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ABSTRACT

The aims of this research are to generate antibodies against CD4 and CD8 proteins
and use the generated antibodies to develop methods and reagents for CD4+ cell
determination,

On completion of 3 years’ work (December 1994-November 1997), the out puts
from this study are as follows:
1. Two hybridomas that produced antibodies against CD4 and CD8 proteins, named MT4
and MT8 respectively, were generated. MT4 and MT8 monoclonal antibodies (mAb) were
proved to be specific to CD4 and CD8 proteins as they reacted to native and recombinant
CD4 and CD8, respectively. The MT4 and MT8 mAb could inhibit the reactivity of
standard CD4 (Leu3a) and CD8 (Lcu2) mAb. Furthermore, they could be used to
enumerate CD4+ and CD8+ cells in blood samples as well as using standard CD4 and CD8
mAb. These results, therefore, demonstrate that generated MT4 and MT8 mAb are specific
to CD4 and CD8 proteins, respectively. -
2. DNA immunization was also used to produce polyclonal antibedies to CD4 proteins in
mice and rabbits. By using this techmque, anti-CD4 antibodies were induced in tested
animals after 1-3 inoculations of ¢cDNA encoding CD4 protein (CD4-DNA). In the mouse
system, 4 out of 5 mice produced anti-CD4 antibodics after CD4-DNA immunization. In
rabbits, 3 of 3 rabbits produced anti-CD4 antibodies after DNA immunization. These
antibodies reacted with either native or recombinant CD4 molecules.
3. The manual ros:atting method was developed for enumerating CD4+ cells. To evaluate
this method, CD4+ cells in normal and HIV infected individuals were determined by using
both manual rosetting and standard flow cytometry, simultancously. The absolute CD4+
cell counts obtained from both methods were very similar with the correlation coefficient of
0.95. The manual rosetting technique was developed further for a simple procedure. MT4
mAb was directly coa;cd on sheep red blood cells or tosyl-activated beads. These coated
patticles were then used to enumerated CD4+ cells in blood samples by direct manual
rosetting technique. The CD4 1+ cell counts obtained [rom this direct manual rosetting,
however, was significantly lower than those obtained by using standard flow cytometry.
4. Sandwich ELIS/{ for quantifying soluble CD4 proteins was established by using
generated MT4 mAb and rabbit anti-CD4 antibodies, which were obtained from DNA

_immunization. The sandwich ELISA was uscd to determine soluble CD4 proteins in blood



of 59 HIV infected and 56 healthy individuals. The study has shown that the levels of
soluble CD4 proteins in tested blood were not correlated to the absolute number of CD4+
cells with the correlation coefficient of 0.187. When the levels of soluble CD4 proteins in
HIV infected and healthy individuals were compared, no significant difference in soluble
CD4 levels in both studied groups was observed.

5. To develop a home made reagent for CD4+ cell determination by flow cytometry,
fluorescein isothiocyanate (FITC) was conjugated to‘ affinity purified MT4 mAb. To
evaluate this developed reagent, 30 HIV infected and 30 healthy individuals were
determined for CD4+ cells by using both the commercial Simultest reagent kit (Becton
Dickinson) and the home made FITC labeled MT4 mAb, simultaneously. The study has
shown that both percentages and absolute CD4+ cell counts obtained from both reagents
were equivalent. The correlatiof; coeffictent for regression analysis were 0.995 and 0.996
for percentages and absolute CD4+ cell counts, respectively. The results suggest that the
home made FITC labeled MT4 mAb reagent is an acceptable alternative reagent for

monitoring CD4+ cells in blood samples by flow cytometry.
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Piluk Y. Production of mouse anti-CD4 antibodies by DNA-based immunization. Asian Pac

J Aller Immunol 1996 Loz Kasinrerk W, Tokrasinwit N, Changtamroung K. Production of
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Tagilszmdniiesadfviidensianniimsanviu§ o codr cells hufion
J Vv e ¥ o o . 3 a ar & [
I 1umi3s flow cytometry 10U 1@dMmI1335 Manual rosetting ¥unn laverfundanmsae i

o ' N . .
whole blood ¥ MAMIAIADALAIBENNBUAIY red blood cell lysing buffer (Becton Dickinson)
» 3

mnﬁuﬁumaﬁﬁ'lﬁ {lysed whole blood) mﬁansmnu anti-CD4 mAb Ufiz anti-mouse

o a o o 4
immunoglobulin coated beads ANAIAL 11AIAT 19TV IUIU CD4 rosette AWNABIFANTIAL

annsAneluainfdua 16 sunarfilanddtuon 24 e Inedn tysed
whole blood NIATIANN %CD4+ cells 1meid Manual rosetting wazA MU
absolute CD4+ cells/pl. (lanen#tA1 white blood cell count) Wisfisuiuisinmsgu
Simulset (flow cytometric analysis) -HAaNINARIBINLIY %CD4 positive cells Twdadon
gl 2 Aaliumnsnariy TnaiAnduilssAna andunus (correlation coefficient) A
1 0.93 ARALTEY % CD4+ cels Tad% Manual rosetting LAY flow cytometry AN
6.35 UAL 6.32 ANAW AITIERINY 2 A5 Lifianumnsneetinaiiud Aty (paired t test;
p>0.05) Wilai/atu %CD4+ cells lu absolute number (cells/pLl) wuindildan 2 33
Tiusnsinaie Taiidndnlss@nsauduwus (correlation coefficient) Wiy 0.95 Aadn
absolute CD4+ cell count 48998 Manual rosetting WaY flow cytometry infu 529.04 LAY
515.75 celis/pt Auatsy Tanbifianunansteetinaiiiudndty (paired t test; p>0.05) 3%
Manual rosetting 'ﬁ‘lﬁhfuﬂuonﬁu monocyles WAT granulocytes Tuidamias
AIEATIBUANANITNARDBI L manuscript: Kasinrerk W, Tokrasinwit N, Intharasut S,
lNaveewongpanit P. Manual rosetting method for enumerating CD4 positive cell. J Med
Lab Sci (in press, 1997) Felduunndnnudn
ARSI Ban1sWaNNAS Manaul rosetting WiAENmRnEay Tae
NSARBL MT4 mAb Aulaidanuaauns uas tosyl-aclivated beads WANNINIASIATY
3% CD4+ cells Tanmss Taafinanisnndaiing
1. 111 MT4 mAb ascites Tilinnzuudiadasuasuny tneld glutaraldehyde udatin

MT4 coated SRBC limsaatiuianuau CD4+ cells Inun1sAnwisldnin CD4A+ cell line Sup
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T1 ¥l lumsAngr samineasinyh Sup T1 form rosette iU MT4 coated SRBC
B3 5% quqﬁmmﬁ 90% B3 Sup T1 express CD4 proteins VUAUYRA HAMS
naaoaiiuaaabiifiuin mild MT4 ascites Tthndiou SRBC fimamla hifine

2. 117 MT4 mAb Ttlimenu tosyl-activated magnetic beads (Dynal) Taoms ﬁnmﬁyﬁ:uﬁ’u
Aoms purificd MT4 mAb 9101 ascites JCVET: affinity chromatography uwdnh purifed
MT4 mAb 1?\1?%1'1]] coat N tosyl-activated magnetic beads mmfu%'uh MT4 coated
beads |Ua3291Tu§ 119U CD4+ cells Tﬂunﬁﬁnmﬁ%nﬁ’uﬁ'dumim CD4+ cell line
Sup T1 uaz Molt4 wlFlumsfinm HONSNARDINLTING Sup T1 U@z Molid
#1130 form rosette 1 MT4 coated beads 1NN 90% ‘%ﬂilﬂﬂﬂﬁlﬁu’h MT4
coated beads @130 form rosette 1 CD4+ cells 19 'il‘!mfui!ﬁ‘I MT4 coated beads

