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The objective of our study was to check the immunogenicity of
experimental bivalent subunit vaccines against Herpes simplexviruses
(HSV1 and HSV2). The subunit vaccines were prepared from
glycoprotein antigens isolated from the external envelopes of HSV1
and HSV2. In the first vaccine the glycoproteins subunits were ad-
sorbed on the adjuvant AI{OH)3. The secortd subunit vaccine was
prepared from glycoprotein antigens with the adjuvant MPs-19 (a
water soluble oligosaccharide) dissolved in phosphate buffered
saline (PBS). The final concentration of Al{OH)3 in the first vaccine was
5mg/mi, while the final concentration of MPS-1g in the second vaccine
was 2 mg/ml. These vaccines contained 0.13 mgq total protein for the
HSV1 subunits and 0.16 mg for the HSVZ2 subunits mi. One group of
10 female Swiss albino mice (20 gr body weight) were each im-
munized s.c. with 0.5 mi of the HSV'1/HSV2 subunit vaccine, containing
the adjuvant AI(OH)3. The second group of 10 mice was immunized
with the same quantity of the HSV'1/HSV2 subunit vaccine with adjuvant
MPS-19. A group 11 healthy, nonimmunized mice served as the
controf in the assay. The specific humoral immune response of the
vaccinated mice was measured by a standard method of indirect
immunofluorescence. The specific cellular immune response of the
vaccinated animals was tested by measuring the lymphocyte prolifera-
tion response to HSV1 and HSV2 antigens with tritiurm methyl thymidine
*128.5 Bg/mmoal), in vitro. The titres of the specific IgG and IgM class
antibodies, in the sera of both groups of immunized mice on day 10
after vaccination were: a) with adjuvant Al{OH)3: from 1:8to 1:128 IgG;
and 1:32 to 1:128 IgM for HSV1,; from 1:32 to 1:128 IgG and IgM
antibodies, for HSV2,; b) with adjuvant MPS-19; from 1:16to 1:128 IgG
and 1:64 to 1:128 IgM for HSV1; from 1:16 to 1:32 IgG and 1:64 to
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1:128 IgM for HSV2. The mean values for radioactivity in the medium
after spontaneous proliferation of lymphocytes were 799 cpm for the
first and 798 cpm for the second experimental group. The mean
radioactivity of lymphocytes from the first group of mice stimulated
with HSV1 and HSV2 antigens in, 10 days afterimmunization, was 1470
cpm (for HSV1) and 1845 cpm (for HSV2). The mean values of radjoac-
tivity in the proliferation test for HSV1 and HSV2 antigens in the second
experimental group of mice on day 10 after vaccination were 1389 cpm
(for HSV1) and 2416 cpm (for HSV2). Thus, the low subunit antigen
concentrations in both vaccines, induced satisfactory humoral and
cellular immune responses to HSV1 and HSV2 in the organisms of
immunized mice.

Key words: HSV1, HSV2 glycoprotein antigens, subunit vac-
cines, immunization, swiss albino mice.

INTRODUCTION

Herpes simplex viruses 1 and 2 have 9 surface glycoprotein antigens (gA-
gh important for the biological characteristics of the virus and of the host cells.
The glycoproteins gC and gE are responsible for the determination of the virus
types: whilst the glycoproteins gB and gD represent key molecules inthe process
of inducing the synthesis of virus neutralizing antibodies for HSV1 and HSVZ2 in
the host organisms, i. e. for stimulating protective humoral and cellular immune
responses, in vivo (Arvin et al., 1991, Roizman and Sears 1990;, Savarese et al.
1994;, Stanberry et al. 1987. and Whitley, 1990.).

We decided to check the immunogenicity of two bivalent subunit vaccines
against HSV1 and HSV2, prepared from purified glycoprotein antigens isolated
from the excternal envelopes of the above mentioned viruses (with two different
adjuvants) in a biological assay on mice.

MATERIAL AND METHODS

| Vaccines 1. The subunit vaccines were prepared from glycoprotein an-
tigens isolated from the external envelopes of HSV1 and HSV 2. Inthefirst vaccine
the glycoprotein subunits were adsorbed on the adjuvant AI(OH)3, in 100
mmmol/1 PBS. second subunit vaccine was prepared from glycoprotein antigens
with the adjuvant MPS-19 (a water soluble oligosaccharide) dissolved in PBS.
The final concentration of Al(OH)3 in the first vaccine was 5 mg/ml, while the final
concentration of MPS - 19 in the second vaccine was 2 mg/ml.

The HSV1 and HSV2 viruses used for the preparation of the subunit
vaccines were individually propagated in a Vero cell line for 48-72 hours at
360C. The titres of the propagated viruses were: - LDso= 103 for HSV1, and
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LDsp=10-*3 for HSV2. These viruses were identified by the standard serum
neutralisation - virus test (SNV) on the Vero cell line.

