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Long-term exposure to gefitinib differentially regulates
the endosomal sorting complex required for transport
machinery, which accelerates the metastatic potential
of oral squamous cell carcinoma cells

Mi Seong Kim*? and Min Seuk Kim**

'Department of Oral Physiology, Institute of Biomaterial-Implant, School of Dentistry, Wonkwang University, Iksan 54538, Republic of
Korea
*Wonkwang Dental Research Institute, School of Dentistry, Wonkwang University, Iksan 54538, Republic of Korea

Oral squamous cell carcinoma (OSCC), which accounts for approximately 90% of oral cancers, has a high rate of
local recurrence and a poor prognosis despite improvements in treatment. Exosomes released from OSCC cells
promote cell proliferation and metastasis. Although it is clear that the biogenesis of exosomes is mediated by the
endosomal sorting complex required for transport (ESCRT) machinery, the gene expression pattern of ESCRT,
depending on the cell type, remains elusive. The exosomal release from the human OSCC cell lines, HSC-3 and
HSC-4, and their corresponding gefitinib-resistant sub-cell lines, HSC-3/GR and HSC-4/GR, was assessed by
western blot and flow cytometry. The levels of ESCRT machinery proteins, including Hrs, Tsg101, and Alix, and
whole-cell ubiquitination were evaluated by western blot. We observed that the basal level of exosomal release
was higher in HSC-3/GR and HSC-4/GR cells than in HSC-3 and HSC-4 cells, respectively. Long-term gefitinib
exposure of each cell line and its corresponding gefitinib-resistant sub-cell line differentially induced the expression
of the ESCRT machinery. Furthermore, whole-cell ubiquitination and autophagic flux were shown to be increased
in gefitinib-treated HSC-3 and HSC-4 cells. Our data indicate that the expression patterns of the ESCRT machinery
genes are differentially regulated by the characteristics of cells, such as intracellular energy metabolism. Therefore,
the expression patterns of the ESCRT machinery should be considered as a key factor to improve the treatment
strategy for OSCC.

Keywords: Squamous cell carcinoma of head and neck, Gefitinib, Drug resistance, Endosomal sorting complexes
required for transport

Introduction squamous carcinoma-3 (HSC-3) % HSC-4 MZF= QIH 712
HIHM|ZL 2 (oral squamous cell carcinoma) MEFZA, pyruvate

TZUR W MAXCR 71 =8t HEEY F SHL0|H, ':*HHEEP i kinase M22| RMX} Z&2 S8 F MEF 7t 04| CiAHenergy
F20| FQ HOIOI HIN| LA (squamous cell carcinoma)2 metabolism)2| X}0|2 LIERHCH HSC-3 M| LK lactate 2! ATP A4
Aoty FZYCR IF 90% O0lg= AXSITH1]. Human tongue 8 &2 HSC-4 MIZZS| IR 52 A2 SQIEQIOH, &2 0f
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LiX| CHAFS £85ts HSC-3 MZ= YME 43, = FE 2 HO|
7H5M0| E2 HiH HSC-4 MZe 52 ZYAM(tumorigenicity)

I A= |MES(cancer stemness)S LIEFHCH2,3]. 0215t EMO
2 QI3 HSC-3 Y HSC—4 MEE= UHIZO| =X FE U HO| 2P0

Ciofst 917
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A matrix metalloproteinases THHH9| 7|52 2416}
Of| AR |0 UCH4,5].

Al AZ(exosome)2 CIEEAILH (multivesicle bodies, MVBs)2|
THOf|A] LM El= X1 501650 nm 37]9| X|Z0|Z% LXEZA, M|
H-ME ZH HSER0M CHAst Hats ST 6] O"*-’c."-g oAl A
Z MM 20i5HE CD63, ALIX, Tsg101 52| endosomal sorting
complex required for transport (ESCRT) machinery HHElSS &
St CHISE mRNA, miRNAS Z&6HH, MVBs2| A atoZ 9|

ol
rOII

= o
gt H0|(anterograde membrane trafficking) P48 Saff AAE2S
M 2 SZICE WEECHT]. UAE L SEHE2 +8MZEE MEE
Of CHYst MESHY 2t S QLSITHE]. 22, YMZ-F2 ALES
TE2 8 LMIZE L ofF gt 2EE o2 2ds fdle A2
2 SQIE| 1 AOM[9,10], SR, =T, HEY, e S Chyst
2 S0IM AAZO 25t FUH| LHA =0 et S22t FSHE|D QL

CH11-14].

