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Cytogenetic Analysis of Methotrexate (MTX) Resistant Mechanisms using a
New Human Leukemia Cell Line with Double Minute Chromosomes:
Induction of MTX Resistance and Amplification of
Dihydrofolate Reductase Gene

Hiroyuki SAITO

First Department of Internal Medicine,
Niigata University School of Medicine
(Director: Prof. Akira SHIBATA)

To obtain drug resistance in newly established AML cell line KY821 with double
minute chromosomes (DMs) and its subclone KY821A3 without DMs, they were cult-
ured in increasing concentrations of methotrexate (MTX). KY821 became resistant
against 2X 107*M MTX (KY821/MTX), whereas KY821A3 did against 2x107°M MTX
(KY821A3/MTX) in a same period.

Enhanced enzyme activities of DHFR corresponded to increased DMs numbers and
to amplifications of dihydrofolate reductase (DHFR) gene in both resistant clones. The
amplified DHFR gene was proved to be located on DMs by in situ hybridization. These
data indicated that the presence of DMs in KY 821 would facilitate an aquisition of
drug resistance.

Unstable MTX resistance was shown to be associated with unstability of amplified
DHFR gene located on DMs, and the massage (mRNA) of DHFR was less stable than
gene amplification or cytogenetic alteration (DMs).
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In conclusion, KY821 is a very unique and valuable human leukemic cell line for

studies of drug resistance and gene amplification.

Key words: KY821 (human myeloblastic leukemia cell line), double minute chromo-

somes, methotrexate resistance, dihydrofolate reductase, gene amplifica-

tion
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EBMR TS, ORBEREIVBEEIRE. 205
HRIEFHIECEES 2 B, H—3AEAFK homo
genously staining region (HSR) & #/gufafk double
minute chromosomes (DMs) &2i% 5. BB
R 5BEETFHIEL% 2 48, PUEEH Methothrexate
MTX) MR T 2 —EOWEREIED TEE
T#H 5. Schimke HEAHLE LT, MTX OFENEER
dihydrofolate reductase (DHFR) @ cDNA »4H &
h, MTX f#MlRc 5\ T DHFR &ET ORIENR
EhiV. X5 in situ hybridization & X b, #iE
L7: DHFR &{ZF# HSR ® DMs LieHEET S Z
EABRINLDY. rogfEOMBRRCEVNT, b
B0 & ORET OMIBIC & - THEDOTEFICH LT
HEEERLS 5 &, £OX 5 MR LI LI HSR
 DMs o &, BROLREREEPEET A LD
% N =3 (b AL

Lirl, b boskoMiigs % ampmfiakcsy
T, IOk iR BET 5 MR EER o
BFESEERTVE VL. Fi, MoMER
w5 hE COMRRRELOEE, b b ORIMK
HlEck - TEETEA B LTARHTHLA S

HEGZ, DMs BT 5 v MERIMEAIFEEAE KY
821 &, /u—=v I R@ROELITY 2L 0i#. DMs
hfclnwg 77—y KYB21A3 & %#8srL, M2
o vihh MTX WEROERFHEAT. Tiebb,
BEERPO MTX BE*HccfmEetn{z s
&b, M KY821/MTX & KYS821A3/MTX &%
Bz L7eAs, BiE Tk DMs OHin%g, #HETIE DMs
OHBLE LT

AT, EREAEECKDS DMs Ltk 5
RIETHEL MTX Wbt & 0BG, kI U#hrs
i MTX fHERTD, MTX 2B Lo BR+h T
DOHIBGR LA ERE (L > W TRE L, TOMHE

[l

oW TEET 5.

