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DIAGNOSING TUMOR DISEASE AND USE THEREOF
l
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(57) Abstract: The present invention relates to
a biomarker for diagnosing a human tumor dis-
ease and a use thereof. According to the present
invention, when a biological sample includes
single nucleotide polymorphism (SNP) nucle-
otide (e.g., 'A/A, 'A/C', 'A/¢', or 'C/a") in the
50®%nucleotide of the Ras homolog gene family,
member A (RhoA) gene of SEQ ID NO: 1, the
biological sample is at a very high risk of hav-
ing a tumor disease (specifically, lymphoma or
leukemia). Therefore, a kit and method of the

present invention can be very effectively and
easily used to detect/diagnose a human tumor
disease (e.g., lymphoma or leukemia).
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(%4 4)
)
F AF QDG wholoniA 2 ol 8=

71 £oF]

ERge 3¢ 2% Q9§ wolentA g ol g BE Rolth,

(W78 7<)
FF LA (oncogenesis) S AMA E<FA A (chromosomal instability),
J743 (aneuploidy) 2 AX F% 92 AESd F83 FHAAEY I
F A2 wWol(genetic aberrations)E X33, oS 5o, 73 Az
2 FAA §@8As §F, #4¥EY 3 IS X 89 ¢ 4
FTHAAM FF BEHAC(Rabbits, T. H., Nature 372(6502): 143-
149(1994)), &3 2 A9 FYdAE 2 TEIHUAT. H 5
FTHEHA FHAA FFAIE AP (Tomlins, S. A., et al., Science
310(5748): 644-648(2005)), 74l (Bongarzone, 1., et a/., Cancer Res.
54(11): 2979-2985(1994); Kroll, T. G., et al., Science 289(5483):
1357-1360(2000)), 2 #(Soda, M., et a/., Nature 448(7153): 561-
566(2007))9] &FAA FAHAEH, ol 7] FFEY FA3A FFA
HFAA v RIMEA TG E RS HO%Z—E} oAE 5o, AYA
A AFfe B WIY, HZF

O

(o]
>

, 2 SE(A, 194 FFE)NA
E4doz 2AEY. =Y, dd-§7 x} Wol7h WA WAL Aol
FFe WAL A A7) 9U-FAAE TG vlolestARA o8
ek,

%+, NHL(non-Hodgkin's lymphomas) 2 HL(Hodgkin's lymphomas)Z
T YE HIFL ¥ ¥ AYoRHE JHE BRI

v‘i"%‘@ T =

AAAERT o W= BEdE 2 o, o oAE YEHEE
CoFE WY Axde 9EQ WETF HMEY B EE T YTTA
Sse g oo AFos AA U o 4 AEE AA I
YTLFe Py, WP, 24, g9 == g JBSA4 AT £
gor dduTE WAdEH o Bol wART. AyPoz Yuze
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U 2 A E (lymphoid cells)e] 18 4L Jehdol, x3wye yi
o] 2 1

#
PR ARY P/mE BE
i

$SAEHE ol&3t EE AojxdAMe
o] E o] &}, dtq oz, P=ZFe HFY(history), EY Z
wAll wat MEsbssth Ayl ok HMESS FF YL
71982, & ZBEAE 9IS 9E F U, OE V| FoA LA
HIZTL Hx @_91 2 I Z(extranodal  lymphomas)S 2  AdF AT},
BEdY AN AR, ¥, F 2 WE Ty, YTFe A¥Fom
HEFolA AT B olyzgr ¢ I 2 ZHAMER DT F Us
HX 74 B (lymphoid leukemias)® TASA A#AEo] Atk wepA,
HEFTL B2 FFE EAst Y F%(hematological neoplasms)olt
Boe ZHL& 0§59 JAFE F & FEL AAY.

HEZS 37 QAR JPITE Agstes FFE 77 WEd,
Y Fo XNEE x7] Al Addles Ao oj¢- Fasick,  gutygoz,
HZFo ge HIZHOZREH Ao A (biopsy) Al Wi
z2AY s BEML B8 AT, PEFY FFHE duiF L o)L
M T WE He BN e PFZFo| EolFHQ

A (o] 2517 o
d2e S8 34% 4+ A% dUAE o8¥ 24 FAug
wolestAE olgstd WIZFs AusE WEol ng adHolx
N&Hy] B AFE dloleniAE FAsE Aol YAAGIM A3
a75E AFold. |

£ 9AA AAd A oo k2 9

A& EAHO vk, dgd = % 53
AARM £ FAM == AYdHo] & 2¥o] &3t= 7l 2ok
B o] Jgo] Boh BEEA AEE.

(299 A% 93]
[71€4 )]
g ouw

5 , 9 &9 (hematological
neoplasms))e] A&% T4 L/EE JAGS 9

Hlol 9B} AE F)eats]

N
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At deo] AT+ =933, o A,
BAZEYH Ao YETH A8 ol AA A& AAA (whole exome
sequencing) 2 RNA-A B (sequencing)E £ Edde]  FHA
Eiﬁ)r?—-l-o‘ ZAsked RhoA ALY 50WA  wEEIE=s ©d
FH e =
aﬂﬂ_‘?-‘:/} =2
olgd & U= AL
ks, 2

wRxse P

ol

O oy rle

34 (single nucleotide polymorphism, SNP)
WolE RhoA G17V S¢HWoly} U E Aoy FHHo
< YHFgoEN, E ¥HE S5 FAt.

g 4L FY F2E JAdg JEE AFdte 4
ATH.

2 e & S FF A8 A e A

rr

A

ol

5

ol

31t

2 2o te B3 2 ode s9 U 4% 43

D=4 23]

B oUge o Ho wWEW, E #9ge AIEE A1AEq
RhoA(Ras  homolog gene family, member A) Axe] 50 A
FEHLEHEY GAA TR AL T3 T Uy F+4x9 10-
100709} A4 FEHQEE AMEd Eoldoi AFste Toln e
ZTR2HE X3 T FE AGE JNNEE AT,

2 3499 tg& JHd mEd, B2 9He g9 gAE £gse
TY 23 HeE: WHE AT (a) W (subject)d] AETH
M E(sample) 2FE 4k BAE Eests 245 R ) 47 @4 ()9
AN A M EEE A 14 E 2 RhoA(Ras homolog gene family, member A)

