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ABSTRACT

To determine whether the diphtheria toxin-A (DT) gene disrupts development of thymocytes in
transgenic animal, the DT-A gene was used for the production of transgenic mice directed by proximal
Ick promoter sequences. Two transgenic founder mice that contained several copies of transgene were
produced by DNA microinjection and integration of transgene in transgenic mice was confirmed by PCR
and Southern blotting analysis. Transgenic F; and F; mice were produced by outbreeding of founder and
Fi mice to investigate expression of transgene and phenotypes in transgneic mice. Expression of the
diphtheria toxin gene was confirmed in thymus, spleen and liver of transgenic mice by RT-PCR. In
circulating blood of transgenic mice, lower number of circulating white blood cells and platelets were
observed compared with that of normal mice. In addition, transgneic mice had reduced number of
circulating peripheral T-cells analyzed by FACS with anti-CD3 antibody. The data in these transgenic
mice indicate that DT gene can play a disruptive role in developing thymocytes of transgenic mice
resulted in lower number of T-cells that can be applicable to a wide range of tissues in other animals.
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8813 McCuneol| 2l& H22 Alge]ore] FA4:
ZA& o423} SCID-Hu A FAT7} ScienceX|
BEHAUDL olES AFE 6~8F%H9 SCID
miceol] P4 14~2359] AL glo} FAH g
18~23F9] 74%234& | mm’37)9) YA Z =t
SCID mice¥] kidney capsule o}gfjoll o]}t
I A3 50%2 AF A o) E FA5} 7ho] FAF
Ao wgste] FoFFo] Y@ wyy
N2 E HAolofa] ALY T celli} B cell &
7HE Zlo] ERIFEUY £ w2PYo T AL
o T cells} B cellg 712 Ao g &Ad9rh o] =
S8k AR 7 23& ARuEE glo] wol
9 A AHgAlA ol sl E & Ae A7 =
o7 AR F e A w7 (tissue cul-
ture machine)£41¢] HAAHEFEE o|&3EE
AZ7F AP ok A TAH o] %7 &(stem
cell culture technology) 1 €84, 443 FAA
g 2o AAHCE g2 B4 S mEA B
A8ty Qith 7F A7) 2 2H 9 TAXES B3
3 EEste gt Vlgo] &4 dEHI Q)
o AT 2F 02N 7537 e B
Y FZE JHAF sk 719 A AgFU
FT IR ZE 1 AQ] SAlY FHE el §l
ok AA W A B 2| ZA Y HE A
A2 MNEE 8o gFHL Sith
oJNAREZ] gE TES AE] A
= WA EH g R RO F nasle HAAYE
=5 Addke Aotk SPNTY xFo] 29d
= A7) s E 23] Eold ZETH
ol-&-ate] toxin KAz} & A Xl XA
o] BolFo g IHHLE 3l JAHNIFE

A2k A ~"lo] @3t} Diphtheria toxin sub-

2 N

1o mo i ot
i)

Notl

BamH1

unit A(DT) §4AE oln o8 71X ZZRES
o] &3 FARNINFNAM BojF oz 2o A
XE 393t A0 2 B 53 glrKPalmiter S,
1987; Lowell 5, 1993; Arase 5, 1999; Bartell %,
2000). DT-A+= IZSAH XA translatical elon-
gation factor-2(eEF-2)9} A3l Tz S
A gz AE AT YT vXE A2
2 BIHEY UrHVan Ness %, 1980). lck:= T-
cell lymphocyte®] W&7|7 Ft HAHUA T-
cell receptore] ATAGH Ao BA3= B
G# A UtHPerlmutter 5, 1993). proximal lek
promoter= ©]1] FAHZAF 9] AFA thymo-
cytes®] wa#HAe FHAE FHI}= o B
2 53 UcHGarvin F, 1990; Allen %, 1992).

B AFdME H9ZEEA Y e 4% )
Z Y2 2 proximal Ick promoteret DTo) 4§
A5 FE3te] YAARYFHAE YNNI FI L Fy
A7E 8o FAHSEF ] HIH LA Diph-
teria toxin®o] T&@ X o] mature T-cello] HAH=H=
s EAsA

I. Mz ¥ 2y

1. Transgene Cloning
Diphtheria Toxin-A(DT-A) gene< PKODT vec-

tor(lexicon corp.)¢t2] DT gene2 PCRE Ath
AHEE primers o3 2tk

PKODT F5'-CTAGCGGATCCTTCAGGA TC TG
CGACCTGCAG-3' (forward)