MHEESLUHEE

1) MTX it e b ARk o8

b b EIR M KY821 & X0 KY821A3 (310
9% fetal bovine serum IO PRMI1640 medium &
TR L 7o, KY821 W aM-E#ik: & MAREE Sl O #rh
OB MFMR D S8 Lo ifakkcd 0, MRS ingEE
1220~ 28050, BREEREERIE W & 5 plating efficiency
FHIS0% TH - 1o, RS ORR, %< oM~
DED DMs #F LTWid., —F, AFAbin—2
FTCOs/a—=v 7R 3EEEVET LI LD KY821
ShBLRhYy 72—y KYS821A3 (2 DMs #ic
37, MERufE I L original clone TH 5 KY821 X
b -7 (12~16Ff1). KY821 & KYS821A3 i,
MTX 1078M %00 L 1o B RRh LR A B/ L, 1~
2EEC e MTX OBES FH XS, H7h
Ao MTX @HinssEr kv, KY82l Tk 2X10™M,
KY821A3 Tl 2x107°M ¥ ClittEd 2 2 MTX fit
MR (KY821/MTX, KY821A3/MTX) %Mz L 7.

2) 7m—7 DNA

7 u—7 DNA & LT\ DHFR BEFBL T
ZFERET (MDRL) v hd full lenghth @
cDNA TH D, FhFh75 A3 ¥ pHD84 (Dr. G.
Attardi, hA 7+ A= 7 TRRZE L VtE) O8), &k
¥ pCA12-2 (Dr. T. Turuo, WS (LFEREL v
#— L pkE) 9 X 0 insert DNA %478 ¥ L.
nick translation i v %P B LU 3H T radio-
lable L, &% hybridization i fv7o.

3) R B0 5 BRETHEORE

KY821, KY821A3, KY821/MTX, KY821A3/MTX
DOFME L » \SF DNA % Blim-Staffod 3! 1o #8
UCHit L, Southern blot thbridization #W /& &iC
&£ DHFR BEFOHBOBRN%2T-L. &£85F
DNA % #IfRE#R BamHI %40 EcoRI W THEL, 0.8
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% agarose gel W TESRIKEH nitrocellurose RiZ
blotting L, kF® 3P T3~ Liz DNA 7u-—7
& OFEIT hybridization %17\, autoradiography (#%
FelER] 5 ~720FR) w koA T U H A4 XL DNA
B % 7 ¢ v s kDAY FELTHRB L. B{ETHE
oW TOREIE, <Y FOB &% densitometer T
i, HHVCEEBRKE T A HIRERLE gemomic
DNA &% BEAHEFRECTRET S 2 itk 0T -1,
WA, b PRASEE L O HL60 MRS B LA
genomic DNA # i,

4) BEELSH

£3EME 0.02 pg/ml colcemid (GIBCO) T
1055 o MLEH , 0.075M KCl Aic TIESRALEE L, Carnoy
WTAFA VN EEE L. Z0O%, Giemsa Hift,
quinacrine $efic X B DGR TREBIOMNT %217 - 1.

5) ffEP DHFR BEREMONE

FEEMl (108 @) %/~—~2Z2 L Ringer's
phosphate glucose ¥IZ T 3 [EIZ#H#, 1 mM potassium
phosphate buffer = TEHEML 15,000 rpm T30545E L
%, =0 LERXJERE T80 CIKTHRFFE Lie. DHFR
EMOREBREERO FED® i, A7 ba 7y
b A= 22k 0T 0. BABEL Folin-Lowry !V
CEOEEL, BREE]RMI0CKTEE 1M
#BILT AIEMEE LT DHFR FEMEARD .

