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Several gene delivery therapies are being developed for treatment of serum protein deficiency. EPO is one of the most
promising therapeutic agent for this treatment which is currently being investigated in depth. This study has the ultimate
purpose of improving the gene delivery system for an increase of red blood cell production. A plasmid DNA was constructed
smaller than other plasmids for an increase in penetration into animal cells, and two genes were cloned into each vector as
a co-delivery system to express erythropoietin, and interluekin-3 or thrombopoietin, which can act on erythroid cell, thus
activating hematopoiesis synergically. This co-delivery system has an advantage of decreasing the labour required for
industrial production of DNA vaccine. A new plasmid vector, pVAC, in size 2.9 kb, was constructed with the essential parts
from PUC 19 and pSectagB, which is much smaller than other plasmid vector and is the size of 2.9 kb. Co-delivery system
was constituted by cloning human erythropoietin with each of human interluekin-3 gene or human thrombopoietin gene into
both pVAC and pSectagB. As a result, the transfection efficiency of pVAC was higer than that of pSectagB in vitro, and
hematocrit level of the mice injected with pVAC is higher than that of other mice. And co-delivery system, made of several

plasmid DNAs, was expressed in vitro.

Key Words : DNA vaccine, plasmid DNA, human erythropoietin (hEPO), human interleukin3 (hlL-3),
human trombopoietin (hTPO), in vitro transfection, in vivo, hematocrit
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oJTHa). o W 1d ol4e 71 B AR} Arkm
BaEs gAT FAHo) Bt ujgo] Bo Ert. ofd
H}3) naked plasmid vectori} viral vectoro] Y3t FAAE
4915t Aol AR FRhe in vivo A2 HEHA A
APstn NgFHFPo] wew e BHF o]
vivo transfer® 9184 Ew}21p)j= DNA vector, replication-
defective adenovirus vector9} adeno-associated virus vector
o A&

) E A9 DNA delivery system?] viral vectorZ ©]&-§
we Ady Wi e ANE Holv AL BWIith
aEy 54 24, AE 346 A, DNA 28 59
37, AWolA] virus production®} package A 1|1 F
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2 Hg 59 @d¥e Yz Ut o Wi Fekir
DNA el E43 @9 dhgo] o ¢4, 47
A9 7HEE] wEs v 87, BAdA T4 &olA,
ER 29 zo Ao FRHA HE T FHE 7HA
T 9Tk 1990 Wolff 180 o3 ZSFAlE E@an]
= DNA7} skeletal myocyted] HEs)A 19749 T Id
He AL B33 oldE B dFdA ot HeR
Aol o] R FTH(S-T). '

Plasmid DNA delivery system2 3t gene delivery
therapyoll 1olA F7hA] sjAsfjol & He W A&
A& Ao|HA Qe ol gened Wd T F e A
A z"e) folgta ¥ £ kD).

Naked plasmid DNA delivery systemo] UolA FH=
DNAS] 90% o]ido] AX e Yoz HLHA Ri=
g Ag FLL AFIE FESor € AR & F
t}h. o]AL AXs7) 93] WA DNAZL MgdEe AL
13T 4 Uth DNAZF R A A7A AgHe FF2
A A dAZ JUE 4 Y 4 g 24 5 de
BA A vectord] 729 FY W MR HAs=
d77F "8 FolH®).

F2AHQ ¥e B o MEE uptakeS Fo] 37| 94
WE] A}o]2E FA &t viral nuclear localization signal
(NLS)T F4 gz g @dFESE 3|4 nuclear targeting
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¥} 0] ©}(10). Electroporation®} )0 Hyaluronidase9} 22
cell extracellular matrixE ¢F8}A| 7= E 23} plasmid DNA
2 3 FAbete WHE d7HI AThdl). X, DNA7VE
olAgE AelE G387 ¢35 polyethylene glycol (PEG),
polyvinyl pyrrolidone (PVP), poly (lactide- co-glycolide)
matrix®} Z+-& non-ionic polymer carrier, }:+= pluronics L61
1} F127 5 7}A 9] poloxamer combinations AM-E-3te] &
A X9 plasmid DNA uptake &S ZF7FA7IAWIL, 12),
DEAE-dextran, calcium phosphate, dendrimer 322 H3le
& At A #F F& Ao FUHE F AT,
1 Yol adjwvantE o] &HA EFHE FHANZ F U3,
= MY geneolyt &L EF il F o] geneE vectorE
FA5= combining DNA vaccine® FHIT 77 83
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A FYU3E T, T4 DNA ligaser NEBo|A T YAt
vent DNA polymeraseZ H]|£3 PCR #d A]eh-2 NEBo| A
7939t PCR primer AZE 3 DNA T
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purification kit A2 28 A&3ATH FEAE Fe 943
Fetal Bovine Serum (FBS)Z Dulbecco’s Modified Eagle
Medium (DMEM)& Gibco BRL. A &£, in vitro transfection
& QIAGEN® Effectine™ trasfection kit& A}83}$lth. EPO
9} IL-3 ELISA ¥4& 984+ Roche human EPO ELISA
kit®} BD Biosciences2] BD OptEIA ELISA setg& AH&3}9
ot 1 de] g2 EE AYe B4 FIFo)y 15Fe=

