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Inhibition of USP14 induces gastric
cancer apoptosis and reduces
resistance to 5-FU
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Feaof
Deubiquitinating enzymes (DUBs)+ ubiquitin-proteasome system (UPS)Q] Z4
4 Q42 712 SRAN QuIAES ool siY el walS SiHsiALY
S x2ASH= & Oofst 7158 7HA]aL T} Ubiquitin-specific proteasel4
(USP14)= DUB % stut=z, Yd= malelh oheer o9 |4 Aol 2 JZo o
gh Agt=ol Algsol k. ols A-LolA USP149] Tl dredsfo] Qs g4
A0 vlsh At =AM dXSHA 9 =te e gdsied Ul (USPl4
inhibitor) £ USP14 £o|A siRNAo] 29Jst USP149] A7} &t Aj=o] A&
I Az ols 532 dFs] darlte A ¢F Caspase-3 3 PARP
o] Z7HE &oll USP149] APt o1 NZ=AIE S =g &lsict U119 A2l=
5-FU (5-Fluorouracil) A4S 718 Y& ALo] A
2 Usgth Fg4e=, ol2st w2 HYY APaby H FIA HidolA
USP149] FQast A&€Z UEUY & Alg #AC2ZAM M2 7ts/de AAlRH.
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Keywords: ubiquitin-specific protease 14: deubiquitinating enzyme; gastric

cancer; apoptosis
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glore swimz £ ol WM & ARY Yololct. g AlR: S22 FA
a¥o] £2 o|2ox|1 9lou], A Wy wur o 9
S 5 K22 AR} kP, 8y fg0] 27Hsa UolA|
L odoly 9% @xte] A9, 34 AR Zuol] wet We skstay (5-FU 7]y
ol 13} A Aol ALgol HEP. aile thee] e sl adel 4
71E9) st o] o] 9lon], 5 Ath ES] 6% o5t 4] Qe of
2g olg FAH 9o Bt AE JI7he Seiv] s et w yde 393
Mz HA orzo] Jjge] Wasict.

u
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Ubiquitin-proteasome system (UPS)% X1H M| oA tjEEo] THuRAlS Bo]st=
F5t Al2goln olelst 7]5e EI-E2-E30] &4 AMUISS Ea 71 wuo)
wHHE S AYA7 = “J%EE AT 78 UPSolE QHIAES dojuls 71Ate
3ttt} deubiquitinating enzymes (DUBs)of| Qo] mAl THiA 2 Vg T G|
A == AA GUIHE AES AgsitP !l DUBE Al ESY AEs 23s 9
St ubg H M ZANE, APZRRAL Nlm Fr)e 22 et Aok abol
ofste o= Laid oy @Ay o 100749 DUBZE Eelsglon] AR e
s o whls} waio] 9ty DUB % shel USPI4% 9jobe walsh okt oto] zl
o o] QUCHTE. USPIAY] oAl FBY avfel MIAIEE EASHACLS.
AollA USP149] 7=t 7|52 otAl S sHAIRE, YdollA USP149] elo] 57t

Hol 9082 SletolA AZE vloleol] LS T 4 e
AIZALE (apoptosis) ofe] Ajejsbdl, wWejshd AziolA] wAyshe,
Amo] AH apgolch. 2mat (blebbing), Al %, 3 THEah AN S&, A

&
gt et abgdg sRtelAl Hot . 3Ab (necrosis)et G2l A

—

23 5 =4}
e Wourge A7 Losl Aol Solch. ol HAF WPAAE AE Yol %
=3 WUYL AL R SO SA So| AlE 92 PRHEsP WE

Aok AEAES %A o] ghRolch. AZAE HAIME 23S B AE

T2 S50] AP Hox EXfSHA H il oS thAIA|ZLI} efferocytosiset=
1g-g Eal &x|2JstA o

ot Alzo] tjgh USP14 MEi olx|xlel U19] st 71He FHEHLA}
1, £3] [U19] 9 A oA anp= stolstgch E3t [Ulo] 5-FU st @

of i 9 AMZE] ULEE FYAZ & AEA FAIAE ol F3 AL
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L A2 2 Aguy

o] Aol Foldh wE 9ot FALZEE AW 5MT Wolth RE AP ZRED
2 AM2oMbEd A4 AAERler Artistw ojuffsl (2016-1275)9] 512 v
ortt. QX ¢ AX12 Asan Bio Resource Center (2014-20(89))5 &35l =tH3lict.

