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HDAC6 BTN SFFLOT2 X 2Bk & FEESREFRH]
R ENICEIER

FRIE, BAR, XNF, B

(1. PR RFRIRE R BE, KV 4100135 2. g Ry = pe, K 10410013; 3. ek
MRV PO E B ELRL, K7D 410004; 4. thrg K@i = e B /MR TR, Kb 410013)

(FZ] BH: FMEAotillin-2, FLOT2)/E MU B0 & F ANE7E R MRAY TS, (HEE W FLOT2 iy T Hilsk
WA AR . B S B MVE R BB Ty, XA R IE R . 8 SRR P S AR B S AR,
578 B SRR A A PR LT RN D e SRR R T I R W —FIa TBe . AWESY B FER ST S W H FLOT2 i 2 iR
LIRAE R IR AL K ILThRE, ] FLOT2 (Mg T 1l F B B 8 % . F73%:  FIH PhosphoSitePlus £4E 2 53
BT FLOT2 (3808 LA AL, A 2R L A 5 2828 1 FLOT2 28K [FLOT2(K211R)]; FZIEE X LRtk
fiff (histone deacetylases, HDAC) #1ll #il 5 i 1t & % A(trichostatin A, TSA). Sirt X &% 2 £ B A Bl 900 1 57) 40 B f%
(nicotinamide, NAM)AZb il & WF & 40 i, TSA &b BE%L YL FLOT?2 28 48 44 WUhE 9 A IR ' 41 e (human embryonic kidney,
HEK)-293T 4l fitd ;1 F #.9% 3503 (co-immunoprecipitation, Co-IP)K il FLOT2 4 i 2R 2. Mk Ak 7K - LA K 4 5 #i 22
B2 (KRS 248 % FLOT2 S 2 M2 S e AL K-SR o I 1 5T PR 4G TSA AL 3R AR A% Yy /i Yt FLOT2 2875 1A Bk
S Y S I EA A0 i FLOT2/FLAG-FLOT2 1Y BTk, S S i sk R4 B 5% 2V (real-time reverse transcription PCR,
real-time RT-PCR)A&: TSA 4b BH 5 S50 8 40 it rh FLOT2 mRNA fU5%ik . ] TSA 73 BIBE & MG 132 854 5 (chloroquine
CQ)ACFH AN LIS , K5I FLOT2 fOE [ 6 ik . FHI R # i (cycloheximide, CHX)Z>7Ab3 £ #Y FLAG-FLOT2
(WT)5{ FLAG-FLOT2(K211R) SO RL /Y HEK-293T 4fififl, 3l FLAG-FLOT2, FLOT2(K211R)HYHE [ 5t ik K1 LA s ik
T R R . 3l i BioGrid XU PE AT ) FLOT2 5 HDAC6 22 [al & 75 il REAFAEMI AR, IR Co-TP BiiE .
FLAG-FLOT2(WT)/FLAG-FLOT2(K211R) J§ii 7 43 5| X 75 %5 {4 % B8 (Vector)/ HDAC6 Jii 4 5% Yt HEK-293T 4l i, 4>
FLAG-FLOT2(WT) +Vector, FLAG-FLOT2(WT)+HDAC6. FLAG-FLOT2(K211R) +Vector, FLAG-FLOT2(K211R) +
HDAC6 3L 44, 43H1 K211R 28748 % FLOT2 B &R L FE AL /K520 . 78 6-0B 1A, Z3Jllid 35 FLOT2(WT) Al
FLOT2(K211R), HZMMEIiH4085 £ -8(cell counting kit-8, CCK-8). AR vaF&IE MF Transwell {22846 FLOT2 Z. 14k
LR RARIEY) = DIE. %55 : PhosphoSitePlus #4878 FLOT2 1Y K211 {7 s A7 7E S BB, Co-IP 25 3R UE S
FLOT2 & HAF7E I S 1) LAk &4, HL TSA AT DL 3 B FLOT2 (6 LAk B i KSF, i NAM WJE/EH s K211
V15 5878 5 FLOT2 HY B R L B AE K- 838 N R, HORAZ TSASEM . TSA T 8 SRR 4 -h FLOT2 Ay ik
K, AT FLOT2 mRNA B2k, WA Y FLAG-FLOT2(K2 1 1R)f &M 40 i Hh FLOT2(K211R)f &
FIB 57K . FLOT2(K2HTR)AYEE TR R i 3518 T FLOT2(WT) AU R A % . 28 F BRI ) 790 MG 132 7T LA BH
1 TSASIHL ) FLOT2 FEfif, BRI TI CQ W T M) GE . BioGrid Hu¥ 4 4 (W7~ FLOT2 5 HDAC6 1] BEA7-7E M .
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YEH, Co-IP 45 3 4IE 5 FLOT2 5 HDAC6 Hi 4 n] LUAH B AL L3 X 77 8 o 78 m I HDAC6 3% 3k 1) S WA s 40 i
FLOT2 S R L ALK -8 3 s 3L4% YL HDAC6 Fl FLAG-FLOT2(WT) 1] {8 25 (I S A & R R ALK -, i
e YL HDAC6 Fl FLAG-FLOT2(K211R) A5 M i g 2 2 £, kAL /K- o @il HDAC6 v LAt 3 F i FLOT2 [ 88 11 K
AN I mRNA 7K MG132 7] RABH 1k fi8 HDAC6 512 ) FLOT2 Fffif . #idsll HDAC6, FLOT2 HRFffuR %
fnbR . % % FLOT2(K211R) 5 28 4 1y 55 M g 40 i 1 78 2 J32 F 4 22 58 ) W0 3% 9 T % g FLOT2(WT) I 4l i . 4512 -
FLOT2 K211 {3 S AEAE L BEALIEME, HDACG @i/ § FLOT2 K211 1425 ZBEAL B4 FLOT2 2855 I RHA R AR FE A ,
YR HAE B T YRR E AR DI RE
[REgiRE] FMEN2; BEROBL; S, AEAEOBHER6

HDA C6-mediated deacetylation of FLOT2 maintains

stability and tumorigenic function of FLOT?2 in

nasopharyngeal carcinoma

LUO Chenhua', WEN Binbin’, LIU Jie’, YANG Wenlong®

(1. Xiangya School of Medicine, Central South University, Changsha 410013, 2. Xiangya School of Nursing,
Central South University, Changsha 410013; 3. Department of Pathology, Affiliated Changsha Central Hospital,
University of South China, Changsha 410004, 4. Department of Gastrointestinal Surgery II, Third Xiangya

Hospital, Central South University, Changsha 410013, China)

ABSTRACT

Objective: Flotillin-2 (FLOT?2) is a prototypical oncogenic and a potential target for cancer
therapy. However, strategies for targeting FLOT2 remain undefined. Post-translational
modifications are crucial for regulating protein stability, function, and localization.
Understanding the mechanisms and roles of post-translational modifications is key to
developing targeted therapies. This study aims to investigate the regulation and function of
lysine acetylation of FLOT2 in nasopharyngeal carcinoma, providing new insights for
targeting FLOT2 in cancer intervention.