6) BBAKEALTO in situ hybridization

KUY DYt AR 437C, 1 K RNase (Sigma type
1A) T, 72T RE L170% formamide/2XSSC
B 2 B0 %E4dE DNA % denature L, #
DOHRELCABEOR T 2/ —/VICH U TRKAE AT -
7z. SH-dCTP & 3H-dTTP %M\ nick translation
BT °H label L7z DHFR BEF O cDNA #&ir
hybridization ##& (50% formamide, 2XSSCP, 1X
Denhardt sol., 10% dextran sulfate, 100 zg/ml sal-
mon sperm DNA, 10° cpm radiolabeled DNA) %,
A5 A FERIKHSTD 50pl FFL, h3—235 %
Zhd, 41CT 18K, 50% formamide/2XSSC @
moist chamber P C hybridization %17 -7, %04,
K BE O formamide/SSC B THSWEEE, BUY
BT R =N TRKAE ATy, EEER (MR-N2,
Konica) #H\\T4 CTI0HME® autoradiography #
v, 254 Fidtod $BHBM®K (KonidorX, Konica)
BIUBEERCHE LCRBE X8, RI o —7 (°H labe-
led DHFR) BN A 7V XA XFT 52 L0 L->TRHH
nAERFoREE EOMEBEOREIL, quinacrine i

S 5% (Q-banding) #, BEEME T T

7) MTX FEHFERET TOMRERN L RENE

{Lotkat

¥4, Bz L MTX fivdfilakk (KY821/MTX,
KY821A3/MTX) # RPMI1640 = THHtE, MTX #
EF BRI P TR E A M L, AMfgkk©o DHFR
ORETHIBORRWELOHEXBE L. 26T,
MTX BSMWHTIE DMs %4 Ly KYS821A3/MTX
BV, MTX JEFESZETIC kY 5 DHFR #ET
gL £ mRNA RE, MlGm#EEs X oMls
7o @ DMs B ORERIE LI >\ B BEA TR E %
Tote. ek, BEETHEBECHELTIE Southern blot
hybridization ¥ X v, mRNA ORI L Tk
Northern blot hybridization #EiZ & 9, FffEOFER
LI 2Tt G-banding #Riz X W #RET L 1c.

] R

1) KY821 k08 MTX IRk oMk

B X ntc ek KYS821 3, * oMl LM
R o Bk A MAMREEE & & 2 » s, peroxdase
# & % naphthol ASD chloroacetate esterase ¥eff il
B5#E, naphtyl bytylate esterase Rfld§EETH D,
MifaZE < — h — O Tk, CD13 (MY7), CD33
(MY9) BLU CD15 (LeuMl) HEHTH - 14,
CD14 (MY4, LeuM3), CD34 (HPCA) B LUERE Y
VAR =T BT S -

Yo OMHTILS0MMR TIT - 72, $ <t DMs %%
1% tetraploid OREMEER (PG akd  86) »
AL, HSR @& iahr -7 (B 1-A, 1-B). DMs &

F 1 KY821 &gk o MR EFrItER

Mmiab i
o H B Wit | B My
g ** (U/mg) D)
KYs821 X 1 0.909 | 3(0-28)
KY821/MTX * X 42 20.115 |33(4-99)
KYS821A3 X 1 0.651 | 0(0)
KY821A3/MTX * X 20 8.406 | 9(0-121)

*  KY821/MTX it 0.2mM, KY821A3/MTX
i 0.02mM © MTX ¥+ oMml
BThb.

%%k SERIETHIEIT densitometory TRV KD
BXZERAL, b B DNA Oxhit
LT
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A

B 1 Bk KY 821 oiisr
(A) #¥® double minute chromosomes (DMs) & L, EAMTIL tetraploidy

DRI A R L.
(B) KY 821 o FH—%E

86, X, X, -Y, +1, +1, +3, +3, +4, +4, +5, +5, +6, +6, +7, +7, +8, +8, +10, +10,
+11, +11, +12, +13, +13, +13, +13, +14, +14, +15, +15, +16, +16, +18, +19, +19,
+20, +20, +21, +22, +22, +der (2)t(2;7?) (p25;7), del(9) (p22 p24), del (9)

(p22 p24), +mar.

S0 R A2 S b h, FORRMEIRITH -1
&FD.

