -
a» e SIRT3
ot 28 000
ey L= ==} sirT3
IB: SIRT3 28 000

Note: A. MCF7-SIRT3KO lines identified by Western blotting (IB). B. Vector,
SIRT3 WT and SIRT3 K288R cell lines identified by immunoprecipitation (IP) and
Western blotting. SU-SIRT3—SUMOylated SIRT3.

El1 T &R Western blotting £ FE#3 #Y SIRT3 SUMO fi 5 R T 400 Z
Fig 1 Confirmation of SIRT3 SUMOylation deficiency cell line by

immunoprecipitation and Western blotting
2.2 SIRT3 J: SUMO LA %ok 2L e 2 JHEL 1% 50 11 535 v

L 9 200 D 1 8 ) L BRI AL L e B SR YT T
2iPEAA W AR VR, R AR AR R B A © 2
18 i iR X LR — 2R 8 A 2 F-BE . SIRT3 (1 SUMO
A AE M RE U 5 SIRT3 3 4, 3 17 3 AIK 2K 11 Jo 7) 2 &
fE7KSE U, {H SIRT3 19 SUMO A 64 J2 75 5 ) 2L 5t 95 20
M B A8 FEANVERE . FRAT A B A TR B 6 FLARCKS: Vector
SIRT3 WT F1 SIRT3 K288R 4l Jifl ¥k 5 3% F T ML i MEGM
Brgedkrp, yEL:7 d G 24 h 3T EEA TR, I 0
MK 2, IR SIRT3 25 SUMO 1k 16 ffi ot 3L J 9 4
JlOBE 5 R s . 5 (KI2A) Won, AHIREE R E
T, SIRT3 K288R 4 ifd # 114 15 58 K A< B A% T SIRT3 WT
Hl Vector il 2, FH SIRT3 ARE & LE SUMO 1L &1 i,
R SIRT3 7% P48 i sf Xof LT 00 0 335 G R AT B

[ B, AT A FH R A 2 BfF 6 L HROKF Vector, SIRT3
WT HI SIRT3 K288R 4 fifl #k 15 77 T JC I 7 1Y) MEGM 15 3%
b (AINB27 MEGF) 10d. 553754 8 b 7e 80085 Xt
3E Zh BFF 2 2L IR BRBE 40 i I & E AR K/ & 3 SIRT3
K288R 4tk B2t /N (K 2B), FWIHMIRENE, 4
e, FRATAOEEFE B SIRT3 25 SUMO f A8 M % 3L it 8
0 B 1 A AR

2.3 SIRT3 J; SUMO TR A5 i of Il 2 L it 245 8 (1) 53 i
957 4 L £ T 247 4 396 5 ol 15 9 200 i 138 A 205030k I PR 245
PIRYT , A4S IR IR YT I IR I e . B R
e KT Y, TR SR R . R
T HE— 5T SIRT3 25 SUMO b 18 1 Xef i Jeg i 245 78 1) 5%
Wi, FAIXF Vector, SIRT3 WT Al SIRT3 K288R 41 fif £ it
117 g R 2P 5000 . SE i o T 3 MR R AE AR 25
WIS, ROTE A MIEFE 24, 48 F172 h

Vol.41 No.12 Dec. 2021



X
fr

M=,

SIRT3 2 SUMO {15 3L IS 41 MCF7 K43t % b7 26 et romise. | 1561

A
20 r —e- Vector
R -m- SIRT3 WT
E 15 F -a- SIRT3 K288R
35
g ] P=0.000
=]
iG]
Q
B
Vector

SIRT3 K288R

Note: A. Seven-day Growth curves of Vector, SIRT3 WT and SIRT3 K288R cells. B. Full-field views of single wells in the 96-well plates under microscopy (x100), and the

values representing the diameters of the cell clumps.

B2 3AMMNT dERK i EMAER M FLIR KA 4 A

Fig 2 Seven-day growth curves of cells and non-adherent breast cancer cell clumps in 3 groups

BF, BTEE R N 2.5. 5H110 pg/mL (41 T, SIRT3
K288R 2 g 4 119 175 4 1 {2 /&5 T SIRT3 WT Al Vector 4l ifd
%, KW SIRT3 SUMO i ;i 58728 Ji5,  FL MR8 41 i 1) it 24
PRI . [RIE, Bl A R L ARSI, SIRT3 K288R

2 B Bk 19 35 1k H AR T SIRT3 WT 1% ¥ 4% 748 il 5 T SIRT3
WT, FeAI7EHME: 3524 48 F1 72 hIN 5 WLEE ] T 5 Fh g
% (FE3), #E—442/% SIRT3 SUMO 1L fits $1 v L A s 4
FLAE ARSI T 10T 7 245 9 1 B

A B C
Il Vector
_ - 150
100 & BB SIRT3 WT 100 @ 5 B Vector B Vector
o 80F T WSRUKMR o w0t T EESRT3WT B 5 N SIRT3 WT
z ol T B ol EESIRT3K288R 2 100 ——= B SIRT3 K288R
z 2 2 5 z
£ 40 S 40 £
3 5 e 3
O 20 O 20 — &)
125 25 5.0 10.0 125 25 5.0 10.0 0 125 2.5 5.0 10.0
ADM/(ug-mL™) ADM/(ug-mL™) ADM/(ug-mL™)
Note: "P=0.001, P=0.004, ©P=0.000, *P=0.040, SIRT3 K288R vs SIRT3 WT.
E3 3FAMKEARIREMBEZLIE24 h(A). 48 h(B)FA72 h(C) FHITEIE LR
Fig 3 Cell viability of 3 cell lines treated with various concentrations of ADM for 24 h (A), 48 h (B), and 72 h (C)
HRBIEEIIC,, M, WG RN R FBRLEIHABTRN DN IC, (kgmL)
ﬂﬁ#’é’j‘t&"ﬂé‘i i BEJ%?%Z: Iﬁj HTJ‘ IEJ ALI‘IE_F Vector. SIRT3 WT Tab 3 IC, of ADM in 3 cell lines for different time(pg-mL™)
;Fu SIRT3 K288R éEH H@ /% E/‘J ICSO JI_[I_‘ %5; 4 , ?’(—{2 ,ﬂ‘] ZV\'A }m SIRT3 Time Vector SIRT3 WT SIRT3 K288R
K288R [ IC,, 7% 3 4™ BiJ [a] 55, 341 15 F Vector I SIRT3 WT, 24h 2179 3.634 6.930
W SIRT3 SUMO 1 16 i {37 #5575 11 MCF7 4 i %o Bl 25 48h 2.386 3.708 6.892
Z YT 25 PE s, B SIRT3 2= SUMO A 15 i 4 2L it 9 41 72h 2.307 4.646 5.053

0 2R TR 2454 1 5
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