TS 50MAl wEULEEE gRlstEe 9AR, 4] 5044
FEHOEO|ET} GollA TZ X8R AL A7) gL 29k 43S xE
RAOoZ WHHE AL BEHOE e Y A3 A& U,

o EHAEE TY FF(AE Eo, EY J:)’] AEe FA
H/EE AGE A3 vpolewtAE MEEy] Yt o9 dF =),
O A, B UgAlEe YIXF BAEEE A4 AE 5‘4 Al gl digh
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A4 9% A4 2 RA-ANBPE T Bdwel #ux Taidg
ZA}3ke] RhoA &) 50Ma) HFZaQeol=rt dd FEdsEoE
034 FEUQECER Wol® RhA GI7V EQWolrt ¥IXF g

aHHo7 olgd & Uvh= S HAs I,

| Rho ©¥idL 2L (GTPaseE<9 p2l Ras F¥HHALIY Z-<z
AeZ, HEg4d p-2% Y 2 84 GI-ZAY dE 29 IH3
W8 (conformational change)& &3 W<UA(intrinsic) GIPase VAL
HR=2ul= ] RhoA THide MXEX BEW FEAESZHFEH Axd g2
BEAgz Aa2d A9(transduction)E  2Edm HE FHH,
o] F%F (motility), MEZA EA(cytokinesis), HIZ FF =L ITY
3% (tumor progression)S ¥&dle vt AFAESH FGHEA X FHO
ATtH(Yoshioka, K., et al., Cancer Research, 59: 2004-2010(1999)).
TY 22 A RhoAd] Ed #HEe F9 ZN = vlasted @A A
S B ook, diRge A w FPgFPez FrAgE A
B 05t (Nakamori, S., et al., Rec. Adv. Gastroenterol.
Carcinogenesis, 1: 901904(1996)). E3], RhoA @ RhoC FH A& Aol
EHoA ddidez 4 o 2 dEE SHAEAN Suwa, H., et al.,
Br. J. Cancer, T7: 147152(1998)). metA, RhoAe FTEAHIE<
o] % (transmigration)ol YAHS=ZE 7]FgH. TS, RhoAw A b
o1 A} (serum response factor, SRF)o] 93 HA} HAIE xHE1
Z A (oncogenesis) Z MEY] WE (transformation)ol EFFEHo] i
R I3HUSF(Perona R., et al., Oncogene, 8(5): 1285-1292(1993); Hill C.
S., et al., Cell, 81(7): 1159-1170(1995)).

2 unde] wzd, B 9ol RhoA GI7V EdWolE AITL Y% ¥
THE-fUE WZFM e WEZ BAHATHIR: B D, B
”‘”:’94 JEx MEEE A1AMEQ RhoA(Ras homolog gene family, member
D) FAAE 509 FEUeEel=e] A TR AT T 10-
100709 A4 FEHQEE AMEd BolHoR AFste Ttolw e
TEHE XFeH, A7) T wEHLEO=E ArpRog HYsH A

FEALE =] olF o858t A (subject)NN FTF AEE T4
d/ee Agd £ do. geEkd, B O ddge dA (b)Y “50uA
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F2ALEe B} GolA) TR ABR AevE souAl R s} T
FEH QB E M (single nucleotide polymorphism, SNP)
TEHLE= 'A/AY, 'A/C, 'Alct EE 'C/a'd AR ZEE 4k
AT '

HAA A A}LFE  fo] "FEy LEo]E(nucleotide)"=
St EE oY FHE EAtte USAHERTEULEE EE
By g Eolzoly, SdMaA AgHo dA &L g AAY
o Qelol=9] FAMAE ¥ &SI (Scheit, Micleotide Analogs, John
Wiley, New York(1980); Uhlman % Peyman, Chemical Reviews, 90:543-
584(1990)).

B

Ac)

22 #1492 RuoA(Ras homolog gene family,
member A) FAAS] 50HA FEHLEO|=F T HHE HFAA O] B3I
A dEFAA FEULE|ETL o]FT 7S] gDNA(genomic
S, 4713 FEu el Mg sty AR FHQ
ZY 00 MdE ¥ggsE RALE #HME £ dg.  F, AEFHA
FEHUQLEE MAoA dd FEULEol=E YA (single nucleotide
polymorphisms, SNPs)Ql 'T'& 'A'7} %D}. olg]gt ZHoA, B
BAAY EE AES, 5ET Ao gl 3, gDNACA AL Jhge e
MEE 7|€o & g Ao},
E gAMA AlEHE &o] "Tdd FE EﬂoE‘rol‘: 3 A (single
nucleotide polymorphisms, SNPs)"& A% (genome)olA ©UA7I(A, T, C

CEE o7F 29 WwE 7+ ®=: & AA(individual) e 4 FAH 7Ho]

& AFel dAsE DNA AEY tdYgAdE grigd. dE Eo, A=
€ JHAIY] DNA 2HE(C: TGIGIG/TIAAAG, £ HFHY SNPAlA G/T9
FEAQA FUIE BVEINRIAE dd@rldlAl Aolg x¥EE By, F
MY Y FHAG e Dt FE2Y, 3oz AY EE NPse F

%

BUBY

A Yy #3dAE . 3 A (population) el A, SNPs
NHAA H=(minor allele frequency, MAF; 53 /Q‘?}Oﬂ/\i i
FARAA (locus)oll A 71 &S ddAA HE)E dFdd 5 o,
A H oA WHojd(variations)o] EAdH, AATH EE
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A FFHA stte] NP oy FAAE o9 JgAST.  vdEIE

A eetol= Mgl Ws (A, AAEY) e FHEDE T

Atk NP WY ZY9 W (in-frame shift)E I & AT.
FHLEolE gL FAxY =29 AME, FHAY H-

Y B9 ' FAA Aol WF A H(intergenic regions)ol ¥FH F
LT} Azl 29 AHE WY SWPE FAYZ9  FEA (codon
degeneracy) &2 QI3 WrEA] Bl g o] ofmxAl A E Ao WHEE
doslAE FET. - 5UF ZYPel= HNAL wgm SNPE
9% (synonymous)olgt sta(wumzE, A& sdWHolzdr FH), <
ZYgeol= MaEg HAste NP 735 ] %9 & (non-
synonymous)©] 2kl g}, H]-59% SNPE Hl&Alx: e dAlEY F
Jon, mads 105 I R

Hste
FEL

-
f
ot
o
o,
v
av)
=
N
!
2
ofl
_1[\_-‘ (‘l(’
o
)
[e3
<
rC

seted, oE, ¥l " gE *]QMI Rbgate Tkl 4%
A

@]
S o=
gk, SNPsE BEE ooy side A A% T2 ET(key

enabler )2 Az Ao, FoRTE, FHIo vtAERA &8s
AL g SNPsE WS 7IAAY ®E XA FE ZE B AE

2HE # Sete AEgH AFolA =g Fast),
S\Ps= AZE Alwe 7P BE Wololn, 1.9 kb B htel SNP HlER
Ao 2 FZF 3 th(Sachidanandam et al., 2001). SNPs &=
H—?— AE FAF wAolL, Wulz FAP AHHA FIgFL wAH,
AEstd FAAYTE Aol uj-¢ H3hsith(Landegren et al., 1998;
Isaksson et al., 2000). FE, SNPs dAFE F4 92 JtE $4
TZ OB ME ZQ 3},
2 2y mead, B 39y 7Ee MIES AME Wl 504A
FEH e =9 B FEHLEE YFAA(SNP) FEH Qe =(f A
T wEdLeol=)E Efste FYrIaleol=s
AZE Zlolmg Xt FY A I 7| E0]