DMs ¥, SfETOMECEAMLCE > HER
EFHBOKERBLINS, REEKOHBEFEDOD LD
FEZLRTWA. £2T, KY81 @ cytosine arabi-
noside (Ara-C), daunorubicine (DNR), vincristine
(VCR) LU MTX X LTOEFIRZHERER L
T Uich, o B mima ek & st LT A~ Otk
LIZED -t Fi, c-myc OBETFHEEL
THEE Uiods, DMs & QMBI IR - Te.

wiz, HERFO MTX BE2RocHmses s
ki, MTX Wttbilud: KY821/MTX &L 00 KY
821A3/MTX %37 Liz. MTX Midhfbic & &7, KY
821/MTX TRAMIAS T H D DMs oM, KYs2l
A3/MTX Tt DMs #F T 5MROHENBEES L
(®D. ¥, B—-BSRMcLEbLLT, KY821 ©
HA KY821A3 WHATLOEED MTX MtEae s i
BLTHbH, KY821/MTX & KY821A3/MTX Offila
BROMIiE MTX MUEEBHECHL M EZRNED S
i

2) MTX Mgtk ©o DHFR EETFHIE S - OBER

TEE DT
MTX iz Ly KY821 % L1 KY821A3 12 DMs

CRENB RV S A R LT 5)

oEmE R L (8 2). 2 2ofifagkiEco DMs ©
W MTX kb 5 & HBEm 2 RT b0 &
Exbhi., CTOEENL, MTX M boBFs LT
Zh ook il DHFR BETOMELESE LTL
52 LR HEE S Wi T, DHFR BETF OIS
FOBEREMOTHEC S\WT, KOBIEFT- 1.

HHRakk> 5 E5T DNA % hiH L, EcoRI JPEH
@ Southern blot hybridization DfEREZE 3 iR
LMtk k3% DHFR BETHEORE, DHFR
OEEFREY, BLUMBEASI-HOD DMs BBl Tto
BEII 2 &DTE 1 RRLL. ORI, Bk KY
821 kT % DMs & DHFR EETOHEMEIZ L2 b
DTRENZE (F—a4—, LTERERVH cmyc
OWROBRTL R - 7) PWRER, MTX X5
MR &, @RS © DMs # - DHFR BETF O
1BEE » DHFR OFERIEN & O i HEBEB 2 ED .
Lichi =T, Zhboflatkto MTX fittoEE L
B X DMs &\ ) R fhSRB% & - 7o DHFR #f&
FOBBTH 5 LM LREE .

% 2T, DHFR BEFOMIEN DMs KL - T
HLTWBHZ L%, PEMBERETD in situ hybridi-
zation HEEHLTHRELL (H 4. KY821/MTX @
metaphase OMIAT, A— b5 0+ 757 10— N



A
20+
10+
0
50 D C
10+
0
YIS
oW
DMs,“cell DMs,cell

B 2 H#HlEBR KI5 double minute chromo-
somes DK
(A) KY821
(B) KY821/MTX

(C) KY821A3
(D) 821A3/MTX

TTRETH - I ASRIBOR % X8R & L. 43R+ D DMs
ORI 1,95 BTH - k. Ytk LicfFrEd 2 8
FoBEI1,012E7T, £05H 921 EHF DMs Lic
BELTWE., Lihi->T, £ DMs O 48.9 %k
THRDLA, FLAKRCeRef e feT 28T
D91.0%H DMs LB bhiZsickb. i,
No. 3, No. 6 DHfafk bic & BT ORBE L RED
EHobhlH, hboffifk bicid DHFR @ pseu-
dogenes MFEELTWAZ &M -TW5E (M 4). &
&, SEE e B TR E MBS - TV 5 MDRI
BERFPWTH, pCAI22 # T u—7 L LTHWT
W AT~ 78, KY821 o MTX Mk Tt MDRI
CBLTIE, ToBETHE - RETLE-THLIRDS
Rich ot

