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Adjuvant effect of Ubenimex on a DNA vaccine for HIV-1

S. SASAKI*t, J. FUKUSHIMA*, K. HAMAJIMA*, N. ISHIIt, T. TSUJIT, K.-Q. XIN*, H. MOHRIT &
K. OKUDA* *Department of BacteriologytFirst Department of Internal Medicine, artDepartment of Dermatology,
Yokohama City University School of Medicine, Yokohama, Japan

(Accepted for publication 22 September 1997)

SUMMARY

Enhancement of DNA vaccine immunogenicity is a current topic of high priority in the field of applied
immunology, especially as a means of controlling HIV infection. The adjuvant effect of Ubenimex
(UBX), an anti-cancer immunomodulator, on a DNA AIDS vaccine which we developed was examined
in a murine model. UBX was formulated into a preparation containing DNA plasmids encegmnd
revgenes of HIV-1 strain I, and was inoculated intramuscularly into BALB/c mice. The sera obtained
with this mixture had 2-2° times higher specific IgG titres than those obtained without the use of the
adjuvant. UBX also elicited both a stronger HIV-1-specific DTH reaction, as measured by the footpad
swelling test, and stronger cytotoxic T lymphocyte activity, as assayed by '@rerelease method,
compared with responses using DNA alone. The cytokine secretion profile of restimulated immune
lymphoid cells showed that UBX raised IL-2 and interferon-gamma levels and decreased IL-4
production. HIV-1-specific immunoglobulin subtype analysis demonstrated that UBX stimulated
IgG2a production but suppressed synthesis of IgG1 and IgE. These results indicate that activation of
the T-helper type 1 subset was induced by UBX, suggesting a mechanism of immunomodulation
mediated by this agent. We conclude that UBX acts as an immunologic adjuvant for DNA vaccination
against HIV-1. UBX may be a suitable adjuvant for clinical use because of its lack of antigenicity and
low toxicity.
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INTRODUCTION alone, and incorporation of immunologic adjuvants into vaccine

' . . . . . . formulations was not considered.
The efficacy of using plasmid DNA-encoding microbial antigens to Of the various murine lvmohocvtes. CHAT cells play a
raise humoral and cellular immune responses against pathogens u u ymphocytes, play

- . : ntral role in most immune reactions and are required for gen-
has been reported in several animal models, and this method entral role 0s une reactions and are required for ge

referred to as DNA vaccination [1—-4]. In the field of AIDS vaccine eration of cellular and humoral immune responses [10]. There has

developmen, we and others have sucoseded n inducing HIV-ITEER &0 PE2Een b A REREErne SLIE PEEEL MRS
specific immune responses by DNA vaccination [5,6], and y P

increased protection against laboratory-isolated HIV-1 challengéuggt.:tg B?_Z kiizzt'ii?t:;lsdhzgt'[lalt]é ;zlgfer:;ygel;ﬁgholf) .:52_5
was recently reported in a chimpanzee model system [7]. Thi ! : v phage Kkifing ot |

novel vaccination approach has therefore received much attentioﬁ.'allular pathogens, but these cells can also enhance production of

DNA vaccination offers potential advantages over traditional!gfiiﬁoizt'[bl%d'lz?’ gg’;hcirci(;msﬂ_rt?r;'?}g’gofsngjriga'rn;te\gral
protein-based vaccines in areas such as stability, ease of produ'g-. : ek ylotoxi ymphocyt pri

tion, and induction of cell-mediated immunity [8]. To obtain with Th1-type cytokines [14] are known to be involved in anti-viral

stronger responses, approaches such as the use of particle bo Xthogen-infected cells [15]
bardment by means of a gene gun system [2,6], or application h o .
y 9 g y [2.6] bp Based on the above considerations, we speculated that an

local anaesthetics to facilitate DNA entry into muscle cells [9] have, dulati t which d ind Thi
been attempted and have met with substantial success. Howevdr,munomoduiating agent which could induce type responses

most previous DNA vaccine studies employed DNA plasmidsmlght be useful for intensifying the _p_oten_cy of a vaccine, and
concentrated our efforts on one promising immunomodulator, ube-

