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Mitochondria exerts a central function in various cellular responses, and repeats fusion and division to change their
morphology. In recent years, a group of GTP hydrolases involved with fusion and division of mitochondria has been
identified. Mitofusin (Mfn) 1, Mfn 2, and OPA 1 are involved in the process of fusion, and DRP 1 (Dynamin Related
Protein 1) is involved in the division process. Although it has been reported that DRP 1 is essential for maintaining the cell
division of malignant tumors such as malignant melanoma, the molecular function in ultraviolet-related carcinogenesis
of keratinocytes is unknown. Herein we conducted experiments using clinical specimens and cultured cells to analyze
the function of DRP1 in skin aging, UV-related skin disorders and cutaneous squamous cell carcinoma (SCC). We
investigated cell proliferation, cell cycle, mitochondrial morphology, and MAPK signaling pathway using cutaneous SCC
A431 and DIM 1 cells that were transfected with shRNA vectors targeting Drp 1. The Drp1 gene-knockdown SCC cells
showed lower cell proliferation than scramble control cells, as assessed by direct cell counting and clonogenic assays.
DNA content analysis showed Drp 1 knockdown to cause G2/M arrest. Morphologically, the depletion of Drp 1 resulted
in an elongated,hyper-fused mitochondrial network. The MEK inhibitor PD 325901 suppressed cell proliferation, as
well as inhibiting the phosphorylation of ERK 1/2 and Drp 1 (Ser616). Also, PD 325901 caused the dysregulation of the
mitochondrial network. In tumor xenografts of DIM 1 cells, the knockdown of Drp 1 suppressed tumor growth in vivo, and
clinically, the expression levels of Drp 1 were higher in cutaneous SCCs than in normal epidermis, and correlated positively
with the advanced clinical stages. Our findings suggest that the mitochondrial division-related molecule “DRP 1" may

become a new biomarker in cutaneous SCC as well as a novel therapeutic target.
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bo WA, I bAY R T ORG L SRICHEET S GTP
TR 5 ff e L RE A5l 58 S 7z BlA121E Mitofusin (Mfn)
1. Mfn2, OPA1l. % % 12 (3 DRP1 (Dynamin Related
Protein 1) 258555 (IX11) Vs F7:. DRP1 ASHEEH i
e & ORBENES; OIS HAEFFIC U TH 5 2 L HHE S
N7z?s L LAaA5, EIMRIHR PRI ELIC BT 5
INSDOGTOREIIAHTH 5. RUIFETIE. BINEFR
Fi B X O AL (FRICEAMRIC & 26810 - g REE) 12
BIFAI bary ) 7H5HEEESSFDRP1 OREREIZ O W
T\ HHEEBREIT- 720
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R L & HIEEHML Tw b, SCCOZEEIZIX
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FHRE D R <. —MMICIEFPHEIEL 7% SCCIE, RE
HED ) bk, N CREIHIFTE 2205 &%
9 X9 TN B & LSRRI LIX LIS 2
AL BRICHEST 22 b D v, ) Uil x
BODLIEBNZ BT, U Y 8HishiE 2B WICITS 2
L3 H 0. ARIYIER DA S s R L e &
DHEZLEWEBEDP TN S, 4TI, Epidermal growth
factor receptor FLEHRHE 4 DT = v 7 KA ~ FHE
WrHOBBRE EPHALNT WS, LE2LEYD,
T DO SCCIZB W TIE, BHROBIFIIRZRENTH D .
5% LEEOMEMEILEN TV 5,

2./ &

2. 1. REEHHERERSHICHST2DRP1 DXRIR

BRI (R Et)

JeHETE KRR SR TR O B 2 K8 A TG E 30
BIZDWT, JLDRP1Hifk (BD611133) % VT, fujk
Ptz iT-72, A~ v (Wako) BE/T 74 YYIF %
Aum DIE S TY Y I LT, SEGE Z AT L. W—#
BE (FEH) X237 i, JIHE T AL
Ed 3MENZEN100 HOMILE T > & AR L CEEAM
L7z, $adEdets 2 27 1%, proportional score (SLEETREE ;
0 7L, 10-25%, 2 25-50%, 3 50-75%, 4 > 75%).
intensity score (Hefifif;0 72 L, 1 590, 2 B R L,
3B D 20085 A —F OFTHE L7z,