3) E#EEH»SH MTX *BRE#oMEEFOEL

KY821/MTX, KY821A3/MTX Witk ORI b
b MTX *BELTHEELHI 2, #IBL T\ DH-

3 fBEkatkic k5 DHFR @70 R
& genomic DNA 3 EcoRl & T%E
LB SEE L, (32P) 7-~v pHD84 4
vi—F DNA & Southern blot hybri-
dization ZfT-71c.
L—v1: KY821 L— v 5: HL60
2: KY81/MTX 6: £ MiE# DNA
3: KY821A3 7: KY821/MTX
4: KY821A3/MTX 8: KY821A3/MTX
(1-6: 8ug DNA/lane, 7-8: 0.52g DNA/lane)

#® 2 MTX EFRMNEHREFTO KY821A3/
MTX OfERHZEL

DHFR | DHFR Mpa s
. DMs #

) BET pililisdih]

mRNA | D HEiE* (/#ifa) (hrs';

MTX Finss#EF | 100 % | 100 % 45.2
MIXBE1EME | 14% | 62% | | ** 21.2
MIXBRE2EEE | 0% | 40% | | ¥ 16.5
* DHFR @ mRNA ¥t OEETHECEL
Tit densitometory & TEHEI L KYS821A3/

MTX (0.02mM) & H# L.

k% MBI D DMs HOMOBREBENE/LLK
DWTERR6IRL .
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4 BREEERICETS in situ hybridization
DMs oL T\5 KY821A3/MTX otk LT (*H) 7~ pHD84 4 v+ —
b DNA # 70 —7& LT in situ hybridization %717~ 7.
autoradiography %07 v —7 DNA OFEHFISNTL L TRDH LS D, DMs L
CHE RSO, $io, #3, #6 ORBEA LI SHECEDLRD T & Q- v
FEK X > THREI .



Map of Functional DHFR Locus

12 3 4 &5 8

165
EcoRl .47 172118 60 , (72) 30, ' 40, 13.0 A

5kb_,

5 KBk MTX BAMEBEDORIE DHFR #lzF0
BrrEt
#HL— 121 EcoRI Hit genomic DNA % 10pg BRI L, (¥P) 5~
7o pHD84 1 v 4 — } DNA & Southern blot hybrizisation %47 - 7.
KHITRT 3.9kb & 2.2kb O/ Y FIZE#E-29 + v DHFR O pseudogene &
Erbhb,

43
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6 KY821A3/MTX @ MTX MEMZHr ke
LRS- DD DMs HOEEZE L

<0l
<0g
> 02

FR #&IEFO o €~ FUIBRFRIE B Uiz, Z OB, &
FOMBHERE TR L 2 BET o ¢ B oW EE
CIREND D, KY821/MTX OFn KYS21A3/MTX

Northern hybridization

EHEATHAEERECHTH - (B 5). &, 7
u—7 % LT pHD84 # B84, 5 AT fun-
ctional DHFR gene @ genomic map X 9 13.0, 6.0,
4.0, 1.8, 1.65kb DB #ZE X h 5 DHFR #EET
O DNA Wrfrofiuic, A¥ERFI%Z /KT % DHFR #%
BETFOREL H5 2 &5 Southern blot hybridization
DEERFIBEORRED SHE S hiz. 2o DHFR Of
BETCOBENLEESAE6 L LM hT
LB,

KY821A3/MTX 12 $5\+C, MTX JEfEfe T ol
AW RO, A TOMIE DHFR BiEF 2 v—
# - DHFR @ mRNA % - #ifa#7- b © DMs ® B
T U MR RS IR B U € L BRI B 21T\, & 2
DES R EL. TO DMs 25 5BERTS
MRE MTX BRE2HEB T BE LTI,