CIEAZH Lf AAE MHS ESCRT-0 (HRS), -1 (Tsg101), I,
=l 2! vps4 X T2|11 syntenin-ALIX S2| Ct¥st ESCRT ma-
chinery TS0 OI5H RMEICH15,16]. ZEXOZ AAZO| HE
Q| H=1PHOIAM MVBs2t 2@Eato| af g8i0| RO, o 882
MIE W Z+&258t synaptotagmin=7 (Syt=VII)0i| Qe Z&=&|= A
OF FOIEIUCH17]. 3Lt F7|7te] AN =0 T2 L ZHEA|
HOF MEFH A= 2H|2F0| 5} 2 ESCRTs machinery—#2& &
TIXp 2ol 0| et Hetot 242 & ORI X|X| 2241 QUL

|z o AT E Solf TLHBMIZLLY MEFE gefitinib LA 2
MIZOMC AAE 2H| HEE 2ot & ESCRT machinery &
TIXtQ| 2ol HalE OIS}, S}, HSC-3 & HSC-4 229
gefitinib-Lid MEFOM AAZF 28| L ESCRT machinery %At

9| UBI0| ROY0ISHA F7IEES &5, SOIEAHE, HSC-3 Al
IR HSC-4 M 2t 1 Eifgl °o O CtEA| LIEtES =fRI5IY
Ct ¢ Btz SYS AZHBEMEL X|SO0IAM MZ L O|LX] CHAL S
9| XI0|E 1124a0f ofH, Ol= o*%*xﬂ DAES SHAF7| /e B2
St MEO| E 5= USS AAFSICE

_Q

Materials and Methods

T. MIZE HHQF S AJSf

2 A7 AMEE FTZHIMEY MEF, HSC-3, HSC-4 M&E
= MUty x[aist A2 st Y W22 E HSTHU
C}. 2t MIZF= 10% fetal bovine serum (FBS)Zt 2H4X|(100 U/
mL penicillin 2 100 ug/mL streptomycin)?t &7+ DMEM/F12
(Welgene Inc.)0llA BHLSIACH3T7C, 5% CO,). HSC-3 L -4 M|
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£ gefitinib0i| 4748 SOt Ht=
MIZEZE Zt2t 212I5IQACH.

T =" ="

HOE LEAZLOEMN gefitinib-Li1A

2. A

il
HI

2|

NE-F2 ALES 22[517| 2o, AAZ-ZA0] FBSt ZEHE ME
Hi X[ MIZEE 48AIZt SOt FX[GHAULE. WAZFO| 2= ExoQuick-
TC AAZE Z|H 7|E(System Biosciences)S AM25I0] M2 A3
ol w2t 22|50 ZHefs| 71&5HH, MII HHX] WX 48A|Zt F,
ZIE HIUYUS 3,000 x gOflAl 158 SO AR50 HiX| L £
{ ME ¥ MHES HMAHZCE HHE AE5H0| 20%0 siHs= o
AF 22| AUYS HIIGIH 4°COA BA HESAIZALE CIS3Y, MES
3,000 x gOflAf 168 St A5k,
phosphate buffered salinef| X{E Q5111 CHS A5