N FJ
e
o
fu
X
L,
o
o
rﬁ

=3I E _/}: Ol 2
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A7) Zgrolmg FollA A Zalolw MIAEE A1A DA 50UA
FEHLE = P TY AF(HE £, ‘%‘EE%“— EE NEdW)-
#8 gd FEALElE TP (NP) FEdLeelzo ARG AMEH
oldyd £ e FEHLEo= AMIdE xgaH, A7l AWNF
Ttolm 9 3'-Teke A7) SNP 7)ol ’8*1‘%_754 A @E7E e
2 o] ojd THd)o ‘I}—E—x_, e 7|E & w2 AR
FTE EE volzEoHold & U, EU} TFAHoZE, B EH9
ZZ 2 PCR(polymerase chain reaction)o] uwhg} AAJET}, 2 o
W FHdd wEw, 2 dyge  Igolge A FF
¥--$-(amplification reactions)ol] o]€2 <+ it}
2 gAAel JAE g0 "FE wgre Wk Bag FEge
B89 gulAT.  DUEH FF wese] FUAe] nusel gor, oE

N

THEE  AANFER)(PS 53 Al4,683,195, ,683,202,

4,800,159%), HAHAA-FTIEL MRS (RT-PCR) (Sambrook 5, Molecular
Cloning. A Laboratory Manual, 3rd ed. Cold Spring Harbor Press(2001)),
Miller, H. I.(WO 89/06700) % Davey, C. % (EP 329,822)9] W,
g)7bobAl 42} ¥F$-(ligase chain reaction; LCR)(17, 18), Gap-LCR(WO
90/01069), E7 3} WS (repair chain reaction; EP 439,182), ZHA}-
A ZZ(transcription-mediated amplification; TMA)(19) (WO 88/10315),
A7b §A FANAE B A (self sustained sequence replication)(20)(WO
90/06995), EA ZYFIFUALHE FrIMde A9y FFH(selective
amplification of  target polynucleotide sequences)(®]= &3
A6,410,276%), AAMZ2= MG Zetold FHEAL A4 wh3(consensus
sequence primed polymerase chain reaction; CP-PCR)(W]F 53
A4,437,975%), 493 Zgo|y FHAEL A ¥§(arbitrarily primed
polymerase - chain reaction; AP-PCR)(P]= 53 A]5,413,900% %
A5,861,245%), WA F7IAE 719 FF(nucleic acid sequence based
amplification;  NASBA)(W]= 53  #15,130,238%,  #]5,409,818%,
A5,554,5175., 2 A|6,063,6038), 7} X3 FZ(strand displacement
amplification) % gl-FA 324 FFH(loop-mediated isothermal

amplification; LAMP)& X33}, old] gAHX= v,  ALE 7T

e~
w

pl)
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g2 3F  UWELS B A5,242,7945,  A5,494,810%,
A)4,988,6175 2 wlE 53 #)09/854,317%0] ZEH eoH, 19
WAAE L B Aol RxE AdEn.

PCRE 7Hd & <=zl it 5% wgoes, 19 B2 WP
go] JMEHol U & Eol, P(RY 5ol EE &
A17171 S8 AEAQY PR AAE WHAIA B X o (touchdown) PCR,
8 2~E}lE(hot start) PCR, UWZAE]=(nested) PCR 2 H2E (booster)
PCRo] 7HL= At g, AAZH(real-time) PCR, #H HaEH o0
PCR(differential display PCR: DD-PCR), cDNA Zwte] A& FE(rapid
amplification of cDNA ends: RACE), WE|Z=x PCR, ¢l¥{ 2 PCR(inverse
polymerase chain reaction: IPCR), ¥E# E(vectorette) P(R % TAIL-
PCR(thermal asymmetric interlaced PCR)°] &A% 58 ¢l NdHUT.
PCRoll gt ApAIg W82 McPherson, M.J., ¥ Moller, S.G. PCR. BIOS
Scientific Publishers, Springer-Verlag New York Berlin Heidelberg, N.Y.
(2000)e] Z1A =] om, 19 AAAMES B HAMe Hx2 A4dEH.

ok, oft
i &

2 g 9g 7|EE TolnE ojgdle AAsE Aok,
$AA 2Z Wge AN B el volenAY FIHoEE Ade
gaste] g

= B ogdge B "ol npoleutA FEYLEE
A gAY AlZ (A, Als DNA)OA

2 owgel wolortAe FEALHE NG ARFORA EAG 9
499 478 248 + Ao

g dme) oW FHde] wew, B Wy JE Ex Ees
)88  Ax ABHY ARt Anonyy Felm ABHY Asz,
go, 94, 9%, 24, AE, 9T, 2L, go, dpd, ga, o
252, 459, BAY, FAY, 259, gy, AL 239 P A
Mpee Egstn, moh PAZoz: ¥, €%, ¥3, 24, AL,
9Ee, 249, A 229 P AL WP Tgs, woh o
FAHoRE @, Y, ¥F, A, AE, ITY L AL RFA
Tgsm, Boh §% o PAdoR: 99, 9%, 9%, =4 2 gras

2 ogne ofd FEdeA, = @
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Al4,683,1955, #4,683,202% = A4,800,1505 ] 7AAJE PCR(polymerase

- chain reaction)o] Wz} AA" & ¢

B AN AR EE g0 "Iz"/}o]‘ﬂ"h‘ S AFEULEIEE
4“13}-‘5 AL, HAHA(FH ) FEAJA Zehojn AF A5 A
EHe 24, &, wE2dlEo=g DN F@ELY T FEAY A,
:LE'/]—L Ak =9k pHel 270 9 MAHeR F8d + Ao
TAXHOZE, Zolve HSAYPEFEYLEol=oly gddelry. £
Ao x o] &= Zgtolm = A (naturally occurring) dNMP(Z, dAMP,
dGMP, dCMP R dTMP), W® FEuLEtol=, Hl-AdA FEHQEl=E %
YEFEH LB =8 ITE & JAT O]Oﬂ FAHHE AL ot

2 BAAA dEEHE o "JdR Zetolv(extension primer)"E
B gat(utolemA)ol old® Hol FH-AEA AN FHE A o3
B2l Fatel] AR A MEE FAdste Zgo|dE 9ndt, o] A%
Tetolo= 1A ZEHIL oJdy Hol e AA7MA] AFEH ZEHI}
gy o gt S XA @t}

2 gHdA oj&EHE A Zgolde B2l #Aite A1 A
FEAor EAIE F e wEAHo=E AMEE Xt =
FAMNA  AFHE 8ol "gRA'e 239 ody EE 4
134 Zajoly e T2B7L B Y4 Adel ¥R or 24358
BEE FEI HFRAA AL oujsty, 'dFH o2 4HH(substantially
complementary)' 2 '@W3 AEA(perfectly complementary)'dl AL
BEF Z@de 9vjg JHAH, FAAHCRZE 'dds] AR g
Chlkid=3 2 gGAlMoA, Zaloln] AMd #H#HEsA AlRHE £,
"AAAHO R HEAQ ANE'S $HF dAFHE A9 B9 ol &F
Mol oJd®3td Zotolr HEE T £ e WY oA, #slu
MEH REHOE BYAEHE AEE TEHE 9r|o|t},

Zpolv =, THA L EA oA I AHEY FE ZefolWAE
& Y& AER FES dojof @t Zlolno HFJF Aol thfe
24, odAd, X, SE&EF 2 ZZoln9 AA(source)ol whE}
AAHAT AHHOFE 15-30 bpd FEwEHLEIO]=o|T}, e
zetojr] Exe FIEH FEI A EH EFAE I e

