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SUMMARY

Gastric cancer is declining in incidence, but it remains the second most
common cancer in the world and ranks second in terms of global
cancer-related mortality. Although chemotherapy is commonly used for this
type of cancer, the prognosis of advanced gastric cancer is still poor and
treatment is usually unsuccessful. Cisplatin is a common anti-tumor agent that
is used to treat various cancers. The initial tumor response to cisplatin
treatment is robust however, the treatment efficacy decreases as the duration
and number of therapy cycles increases. Resistance is acquired rapidly,
contributing to therapy failure. However, the mechanisms by which cells

develop resistance to cisplatin are not fully understood.

The biological activities of Rho GTPases, which control a wide range of
signaling pathways that regulate a variety of biological processes, are
controlled through a tightly regulated GDP/GTP cycle, which is stimulated by
guanine  nucleotide  exchange factors (GEFs) and terminated by
GTPase-activating proteins (GAPs). An additional level of regulation is
provided by Rho GDP dissociation inhibitors (RhoGDIs). RhoGDIs were
originally identified as negative regulator of Rho GTPases because they bind
the majority of Rho GTPases in the cytoplasm, maintaining Rho in an inactive
form in which it cannot interact with effector target proteins. On the other
hand, recent reports suggest that RhoGDIs may also act as positive regulator
of Rho GTPases because they are also associated with active forms of Rho,
Rac, and Cdc42. This interaction results in an inhibition of the intrinsic and
GTPase-activating protein-stimulated GTPase activities of the Rho GTPases,

maintaining Rho in an active form.

Three human RhoGDIs have been identified thus far: RhoGDI1 (also referred
to as RhoGDI or RhoGDI-a), RhoGDI2 (Ly-GDI or D4GDI or RhoGDI-B), and
RhoGDI3 (RhoGDI-y). RhoGDI2 is preferentially expressed in hematopoietic
cells, RhoGDI3 is expressed in the brain, lungs, kidneys, testes, and pancreas,
and RhoGDI1 is ubiquitously expressed in all mammalian organs. RhoGDI1 has
been known to bind to and regulate most of the Rho GTPases, including
RhoA, Rac and Cdc42. However, RhoGDI2appears to have a narrow selectivity
and lower binding affinity for Rho GTPases. RhoGDI2 associates with Racl



and Rac3 in breast cancer cells, but not with RhoA, Cdc42, and RhoC, and
negatively regulates their activities. On the other hand, RhoGDI2 was also
described as an activator of Racl in human bladder cancer cells. Thus,

RhoGDI2 may regulate cellular function by interacting primarily with Rac
GTPase.

Several reports have assessed the expression levels of RhoGDI2 in a variety of
cancer cells, revealing opposite patterns depending on the tumor type. For
instance, RhoGDI2 expression has been shown to be inversely correlated with
invasive capacity in bladder cancer cell lines. Furthermore, the reduced
expression of the RhoGDI2 protein has been associated with a poor prognosis
of patients with advanced bladder cancer. In contrast, the mRNA level of
RhoGDI2 has been known to be significantly higher in ovarian adenocarcinoma
than in benign adenoma. Consistent with this, RhoGDI2 is overexpressed in
human breast cancer cell lines and increases cancer cell invasion and motility
in vitro. We also recently showed that RhoGDI2 expression is positively

correlated with tumor progression and metastasis potential in gastric cancer.

There are many reports showing the function of RhoGDI2 in tumor growth
and malignant progression in many cancer types, however, the role of
RhoGDI2 in resistance to genotoxic anticancer reagents has not been defined
yet. In this study, we provide the first evidence to our knowledge that
RhoGDI2  contributes to the resistance of gastric cancer cells to
chemotherapy-induced apoptosis. Functional characterization of RhoGDI2 reveals
its dual functions in promoting chemoresistance and metastasis of gastric