2. 2. RNAFHZRAWEDRP1 /vyI8I7I1C&%

R BB HRRER DRI EHE

b A M g R A431 M. DIM1 MR, @ 7 <t
pLKO-shRNA Y ZA 57 2 & T/ v 7 ¥ v Elsi% Ejiti
L7zo #HEMZR Drpl ®/ v 7 5 /12iE, Ly Fo A
2 % F v 7z short-hairpin RNA (LLF shRNA & Ws4) %
L7 Mo L Z ¥ 3 vidpuromycin i & Y 475
726 20% 27NV Y MIHBEHITHO2 LD 293FT
Mikg (Invitrogen, R700-07) Z=#&fE L CB &, 24 R 37
CTA vFa2xX—=1PL7&FHFK. 20umol ® shRNA vector
(pLKO-423, 426, 1097, scrambled-puromycin, 1ug/
mL) 3uL & DNAmix (pLP1, pLP2, pVSVG, % 1lug/
mL) 9uL # N ZFN 1mL ® Opti-MEM CTHEM L. &5
2 Polyethylenimine (LLFPEI&W&d) 15ul Z M A2 T &
CREL. BIMTI57#HE L7z, TORAME, ML
72 293FTHIBLICAM L, 24 B 37 CTA ¥ F 2 X— b
L7ze NGV AT 20 Y a Vil REWRT A2, a v
b @ — )L & L Tenhanced green fluorescent protein (LA
T EGFP & $) TR L7275 A 3 FD pcDNA 3-EGFP
(lug/mL) 3uL &. PEI 15uL % 1mL ® Opti-MEM 2 ik
AL ZT 15 7#iE L-RAeW % 293F T Ml izasm L.

24 WA ¥ F 2 _— | LCHefis L7zo 24 e #2150
%45 T green fluorescent protein (BT GFP &Wg4) 75&
DL BVDHEETAS>TWAENEHAL, VTV AT
3 VIR MR L2 720 A431, DIM1AIEZE 6ecm T 4 v
T2l230% I TNVIY MIED L)L TBE, 24
B 37CTA ¥ Fa~— | L7z 293FTHI SH 57z
A NVA FiEZ A5um 74V F @ L CEINL 72, L
THBW/2A431, DIMIMEIZTZ A VA L% ImL 32
#M L. puromycin (M 1ug/mL) % HIZMZ T
B L. 7AWV REAMBBRE B Lz D, BEA8lIC
Epuromycin ZBMLTEL 7 ¥ a U EPIFTERL,

2. 3. DRP1/yy&7 B0, SV T7HE

DER

MitotrackerRedFM (Invitrogen) & BZ-9000 (F— =T
YAf) 2T, S bV N TREOESEZITo72, I b
2 K1) 7 ORI Mito Tracker Red (ThermoFisher)
ZHWT, RO EITVWEIE L7, BlEMizz PBST
T+ L 72, Mito Tracker Red # 1uL#®inL., 37
CT30m#E L7z, € D%, Phenol red® Ao TWw 7
WDMEM (Life Technology) %ML 720 BIZHHAMEIC
&, BIOREVO BZ-9000 (KEYENCE) ¥ X U Fluoview
FV10i (Olympus) #fH L7z, I b a ¥ K 7 ORRE,
IPIVENYTIOBYOHBTHEMLA. I hav
KV 7 omiEiE, RN Y 7 F Image ] (developed by
Wayne Rasband, National Institutes of Health, Bethesda,
MD; available at http://rsb.info.nih.gov/ij/index.html) %
HwcEt L, gmfbl 7.