AKX

3. Western blot analysis

CHUHE! HIS) 220 \Western blot B& DTZEZ0| M2t A5
Ct. &%l ME= proteases®?t phosphatase inhibitor (Invitrogen)
7t #7tEl RIPA buffer (Invitrogen)S M7IStO2M 24 25HA|ZI
%, BCA Protein Assay kit (Thermo Fisher)S Al2560] HZfotA
Ct. ME= MEL2 sodium dodecyl sulfate—polyacrylamide gel
electrophoresisOlA] 2Xt2H0|| 2t 22|=A2H, 0|F polyvinyli-
dene difluoride membrane (0.2-pm pore size)0ll &7 &4 S
S TIHSIGCE 1R A2l Hrs (1:1,000), Tsg101 (1:1,000), Alix
(1:1,000), Syntenin-1 (1:1,000), Syt-VIlI (1:1,000), p-actin
(1:1,000), LC3 (1:1,000), Hsp70 (1:1,000), CD9 (1:1,000)= Z
EQI0)| X2|St0 4TCOHIA A BESAIZILE. CH2E HRP-conju-
gated IgG (Santa Cruz Biotechnology) 2Xt SXIE AM510] AL
OilA TAIZH EESAIZI
Ar85

=13
=

< AzureSpot 2.0 (Azure Biosystems Inc.)&
S}, 2} CHHEIO| B M= ZQ AMZO| g—acting]

r
HEE 71Z02 BMEIC)

rd

4. Flow cytometry

HHQF HHX| L AAZE Exo-Flow capture kit (System Biosci-
ences)E AMEot0] M3 E AEdHo| o2t ’“EFo}mEt Magnetic
beadsE biotinylated capture &H|(CD63)2} HISAIZ1 &, T E
AES HIfotl 4°CO|A BIAY 3|56t BESAIZICE L2, mag-
netic beadsE AAZE FM M} Exo-FITCRE 2Xt HISAIZICE 4°C

OlM 2412t BEBAIZI & MES Mo, zZXo= FMES MA
8% 300 uL 2 HEFAIZIC YEE 90% S FACScan &4471(BD
ST 2M5ULY.

D:>= HJ|

Biosciences)0ll &
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5. Ubiquitination assay

UBI-QAPTURE-Q Kit (Enzo Life Sciences Inc.)S At25t0] H|
Al 2} M| XA SH|FEISHubiquitination)
C}. QOFBIRIE, MIZ HX| R3HSS £7I540 250 pg/mlLo| i

$@ mA 0% o
0 mjo 32 rin

UBI-
.M

HSP70

HSP70 (%)
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=] o A
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SAIZLC Ch2'E, ME2 5,000 x golA 30% S92t 2225l 5X

HMEHTE Hotet

= 95O 102 St £ A 0| Western blot

A0l AU

6. Statistical analysis

QAPTURE-Q matrix?} 285t & HEPES HIHZ M|A5}
=l matrixS HEPES HIHO| ~HEQAIZ! S 4°COIA LAY Bt Origin 2020 AZE#|0{(OriginLab Corporation)S AL&310] S|
& & & &
o o » »© o o° N »°
X o oY X & oY X
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* - 300 ~ * 450 *
250 A * i
250 - 400
2001 200 300 4
< 150 - 2 = 2507
R & 150 - & 200 -
% o S 150
T 1007 100
50 100
50 1 50 4
0 0 0-
HSC-3 HSC-3/GR HSC-4 HSC-4/GR HSC-3 HSC-3/GR HSC-4 HSC-4/GR
No exosomes HSC-3 HSC-3/GR HSC-4 HSC-4/GR
N
1)
©
a
e
c
>3
[e)
o
10° 10" 10 10° 10 10° 10" 10° 10° 10" 10 > 10° 10* 10° > 10° 10" 10° 10" 10° 10° 10°

CD63-positive particles (%)

300
250 A
200 A
150 A
100 -

50 +

0 A

FITC

CD63-positive particles (%)