ﬂl

L

Y
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% 3ol

Fgo d® MadH SAsA FEHA HLde
3 F3t EHE Fol Zejoln muFe FEE T F
Qe W UMY FEF FRAL MY FRIT. wEdA 2
gdMe Zatolrt FYA FEd FFUALHES Mdd S
FRAA AES 7bd "are Qen, o fAAd ANdd E4gssH

=

Zoolw Hgg @ 4 Ak WY WA F8F ARAL AW FRaT
oeg Zejolne TAAEe FE® WEALHE Adg Fzdtd
el sl BolstAl AAF ¢ Qom, AAY, Tehold fAA

T2 7A(d: PRIMER 3 TE0#)L o] &3l & F Qlt},

Zalolo] A Al FZdldof st B U el FEHILEOE
AEE& GenBanko Al &e1d F Q). of A,
MNEEE AIMEA Rhod #3AHe] GenBank A

ﬂ‘%
“rw
jo N
Fry
IaN
He]
o
<«
ﬂ
O
p_l
5
X

47 A 2 £ w3 wd 7l cs
dzslod ZeolwE TAAY & A %w43 s, Zatoln4
% =

#A"= DNA(gDNA 2 cDNA)
a8 RNA E—x}%— FgHoz xFste gulg zorn], ik FAA
AR 74 999 FEHcHelEs Ade FEALEs By ok,
7 EE @71 ¥47 ¥¥" fFAHH(analogue)®  EFTTH(Scheit,
Nucleotide Analogs, John Wiley, New York(1980); Uhlman % Peyman,
Chemical Reviews, 90:543-584(1990)).

2 Wy JEdA FdEFol gDNAY A5, gDNAY EE=
FdAle] FAE B4 Wl wel AAE ¢ AT (FE: Rogers &

bt

10
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Bendich (1994)).
¢ EFo] mRNAY 7§°°ﬂ%, FAA ) FAA Y HHd F
AZ Ralslo] AANPT(GEZ: Sambrook, J. et al., Molecular Cloning.
A Laboratory Manual, 3rd ed. Cold Spring Harbor Press(2001); Tesniere,
C. et al., Plant Mol. Biol. Rep., 9:242(1991); Ausubel, F.M. et al.,
Current Protocols in Molecular Biology, John Willey & Sons(1987); %

Chomczynski, P. et al., Anal/. Biochem. 162:156(1987)). 28 F
RNAE GAALEALE o] 839 DNAR FAEYH. 271 % RNAE
AZHAAY, ¥XF FAxHERE Egd AHolz] wWjiE], mRNAY o=

]

Zg-A HYE Zn Jdor, ot AMd EAHL ol&Fd Y T
Zgtolr] 2 HAA AAE o] §38te] DNAS &olatA Y + U (F=:
PNAS USA, 85:8998(1988); Libert F, et al., Science, 244:569(1989); %
Sambrook, J. et al., Molecular Cloning. A Laboratory Manual, 3rd ed.
Cold Spring Harbor Press(2001)).

£ %‘Uﬂﬂ 71Eo] SloiA, 7] &
FAE g HE 383 AAE F Un. 04]% o}, & ¢
+848 F A=x 7]%%, g3 9 AF =A ﬂ(fluorescence in situ
hybridization, FISH), &4 DNA A EZA, PFGE B4, A4 £F £4,
gd-7te Aol BA(SSCA, Orita et al., PVAS, USA 86:2776(1989)),
RNase X.3 EX(Finkelstein et al., Genomics, 7:167(1990)), ZE
EZ(dot blot) ¥4, WA 7l A AH7Y5(DGGE, Wartell et al.,
Nucl.Acids Res., 18:2699(1990)), FWEdHEtel= wEmjxE <A4she
Sl A (d: £ coli2) mutS ©HA)E o] &3t WH(Modrich, Ann. Rev.
Genet., 25:229-253(1991)) & HHE-5o] P(RE X F3tY, old FAH<
A& o,

Adwszt wd-ke Ba o0 97 2@ Aolg =
o)54ol Te WEE FASA st ©l, SCAE o WEE HEICh

DGGE BAe WA Tu A ol§sel, oY N the o e

_l

0e J&Ee gubdez B @3 SPE EPde ALl
ARAQ ZTRH EE Iglo]nE o]&3), o4& E°], RNase BZ
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T, & wwe S\PE Tdste Ade ARAQ gyrzzmil
o] &t B7] BEEZR QiztozXE Hgldk DNA EE pRNAZ
33713, ol HzuNE HEY F 9

Rt w2 X]7} 9lo] RNase A7} Q14]<
Siacigdi=

=43 Aladg =
Aol FrHE ZTzBrl o)gdr) olZg JlEoA, ZTEH} EA
g 248 Aade

B HAACdA ALE
A g o 439 F A=
HEREHLEOEE T3eleE d EE= ¥y
Ze A9 £YavE gy, FAPorE zz
=2h= &g 9] 3} =l wr} TAHOR
O &A1 8 B8 L Elo]=olt},

E owdgo] olg&5E mauzA, Ay SNPE T is:=
@A (perfectly) FRAQ HHo] o] 8" 4 9o, Bo|y =
BafistAl e WY ol AAHOE(substantially) AR QI
olgd FE Utk FAFHOoRE, B 2yl o]fYE T2HEE Mg
Alqdels 50 FEHQEI=E TsE 10-100719
TEHLEE AV)(HG FAHoRE, 10-307/19 AL FZyQgo
Z7DNE It Adol EAsE <+
FAReRZE, A7) TEBo 3-Iy EE: 5-TYe Ay NP A7)

3

Rl
rr
ofo
2
B
fu
e
(e
I
o
4
|
o
oo
_2
!

i
e
td
L
=2
ke
als
in)
Eo.,l‘.

=

X
2 o oaR
S o 2

oX

[JYR

—

S o
48 @78 2. Aoz, EAse i W4HE
FEA2(dwlex) s PP T Ado Ao oa] ARPE FFol
7] wEol, 3'-2d E: 5wtk SP @7l FREY @ 2t
Zeuold wg Riol ENHYA gow, oawy FIdAs: 9z

9]

48l A3 =L Joseph Sambrook, et al., Molecular
Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y.(2001) ¥ Haymes, B. D., et al., Mwcleic Acid
Hybridization, A Practical Approach, 1RL Press, Washington, D.C.