2. 4. DRP 1 EMHILtEEDERRA

MEK fH %] (PD325901) % 0, 0.5, 1, 5, 10, 50uM ®
I TN L. RIPA Buffer (2 THINA & > 28 7 % il
L., SDS-PAGE - fayE7 0y ME%%ER L 72, Drpl.
MEK FH5E#] & L T Mdivi-1 (Santa Cruz Biotechnology)
¥ & U'N-difluoro-2-benzamede (Ll F PD325901 & 3%
i, Cayman Chemical) i L7zc Mdivi-1 35T &7
353.22 TCTHV., F95mg% DMSO 1.416mLIZEH LT
10mM DREEIZ 2 2 K HITHEE L7, AHIZMHH LT
LTl 10-50uM DIRETH G- L Tnwb72H, S5
WAL CTHIREED Mdivi-1 2% L7z, F72PD325901
35 EA3482.2 TH Y. 5mg% DMSO 1.037mL IZEH
LC10mM OIREEIZZ: % & 5 FHE L 720 AFNZ 10-100 uM
THEHINTBY), S &ML TCHKREORELZIT-
720 FEAOTRMIOWTIX, 40-50% 2 ¥ 7 VT ¥ MZ
%5 XIS MELZ 10ecm ¥ /213 6em ¥ v — LICHEH
LTBE, HRIEZED 1000 F5I2E L2 Mdivi-1 B LY
PD325901 # 10cm ¥ ¥ — L TiX 10uL. 6cm ¥ ¥ — L T
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WE5uL FNZFNRIM L7z I~ ba— V#TidDMSO %
P L7z e DMSOEEDS0.1% 27 5 & 95 1) o

2.5. DRP1BEEFIC KPR EEEMRES
DRP1 BHEH] (Midivi-1, Santa Cruz) % i L CAH B
NaREARAN DRI IR 2 Eiti L 72,

2. 6. ATPEWRIEEZFL /=Cell viability assay
R LM OMIEE % Cell counter (TC10TM,
Bio-Rad) THlE L72f%. 96 7 =)V 7 L — ~1Z 5000-10000
i, 100uL - 7 = VIZH 5 &) MBI/ L7z, 2o
EE BICLD2WHMNRIE A RS20, BELALY
VOO 7 = V2 PBS % 100ul 32 457 - Bl L
720 A8HE 37 CTA v F 2 xX— b L7, Cell titer glo
solution Z &7 = WIZ100uL ¥ 2MA TERY 51 ¥ 7
TICRBL, BRTELLADSEIHIZI5H5M ¥
N— |} L7 &7z VOREH % BI%EH O white 96 well
plate I ZNZFNK Lz 721, WILJE % Spectra Max
Paradigm (Molecular Devices) & I\ CTZNEHIE L 720

2.7. RETET YA

MfZ 6cm 74y 212 1.0 x 10° > #EFEL, 37 CTA
YFaNR—=btL7z, 1. 3. 5. THRICPBSTHE# L. 750l
®0.25% Trypsin~EDTA (Thermo Fisher Scientific) %
ENFNIMZ T, 67 37CTHEL TRz T4 v ¥
2P HFL. MEOEHIZ AT - 72,

Dead cell ratio® I E 2B W T, BN % & Big
BEREZ—EI 7NV F2—TIEDTBE, 0.25%
Trypsin-EDTA THlila Z#2SL7-2H & T, £DTBW
¥ CHE 2 17 - 72 (HPEKp ofifakkic B Tid, E
W OCnT-PR%Z — R L. Trypsin-EDTA ® X )& %
10%FBS®IMPBSTTY ¥4 ¥ a2xX—=FL, ®LOLTH
HEWS Lk, B TBWA2CnT-PRCHEE L72),
ZO%, M ENZE L. [dead cell ratio = (£Hlz%k -
AANaED /1 (M%) x 100/ LCTEB L 72,

2.8. OO-——#EHE7vEAL

3BmmD 67 x V7 L— M, KM E 5.0 x 10°
TOFHML, 14 HB 37CTHIE L7z, iz 7HHEIZ]
JEAg# L7z PBST2HWEH L7k, 70% Ly /) — L%
7 2 W2 1.5mL 929N L C 30 4 i Tl L L 720
I 5 )= )VEFTRTHZEL.0.5% crystal violet dye (100mL
H720, 0.5g crystal violet # 25ml X ¥ / — Vv B L O
75mL OWRAKIZER L THE) 287 2 VI 1.5mL$ D
WL, 300 EBTHELIT = —D§tt 217572 KE
RTEEL, HREAFHICI oo =—KZ25tll L7z, oo
==K 50 L EoMaaidh b b DEFEREE AR LT