TH3 A ARSI

Mice and Cell line

DNA vaccine vector® U|ZFo 2 A7] 93] AL #F
= DH5aE o] &3l Invitrogeno] A T U3tF ). in vitro
AL 9] AFEE NIH-3T3 (mouse fibroblast)$} COS-7
(monkey kidney) cell line 3+ AMEF2PqA TY8H
th. in vivo Aol A3l micer 55FH 9 female BALB/c
2 ANgUgty FEASFAA FU}L 2 XM BH#
A APt

Animal cell culture

FEAEQ NIH-3T39 COS-7-& Dulbecco’s modified
Eagle’s medium (DMEM) with 10% (v/v) heat-inactivated
fetal calf serumol A At WHoz 71T WA seed
£ DMEM ujA7} Eoj3le 3 79| plated] HEF st 5%
CO; - 95% airZ2 FAHIL Ye CO, HA7NA 37CE
uj A Z T AME7} plate EHE 80% o] B3 FEi7A
ZA2A = cell scraper2 Folo] Afulde At 2E
44 sl

Table 1. Sense and anti-sense primers for PCR reaction

5'.. AAAAAAAAAAGCTTGGGGTGCACGAA
sense LHindmm-
TGTCCTGCC ..3(35)
hEPO
. |5"..AAAAAAAATCTAGATCATCTGTCCCC
antl LXba -
SEISE | TGTCCTGCAGGC ..3°(38)
5. TTTTTTTGGTACCGATCCAAACATGAGC
sense LKpn -
- CGCCTGCCC...3'(37)
. |5 TTTTTTTTCTAGACTAAAAGATCGCGAG
antt Cxba 1-
“sense GCT..3'(31)
5. TTTTTTTTTAAGCTTAGAGGGGCTGCCT
sense LHind -
GCTGTGCA..3"(36)
PO
. |5 . TTTTTTTTTTICTAGAGATGTCGGCAGG
anti - ]
sense Xba |
A CAGTGTCTGAGA..3°(36)
5. TTTTTTTTTTAGATCTCGATGTACGGGC
sense LBgi 11~
promoter CAGAT..3°(33)
-msert
terminator| o |9 -~ TTTTTITTAGATCTICCCCAGCATGCCT
-sense \_Bgl I -
GCT..3'(33)
N sense |5".. AAATTAATACGACTCACTAT...3"(20)
or
sequencing ;‘;‘;e 5"..CAAATTTGGGCGACTAGTCG...3°(20)

pVAC-hEPOZ2} pSectagB-hEPO2} H|=x

2} vectord] E90J7F B9 HAX = single strand DNAE
hybridizationA] 71 ¥ ligation A|ZAth. &Eet2w| = p64T-hEPO
£ templateZ 3} hEPO®] coding sequence F-#-5 A3k
primer(Table 1)& ©]&-3}a] polymerase chain reaction (PCR)
£ 33 FFstdh

p64T-hEPOS PCRE %3] 59| Hindll 914591, 379
Xbal 14597} ¥39 hEPOE A 239 %, o] DNAS
A aL Hindll/Xbal X 2dte] % Toho] =AU PCR
product® AU}t FgpAu|= pVACH pSectagBE A3t A
4 HindIll/Xbal 2 A& g & QoA €4& PCR products}
ligation ¥+-¢& Z3)] pVAC-hEPOS Azsgrt Ax8 =
g}2ul= pVAC-hEPOS} pSectagB-hEPOE  competent cell
(E.coli DH5a)9)] transformation3t % miniprepS E3] <2
DNAE AtEA A9l ZHA3$ primer(Table 1)& o] 83
sequencing . 2 &1} ot