Southern hybridization

o
-

7 KYB21A3/MTX & MTX EZFNEHEEECRT5 DHFR ©
mRNA HEEIUHIE DNA oSl
MTX BrEmi, BRERB®18E, 28HO KY821A3/MTX 25 total RNAl %
XU genomic DNA % L, total RNA (3% L — > 20ug, DNA I EcoRI ©T
ML LV~ v spg TOBKHEFL, pHDSY 1 ¥ —+ DNA #7n0—7& L T% A
“£# Northern blot, Southern blot hybridization %77~ 7.
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GEATREEEE L (B 6). T, MTX JEFE
TORETIE, MTX FET TER LTV Ml
i DMs O, HE& &S ICHBRES D ICEE -
E#{ L. —7, DHFR © mRNA OB, 5
WO MTX BE1TEBTRELEDTIERD LT
Wiohl, 258 B Tik Northern BEORE TILIITHED
LRALSHEDETHA L. Lits-T, BERALT
W% mRNA OF%T TOREIL, Rkl <1 T
DMs, 3L U DNA L ~ATo DHFR #ETFHED
BEEL R ENTOERITH-T. T, B
B LTv% DHFR @ mRNA ¥, multiple forms 7
BloTwadosELZLAL (A T).

£ 3

AV b LFe— b (MTX) GEBOKBEIAT,
RAETHIEBE: L EAIA TV 5 L0 0ERTYE:
PEURTVWERITL A 5. XOEREF - LTI, MTX
7 DHFR &#&T 5241k h DHFR OBERIEN %
EEL, e FaEBRLLT L5 FoER~OBTX
IGEAET 2 Led b, Lich-T, DHFR OBER
EEVRECET S &, BANL MTX OAaEY
HHEL, MEIhih iz DHFR ESEAEET L &
2 MTX T boBF s E2 bhT& . BE MTX
MMl 3 DHFR @ETFOMENR S 5 & SIXLFTH»
LEEZRTWAD™Y, Lial, MTX Wit
T, DHFR BEFHEOMI LRI 3§ X B
TOTECBRF DG A1 A b 510020,

—7, &REOBEMRKCRTRCED LIS DMs
# HSR i3, cmyc £ ED oncogene DIEHE, it
MTX b SFME{LORED bh b DHFR
MDRI1 BETF & OBWBOREML L ~ L TORBETEE
ELTELAMBbRTWAR, b bBEEEMFHEREETD
P BREIZENIE E S L,

SEA MRk KY821 &, BiSIR b8 ge
& (DMs) %74 L tetraploidy »EA a3
5 MEEEFERMAmAMRk TS, SEL D
fo DRASERLHT T\ 5. EEE KY821 wk\T DMs
FCHEE LT ABRET MOV TRBREATIEIR
BThDHH, B MFRERIZE VTS DMs
BHFELTWOT, BELcHEE LBETFOMIBO
RV N R OERE S HESh 5.

SEOBET, KY821 LU/ u—=v/itk-T
FBIR&hi-y 727 o—v KYS821A3 omEMigkics v
T, MTX OB RICHE T DMs &b 5 Jefafh

HRCGEETHEAZREC LT w2 2B bhc L.
&5y, MTX fifthfE s , DHFR E&{ETH#HIEE, DHFR
DOREFEEN, BIURGho DMs $ & ORI 3 /HEER
MAED bR, FMlEkck s MTX WMHEOXk %
BF-12 DHFR BIETOHBTHH 2 L REE h
fo. #1-, DMs 7' DHFR E&ETHEORBREEL TV
HZ &Y, BeffkBEAR LTO in situ hybridization &
Lo THER LI

—fi, BETHBEOERECIREEREOS b,
HSR BHEHEELLOTHHDIN LT, DMs it
DIDAREERSDEEZHLRTVAEDR), 2 2 TRIC
HE, BRI BRNNETHS MTX BB
Wi ERRCEVTO, MTX it A fms ik o #ii
SBEHEORENELC SR L. ToRBR, B3
BN TE h BRED MTX CiftE2%E L DMs
WO Bl (KY821/MTX) oJih, #MiE&EE
Fab—HoOBLHLERLTH-Te. ORI,
SBETHEEOSE DMs M L o4 v #fatko 55,
ZOHEIM LI DMs B XD AEERLLOTHH I &%
HEmXED.