Methods: The PhosphoSitePlus database was used to analyze the lysine acetylation sites of
FLOT2, and a lysine acetylation site mutation of FLOT2 [FLOT2 (K211R)] was
constructed. Nasopharyngeal carcinoma cells were treated with histone deacetylase
(HDAC) inhibitor trichostatin A (TSA) and Sirt family deacetylase inhibitor nicotinamide
(NAM). TSA-treated human embryonic kidney (HEK)-293T were transfected with FLOT2
mutant plasmids. Co-immunoprecipitation (Co-IP) was used to detect total acetylation
levels of FLOT?2 and the effects of specific lysine (K) site mutations on FLOT2 acetylation.
Western blotting was used to detect FLOT2/FLAG-FLOT?2 protein expression in TSA-
treated nasopharyngeal carcinoma cells transfected with FLOT mutant plasmids, and real-
time reverse transcription PCR (real-time RT-PCR) was used to detect FLOT2 mRNA
expression. Nasopharyngeal carcinoma cells were treated with TSA combined with MG132
or chloroquine (CQ) to analyze FLOT2 protein expression. Cycloheximide (CHX) was
used to treat HEK-293T cells transfected with FLAG-FLOT2 (WT) or FLAG-FLOT2
(K211R) plasmids to assess protein degradation rates. The BioGrid database was used to
identify potential interactions between FLOT2 and HDAC6, which were validated by Co-
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IP. HEK-293T cells were co-transfected with FLAG-FLOT2 (WT)/FLAG-FLOT2 (K211R)
and Vector/HDACG6 plasmids, and grouped into FLAG-FLOT2 (WT) +Vector, FLAG-
FLOT2 (WT)+HDAC6, FLAG-FLOT2 (K211R) +Vector, and FLAG-FLOT2 (K211R)+
HDACS6 to analyze the impact of K211R mutation on total lysine acetylation levels. In
6-0B cells, overexpression of FLOT2 (WT) and FLOT2 (K211R) was performed, and the
biological functions of FLOT2 acetylation site mutants were assessed using cell counting
kit-8 (CCK-8), colony formation, and Transwell invasion assays.

Results: The PhosphoSitePlus database indicated that FLOT2 has an acetylation
modification at the K211 site. Co-IP confirmed significant acetylation of FLOT2, with TSA
significantly increasing overall FLOT2 acetylation levels, while NAM had no effect.
Mutation at the K211 site significantly reduced overall FLOT2 acetylation, unaffected by
TSA. TSA decreased FLOT2 protein expression in nasopharyngeal carcinoma cells without
affecting FLOT2 mRNA levels or FLOT2 (K211R) protein expression in transfected cells.
The degradation rate of FLOT2 (K211R) protein was significantly slower than that of
FLOT2 (WT). The proteasome inhibitor MGI132 prevented TSA-induced FLOT2
degradation, while the lysosome inhibitor CQ did not. BioGrid data suggested a potential
interaction between FLOT2 and HDACS6, confirmed by Co-IP. Knockdown of HDAC6 in
nasopharyngeal carcinoma cells significantly increased FLOT2 acetylation; co-transfection
of HDAC6 and FLAG-FLOT2 (WT) significantly decreased total lysine acetylation levels,
whereas co-transfection of HDAC6 and FLAG-FLOT2 (K211R) had no effect. Knockdown
of HDAC6 significantly reduced FLOT2 protein levels without affecting mRNA levels.
MG132 prevented HDAC6-knockdown-induced FLOT2 degradation. Knockdown of
HDACG6 significantly accelerated FLOT2 degradation. Nasopharyngeal carcinoma cells
transfected with FLOT2 (K211R) showed significantly higher proliferation and invasion
than those transfected with FLOT2 (WT).

Conclusion: The K211 site of FLOT2 undergoes acetylation modification, and HDAC6
mediates deacetylation at this site, inhibiting proteasomal degradation of FLOT2 and
maintaining its stability and tumor-promoting function in nasopharyngeal carcinoma.

flotillin-2; lysine acetylation; nasopharyngeal carcinoma; histone deacetylase 6

S A9 2 v ] e i AR R Y b DX g e ) Sk B
TR, AR AR AL R A fE R —, ™
TR B B A A LI S R A T B
JRYT AT SEIRIG PRYG AL, EL S R A9 TR R 5 i
RAPEZ AR SR, 2R F Iz C T
Med, BB AR LR BRI RCR AR,
S T S MR 1) G SR BR Bl IR R T R iR T B 2
G RIBTT K A RBGE RN

TE IR AR [ 2(flotillin-2, FLOT2) 2 41 fitd JIE i 46 4%
M) S A L, FEAR N SN B i A A
S R EERTERY, PRIRE . FLOT2 755
MR R R L L R R S AR b R
Him ARk, 5 A B A R B A2 4R 2
(ephrin type-A receptor 2, EPHA2), FEAKEFZ
A& (epidermal growth factor receptor, EGFR)%# [ it

MHEAER, BOEBEIRBENILEE 3 ¥ (phosphoinositide 3-
kinase, PI3K)/#E [ i fiff B(protein kinase B, AKT),
TG # F MMTV %% & i 55 K % B 52 (wingless-type
MMTYV integration site family, WNT), # A F «B
(nuclear factor kappa-B, NF-«B)Ffl#E 1k 4= K K+ -
(transforming growth factor-B, TGF-P)%F {5 5 1 #% ,
PR e PR RG B . (RZBANEL RS, R NG
TR HE AR B A . R R 42 i RNA(microRNA,
miRNA)AH I 2 55 I KT 42 R0 i 1 B A G
B F5 5% K U8 $5 5 FLOT2 76 B8 o 1) 5 3% 5k 4
KB A R T R A AR — 2 RE
i LLVE S ¥ 10] FLOT2 A 97 i & i B AR 3 . 8%
FLOT2 7 JH v s 223k (9 ML 2 4 3l FLOT2 #% 4k
SR Y A

