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2. 47 tid 2 U

2.1. d7 A

5719 At §F AlxF (89 §F [SWI982], AF5F [HT-
10801, F+<5F [RH30], +95F [A673], =5F [KHOS/NP])
2} 1709 ArobAl EF=(HDF)E ATCC (Manassas, Virginia, USA)o|
A sk AE wiek vg o] 2 SW982+= DMEM/F12 (Hyclone)

& A48 3 HT1080, A673, KHOS/NP, HDF: DMEM (Gibco),

e

RH30- RPMI1640 (Gibco)E AH&sIATh E= A2 Ax vjek
Hlt]olo] 10% FBS (Gibco)®?} 1% penicillin/steroptomycin (Gibco)

& H7hstel et

2.2. ¥ 54 2394

72170 €] human kinase©®l t g+ siRNA libarary (Dharmacon)E ©|
&ol3lth. 96well Edo]Eeol Zt7}9] siRNAE 50nMS ¥ il 0.1ul

Lipofectamine RNAIMAX, 20ul. Opti-MEM= ¥ 31 412 5 A549 A

ke

o] &3to] dHA FUS AlPsrArt. AS494FEF+= 0.5x10°

Ll

=
/well® Yo% om™ 6-MV photon beam linear accelerator
(CL/1800, Varian Medical System Inc.) & 8Gy<2] WAL S ZALsS

o}, WALA ZAL 72417 & Al EANE A3E CCK-8 assayS =3

gt

ol th. CCK-8 assay©ll A viable cello] WAFA ZA} 51A] &

8



32

Zm9] 50% M O.2 TFAashE siRNAE WA glskglt.

2.3. NUP62, 549 thgl siRNA A2 2 A F9]

NUP622} NUP54 9] siRNA A8 22+ Rodriguezs©] 2018 &
of Hadt A) | AE Fadte] A 29l a1 (Figure 1), negative control
siRNA (siControl) (Bioneer)& H]iLE 9]ato] o] &3 tH?, AlEE
AP AT (reverse transfection) B2 0.2 24well ¥ o] Eof 100
uL opti-MEM (Gibco), 1uL Lipofectamin (Invitrogen)S WA ¥
5 Z47ke] Ag ol NUP629] siRNA (siNUP62)9 NUP542] siRNA
(siNUP54), siControl< 20nM= ¥ olF At 6well Zd|o]E2] 73 -
500uL opti-MEM, 5uL Lipofectamin, 20nM2] siRNAS o] F1 a1,
AzAbe] ZREZ et ymA] P4 59 345 Al gsai.

Figure 1 2 & o] AF-&-% siRNA A| 9 2~

siNUP62 #1 GGGCUUCAGCUUAAAGGCA
#2 GAGCGCAGCUUCCGGAUCA
siNUPo4 #1 CGAUUCAGGGUGAACUAAA
#2 UUUAUGCAAUGAUUCUACC




2.4. Western blot ¥4]

=

NUP62, BCL-2, BAX, PARP, MCL-1, yH2AX, B-actin ¢ =
S western blotS &3t &5ttt Al &8 &E (lysate)9} 5%
o] @A |oading buffer [1 M Tris—HCl (pH 6.8), 10% sodium
dodecyl sulfate (SDS), 2-mercaptoethanol, 1% bromophenol blue,

50% glycerol, =F19F 4] 10% SDS-PAGE acrylamide gelel] &

o

Yol 100 VE 2A17F &<t A7) d5= Ald3k $ PVDF membrane
(Schleicher & Schuell, Dassel, Germany)®ll 4C, 100 VoA 1A%t
&<t transfers} 9 th. Transfer® membrane< TBS-T (10 mM Tris-
HCl (pH7.4), 150 mM NaCl, 0.5% Tween20)°l 5% skim milk
(Becton Dickinson, Detroit, MI, U.S.A)7} 3285 8-S o]835to] 4T
oA &% E<t blockingd 3, TBS-TE 584 F W A& dx}
A (Cayman Chemical Co, Ann Arbor, MI, U.S.A)E 5% skim milk
7} #7be TBS-T2 1: 10002.2 8] 413}e] 2o Al 2A13F F3F vh&-
AlZ . TBS-T= 104 Al W AlH 3 5 o]2k @A horseradish
peroxidase conjugated anti-mouse immunoglobulin, anti-rabbit <
5% skim milk7} 3 7Fg TBS-T=Z3,0000] 2 8] A 3}of A oA 2A] 7+
HES A AT Whgol U TBS-TE 1084 AW AlFska ECL