2.9. IAR&>70OYbH
2.9.1. ZA4tE—rDOEYR

Lysed buffer 12 X, RIPA buffer (50mM Tris pH7.5,
150mM NaCl, NP40 1%, sodium deoxycholate 0.5%,
SDS 0.1%, NaF, final concentration 1nM, NaV 304, final
concentration 10uM, Roche) Z i L7z, *4fifg % PBS
T2 MPkE L7z, RIPA buffer 2% L. KT 30 4#
B L720 KIS, BVAZ L—rS—Z W TEYT 2 VOKH
ML, BERE T 2mLOT Yy XY F 2 — 720
XL 720 4C. 15000rpm T 20 430 L7z %4, B3 2 MUY
LCHloLy RYF2—7I12% L. NuPAGE LDS Sample
Buffer (lithium dodecyl sulfate, pH8.4, Invitrogen).
NuPAGE Sample Reducing Agent (500mM dithiothreitol
at a ready-to—use 10x concentration, Invitrogen) % Jill Z.
RBML, 94— b2 BEILL 72,
2.9.2. BRX®. B8E. JOvF>J

BEXL729 1 €— M, 70CTIOGHARSf VL CTe—F
TVUA T L7tk ~—h—& & HITSDS-PAGES-10% Gel
(Invitrogen) 12t > b L7z 7Yy 7 7 —IZ1Z MOPS SDS
Running Buffer (#1908733, Life Technology) 7% fii H
L. BRIKEZAT > 720 F D%, iIBLOT2 (Invitrogen)
T polivinylidene difluoride membranes (Invitrogen)
WCHRB L7z B L7 A YT L Vi 5% AF A IV
(Wako) #f# 1xTBS-T (20mM Tris, 150mM NaCl, 0.1%
Tween20) 2R L. HITHES LAV H 605 M7 0y F
VT mATo 12,
2.9. 3. 1 &fE. 2 RARICKBERNAER

R DHLDrpl Hifk (mouse, #611113, BD Transduction
Lab). $itDrp1Ser616 Jufk (rabbit, #611738, Cell Signaling
Technology). $ILERK 1/2 Hifk (rabbit, #4695, Cell Signaling
Technology). HtERK1/2 1) > E& AL 47T f& (rabbit, #9191,
Cell Signaling Technology). $TCDK]1 #T (mouse, #610037,
BD Biosciences). #t CDK2 $it & (mouse, #610145, BD
Transduction Lab). ¥t phospho-histone H3 $T & (rabbit,
#3377, Cell Signaling Technology). #i B —actin ¥/ (mouse,
#A5441, Sigma) # 1 kPR LTHMAL, 4CTRS L
RS, BUEPUERIGAT © 720 1xTBS-T T 20 45 3 [0l %%
L7, HRPHE#H Y <~ Pi~ 7 A IgGPifkB X "HRP Z
WPLT € v b IgGPutk (Cell Signaling Technology) % —
WPk & LT 6045 M Zik THURPUK S 8872 T
1xTBS-T3 [l # i L 72 #. Image Quant LAS4000 (GE
Healthcare) THef§ L 725

2. 10. HHREEARRMR

#0¥ J5 3 1% propidium iodide DNA staining % 47 v,
fluorescence-activated cell sorting (LI F. FACS & &9)
W2 X D IRMT L 720 PI solution (Wako) & PBS 1000 uL 3 7=
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) TritonX-100 1uL. RNAseA 20uL. PI 20ulL # #N 2
BRI LU T L7z, MR 10ecm T 4 v ¥ 2 TH

#F L., PBSTEE L%, 1mL®0.25% trypsin—-EDTA

ZMA, 3TCTOHMA vFax— L7, MiEHLE

IMLIFMLTEEL, 77V rFa— 71248 %I
LC1000rpm, L T30Ma.0L7z. ka7 AL

— ¥ a3 v, PBS 5mL CTH&#% L 7=, 1000rpm, i
T3HfE L L. BEEITRTHREL, T0% 15 /) —

V5mLERMU, %> 7V EEEL 4CTICHE L7z, KRIZ,
¥ 7NV %E1000rpm, FiR T3 HMEL Lz, T8 /) —

VaBRE L, E5ITPBS T2 PG L7z KIZPI solution
EZENZENS00uLTOWML, 37CTI5 A4 v F 2 X—

b L7zo FACSIZIZ, Arialll (BD Biosciences) Zffif L.
MEdh iM% % . K@ Phycoerythrin (PE) %% & L7

KET, 7 VEE 1000077 PL, A NS T A

L7z,

2. 11. In vivoEfEBHEET T/ (Xenograft)