Tdasamiviwiu cpd+r celis Twdeasudnasiag 5 swlSoududs flow

[]
L

cytometer HONTINABDINUIT AN IATALIT rosetting THHEAININITIAITIU flow

o s d’

R e . .
cytomter (15790 1) Fananaiuiisiinn 1 lineneeas29170 human CD4+
+ ¥ 1

J =y -
cells mnTutaf}a'uaa CD4 iR uaduaont CD4+ cell lines

3.2 MIN 191131191 soluble CD4 protein THIdpAIALIT Sandwich ELISA

p1iIMsas19MIU5 10 soluble CD4 Tundeauuiiudsiinied $ 111 CD4+ cells
3991M13 set up 33 sandwich ELISA titons2am 151t soluble CD4 Twifion Tnverd
HANMSAB 1Y MT4 mAb INGOUMAA IRVAIBE19ASIS UAUAY rabbit anti-CD4 antibody
(potyclonal antibody 91078 DNA immunization) I18% anti-rabbit immunoglobulin-HRP
oz TMB substrate Taomisfinuiiiguiinis Tamsnmiiuaiimns auvesouiuod
UOY conjugate ﬁ%:l' TAv1¥ recombinant CD4 protcin 'ﬁqﬁ'ﬂﬂ CD4-DNA transfectd COS
cells 111 positive control (102 recombinant CDIla protein ﬁ'lv’fmn CDI1-DNA transfectd
COS cells 11lu negative control Tunts set up sandwich ELISA lﬂﬂ\lf’l’ conditions 'Timmz
auudr3ainms a9 soluble CD4 TuidoadAnide HIV §1uu 59 AU LazAY
An@snau 56 Ay wmsSouiivum 0D A14AUS 11U absolute CD4+ cell count
g 1Udw wan1smAaBIMY31 UTiar soluble CD4 protein 714 liTiAwdius
1 absolute CD4+ cell count 1w (131371 2 wozgUlit 1) TaudimdudszAnSanduiug
(A1 0.187

donFumAinniZinn soluble CH4 proteins 11115Dﬂl‘§aﬂl‘§6 Hy fupulnd wy
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13197 1 UAAY %CD4+ cells LT absolute CD4+ cells 11115051 1a03% direct manual

rosetting Hoz 7% flow cytomeltry

Sample No. % CD4+ cells Absolute CD4 count*
Rosctie** Flow cyto.*** Rosette Flow cyto.
1 84 12.5 730 1086
2 9.1 15.8 646 1122
3 83 16.0 672 1296
4 8.5 16.4 650 1255
5 13.7 22.0 863 1386
* cell/il

** Direct manual roselting technique

*** Flow cytometry
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N19137 2 HEAIf CH4 ¢ cells AU U9t soluble CD4 proteins TURAnFD HIV

Sample |[CD4+ cell Ob Sample |CD4+ cell oD
No. (cells/pl} No. (cells/pl)
1 10 0.132 31 30 0.123
2 220 0.208 32 30 0.179
3 30 0.128 33 864 0.169
4 30 0.281 34 440 0.172
5 83 0.206 35 30 0.119
6 30 0.148 36 388 0.199
7 30 | 0.152 37 30 0.180
8 30 0.101 38 359 0.131
9 30 0.134 39 30 0.278
10 30 0.115 40 30 0.131
11 81 0.166 41 169 0.147
12 30 0.127 42 30 0.141
13 528 0.133 43 30 0.000
14 213 0.143 44 414 0.141
15 367 0.131 45 104 0.131
16 59 0.120 46 97 0.144
17 403 0.185 47 110 0.207
18 147 0.234 48 30 0.129
19 395 0.167 49 740 0.161
20 , 865 0.195 50 329 0.131
21 36 0.112 51 30 0.117
22 30 0.127 52 44 0.154
23 110 0.124 53 388 0.205
24 931 0.166 54 30 0.132
25 ' 30 0.171 55 30 0.132
26 - 73 0.143 56 30 0.181
27 30 0.130 57 30 0.123
28 30 0.150 58 95 0.149
29 73 0.153 59 30 0.186
30 30 0.124
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d’ - . - = L TEY .dv
M1313% 3 1w 3113170 soluble CD4 proteins Tuideanmilnfinasgfmiie HIV

Sampie| Normal | HIV Sample | Normal | HIV
No. _ No.
1 | 0342 | 0243 31 0.152 | 0.124
2 | 0219 | 0.132 32 0.148 | 0.123
3 | 0.128 | 0.208 33 0.261 | 0.179
4 | 0161 | 0128 34 0.157 | 0.169
s | 0.122 | 0281 35 0.199 | 0.172
6 | 0.238 | 0.206 36 0.127 | 0.119
7 | 0.149 | "0.148 37 0.139 | 0.199
8 | 0.135 | 0.152 38 0.199 | 0.180

9 | o5 | o101 39 0.160 | 0.131
o | 0.122 | 0.134 40 0.193 | 0278
1n | 0.152 | 0.115 41 0.155 | 0.131
12 | 0.113 | 0.166 42 0.159 | 0.147
13 | 0125 | 0.127 43 0.144 | 0.141
14 | 0248 | 0.133 44 0.195 | 0.141
5 | 0.135 | 0.143 45 0.140 | 0.131
16 | 0.158 | 0.131 46 0214 | 0.144
17 | 0.158 | 0.120 47 0.115 | 0.207
18 | 0.172 | 0.185 48 0.161 | 0.129
19 | 0.120 | 0.234 49 0252 | o0.161
20 | 0.116 | 0.167 50 0.199 | 0.131
21 | 0213 | 0.195 51 0.120 | 0.117
22 | 0.141 | 0.112 52 0.104 | 0.154
23 | 0.168 | 0.127 53 0247 | 0.205
24 | 0175 | 0.124 54 0249 | 0.132
25 | 0:142 | 0.166 55 0.193 | 0.132
2% | 0211 | 0.171 56 0285 | 0.181
27 | 0.147 | 0.143 57 0.123
28 | 0.208 | 0.130 58 0.149
29 | 0.287 | 0.150 59 0.186
30 | 0299 | 0.153
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Asian Pacific Journal of Allergy and Immunology (1996) 14 : 99-105

Production of Mouse Anti-CDa Antibodies
by DNA-Based Immunization

Watchara Kasinrerk, Niramon Tokrasinwit and Yaiyarat Piluk

The feasibility of directly injec-
ting purified closed-circular plasmid
DNA that encodes antigenic protein
for producing both antibodies and cell
mediated immune responses has
recently been demonstrated.” This
strategy can be defined as the physi-
cal delivery of an antigen encoding
expression vector in vivo forsthe
induction of antigen expression and
the elicitation of specific immune
responses. The DNA-based immuni-
zation technique has several advan-
tages over conventional protein
antigen immunization. DNA is
simple to produce and purify than
protein antigens and is highly stable.