cancer cells.
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o] %ol RhoGDI2el| o]& #1¢ o] FZ 582 in vivoolX Rlet7]9ls) FEL4FS
83t th 433 9] nude miced] RhoGDI27} #2&# ¥ SNU-484 A E (GDI2-4, GDI2-6)
¢} control SNU-484 A|Z (Mock)E 747+ HstAtgt & 557 &<t o] A7)& A 4
I, A 3Ftdl= & Aok }INey I o] Fol= RhoGDI27} HEHE A7 FAHH
nude miceol] A °F 2u) F713F o] AAES FQlsdet (2 5, A). E3F RhoGDI27}
I E A FoM FF o ZA = control MEAA FeFE F A Bl 3u)
T 2 8% A (angiogenesis)S #EAY F UJH (ZE 5, B). o]®w ojyz}
control MX7} FALE nude micedl A= HZ FHold AAMEE A #FT 4 gldoy
8vtg]l 7h&d 1viglolA #2E), RhoGDI27F HitdE M7l FAME nude miced] 7
- 8ukE] ZhEEl emtE|olA HAETVE HE Hold AE #FT

T U S ™ metastatic
lung nodule® #A3] F7letAdSS #FF = UAAT (LY 5 C and D). o33 ZE
= o
A= RhoGDI27F fiste] 24, @3 4 5 Hols HAAN7I= didds RoFe
ot
A
_ShU-4840Hacky SNU-484(GDIZ-4) _ _SNU-484(GDIZ 6)
7000 e — .
sopg | = SHU4B4(Mocks @ 1“3“*
T —=— SNU4B4(GDI2-4) §| p0.05 e :
£ 5000} —& SMU4B4(GDIZ-B) B qg:f" ’1"* SR
£ & ):r;"’n?" :
£ 4000 Pl {
2 3000 Iy REC e )
o
Eznnu 0. s D o
1000 0k z
2 z
0 £ 60 =70
18 21 25 28 31 35 days Sal 2 5
T 40 § a0
8 3
=l =
SHU-424(Mock)  SMU-484(GDI2-4) SMU-484(GDI2-6) = 20¢ E
3 s gy 10 £ 10
Y Lol - 0 =
i L ] [ SHU-284(Mock) [ SMU-4 84 (Mack)
: - : Il SMU-484(5DI12-4) W SHU-434(GDIZ-4)
% O SNU-484(GDI2-6) [ SMU-484(GDIZ-6)

29 5. RhoGDI29| @l o3 ¢ A4, 4 4 2 Ho] 3 &

RhoGDI27} o3 G529 BE WHIE §E3e] Yok AFo AHols ZAA7)EX
3+¢13}7] 98] RhoGDI27} 3 E A e Al X537 RhoGDI27F L EHE A EEA A
2z ge mﬁ_ s Hole FHAES microarray analysisg &3l 243t 1 Ay
oA 7HA S 2d WIE #FT F AA=H (%
family members 7h-Hl VEGF-CY T&do] 713 & = ATk HTY o8 Hid
o3t VEGF-Cx= ¢ Hojo] ARl lymphangiogenesiss ATt 4 A 3l
o, SAE 9 invasions F7HAA HolE FIAIZ F Aso] ¥BEA ATk Microarray
analysis Z2%5 &R13t7] ¢&ll A8 F/FY VEGF2} VEGF receptord od W&
RT-PCRZ #z3t A3 RhoGDI27} A M AEZ A VEGF-CYlto] Eolxoz ZF7}s)
= AL FAs9d (2™ 6, A). L3 shRNAEZ RhoGDI29] ¥&ES JAI&tHS w
VEGF-C9] ®d =t 743%hs 39189 (¥ 6, B), parental AXZo|A RhoGDI22]
Hdo] w2 MEATE VEGF-Co #do] F7hHo] &S AT (28 6, Q).