538, X AOBALB/cAJcl-nu/nu (CLEA) %W\ T
FEEREAT 5 720~ 7 ANFAGHEE R R 2258 O By F2 Bt i
WCTEBEN, MASNI Y 213 % < 2D 5 HIFRMME
RTHT L. BREICEIG L7722 & 2R L TEBRICH W,
M. AR OBEBHFEICOWTIZ, AVY Y FEEIC
D&, YPREY BRI CRARAFT TH D, Bl
T A HMEMkIZ. scrambled ShARNA/shRNA#3 % b5~ X
7 x7 ¥ aryL7DIMIMNEEZRIRL 72. BHIERA 1 A
idh 729 5 x 10° MO Z i L7z. xR PBS T
P, 0.25%Trypsin-EDTA # fill 2 T 37°C T 6 7 M &
L. DMEM % 9cc Mz THREH L7z. Dk, BB %
ETT7NIyFa—7IZHIL, 1000rpm TR T 3
SO S . BiER S THREI L. PBS THEE L7z,
ez fE L. 18fdz) P tds5x 10°MHo
MM EUC 2 2 X HIZPBSZ M2 T b — %)V 200 uL 2§ %
L7zo COREGWE 1cc DG (27GEH) ITWBI L, K E
TIRAE L 720 SN ZHRHIT X — K7 2 O 1E &
RS L CRMBMI L, Xenograft ZEK L7z ZD
%, RIS OBhRE 2 BIER L 12,

Drpl FRERIHRMO EEBIZB W TIE, o BEER
5-7Tmm 2 & » 72 B BTy 1.75mg @ Mdivi-1 (Santa
Cruz Biotechnology) % DMSO25uL I L72b D%,
S RIS Lz 3> M a— VEEICIE, 25ul 0
DMSO % #¢5- L7z itk MEHF O R - MEEZ 1 HB X
W L. SO R (1/2) x (B£) x (EeE) >l
LM L7, BAlifR 15 HEICEMERARICE) Y R
REHERL. €ty b ERBHHIIREZ VT, A/ LT
V725 T O R & JE PR OBk AR 2 S FIRE L e S HHEL L
otk B OFRERZWNE L2, Ml L EEHgE. +

GEOKRNT) VCHEE L. 8T 7 14 YU 2 1R
L. Hematoxylin and Eosin (HE) 312 X V) S5 B
RN 2 AT o 720 F 720G L LT, Ki-67 Jeful L O
TUNEL 34t 2 17 5 720 SRELG OFHli 121X, 100 2°F7 &
72D oM E R 2B C5RA Y ML, FO¥Y
fifl % S ge MR & LCRIM L7z,

B, BEEZEDWLEICOWTIE, FEETICHET L7,
JFREEIZ A Y 7V L v (Abbi) 12X 2 AMEEE . Fak 2 o
J — )V (Wako) DIEEAN G- (300mg/kg) #PHH L7z, F
7oy BEAERFIE L TR 3 HIENZ 7 A ¥ ) » (Wako) ORI
¥%5-(150me/kg) #4715 720

3. R

3. 1. DRP1 3R EEFMREBTHRIAL TS

51 MR CRYMRIERE DB b B [ #6EE | o B )8 A Tk i
i Squamous cell carcinoma: SCC B X VIEH K fE) & Hw
TEREEIT o722 2 A, TNHDEEHRTICB VT3
by Y THRETFTHSDRP1 OFBIHITLHE L Tz
(X 2)

3. 2. DRP1 /vy I3 ERMREDIEREZNFH TS

FE T A7 A MK A 431 KL, DML ML B W T
RNAi#: (shRNA) 2 JHV72DRP1 #{EF B v 7 ¥ >~
E L7z 2 SEBEOWILEINIZTDRP1ID /) v 7 %
T EToREZA, BALARLVTIONU LED ) v o ¥
v VR E R (H3). ThSHDMIBIZOWT, Ml

Drp-1 staining

T
- o X
¥ # 1

Normal skin

Squamous cell carcinoma

2 KEEBBHMIZETIE DRP1 BRI TEL TV 3,

3 KEEABMIEEMELE A431 LU DIMT MAAZICH LT,
DRP1 /v 74> %477 (J Dermatol Sci, 88; 298-307,
2017),
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JREZ LNV Y MCTEHMIEIL 2 25, DRP1/ v 7 %
TR, 3V O VIR THE RIS RE AT X h
72 (K4)o X512/ v 7 #7 HiIBE® Clononic assay = 17
5728 A, FMIZDRPL 2 v 7 57 YR THRETL IS5l