5 ) B S A 2 Y R A AL
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— BERRAL. OBk, R BEELANZ RS
e R A H B ErE . TR WAHE
AL ANSE R AR S5 07 T A OB FHUY . ZERIRE Y ¢
AR S, R T ) R I e 1 2 TR A DG
S IR LR, 33X A R A A )
FRAL T EIARAYFE S, W pS3. Myc Al EGFR %5 i
S H B BRSBTS PR L AR
PESFRAPE A OGS 22, 3K R 0 o) T T b g i A AL
TAHBMTIA LY BRI E S E R
(1 T A4 1 1 R A 2 S5 M0 A TR AE IR T B s
2H 3 1 % £ BEAL ¥ (histone deacetylase, HDAC){E N
P EH OB RO, il PR R
VI A IK T 7 S MR 1) & A R R i v k4 2
PRI, A PR 20 w9 A i 527 IE 5% FLOT2 78 &
MR b e ah , IR OE R MR L 3G 5 L (R 28
B, JE SRR T AE T IR, (HR BT S A AL
BT TR IS . 3T FLOT2 AY 28 A o Bl 5 1846 S H:
TEFLOT2 H B HEE i E IS BT , ARAESEAE 8
W 98 BRI 2 IR AL IE 1 R 42 FLOT2 A B iR
PERIVERT, DA SCHOO B i G e R B B 52 ), B A
o #EE) FLOT2 - T g ot e 41 o JEL i

1 R 577E

1.1 &

ELTH 96 41 i 2 5-8F . CNE2 #16-10B, LI K AR
5 21 g (human embryonic kidney, HEK)-293T 4fi ffd$%
A A S BT IARAAT . RPMI 1640 JERH1E 72 3L R = A
DMEM $5 32340 (5 £ T A9 T AR (L) B A BR A
F]. HDACs #5517 5 28 A(trichostatin A, TSA).
Sirt ZK % 2 £ T A g 300 1 550 4 BE 1 (nicotinamide,
NAM) . & EEAHIFR MG132 . A B0 i 70 S s
(chloroquine, CQ). il A% A= 4y B 125 1) T3 28 14 il
(cycloheximide, CHX) 1 40 g i+ % i 7 £ -8(cell
counting kit-8, CCK-8)¥Il4 F 35 & MCE 2~ F) . Ui
B P UL UE 15 24 f# W (radio- immunoprecipitation assay
lysis buffer, RIPA). & [l 7] Cocktails F1 i 7l
2 RO EI F R N T L A R A IR A T
AG RNAex Pro RNA f2HUA ] . Evo M-MLV i ¥ 5%
857 & (& 2Bk gDNA i£57)) Ml SYBR Green Pro Taq HS
TR qPCR U G350 1 e SR e A= ) TR A B
N HE . P A R £ Tt 1k [pan-lysine(K) acetylation,
pan-Kac i 4 Fll FLOT2(C42A3) % 5. v B Hi AR 241
FE CSTAFl . HDAC6 fie 5w fEdHifk . GAPDH R
B o B PR . Myc-Tag fit 51 52 B 47 44 1 DDDDK
(FLAG)-Tag ft 5 e BE BRI I 1 R IOUR 48 A=)

BT PR T . Lipo8000 5% YL ik 71 Fll 4 1gG PriA 4y
A HBE A RAEYEARRMGARAE . Protein A/GHE
WA B AR AR R . pcDNA3.1-
HDAC6 S %iF HE iR ok A4 1R A0 2 7 3] 4 28 AR AT
pLKO.1-shHDACG6-1/-2 2 shNC JFi ki ZFEAb 5t R A
YRR R A RIRG R, 1290 B A5 R G0 IR pSPAX2
1 pMD2.G R A SBT3 | 2 - FF . pcDNA3.1-
FLAG-FLOT2 4 H = FHEWRHE (7 M) B A PR
o M4 Mg . 2xHieff Canace® AdvanceFast PCR
Master Mix (With Dye)¥5 Il H 22 3% A4 ¥Rl 57 (1) Bt
B R,

1.2 ik
1.2.1 20 fR3% e Fo il 8 0t % 0y M 32

5-8F, CNE2. 6-10B F1 HEK-293T 41 fitd FH & 10%
52 IV B9 RPMI 1640 B5 55 2E, 37 °C, 5% CO,4H
JuBs AR R, SBAREHE KT, Wi
R 1.2.4) 58 UG, RIS 5 e SR 4,
A IERS R (2 pg/mL) Y FRHHI TR 55, TRk IR
1EFa5E B HDAC6 1 5 M g 210 2R
1.2.2 FLOT2 Z.BEALAS & 5 HF

F| Ffl PhosphoSitePlus £ 35 FE'", 43 #F FLOT2 i
FEATEIFEE B, £ K210 S A7 LT
et it — 20 56 B R B 22 A0 E 1 R AE Y
{5 B HCN(National Center for Biotechnolo gy Information,
NCBI) ) GENE %0 #& 2 43 #1 FLOT2 25 [ 5t K211 v /5,
FEN  /NER L R R A A5 0 2L Bl B B AR ST
T
123 RERGG ML

F] FH 2xHieff Canace® AdvanceFast PCR Master
Mix (With Dye), 3T pcDNA3.1-FLAG-FLOT2 #£17
A%, F## pcDNA3.1-FLAG-FLOT2(K211R) 2514
S B EPCRY AR, BIF. WA
98 °C, 30s)f5; HEATAEME98 °C, 105s). Bk (60 °C,
5s), HEMF(72°C, 60s), HIVAEIR, d5fa ALt
(72°C, 2min), FI¥F5: 1E [ K 5-AGACACCA-
GGATTGCTGACTCTAAGCGAGCC-3', JZ [f] N 5'-
GCAATCCTGGTGTCTGCCATGAACTTC-AC-3',,
1.2.4 Fikade e Fol% g a4 6L K