pVAC-hIL32} pSectagB-hiL3g| A=

A2 wHAle 919 pVAC-hEPO9} pSectagB-hEPOS] ¥4
B 2493t ZaAnz pGEMT-IL3E templateZ 3}¢]
hIL-3¢] coding sequence ¥-&-S Z A3 primer(Table 1)E
o] &34 PCRE T3 ZZ3 ]l

pGEMT-hIL3E PCRE E3 5] KpnlSlaR9E, 379
Xbal <UAR-97 T3 hL-3E AZ3YL, ©] DNAE
Agai Kpnl/Xbal Hsted & wtro] ZA PCR
product® At} FA0|E pSectagBY} pVACE A 3HE 4
KpnI/Xbal 2 g3 T 9o && PCR productdt
ligation ¥H3-S %3] pVAC-hIL39} pSectagB-hIL3E Z47 A
Z3tHh o8t DNA 5747 1AL pVAC-hEPOS]
Wia s

pVAC-hTPO2} pSectagB-hTPO2| A=

Az B4 99l pVAC-hEPOS} pSectagB-hEPOS] 4]
3 Fdsic}. Zgliv|= pT7-hTPOE templateE 31§11,
PCRE Fa 5o Hind MRIAF-HE, 30 Xbal Q442
b xgd hTPOE Azdch Fekeml= pVACH
pSectagBE 7tz A A A Hindll/Xbal 2 A3 T 9o
Al & PCR product$} ligation B3-S Ea pVAC-hIL3%}
pSectagB-hIL3E 27} A|=3}¢itt. |3 DNA FE313+#
134 & pVAC-HEPOS] 3 Fsio

pVAC-hEPO-hIL32} pSectagB-hEPO-hIL32] A|Z=

YA wHEo]A pSectagB-hl.39] A promoter-hIl.3-terminator
& ¥ @sle DNA 27IE PCRE T3 &7 9% IE$
primer(Table 1)E AZ3t4th. ©] primerE ©]-&% PCRE F
3 FEo] Bglld Alstasd A& 7HAe AY 245 A
Zstgct. 282 pVAC-hEPOE Bgll 2 A|§FEA HEF o
$o] Al =73} ligationsle] pVAC-hEPO-hIL3$} pSectagB-
hEPO-hIL3E #2319t A28 plasmid DNAE Bglll£ A
as st =72 g9lsky, PCRS E3) hEPO, hiL-3
o] EAE U3
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pVAC-hEPO-hTPO%} pSectagB-hEPO-hTPO2Q| H|=

99] pVAC-hEPO-hIL39] Az w3 FUsjc) pSectagB-
hTPOE templateZ AME-&t 1 A3 primer, 2427t FE
o A FEa an H5HPR AALRFL pVACHEPO-
hiL3e] w9 Fdsict

in vitro assay

S 2 A ¥ NIH-3T3$ COS-7E2 6-well platest| 7|t wl %3t
% ransfectiond 3 AAI wE9l 2x10° cells/mlo] =
W7t A W st WA HA ] transfecion £ A7)
98] pCMV-GFP (Green Fluorescence Protein)S ©]-83}<
AHEL AAxsdTh 05 pug/de] pCMV-GFPE X 3tal=
TEZ %48 th=274 3o transfectionr) ZTF. DNAS] F& 7}
z} 0.4/1/2/4/8 pgoll 231 DNA-condensation buffers 7}3f
By7t 100 oo} HA 3 H enhancer 8 pbE Wi 127
vortexing3t Atk oA o 5E-7F ¥EEAIZ] & 10 49
effectene transfection reagentS ¥ ¢F 10%3} vortexings}
31087 AedA WeART ol FEHEA A
9+ 6-well plateZ PBSE 4|23t 7} wello] DMEM Hj
2] 1.6 mE 2ol ZHgth 99 DNAEfe] DMEM ¥
2 0.6 mlE 715t o] A& 7} welld] ZALHA HoAF
S)t}. transfection 24A]7F Z.oll NIKON TE300 Fluorescence
MicroscopeS 53] GFP) @i AT E BAstYTh