2. The glycoprotein antigens were isolated and purificated from the outer
envelopes of the above mentioned viruses by preparative ultracentrifugation in
salt gradients with Triton X-100, as described in by Milic et al. (1991) and Milic
(1993).

3. The immunogens in the preparation were identified by SDS-PAGE
electrophoresis in a discontinuous buffer system according to Laemmili (1970)
with selective staining of the virus proteins (PAS-staining) according to Gordon
(1983). Glycoprotein fractions of the isolated subunits stained pink.

The same methods were used for the biochemical characterization of the
isolated subunit virus proteins (virus glycoproteins), i. e. immunogenic protein
molecules isolated from the purified virions HSV1 and HSV2.

4. After purification and concentration of the virus, disruption of virions and
the isolation of their subunits, the total protein concentration was determined in
the samples of purified virus antigens, resuspended in 200 mmol/l PBS, (pH 7.0)
according to Lowry et al. (1951).

5. The pyrogenic test on experimental rabbits was performed according to
the Ph.Yug IV and Ph. Britannica Vet. 1985, Add, 1992.). The above mentioned
vaccines were apyrogenic as they did not cause any rise in the body temperature
of the immunized rabbits.

6. The vaccines were tested for abnormal toxicity according to Ph. Yug IV,
in a biological test on 15 experimental mice, BALB/C strain, each weighing 20g.
All the experimental mice survived intraperitoneal applications of the vaccines
(i/p) at doses of 0.5 and 1 ml, without any disturbance to their health, which was
monitored regularly for the 20 days of the experiment. There fore, it was con-
cluded that the vaccines do noproduce any abnormal toxic effects.

7. The specific toxicity was tested on 25 female mice, Swiss albino strain,
by using three times, five times and ten times bigger doses of the vaccine. Allthe
animals survived the experiment with no changes in their state og health.

Il. Biological assay on experimental mice. The immunogenicity of the
bivalent subunit vaccines against HSV1 and HSV 2 was tested in a biological
assay on 31, Swiss albino, female mice, each weighing 20 g. The first group of
10 mice was immunized s.c. with the HSV1/HSV2 subunit vaccine with adjuvant
Al(OH)3 (0,5 ml/mouse). The second group of 10 mice was immunized s. ¢. with
the same dose of the HSV2 subunit vaccine with adjuvant MPS-19.

A group of 11 healthy, nonimmunized mice served as the control in the
assay.

The biood sera of the immunized experimental mice were examined for the
presence and the titre of spcific virus-neutralizing antibodies of the IgG and IgM
classes against HSV1 and HSV 2, before and on day 10 after vaccination, by the
method of indirect imunofluorescence.

The specific cellularimmune response of the vaccineted animals was tested
by determining the lymphocyte proliferation reaction to HSV1 and HSV2 antigens
using tritium methyl thymidine (128.5 Bg/mmol), in vitro, on day 10 of the assay.
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Il Commercial lyophilized antisera to human IgG and IgM classes, con-
jugated with FITC (INEP), were used for the determination of the virusneutralizing
IgG and IgM antibodies to HSV1 and HSV2 in the sera of experimental mice by
indirect imunofiuorescence according to Mihajlovi¢ (1984).

IV The standard test of proliferation of lymphocytes of the cervical lymph
node stimulated with antigens HSV1 and HSV2, was applied for testing the
cellular immune response of the immunized animals according to Ford (1988).
The incorporation of methyl-thymidine-3H, 128.5 Bg/mmol in cellular suspen-
sions of lymphocytes in RPMI medium was recorded.

RESULTS

The total protein concentration in the vaccines was 0.29 mg/mli.e. 0.13mg
(for HSV1 subunits) and 0.16 mg (for HSV2 subunits).

The antibody titres for IgG and IgM against HSV1 on day 10 after immuniza-
tion with the HSV1/HSV2 subunit vaccine containing the adjuvant AI(OH)3 ranged
from 1:8 to 1:128 (for IgG) and 1:32 to 1:128 (for IgM) - (Table 1). The antibody
titres of IgG and Ig against HSV 2 in the sera of the same group of imunized mice,
ranged from 1:32 to 1:128 for IgG and IgM - (Table 2).