Correspondence: Kenji Okuda, Department of Bacteriology, YokohamdiMeX (UBX; ((2S, 3R)-3-amino-2-hydroxy-4-phenyl-butyryleu-
City University School of Medicine, 3-9 Fukuura, Kanazawa-ku, Yoko- cine), a small molecular weight aminopeptidase inhibitor isolated
hama 236-8567, Japan. from a culture filtrate ofStreptomyces olivoreticulil6]. UBX has

mgchanisms through their ability to directly recognize and lyse

30 © 1998 Blackwell Science



Ubenimex as a DNA vaccine adjuvant 31

been used for immunotherapy of acute leukaemia [17], and is alsaere collected at 48 h after initiating cell culture, and cell-free
known to augment production of IL-2 [18] and to activate macro-supernatants were stored at =@0until assayed. Amounts of
phages [19] via its action on the membrane aminopeptidase activitgytokines in these samples were measured with the appropriate
of lymphoid cells [20]. Because of these unique immunomodulatorycommercial ELISA kits (Cytoscreen; Biosource, New Hampshire,
properties, UBX is capable of acting as an immunologic adjuvantMA) according to the manufacturer’s instructions.
targeting Thl-type responses. Furthermore, since UBX exerts few
adver_sg side_effects and_is not_ antigeniq [21], it might prove to be BHTH response
promising adjuyant candidate in strategies for developing an eﬁeCThe DTH reaction was assayed by a footpad swelling test as
tive AIDS vaccine. In the present study, we demonstrate that UBX s Three weeks after immunization, mice were injected in
aqtg asan effective adjuvan_t for DNA v_accmatlon against HIV-1 bythe right footpad with %g of V3 peptide. The same amount of
elicitation of Thi-type cytokine production. sperm whale myoglobin peptide, ALVEADVA [25], was injected
into the left footpad as a control. After 24 h, the extent of footpad
MATERIALS AND METHODS swelling was assessed as the difference between the pre- and post-
injection footpad thickness which were measured using a dial
thickness gauge (Ozaki Seisakusho, Tokyo, Japan) and expressed
in units of 102 mm.

Vaccine formulation and animal immunization

Immunogenic DNA, pCMV160l111B and pcREV, which encode the
envandrev genes of HIV-1 strain IlIB (HIV-}g), respectively,
featured in our previous report [5]. Although our DNA vaccine Determination of cytolytic activity

formulation was deS|gne_d to el'c_'t annv_spemﬂc IMMUNE  Three weeks after immunization, samples of splenocytes were
response, thaev expression plasmid was included because an,nested and cultured in the presence of V3 peptide. The target
previous study [22] showed .that expressmne\.ﬂv protem_|s cells were ®'Cr-sodium chromate-labelled syngeneic cell lines
depgndent Orrév: Co-expression. UBX (Bestatin) was kindly (P815; H-?) pulsed with or without the same peptide. The latter
provided by Nippon Kayaku Co., Ltd. (Tokyo, Japan). TWO \yere prepared to evaluate non-specific cytolytic activity. After a 5-day
micrograms each O_f pCM_VlGOI_IIB and pcRE\_/ (here_after referrEdculture, bulk splenic mononuclear cells as effectors were cocultivated
to I1IB/REV) were diluted in sterile PBS and mixed with 10, 100 or | i the peptide-pulsed target cells at effector-to-target (E/T) ratios
500ug of UBX. BALB/c mice, aged 8-10 weeks (Japan SLC INC., r4nqing from 5 to 80. Non-peptide-pulsed targets were mixed with the
Shizuoka, Japan), were injected in the biceps femoris muscle Witlite tors at an E/T ratio of 80 only. Target cell lysis was measured by a
100! Of_ the vaccine preparation. None of the mice received agamma—raly counting of cell-free supernatants to determine the amount
booster immunization. of 5ICr released. The percentage of chromium release was calculated
as 100x (Cr release in sample spontaneous Cr release)/(maximum

ELISA . , . Cr release- spontaneous Cr release). Target cells incubated in the
ELISA was used for titration of serum antigen-specific 19G, 19G1, egiym with or without 5% Triton X-100 were used to determine