Leukocyte surface antigens are
molecules which are of critical im-
portance for the function of human
leukocytes. Antibodies raised against
surface molecules have become a
major tool in immunophenotyping
and characterizing the structure of

these surface molecules® Highly pure

SUMMARY The intramuscular injection of plasmid DNA encoding an antigenic
protein has been developed recenily as a tool for immunization. DNA-based
immunization was shown to generate immune responses against the encoded
antigen in diverse animal species. In this report, we prasent the use of DNA-
based immunization for the production of antibodies to CDa, a human leukocyte
surface molecule. Mice were injected intramuscularly with eukaryotic expression
vector containing ¢DNA encoding CDa protein, termed CDa-DNA, and were
subsequently assayed for anti-CDa antibody production by indirect
immunofiuorescence. Sera collected from 2 of 3 inoculated mice reacted with
CD4a expressing transfected COS cells and Sup-T1 celis. Anti-CD4 antibody
activity was abolished by adsorption with CDa molecule exppressing ceils, CD4’
ceil depleted lymphocytes were also used fo confirm the specificity of the ant
CDa antibodies present in immune serum. CDa-DNA immune serum reacted with
approximately 1,3 of freshly isolated lymphocytes but to very few cells in the
CDa’cells-depleted preparation. CDa-DNA immunizad sera was used to enumerate
CDa4'cells in the peripheral blocd of & healthy donors and 2 AIDS patients. The
number of CDa’cells estimated by DNA immunized sera was very similar to
estimates using standard anti-CDa monoclonal antibody Leuza. DNA-based
immunization is therefore capable of raising antibodies to human leukocyte surface
antigens. This technology may be useful for producing antibodies to other ceil
surface antigens In mice or other animals.

antigen is required to produce
polyclonal antibodies against a
leukocyte surface molecule. DNA-
based immunization therefore has the
potential to be a novel alternative to
standard antigen immunization. We

report here an investigation inte the

production of antibodies to leukocyte
surface antigens by DNA-based
immunization. We found that injec-

From the Department of Clinical immunology.
Faculty of Associated Medical Sciences. Chiang
Mai University. Chiang Mar sozeo, Thaland.
Correspondence : W. Kasinrerk
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tion of plasmid DNA encoding
human CD4 protein into mouse
quadriceps muscle is capable of
eliciting anti-CD4 antibodies. These
antibodies reacted with either recom-
binant CD4 or native CD4 molecules.
The DNA immunization technique is
simple and rapid and produces
antibodies capable of immunophe-
notyping leukocyte surface molecules.

MATERIALS AND METHODS

Cells and cell lines

Peripheral blood mononuclear
cells (PBMC) were isolated from
heparinized blood of healthy donors
or AIDS patients by Ficoll-Hypaque
density centﬁfugationf Sup T-1 cells,
a human T cell line expressing high
levels of surface CD4 protein; were
cultured in RPMI 1640 supplemented
with 15% fetal calf serum (FCS;
Gibco, Grant Island, NY), 40 pg/m}
gentamycin and 2.5 pg/ml amphoteri-
cin B in a fully humidified atmosphere
of 5% CO, at 37°C. COs cells were
grown in Minimum Essential Medium
(MEM; Gibco) containing 5% FCS
and antibiotics at 37°C in a 5% CO,
atmosphere.

Plasmid DNA for immunization
c¢DNA encoding CD4 protein
was inserted into an eukaryotic
expression vector wHaM (designated
CD4-DNA), which was a kind gift
from Dr. H Stockinger, University of
Vienna, Vienna, Austria. TH3M is a
high-efficiency eukaryotic expression
vector containing a simian virus 40
(SV40) origin of replication and
synthetic transcription units. The

transcription units consist of a chimeric
promotor composed of human cytome-
galovirus AD169 immediate early
enhancer seguences fused to the
human immunodeficiency virus (HIV)
long terminal repeat (LTR) sequences.
A polylinker containing two BstX1
sites is inserted immediately down-
stream from the LTR sequence. The
SV40 small tumor(t) antigen splice
and early region polyadeaylylation
signals, which derived from pSVe,
are placed downstream from the
polylinker?

Plasmid DNA preparations
-Plasmid DNA was transformed
into competent E. coli MC1061/p3
and the transformed bacteria were
grown with vigorous shaking in
250 ml Ternific Broth per 1 liter flask.
After overnight cultivation, cells were
harvested and lysed by an aikaline lysis
procedure! DNA was then purified
by cesium chloride-ethidium bromide

density gradient ultracentrifugation?

The resulting DNA was phenol/
chloroform-extracted, ethanol precipi-
tated and resuspended in TE (10 mM
Tris, 1 mM EDTA) pH 8.0 for trans-
fection or immunization into mice.
The concentration and purity of each
DNA preparation was determined by
OD260/280 reading!

DNA immunization

Isolated plasmid DNA was in-
jected weekly into the quadriceps
muscle of both hind legs (100 pg
per leg) of 4-8 week-old Balb/C
temale mice. Blood samples were
collected from the retro-orbital venous
plexus of ether-induced anesthetized
mice prior to each DNA inoculation.

—_—

Serum samples were then separated
and stored at -20° C.

DEAE-Dextran transfection of
COS cells

Plasmid DNA encoding CD4
or CDs proteins were transfected into
COS cells using the DEAE-Dextran
transfection method. Briefly, 1x10
COS cells were transfered to 6 cm
tissug culture dishes (NUNC, Ros
kilde, Denmark) on the day before
transfection. Cells were transfected in
2 ml of MEM containing 250 pg/ml
DEAE-Dextran, 400 uM chloroquine
diphosphate and 2 pg DNA. After
3 hours at 37 ~C. the transfection
mixture was removed and the cells
were treated with 1096 DMSO in PBS
for 2 minutes at room temperature,
Cells were cultured in MEM con-
taining 5% FCS overnight, washed
once, and recultured with the same
medium for another 2 days to allow
expression of CD4 or CD8 proteins.

Immunofluorescence analysis

The specificity of anti-CD4
protein antibodies was assessed by
indirect immunofluorescence using
FITC-conjugated sheep anti-mouse
immunoglobulin antibodies (Dako-
patts, Glostrup, Denmark). To block
non-specific Fc receptor mediated
antibody binding, tranfected COS
cells, Sup T-1 cells or PBMC were
incubated for 30 minutes at 4 C with
10% human AB serum before stain-
ing. Blocked cells were then incubated
for 30 minutes at 4 ~C with various
dilutions of tested antisera or anti-
CD4 monoclonal antibody (MAb)
{Leu 3a; Becton Dickinson, Sunny-
vale, Ca) or anti-CD8 MAb (Leu 2a;



CD4-DN A IMMUNIZATION

101

Becton Dickinson). After washing,
cells were incubated with the FITC-
conjugate for another 30 minutes.
Membrane fluorescence was analyzed
under a fluorescence microscope or
flow cytometer (FACSCAN, Becton
Dickinson}. For flow cytometric
analysis, individual populations of
blood cells were gated according
to their forward and side scatter
characteristics.

Detection of anti-CD4 antibody
activity and immunoadsorption

Serum samples from immunized
mice were tested for anti-CD4 anti-
body activity by indirect immunoflu-
orescence using either transfected COS
cells or the Sup-T1 cell line. Stained
cells were analyzed by fluorescent
microscopy or FACSCAN. Immuno-
adsorption of anti-CD4 antibody from
immunized serum was performed to
confirm the specificity of anti-CD4
antibodies. Briefly, CD4-DNA immu-
nized serum was incubated with 1x10
Sup-T1 cells or CD4 or CDa& express-
ing transfected COS cells for 80, min-
utes at 4 C. After incubation, the cells
were removed by centrifugation.
Anti-CD4 antibody activity was then
re-analyzed by using CD4 or CDs
expressing transfected COS cells or
Sup-T1 cells by indirect immunofluo-
rescence.