ﬂll

ol n
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VEGF-C¢] ¥ o] RhoGDI29l 93t 9HAIE Q] invasion 7o 4A A &<lstr] €3l
5

¥ 2. RhoGDI2¢] &3] w3o) 2AHE T8 {FAHARE

Up-regulated gene by RhoGDI-2 41G4/4P 28Con/28siGDI Down-regulated gene by RhoGDI-2 4G4/4P |28Con/28siGDI
angiomotin 28 0.471 visinin-like 1 (VSHL-1) 0.3049 38
SHC transforming protein 3 3.2 0.364 alpha-Synuclein 01492 21
Calmodulin-like 3 25 0.559 Family with sequence similarity 5, member C 0.272 25
Tropomyosin 3 a0 0.384 transmembrane 4 superfamily member 1 0.294 22
Meuropilin 2 26 05499 Rho GTPase activating protein 24 0.336 1.8
Mutated in colorectal cancers 4.3 0.697 Endothelin receptor type A 0.337 23
Cerebellin 1 precursor 31 0.585 Enolase 1, (alpha) 0.386 2.0
Claudin 2 22 0.599 Insulin-like growth factor 2 0.257 249
Vascular endothelial growth factor C 349 0207 Lactate dehydrogenase A 0.337 20
Angiopoietin 1 3.0 0.383 Protein tyrosine phosphatase, receptor type, C 0.021 26
Regulator of G-protein signalling 5 (RGS5) 7.8 0.378 Meurotensin 0128 4.7
Ser lucocorticoid regulated kinase (SGHK) 70 0.373 Metastasis suppressor 1 (BRMS1) 0.4449 26
Poliovirus receptor-related 3 (PRR3) 5.3 0.275 Dedicator of cytokinesis 8 {DOCKS) 0.308 2.4
Regulator of G-protein signalling 4 (RGS4) 6.3 0.406 Tumor protein D52-like 1{Tpd5211) 0.3495 25
syl oxidase-like 2 (LOXL2) 14 0.420 serine protease inhibitor, Kunitz type 1 0.331 27
NADH dehydrogenase Fe-S protein 3 24 0.425 EPH receptor A4 (EphA4 receptor) 0.300 25
Ras-induced senescence 1 {Ris1) 31 0315 Runt-related transcription factor 1 0.402 26
Potassium voltage-gated channel member 1 23 0.432 WNT inhibitory factor 1 0.262 25
Thymidine ki 1, solubl 2.0 0.445 Layilin 0.229 249
Kidney associated antigen 1 27 0.242 Transcription elongation factor A (Sll)-like 2 0.319 28

RhoGDI= ¥RF& o2 Rho @A 9] activitys ZH3dte= @ AolA 7k Rho ®TF oYz}
22 family @Al Racolyh cded29} % interactiond}e] 1E59] activityE =HE & 3l
g ddaA Atk RhoGDIRY WA O Z invasion®] =718 AMEEAA o3+ Rho
family T do] RhoGDI2¢} interactionst=A] £<1gt A3 RhoGDI2E Raci specific
SHAl interactiondt™ Racl¥ activitys S7HA17 0= AS ¢ 4 AAT (€ 7, A and
B). ShARNAE ©]&-3} RhoGDI29] H&H-E AA|5tHS W RaclY activity”} ©HA] 743}
Ao parental A|EoA RhoGDI29] Trdo] =2 AEA AT Racl?] activity7} 571
o oS AT & JAY (2™ 7, C and D). 3+ Racl¥ activation©] invasion®] %
7ke} VEGF-Co] @& Z7po]l ¥42 <& Raclol Wt inhibitor (NSC23766)E ©]-&3}¢]
38t th (2”7, E and F).
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$9] A7 ZHE RhoGDI2¢Y &gk dAlEZ2] Aolof] Racl? activationZ} VEGF-C2] w&o] F 23}
= ek olFol= oWd FEE F Racl9| activationo] VEGF-Co| B&S S7HA7I=A]
olH 7] Y3 WA RhoGDI29] & 9o]&] Raclo] activation Ho] A+ A|FEAA] NF-kBY
activity s SHIstth 23 Hilo] o VEGF-CY wdo| NFxBel o3 =4 " &#A
Atk 1 A3} RhoGDR7F & E AZo| A NF-kBY activity7} S7He o] < ST + AN
H (ZL¥ 8, A), Raclol] thgt inhibitorg A 2|3t-S #l NF-kBY activity’} oA #HAstgom (L