12
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(1985)ll 7HAIR Atde Rxdtd ZAE F A, A ol&HE
A4 = (stringent condition)2 k&, o] 2A7(&FY F 1
et ZE A=Y A FE& S AZH¥E F
e 20L& TASEE Mg dEstd 24 2HE F
2 ‘%1*"3-‘4 01“4 '?Lfﬂoﬂoﬂ 2w, & $ge] T iy

4 T+ =
2 Uge oy 78 oo mEd, E A4y T gy {FHxs 7
%3 1 & (homozygote) EE TG 4123 (genetype) S 2
g wWEW, 2 UHy 7Ed o3 HFEE AlE W 9Y
wEHLEolE tF o] T wEHLE|EE XT3t A (dAY
'A/CY, 'A/c e 'C/a' )7t 37% ol ol At (FaL:
| 2 4EY old T4 wad, B U
A (subject )& E N F oA 37% o] Ao]t},

H g Ao A AIREHE £o "G
g A9 A (susceptibility)& ®A3tE A, ¢ AAZE 54 24
e d3s dA AL e A ARE #AHsE =
F4), X AY == ZA3 dY g AA o F(prognosis)E BA 3}
A, 2 HAHEZ X2 (therametrics) (4 i

B8 skl AAY S

rlo
J]m
O.J..
i,
ok
ke
rlr
i,
e
=

Hge] o T mEH, B 4P JE EE WYL FI
AG/AE2d & de Y S JzF, 9E8d, %, 457,
W} 31 4] ¥ 2-3 (endotheliosarcoma), gy =%, R,
AN ESF (lymphangioendotheliosarcoma) EMC(extraskeletal
myxoid chondrosarcoma), Z}%Lﬁt’?:}, 3 24, HIdE, 2AXE HYE,

gl Ay 4F, ABNF, EHZo}’ﬂ?:}, APALE, ddd, FUd,
HAY, AP, 31”"‘”-‘74/‘1]&?} 1AM EL, AYF(adenocarcinoma),

AAELE, DAEY, S, 7SS, AA4EF, ALSF, dS5F,
T5F, ANF, §89F, FIF, 98 TY(Ewing's tumor), BEZEHF,
JETET, BT, GAEE, IR oS, AFEEE, AFY A

13
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FALE, AT ALE, 7)1 BA A, SR, 1%
vjo}d &5 (embryonal carcinoma), €& FU, BIAEF, FEAEFF
TEANEF, FAJNTFE, ZIdHAZE, $34F, dBEAXF, HAH
EIMELSE, FEF, AARAEFT 2 PUEMIFon, =Ho

’

2

ofy ol OPN

b

CFAFeEE N Z9%(hematological tumors)ol®, BT} ©] FA|ZHoRE

T-AZ fadd 2235 2 #gyon.

2 4y o T mEd, £ g 71 e U T
Ad/dE8 & A T-Ax fFHg HZ e WEHe
AITL(angioimmunoblastic T-cell lymphoma), PPCL(panniculitis—like T-
cell lymphoma) , NK/T(NK-T cell lymphoma) , Yol X

Y X = (lymphoblastic lymphomas), @Z(peripheral) T-A|¥ YXF 35
T-AX ¥EZF(cutaneous T cell Iymphoma), T-HIE EY HEA4 EH/H]E
YZF(anaplastic large cell lymphoma, T-cell type; ALCL), Z¥® T-
AE HEZZF(enteropathy-type T cell lymphoma), HILV-1(Human T-
lymphotropic virus-1)-A3#¥ ATL(Adult T-cell leukemia/lymphoma), T-
AE AYIFA  NEH(T-cell prolymphocytic leukemia), T-AE
AP EA] NP8 (T-cell granular lymphocytic leukemia) 2 FZAA NK-
A X M (aggressive NK-cell leukemia)E T &A%, old IAFHE
AL o, |

B 2dge & tE dHd wEH, B HHS AIEES ANEd
RhoA(Ras homolog gene family, member A)Y o}mlx=At A E2] 17H A
otulAto] GlydlA ValZ X&"E ®Holg ofmxit A e Hojxoez
Agste A e JEHE EFete TY 28 J1DE 7 EE AT

£ 2y Agstnzt se TS FAS  gEiaes oln

Fesidlenz, e FHS T 8}71 943}04 a 71AE AHEIH.

2 @y mEd, B 2o RhoA FHA Ao dAdG/ITEAEL
Y otr|xAte] AgS °F7I’CEE}. Gl7ve & ZHAEC o&) EHd
Fed WHo S etz dzGste Wo]l A  opmxAt
Aol metd, B #3399 JEs 2 E¥8Y  Ed¥9
FEuUEelErt dmYsts Wo] dEe FA-FA wEE o]&T
A EA (immunoassay) Rl wEl FEdY FF AEES Adsts d

14
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HARAM L 2o spd®E oiekg HAEA (immunoassay)
= WIGM(immunostaining) TEEFJ wat AAE F Ay dE
o], B wdo "ol ¥MMISAQEA wud w2 AAEHE B,
WAL S AA (AW, ¢H, 1'B, p2 R = golEHE st Wol Lp-

[e)
PLA, A S AE3E o ojl2dE 4 At}

2 dabgo A o] f5E wol dlde g dAe ZTHEERY EE
Reggyd dHoy, v eAE Eeg2Y dAolt.

o] ‘%_‘r‘iﬂéﬂ] e A FPANA THHoE AAFHE HHE
de E9, §F LY (Kohler and Milstein, European Journal of
Immunology, 6:511-519(1976)), M=% DNA HH (W= 53 Al4,816,567%)
T dopx] A golE g W (Clackson et al, Nature, 352:624-
628(1991) 2 Marks et al, J. Mol. Biol., 222:58, 1-597(1991))°] <]}
AzE £ A}, A Ao g IwrFH<A HAAHLS Harlow, E. and Lane,
D., Using Antibodies: A Laboratory Manual, Cold.Spring Harbor Press,
New York, 1999, Zola, H., JMonoclonal Antibodies: A Manual of
Techniques, CRC Press, Inc., Boca Raton, Florida, 1984; El Coligan |,
CURRENT PROTOCOLS IN IMWUNOLOGY, Wiley/Greene, NY, 1991¢l ZgA&}A|
Z1AH] k. dE Eol, ddEE FAE AAst= olB=rl AlX e
Aze BAMEE AEFE FA-AL FZFd §FAA o] FoAH, o
Hgo] "ad e JAAAA F LA Jdom §olstA HAAF F
Ak, EYERY FAEe Aed wHol 4wl JdE AP FEA
& o, XY 1A (affinity)
&g olgdtd FEHoREE A E BYstd & F U

'c:fl- Z]

157
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e fEels BARA 54 EAEA e A9¥d Soj4om
AFstel 44< vehls A2 omwch. Yeve GuAA B8-S Bock
LC et al., MNature 355(6360):564-6(1992); Hoppe-Seyler F, Butz K
"Peptide aptamers: powerful new tools for molecular medicine". J Mo/
Med. 78(8):426-30(2000); Cohen BA, Colas P, Brent R . "An artificial
cell-cycle inhibitor isolated from a combinatorial library". Proc Natl
Acad Sci USA. 95(24):14272-7(1998)°l gAM&tA MAH o YTt

2 odEge FAFHY FAd wEd, & 29ge JEs
oprlollol Al 2 &Ht.