CD4* cell depletion

PBMC were treated with
anti-CD4 MADb Leusa (Becton Dic-
kinson) at 4 "C for 30 minutes. The
ireated cells were then mixed with
sheep anti-mouse IgG-coated Dyna-
beads (Ma450; Dynal, Oslo, Norway).
Cells that pound the iron conjugate

were separated with a magnet in
accordance with the recommended
protocol (Dynal).

Enumeration of the percentage of
CD4" cells in clinical specimens

PBMC were isolated from
heparinized blood of healthy donors
or AIDS patients by the standard
Ficoll-Hypaque density centrifugation
methed. Isolated PBMC were stained
with CD4-DNA immunized serum,
non-immunized serum or anti-CD4
MAD Leu3a by indirect immunofluo-
rescence. Membrane fluorescence
was analyzed on a FACSCAN.

RESULTS

Large-scale preparation of CD4-
DNA and expression of recombinant
CD4 protein in COS cells

CD4-DNA was amplified in
E. coii MC 1061/p3, and the plasmid
DNA were isolated from transformed
bacteria using the alkaline lysis
procedure, and then purified by
CsCl-EtBr gradients. The DNA yields
were determined by OD 280s280
reading after completion of all the
purification steps. In 3 lots of DNA
preparations, the OD 280/280 ratios
were between 1.8-2.0 The yields of
purified plasmid DNA were approxi-
mately 3 mg/litre of bacteria.

The isolated plasmid DNA were
then transfected into COS cells and
analyzed for CD4 protein expression
by indirect immunofluorescence. The
CD4-DNA transfected COS cells
showed strong positive reaction with
anti-CD4 MADb Leu3a, but did not
react with anti-CD8 MADb leu2a.
These results indicated that the

isolated CD4-DNA encodes CD4
protein and the encoded protein can
be expressed on eukaryotic COS cells.

Production of anti-CD4 antibodies
by CD4-DNA immunization

Three Balb/C mice were immu-
nized with CD4-DNA at one-week
intervals. For negative controls, mice
were immunized with Mé-DNA,
which encodes a human leukocyte
surface molecule® or with "HaM
vector lacking any expressible gene
insert. The anti-CD4 antibody activ-
ity in sera was evaluated by indirect
immunofluorescence using CD4-DNA
and CD8-DNA transfected COS cells
as antigens. Serum anti-CD4 antibody
activity was detected in 2 of the 3
immunized mice injected with CD4-
DNA (Table 1). Neither preimmune
sera from the same mice nor control
sera was reactive (Table 1.)

The reactivity of anti-CD4
antibodies was also investigated us-
ing Sup-T1 cell line. This cell line
was positive with CD4-DNA immu-
nized sera, but negative with preim-
mune sera (Fig.1). Anti-CD4 titers
were 1:160 and 1:40.

Anti-CD4 antibody specificity
CD4-DNA immunized serum
was adsorbed with either Sup-T1 cells,
CD4-DNA transfected COS cells or
CDs -DNA transfected COS cells. The
anti-CD4 antibody activity of adsorbed
sera was then re-analyzed with CD4-
DNA transfected COS cells, CDs-
DNA transfected COS cells and
Sup-T1 cells. As shown in Tabie 2,
the activity of anti-CD4 antibodies was
eliminated after adsorption with
Sup-T1 or CD4-DNA transfected
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Table 1. Anti-CD4 antibody activity in sera before and after DNA

immunization

Mouse fmmunization  Serum
No.

Immunofiuorescent reactivity

b
CD+-COS CDs -COS

1 CDa-DNA Pre-immunization
Dose 1

Dose
Dose
Dose
Dose
BDose

Dose

Ww o~ Mmoo s W N

Dose
2 CDa4-DNA, Pre-immunization
Dose 8
Dose 7
Dose 8
3 CD4-DNA Pre-immunization
Dose t
Dose 2
Dose 3
Dose 4
Dose 5
Dose a
Dose 7
Dose @
4 Vector-DNA® Pre-immunization
Dose 8
Dose 7
Dose 8
5 Me.—[JNAd Pre-immunization
Dose 8
Dose 7

Dose 8

a
COS cells transfected with CD4-DNA were strongly positive with anti

Leusa.

-CD4a MAD

b
COS cells transfected with CD8-DNA were strongly positive with anti-CDs MAb

Leuza.

c .
Vector lacking any expressible gene insert.

Plasmid DNA encoding Me protein?

————y

COS cells. In contrast, anti~CD4‘1
activity was still detected in serum {
after adsorption with CDS-DNAi
transfected COS cells. ‘

Peripheral lymphocytes before -
and after CD4" cell depletion were used
1o confirm the specificity of anti-CD4
antibodies. As shown in Table 3, CD4-
DNA immunized serum stained
approximately 309 of cells in freshly
isolated lymphocytes, but only about
4% in a CD4 cell depleted population.
As a control, anti-CDa MAD Leusa
was used, and a similar reaction pat-
tern was found (Table 3.) Preimmune
serum did not react with either the
depleted or non-depleted population.

Enumeration of the percentage of
CD4 celis in peripheral blood sam-~
ples using CD4-DNA immunized

serum

To further characterize the
anti-CD4 antibody activity in CD4-
DNA immunized serum, we used this
serum for the enumeration of CD4
cells in peripheral blood. PBMC
from & healthy subjects and 2 AIDS
patients were stained with CD4-DNA
immunized serum and anti-CD4 MAb
Leu3a side by side. The stained cells
were analyzed by flow cytometry.
Both methods gave similar results
(Table 4.) Non-immunized normal
mouse serum was included in all
experiments and gave no reaction
(Table 4.).

DISCUSSION

Several investigators have dem-
onstrated that the immunization of
mice with a plasmid DNA vector
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DNA immunization.

Table 2. immuncadsorption of anti-CDa antidody activty generated by CDs-

Serum  Adsorbed

immunofluorescent reactivity®

dilution cells CD#-COS® CDg-CO8* Sup-T

1:40 None + - +
Sup-Ti - - -
cDa-cos” - - -
CDs-COS® . - .

1:80 None + - -
Sup-Ti - - -
CD4—COSb - - -
CDs-COS® . - .

* )mmunofluorescent reactivity was analyzed by fiuorescent microscopy
b CD4-DNA transfected COS cells.
¢ CDa-DNA transfected COS celis.

Table 3. Percentage of CD4 cells in peripheral blood lymphocytes
before and after Cpa’ cell depletion determined by staining
with CDa-DNA immunized serum and anti-CDa MADb Leuaa

Donor  Anti-CD4 MAD DNA immunized  Pre-immune serum
Leusa serum?