A431 cells

Cell number [x 10%mL]

o 1 2 3

Day

scr

5 6 7

O AR B 7z (K5) . KIZ, DRP 1 BLEH] (Mdivi-1,
0-100uM) ZRML72E 2 A, AR M B 5il A
) X M7z (Cell viability assay, Clonogenic assay, X 6) o

WA, Ml s B P % 3 % 72D FACS & H W 72

15 DIMI cells

4 DRP1 /vy o4& MBgILMpaEE»HFI S h 3 (J Dermatol Sci, 88; 298-307, 2017),

Clonogenic assay

Adldl

DIMI

OO —AzRkEE
R ARERERE DT

Colony mumber

shRMA#L shEMNA#2

shRMA#

Colomy muomber

e ..

5 DRP1 /vy 747 #Batk% A= Clonogenic assay (J Dermatol Sci, 88; 298-307, 2017 #4 %),

Cell viability analysis (ATP level: 48 hours)

A431

14 14
£ £ 12
= 08 ] * = 08
2 06 _—E 06
% oa Z 04
2 02 I *% @ 02
S u

0 — (1]

DMSO 10puM 30puM  100uM

DMSO

DIM1

f i l
| I ok
—

10uM  30uM  100uM

__.—dﬂ

Mdivi-1 : ZEREDrp1FEEH!

6 HBEEMAEEKICH TS Mdivi-1 2 /- DRP1 BEEXE

88; 298-307, 2017),

Clonogenic assays (7 days)

DMSO Mdivi-l DMSO  Mdivi-l
_—
. ~
[
* . *
s PR
E I g a
g z
. —

*P <0.05, P <0.01

Midivi-1 &5 (L ->THfgEEH» #HE S /= (J Dermatol Sci,

— 165 —



QXX hAY MRS Vol.27, 2019

F R B fRAT 2 EMi L7 2% (DNA contents analysis)
DRP1®/ v 7 %7 YAl Tid. G2/M ol o# &0
%< %> THY, 512 phospho histone H3 DFEBLL X
W6, G2HICBT 2MlEBoEIEEEZ SR (K7),

3. 3. Drp1 OXRiEIF. ROWI POV RUFRYNT—S
ZFEITD
Mitotracker (Thermo Fisher Scientific) # d 5\ T3 b
Y R T OREFIEH % i L 7z. D%, DRP1
Dy Fy R X DRPL HEHR 22 72 /MlsT
. I P VICHRTEWR Y b — S22 L

Cell cvcle analysis (DNA contents)
A431

1N

Scr

Cell count
shRNA#1

shRNA#3

L
'l

IhaVRYTHBESNR (K8, LEX ), DRP1A®
B8 A AR BT G2/ MBI b2y KUY T O
IG5 LTHE Y. DRP1 OKRIED B VIZHEIC L 5T
WRANEE D T EHIRBEEI NI,

3. 4. MAPK#REEICKY Drp1 (3E LTS

DRP1 ¥ S 7 F IV D—>ThHh 5 MAPK KR % /- L
THMALT 2 L) B dH 57, 22T, Bzbd
A B 12 B W T MAPK &R ICOWTBIR L 2
A, RO FRICAET S5 MEKEA Z2RMT 5 &, Z
DT 5 ERK & [AFH L TDRP1 @V ¥ B L Ser616 %%

Ad431 DIM1
Drpl |m |[- |
PHH3 | s fsmes [| [
B-Actin [Rme —— e s —
| 5 ~ (5e) [ ~ M
g ® w g *
= 5 & &
R w 9

Propidium Iodide

7 DRP1 /vy 7472 l&->7T. G2/M EATOMBEEALRDELNEED 5h 3 (J Dermatol Sci, 88; 298-307, 2017 %),

scr shRNA

DIM1

=
o 10 *
B —
S 5 8 .
=
—_=
< o
2L 6
e g
2 =
S8 4
8"6
o= i
=S 2 |
0

scr shRNA

DIMI

Mdivi-1

DMSO

Mitochondrial arca per
mitochondrion [pun?)