gl Aeln BAW HAsh 2o gl 7 Fehan)
= DNA 2 pg< mansfection A]7| 1 24X 7 Zo} AF A
3] hEPOS} hIL-3 ELISAE Z+Zte] protocolo] 24 AJ3)
sl WAFS 2T

in vivo assay

27te] Eejav]= DNAY $E7} 05 gt HES
PBSY] o] Zu)ggth a8l 4 E#An= DNA 100
1g& 637 female Balb/c®] tribialis anterior (TH ¥ 450l
28FAslL 153 Zo)) orbital venipuncture (SH3EWE)-S
& AdsHnt A¥E A mA B Hol FEHE 7
3l & Hawksley Micro-hematocrit Centrifuge® 10,000 rpm¢]
A 587 94823 & Hawksley Micro-hematocrit Reader
2 hematocrit& Z4 3851tk hEPO ELISAE @98 A2
A ok 3087 FolE ¥ 12,000 rpmol A 1087 4R
3o serumS 22 F AAEHTH

2 1

Transfection =& 35}

Blue monkey?] kidney cell line§! COS 73 mouse2]
fibroblast cell lineQ] NIH 3T3& o]&3] pVAC-hEPOS}
pSectagB-hEPO 9} in vitroo 49| 2HHS At HAtt. o]
%A transfection =79 HA3LE 943 DNA FE7F 05
vgluhQl pCMV-GFPE o| 83| Z2l2u|= DNAY & ®
FA7184 GFPY WHAHEE NIKON TE300 Fluorescence
Microscope 2 #aatgrh. Z#2uj= DNAVE A2 IF
sle] 4 ¥ A3 DNA o] 2~4 pgY W GFPY & o]
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A w7 dehte Ag #dsd

in vitro assay

HA 9 AHAHs xel wek pVAC, pVAC-hEPO,
pSectagB-hEPO DNA 2.0 pug& NIH-3T3¢} COS-7 A3
transfection3} T} 24A]7F ¥ EPO ELISAE 4 A}SHY]
hEPO & & H w3t 4ith

BamH1
/

CMV promoter

—

AP

Hind Iit

pVAC-hEPO-hIL3

ColE1 origin 5.0kb Xba1
BGHpoly:
Bgl Il T Bgll
BGH polyA
Xbal / 8 CMV promoter
hiL-3 Kpn |
Bglll
APr CMV promoter
hiL-3
ColE1 origin &/ ~ BGH polyA
__Bglll
pSectagB-hEPO-hIL3
7.2ko CMV promote

SV40 polyA
" Hind Il
Zeocin R hEPO
SV40 promoter " Xbal
BGHpolyA

Figure 1. Schematic illustration of pVAC-hEPO-hIL3 and pSectagB-
hEPO-hIL3.

pVAC-hEPO9] EPO & o] pSectagB-hEPOXE.TH COS-7
ol A= 2ul(Fig. 2(2)), NIH-3T30] 7% 4uf(Fig. 2(b)) =4
usith Zetxvis dEHrE 549 FAL4AE JHAEA
2 ko] transfection®] Q& W A FEo] uptakedH = HES
7 ZANATR F/HAZ ¢ Jvs AES Wit

2 olgd A#sl @ Wede F o) o] gened
AdEld = A7)0l o AfrF doermz FHolof A
co-delivery system= TA13}7] 9§ Zg4v]= DNAC
234 A2 4+ IS AoeE Adsigr

T3 43d Az NIH-3T39 4] @@ o] COS-744 9
ABT o] A WAL & @45 41T £ UdT 2
o]+ NIH-3T37} fibroblast cell line®Z cell 2]F-¢
cellular matrix FZ7} kidney cell line?l COS 7o) Hj&] A
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Figure 2. (@) Level of hEPO secretion after trasnfection into COS-7 cells
with plasmid DNAs (b) Level of hEPO secretion after trasnfection into
NIH-3T3 cells with plasmid DNAs (c) Level of hEPO secretion after
trasnfection into COS-7 cells with plasmid DNAs; A:pVAC-hEPO,
B:pSectagB-hEPO, C:pVAC-hEPO + pVAC-hIL3, D:pVAC-hEPO +
pVAC-hTPO. E:pSectagB-hEPO + pSectagB-hlL3, F:pSectagB-hEPO +
pSectagB-hTPO, G:pSectagB-hEPO-hiL.3 and H:pSectagB-hEPO-hTPO.