No. Before® After” Before After Before  After

1 33¢ 4 a1 T 1 }

2 75 2 28 2 0.7 0.3

aSerum obtained from CD4-DNA immunized mouse.

b Before CDa* cell depletion

CAfls'.ar CD4" cells depletion.

dPercentage of CD4" cells was determined by fiow cytometric analysis.

containing genes results in the
induction of immune responses to
the encoded proteins‘.’zThc use of
DNA-based vectors as an alternative
to antigen immunization is a novel
strategy, now under development
and evaluation. Plasmid vectors
containing several genetic elements
are required to drive the intracellular
expression of the foreign gene insert.
These genetic elements include (i) a
transcriptional promotor, (ii) an
optional enhancer element to augment
gene expression, (iii) the foreign gene
encoding an antigenic gene product,
and (iv) RNA-processing elements,
primarily a polyadenylation signal and
an optional intron elements.” In addition,
the plasmids should contain two
bacterium-specific genetic sequences
to allow large scale production of
DNA, Le. an antibiotic selectable
marker to permit the identification
and isolation of bacterial cells suc-
cessfully transduced with the gene of
interest. and a bacterial origin of repli-
cation to facilitate large scale amplifi-
cation of the plasmid DNA within this
host cell. Once the DNA enter the
mammalian cells, the encoded proteins
are expressed through normal cellular
transcription and translation mecha-
nisms. Immunization with DNA-based
plasmids has been attempted success-
fully in various species including mice,
chicken, ferrets, cattle, and non-human
primates by various routes of adminis-
trations.*'* Most experiments, how-
ever, have been conducted with DNA,

cDNA encoding CD4 protein
constructed in the ecukaryotic
expression vector 7“H3M was used

to produce antibodies to leukocyte
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Table 4. Determination of the percentage of CD4” lymphocytes using anti -
CDa MADb Leuza and CDa-DNA immunized serum

Subject 7% Positive cells in lymphocyles
No. Anti-CD4 MAb DNA immunized Non-immunized
Leusa serum ® serum
t 39. 39.7 0.9
2 33.5 33.1 1.0
3 29.2 30.4 2.0
a 35 214 0.9
5 26.8 325 1.9
8 ars 3ot 1.2
7b 5.0 5.4 0.5
sb 0.5 0.5 1

¢ Serum obtained from CD4-DNA immunized rﬁéusa.
b Subject Nos. 7 and 8 were AIDS pateints and by standard Simutest flow
cytometry the percentage of CD4" iymphocytes were 7 and 2. respectively.

m

£ conpugate control 81 1n6-CD4 mAb LEUIA #q preimmuse  serum 1:10

2] €124-DNA immnized serum §1CDA4-DNA imamized sersnZ] CD4-DNA imtnaized serum
It 1:20 I 40

CELL NLMBER

W ¢ DLDNA immunized serum. 87CD4-DNA inimunized serum
180 1180

[L 4 o

FLUOQRESCENCE INTENSITY

Fig. 1. Immunofiuorescent analysis of the reactivity of anti-CD, antibodies with
the Sup-T1 cell line. Sup-T 1 cells wera stained with either anti-CD*
MAD Leu3a, pre-immune serum or CD*-DNA immunized serum. The
intensity of fluorescence was measured by FACSCAN with logarithmic
amplification.

——

surface antigens. The transcription uniyg’
presented in the 7TH3aM vector meet
the criteria for plasmid vectors useqd

it DNA-based immunization. This

study demonstrates that mice inocu-

lated with TH3M containing encoding
CD4 protein indvces anti-CD4
antibody; 2 of 3 inoculated mice
gencrated anti-CD4 antibodies
detectable by immunofluorescence.
Anti-CD4 antibodies bound either
recombinant CD4 proteins which were
expressed on transfecied COS cells, or
native CD4 proteins on lymphocytes
and Sup-T1 ceils. Direct intramuscu-
lar injection of plasmid DNA has been
widely used to induce antibody pro-
duction, due to its simplicity and
effectiveness. However, a large quan-
tity of DNA is required (approximately
100-300 pg/inoculation). ™ ¥'* Al
ternatively, delivery of DNA-coated
gold beads into epidermis by a biolistic
device has been shown to generate
immune responses. " This biolistic
transfection required less DNA than
intramuscular inoculations.

CD4+-DNA immunized serum
was used to count CD4” cells in
peripheral blood and gave comparable
results to standard methods in &
healthy PBMC and 2 AIDS patients.
A reduction in circulating CD4'cells
is characteristic of AIDS patie:ntsz,l and
was found in our 2 patiens using both
CD4-DNA immunized serum and
anti-CD4 MADb Leu3a.

The direct introduction of genes
into mouse muscle and its expression
in vivo may allow the processing of
gene products and lead to the presen-
tatton of an effective target antigen.
This DNA-based immunization
strategy is simple and rapid. To our
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knowledge, production of antibody
to the human leukocyte surface
antigen using DNA immunization

‘technology has not been previously re-

ported. Anti-CD4 antibodies, as we
demonstrated here, can be used to
determine cell surface molecules, and
'have many other potential applications.
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Abstract. DNA immunization is a new methodology, where antigen encoding DNA plasmids are injected directly
into muscle or skin with the purpose of eliciting an immune response to the gene product. In this report, DNA
encoding human CD4 protein were immunized into rabbits for the production of anti-CD4 antibodies. Rabbits
were immunized intramuscularly with CD4-DNA in three different procedures. Anti-CD4 antibodies were induced
in all immunized rabbits. The rabbit that was pre-treated with sucrose solution, followed by injection of CD4-DNA
containing chloroquine, produced anti-CD4 antibodies after only one DNA 1noculation. This was faster than those
receiving the same pre-treatment, but followed by injection of DNA without chioroquine or pre-treatment with
Bupivacain. The generated antibodies bound either recombinant or native CD4 proteins. The CD4-DNA
immunized serum could inhibit the binding of standard CD4 mAb Leu3a to CD4 proteins. This result, therefore,
confirmed the specificity of rabbit anti-CD4 antibodies generated by DNA immunization. Rabbit anti-CD4
antiserum was used to enumerate CD4* cells in the peripheral blood of 5 donors. The percentage of CD4” cells
obtained by DNA immunized serum was very similar .o those obtained using the standard CD4 monoclonal
antibody, Leu3a. These studies, thus, demonstrate that DNA immunization is an effective method for the
production of hyperimmune globulin products in rabbits,

INTRODUCTION

DNA immunization refers to the induction
of an immune response to a protein expressed in
vivo, subsequent to the introduction of its encoding
DNA. In contrast to classical protein immunization,
where antigens are  administered, DNA
immunization involves the administering of genetic
material encoding the antigen. The antigen is,
therefore, produced within the cells of the
immunized individual and induces the immune
responses. The possibility of using direct transfer of
plasmid DNA to induce an immune response to the
expres essed protein was first indicated by Acsadi ef
al. Subsequently, several investigators have
demonstrated the feasibility of using direct injection
of plasmid DNA for the induction of protective
immunity against various pathogens’ and the
production of hyperimmune globulin products.'®"

Immunization with DNA-based plasmid has
been successfully attempted in_several tissues by
various routes of administering.'’ The intramuscular
injection has been demonstrated as the most
efficient route to transfer an aqueous solution of
plasmid DNA."? This method, however, still resul:;
in a low efficiency of gene transfer and considerable

variability in gene expression.'" Davis ef al. have
demonstrated that the variability of gene transfer by
intramuscular injection was reduced 'y pre—
treatment of a hypertonic sucrose solution.
investigators demonstrated that the efﬁcnency of
gene transfer by using pure DNA in rcgeneratmg
muscle was better than in normal muscle."™"” The
administration of toxic agents tending to cause
muscle necrosis and repair, either prior to or
concurrently with injection of DNA, has been used
to increase the expression of encoded protein and
enhance the immune responses.”*'®

In the present study, the production of anti-
CD4 antibodies by immunizing ¢DNA encoding
CD4 protein, CD4-DNA, into rabbits was studied.
It was found that the immunization of CD4-DNA
could induce anti-CD4 antibody production. Pre-

*Corresponding author. Mailing address: Department of
Clinical Immunology, Faculty of Associated Medical
Sciences, Chiang Mai University, Chiang Mai 50200,
Thailand. Telephone No. (..6653) 945080, 94508]1. Fax No.:
(..6653)221890. E-mail: watchara@@chiangmai.ac.th
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trecatment of rabbit, wiath hypertonic sucrose
solution and followed by injection of plasmid CD4-
DNA containing chloroquine, was able to induce
anti-CD4 antibody production after only one DNA
inoculation .