Table 1. Antibody titres against HSV1 10 days after immunization with vaccine containing Al(OH)s

Mouse gG igM
118 1:16 1:32 1:64 1:128 B 1:16 1:32 1:64 1:128

5 | & +
2 + - - - - -
3 +
4 + +
S5 + +
6 + +
7 + +
8 + +
9 + +
10 o i

The antibody titres of IgG and IgM against HSV 1 in the blood sera of the
second group of 10 mice immunized with the bivalent subunit HSV1/HSV2
vaccine, containing the adjuvant MPS-19, were found to be: 1:16 to 1:128 (for
IgG) and 1:64 to 1:128 (for IgM) on day 10 of the experiment 0 (Table 3). The
antibody titres of IgG and IgM against HSV2 in the sera of the same mice, on day
10 after immunization ranged from 1:16 to 1:32 (for IgG) and 1:64 to 1:128 (for

IgM) - (Table 4).
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Table 2. Antibody titres against HSV2 10 days after immunization with vaccine containing Al(OH)3

Mouse lgG .
1:8 116 1:32 164 14128 1.8 1:16  1:32 164 1:128

1 + +
2 + +
3 + +
4 + +
8 4 +
6 + +
7 + +
8 + +
9 + %+
10 + +

Table 3. Antibody titres against HSV1 10 days after immunizing mice with the vaccine containing

MPS-19
Mouse IgG IgM
1.8 1:16 1:32 1:64 1:128 1:8 1:16 1:32 1:64 1:128
11 + +
12 + +
13 + -
14 + +
15 + +
i6 + +
17 s +
18 ¥ +
19 o 2
20 = S

Thus, the experimental bivalent subunit HSV1/HSV2 vaccines (both with
adjuvants Al(OH)3 and MPS-19) induced strong humoral immune responses in
the organisms of the immunized animals which resulted in the synthesis of
virusneutralizing IlgG and IgM antibodies against the viruses HSV1 and HSV2 in

satisfactory titres (mainly from 1:32 and 1:128).

In the third (control) group of 11 healthy, nonimmunized mice, humoral
immune responses to HSV1 and HSV2 were not detected.

The mean values for radioactivity in the medium duringspontaneous
proliferation of mouse lymphocytes, were 799 cpm for the first and 798 cpm for
the second experimental group - (Table 5 and 6).
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Table 4. Antibody titres against HSV2 10 days after immunizing mice with the vaccine MPS-19

Mouse I9G L
1.8 1:16 1:32 1:64 1:128 1:8 1:16 1:32 1:64 1:128
11 + o
12 + +
i3 4 +
14 + +
15 + +
16 + +
17 + +
i8 . =
19 + +
20 + +

Table 5. Prolifsration to HSV1 antigensProliferative response of lymphocytes of the cervical lymph
node from mice immunized with the vaccine containing Al(OH)3 to HSV1 and HSV2 (¢/min)

Sponta}nequs i radl - :
woue  pobiasioninthe  [fleon e

i 677 964 1507
2 269 1631 1816
3 887 1156, 3130
4 754 2485 1857
B 909 1332 1493
6 619 1353 1269
X 799 1470 1845

Table 6. Proliferative response of lymphocytes of the cervical lymph node from mice immunized with
the vaccine containing MPS-19 to HSV1 and HSV2 (c/min)

Spontaneous

Mouse proliferatipn in the 5"80\}"{ e;:ttig; ;Z Ersc(!'t;earittiic;r;rt;
medium
1 586 1413 2364
2 745 1173 1028
3 878 1833 5391
4 809 1115 1479
5 864 1280 1937
B 907 1622 2294
X 798 1389 2416
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The mean radioactivity incorporated into lymphocytes stimulated with
HSV1 and HSV2 antigens in the first group of mice, 10 mice days after immuniza-
tion, was 1470 cpm (for HSV1) and 1845 cpm (for HSV2) - (Table 5). The mean
values for radioactivity in the test for lymphocyte proliferation response to HSV1
and HSV2 antigens in the second experimental group of mice on day 10 after
vaccination were 1389 cpm (for HSV1) and 2416 cpm (for HSV2) - (Table 6).

DISCUSSION

Other authors in this field (Hassan et al., 1996., Zarling et al.,1988) have
shown that the glycoprotein antigens isolated from external envelopesof HSV1
and HSV2 in the subunit vaccines have an important role in inducing specific
cellular immunological reactions in the immunized organisms (mice and
humans).

The proliferation test results in our investigation confirmed the proliferative
response of lymphocytes to HSV1 and HSV2 antigens in mice, 10 days after
immunization with the bivalent subunit vaccine containing the adjuvant AI(OH) 3
at a concentration of 5 mg/ml,

A satisfactory proliferative response of lymphocytes to HSV1 and HSV2
antigens was also found in mice 10 days after immunization with the bivalent
subunit vaccine containing the water soluble oligosaccharide (MPS-19) at 2
mg/ml.