PKODTRS-TAGCAGGATCCTCTCTGTAGGT
AGTTTGTCCA-3' (reverse)

dojZ DT geneg oW 7HE03 32 kb Ick

BamH1 Xhol

proximal Lck promoter

DT-A SV40 polyA

3.2 kb

«—

—

<~ 0.7 kb

—

Fig. 1. A schematic diagram ofthe 4.4 kb Lck-DT-A transgene construct used for microinjection. This

construct consists of Ick proximal promoter,

SV40 (intron and polyadenylation signal).

diphtheria toxin-A subunit gene (DT-A) and
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promoter?} pgk polyA Ale|o] BamHI sitedl
cloning&}e] Ick promoter-DT gene-pgk polyA tr-
ansgene-2 $HA1 3t chFig. 1). DT gene cloning
912 BamHI ©. 2 DT gene (insert)S 2138} t}
T3 sequencingd] 93 FIIMEE B
mutationo] 1= A& FAsHh

2. YEMEMF| O Mo Gl AlE

in vivooll Al Ick promoterE- o]£3}<] DT geneo]
AGH A oADA &E3t=AE dotr 7] A3t
o] transgenic moused AAHEF ) ojm] TH3dE
Ick promoter-DT DNAE A A8} microinjection
2 5Tt AdEaL Notlzk XholE &,
4.4kbe] Ick promoter-DT gene-polyAE gelol| A
223t} DNA microinjection® 0.2 $2Z 3] mi-
croinjectione A A 3tETE A FH AT DNA v
AFYE AslM = FVB o] PMSGe HCGE ©]
£33 Fu P FESIAT medumO 2= CZB
meium3} Herpes medium& A& J el A g
A injection pipetteE A YA H DNALHAL
FYUAIA o] %7t REEE 819 injectiond
FRHUT. DNAZH $98 $42L 22 g
2 AF e Aoz o)Arh

Hold M7IE of 3F Fo me 23 IR E
Ze} proteinase KZ digestiond}e] genomic DNA
g FE9 oS o]y {AR specific primers o] £
3t PCR W02 o] {-HAt9 sequenced 7t
A3 J=7tg AARIE S PCR §He-2 0.5ul¢]
Taq DNA polymerase (Takara Corp.)& ©|&3}4
1.5mM MgCly,, 0.2mM dNTP, 0.8mM primers 2
oF 0.1 uge] Z2] DNAZ 419 50ul9] Hkg-9o] 5
T E 39tk PCR ZALEE 30 cyclesS A3}
A 95°CAA 1 &, 60°Col A 1 &, 72°Coll A
1 &9 cycleo] & &3ich

Southérn blottingS | A= <F 10uge] geno-
mic DNAE BamHI® 2 digestionA]Z] Th& 0.9%
agarose gelolA A719FAIZ] & denaturation
buffer(1.5M NaCl, 0.5M NaOH)ol| A4 30&7F de-
natureZ A]7|X neutralization buffer (0.5M Tris,
pH 7.4, 1.5M NaClellA 3082+ F3}A17] v

nylon memebrane® Z gel stackingoll <3 over
night transferd} S th. hybrydization 0.7 kb DT-A
2ol o]23}e] randon labeling kitoll ©]3] P
dCTPZ labeling® probe-g TH=$13L hybridization
L A7 F 2xSSC/ 0.1% SDS &AL o] &3}y
65 Co A washingdt th2 X-ray filmo] =EA)A
signal & detectiond} % o}

3. RT-PCR

ARAZAYF A DT geneo] 23 Folxog
=AE #Q1st7] 9184 RT-PCRE 5383}
FAABAF G ZIAAE FAAA thy-
mus, spleen, livero|A] Z}z} RNAS F&31¢t)
RNAE Trizol(Life Technologies Inc)S A}-2-3le]
283597 289 total RNAE reverse transcri-
ptase superscript II(Life Technologies Inc)$} poly-
dT oligo primerE& ARE-3leg 42T oA F 408 7F
vjkste] cDNAE SE3t3ch dolzl cDNAE
ZZ35}17] $)8)4] PKODTFS} PKODTR primersE
ARE-slgith RT-PCRE  0.5umol®] primers, 2mM
MgCl,, 0.2mM dNTP, 1.25U Gibco Taq poly-
merase II (Life Technologies)E ©]-&-3}a] 95°Ce)
4] 587+9] a denaturation step3} Zo]o] 94°Col| A
302, 60°CollA] 302 T 72°CoAM 189 A2
Z 30 cycleS HAISIE T $Z2H AEE 2% ag-
arose gelol X H719%5-& AAISte Qs

4. GMUEM T Flow Cytometric 24

FAAEANFA Y o o Wt A=A
E &%) AF FAA[AAYG FFAFNA
A5 H#3 § Coulter counterg ©]-&-3t] 48
T, HEE, g4, AEIER 5o 8 B8
Aok