Z: MR SCHER[6]HEAT BURL A% % - H% il 24 hoke 4 g
M2 6 fLAEE 6 cm 4HARIE R, Y440 HEIA E] 2 80%
AR, FRAE Lipo8000 %% Yeia 571 15 B 43 e il js A
A YL 3500 (9 TR B W (R A G 300 E B0 1 g
1.5 uL), 6 LA B 6 om 21 A 15 3% ML fin A B J5 A
[pcDNA3.1-FLAG-FLOT2/pcDNA3.1-FLAG-FLOT2
(K211R)/pcDNA3.1-Myc-HDAC6] i 1 43 51 Ky 2.5 pg
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(8.0 ng. YL 6 hE e R SR AL

95 €055 R T He oA pLK O, 1-shNC/shHDAC6-
1/shHDAC6-2: pSPAX2: pMD2.G H 9:6:3(10 cm 15 57
), Bk A ek Be Le W] 1, %% 4 HEK-293T 24
Me, 48 h G WU R AW, 8.0 0.45 pm JELR T
VBT, T IE S s 4
1.2.5 & & Fepik ik

Z M SCHR[6], FH 15 min 5.0 RIPA 7K - 2% i 20
L, 2812000 r/min 48 B EE I, FIFH Mk
fi (bicinchonininc acid, BCA)E I & & H ik )5,
25 5xSDS AR S, R4 T 8 T E L S
FEFL L FEN 30 pg. 28 SDS 2 PN M Ik i 458 st i 9k (SD'S
polyacrylamide gel electrophoresis, SDS-PAGE) /3 & .
B B ORI — 41 (FLOT2. HDAC6. GAPDH.
FLAG-tag $ii ) % & f — #0055 J5 #1716 2% & Ok
B

AT AL B . 1) TSA(1 umol/L)43 5 4b 3t
LR 40 i(5-8F . CNE2)0, 6. 12116 h)5, A
FLOT2 8 I R 157K 2)H TSA(1 pmol/L)4b
B v FLAG-FLOT2(K211R) ) & Wi 9 20 M (5-8F.
CNE2)0. 6. 12f116 hJ5, %l FLAG-FLOT2 )4
H KK, 3)H CHX(100 umol/L)J3 kb 31 B 5%
YL FLAG-FLOT2(WT)a{ FLAG-FLOT2(K211R)/F K ()
HEK-293T 4010, 12, 18 hJ&, Al FLAG-FLOT2,
FLOT2(K211R)AY FE [ Ji 35 7K 1 LA 2 ke 2 1 Jo ) e
fiff 7 44 (CHX 2R H R f# S5 95) . 4)FH TSA(1 pmol/L) 43
HEEA MG132(10 pmol/L) B CQ(50 pmol/L) 4k HH £ 1
FE AN MI(5-8F, CNE2)16 hJ5, A& FLOT2 4 & (1 i
FIKKF-o S)mil HDAC k)5, il FLOT2 )&
FI ik K-, SE 58 43 shNC X} IR | shHDAC6-1 .
shHDAC6-23:3 41, 6)H MG132(10 pmol/L)43HIl4b ¥
el A B, HDAC6 235 1) SRR AN 16 h s, K
FLOT2. HDACS (¥ & H Jit & ik K F . 7) 1l CHX
(100 pmol/L) 5351l &b i 5 Y/ A R Uk HDAC6 &35 1) £
MHEEAfI 0, 12, 18 hJg, Kl FLOT2. HDACS /)
B T RIB KT LS B 11 5T ) i R (CHX B
1.2.6 Sz 3itie

ZICGIR 6 W T2 I T8 (co-immunoprecipitation,
Co-IP): F1 500 uL RIPA Z4fif 4 ffd, $2HCE&E AT,
40 pL 24 VE R Input, 4y LIFBINA 2 ng AR
PR (FLOT2. HDAC6. FLAG-tag HiiA), 7E 77 [ ig
HAL L F4°ClRS 4 h A, BB A 30 uL HiAb PR
Protein A/GHEER, FUKIRSI4h)E, FE U 20 8%
IR £ 2% vl i (phosphate-buffered saline with tween 20,
PBST)WE 63 ¥, M 60 uL 1xSDS - Ff 2% ik vk i

WEEREE G R, S5 2L 8 H B Bl A P SRk A T o

AR AL FE . 1) SR 40 e (5-8F . CNE2)H
TSA(5 pmol/L)EE NAM(200 pmol/L)AEFE6 hf5, K
Co-IP ¥illl FLOT2 1Y S 2 R L Ak KF- . 2)FLAG-
FLOT2(WT) 5 FLAG-FLOT2(K211R) Jii k7 % 4¢ 3
HEK-293T 4l i, 3 TSA(S umol/L)AZLFE4H i 6 h
J& » RH Co-TP K& K211 248 %F FLOT? A4 s i & 12
ALK B F2 R . 3) 3 33 BioGrid %54 Y £ 1)
FLOT2 5 HDAC6 Z [al & B Al REAFEAH BAERT, Jf2R
JH Co-IP S50 50 E, 5256 43 4 Input( 40 A 2 2 11 241
). IgGITIEN R . FLOT2/HDAC6 $# S HHi AT v
ZH . 4) ] MG132(10 pmol/L) 43 51 kb B it vt/ A #ik vk
HDAC6 % 35 Yy £ W &% 40 g (shNC. shHDACG6-1,
shHDAC6-2)16 h J&5 , # I @ 98 HDAC6 %t FLOT2 &
B S 2R LK F-520e . S)FIMG132(10 pmol/L)
it B FLAG-FLOT2(WT)/FLAG-FLOT2(K211R) J5i i
A3 IBEA 23 13 % B (Vector)/HDAC6 Jii Hv # Yt 1t HEK -
293T Ziiffi[FLAG-FLOT2(WT)+Vector. FLAG-FLOT2
(WT)+HDAC6, FLAG-FLOT2(K211R)+Vector, FLAG-
FLOT2(K211R)+HDAC6]16 h 7, #illl FLOT2 & 4 i
() R £ AL KT o
1.2.7 RNA & B fe 52 B R4 R G- Blp bk B