MATERIALS AND METHODS

Plasmid DNA and antibodies. cDNA encoding
CD4 protein was inserted into an eukaryotic
expression vector TH3M (designated CD4-DNA)",
which was kindly donated by Dr. H. Stockinger,
University of Vienna, Vienna, Austria. TH3M is a
high - efficiency eukaryotic expression vector
contining a simian virus 40 (SV40) ongin of
replication and synthetic transcription units. The
transcription units consisting of a chimenc
promotor composed of human cytomegalovirus
AD169 immediate early enhancer sequences fused
to the human immunodeficiency virus (HIV) long
terminal repeat (LTR) sequences. The SV40 sinall
tumor (t) antigen splice and early region
polyadenylation signals, which derived from pSV2,
are placed downstrem from the polylinker."” CD4
monoclonal antibody (mAb) Leu 3a, PE-labeled
Leu3a and CD8 mAb Leu 2a were purchased from
Becton Dickinson (Sunnyvale, CA). FITC-
conjugated sheep F(ab’)2 anti-mouse
immunoglobulins antibodies were purchased from
Dakapatts (Glostrup, Denmark).

Cells and cell lines. Peripheral blood mononuclear
cells (PBMC) were isolated from heparinized blood
of healthy donors by Ficoll-Hypaque density
centrifugation. Sup T-1 and Molt4, human T cell
lines which expressed high levels of surface CD4
proteins constitutively, were cultured in RPMI 1640
supplemented with 15% fetal calf serum (FCS,
Gibco, Grant Island, NY), 40 pg/ml gentamycin
and 2.5 pg/ml amphotericin B in a fully humidified
atmosphere of 5% CO; at 37°C. K562, a human
erythro-myeloid cell line lacking in CD4 expression,
were cultured in the same medium. COS cells were
grown in Minimum Essential Medium (MEM;
Gibco) containing 5% FCS and antibiotics at 37°C
m a 5% CO, atmosphere.

DNA preparations. For large scale preparation, the
plasmid DNA were transformed into competent E.
coli MC1061/p3 and the resuiting bacteria were
grown with vigorous shaking in 250-ml Terrific
Broth per I-liter flask. After overnight cultivation,
cells were harvested and lysed by the alkaline lysis
procedure.'”” DNA were then purified by cesium
chlonide-ethidium  bromide  density  gradient
ultracentrifugation.'” It  was  subsequently
resuspended In phosphate buffer saline (PBS) pH
7.2. The concentration and purity of DNA
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preparation was determined by 0D260/28:
reading.'’

DNA immunization. Threc rabbits were injected
intramuscularly with isolated plasmid DNA in three
different ways. Rabbit number 1 was injected with
250 ul of hypertonic 25% sucrose solution 20
minutes prior to the administering of 500 pg of
isolated CD4-DNA. In rabbit number 2, a pre-
injection of 25% sucrose solution was alsc
performed prior to the administering of plasmid
DNA. However, 500 pg of CD4-DNA containing
200 uM chloroquine diphosphate was used as an
immunizing agent. In rabbit number 3, 100 pl of
0.5% Bupivacain hydrochloride solution (Marcaine;
Astra, Sodertalje, Swgden) was administered 24
hours before injecting with 500 pg CD4-DNA. The
same procedure of DNA immunization was
performed in each rabbit at one-week intervals.
Blood samples were collected from immunized
rabbits prior to each DNA inoculation. Serum
samples were then separated and stored at -20°C.
DEAE-Dextran transfection of COS cells.
Plasmid DNA encoding CD4 or CD8 proteins were
transfected into COS cells using the DEAE-Dextran
transfection method.™ Briefly, 1x10° COS cells
were transferred to 6 cm tissue culture dishes
(NUNC, Roskilde, Denmark) on the day before
transfection. Cells were transfected in 2 mi of MEM
containing 250 pg/ml DEAE-Dextran, 400 puM
chloroguine diphosphate and 2 pg DNA. After 3
hours at 37°C, the transfection mixture was
removed and the cells were treated with 10%
DMSO in PBS for 2 minutes at room temperature.
Cells were then cultured overmight in MEM
containing 5% FCS, washed once, and re-cultured
with the same medium for another 2 days to allow
expression of encoded proteins.
Immunofluorescence analysis. The production of
antibodies against CD4 proteins was assessed by
indirect  immunofluorescence  using  FITC-
conjugated sheep anti-mouse immunoglobulins
antibodies. To block the non-specific Fc receptor
mediated binding of the antibodies, cells were
incubated for 30 minutes at 4°C with 10% human
AB serum before staining. Cells were then
incubated for 30 minutes at 4°C with various
dilutions of tested antisera, CD4 or CD8 mAb.
After washing, cells were incubated with the FITC-
conjugate for another 30 minutes. Membrane
fluorescence was analyzed under a fluorescent
microscope or flow cytometer (FACSCalibur,
Becton Dickinson). For flow cytometric analysis,
individual populations of leukocytes were gated
according to their forward and side scatter
characteristics.

Inhibition of standard CD4 mAb binding by
rabbit anti - CD4 antibodies. CD4" cells were
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pre-mcubated with CD4-DNA immunized serum or
pre-immune resum for 30 minutes on ice. The PE-
labelled CD4 mAb Leu3a (Becton Dickinson) was
then added to the pre-stained cells, which were
incubated for another 30 minutes. Membrane
fluorescence was analyzed by a flow cytometer. The
percentage of inhibition of fluorescence intensity
was calculated from the mean fluorescence intensity
of the sample in the presence and absence of rabbit
serum,

Enumeration of the percentage of CD4" cells in
blood samples. PBMC were isolated from
hepannized blood by the standard Ficoll-Hypaque
density centrifugation method. Isolated PBMC were
stained with rabbit CD4-DNA immunized serum or
CD4 mAb Leu3a by indirect immunofluorescence.
Membrane fluorescence was analyzed on a flow
cytometer.

RESULTS

Preparation of plasmid DNA encoding CD4
protein. Plasmid DNA encoding CD4 protein,
CD4-DNA, were transformed into E cofi MC
1061/p3. The plasmid DNA were, then, isolated
from the transformed bactena by CsCI-EtBr
gradients and the DNA yields were determined by
the OD 260/280 reading after completion of all the
purification steps. The OD 260/280 ratios of
isolated plasmid DNA were between 1.8-2.0. The
yields of isolated CD4-DNA were approximately 3
mg/hiter of bacteria.

To verify whether the isolated plasmid
DNA can be expressed to the encoded protein in
eukaryotic cells, the isolated DNA were transfected
into COS cells and analyzed for CD4 protein
expression by indirect immunofluorescence. COS
cells, which were transfected with all isolated CD4-
DNA, showed strong positive reaction with CD4
mAb Leu3a, but negative with CD8 mAb Leu2a.
Production of rabbit anti-CD4 antibodies by
CD4-DNA immunization. Three rabbits were
immunized with CD4-DNA at.one-week intervals as
described in matenals and methods. The sera were
collected 7 days after each DNA immunization. The
anti-CD4 antibody activity in sera was evaluated by
indirect immunofluorescence using CD4-DNA and
CD8-DNA transfected COS cells as antigens. The
anti-CD4 antibodies was induced in all immunized
rabbits (Table 1). The antibodies were detected
after four, one and two DNA immunizations for
rabbits number 1, 2 and 3, respectively. The anti-
CD4 antibody titer of 1:500 was present in all
immunized rabbits after six DNA immunizations.