IgG2a and IgE responses, and for quantification of the cytokine%aximum or spontaneodiCr release, respectively.
produced byn vitro restimulated immune lymphoid cells. Samples '

of blood were collgctgd by retro-prbital .pur?cture at 2, 4 and 8statistical analysis
weeks after |mmun|zat_|on, and antibody t_ltratlon was performed atatistical analyses were conducted with one
follows. A gp160 protein of HIV-4g (provided by courtesy of Dr
B. Wahren, Department of Clinical Virology, Karolinska Institute,
Stockholm, Sweden) was employed as an antigen for Hjy-1t
was coated on 96-well microtitre plates (Nunc, Roskilde, Den-
mark), and after blocking with 3% bovine serum albumin (BSA) in UBX augmented HIV-1-specific IgG production and altered the
PBS, serially diluted antisera was added and incubated°’ax f8r subclass profile
2 h. Peroxidase-conjugated goat anti-mouse IgG (Organon Teknik&s Fig. 1a shows, the HIV-1-specific 1gG titre was significantly
Corp., West Chester, PA) was used as the secondary antibody, aedhanced when 100 or 506 of UBX were administered together
plates were developed with 3,3,5-tetramethylbenzidine (Dako with immunogenic DNA, and this was true of both in both 4- and 8-
Corp., Carpinteria, CA). Titres were expressed as the reciprocaveek samplesR<0-01 and 0-05, respectively), whereas aud0-
log, value of the final detectable dilution, which was defined asdose had no effect. The antibody titres of sera collected 2 weeks
2s.d. above the mean optical density (OD) at 450 nm of the prefollowing inoculation were similar to those of 4-week samples (data
immune samples at the same titration point. The antigen-specifinot shown). In terms of antibody production, there was no statistical
IgG1, IgG2a and IgE titres were determined using sera collected difference between 100- and 50@- doses. Figure 1b shows the
weeks after immunization. Horseradish peroxidase (HRP)-coupledntigen-specific 1IgG1, IgG2a and IgE titres of antisera collected 4
anti-mouse 1gG1 and IgG2a (Organon Teknika) or IgE (Southerrweeks after immunization. When the immunogen was mixed with
Biotechnology Associates, Inc., Birmingham, AL) were used as thel00 or 50Qug of UBX, there was remarkable augmentation of IgG2a
secondary antibodies, and results are expressed as the recipropabduction which was accompanied by a significant decrease in the
log, titre. Other conditions were the same as in the abovelgGl and IgE titres. The relationship between the Th1-Th2 cell
procedure. dichotomy and the predominant immunoglobulin subtype has been
For quantification of IL-2, interferon-gamma (IFN; and IL- established [26], and our data suggest that a UBX dose of 100—
4, mice were killed at 3 weeks after immunization, and freshly500ug was effective in stimulating the Th1l subset.
isolated splenic mononuclear cells were cultured in the presence of
V3 peptide. This peptide, RGPGRAFVTIGK, is known as both a Enhancement of HIV-1-specific cell-mediated immunity using UBX
helper [23] and CTL [24] epitope for HIVlg. Culture media The antigen-specific DTH reaction was assayed by the footpad

-way factorial analysis
of variance fnova) and significance was defined Rk 0-05.

RESULTS
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(a) swelling test (Table 1). As Table 1 shows, a 100- or p@Gdose of
IB/REV 4 M UBX gave a stronger DTH reaction to the V3 peptide than that
Hg ) L .
HIB/REV 4 g+ obtained with immunogenic DNA alone, however, pattern was
UBX 10upgg M similar to that of the 1@.g of UBX failed to alter the response. This

HNIB/REV 4 ug+ MH is correlated to the dose-related humoral immune response, and
UBX 100ug * also implies that UBX is more likely to enhance a Thi-type
HIB/REV 4 pg+ q“

UBX 500 g . response. No SL_JbstantiaI c_hanges in responses were induced by
pCMV-empty 4ug+ *ND myoglobln pgptlde (neg‘atlve.control), .Qemonstratlng that the

UBX 500pg | B 2 wks O 8 wks adjuvant act|V|_ty of UBX is antigen-specific.

UBX 500 pg ND | | | | o The cytolytic activity of the mononuclear cells from the spleen

of an immunized animal was also examined to determine whether
this adjuvant could augment specific CTL activity generated by
DNA vaccination (Fig. 2). With 50@g of UBX, specific cytolytic

0 2 4 6 8 10 12
Reciprocal log titre

(b) activity was enhanced more than two-fold compared with the
IB/REV 4 group which did not receive this adjuvant, whereas a 160-
" U 1gG1 dose was not sufficient to elicit a consistent enhancement of the
IIB/REV 4 ug+ W W 1gG2a CTL response. A mild increase in non-specific cytolytic activity
UBX 10 g IgE was also observed in the UBX adjuvant groups, suggesting that
- antigen-unrestricted cytolytic cells such as natural killer (NK) cells
"'%55\130“9+ - - were also stimulated by UBX. UBX without IIB/REV had no
= * effect on either the DTH or CTL response, indicating that UBX
IIB/REV 4 pg+ 3 N acts as an adjuvant for immunogenic DNA.
UBX 500 ug : A e
0 2 4 6 8 10 12 UBX altered cytokine secretion profile of antigen-restimulated
Reciprocal log titre immune lymphoid cells