T FAASYF ] Ao A mature T-cell]
7h5 o B 39lg 948 anti-CD3 FITC antibodyE
o]-4-3le] FACS ¥A& Aalstgth. FACS me-
dium(PBS, 2% fetal calf serum and 0.01% NaN;)-&
ALEsle] ool Cell suspensione 3P
Flow cytometry:= FACScan3} CellQuest software
g ©]£§ Caliburg A}E8ta] AA AT
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1. Transgenic Mouse 244t 3! Transgene2| U8
B A7 ME in vivod A Ick promoterE: o]&
&te] DT geneo] WA ZoA o ®A 23817
g Zolur] {3t FAAGAFHE kst
oln] 723} Ick promoter-DT DNA(Fig. )& A A
F 207y o
o}z AkR+Z DT gene primerZ PCR screening &
A3} o4 2ube] o] ABF A positive bandE 3¢
392, o8 vA AEAE] H8] DT genes
probeE A}&3hed Southern blotting g 43§ 3+ A3}
2 vlej(151, 156) FAAFAF7E DT genes 71
AAYE FAATHFig. 2). olHFHAE copy
FE o 2~3 copy/t BAAE ZoE ALY

3t microinjections 3§ 8t R 37

M + - 1 2 34 5 6

+ - 151 156

Fig. 2. PCR and Southern blot analysis of
transgenic lines. A: PCR screening, with
PKODTF as the forward primer and
PKODTR as the reverse primer. Ne-
gative controls with water and wild-type
mouse DNA were used to ensure that the
PCR reaction was not contaminated. B:
Southern blot analysis of the transgenic
mouse no. 151, 156. BamHI-digested
genomic DNA probed with the DT-A
gene probe. Normal mouse DNA diges-
ted with BamHI as a negative control.

&= DT signal

Fig. 3. Analysis of DT-A gene expression in
transgenic mice by RT-PCR. Repre-
sentative results obtained from trans-
genic mouse (TG) and non transgenic
littermate (NT) are shown. RNA was
extracted from thymus (Th), spleen (Sp)
and liver (Li).

Fi, By A 744 W4]-& 28 atgi=ul founder A3
£ outbreedingA|A A7) 9] A& A A4 o
50%2] olYFHAE F line EFoNA Fold A
s 202 vehg

FAAZRAFANA DT geneo] 7 SolHo=
t‘a‘?ﬁﬂ% AE sl fsiA £HA RNAE
%% ¥ RT-PCRE F¥33ch FAA/AFS
A o] thymus, spleen, liver £2)-& E2|§ &
total RNAE Trizol & AM23te] &3 L poly
(dT) primer®} DT Eo]4 primerE ©]4£3}of RT-
PCR 3 Z3} FAHIAAYFS thymus, spleen,
liverel A DT gene?] 28-& &lg ¢ S thFig.
3). AASH ¢ thymus, spleen, liver 222 7}
2 zol= gl Ao FeHrh
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Table 1. Peripheral blood analysis

. Red Blood Cells White Blood Cells Platelets .
Mice . 5 3 Hemoglobin (g/dl)
(x107/ul) (x107/ul) (x10°/ul)
Wild-type 566+21.90 42+1.79° 138+5.48 8.8+0.657
DT-A Tg 456+13.79 18+1.59° 474436 8.1+0.584

Data represent the mean SD of five animals in each group.

® Different superscripts within column differ tatistically significantly(p<0.001).

WT TG
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ATV Y
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1wl wed e e w et w1t ae?
FL1Height FL1-Height

=

CD3
Fig. 4. FACS analysis of lymphocytes from
wild-type and DT-A Tg mice. Immunofl-
uorescence staining of with lymphoid cells
(blood) phycoerythrin-conjugated CD*".

3} = ATHFig 4). FAHEAAE oF 85
Fo] A ¥ FHAE S8 A ZAAF
Hlsl oF 15%9] AFo] € Wie As 498 5
AT BHDBAYF Y )9 72 phenotypeo] o
Aol e AEEHEA dg dgstr] AsiA
F, AITh74A) breeding A A3t F, €A AgARH
o B4g w43 A3 B ] Azt Fast
€ 22 4% Yehidth

tlo

i
-

. 1

Ml

2 dFdMe FEAFAHANA EAHHoE
T-cello] AAZ QA=A o
o7 22 71 SE3y
NErate] o] Holdle AE % 2 YS7(in
vivo cell and tissue culture incubator)® £-8-3}%
= 712 485 AAsT ol ARAAREE Ik
promoter sequence$} DT gene2 o] &34 &
AZAFE AArste] AGA XY A& ZALES
FAZAEAF A A DT 27 FAEEA W