DMSC Mdivi-1 *P <0.05

8 DRP1 /w747 l&->T3 bAY RUTHENZEILT S (U Dermatol Sci, 88; 298-307, 2017),
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Bl s hize ZoORES» S, DRP1LIEMAPK &K% 4 L
THMHALS NG 2 Ll E N7z (M 9).

3.5. EBRETBEEINICEWTEHHRMREDH
fRiE%EIE Drp1 RIBICKWIFHEIEN S
X — K= 2O TR A B DIM 1M % &
HUCTREBMEZITV, BEHOBRBICOVWTBIELL S

Western blotting
A431 DIM1
2 A 2 A
Alos 1 5 1050 & Jos 1 5 10 5]
Drplssis I-l || -
i

Dipltetat |------|| S e b o e —

phospho-ERK — | I
ERK | o e e s w— — —-—

B-Actin |—--———‘ ‘-—-——-‘

PD325901; MEK 1nhibitor

9 MEK BEEFIICL->T DRP1 DY U BIEIINEISHh S
(J Dermatol Sci, 88; 298-307, 2017) /%,

Drpl

B-actin

| J1 J
scr Drpl-shRNA

10 EFEETBRERZOMEEBHEMER VL 2%
70w k& (J Dermatol Sci, 88; 298-307, 2017)

%

0.7

0.6

0.4

0.3

Weight [g]

0.2

0.1

Drp1-shRNA

sCr

*P <0.05, P <0.01

12 DRP1 /vy o4 EEMRRIEAEARANTHMATIETE A
HEh/~(fEBEE) (J Dermatol Sci, 88; 298-307, 2017),

%, DRP1 ®KD# Tld, A EIHINE 0BT AH] S 7z,
FIBkIZ, DRP1BHEA 2 55 N RSt L7z, S o)
BBl L 25, DRPIEAGIMC X Y JEEOH
Bl AN S A7z (K10-12) 6

4. BR -FEd

AWFFETIZ, B ARG ClE, MoRtE< b b s
NTwb X912, DRP1 FMIfoRsE, MlEH. I ~a
YRUTOGREERRELTOWD I EGMY . AR
fadg OFBLGER Y — 7y M OB E %0 9 S REEDS
Rz (13)%,

IR/ s AR N 22 B o O PN R N R
BIOBRMEZ EL W02 OMILICE VT, DRP1
DEFEBLE I XEH O EHH B SN TV 5, Bl ZIE
Rehman 513, DRP1 o3& Hg oA B L O
HEMT R =Y 2A0WME D 7263 2 L 2HE LY

1200 %
mﬁ 1000
=i
= e scr
o
=
§ 600
©
4
Ei 400
o
=
= o Drpl-shRNA

11 DRP1 /y U4  EEMIBISEFATSMAZEE
PHIEl S h /- (FBEEFE) (U Dermatol Sci, 88; 298-
307, 2017)

[P
M 4
O
<
i]
]
13
©
Q
(5]

Mitochondria

MEK
3 ’\ PD325901
ERK

\ i

S
—e

’,—é?

er616 phosphorylation

Cell growth
Cell cycle

Tumorigenesis
Tumor progression’

fission (at G2/M tra.nsmcn)\ %

K13 FEEEMMEEICS TS DRP1 O#EE (EXXX)
Dermatol Sci, 88; 298-307, 2017 » 54 %)

—167 —



QXX hAY MRS Vol.27, 2019

F 72, Inoue-Yamaguchi 5%, DRP1 OIS B 12 BT
LZTRM—VAEWINEEL L ER LY, R
ZBWTIE, V UBRIEE N7 DrplS616 i3 BRAFV600E
AT ) —=<DOFEAEFEMHE L, DRP1 DFHEIZIBRAFV600E

AT ) =MD ELEZ T 5 2 EHMEShTWS Y,

X512, DRPLIGEMEALESHE & L Cid, 2 D DMhar L 72758
7V —7h5, Ras-MAPK ¥ 7 F VAEEADRP 1 i 1k % 74
iy s e ®BWME LY M ABMIETIZ. EGFRIZ
WREHLTBY, FPEAREMMET 27, EGFR .
Ras-MAPK O £ & EHALIA T 1 2L LTdHMoNTE
Y. EGFR-Ras-MAPK ¥ 7 F WAZE . K2 A Bk e
2B 5DRPLEMALZ 52 -0 OHEELZERK TH S
W EEPEDTE W,