Western detection kit (Amersham)® ¥F2-A17# LAS (BIO-RAD)9|

o
o
Lo

& )3 2459

10



Hj <k M 3EE siRNA9} control sSiRNAE o] 83l 34 ¢ A7
S A8AITF A 3k H Asfz g5 wel 6-MV photon beam linear

accelerator (CL/1800, Varian Medical System Inc.)S ©]-&3}o] H}

EN

A 2AFE AT AR 2AFE] 0Gy 9 plate] B§- 59
AL FAS7] fskel MBI A Aol WA 6] Yol FeAm, AT

WA ZAZE B Sl T BE A9, gE2T AZFES Y]

2.6. AIXAE D A X 2}HA} (apoptosis)EA]

2.6.1. CCK-8 assay

ME QAT AFES H7] 95k CCK-8 assay (Dojindo)E A 3Y
ahoitt. 24well EelolEol wiYFe AEFEol thdet WA AL
0, 5, 10 Gy)& A A8t aL, 48417+ v & CCK-8 Al oF= Z47+9
wellel  20uL® @i 2A1F wigaigivh. 450nme] el A

spectrophotometer ©]-&3} &4~ #4S S A5t}

2.6.2. AX AHA} #&H E-F western blot.

SIRNAE o] &3 F4d 54 5 48AI7bol] WA 2AME Al 8813t

11



HEARA ZAF 48417 Fofl Al X 83 & A BCL-2, BAX, PARP, MCL-

1, B-actin®ll ™3+ western blot2 A 33} T}

2.6.3. Annexin V-FITC/Propidium (PI) flow cytometry

e AEE AU agaE AojA 15mL FHe] YA
trypsin—-EDTA o] &3} AL & B2t} g Fof 45 A 7o
WA PBS o] &3] 71 Al cell pellets A& EF (resuspending) Al
71t} 1.5ml tube & A X E A7 o] PBSE washingstil A& S
¥ 2] 32 500ul FACS $£binding buffer & ¥+1t}. 1.25ull annexin V
(M7} FITC A7 32 7H2 4% annexin V-APC)E Zt7}e] FH
of Yar 158 wike F A4 e §, 4SS #elal 500ul FACS
& binding buffer & o]wj FACSE FH =2 &1t} PI §9& 10ul ¥

o] 11 FACS canto (Bio—rad)ol £413tt},

2.7. AX F2 24
2.7.1. A= A 4 (colony formation assay)

e dAd £ g2 =9 F 48A17F H s, PBS washing$-

Hm

0.25% trypsin-EDTA 3mL *]2]3+ ¥ 353+ CO2 v 7] Yojs=t}.
A E7F vleo] B& AL 8ol & 4 (serum)o] E3He vjokel 5mlL

2 dojr}, 15mL F B siNUP629} siControlS Yl AEZE ¢

12
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2.8.1. yH2AX assay
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2.9. TAEA

H]

257 Yol E =

PR LEF

A 2} (standard deviation) 2 A A] &}

9l om Student’s t testS AM&8te] 214 2Folo] G dS A5

ot BEAA o 58 PEto] 0.058.F 28 w2 A 5F3 o).
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3. 2%

3.1. siRNA library ©]&3t $HEZ 2324 243
725709] SiRNA & A 2AFSHA] 92 tjzatol| Hlsko] 50%°]
sl2 M E AFo] 7143 siRNAZ 1070 &l vt (Figure 2A, B).
o] T 7]Eo WARA NI E S a9t & dEAA &2 NUP62%}
LMTK3Z Aesldc}. F71=2, 7]& 3o A NUP family & WARA
7% Z7F @397 R NUPS4E ¥3+3te] & 3719 3 HEHS

Mo & MAEFAA A3t (Figure 2C). LMTK3+= SW982¢9]

o] 7ol flof Ale]staL 57]e] AEFo A o] R Sely =

NUP54 ¢} NUP62E A A3}l t},

15
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Figure 2B. 1070¢] 12} 31 7 F 7|0 2 I XA &2 NUP62¢} LMTKS3

= _
g 443
B
[ IRoGy
120 W R8Gy
100
(]
= 80 4
o
K
2 60
=
-
o
= 40 -
N I I I I I

o Y & ) N
U &F & & & & c;s*?