The specificity of generated anti-CD4
antibodies was confirmed by using CD4" cell lines,
Sup-T1 and Molt4, and CD4" cell line K562 as
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antigens. Sup T1 and Molt4 were positive with
CD4-DNA immunized sera, but negative with
preimmune sera (Fig. 1). K562, in contrast, was
negative with both immune and preimmune sera
(Fig. 1).

Inhibition of standard CD4 mAb binding by CD4-
DNA immunized serum. The specificity of anti-
CD4 antibody presence in the CD4-DNA
immunized serum was analyzed by ine inhibition
test. CD4-DNA immunized and preimmune serum
were used to inhibit the binding of siandard CD4
mAb Leu3a to CD4 proteins on Molt4 cells. As
shown in Fig. 2, 81% of mean fluorescence intensity
(MF1) obtained from the binding of PE-labelled
Leu3a was inhibited by CD4-DNA immunized
serum, whereas, only 3% inhibition was observed
by preimmune serum,

Enumeration of the percentage of CD4* cells in
peripheral blood lymphocytes using CD4-DNA
immunized serum. To further charactenze the anti-
CD4 antibody activity in CD4-DNA immunized
serum, this serum was used for the enumeration of
CD4’ cells in peripheral blood lymphocytes. PBMC
from 5 subjects were stained with CD4-DNA
immunized serum and CD4 mAb Leu3a, side by
side. The percentage of CD4" cells in the
lymphocyte population was analvzed by a flow
cytometer and a comparison made between using
CD4-DNA immunized serum and standard CD4
mAb. As shown in Table 2, the percentage of CD4"
cells obtained by using both antibodies was very
stmilar.

DISCUSSION

Over the past five years, the principle of
DNA immunization has been demonstrated in
several different animal models. The expression
vectors used have encoded antigens from several
viruses, bacteria and parasxte antigens as well as
leukocyte surface proteins.”!! Currently, it is clear
that the induction of both humoral and cellular
immunity is possible with the DNA immunization
strategy. Several studies showed that the DNA
immunization technique has several advantages over
classical protein immunization. Large scale
production is easier and less expensive to
produce and maintain quality control for DNA than
for protein antigens. DNA, in addition, is highly
stable matenal. DNA immunization, therefore,
promises to be an attractive alternative to the
classical vaccines and an immunizing agent for the
preparation of hyperimmune serum.

Several DNA delivery methods have becn
used to introduce plasmid DNA into animals.'> The
most efficient route to transfer pure plasmid DNA
is intramuscularly, when it is injected as an agueous
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Table 1. Anti-CD4 antibody activity in sera before and after DNA immunization

Rabbit No. Serum® Immunofluorescent reactivity
CD4-COS* CD8-COS®
1 Pre-immunization - - - -
Dose 1 - - - -
Dose 2 - - - -
Dose 3 - - - -
Dose 4 1+ w+t - -
Dose 5 3+ 2+ v - -
Dose 6 3+ 3+ - -
2 Pre-immunization - ¢ - - -
Dose 1 1+ w+ - -
Dose 2 2+ 1+ - -
Dose 3 24 3+ - -
Dose 4 4+ 4+ - -
Dose 5 4+ 4+ - -
Dose 6 4+ 4+ - -
3 Pre-immunization - - - -
Dose | - - - -
Dose 2 1+ wt - -
Dose 3 3+ 2+ - -
Dose 4 4+ 4+ - -
Dose 5 4+ 4+ - -
Dose 6 4+ 4+ - -

* COS cells transfected with CD4-DNA were strongly positive with CD4 mAb Leu3a.
® COS cells transfected with CD8-DNA were strongly positive with CD8 mAb Leu2a.

¢ Sera were collected seven days after the indicated dose of immunization and tested for the presence of
anti-CD4 antibodies by indirect immunofluorescence.
“Serum dilutions,

“Positive reactivity: w+; weakly positive, 1+ to 4+; degree of fluorescent intensity.
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Figure 1, Immunofluorescence analysis of the reactivity of anti-CD4 antibodies with Sup-T1, Molt4 and K562 cell
lines. Sup-T1 (A), Moit4 (B) and K562 (C) were stained with either preimmune serum or CD4-DNA immunized
serum. Shaded peaks and unshaded peaks represent the immunofluorescence profiles of cells stained with CD4-
DNA immunized and preimmune sera, respectively.
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Figure 2. Inhibition of standard CD4 mAb binding by CD4-DNA immunized serum. Preimmune serum (A) or
CD4-DNA immunized serum (B) was used 10 inhibit the binding of PE-labelled Leu3a. Solid lines represent the
immunofluorescence profiles of cells stained with PE-labelled Leu3a. Dashed lines represent the
immunofluorescence profiles of cells pre-incubated with preimmune sera or CD4-DNA immunized. The
percentage of mean fluorescence intensity inhibition was indicated in each figure.
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Table 2. Determination of the percentage of CD4” lymphocytes using CD4 mAb Leu3a and CD4-DNA

immunized serum

Subject % Positive cells in lymphocytes
No. CD4 mAb Leu3a CD4-DNA immunized serum
1 24 25
2 36 36
3 27 30
4 46 43
5 31 33

solution (12). This route, however, still results in a
low efficiency of gene transfer and a considerable
variability of gene expression. It is likely that this
situation is due largely to the limitation of diffusion
by physical factors such as the organization of the
connective tissue, and extent of the extracellular
matrix (13,14). The diffusion barriér can be
overcome by pretreating mature muscle with a
hypertonic solution of sucrose, which presumably
forces the myofiber apart, thus, opening channels in
the connective  tissue.  Intramuscular injection
of hypertonic sucrose solution 20 minutes prior to
the administering of DNA into mice, gave an
increase in reporter gene expression (14).

The efficiency of gene transfer, using pure
DNA in skeletal muscle, is at least ten times more
effective in regencrating muscle than in normal
mature muscle.”"'’ Administration of toxic agents
tended to cause muscle necrosis and repair.
Therefore, several toxic agents have been used to
pre-treat muscie for induction of regenerating
muscle (2-4,18). Injection of the local anesthetic,
Bupivacain, 24 hours prior to injection of DNA has
been used to increase the expression of HIV gp 160
constructs and enhance immune responses (3,4).

In an attempt to produce a large amount of
antibodies to the human CD4 protein, this study
carried out the introduction of DNA encoding CD4
protein into rabbits. DNA encoding CD4 protein
were injected into 3 rabbits in different ways. The
first rabbit was pre-treated with sucrose solution,
followed by CD4-DNA injection. The second rabbit
was also pre-treated with sucrose solution, but this
was followed by injection of mixed CD4-DNA and
chloroguine. The third rabbit was pre-treated with
local anesthetic, Bupivacain. Inoculation with CD4-
DNA induced anti-CD4 antibody production in all
tested rabbits. The rabbit that was pre-treated with
sucrose solution, followed by injection of CD4-
DNA contamning chloroquine, however, produced
anti-CD4 antibodies faster than the others. By this

v

method, the antibodies could be detected only 7
days after the first DNA inoculation. This
observation is probably due to the effect of sucrose
pre-treatment and chioroquine, which was added
into the DNA solution. Chloroquine is a weak base
that can diffuse readily across phospholipid
membrane, thus, raising the pH in the lysosome or
endosome and reducing the activity of lysosomal
enzymes (21). In the presence of chloroquine, the
degradation of injected DNA within host cells was,
therefore, decreased. Finally, the expression of
encoded protein was increased and enhanced the
induction of the immune responses.