2 B SCHR 6] AT RNA HEBURI ST I % 55 R A
4% JZ V[ (real-time reverse transcription PCR, real-time
RT-PCR). FLOT2 W] 1E [ 5|4} 5'-TTGCTGACTCT-
AAGCGAGCC-3', Jx[m5|#1° 5'“-TCCACGGCAATC-
TGTTTCTTG-3', =¥ K/N178 bp; HDAC6 1 1E 7] 5|
Y14 5'-ACCCCAGTGTCCTCTATTTCTC-3', Jz [i] 5]
Y)h 5'-CCTGGTTCCAAGGCACATTGA-3', F=HIk/)\
135bps

A2 AL FR . 1) TSA(1 umol/L) %351 4b R
£ 9 40 g (5-8F . CNE2)0. 4. 8 f116 hJm, &l
FLOT2 ) mRNA ik /K5 2)@Id HDAC6 Kk )5 ,
Kz FLOT2 ) mRNA 3K ik 7K °F, 5 %5 43 shNC
shHDACG6-1. shHDAC6-21:34f
1.2.8 CCK-8 3

WSOk [6]3E4T CCK-8 5256 . 5 IR 1x10° /AL
5% BN A0 MU 2R P T 96 F L, [BIRR24 h(tk4ik), REFLIN
A10 uL CCK-83R 77, #ZLR55% 1 h)m, FHEEFR SR
450 nm AL ARG REE, AR 4 RO G EE(E
A K i 2k o AE S 20 6-0B 4R, 4l
Y Vector, FLOT2(WT), FLOT2(K211R)JEik:, KH
CCK-8 SZ B K6 FLOT2(K211R) 2875 {4 Yol £ 1A 9 211 e
AR IREZ
1.2.9 “FARSLIETE iR B

Z JESCHR [ 7137 7 AR e BT IS 50 . B 1x10°
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AFL G % B 20 M HE AR T 6 fLM, BRI 3 AR AL,
B RS dJE, MW EEREE . 45t &
VETERE I TR, TR R srd IR 1.2.8,
1.2.10 Transwell4% % 52 3

Z: BSCHR 713617 Transwell R 72505 . i 1 2.5%
10*A/4L 4 25 B2 465 40 325 0 T Transwell b % (JC IfiL 3%
FEmt B IR R B 9F), 18] Transwell T ZE A 750 uL &
10% G4 I o8 kG R0k, #8uss24n)s, HH
B[S 2 A0, 45 AR S an i e fa, AR A /ING 22 /)N
FENTARR MM, TS DS T TR R,
BSAET, THER NI EE. srdlE 1.2.8.

1.3 SitFabE

K F GraphPad Prism 8.0 {4 1 47 %4k il #i 4k Al
Gt orbr. TR RIS bR RN, 2420
R PRI ST A A 3 (B4 6 IEZS 40 A), 340
Z I R B 2R 7 225007 . P<0.05 h2ZE R A5

RN

Home > Protein > FLOT2 |human v New Protein Search:

Flotillin-2

45t <o)
40 F
35
30
25
20F
i
10 F

VKFMADTKIADSKRA
#Somatic Mutations on Residue (Total): Less than 3

okt ® °

Total number of references

1 1 1 1 1 1 1 1
170 180 190 200 210 220 230 240 250

Residue number A

Human: VKFMADTKIADSKRA
Mouse: VKFMADTKIADSKRA
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A: PhosphoSitePlus database shows acetylation signal at K211 of FLOT2. B: 5-8F and CNE2 cells were treated with TSA (5 umol/L)
and NAM (200 umol/L) for 6 hours, and Co-IP was conducted to measure the overall lysine acetylation level (pan-Kac) of FLOT2.

C: Conservation analysis of the K211 site of FLOT2 across species includes human, mouse, rat, gorilla, and dog. D: FLAG-FLOT2
(WT) and FLAG-FLOT?2 (K211R) plasmids were transfected into HEK-293T cells, and cells were treated with TSA (5 umol/L) or
left untreated for 6 hours. Co-IP was performed to assess the effect of K211 mutation on the pan-Kac level of FLOT2. FLOT2:

Flotillin-2; TSA: Trichostatin A; Co-IP: Co-immunoprecipitation; WT: Wild type; pan-Kac: Pan-lysine (k) acetylation.
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Figure 2 K211 site acetylation modification promotes FLOT?2 protein degradation via the proteasome pathway

A and B: 5-8F and CNE2 cells transfected without (A) or with (B) FLAG-FLOT2 (K211R) were treated with TSA (1 pmol/L) for 0,
6, 12, and 16 hours. Western blotting was conducted to measure the protein levels of FLOT2 (A) and FLAG-FLOT2 (K211R). C: 5-
8F and CNE2 cells were treated with TSA (1 pmol/L) for 0, 4, 8, and 16 hours. Real-time RT-PCR was performed to assess the
mRNA expression level of FLOT2. D: FLAG-FLOT2 (WT) and FLAG-FLOT2 (K211R) plasmids were transfected into HEK-293T
cells, and cells were treated with CHX (100 pmol/L) for 0, 12, and 18 hours. Western blotting was conducted to measure the levels
of FLAG-FLOT?2 (Lane 1-3) and FLAG-FLOT2 (K211R) (Lane 4-6). E: 5-8F and CNE2 cells were treated with TSA (1 pmol/L)

alone or in combination with MG132/CQ for 16 hours, and Western blotting was performed to measure the protein levels of FLOT2.

FLOT2: Flotillin-2; CHX: Cycloheximide; TSA: Trichostatin A; DMSO: Dimethyl sulfoxide; CQ: Chloroquine.
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Figure 3 HDACG6 mediates deacetylation of FLOT2 in nasopharyngeal carcinoma cells

A: BioGrid data shows the interaction between FLOT2 and HDACG6. B and C: Co-IP was performed using FLOT2 and HDAC6
antibodies to detect the interaction between HDAC6 and FLOT2 in 5-8F and CNE2 cells. D: 5-8F and CNE2 cells with or without
HDAC-knockdown (shNC, shHDACG6-1, and shHDAC6-2) were treated with MG132 (10 umol/L) for 16 hours, and Co-IP was
conducted to assess the effect of HDAC6 knockdown on the overall lysine acetylation level of FLOT2. E: HEK-293T cells co-
transfected with FLAG-FLOT2 (WT)/FLAG-FLOT2 (K211R) and vector/HDACG6 plasmids were treated with MG132 (10 umol/L) for
16 hours, Co-IP was performed to detect the overall lysine acetylation level of FLOT2. HDAC6: Histone deacetylase 6; FLOT2:
Flotillin-2; Co-IP: Co-immunoprecipitation, WT: Wild type; pan-Kac: Pan-lysine (k) acetylation.
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Figure 4 HDACG6 maintains FLOT?2 stabilization in nasopharyngeal carcinoma cells