B wAA A o] “ofrlo}” &= F=, T3 R dE F& HED
TEA AFol AFsE ST AAE AT, “opAjopl” ol =]
ofrlotddl AATE ovistd, wEFsAlE Holx 10t olde 240

obrlollQl JRATZ-E Audn. B 7AHoRE, & 289 oMol
d=lolnt,

2 2o £ tE FHd mead, & 2E2 IS AMEd

RhoA(Ras  homolog gene family, member A) A9 50HA

FEUQEI=TE Gl T2 AgE Wold FEUHLEOE AMEdE
A&7

B odigol = g& Yo mad, E 2Ye MEES A2AgEY
RhoA(Ras homolog gene family, member A) ¥zl o}niil Aol
1797 ofu]=2to] GlydlAl ValZ X3E Woldy olr|xAil 8 AlF gt

(a) ¥ 28 A} FF 28 IADE mwolevtA H o]9 §E

(b) £ o maw, AESH AII} AEEE AINEY
RhoA(Ras  homolog gene family, member A) FAXe 50HA

16



10

15

20

25

30

WO 2015/023110 PCT/KR2014/007491

2y 9oz Yd FEYLEelol= ¥ A(single nucleotide
polymorphism, SNP) FEalLelol=(dAd], 'A/A', 'A/C', 'A/c' EE
'C/a')E EFEE AL, A7 AEFY AgeE FY FIF(FAIHLES

9EE w99 AYEA WS ¥

(c) WM, 2 299 s1E 2 wpye ofj¢ aazolm &olstl
A FY A(E B, YEZFT & WIS FE/AIsc= 4

o]

182 & Ao

AITL 82 A89 AA d% AlE4 2 RNA-AE2 248
B3 54" Ed¥ol A ZEgdg HAFE ZFoln. e
4 o] ZEE #x A A EWNIE ou|FdH.
T 2= AITL &2} Al8o)A Sanger AlEAS F3] TAHE RhoA
EAQAWO|(GITV)E BAFE Ao}, |
. & 32 RhoA EdHo] Ao W& GTPase &4 SAT AA(E 3a)
2 Ay AFE AFHoE Yehd JHZ(E 3p)oltk. oF¥E RhoA #
RhoA G14V E@WolE GIPase &4 X 3A %, RhoA G17V EQMol=
B4 JeElR &t RhoA TION Sdol= GIPase E40) §le ¥4
Y2FOE AHEEAT. |
T 4E G17V EI¥O] RhoAd AxX F4 ‘oﬂ et dFE BAF=
T@o|tl,  RhoA Aol §1E GI7V 2 TIN Ea¥olA7} ofAE 2 Gl4V
EdWolART F7tE ME FHES \%E}”‘E}
T 55 G17V Edo] RhoASt MIE R &(invasion) He B E
Uel =2 go]t}, RhoA &4o] & 617V 2 TIN EARelA7} A E
T GV EAWAET dAsA F/E HAE F&A(invasiveness)=

sl B 2e He A ARsnz @,
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o
o
XN
>
o
N
XN
o,
2,
=2
3C,
£
>
D)
o,
)
N,
o

A
AU

AL Al A (exome sequencing) HolE T EAHA

F-UH(paired-end) 101-bp HEH HH E(reads)o] Z7 FYd =4
sto] AxEH HA AFEo|A Illumina HiSeq 2000 Z=E(platform)<
o] &3td dojzitt. d& dHolE 4 tEH Ze FHolZEdlow
T2 A AT WA, 7]1EAQ QC(quality control) ZEEAHAE
AAsted A7) 5 FEREEREH  oHEH  AEEE  AYsta
fastx(http://hannonlab.cshl.edu/fastx_toolkit)& ©o]&3te Y& I=
AxE 9 A9  FE(artifacts)S  AAZ}AC. o
FastQC(http://www.bioinformatics.bbsrc.ac.uk/projects/fastqe)<
o] g3t Ared dlolele] A AlZ A (quality check procedures)<
AAEte o] TANA AL F Je TAES WAANZY. HFo=
Burrows-Wheel Aligner v0.5.9(Li and Durbin 2010)& ©°]&3sto <z}
AW A2 Als hgloot A W(alignment)S AAISFSATH.  Genome Analysis
ToolKit v1.6-5 (McKenna, Hanna et al. 2010)& o]l&% REv &I
HolA HES 8  Picard(http://picard.sourceforge.net), <43
A& (local realignment) and base quality recalibrationg ©]&-3}¢]
FEIAC)E(duplicates) & AAsFE  FHFE  EdeE oI
'Ed Y (clean up)' FAE HAAFHATE. AT AHEL S S
1 FAEE W G E(bam files)S AU,

A7) W FAdEE o]83d AMHE WHolAE(somatic varients)

—

ko3
Ty

-

lis

HE
e
I5)
I_.

FA4S AAEEH. AME SNV(single-nucleotide variations), Zgil
AR (small) A 2@ AAE0] VarScan v2.3.3(Koboldt, Zhang et al.
2012)& o]&sld HEFHUT. A7) WHolAEL  VarScan(H &

18
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W9 (minimum coverage), >10; 2 HA A wWo] Z(variant depth),
>2)ol 98 AFHE p-7(>0.05)F o]&3td AFHATY. mAFLE,
29 29X ns E9Wo]S(non-synonymous mutations)® EAEE
o] g3l o7 71z dEH AESH FHREo FAL Gde o, 47
E294EL 7% %7Mfunctional impact), COSMIC W & B}l ¥ Mutation
assessor(Reva, Antipin et al. 2007)E o]€3% oA HFAX &&HZ
71%¢ g3, AE3 o2 E(outputs)S AH o]F 2T o](segmental
duplication score; <0.5) 2 ANNOVARE o]&3% 1000 Als IZEAE
82 WE  Zk(genomes project allele frequency value = 0)2E
FHH 02 oAR=J}.

RNA Al dloly Z2 A4

F-Zh(paired-end) 101-bp ¥E AR E(reads)e] Zt HIF
AlZ oA Illumina HiSeq 2000 A AAME o] &3t dojxtt. AF AJEA
o] T2 MAd 7148 ute} Zo], RNA-Seq tlo]Efd] thg 7]&3<2 QC
T2 AAFHAG. tophat2(Trapnell, Pachter et al. 2009)&
olg3te <zt HHHA Ax hglod AH(alignment)S HAFE F,
Picard(http://picard.sourceforge.net) & o]&3td FIZTYAE AAE
AN, gEEA BFEn FER I Fd(bam files)S o] &3] £

DYAEL AT EQH S0 FHEHANUE A AFE FAsA

Al (genomic) DNA A| @7

A& AFA &, TH EFHOIEC] Sanger AFLLE FJAHUT.
Aol dGa FEF FAE AEoA RhoA FHAY Aw
EdWolE AZsl7] Y8, [-StarTag-Maxime PCR PreMix kit(iNtRON) %
2gg Zalo)oE o] &38led FFPE(formalin fixed paraffin embedded)
ANE2EE fojzl AE DNAC tig PR A& AAIST. PCR AHE]
o7tz oA Ao AZNYEHIL UYAE E(nested) ZFo]|HE o] Lo
Al H AT

o]

RhoA &4 o] Ao]

19
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GIP-Z9 & RhoA9] %*& AzAY A Ald wet E-tF2(pull down)
71%kE RhoA &AJ3} oMol 7] E(Cytoskeleton, Denver, CO)E A3ttt
Jurkat AIZ2E EWP2F A (transfection)dta 48417 B¢ FAIAIZ &, 10%
FBSE ¥ §3l= RPMI1640 wjx]oljA wujoFa}gict. olZ A7l AEXE
WA(ice cold) PBSE AlH&: £3] =N AHEA ). A
48122 1.5 ml9 B AR FHol £ F, 4ColM 10,000 x g2
17 <4 dAEHARY.  9¥E == g¥d ofAo] 7] E(Precision
Red advance protein assay; Cytoskeleton, Denver, C0)E ©o]&3}lH
AAsglon, oF 200-300 pg® G Fo] A (prescription) F RhoA
g3t ojMold o]g&HATE. MHE g3Eo)A GIP-AEF RhoA ©fFL
Ze]Z (rhotekin)-RBD(Rho binding domain) ZFEEL 34 H=9