Figure 2C. NUP54, NUP62, LMTK39] 57l &= A EF A 238S western
blotoll Al 218l LMTK3+= SW9820 4 wad o] glojx] FH A A e]slar
NUP62¢} NUP54 & A &4 &},

Q \4

C Q;L 4\0% Q ‘;\
N R Rt
NUP54 «vr QB = | . o9

NUP62 - e— e --s O

LMTK3 @ - e .

B-actin w= CGED -—— D
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3.2. NUP629] &g 2 F-AX} &g JA|

(A

—

A N FA BARA A A S50 vl S5 A EF (SWI82)0
A siNUP629] F71¢] Al 249} siNUP549] 5719 A A AE o] &3]

F AR e A4S 89159} (Figure 3.)

Figure 3. NUP62, NUP54¢] F719] siRNA Al 2ol thale] a4 = 3t

o] 3+
T .
SW982
N an a
™ ™ e %
AN Q& Q& S & S &
o NN T K o &
S £ &5
NUP54 s o NUPG2 s -
B-actin «— c— — B-actin e D

siNUP629] 27}#] A|E=E o] 83 CCK-8 assay$ colony
formation assay® 23} (Figure 4 A, B)oll A siNUP27}4] 7} tf Z+-9l|

}

[

B el

[e} R

ol
ok
A

Hlgto] A ZALS S7HA71aL, ] A4S A
AATE. SWI829 A sINUP54#1, #29} siNUP62 #1= ©]-&3F CCK-
8 assay®} Colony formation assay®] 23} (Figure 4. C, D) A1k o
2 AR A SR SWI982 A EF A sINUP627F siNUP54 4]

gl o] vate] WAL A EALF Z74eta 5 FAd o] A B S ElEt)



o} o) 2 nhgoE NUP62E A A3 £30] WAL WAl e
o Asm shbe] Az HDE ol §3kel ¥ 5709 §F ALFe 1

Aol A 2wt AlEFolM 5 A s sl

5l CCK-8, colony formation assay Z23}. A,
1222 CCK-8 assays 3 23} tj Ztol| 1]
goldt, #x P<0.001.

Figure 4. siNUP62, 54& o| &
SW982¢e A siNUP622] F71 A&
shol A% AlHe] 2t Ag S

A
SW982
120 20
**%

100 100

80 £ 80 1

2 =

E60 = g0 4

2 2

.o 2

>40 = 40

— QJ

3 3

Y20 4 20 4

0 0 T T
5 10 0 5 10
IR dose(GY) IR dose(GY)
Osicontrol EsiNup62#1 Osicontrol @siNUP62#2

Figure 4B. colony formation assayol A %= B8t A] o+ o] Wol A S 5t

o] &}

T .

B Swog2

—e—sicontrol

& —siNUP62#H2

0.1 4

0.0001 Dose (Gy) 0001 4 Dose (Gy)
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Figure 4C. 370 2] |30 4] sINUP62, siNUP54 = ¥F& o A $of] BFALA A8}l CCK-8 assay 2 ¥} 244 .2 NUP62
W ojAle] 497k A Aol o ol Lojubi F3,
C
SW982 A673 120 1 RH30
120 - 120
100 4 = 165 I 1 100
80 - E\gso %:80 -
60 - Z60 360 1
8 >
40 A %40 840 1
o
20 - 20 20 -
0 T T 0 . . \ 0+ T T
0 5 0 5 10
IR dose(GY) B IR dose(GY) 10
OsiCON  BAsiNup54#1  WsiNup54#2 [ sinup62 OsiCON  BsiNupS54#1 BsiNup54#2 EsiNUP62 OsiCON  BsiNup54#1 MsiNup54#2 @siNUP62
Figure 4D. Colony formation assayZd ¥ NUPG627} 540l H]s}o] AubA <l %] d A o] 7FA3= 78k,
D
14 Swos2 14 A673 RH30
—8— sicontrol —&—sicontrol 1 4
—& -siNUP54#1 —e& -siINUP54#1 —.—Sfcomrol
@ SINUP54i2 e SINUPSAED —& -siNUPSA4#1
5 01 1 5 01 4 - & —siNUP62 = - @-e- SINUP54Hi2
g 2 2 01 - - & —siNUP62
8 g
EUO'{” 1 20-01 1 S 001
5 5 z
wvi %] =]
w)
0.001 0.001 , v . : ;‘ | 0.001 1 T T —
2 4 6 8 -\% 2 4 6 8
0.0001 - 0.0001 4 0.0001 <
Dose (Gy) Dose (Gy) Dose (Gy)
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Figure 5. A A Al EFol| A WARA ZALd w2 NUP62'2& o] ¥ 3},