A: Western blotting was performed to detect the levels of FLOT2 and HDACG6 in nasopharyngeal carcinoma cells with or without
HDACG6-knockdown (shNC, shHDACG6-1, and shHDACG6-2). B: Real-time RT-PCR was conducted to measure the expression levels
of FLOT2 and HDAC6 in nasopharyngeal carcinoma cells with or without HDAC6-knockdown (shNC, shHDAC6-1, and shHDACG6-
2). C: Nasopharyngeal carcinoma cells with or without HDAC6-knockdown (shNC and shHDACG6) were treated with MG132
(10 umol/L) for 16 hours, and Western blotting was performed to detect the levels of FLOT2 and HDAC6. D: Nasopharyngeal
carcinoma cells with or without HDAC6-knockdown (shNC and shHDACG6) were treated with CHX (100 pmol/L), and Western
blotting was conducted to measure the levels of FLOT2 and HDACG6 at 0, 12, and 18 hours. ***P<0.001. HDAC6: Histone
deacetylase 6; FLOT2: Flotillin-2; CHX: Cycloheximide; NC: Negative control.
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Figure 5 FLOT2 (K211R) promotes the malignant phenotype of nasopharyngeal carcinoma cells in vitro

6-10B cells were transfected with FLOT2 (WT) and FLOT2 (K211R). A: Western blotting was performed to detect the expression of
FLOT2. B and C: CCK-8 (B) and plate colony formation assays (C) were conducted to assess cell proliferation. D: Transwell
invasion assay was performed to evaluate cell invasion ability. ***P<0.001. FLOT2: Flotillin-2; WT: Wild type; CCK-8: Cell

counting kit-8.

3T it

FLOT2 )" {Z W29 DI Be O B IE 55, IR AR
FLOT2 7 i J8 v S5 8 R 36 M LI, 2 ¥ 0F 30 )
FLOT2 T Wi F Betf & 1Y BIE 755K ", MiRNA 7] 3
145 A FLOT2 mRNA I i 5 ik i 400 o) P S ek 3¢
A0 TBLIX W A] 454 FLOT2 (145 8 1 X S A ik e
RSk, fRUF SRR, S, LiRiEES
FLOT2 BARAFTERIR G R, (R AR, 1EH
T FLOT2 #0430 SR mg T AT MR 8 o A58 AR 1
BRI IR B VI, BR5E FLOT2 LBt L& i
B . AR EE SCRTEE, #F— 25 IE5E FLOT2
K211 L S AFE S A B 1, K211 Z BBk Tt
&, WIFLOT2 WA EPER(R; HDAC6 43 FLOT2 ItY
X CBAIEA,  AEdr AR S Y s 2 A RN A 9
ifg, KAL) FLOT2 Z BE Ak & i 8 5 1 A 41 il
Nk 8 1) SR Bt 1 AT AT A

30 2 T e i R U B e o 1 AR S R B Bk
Z—, AIRA OB, BEmk . FLRR . BEEIME

fb. Bk, T, T BE . R T RE ., 2-
ST BRAEAN 3523 T WAk £ B Ab 55 2 Fh b Ak 18 i A R
FALBMRER, BB B RTINS
FIRIE A, JE A8 R4 g (0 A A0 R S0
PEJRR A EERE, R4 A BB E R L Bk &
X T B B R RN D e R R LA AR R AE bR
i, P53, MYC S SCHE IR AH DGR T AN R A5
AL sh B, BN ANFEIREE, AR
TEPE . DNA 45488 77 FAH BLAE FH AR s SRR iy
P Ak, 2B S A R R e M
YA, HiaERAwmmdE, —Jrm, BaEm ot
FRAB M AT LA B AR R A7 o5 0932 R A, ke o
BATMERRE; —F i, BERCm A G T
PIMEHE B3 1 TS Hse70 25 MR A M e o T aY &5
G, #EMARHE A B8 TR Y, A B SR S
FLOT2 i K211 {57 sSAETE B Bk 5 5, IR R
S8 A5 A A5 (K211R) 1] LA i 25 184 5 &5 AR s 200 i v
FLOT2 WA e Pk, #E— D145 FLOT2 M2 Tk,
U K211 07 81 S B AE i v] {2 iF FLOT2 [ fig, F

©Journal of Central South University (Medical Science). All rights reserved.



696

PR AR (BE2EI ), 2024, 49(5)  hitp:/xbyxb.csu.edu.cn

A HAE g DhfE

LTk R B R AL 8 1 % OB BR AR  T T B A
PR S WA, Hoh & I SR R Tl
£ 45 GNAT X% . MYST K% . P300/CBP %K%, LU
K ATAT1, ESCO1/2 fl HAT1 %%, % Z BEAk B £ 45
Zo* R ) HDACs 28 % A 5t (HDAC1~11) #1 NAD
11 Sirtuins 8% i 51 (Sirt1~7)P, HHE T 2 BeiE R
fitg, 2% b AE MR b i R M RE gL B2 A
WAMSESE, HiE 2R E B & o mt i
MR AE R s 5 A RIS 7, RS R R
MIFETE . AN E 7 . B M S DNA B S P
S, TEMNIE 0GR T . R, LSRR
PUAE R b R HE A S O R A AR IR AR SR
Wi, HDAC-1/2/4/7/9 J% Sirt2 B 4% & A2 8 V5 F 54
T AR A B BEN 2 Sirt6 U3 i 410 i NK-
kB {5 PE 1 Snail A9 IA 53 SRR A IR T, S0
(RPERFEAL ) AR AT R B TR
EhE o HDAC6, T 1 EGFR/AKT/mTOR {i 14: 1fij
VS S A A PR T RIS, Hisp9o 1 il 551
AT13387:i 1 F 4 HDAC6, &k -4 5 11 1Y 2 Bk
FeARSE M, FE T ) S e 4 L AR R O, AT S
HE—UESE FLOT2 & HDACG6 HY#TEE Y, HDACG6 1]
PIA-SFLOT2 WA L Bkfk, 0 FLOT2 FEfif, 4y
HAE SR T AR E -