I b Y THRE AREELBI TR -
YA RS BRI L T 5 Y, MEBICB VT,
DrplSer6l16 & ECSHImBIc) YBfbkxh, I ha vk
V7 A RREICED, Mg G2/ MICRITSE S5, i
TlX. DRP1 O#EAI bay FY 7OBFESZHEL,
ATMAKGED G2/ MEEIEB LI TR = A %25 XS
FTEENTVWE, FRIORRLLDOTF—71X, 2T TOHf
FERE R E —F L TB Y, BHIER BT D FBROMIL b
WhdhsbZ LrEz 5N,

DRP1iZF 72, WL OO WEEICBIT 2 PR T-&
B EEVEDYH 5, Chiang 5 1%, DRP1 OB BL AR
FORBTHREMBETLIEAMELTVS Y, Fx O
72 Cld. DRP1 ORBIL ~VIE, R 8 A I o %k o
HEATEHBE LT/ DRP1 OfuEgf 2 a7 & 5L
EDORNCHBEBERICHBEZE I R o 7205 HE OB D6 N
13P=0.08 £ LC/REN/. DRP1DEHL NNV L, Akl
AN BT, ARERZ & D b b L72RZE 0 ) 24K
nolz,

Fa7zH 1. DRP1 2SE A BMIALNGE 12 331 2 [l 4 gk -
TRV - M) OFEELGTTHELEILERL
720 Gt DRP1 OIEH R EHARIC BT 2 T 2 D 72
EEZTWh,

B
AWFZeIEa A X b o Y —7eiRELR F O Bk % 15 T E it
Wz LE L7z BAOEHVZLET,

(5| FAxZ#k)

1) Koshiba T, Detmer SA, Kaiser JT, Chen H,
McCaffery JM, Chan DC: Structural

basis of mitochondrial tethering by mitofusin complexes.
Science 305: 858-862, 2004.

2) Kashatus JA, Nascimento A, Myers L], Sher A,
Byrne FL, Hoehn KL, Counter CM, Kashatus DEF:
Erk2 phosphorylation of Drpl promotes mitochondrial
fission and MAPK-driven tumor growth. Mol Cell 57:
537-551, 2015.

3) Kitamura S, Yanagi T, Imafuku K, Hata H, Abe R,
Shimizu H: Drpl regulates mitochondrial morphology
and cell proliferation in cutaneous squamous cell
carcinoma. J Dermatol Sci 88: 298-307, 2017.

4) Rehman J, Zhang HJ, Toth PT, Zhang Y, Marshoom
G, Hong Z, Salgia R, Husain AN, Wietholt C, Archer SL:
Inhibition of mitochondrial fission prevents cell cycle
progression in lung cancer. FASEB ] 26: 2175-2186,
2012.

5) Inoue-Yamauchi, A. and Oda, H. Depletion of
mitochondrial fission factor DRP1 causes increased
apoptosis in human colon cancer cells. Biochem
Biophys Res Commun 421: 81-85, 2012.

6) Wieder, SY, Serasinghe MN, Sung JC, Choi DC,
Birge, MB, Yao JL, Bernstein E, Celebi JT, Chipuk JE:
Activation of the mitochondrial fragmentation protein
DRPI1 correlates with BRAF (V600E) melanoma. ]
Invest Dermatol 135: 2544-2547, 2015.

7) Caifiueto J, Cardefoso E, Garcia JL, Santos-Briz A,
Castellanos-Martin A, Fernandez-Lopez E, Blanco
Gomez A, Pérez-Losada J, Roman-Curto C: Epidermal
growth factor receptor expression is associated with
poor outcome in cutaneous squamous cell carcinoma.
Br J Dermatol 176: 1279-1287, 2017.

8) Zhao J, Zhang J, Yu M, Xie Y, Huang Y, Wolff DW,
Abel PW, Tu Y: Mitochondrial dynamics regulates
migration and invasion of breast cancer cells.
Oncogene. 32: 4814-4824, 2013.

9) Chiang YY, Chen SL, Hsiao YT, Huang CH, Lin TY,
Chiang IP, Hsu WH, Chow KC: Nuclear expression of
dynamin-related protein 1 in lung adenocarcinomas.
Mod.Pathol 22: 1139-1150, 2009.

— 168 —