A X9 W ool gl AL=E FMFHUC

DT §3A & oln] JAASAGHAN 54 A2
U 228 AAS=Y EEH02 oJ&HI =
t)(Arase &, 1999; Bartell =, 2000), DT 9] toxicity
7} 733}7] W el o] A H-d 249 leakingol og #
Ae-E dastatr] faiMe 245013 promoter
F Agste o] gafof gt & AT o]
3.2kb Ick promoters= tymusoA] o] FHAE
SolHo g LAAMFIL HEF spleeno|rt FAf
T-cellf M & dAE FE3HE 202 484
(Wildin 5, 1995). & A9 FAMSAYFNME
thymus, spleen @ liverol A DT geneo] 2=
A ALZ RT-PCR A3 g2ldo] 3l 3l
= T-cellfA 2@ o5 ZAN A=
Ao Z FAEAY £ g oA 979 g
= mature T-celle] ZFaof 9J&) 7]¢eid Ao=w &=
AHEY 1 9 2% 59 F£71 vold Ao o
M E Fge 7172 & 7 1oy mature T-cell
9] AR I3 BE AEESY EFx IS
3 Aoz A"tk CD3+= T-cell antigen re-
ceptor= 4 immature T-cellof M= THH =] &3
g2 T-cellA] =4 ddE= A0 CD3 anti-
bodyE ©]-&3te] FAARNAY T-cellS HAbst
S W o}F YA UElKFig. 4) mature T-cello]
Ao EAEA &g AT F Ak ol
mature T-cello]] A proximal Ick promoter?] trans-
gene YPZHL THE A7 AHAYE UA3=
Ao 2 Vel tiGarvin =, 1990; Allen =, 1992;
Wildin £, 1995).
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ol A&EHo 2 BHAA HANET}
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= BAFI Q1o JHAHFTEANN UE X234
EA DT geneo] @ =]o] 7[et 2Ho] G
FAYG Ee dite 5R2HE FEAHLER I
e A7 vebd £ Aok 1822 DT /4
S 0] 23 W= promoterd] Z3 Eo|A7} Wy
Z3 24o] 223 Ao g Alg ¥t} Thymidine

kinase(TK) gene L3+ & AAJAFH oA HIH X
£ AAs7] 98 ol-&H A= (Hyman 5, 1989),
E3] gancyclovirE 228t} TK geneo] A EHE
HAAZE glolle WHEOE A¥Fe R HYHY
FE2L ANY ¢ e =AF F(contriolled
induction) systemT LU o] AR
tissue-specific promoterE AFE-3)| oF3} 1 gancyclo-
virg R YoM BT + Y= FAE) hT
A7F B3t
2 7ol 448 1k DT $FABAE

%] apomyoglobin(APO)°]1} M. tuberculosis €]
92 FAse A9284 J=E 2AHTA
o aeEE ¥ a7t $HEE kDT 208
WA e T-cell AP 8 WAAYA B4
ARE WA Ho} & Aol Wel AU 2%

st oii' -lN'

ok Z& FYFEY o5 WYL BAHY
FES AT U S48 & AS 02 AR
Ak

V.2 o

Eodrs AR Ul Ax 2 ZAME7IEAY
HAgAYEEE NLE 5ZOZ proximal lck
promoter 9} DT-AFHAE o] &-3te] FHAHIYH
g yusgT 9ARBAAS W7 el A Di
phteria toxin®] @@ Hof T-celle] ZHH=AE &
A8t

Z o} 2ula]e] HAMEAYHE PCRF South-
ern blotting ©. 2 #43ted A ow, o] FHx}e
copyFE 2k 2~3 copy7t BEE Ao FUHN
t}. FAAEMEF thymus, spleen, liver 24 &
23 ¥+ total RNAE FZ3ko] poly(dT) primer
¢} DT Eo}3 primerE ©]-&3}led RT-PCR 38 2
I FAAGANF 9] thymus, spleen, livero| 4 DT

a

geneo] BHHI e Ag &AL
AAGF S olE 24 Uﬂ DT ?ﬂ}‘_%toﬂ
AolE fle ALE FAHN
FAARYA ] oM Z—‘]@'TL, " Ea

, IEFEN Fo] AT daHUL &
Wy Lol PAago £/ AA ZAH e
o2 veyt =3 FAAEEAY E9&
CD3 antibodyE ©]-&-3t FACS 45 dAjstd
FAARAAY Y F T-cello] 7} vF 4R
E FoE s 89% F AU+

E AfoM e 1ck-DT F2ASNFHANA DT &
Axte] ddo] % T-cell 2P L FEF F Y&
A0 E Uehd o] & wtEo g HAE o &T A
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o I3 uu%m YAADTES AT &
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