HSC-3 HSC-3/GR

10> 10° 10" 10° 10" 10* 10° 10* 10° 10" 10® 10° 10
>

300
250 *
200 A
150
100 -
50
0

HSC-4 HSC-4/GR

Fig. 1. A basal level of exosomal release in HSC-3, HSC-4, and gefitinib-resistant sub-cell line, HSC-3/GR and HSC-4/GR. (A) A basal expression level of
HSP70 and CD9 in exosomes released from each cell line. The column graphs indicate the percentage of gene expression level compared to its control (HSC-3
and HSC-4 respectively; n = 3). (B) FITC-conjugated CD63 positive particles were counted for 90 seconds using flow cytometry. The column graphs indicate
the percentage of the count of FITC-CD63 positive particle compared to control (HSC-3 and HSC-4 respectively; n = 3). Data are presented as the mean +
standard deviation. Student’s t-test was used to establish statistical significance (*p < 0.05).
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=M +HSIACE 0B E 2|4 M Ho| SZAOI MM S22 & JEs 229| gefitinib-TIZA MESZRE iz ME2l J40
Ho| WP + BEHAR MSEUCH SHK QoM U B4 2N HISH HA5| S7HES HISIACHFig. 1A). E3H, flow cytometry A
(ANOVA) £ paired Student’s t-test0f| 0|0 Turkey2| AtE HIA HE Solf CD63-Y42| UXE &£t At HSC-3/GR (2.073 +

EE ME5d10 24

Results

1. Gefitinib—-WA 2=2
ALE MY S7t

5
ZOIA o4
7| 9la, 72

—_
=
=

9| K&

F=22 gefitinib-

{2UCt. S

O|ZkAd
—Oo

X Q0|82 p < 0.052 M

YEIALC.

Z Qe AZHBMEYL M Fef

MIZe} H|5H0] gefitinib—LHAd Al
E£XQ1 MZEQ| YWEO| HIIE|=7IRACt. 0|5 2HRI5t
M ER! MZZF HSC-3 L HSC-4 M|ZZe} 0|22 H

IPHE gefitinib-LHA MEZZF(HSC-3/GR, HSC-4/GR)S ™MAIAOI
_a_pqo”)q ABA|ZH SO HYQEA|ZIC}, ZIZ4o| H{QHO R HE| Ha|El o

G

- O L
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R gl
=

HSC-3 HSC-3/GR

Gefitinib (h) 0 48 0 48

Hrs (%)
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&2 WA= HSP701t CD9 HiS %EE H| 51
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Gefiti
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nib(hr) 0 48 0 48