& 8, B), NF-kBel| tgt inhibitorE *2]3}H RhoGDI29| target %A1 VEGF-Ce| o] 7Fa
sg selsgd (2% 8 Q). ol2d AT RhoGDRY| 23 VEGE-CE| 23 Z7le] NF-kBe

activity7t BFA AL r)shE Zeloh

A B
* * ¥
120 — 120
250 * _ * ¥
— 1200 100 100
=
L. 200 100 | Z a0 8o |
2 150 80T g B0 B0
: B0 i
140 H an t
< 40 0 an -
50
20 o 0 VEGF-C
0 0 [(C]shi-484(Mack) I k- 28 (Mack) )
W chudsspioc  IMKN-2800ck) Il 5MU-484(GD12-4) ] MKN-28(MockyNEC i
(] SNU-484(GD12-4) [ ] MKN-28(5hGDIZ) [ SMU-484{GDI2-MSC [ ] MKKN-28(shGDIZ) Mih-28

198 8. RhoGDI2¢] target 3 A0 VEGF-CS or&do| v X]&= NF-kB d3F 32l

T3 o3t HAHS 53 RhoGDI7} H&E = AL A NF-kBQ activity’} S7Fs=A] 8H13}7]
913l NADPH oxidase$} ROS inhibitorE AH8-8F¢] NF-kB2] activity$} VEGF-CS & #3lE &
Attt B2 Hiro] 93kH Raclo] activation®] NADPH oxidase®] activity”} <7}sHAl = 1L,
NADPH®| 93] ROS7}F A=A H=dl oju] A" ROSOl ]3] NF-kB7} activation®l Tkl g},
otz o] AFoA 2 4 gl%o] NADPH oxidase?t RODO| t&t inhibitorS #2]3t3S ) NF-xB
9] activity®} VEGF-CY o] 7HAES 1T + gtk (28 9). o]¥gt 3= NADPH
oxidase®l 9J3 AJJE ROS7} RhoGDI2¢l £J§F NF-kBS] activity$} VEGF-Co| & ZF7pol| 25
AL ujste Aotk olyet RE AHAE T8 EH RhoGDRe| 93l Racl®] activation] A
%31 Raclol 9J8] NADPH oxidase”} activation Qoi ROS7} &7FetAl ="H NF-kB7} activation®]
o] VEGF-CO S 71 Alte As & + AUtk

T
A120 e T B120 e T T I s ¢ » 00 \’I?‘\% » 0 {l»j’@Pa
100 100 100 100 > e
= @ SNU-454 SNL-464
L 40 40 ’_Y_”_'_‘ ; 40 40 v o
g B s B 5 S
[ aMu-484tMack) W -2 [ 5MU-484(Mack) W kn-z8 veor-c [ veor-c R
W =riU-454(GDI2-4) [ Mkn-28/BHA W cru-484GDI2-4) [ MKN-28/DPI practin [ p-actin
[ smu-48ae0iz-ayaHa [ MKN-28(shGDI2) [ shU-484(GDI2- 40P [ MKN-28(shGDIZ) T MRH-2

23 9. RhoGDI29] 2] 2|3 NF«B activity®} VEGF-C2| ¥3 0 v]X& NADPH
oxidase$} ROS9] 93 &<l
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A 24 RhoGDIR2Y] W& FE3te A9 A5 AG 74 39l

RhoGDI27} oWt mechanisme Fa] AoJol Mt TdE=A 793t7] s RhoGDI2<]
promoter studys T3FA T U4 Genomic DNAZHH RhoGDI2 +77}+9] translation initiation
site2F-E] 3,663 base upstream sequences PCRZE &3t § Luciferase reporter vectordl| cloning
3tttk ©] constructE RhoGDI27} 3 ¥ MKN28 AE8} RhoGDIR27F A H A &&= MKN45A]
o] transfectiongt ¥ Luciferase activitys 2}<1g A3 MKN45 AlZoj] H3] MKN28 A|Z A
< activity7} UYEPFES 183 o2 7FA] deletion constructsE Al Z3F] promoter activity
18t A7} translation initiation siteZ5-E] 563 baseE X 3Sh= construct™ promoter activity
ll:

A7t 463 baseE EFSI constructs 1 act1v1ty7} B3-S AT = ASY (2 E 10).
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I3¥ 10. MKN28Z} MKN45 Al 3|4 RhoGDI2 promoter activity &<l