—75, 4ME LT\ DHFR BTz v—#i3, &
LFHEL 2 LEAMET MTX) B Y BRhhi
BETETE, BB TORBRRRHDARLE. &
bIZ, TORANRAEMEL <L TO DMs ORAEE
FRE—%LikZ &Ly, DHFR ®EFOBEII D
KESMN DMs W THELT WA L E5HRT ARE S
EZzbhf. FRENLT, BEFERL T mRNA
OWEIE, REEEXIUREFLAVCHENDE EMKD
BERhTH-To. ZOFKRE, HWIEL 5 DHFR &
EFRERHCER LTV ARG TRARL DLBEOR
BRI AZO T AR ATET 5L0THA .

ZhET MTX fitt{t s DHFR EETHECEET
ARFEOE T, EREWEHBRORCETITbhT
-0 BoETlE, e rOBEBMEKORCEVTLHE
BOBEIHE X TL A M2, v b (lFEMEE
FRAVCTORET T ESE W), REDEKRD
Bie k5 DHFR BETOMBEAOHE L LI T
WAED, TOFERBOTRHILLDEEL LN B2,

SEBF T - o e b AIURMEE KY821 &, &
Fite 2 BT 505 D DMs &\ 5 REREHAL
BRELTEY, DMs OFE LW 77 a— v O iR
MRENRFEEE LV OBEEELTVWS. 3B,
Zh b ORI MTX it % #1584 2 BRARC ks
T DHFR BEFOMEBEZ»EBCREIL> B &, ¥
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fokhnd MTX O X s8Fchb s o &, —7F,
BEEL XAV TRIEEAL DMs £ & - GREFOH
ERELTWAZ LRI L., ZoL> LT MTX
it % #E18 U - Mfakkic 81 5 DHFR @ mRNA
FIRBIT, MTX JEEET TlED T— B T5 », DNA

VAN TOHERETOREMEL <L TO DMs bk
BRSERL ML L2, mRNA O@FERBOME
BIrhbffTTbso bR,

SEOBEFER LD, MTX WiMtko DMs £
TR LT\ % DHFR BETE, #EEEGFCL-TH
HEEORBARMARI 5L, B LUNERS% KM
3% DHFR BBETLHEL Y 2FEESRD 5 2 &N
TREE X hi-,

A, Zor bEFoHMFMRE KYs2l &, B
DEF R L & RIETHBOFEGEE S, &R
TIHBOBEF OB Kim kT, FRcHilakks ch
H5bDLHBERE.

#® B3

WHBTHIT S hi v b AMFMREE KYs21 ¥ B
WT, AV ELFEE—F (MTX) fthEef/ gest
(DMs) B4 U MTX OEMBRTHS Y v F o iR
BirEe#E (DHFR) EETFOB#Er > 2, MERESD
TR AT - .

1. Mlapli-nE4~o¥D DMs #% L, tetraploid
DREARE AR LT 5 v b AIEEREK KYs21 &,
FO¥ T r/u—vT DMs by KYS21A3 &%
B L, Thfho MTX WS4 ERLL. @—o
MEAEEBRIINIA T, KY821 i3 2x107"M ¥ T, KY821
A3 12 2x107°M F T MTX BECH LTOMMEY
BB L %7

2. W MTX Wi#kci@iasic oo DMs 8 s
i L, %0 DMs #& DHFR #it ¥ L U DHFR
BEFHBEOMCREOHEMMAAD L. EbEE, n
situ hybridization & X ¥, #E Lz DHFR #&ET
DMs FitRETHZ EHFEH LI,

3. AERELEMMAETHS DMs - THIE Lz DHFR
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