0.053) & HSC-4/GR (2.271 = 0
M 28 Ol S71=|0f
tinib-W4 MEZ=2E X|&

& MIELS| 201 Hlo 57 f5|01

2. TYBYHELY HEZ

E

Hrs2t Tsg101 H

AK AHA‘IC’ IX‘I |-

FA|Zt gefitinib M2

101) MIZZEEH 22|12 MEo|
’;EP"EKFlg 1B). ¢l Zat= gefi-
M, WEEls AAE0| %o| By

L}EFLACY,

= o
%L_ ZdE

H gefitinib-Li-d &S0 I}2

SCRTs machinery Etttl 251 H5}
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SHAMQIXISE HIE|D UCH18]. 2 0N
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Fig. 2. The differential expression patterns of ESCRT machinery genes in gefitinib-treated HSC-3, HSC-4, and its gefitinib-resistant cell lines. HSC-3 and
HSC-3/GR cells were treated with 50 uM gefitinib for 48 hours, and HSC-4 and HSC-4/GR cells were treated with 20 uM gefitinib for 48 hours. The expres-
sion levels of (A) Hrs, (B) Tsg101, (C) Alix, (D) Sdcbp, and (E) Syt-VII were determined by Western blot assay. The column graphs indicate the percentage of
each protein level compared to control (HSC-3 and HSC-4; n = 3). Data are presented as the mean + standard deviation statistical analysis were using the
one-way ANOVA compared to the HSC-3 and HSC-4 cells (*p < 0.05).
ESCRT, endosomal sorting complex required for transport; Syt-VII, synaptotagmin-7; ns, not significant.
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Ofl oI5 Z+2f oF 28 0]4H(2.438 + 0.139 for HSC-3, 2.701 *
0.097 for HSC-3/GR) &3i0| 7tz WS HEGIALH HSC-4 A
I L Hrs= gefitinib-LHA 815 MEF(HSC-4/GR)MIM XX o2
Z71|0] USS SRIGIFOH, gefitinib K|0f 25t Hrs &dl ME
= HSC-4 MIZZOA 28 Ol R2M U B7IEte EISIUCKFig.
2A). ESCRT-| 28| 2AM2A = 5IL12I Tsg1012 AL, HSC-3
MIZQ} H|WSt0] HSC-3/GR MIZZO|lAf 2F 28 M 510| SIH=U
O, gefitinib X2| Al, HSC-3 MZ0N RLXHO=Z Z7IEH0| AL
ATt HSC-4 M| H| w510 HSC-4/GR MIZO|A CH2 3.68] St
SO, gefitinib0i| 2|8t Tsg101 WS HSC-42t HSC-4/GR M|Z
BE0IM B3I} SUACHFig. 2B). ESCRT-III E8tx| 1424 = 5}
Lol Alixe= HSC-3 MIZE2F HSC-3/GR MIZ0IM Qo|Xol 510 Xt
017} A, £ ME 2= gefitinib X501 2JaH F 28 0]-44(2.007
+ 0.871 for HSC-3, 1.977 + 0.697 for HSC-3/GR) &7}5t= &4
2 HAUOL ROYS LIEHAX] LUCE HSC-4 MELLt H| W50
HSC-4/GR MIZ0IM Alix H3H2 S7I5tACLL, gefitinib X=0H 2
ot Alix 2ol B7t= SIE|X] LATHFig. 20). Alixet SH &SEHE
SIOZM ALAE S0 2ok HOZ L24El Sdebp (Syntenin)
9| AL, HSC-3 M|Zze} H|W5t0 HSC-3/GR MIZZOflA| CH=k 24K &
O & BIP ERIEIACH, gefitinib XS04 2|5 HSC-3, HSC-
3/GR M Z0j|M e M| ZIH7t =QIE|RACH HSC-4 M2t
H| W5t HSC-4/GR MIZEUA| sdcbp 282 CH2F 2.3 S76I¥S
Lt, gefitinib X201l 2|8t sdcbp &51e| 7t= HSC-4, HSC-4/GR
MIE REO0IA HS7E ZEE|X] LUCH AAZFO| M 2 HET Syt-
VIl 2te| A2g g SRI5t7| 2I5H0] MIZE L Syt-VIIe| Ud FEE =t
QISIALt, HSC-3 M|ZELQ} H| W5t HSC-3/GR MIZOlIA Syt-VII gt
30| CH2F 28] M= S7IMOM, gefitinib XF20)| QI3 Syt-VII &5
HSC-3 MZOAMDt Qo|Moz =JIBHICH2.101 + 0.068 for HSC-
3, 2.372 * 0.032 for HSC-3/GR). HSC-4 M|ZZ2} H| W &10 HSC-
4/GROIM Syt-VIl 2512 CH2F 3.6HY 7151 H, gefitinib X0
95t Syt-VII &S HSC-4, HSC-4/GR M ZEF0|A S2|X{01
317t ARACt.

3. TLEHENM R MIEFH gefitinib-Li4 250 [HE M
L QH|FEIS}H 2 XI7HEA] M & (autophagic flux)2| B35}

MZ LY 2244 -0 ESCRT machinery= QHIFEISHE 2l
TF of Huln 45 ESHH[19], MIE L REIFESS SX2 LC3
lipidationg S7tAIA A7HEAIZ M7= Aoz HATE Ht
CH20]. 0]ol 2Hot0f HSC-3 & HSC-4 MIZEQt 2t2k9| gefitinib-
LHe M L RHIFEISI X7HEA FES S50, A,
gefitinib—21Z8ed MIZLO0| H|w St 2+242| gefitinib-Lid MEOAM &
HIZEIS 2 K7L HE=ot $iK6| B7tES EQl6IFCM(Fig. 3),
HSC-3, HSC-4 MZUM 2= gefitinib XI=0{ OJ§t Qu|FEISH L
RZHEA Mo 5715 &It ¥ ZUE2 HSC-3, HSC-4 Al
I 2% gefitinib LIS SSE0l M2t AAE 2HIF| 712t M2