In the previous study in mice, where CD4-
DNA were directly immunized in the absence of any
reagent, the ant: CD4-antibodies were induced in 2
of 3 immunized mice (11). The antibodies were
detected in immunized mice afier more than 3 weeks
of DNA administrations (11). In the present study,
in contrast, all immunized rabbits produced anti-
CD4 antibodies and the rapid induction of anti CD4
antibodies production was observed. The high
efficiency and rapid induction of antibody
production was observed. The high efficiency and
rapid induction of antibody production may due to
the effect of pre-treatment of rabbits and the reagent
added in the CD4-DNA solution. However, to
indeed verify the effect of these reagents for
enhancing the immune response by DNA
immunization, more experiments are required.

The titer of anti-CD4 antibodies generated
by the DNA immunization was high. Generated
anti-CD4 antibodies bound either recombinant CD4
proteins which were expressed on transfected COS
cells, or mnative CD4 proteins on human
lymphocytes and T cell lines. These rabbit anti-CD4
antibodies could inhibit the binding of standard
CD4 mAb Leu3a to CD4 proteins. These results,
therefore, confirm the specificity of rabbit anti-CD4
antibodies generated by DNA immunization. Rabbit
anti-CD4 antiserum was used for determining CD4"
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cells in peripheral biood. The percentage of CD4™
cells in 5 healthy lymphocytes gave comparable
results to standard CD4 mAb Leu3a.

DNA immunization has been demonstrated
to induce antibody response against several encoded
antigens in various animals. The present report
conveys the expeniment performed in rabbits, which
demonstrated that CD4-DNA injection induces anti-
CD4 antibody production. The pre-treatment of
rabbit, with hypertonic sucrose solution and
injection of plasmid DNA in the presence of
chloroquine, induced the antibody production after
only one DNA inoculation.
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ABSTRACT

The measurement of CD4 positive cell levels is clinically usefu! in monitoring
mmmune status and is used to guide the therapy of human immunodeficiency virus
infection. The standard method for determination of the number of CD4 positive cells
i1s carried out by flow cytometric analysis. This technique, however, requires
expensive, complex instrumentation as well as trained technologists. The rapid growth
of HIV infection in developing countries has increased the need for a simple and cost-
effective method for CD4 positive cell monitoring. Therefore, the purpose of this
study was to establish a non flow cytometric method, named the manual rosetting
method, for quantifying CD4 positive cell numbers. In this investigation, 24 HIV
infected and 16 healthy individauls were enumerated for CD4 positive cells by using
both standard flow cytometry and the manual rosetting method simultaneously. The
mean percentage of CD4 positive cells in the total of white blood cells from samples
performed by the manual resetting method was 6.31%, while the standard method
yielded a mean of 6.48%. The correlation coefficient for regression analysis was 0.93.
The mean of absolute CD4 positive cells obtained from both methods were 529.04
and 515.75 cells/ul, respectively. The correlation coefficient for regression analysis
was 0.95. The interference of granulocytes and monocytes with the manual rosetting
method was evaluated. Very few CD4 rosetting cells were detected in granulocyte and
monocyte populations. It was concluded that the manual rosetting method appears to
have the potential to quantify CD4 positve cells in the limited laboratory facilities of
developing countriea and have a strong correlation with standard flow cytometric

technology.
Keywords: CD4 count, CD4 percentage, flow cytometry, manual rosetting method
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CD4 positive cell enumeration is an important immunodianostic measurement
used in evaluating patients infected with human immunodeficiency virus (HIV). The
progressive depletion of CD4 positive cells is associated with the likelihood of
clinical complications and the development of AIDS [1,2]. The United States Centers
for Disease Control and Prevention proposed that a CD4 positive cell count less than
200 cells/pl be used as one of the criteria for AIDS in the case definition[3]. CD4
positive cell counts are also used for monitoring HIV seropositive individuals into
various treatment protocols [4-7)].

In most laboratories, the standard method for CD4 positive cell enumeration
involves the use of a flow cytometric method [8]. By this method, CD4 positive cells
in whole blood specimens are identified by immunophenotyping and analyzing the
results by using a flow cytometer. The results obtained in this manner are a proportion
of lymphocytes that are CD4 positive cells or a percentage of CD4 positive cells.
These results must be combined with a hematology determination, which provides the -
absolute number of circulating lymphocytes and calculated to the absolute CD4
positive cell count. This standard flow cytometric method requires expensive
instruments and reagents as well as trained technologists, thus limiting the availability
of CD4 positive celis quantified in developing countries.

Recently, several methods that do not require flow cytometer were developed
for enumerating CD4 cells {9-13]. However, the reagents used are still expensive.
Some methods still require special and expensive equipment [9,11-13 ]. In this study,
another non-flow cytometric method, named the manual rosetting method, was
developed for enumerating CD4 positive cells. By this method, lysed whole blood
samples were stained \&:ith CD4 mADb and the stained cells were then incubated with
sheep anti-mouse immunoglobulin coated beads. The rosettes, which were CD4
positive cells. were then counted by a light microscope. This technique is simpler and
less expensive than the flow cytometric method. The clinical utility of this assay is
very attractive in developing countries where HIV prevalence is high and funds for

flow cytometry and service are limited.



MATERIALS AND METHODS

Subjects

EDTA anticoagulated whole blood was obtained from HIV infected and
normal individuals for evaluation of CD4 positive cell counts by flow cytometry and
the manual rosetting method. HIV infection diagnosis was made on the basis of
positive testing for the presence of anti-HIV antibodies by both GPA (Gel particle
agglutinétion; Serodia HIV, Fujirebio, Japan) and ELISA (3rd generation Abbott anti-
HIV1/HIV2, Abbott laboratory, USA).

Enumeration of CD4 positive cells by flow cytomeltry

100 pl of blood was incubated at room temperature with 20 pl of each
Simultest reagent panel (Becton Dickinson, Moutain View, CA) in separate tubes. The
Simultest reagent panel was composed of two-color reagent pairs of leukoGATE
(CD45-FITC/CD14-PE), control 1gG1-FITC/1gG2-PE, CD3-FITC/CD4-PE, and CD3-
FITC/CD8-PE. After 15-30 min incubation, red cells were lysed by the addition‘ of
FACS lysing buffer (Becton Dickinson) to the tubes. Samples were subsequently fixed -
with 1.0% paraformadehyde and analyzed using a FACScan flow cytometer with
Simulset software (Becton Dickinson). The results obtained in this manner were the
percentages of CD4 positive cells in the lymphocyte population. The absolute CD4
positive cell counts were then calculated as the product of the total white blood cell

count, percentage of lymphocytes, and the percentage of CD4 positive cells.

Enumeration of CD4 positive cells by the manaul rosetting technique

For the manual rosetting technique, 1 ml of whole blood was incubated with 5
m! of FACS lysing buffer (Becton Dickinson) at room temperature for 10 min. The
resulting lysed whole blood (LWB) was then washed twice with phosphate buffered
saline containing 1% bovine serum albumin and 0.02% sodium azide (1% BSA-PBS-
Azide), and resuspended with 250 pl of the same solution. To block the Fc receptors,
the cell suspension was added with 25 pl of human AB serum and incubated for at
Jeast 30 min on ice. Aliquots (50 ul) of LWB were added into a 1.5 ml microtube

followed by 10 pl of anti-CD4 mAb (Leu3a, Becton Dickinson), and placed on ice for