Moreover, these HSV1/HSV2 subunit vaccines induced strong specific
humoral immune responses in all vaccinated mice, i.e. the synthesis of virus-
neutralizing antibodies against HSV1 and HSV2 viruses,

The results of these experiments have confirmed that the abovementioned
experimental subunit vaccines against HSV1 and HSV2, with low concentrations
of isolated viral subunits (0.13 mmg/ml for HSV1 and 0.16 mg/ml for HSV2),
induce humoral and cellular immunological responses in the immunized or-
ganisms.
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ISPITIVANJE IMUNOGENOSTI EKSPERIMENTALNIH SUBJEDINICNIH VAKCINA PROTIV
HERPES SIMPLEX VIRUSATIPA 112

M. MILIC. TANJA JOVANOVIC, IVANA KNEZE@\—’IC. GORDANA GADANSKI-OMEROVIC, RUZICA
ASANIN

SADRZAJ

Cilj nagih istraZivanja je bilo ispitivanje imunogenosti eksperimentalnin
bivalentnih subjedini¢nih vakcina protiv virusa HSV1 i HSV2. Ispitivanje imun-
ogenosti ovih subjediniénih vakcina protiv Herpes simplex virusa, pripremljenih
po metodi Mili¢a, izvr$eno je u biologkom ogledu na 31 eksperimentalnom misu,
Swiss albino, fenki, tezine 20 grama. SubjediniCne vakcine su pripremljene od
glikoproteinskih antigena izolovanih iz spoljadnjih omotaéa virusa HSV1 i HSV2.
U prvoj vakeini glikoproteinske subjedinice su adsorbovane na adjuvans Al(OH)3.
Druga subjedini¢na vakcina je pripremljena od glikoproteinskih antigena sa
adjuvansom MPS-19 (hidrosolubiinom oligosaharidnom supstancom)
rastvorenim u PBS-u. Finalna koncentracija Al{OH)3 u vakeini je 3 mg/ml, dok je
finalna koncentracija MPS-19 u drugoj vakeini 2mg/ml. Koncentracije proteina u
vakcinama iznosile su 0.13 mg/ml za HSV1 i 0.16 mg/mi za HSV2. Prvagrupa od
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10 eksperimentalnih Zivotinja imunizovana je (supkutano) sa 0.5 ml HSV1/HSV2
subjedinicnom vakcinom, sa adjuvansom Al(OH)3. Druga grupa od 10 migeva
imunizovana je sa istom dozom vakcine HSV1/HSV2 sa adjuvansom MPS-19, kao
Sto je ve¢ opisano, Grupa od 11 zdravih, neimunizovanih mideva predstavija
koentrolnu grupu u ovom ispitivanju. Specifiéni humoralni imunski odgovor vak-
cinisanih miseva meren je standardnom metodom indirektne imunofluorescen-
cije. Specificni celularni imunski odgovor vakcinisanih Zivotinja odreden je
standardnom metodom proliferacije limfocita protiv HSV1 i HSV2 antigena
pomocu tricium metil timidina (128.5 Bg/mmol), in vitro. Titri specifiénih antitela
lgG i IgM klase, u serumima dve grupe od 10 eksperimentalnih miSeva im-
unizovanih sa HSV1/HSV2 subjedinitne vakcine (sa dva razli¢ita adjuvansa)
desetog dana posle vakcinacije bili su: sa adjuvansom Al{OH)3: od 1:8 do 1:128
IgG:i1:32 do 1:128 IgM za HSV1; od 1:32 do 1:28 IgG i IgM antitela, za HSV2; b)
sa adjuvansom MPs-19: od 1:16 do 1:128 IgG i 1:64 do 1:128 IgM za HSV1; od
1:16 do 1:32 1gG i 1:64 do 1:128 IgM za HSV2. Srednije vrednosti radioaktivnosti
uzoraka u testu spontane proliferacije limfocita kod miseva, u medijumu su bile
799 ¢/min za prvu i 798 c/min za drugu eksperimentalnu grupu. Rezultati testa
profiferacije limfocita stimulisanih sa HSV1 i HSV2 antigenima u prvoj grupi
miseva, 10 dana posle imunizacije bili su 1470 ¢/min (za HSV1) i 1845 ¢/min (za
HSV2). Srednje vrednosti radioaktivnosti uzoraka u testu proliferacije limfocita na
HSV1 i HSV2 antigene u drugoj eksperimentalnoj grupi miseva desetog dana od
vakcinacije bile su 1389 ¢/min (za HSV1) i 2416 ¢/.min (za HSV2). Niska kon-
centracija subjedinicnih antigena u navedenim vakcinama, indukuje zadovol-
javajuci humoralni i celularni imunski odgovor kod imunizovanih migeva protiv
HSV1 i HsV2.
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