A
HSC-3 HSC-3/GR HSC-4  HSC-4/GR
Gefitinib (hr) 0 48 0 48 0 48 0 48
245
180
: ’ 140
100
75
63
48
- L as
-
— ~o L
—
B
HSC-3 HSC-3/GR HSC-4 HSC-4/GR
Gefitinib (hry 0 24 48 0 24 48 0 24 48 0 24 48
LC3B-I >
LC3B-II > —— e — e —

. - « -
| ————

Fig. 3. Gefitinib-mediated whole cell ubiquitination and autophagy flux in
HSC-3, HSC-4, and gefitinib-resistant sub-cell line, HSC-3/GR and HSC-
4/GR. (A) HSC-3 and HSC-3/GR cells were treated with 50 M gefitinib for
48 hours, and HSC-4 and HSC-4/GR cells were treated with 20 uM gefi-
tinib for 48 hours. Whole cell ubiquitination was assessed using the UBI-
QAPTURE-Q Kit. (B) Cleavage of LC3B was evaluated using Western blot
assay.

L RHIFES R A7HEA Fe= FH|H6H, 229 M L ESCRT
machinery =&Ix| &M= XI0|7} QUCH= AS LIEHACE

Discussion

BUME R AAZ2 FHO| ZUM|Z| MHEHOZM M|
o] M& B4 E= HO|E Di7iot= SY0MSES MSTHTH21,22].
e MOo| AHOIN AAFR ZSY0IMetE £4[23,24], gstste
H 2E30l| st 23[25,26] S2f Cifst Aes +WSHH, 0[213 A
AZO| MM Al 2H|0= ESCRT machinery@t 22 CHYSH 2XHE
o B8IX|Z WQZ St ESCRT machinery0il QJst AAZ MMO
ESCRT-0, -I, =Il 212|211 ESCRT-llI-related proteinQ! Alix2t &%
Z&tok= syndecan—syntenin0| =XtHOZ LME|= O Hk|

1 QICH27,28]. & A0 E 22 EM0| L2 F 7L THBMZ M|

ZE AOZ AAE MAES UMK ESCRT machinery ZEHA
TELASO| ol HEE EMolalXt ofUCH Aeidn), Y72t s
X0l gefitinib ==0| 2|5t gefitinib LHA &S0 2} HSC-3, HSC-
4 M 2T SXIAEHOIM X|EHQ1 AAE 2H|7F S7HES 0I5k
OL}, &7(2+2] gefitinib '=&E01| 2|t Hrs, Tsg101, Alix S| ESCRT
machinery R%IX &3 Fes F MZOIA 27| THE a2 LIEH-
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2 SOI5IRCE. 5t ESCRT machinery IFEH0IM A=ZF 8f Chfo)
RHIFESH= HHXOIH| 0] AANAN HO|XO0] gefitinib-T1Z
A MO HJoH gefitinib-LHA MIZLOIA] 2t Qu|FEISH =Tt 2H&
E|ACt HSC-4 MZE= HSC-3 MIZLO| HsH =% H0|40] ZF2 M
2 U3 Qlon, 2 HdAZUE Sol YA Y =S50 IE AL
2 RZ| M0|Mut 2 0] gig + UCks 7tsH
2 MIAIHCE, EESH MIZ LHOIA MME AAZ0| M o= BH|x=
Ol 9&2 Sk synaptotagmin®| gefitinib—LiA ME L &5 S7t=
SIUH| LH M|t AAE 2H|O| ZIt ALO[0] AREA T} JUSE Al
ARSI}, T2t synaptotagminOil 2J8t 2 88 -2 MIE L ZE
S0l Qo HLUSHA 2HE= d2|7|HMeEN 2 HrAnet 20| 2F
K= S10| EXHEfOM AAFO| F2H|7t BItel=s ZAits Cid BaE
Ag ¢ 4 ULt 2 AN CIEX|= AUCLE F

IS MZEOIM SRILEHS] ME L Zatlaol Hals M 2R

& 489 St=

>

2X L-=0f 2|t ESCRT machin—
51 M= Of|L{X| CHAF S2| M EM0 m2}
CEA KU, 2IZHO2 UM WY &5 MEFZRE MY, 2

o
3
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lo
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