Zeo]El(rotator) AolA 4TAM HIFAFASOZHN HAFHAY. S
S8 J &4 GTP-ZEE RhoA ©jd 2 vl =9} Astes W, dv]&A
GDP-ZA3E RhoAT M TAE T3 AAFHUC. H= B2 (bead

pellets) B HAAA F53o . Fy LEHA(Laemmli  buffer)ol
AEEAZ 3, SDS-PAGE3I] &-RhoA % d-HA FAEL o] 83y
A B2 ST},

AXE 52 olAo

EQAHAGT 4847 F, AXEL 96-9 EFHolEd 5x10°
AME/LS] IEZ 10% FBS B FAAE EFskE 100 ul RPMI 1640 #h=|]
Al FOoZ(triplicate) EF3At. EdHol® F, AEXEL =2
Ao A 37CE wigstgitt.  AE AL Az Ao wE} 2447
it} 49 AHo02 ME FHE® 7]E-8(cell Counting Kit-8; Dojindo) =
ZAEIR o, 7z Aol FF=(absorbance value)T ViR ZEZHOE
BE7)(Spectra Max 180, Molecular Devices)E o] &3t 450 nmoll A
43kt
o/ H{EZ A& (invasion) Ao

AX A& oAels Az A wg  A-g35 F

71 A 2t (basement membrane) VIE#| A2 HA-3¥H Bio-Coat cell invasion

20
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chambers(BectonDickinson; 8 um %& A7))E o|&3std AAEHT.
ERAIAE Jurkat AEE F3-23 wiXo] 3x10° AE/mle] =B Z
AME(HE B)o| EQAAT. o}#Z& F&(compartments)<s  10%
FBSE T @ste 750 pl wWixZ AT, 24N 7+ W T, AaH
& gFAAY] (hemocytometer) & FFE® S A=A 7}
HES A Hol AAA wHkEEAY.  IES AE B ZAGA
& A& o]gste Atk AX A& (%) = ofH:EZB N/(otHFH N +
£ N)><100, 471 N& 7z 78 ] AEFe] Hagd r .

—_—

ekt

I E B3} (angioimmmnoblastic T-cell Iymphoma, AITL) A E&E o] &
A A& (exome) A FY T RVMA-AHF2 B4

%E?(AITL)Q] ol Zde #9YEn FdA W4 AsE BAS
Mstzl s, HAEL AITL BAEY] AEE o]&std AA dF
A7 H RNA- /‘]i——e ANEte QMo FAA ZTELE AT

Yrz A9 dEI(dE S, FYLozre dojn
ANBE HIZHEZR AlE3d & (Exome) + RNA-A| B2 (5%), %
AB4eE) € RA-AEA2UE)E B3 /AR Eoﬂtﬂoli AR (=
). = 1A 2 £ gl%0], RhoA, TET2, (D28 59 fFHAtolA @717t
Agg EAWol} HAFHJT. ol F, RhoA FAA AW HA=
RhoA CDS(coding sequence; AEE= Xﬂlﬁ%GenBank Accession Number:
AF498970. 1)1l A  50¥A FEalEtel=<d G TR whd SRR,
MNEEE  A2Ade RhoA ofF]xAl A € (GenBank Accession Number:
AAM21117.1)001 A 1795 Seto]Al(GeA) el F-(GTA 22 A& AT,

ZF FX A|F A Rhod EFH] A&

Aegk & AlFA © RNA A BAS 53] U4HE RhoA EAWOE
AALEH Y FAHY QE HEd BF Iz AJEE o] 839
gl tt. PCR ®}HS E3&] Als(genomic) DNAZ FFA]Z] § Sanger

21
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A EdE o] &3 RhoAd] EdHo] A& T3,

[E 1]
27 9] AITL #AoA] HE ¥ RhoA G17V £ ],
5 . .

ofA) 17/27 63.0%
RhoA G17V A 10/27 37.0%

Eduo] A/C

Alc

C/a
3 27 -~ 100%

A7] 1A AT 5 Axol, 27H ] AITL A A8EE
HZ g o]ER PCRS AAIS A 1089 &2 A &(37.0%) 141 RhoA G17V
Eddio)7} A&5HATE.  RhoA G117V EGdol7 A&H 1089 34

10 AEEL FEULE=0 943 PrlHHﬂ A4S ¥ oollg, FEHOZ

G FRY YEF B AZoIA Rhod SHW] HE
RhoA GL7V S@Wol7k AITLe] Sl 69 RAYUA ARE 2AIET] 9A8h,
15 2 ¥YAEE BE FRO YTFAAE ) EdR0lE SAskse,

(% 2]
be 59 YZE BRASAA L Roh G17V EAWo] &,
SR ATTL PTCL NK/T
oFy Y 17/27 | 63.0% | 12/13 | 92.3% | 17/20 | 85.0%
RhoA A | 10/27 | 37.0% | 1/13 7.6% 3/20 | 15.0%
G17v A/C
Ed¥o] | Alc
C/a
& 27 100% 13 100% 20 100%
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271 & 20 YERG wie} o], PCIL Al&olA] 1370 3 170(7.6%),
NK/T Al&ell A 2070 3 370(15.0%) o4 SAF X142 Rhoa EAR)7
A28, ol RioA GI7V EAHol7L T-AX-fiE FZFA
AAEGE AS grgn,

Rhod G17v EH ¥ o]o] BE Rhod &4 ¥ 3}

RhoA: Ras #H &) &3dle dWaA=Z GlPase 84S 7HAH AE
TAT AdH Yot ole], B HHAEL G17V EE¥o)d RhoAd]
GTPase &AL RhoA &4 oJAlo](RTK E-t} ofAlo]) W
ZABIATHE 3). oFAld RhoAS}t X|&Hom AFEo Ue ¥
RhoA G14V EQWolE 2 (TPase A S R2o|A ¥, RhoA G17V EIH
GTPase A< A3 YEIR LS. w&bA), RhoA G17V EdwWo
GTPase 84S AAA7]& EAWo|o|T},

£ o
bru

ar e 2

o

—_ —

HE F2 49 Rhod G17V S ¥ o]9] &

AE Z40] 3 RhoA G17V EGHele AHE ZALSH] A, &
g A EL RhoA siRNAS AFE-3ted w1914 (endogenous) RhoAE AAA7]3L
kA3  RhoA ¥ RhoA G117V EAWHO|AE ZZ  Jurkat ME
EXAFAANNA AT F4 a3E HusiGth. RhoA 4ol fle GI7V ®
TION EdHo|AE ofgdd 2 Gl4V EA¥olAle} H st AE F2 o
FAEA SR (= 4). u2td, RhoA Aol FE&FE AHX
Z2go] Z7}sta RhoA GL7V E@Rol7l AXE F4E& FEIds A
A + AAT.