RhoGDI2 promoter?] 5633} 463 base Alololls $AIE] Holof] F23F J&S drjal o|n| Bo]
U4 U= AP-1 transcription factor”} binding® 4+ U= sequence”} EAIF O H, o] FiE9]

2l
sequences ©]8-8}¢] Electrophoretic Mobility Shift AnalysisE F3J3le] o5 &18}5oH
11), mutagenesisE 3 AP-1 binding sequence”} RhoGDI2 promoter activityol] 5215 &
st (28 1)

Prohe (0.1 pmole): + + + + =+

N-E(l0ge) : — + + + +
Competitor (SpMM): — — P M1 M2 25 -~
bzﬂ
=
:§ 15
;:3 10
3 s
<+
1% 11. AP-1 binding 19 12. AP-1 binding site”}
site®] EMSA analysis RhoGDI2 promoter activity®l

mAe 4F &<
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Al 338 RhoGDR2e] 93 LM ES HolE oS HAEY gAl

A AFE Tl RhoGDI2el o|&F #¢te] o] HAol|A NF-kBe &4o] T8 7|e
S e AS HE 8k QY o] F 9] AFoe= Yy HolE A E e HAES &
A5k7] $138l, RhoGDI2oll &g ShAlE o] Holo] 42l A< NF-xBo &4 A3l
e AAES screeningdt A th. 3459 I FAAA fF HAES ©]&3st] NF-«B
gS A 23 F 1059 dAE°] NFkBe 84S dAste 2oz AT
(L™ 13)
(=n)
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:gflUU
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L oo
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29 13. NF-kB9 &4 & A=
AEES &4
NF-kB9] &A4S At 1059 HA= 7hedl GAEe HolE in vitrodl X &Rlst=
invasion %< A 3E 2]

ZA}EE AT O 7hed 259 AAEo] RhoGDRO 23§ ¢
(€]

invasions B A O Z AAFTS At (LE 14).

HEAoR FAE HAEC] g HolE FZIA7]= RhoGDI2 ¥l A o] target 3
A9l VEGF-Co #dE& AdAlsh=A &stgd. 1 A3 NF-kBY A& A= 10
T AAE b 3% HAEo] VEGF-CO HdS AATS FAsATH (LE 15)

53] olg 7k HA=E 7hed 2F (20, 34)9 AF & ATolM s 3FFe
screeninge EF FHsIomz, Y Az HolE dAseE MEE HAEEAMY

_22_



Fs5Aol o} F Erha Aztd,

500

400

300

200

Invasion activity

100

0
WC PC & 9 m 20 23 2% 29 32 33 34

a9 14. LA XY invasions A=
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= FHAES mlcroarray analysisE &3l
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AR fAASR ol ebAlel o

= B2 A= dde] RhoGDI2el| <3

ol#g A= ¥R o= RhoGDI29 &o] HAZ FAl e WS Fst=x &
112} RhoGDI27} T & = 2] 2+ control SNU-484 A E (Mock)9} RhoGDI2E #&¢d
A1zl SNU-484 A3 (GDI2-4 and GDI2-7)E 717} cisplatin® 2 # 2§ & MTS assay<}
TUNEL analysisE 4% 8}31, caspase-39] activation ¥ PARP cleavageE <13t 1
A3} RhoGDIR2E #HEEAIZ] M E= control A Eol BIS) cisplatine] el FiF o=z =
2 UYAEE 7HA d5S I F AAT (T 16, A-D). ES Nude mices ©]-&3t
in vivo 38X % RhoGDI27} #AHAHE MEZHE FHst o] - cisplatindl] o]k
WAool S7hstds< &Qdstd=d (21 16, E), ©l#3 ZE Z3+= RhoGDI29) &
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Aot

rO
ol
=
-

2

rr

_23_
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120 SHU-484 Mock OGoEz-4
= 80} meo7
2100 g
£ 60
80
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£ 60 2 a0
S 4ol *+Mock E
= = GDIZ-4 g 20
fa GDI2.7 =
20 <GDI2.7 o gk
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Mock GDI2-4  GDI2-7 5000 1 g MockPBS
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R

cisplatin treatment

1% 16. RhoGDI2 # &) 9]g cisplatin WA &<l

o]¢}= WM Z RhoGDI27} W& EE A|Eo siRNAE o] 83t RhoGDIR2Y &S
St cisplatinel]l gt WAdo] gA] JAES AR (L8 17).