Az wjE 2 Al A2,

o] Aldof] ARESH MKN74 AMix= ATCC2REH <J4stod DMEM  (Dulbecco's
Modified Eagle's medium)oj|A] AXFA|Zi 3, SNU216, SNU620, 5-FU resistance
SNU620 AM|Z+= Roswell Park Memorial Institute (RPMI)oj|A] 4AA]ZiTE. DMEM,
RPMI = 10% FBS (Fetal Bovine Serum)?t 1% P/S (Penicillin-Streptomycin)Z}
A7tE it AlZE5L 37°C, 5% CO2 QlFH|olEloA SA|E] Tt 5-FU resistance
SNU620 AM|axo] 742 uijx]of 10 pM ==9] 5-FUE SX|A|Z# . USP14 inhibitor+=
IU1S AREsH ot 50 uM, 100 uMo] AJazof 48A|7F & 2|sitt.

Transfection.

MzALe] A Afo]l w2} iNfect (Intron, Seoungnam, South Korea)E ARg3sto] Al
ZotanlE g FAZNEAF| T, FAZAE Mmoo BAHS 95| 4847 Fof &
T}, Lipofectamine RNAiMax (Invitrogen)+= AAYAQ] A Ao what siRNA
Zrdo] AF83ic}, siRNA design #2. &R

Hed

o ot
ruL* bl rulru

Immunobloting.

M2E 1% SDS-8dff 1 (40mM Tris pH 8.0, 150mM NaCl, 1% SDS, 1mM
EDTA)Z £t L= 44ste] BCA ©uiA B XM 7J|E (Pierce, Thermo
Fisher, Cat No0.23228)2 o]&3] THiA w2 =Xt 98°ColA 787F A&
Ot SDS-PAGE=Z #2|5til A7|Y &2 st 2 A== ©o]85l blotting 1%
t}. anti-USP14 (Novus, Centennial, CO, USA), anti-LC3 (Cell Signaling,
Danvers, MA, USA) anti-Beclin-1 (Cell Signaling, Danvers, MA, USA),



anti-PARP (Cell Signaling), anti-Bcl-2 (Santa Cruz, Dallas, MA, USA),
anti-Caspase-3 (Cell signaling), anti-cleaved Caspase-3 (Cell Signaling),
anti-c-MYC (Santa Cruz) ¥ anti-B-actin (Santa Cruz)< primary antibody =
AHE-5199th HRP-conjugated secondary antibody (BETHYL)S o] 836t &QIs5HS
C}.

RT-PCR.

RNA: easy-BLUE™Z E35l| RAoA FZHE|QO0H £ RNA %= 260 nmoj|A
st wlz 2 E=X5ATE cDNA 3H4 7]E (iINTRON)Z o]f5to] 1 puge] RNAZ
cDNAES 3rAdst9tt. Real-Time PCR 2x Master Mix (SYBR green, EBT-1801,
Elpis biotech)?} 217t USP14, GAPDH primerE ©]835to] RT-PCRE 4388519},
PCR 2712 95°CollA b =9 WA 157], 95°CoA 30%/58°CollA]l 30%&/72°Cof
Al 90xE 30%7], olg X&F AL T72°CoA] bEO 2 AFESHFCTE primer design
Bl AxE

ol

Immunohistochemistry (IHC).

22 14, mtebd embedded AIZol Cis] WARAISISIA S L5t
AR S 2 HEON U NYE et sl mem 282 gt A
o0 Xylene (1042, 29])C =2 ZotebH A 2)el

A 28], 95%, 85% H T0%)= AREStH Aiapststal 53 ¢ NS 7t
anti-USP14 (1:250 3]A, Novus, Centennial, CO, USA)S xAlof A7}sto] stk
&<t Azl en, o]2o] TBST (Tween20 0.1%) &Ho=z 3xte| At & 3%
Hy0p 883 A2oA 873 &l2jste] =4 W EAfsts WAl peroxidaseE A|A
stitt. TBST &oz A < biotino] RAHH 24 IAIE A2 3021 ¥h&
AlZ k. Streptavidin-horseradish peroxidase?t 30% YHSA]Z1 30| LA|5HY T
BAte] horseradish peroxidase:= DAB (3,3 -Diaminobenzidine)S 0] &3}o] dhAR

5l99.00], hematoxylinC 2 & G5t & wstajo|7g oz A6
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Apoptosis BAHS 95t Prophodium Iodide (PI) staining @ Annexin-V staining.

USP14 Ao} N AFES =Qlsh7] s AEFA] ARgRiol T2t Prophodium



lodide (PI), FITC annexin-V apoptosis detection kit (BD Bioscience)E ARg-5}

Ay A= N =S FACS (Fluorescence-activated cell sorting)2 2513 Tt

Cell Viability.