FHAE pVAC-HEPOS] pVAC-hIL39} pVAC-HTPOS 7z}
£3)3}137, pSectagB-hEPO®)| pSectagB-hIL39} pSectagB- hTPO
£ 77 E%3 DNA &3}  pSectagB-hEPO-hIL3%}
pSectagB-hEPO-hTPOE  COS-7¢]  transfectiondt % EPO
ELISAZ A3 27 919 §9% ZFe 7IAe 238
Ag 4 UslchFig. 2(c). hEPO7F E3g Zatsn|=e o
£ ZgAv=E EFE FSolE hEPOY Zdde FFE

A gette A& & F A, pSectagB-hEPOC] X35

&40 2E transfectiond}] & EPOY %S 100%E
Bgh& W pVAC-hEPOO| EHE A¢ 192~200%3HF o
#3}913L, pSectagB-hEPO-hIL3$} pSectagB- hEPO-hTPOS] 73
S-olle 68~70%4rE HAHYT. o] A WEle] AU}
F71gel we) transfection?] &&o] FTHAFHE AAE A
geg 4 dE ol F A o] #AAE AMES
o AR &35 blehs 399 oA Wy F A4S I
WtEo] &3 (mixed delivery system)3le] ALE3tRE HE &
+2 Z7MAYE Al dEH AzFge] FrlEHe A9
A9 W §F Ao FHAE AY (co-delivery system)s}e]
AgEez e AZFTFS Zo)e A A 58] Za
He A% 5 F /A A5E 2EE 480t stk

rr 4y

N W N
S S IS)

IL-3 (ng/ml)

o

Figure 3. 15 Level of hIL-3 secretion after trasnfection into COS-7
cells with plasmid DNAs; A:pVAC-hIL3, B:pSectagB-hIL3,
C:pVAC-hEPO + pVAC-hIL3, D:pSectagB-hEPO + pSectagB-hIL.3 and
E:pSectagB-hEPO-hIL3.

ol@ 8t AL in vitro transfectionol] ©]§+ hIL-39] W3]
SHANE FYG AAE FAstArFig. 3). pVAC-HIL3Z
pSectagB-hIL3E ¥ atgl& o hiL-39] ¥ zFo] pVAC-HIL3
o] AL} 167% kil pSectagB-hEPO-hIL3-S- transfectiond}

< 7§ pSectagB-hIL3¢] 40%7+E9] hIL-3E 3
o}, Z18]3 pVAC-hEPOS} pSectagB-hEPOE E3le S0
T IR ZEglol hil-37 FdE At

in vivo assay

A A2 AZH pVAC/H 71&9] pSectagBel ®is] A
2o fAA AL HeH ALH FHA Z, hEPO ¢
3 AT A ZI7ME invivo AP0 E BFEFYTH

pVAC-hEPO$} pSectagB-hEPO 100 pg& %ol 1330
cardiotoxino] A3 2o H 6% female BALB/c 217 3n)
2]9] UlEAFZ (ribialis anteriono] T&FEANEII 13 &
o] <t3lA =R (orbital venipuncture) B2l o Z 83t}
Ady e mA#A Yol hematocritS AP,
serumAte] EPO W3 & ELISAE 3] 2339

serumAte] hEPO®] SF2 plasmid DNA FEoAe] 20
mlU/ml& -2 3tE Zlo] pVAC-hEPOE Fo3d AL oF 90
mlU/mlZ, pSectagB-hEPOE Foid 72 oF 50 mlUmlZ
F718t o B43A g2 AL wFol gtk ol#g
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At Baans deel #1485 s Aol A
g3t 1 FAAY dAds #Aadd £ dx, A9 i
vitro transfection®] A @ojx 9} Fo] pVACE gene delivery
ol pSectagBR T $43T FAAS) Wl FFE 7
Ae A& dFert

Hematocrit’™= pVAC-hEPO7} & E A& 44%9 A 58% 2
32% Z7}8F93L, pSectagB-hEPO7} S£® AL 46%0l A
54%2 17% Z7VetQthFig. 4). ol ARz E o)
human EPO$} murine EPO2] genome /32| homology”7} 80%
Azolnz Ay Zt&v|= DNA9 9osf wEE hEPO
7} mouse AuUjolA HEF Kyibd] slddgdm, pVACH]
pSectagBE.T} T 4% HAE FEY& /M4 Joes HE
< U
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Figure 4. (a) Level of hEPO secretion after intramuscular injection with
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