ABFFERIAAESE T FLOT2 B K211 57 5519 2. kAL
& A 2F H B 3 11 BT R %, HDACG 7] LA &
FLOT2 £ CWRAGIEMG , 4E+F FLOT2 75 &M vh i)
o . AMRAFEE SRR : 1)ARGEHE R FLOT2
AR A BB i ELAALE], BIFLOT2 Mtk
(AR W) 2 SO A B 502 5 He i A5 R
TEG, MEUREH A &5 Kz RIS EIRE
HF R ES . 2)ABETE /R HDACG 16 & 03 h A T BE
JET R FLOT2 B 25 ZBh AL . 3 2 n] BSUAR 2 TR AT ]
EE Y N

W2, ARG HEA T HDAC6 @5 FLOT2 %
LR ACAE i 4 5 FLOT2 78 85 W 98 R g O ML
9 HE ) FLOT2 Y & IR 6 7 8T T B 4t 1 BAR a1
AR
EETTEAER: ¥R, BMHR  SLEHE, P
REE, WIRT; F isckit, REWE; A
XA BRIk, BE 58BN, A E
B R B A SO

PR s VEE SRR e

S 3k

[1] Tang LL, Chen YP, Chen CB, et al. The Chinese Society of
Clinical Oncology (CSCO) clinical guidelines for the diagnosis
and treatment of nasopharyngeal carcinoma[J]. Cancer
Commun (Lond), 2021, 41(11): 1195-1227. https://doi. org/10.
1002/cac2.12218.

[2] Kang YB, He WH, Ren CP, et al. Advances in targeted therapy
mainly based on signal pathways for nasopharyngeal carcinoma
[J]. Signal Transduct Target Ther, 2020, 5(1): 245. https://doi.
org/10.1038/s41392-020-00340-2.

[3] Kwiatkowska K, Matveichuk OV, Fronk J, et al. Flotillins: At
the intersection of protein S-palmitoylation and lipid-mediated
signaling[J]. Int J Mol Sci, 2020, 21(7): 2283. https://doi. org/
10.3390/ijms21072283.

[4] Wisniewski DJ, Liyasova MS, Korrapati S, et al. Flotillin-2
regulates epidermal growth factor receptor activation,
degradation by Cbl-mediated ubiquitination, and cancer growth
[J]. J Biol Chem, 2023, 299(1): 102766. https://doi.org/10.1016/
j.jbc.2022.102766.

[51 Xu HJ, Yan XJ, Zhu HC, et al. TBL1X and Flot2 form a
positive  feedback loop to promote metastasis in
nasopharyngeal carcinomal[J]. Int J Biol Sci, 2022, 18(3): 1134-
1149. https://doi.org/10.7150/ijbs.68091.

[6] Song T, Hu ZX, Liu J, et al. FLOT2 upregulation promotes
growth and invasion by interacting and stabilizing EphA2 in
gliomas[J]. Biochem Biophys Res Commun, 2021, 548: 67-73.
https://doi.org/10.1016/j.bbrc.2021.02.062.

[7] Liu R, Liu J, Wu P, et al. Flotillin-2 promotes cell proliferation
via activating the c-Myc/BCAT1 axis by suppressing miR-33b-
5p in nasopharyngeal carcinoma[J]. Aging, 2021, 13(6): 8078-
8094. https://doi.org/10.18632/aging.202726.

[8] Liu J, Huang W, Ren CP, et al. Flotillin-2 promotes metastasis
of nasopharyngeal carcinoma by activating NF-«B and PI3K/
Akt3 signaling pathways[J]. Sci Rep, 2015, 5: 11614. https:/
doi.org/10.1038/srep11614.

[9] Tian S, Han GW, Lu LL, et al. Circ-FOXM1 contributes to cell
proliferation, invasion, and glycolysis and represses apoptosis
in melanoma by regulating miR-143-3p/FLOT?2 axis[J]. World
J Surg Oncol, 2020, 18(1): 56. https://doi.org/10.1186/s12957-
020-01832-9.

[10] Li XZ, Yuan YW, Wang YM, et al. MicroRNA-486-3p
promotes the proliferation and metastasis of cutaneous
squamous cell carcinoma by suppressing flotillin-2[J]. J
Dermatol Sci, 2022, 105(1): 18-26. https://doi. org/10.1016/;.
jdermsci.2021.11.005.

[11] Han ZJ, Feng YH, Gu BH, et al. The post-translational
modification, SUMOylation, and cancer[J]. Int J Oncol, 2018,
52(4): 1081-1094. https://doi.org/10.3892/ijo. 2018.4280.

[12] Pan S, Chen R. Pathological implication of protein post-
translational modifications in cancer[J]. Mol Aspects Med,
2022, 86: 101097. https://doi.org/10.1016/j.mam.2022.101097.

[13] Qian MJ, Yan FJ, Yuan T, et al. Targeting post-translational
modification of transcription factors as cancer therapy[J]. Drug
Discov Today, 2020, 25(8): 1502-1512. https://doi.org/10.1016/
j.drudis.2020.06.005.

[14] Shyamasundar S, Dheen ST, Bay BH. Histone modifications as

©Journal of Central South University (Medical Science). All rights reserved.



HDAC6 383/ & FLOT2 % LA AE R HAR SLASE iR MR PRk, 4% 697

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

molecular targets in nasopharyngeal cancer[J]. Curr Med
Chem, 2016, 23(2): 186-197. https://doi. org/10.2174/
0929867323666151106125631.

Li YS, Yang CX, Xie LL, et al. CYLD induces high oxidative
stress and DNA damage through class I HDACs to promote
radiosensitivity in nasopharyngeal carcinoma[J]. Cell Death
Dis, 2024, 15(1): 95. https://doi.org/10.1038/s41419-024-06419-w.
Cheng C, Yang J, Li SW, et al. HDAC4 promotes
nasopharyngeal carcinoma progression and serves
therapeutic target[J]. Cell Death Dis, 2021, 12(2): 137. https:/
doi.org/10.1038/s41419-021-03417-0.

Hornbeck PV, Kornhauser JM, Tkachev S, et al

PhosphoSitePlus: a comprehensive resource for investigating

as a

the structure and function of experimentally determined post-
translational modifications in man and mouse[J]. Nucleic Acids
Res, 2012, 40: D261-D270. https://doi.org/10.1093/nar/gkr1122.
Oughtred R, Rust J, Chang C, et al. The BioGRID database: a
comprehensive biomedical resource of curated protein, genetic,
and chemical interactions[J]. Protein Sci, 2021, 30(1): 187-200.
https://doi.org/10.1002/pro.3978.