Cell Viability2 H7}st7] s MZES 96-well A Bl ZolEo 1 x
O’cell/welle] We 2 ANZE vjdsty 0-3Yo] BAstct zF B4 XA oA Cell
Titer-Glo A]2F (Promega, Madison, WI, USA)S A7}st1 2080] A S0 &4
U=

Wound Healing.

Wound Healing A& 9Ja]] M ZE 6well A HjQF Z2o]Eo] 8 x 10°cell/well
A2 vjdsict 7H o2 NEES 200 pL pipet tipe 2 =il PBSZ &+ ¥ AA

S complete medias d7}510] 0-2¥0] HAnj7do =z FA350C.

Colony Formation.

Colony Formation 45 Qs AN=ZES 6well AlEX B|Y¥F Z=goJEl x
O%cell/welle] Wrg 1-27 =0t wjYstgct. o]|& PBSZ A&zt 4%
ParaformaldehydeS A}23510] 208 =9QF 1 A5t1 AMASICE PBSZE 23] A|ASH &

0.5% crystal violeto 2 2087 IAs5tICH

Migration Assays.

Transwell Invasion A& Q5] ]S 24well A 8 S o]Eof =Xl 8 pm
Transwell A1Q1-290] ArY chambero] 3 x 10°%cell/well Y& 2 AL ujoksict. o}
B chamber+= 10% FBS % 1% penicillin/Streptomycin 8% DMEMC =2 &£
11 36A17F =9t viJSHTE. Transwell inserto] A& M ZZ PBSZ ANAsIL 4%
paraformaldehyde2 20% Zot 1A3t & PRS2 A|Ast 0.5% crystal violeto
= 208 3QF At Transwell A8 chambero] FolQl= NS5 HEO02 A|A

st #ndoe BA

ot
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BEgO] o @

USP14

HR=145(1.2~ 1_?4}\
logrank P = 9.5e-05
R
I\
\\\%
| x“1 \\
% L
M ...,! p a2,
Expression
: low
d: high
0 50 100 150
_ Time (months)
Number at risk
292 132 12 0
583 166 36 1
USP14 @ £&. USP14 o] & (WM A) % W (2
2 Mo|tt. USP14
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I 4. Y &R XA o|A 215 USP14 protein level. 482 4 gAY &
£  &A Apo]o]  USP14 ©HEzlo]  x}o]Z
Immunohistochemistry (IHC)2 =3l v|us5t¥ o EoF RAlojA USP140] §-9]5t

A Z7tEl0] SS FRASIATT. Scale bar = 100 um
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2. USP14 A IULlo] A& Al g7l nlx| ¥

rr

K

ook

ﬂJlo

TG FolA USPl49] HdES =elshy] #sil Y AMl=E5F MKN74 31 SNU2169]
NlzoA & Ml S0 digt 1U19] USP14 <A ayts BF7iSith. U1 A2+
DMSO7} Al2jd tixa N2e} vlusto] Ml SAIOA et das =Y (2
4 5A). 100 pM 5=9] Ul AY AlzRoA |43 Mz SA AXS Hofxd
7] Wizl colony ¥/ &4 Aol &Lt 5=5 Attt U19] A= MKN74,
SNU216 &= AN|®Z°] colony FAAE
migraton ¥4 @ Wound healing A 2=
ZAbSETE. 1Ulo] A2j®l A&7t gzt Ao H]sl ols5 XS] TaAHASS
HoyZ9th (I 6A, B). Transwell invasion EAAE [U19] X2l Axo A

52 ZaAAT (37 7) web Ul o5t USP14e] A 9 Alme] B4 of
£ 9 AA 2SS GUHOR XS SAelstart
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A § 401 U1
°® - 0
Q
g 304 & 50 uM -
g =&~ 100 pM
a 204 e
E -
E 10
2 0 T T T 1
0 1 2 3 4
Day
SNU216
B Colony forming assay
DMSO U1 (100 uM)
> 300+ S = MENT4
mm SNU21E
MKNTS
m-
100-
SNU216

a3 5. IU1E AMEEH USP14 A7} YAA| 2] d7o] ulX]= IdF. (A) SNU216
Alzof U1 (50 pM & 100 uM)A 2] & ANl SAl5 Zelstth. Al 42 U9
=rof et 7HAsHech (B) MKN74 2 SNU216 Ajxof DMSO F+ IU1 (100 uM)
A2|gt $of 109 viFstaL crystal violetof] oJsf FME|QIC UL X2|5tdS o
colony @7do] Zraste IUlo] A7|AQl Nx FAloe JF2 &2 &AsiAtt
[U10] ©J3F USP14 oA &u}2 SHOISIQAC «P < 0.05, *+P < 0.01, and ***P <
0.001.
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Transwell migration assay

