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Virus-like Particles Containing Cytokine Plasmid DNA
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ABSTRACT-Human papillomavirus (HPV) infection is known to cause cervical cancers. Human papillomavirus-like par-
ticles (VLP) have been studied as preventive vaccines of cervical cancers. To develop VLP as a therapeutic gene carrier, we
studied the method to encapsulate cytokine genes in virus-like particles. HPV type 16 capsid L1 genes were amplified by
polymerase chain reaction and cloned into T vector. L1 gene was then inserted into baculovirus transfer vector. The clone
of baculovirus encoding L1 gene was isolated and used to express L1 protein in Sf 21 insect cells. VLP were purified by
CsCl density gradient and ultracentrifugation. VLP were disassembled to capsomer units by treatment of a reducing agent.
Given that interleukin-2 (IL-2) genes have been used in anticancer gene therapy and as a molecular adjuvant, IL-2 cytokine
plasmids were chosen as a model gene. IL-2 plasmids were incubated with the disassembled capsomer suspension. To reas-
semble the particles, the mixture of capsomers and cytokine plasmids was dialyzed. The disassembly and reassembly of VLP
were confirmed by transmission electron microscopy. The entrapment of cytokine plasmids in reassembled VLP was tested
by the stability of plasmids against DNase 1. After treatment of reassembled virus-like particles with DNase I, discrete IL-
2 DNA band was observed. Our results indicate that IL-2 cytokine plasmid (3.5 kb size) can be encapsulated in the virus-
like particles, suggesting the potential of VLP as a gene delivery system. Moreover, VLP containing the adjuvant cytokine
plasmids might function as more effective subunit vaccines.
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Figure 1-Immunoblot of VLP L1 proteins.

After ultracentrifugation, each fraction (0.5 ml) was sequentially ob-
tained. The fractions containing VLP L1 proteins were identified by
immunoblots using a mouse monoclonal CamVir antibody and an
anti-mouse IgG antibody conjugated with alkaline phosphatase.
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Figure 2—Construction scheme of pVAX/IL-2 plasmids.

IL-2 gene was cut from pCIneoIL-2 using Nhe I and Bam HI re-
striction enzymes and inserted into the pVAX1 vector, in which the
IL-2 gene expression was under the control of the CMV promoter.
The plasmid DNA was amplified using Escherichia coli DH5o and
purified using the Qiagen Giga Prep kit

71 E(Qiagen Mega Prep kit, QiagenthE ©]&3t] 47|
PHAS NFFOZHE pVAX/IL-2 SBRAHE DNAE £
g - ZA s

IL-2 #4827 pVAX HE Y2 AY=EREA 8RlEp)
sl g7l B2 - FAE pVAX/IL-2 S22~ E DNA
S FYOo=E 3L pVAX HEY F7IXE 668-689H L
786-80881 915 ZH Bolx o oldshe A& Zjoln
XY 5-acgactcactatagggagacce-3)9} QHEMA Eeto|w (M
5'-caactagaaggcacagtcgagg-3)S o835l THEL ARk
& AAEIEY. PCR 532 94°ColM 587 wAAR &
95°CollA 40, 56°ColA 303, 72°ColA 30%2] Whe-L
333] WHE AAIGE 3 72°ColA] 5E3F TR ¥RSAIATH

HiOl2{A AL 2Xle] 28l ¥ MxEE S8t 7N Y
L2 plasmid FAAE vloldi~ $A YA W= B138)
7] 9dsked, vlolgl FAF URb Spgs B-HAEANEE 5%
A Sl 308 B uhgAIA E] B i Thy
Az FANZ F A7) Ade DR pVAXAL-2 £}
5ugd EFste] FAL AlFEigln dxToRe Holel

J. Kor. Pharm. Sci., Vol. 31, No. 3(2001)



188 oF7 - EEE - A - AR
FAF A= glo] BFe] FAAE dRehe ARIE ARSSIA
o} A7) WS E 5mM CaClyt H7be ¢4k ghsgo
SlollA] BA S AAIZ ARSE BT EC RS A3
A AT F DNase I £3]824(Gibco BRLAHE 100 unit/m!
SEE Azlsled dlolgs fAL AL 2R EAEE vl B
ddE e f1xE AASKT 2 & ol FAF ¢
A WRE L2 $AA47F BYEIEA FRlsy] st vl
ojgl& fAL Yol wld EIEL TR K(pro-
tease K, Gibco BRIAHE 1mg/m! F=2 1A)7F FeF X
3o Bafg § A719%S FAs vehhs AR
DNA Wi=g #Fsi5nt.

r—=

[=]
£

23 % &

Hjo|2{A RAlRIXIS] W

HE2ulolg]x Ho] Wert FAPAEA] & =T
L MEFO 7% Fopr] FH F(Figure 3, lane B) 9
28 B8 Al HPV 16-L1 AA= Telde] B4z B}
2l 55 WAl 60 kDaolA] ©ido] EA131A] oks Aol &
A=A HFigure 3, #2 D). 22y, HPV 16L1 A=
Gl FARE FHshe HEZHIE A Hol W) ¥
AEE IF AEFIME 920 3 B4A] HPV 16
9] L1 A= o] EAFQ Exlo) slFshe 58

(A)

kDaM 1‘

95

55
43

29

Figure 3—~Coumassie staining and Western blot.

M: molecular weight marker; A) Recombinant baculovirus-infected
sf21 cell/Coomassie staining; B) Uninfected sf21 cell/Coomassie
staining; C) Recombinant baculovirus-infected sf21 cell/Western
blot; D) Uninfected sf21 cell/ Western blot
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Figure 4-Electron microscopy of VLP.

A) VLP purified from sf21 cells; B} disassembled VLP after treat-
ment with B-mercaptoethanol; C) reassembled VLP (magnification,
x 165,000).
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BasE Al A AxgE vlolgs AL A

pVAX

pVAX-IL2

669 bp
140 bp

Figure 5-Electrophoresis of PCR products.

Empty pVAX vector or pVAX/IL-2 vector was amplifed by PCR
using the same set of primers. After running 33 cycles, each PCR
product was analyzed by electrophoresis on a 1% agarose gel.

M 1 2 3 4

Figure 6-Gel electrophoresis after treatment of pVAX/IL-2-con-
taining VLP with DNase I.

M: Marker; Lane 1, Disassembled VLP + pVAX/IL-2 DNA; Lane
2, Free pVAX/IL-2 DNA; Lane 3, Reassembled VLP containing
pVAX/IL-2 after DNase I, protease K treatment; Lane 4, Free
pVAX/IL-2 after DNase I, protease K treatment
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