SW982 HT-1080 RH30 A673 KHOS/NP HDF

IR(GY) © 5 10 0 5 10 0 5 10 o0 5 10 0 H 10 o 5 0

NUP62 - —— . T o ——— e — N —

B-actin oD e-es es>opes GpeoDEd TDEDEP @@ e o

Figure 6. 5712 A& ML 1719] 2=+ M E A siNUP62E o] &3+ &

A E FAHA L.

SW982 HT-1080 RH30 A673 KNOS/NP HDF

v &
S ° S © S & & & &
9 N QO N 9 8 S { S & S &
& S &8 £ £ o £ & £ &
NUP62 = - ‘-? i — — ——

B-actn e GOeGD EDeD TG T $ -
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3.3. NUP629| 2& A7} M EAIE PR = 9

SW982 X oA CCK-8 assay9 A}, WAL FAF §lo]
siINUP62% ©]-&3F NUP622] o2& o)A+ 2 siRNA H| 3ol

93t A EATE O] =715 Ho| x| &t} (Figure 7).

Figure 7. NUP62 W& A Alol] SWI82A4| EF0| 4] CCK-8 assay 2 3}

SW982

1

120 -
100 -
80 A
60 A
40 A

20 A

24 48

ONT @siCON BsiNUP62

siNUP62= NUP62 'Fd A 5 AR 2=ALE Aldsksle 4,
SW982 (IR 5Gy°lA P=0.013), HT-1080 (IR 5Gy°lA P=0.025, IR
10Gyel A P=0.016)2] 4ol CCK-8 assay 4 F2] 1| gk M| & AFE 9
=712 19t} (Figure 8). AWHA 0 2 A FAPE S ) X0 B sle] =
ZINE A¥e BEoy ymA &% AEs (RH30, A673,

22
&) et i
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3.5. A EA}EAL i 23
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Abstract

An in vitro study on NUP62
as a potential target for radiosensitization in

sarcoma

KIM Wanlim
Orthopedics
The Graduate School

Seoul National University

Background: Patients with unresectable sarcoma are often refractory to
radiotherapy, leading to a poor prognosis. Outcomes of those patients can be
improved if effective radiosensitizers are available. NUP62, a constituent of the
nuclear pore complex, is known to have radiosensitizing effects in carcinoma
cells; however, its effect in sarcoma has never been tested. In this in vitro study,
we aimed to investigate the role of NUP62 as a potential molecular target for
radiosensitization in human sarcoma cells.

Materials and methods: To test cell viability, we used a colony formation

assay; NUP62 was silenced and exposed to ionizing radiation (IR) in 5

sarcoma cell lines and 1 fibroblast cell line. Apoptotic cell death and DNA
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double-strand breaks were then evaluated with fluorescence-activated cell
sorting analyses, western blots, and gamma-H2AX assays.

Results: We identified the expression and silencing of NUP62 in 5 sarcoma cell
lines and 1 fibroblast cell line. NUP62 depletion alone without IR did not affect
cell viability and proliferation. We identified an increased rate of cell death by
apoptosis, and decreased cell proliferation after NUP62 depletion following IR
in synovial sarcoma and fibrosarcoma cell lines. Increased DNA damage was
also observed in synovial sarcoma and fibrosarcoma cell lines after NUP62
depletion and IR. However, we noted that NUP62 depletion did not
radiosensitize Ewing sarcoma, osteosarcoma, and normal human fibroblast
cells.

Conclusions: We identified the feasibility of NUP62 as a potential target for
radiosensitization in certain sarcoma cells, which have been considered radio-
resistant tumors. Our preliminary results can be utilized as a basis for future

screening and development of radiosensitizers in sarcoma.
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