oA
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A g 2o B
T 8B - -
Cisplatin (ugiml)
RhoGDI2[==—= 7] i " .
utuhulmE
120 HIH 28 siCon
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£
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5 60
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1% 17. RhoGDI2¢] TAS AAAIZ A XY A WA oA &

_24_

o A



RhoGDI27} cisplatin ©]9]¢] T-& atAlel gk WA
etoposide®} staurosporines A 2|3k ¥ =
cisplatin¥® ¥+ o} 2} etoposide$} staurosporine®l] T 3j A
s (29 18).

A B C 80 OMock
120 120 CIGDI2-4
. 100 _ 1oo £60 Mcpi27
& = ]
3 80 5 80 = w
= = 0
% 60 % 60 'g
F a0} 4+ Mock S 40| -4 Mock S
= -+ GDIZ 4 = -&-GDIZ4 =20
[} (=] =
200 4 GDiz7 20 + 627 .o *
[l 1 Il 1 Il ] i i i
0 3 15 30 60 05 1 2z a 0 -
Etoposide {ug/ml) Staurosporine (uM) Untreated  Etoposide Staurosporine
D Mock GDI2-4  GDI2-7 Mock GDI24  GDI2.7

Ftoposide{ugiml) 0 & 10 0 5 10 0 5 10 Staurosporinequby 0 05 1 0 05 1 0 05 1
L ] L3

| “-Pro-caspase-3 “-Pro-caspase-3
Caspase-3 | - 9 | Caspase-3 ’ . 4
: ; | ¥caspase-3 g ¢ ¥ caspase3
- “*Uncleaved
PARP Uncleaved PARP
o . + Cleaved — ] < Cleaved

u,tuhulin‘ ----| u,tuhulin| ----—-‘
1% 18. RhoGDI29] T @] 93 etoposided} staurosporineo] thdF WA F3F F<l

=l ot oy 74A FgAl g A i Fgell Bel-2 family
Fo3thes 29Eo] o] B AFdME RhoGDRE FHEHAAZ AE
3 AEolA oz 7}A Bel-2 family @ AE9 wES 913 Az
RhoGDI27} #H&&E @ A Fe] 79 B2 wo] Z718ta, o]2tE ¥ E RhoGDI2
o] HHS AAF AlEAAM= Bl-29] Tdo] AAlFS A (2™ 19, A and B).
Bcl-2¢] & o] RhoGDI2el &3 ekl WS fFEsted Ta3A &ty 9l
siRNAE ©]&3te] Bel-29 TS JAA7]aL Cisplatindd] ©JgF &35 &2l 2
RhoGDI2E #IH&HAIZI M Bel-29] HHAS AA|SHH Cisplatinol] ©
Al F7VekE Ao ® Hol Ba-29] ¥do] RhoGDIR2el 213k &etAl WA
Jdstadtt (2™ 19, C-E).

% 19
2, o
=

Microarray analysis% 3} RhoGDI29| #H@lol o o8 7hA] Fxx=9 wddo] W}
53] o8] T2 VEGF family members 7}6 VEGF-C &&o]

%7]'%}% = —}F 91915}. o 04174 B 93t VEGE-CE A EZ o Hojiul ol
2} Bcl-29] WS ESRAA GAEL FdA g S FEsleE Hdx T3 7]
T5 @93t &8 A Atk Microarray analysis 2ZE &R15t7] 93] o F

_ﬁ_
VEGF®} VEGF receptor®] o3 WH3slE RT-PCRY} western blot analysisZ ##3 2
RhoGDI27} ##&E Ao 4] VEGF-CREo] So]x o2 Zrlsle RS FIston (
¥ 20, A and C), siRNAZ RhoGDI29] &dS JAsIAS w| VEGF-Co o] 7Hast
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9 19. RhoGDI2¢ & $F cisplatin WA 7 of] A
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