Gauthier-Rouviére C, Bodin S, Comunale F, et al. Flotillin
membrane domains in cancer[J]. Cancer Metastasis Rev, 2020,
39(2): 361-374. https://doi.org/10.1007/s10555-020-09873-y.
Shvedunova M, Akhtar A. Modulation of cellular processes by
histone and non-histone protein acetylation[J]. Nat Rev Mol
Cell Biol, 2022, 23(5): 329-349. https://doi.org/10.1038/s41580-
021-00441-y.

Nagasaka M, Miyajima C, Aoki H, et al. Insights into
regulators of p53 acetylation[J]. Cells, 2022, 11(23): 3825.
https://doi.org/10.3390/cells11233825.

Hurd M, Pino J, Jang K, et al. MYC acetylated lysine residues
drive oncogenic cell transformation and regulate select genetic
programs for cell adhesion-independent growth and survival[J].
Genes Dev, 2023, 37(19/20): 865-882. https://doi.org/10.1101/
2ad.350736.123.

Ghosh A, Chakraborty P, Biswas D. Fine tuning of the
transcription juggernaut: a sweet and sour Saga of acetylation
and ubiquitination[J]. Biochim Biophys Acta Gene Regul
Mech, 2023, 1866(3): 194944. https://doi.org/10.1016/j.bbagrm.
2023.194944.

Bonhoure A, Vallentin A, Martin M, et al. Acetylation of
translationally controlled tumor protein promotes its
degradation through chaperone-mediated autophagy[J]. Eur J
Cell Biol, 2017, 96(2): 83-98. https://doi. org/10.1016/j. ejcb. 2016.
12.002.

Wang J, Yun F, Sui JH, et al. HAT- and HDAC-targeted protein
acetylation in the occurrence and treatment of epilepsy
[J]. Biomedicines, 2022, 11(1): 88. https://doi. org/10.3390/
biomedicines11010088.

Brancolini C, Gagliano T, Minisini M. HDACs and the
epigenetic plasticity of cancer cells: Target the complexity[J].
Pharmacol Ther, 2022, 238: 108190. https://doi. org/10.1016/j.
pharmthera.2022.108190.

Hai RH, Yang DY, Zheng FF, et al. The emerging roles of
HDAC s and their therapeutic implications in cancer[J]. Eur J
Pharmacol, 2022, 931: 175216. https://doi. org/10.1016/j.
ejphar.2022.175216.

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

Ding SR, Gao Y, Lv DM, et al. DNTTIPl promotes
nasopharyngeal carcinoma metastasis via recruiting HDAC1 to
DUSP2 promoter and activating ERK signaling pathway[J].
EBioMedicine, 2022, 81: 104100. https://doi. org/10.1016/j. ebiom.
2022.104100.

Tong ZT, Cai MY, Wang XG, et al. EZH2 supports
nasopharyngeal carcinoma cell aggressiveness by forming a co-
repressor complex with HDAC1/HDAC?2 and Snail to inhibit E-
cadherin[J]. Oncogene, 2012, 31(5): 583-594. https://doi. org/
10.1038/0nc.2011.254.

Li QG, Xiao T, Zhu W, et al. HDAC7 promotes the
oncogenicity of nasopharyngeal carcinoma cells by miR-4465-
EphA2 signaling axis[J]. Cell Death Dis, 2020, 11(5): 322.
https://doi.org/10.1038/s41419-020-2521-1.

Ding SR, Wang X, Lv DM, et al. EBF, reactivation by
inhibiting the EGRI/EZH2/HDAC9

metastasis via transcriptionally

complex promotes
enhancing vimentin in
nasopharyngeal carcinoma[J]. Cancer Lett, 2022, 527: 49-65.
https://doi.org/10.1016/j.canlet.2021.12.010.

Aimjongjun S, Mahmud Z, Jiramongkol Y, et al. Lapatinib
sensitivity in nasopharyngeal carcinoma is modulated by
SIRT2-mediated FOXO3 deacetylation[J]. BMC Cancer, 2019,
19(1): 1106. https://doi.org/10.1186/s12885-019-6308-7.
Ouyang L, Yi L, Li JK, et al. SIRT6 overexpression induces
apoptosis of nasopharyngeal carcinoma by inhibiting NF- kB
signaling[J]. Onco Targets Ther, 2018, 11: 7613-7624. https://
doi.org/10.2147/0OTT.S179866.

Chen F, Ma XF, Liu YZ, et al. SIRT6 inhibits metastasis by
suppressing SNAIL expression in nasopharyngeal carcinoma
cells[J]. Int J Clin Exp Pathol, 2021, 14(1): 63-74.

Huang W, Zeng C, Liu J, et al. Sodium butyrate induces
autophagic apoptosis of nasopharyngeal carcinoma cells by
inhibiting AKT/mTOR signaling[J]. Biochem Biophys Res
Commun, 2019, 514(1): 64-70. https://doi. org/10.1016/j. bbrc.
2019.04.111.

Chan KC, Ting CM, Chan PS, et al. A novel Hsp90 inhibitor
AT13387 induces senescence in EBV-positive nasopharyngeal
carcinoma cells and suppresses tumor formation[J]. Mol
Cancer, 2013, 12(1): 128. https://doi. org/10.1186/1476-4598-
12-128.

(FTE2m4E 3R4E)

AR5 A BURYE, MR, X3, 30 . HDACS i id /i
FLOT2 2 Z It A4 7 S0 A P O R E AR AT D). g
K 2 23 (15 24 ), 2024, 49(5): 687-697. DOI: 10.11817/. issn.
1672-7347.2024.240077

Cite this article as: LUO Chenhua, WEN Binbin, LIU Jie, YANG
Wenlong. HDAC6-mediated deacetylation of FLOT2 maintains

stability and tumorigenic function of FLOT2 in nasopharyngeal

carcinoma[J]. Journal of Central South University. Medical
Science, 2024, 49(5): 687-697. DOL: 10.11817/j. issn. 1672-7347.
2024.240077

©Journal of Central South University (Medical Science). All rights reserved.