 DMSO U1 (100uM)
: i B £1500' = MHENT4
H S = SNU216
: £ 1000-
B
g E
‘s 500_ L1
i E
3
% 0-
- ‘_go A A
& .@f? o‘go,@‘?
& S
~ A
B Wound healing assay
MKN74 SNU216

11 (100 M) Mso 1t (100 uw)

Oh

24h

48h

a3 6. IU1S A& USP14 A7} AAARO] o] 5o UlX]l= JTF. (A) MKN74
al SNU216 Afxzof TU1 (100 pM)&X 2] & 48A]7F At S0 TranswelloA] A|x9]
ol 52 EQlstAt. Az o]zo] UL (100 uM) A2jAlof Zastct. (B) MKN74 3
SNU216 Aol Wound& A5t DMSO E+= [U1 (100 pM) A2]st¥ i A|jxLo]
ols A=g Al w2t st [Uls AlgstRs o Al o]Fo] Z4ast.
IUlof oot |k Mo} ol AX| avs =I5t Scale bar = 100 pm, *P <
0.05, **P < 0.01, and **+*P < 0.001.
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Transwell invason assay

L0k}

DMSO U1 {50 pM) U1 {100 pM) - i
e L e
..?_ __F E § oo = 50 M
» ; = 100 ym
§II}DDG—
k]
3
EZIH}DI}—
2
“_

d 7. IU1& AESE USP14 QA7 A AlZ9] 5o tjx]= dF. A Az
A48 3015H7] Y5 Transwello]] matrigelS *2]st S0 SNU216 N|ZS Bjdst
o =

=2 1w

Ulo] sz XHdtt. SNU216 N=of A2 IULY X2 Fof et

=
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3. siRNAE o]-&3t USP14 A7} YL Az 470 vlx]= I

oJotoflA] M| ZAl colony A, o]= 2 Abx] x|S0 Tt USP149] dste
2 A=357] Y MKN74 2 SNU216 MmojA] siRNAS ApRsto] USP14 232
AA|5tAct. MKN74 @ SNU216 M 22 = 7§0] USP14 siRNAE A 717 &
USP14 Ielo] ayvpdor zashks 72l sttt (I 8). SNU216 A|ojA]
USP149] Knock down& AZ &S X35 ZHAA|ZTH (22 9A, B). #ut ofyzt
USP14 Knock down2 colony ¥A, Transwell migration 4 2 Wound
healing H-A0]4q o5 @ A A9 528 Ads] garlsls Aow &g
(721 10A, B), ol2gt Aut: USP149] @ olx|7} ojet ol
Hol it

ek Jk‘,L

gjo

%
lo
to &

Al
o

12
ogk
jo

pAS)

A
e
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MKN74 SNU216
SiCON #1 #2 SiCON #1

USP14 wemm _sama
Actin MBS s | - —— - {2kDa

13 8. siRNAS 535F USP14 knockdown. MKN74 % SNU216 AM|ZoA F= 7}X]
siRNAES 0] 835t USP14S knockdown A]ZHOon EFAst ANZ=Z Cell Viability,

Wound Healing, Colony Formation, and Invasion Assays X835} ch.
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§ == wCON
E 8- & sUSP14s
£ | sUSPI4R2
5
T4
o
E Y
£ u ] L ) | | ]
1 2 3 4
Day
SNU216
B

Colony lorming assay
sICON siUSP14 81 siUSPi4 92

MKNT4 . : 3. , '! %m- n—| - s.rr..:;w.
. gmﬂ L]
i i \i Eim-l f.‘_
swuzts, k | & -
S PP
v %ﬁ

33 9. siRNAE A3t USP14 knockdowno] AA|xZo] /dA}d] O]X]&= A (A)

SNU216 A|x&o]] USP14 knockdown A]7]il ANl FHA1S <RIstTH AN A2

of USP14 knockdown A]Z1 3Z.of 10¥ Bjstil crystal violeto]] olsff HARE]QiCT.
USP14 knockdown 35}9S T colony &7do| ZAsto siUSP140] AH7]AQl AL
SAolE %S FS HASIAUCE siUSPI4Y] olst USPI4 olF mits Felsty

Ch#+P < 0.05, #*P < 0.01, and ***P < 0.001.
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Transwell migration assay
siUSP14 #1