re 4
tlo

AE FFo] HE RhoA G17V EF@H ]9 &

RhoA G17v E@Wol7t ME  AH&(invasion)dl w"IXE R
ZAVEE7) e, B IHAELS RhoA siRNAE AFE3td JAJA RhoA
AAA 71 o83 RhoA EE RhoA G17V EAWO|AE 27} Jurkat Al
ERAIAAAA HNE FEA(invasiveness)S HUFFARATH(E 5). RhoA
gio] Qe Gl7V E TION EdWode okdE 9 G4V Sd¥olA%

Bluste] ME F&Aol wie %=, ol RhoA /Ao WHEFF A

)

¢

E
t o

=
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H&-do] T7FSHL RhoA GI7V AR/ AIE &S THE FL@TE
A& 9rldn

4oz B wHe =4 Rpo
249 A4S AR RlA QoA ol FAHY slee @A o
THdY oln, ole] B wede Wk A@sE Hol opd e
sttt wmepd, 22w o A ¥E ARy ZFYn 19
8o 9sted Fegdm @ o,

>

FZE3

—

Koboldt, D. C., et al. (2012). "VarScan 2: somatic mutation
and copy number alteration discovery in cancer by exome sequencing."
Genome research 22(3): 568-576.

2. Li, H. and R. Durbin (2010). Fast and accurate long-read
alignment with BurrowsWheeler transform. Bioinformatics. 26: 589-595.

3. McKenna, A., et al. (2010). The Genome Analysis Toolkit: a
MapReduce framework for analyzing next-generation DNA sequencing data.
Genome research. 20: 1297-1303.

4. Reva, B., et al. (2007). Determinants of protein function
revealed by combinatorial entropy optimization. Genome biology. 8: 1-
15.

5. Trapnell, C., et al. (2009). TopHat: discovering splice
junctions with RNA-Seq. Bioinformatics. 25: 1105-1111.

6. Wang, K., et al. (2010). ANNOVAR: functional annotation of
genetic variants from high-throughput sequencing data. Nucleic acids
research. 38: el64-el64.
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[7+3 1]

MEESE ALMEQU RhoA(Ras homolog gene family, member A)
A s0vA wEHQE[=Y GAA TZY XS EFst= 10-
1007/19) 4% FEAQEolE Mdo] Solgdoz AYPste Zetolw EE
zeng gt 3% 28 494 7= |

o
[\)
[ ]

(37

o &
o2 &
R

A1 ol oA, A7) MEEEZ A14EQ RhoA F7H=F9
FEH e =2 QoA TR &S 713 A (subject) S N
AAET} 37% ol AL EAOR 3= Y 2 Agg§ 7|E

[%73 3]

A1 & EmE A 2 P AN, A7 ITE HAwe
N FF(hematological tumors)! A& SHC2 = TF A& JAdE

7NE.

oA, A7 A Fge T-HI HFiE YZE =
o7 3= £ AF Avg 7 E,

(7% 5]

A 4 gol oA, 47 T-AE FHE JTF w: gEye
AITL(angioimmunoblastic T-cell lymphoma), PTCL(panniculitis-like T-
cell lymphoma) , NK/T(NK-T ~ cell lymphoma) , HIobA
Y X Z(lymphoblastic lymphomas), @Z(peripheral) T-AX HIZF, HF
T-Al¥ BZZF(cutaneous T cell Ilymphoma), T-MXE E}Y I dAx
Y X £ (anaplastic large cell lymphoma, T-cell type; ALCL), “&®¥W T-
AE  HZEZZF(enteropathy-type T cell lymphoma), HILV-1(Human T-
lymphotropic virus-1)-A#¥ ATL(Adult T-cell leukemia/lymphoma), T-
AX  AFZFA HEW(T-cell prolymphocytic leukemia), T-HE
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AYZFA W (T-cell granular lymphocytic leukemia) EE ZZAA
NK-A ¥ &= (aggressive NK-cell leukemia)?l AL EAOZ 3= Y
4% A48 7 E,

(373 6]
MNEEE A2AE<Q RhoA(Ras homolog gene family, member A)2
ofu| Al Aol 17HA olu|i=Ako] GlyolA] ValZ X|gE wWold olw| At
Aol Eoldoz A= A E: YEUE zdee £ 24
AR 7 E, '
(373 7]
A6 Fol  AQolM, Ay Wold  opmi MAL AR
Ak (subject) e o Zoko] YUEsF 378 oAU RE EAHOR she
2% A% ATy 7=,

(73 8]
A6 F Es Al 7 A AM, A7 FF FEL
g A FF(hematological tumors)ql A& EFoE e FY¥ 2F A&

A s ol glold, A7) " zFe TAE fodE PTF Ex
Aoz st 2% A% v 7E,

o
A

[8+% 10]

A9 Fel oA, A7l T-AE fd8 FZF == @H¥ye
AITL(angioimmunoblastic T-cell lymphoma), PICL(panniculitis-like T-
cell lymphoma) , NK/T(NK-T cell lymphoma) , Y I oM E
Y X Z(lymphoblastic lymphomas), @Z(peripheral) T—H]E%EE%‘—, pup
T-AX Y ZF(cutaneous T cell lymphoma), T-AIE E}Y HFA tAE
Y X F(anaplastic large cell lymphoma, T-cell type; ALCL), Zw®l T-
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ME  HEXF(enteropathy-type T cell Ilymphoma), HILV-1(Human T-
lymphotropic virus-1)-A#3¥ ATL(Adult T-cell leukemia/lymphoma), T-
AX AFZFAd  WEW(T-cell prolymphocytic leukemia), T-A|XE
AP A WFH (T-cell granular lymphocytic leukemia) T FAA
NK-A] 3 w83 3 (aggressive NK-—cell leukemia)?l RS SASZE e T¥
A3 14§ J7E.

[ 11]

9 9AE Edste T AF9 HAE P

(a) ™A (subject)d AETZH AlE(sample)ZHE YA EXE
Fedte dA; %

(b) 471 g4 ()9 HYAERAM AMEEZ A14 LS RhoA(Ras
homolog gene family, member A) HAA 5007 FEHLEOIEE
gste AR, A7l 50WA FEEHQEol=ETt GollA TR ASE AL
A7) AL 24 AL A E Ao FUEE AL EACE = FY
A% AE Wy

(373 12]
A 11 ol dolAl, Al el ABSH Az

[78 73 13]
A 11 gl oA, A7) B Ase "o TP AL 5Ao=
s Fgase 4% DY

(A3 14]
A 11 o] oA
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473 15]
A1 g QolA, A7 wA E $AA4 ZE o=
vlolAzoldlolE Bl AAsE AL ERom e ¢ Aao 7
5 9

el

(4% 16]
MEEE A1 EQA RhoA(Ras homolog gene family, member A)
A2 50AA  FEHLEIEI GillA TR XEE WY
10 TwEHEE ME.

[ +% 17]
ANEEE A24 <9<l RhoA(Ras homolog gene family, member A)
Sl g o] ol AMEY 17HA ofr|iito] GlyollA ValZ A 3HE wol
15 ofr=4t M.
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