- MKNTA
= SNU21E

B Wound healing assay
MENT4 SNU216
siCON #1 #2 siCON #1 #2

oh

24h

33 10. siRNAS AFE3H USP14 knockdowno| o]Fof OJX]&= ¥ (A) MKN74
2l SNU216 A|3zof] USP14 knockdown ¥ 48A|7F X|t Z.0of TranswellofA] AjxQ]
o]=g s&olstgrt. A|® o]Zo] USP14 knockdown A2]Alo] ZrAstgct (B)
MKN74 % SNU216 A|=Zof] WoundE @4Jstil siControl £+ siUSP14 # 2|5t
T AmO| olF M AlRte] wket SAstYct. siUSP14 A2lstPe i AZ oE
o] 435ttt USP14 knockdownof &gt §@f Aol o5 Al antE =HIska
t}. Scale bar = 100 pm #*P < 0.05, **P < 0.01, and ***P < 0.001.
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4. USP14 2A|E 53t 9o N xZo] At

O
=

o
=

91

1 AA||A Ul & USP14 Knock down?] ot AlsAE HAHY
MKN74 31 SNU216 A|zoA MN=AFE 2 Aprpza] e o
o}, [U1S A2|st & AZFo|A] PARP, Caspase3 ¥ p2lyt & A
o] ¥do] F7tsh= 7 % gelstAtt (2™ 11). autophagy ¥
! 119} Beclin-19] @3l £&2 [U1 &2 Fo= #5}A] Qkokct (
Aoksl PARP GAlo] o]t AlmAbY Qe UL Al2jo] mat A7 o
%ﬂﬂ%ﬂr (73 13). [U1 Aal= AKT AlsAd A=ze 2843 A7
14). IU1 A2]e Ed) &l ZAutSo] USP14 wd o] <lsfA]
T dhAish=X] &9lstr] ¢Jslf USP14 Knock down® A|zZofjx] PARP, Caspase3
p217} Ze AmANY el whlde] Wals Folstgirt (1 15) UL AFRT} Ot
7HA]2 USP14 Knock down& autophagy @3 ©uBAlo]l 1.C3 I & 1o} Beclin-19]
de axe WehAlF|A] ottt (1@ 16). o]F MKN74 2 SNU216 A|ZojA]
annexin-Vol tfs] Aoz M= MIAIE MEE AE5le] USP14 THEMAly; 1t

A=l AmAE UAUES s}, FACS BAL [Ulo] A2lel At} USP14 2
o] dAE Am7} AEAIRS QEate 272 SQlstyint (2 17). MKN74 A|mo]
USP140] vpde 1 [Ul2 A% U2 ©f, PARPY &2 USP140] 9Js =72 % Y
ot (21 18). E&otd, ol2fgt Aub= Ul £+ USP14 =thgo] oJgt USP14 oA
7t MZAFE HAYSS &5l A 82 daAtE A2 B9
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U1 U1

0 50 100 0 50 100 (uM)

UsP14 60kDa

P21 S @ — 21kDa
100kDa

vom2 S = 75kDa

P53 [ S - — 53kDa

116kDa
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Forward Reverse

USP14 5'-GCAGAGAAGGGCGAACAAG-3' 5'-TGTTGCAGGACTCTCATCATTTG-3'

GAPDH 5'-ATCACTGCCACCCAGAAGACT-3' 5'-CATGCCAGTGAGCTTCCCGTT-3'

3 1. RT-RCR primer sequence.
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siUSP14 #1

5'- GUU GAG AGC UUC AGG AGA A -3

siUSP14 #2

5'- GGA UAC AAA UGA UGA GAG U - 3

B 2. siRNA sequence.
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VII. Abstract

Deubiquitinase enzymes (DUBs) are an essential component of the
ubiquitin-proteasome system (UPS). They trim ubiquitin from substrate
proteins thereby preventing them from degradation while modulating
different cellular processes. Ubiquitin-specific protease 14 (USP14) is a DUB
that has mainly been studied for its role in the tumorigenesis of several
cancers. In the pre-sent study, we found that the protein levels of USP14
were remarkably higher in gastric cancer tissues compared to adjacent
normal tissues. We also demonstrated that inhibition of USP14 by IUl (an
USP14 inhibitor) or USP14-specific siRNA significantly reduced cell viability
and the migratory and invasive capabilities of gastric cancer cells.
Diminished cell proliferation was a result of increased apoptotic cells as
seen from the higher expression of cleaved caspase-3 and cleaved PARP
levels. Furthermore, an experiment using the USP14 inhibitor [Ul revealed
that USP14 inhibition overcame 5-fluorouracil (5-FU) resistance in GC cells.
Collectively, these findings indicate the critical roles of USP14 in gastric
tumor progression and suggest its potential as a novel cancer therapeutic

target.

Keywords: ubiquitin-specific protease 14; deubiquitinating enzyme: gastric

cancer; apoptosis
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