) g . ¢ Ubeni h i Measurement of IL-2, IFNr and IL-4 in the culture media of
Fig. 1 Adjuvant effect of Ubenimex (UBX) on humoral immune ,pqi00n restimulated bulk splenic mononuclear cells was performed

responses induced by DNA vaccination. The HIV-1-specific serum . L .
1gG titre (a) and 1gG1, 1gG2a and IgE production (b) are represented inby ELISA at 3 weeks after immunization. As Fig. 3 shows, a 3@0 -

the separate panels. Mice were intramuscularly immunized once with 2m§0Se of UBX elicited maximal production of IL-2 and IFNand
each of pCMV160IIIB and pcREV (total dg) in a mixture formulated ~ Was associated with a significant drop in IL-4 synthesis. These
with the indicated doses of UBX. The HIV-1-specific IgG titre was findings indicated that maximal activation of Th1 cells was achieved

determined in duplicate by ELISA 4 and 8 weeks following immunization. with 500ug of UBX. A 100«g dose was also effective in changing
The IgG1, IgG2a and IgE responses were assayed using the 4-week sampilae cytokine profile, but Th1-type cytokine induction with this dose
Results are expressed as the measse.m. of four to six mice. *, **  \as less than that obtained with the 5af-dose. When 50fg of
Significant difference between the UBX-formulated and unformulatedygx were injected together with an empty vector, no remarkable
groups P<0-05 andP<0-01, respectively). Similar results were obtained .hange in cytokine profile was noted. These data indicate that a 100-

zle?e(s:tee%arate experiment. 1IB/REV, pCMV160IIIB and pcREV; ND, not or 50049 dose of UBX augmented IL-2 and IFiNproduction and

Table 1. Footpad swelling response induced by the DNA vaccine pCMV160IIIB and pcREV formulated
with Ubenimex

Swelling responses<{0~2 mm)

Immunogens AdjuvantuQ) V3 peptide Myoglobin peptide
pCMV160l11IB and pcREV None 10821 3.7+ 2.0

UBX 10 9.9+ 2.6 1.7-1-3

UBX 100 17-1+1.9* 2.9+1-8

UBX 500 16-3+ 1-5* 2:4+1.3
pCMV-empty UBX 500 0-9-0-8 3.1+ 2.2
None None 2311 3:3:1.7

UBX 500 2:8+1-3 1.8-0-8

The DTH response induced by V3 peptide (also known as a helper epitope of f#!)}/-Ihe DTH
reaction was assayed by footpad swelling test 3 weeks after immunization. For the DTH assay, mice were
injected with V3 and myoglobin peptide into right and left footpad, respectively, and the swelling response
was measured 24 h after the peptide injection using a dial thickness gauge. The mean sveeding of
six (experimental group) or four (control group) mice is given in mfi0~2

* Significant enhancement of the swelling response compared with that of mice immunized with I11B/
REV alone P<0-01). Similar results were obtained in a separate experiment.

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$11:30-35
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Pz
RS

(a)

NIB/REV 4 ug b

HNIB/REV 4 pg

I1IB/REV 4 pg+
UBX 10 ug

V222
RS

IIB/REV 4 g+ s =
UBX 100 ug IIB/REV 4 ug+UBX 10
IB/REV 4 N0+ Rl Ha Ha ﬁ
UBX 500 ug *
PCMV-empty 4ug+ . . B/REV 4 ng+UBX 100 ug @ N
UBX 500 ug 5 720 W80 [ Without peptide = s
) pulse B/REV 4 ng+UBX 500 pg e
naive mouse ‘ | | | | <
: pCMV-empty 4 Hg+ oIL-2 IFN
N T, vy
Percent target cell lysis 0 10 20 30 50 60
Fig. 2. Cytolytic activity of bulk splenic mononuclear cells from BALB/c Cytokine concentration (pg/ml)
mice immunized with 2 mg each of pCMV160l11I1B and pcREV (totald)
in a mixture formulated with the indicated dose of Ubenimex (UBX). (b)
Effector spleen cells were cultured with the V3 peptide (CTL epitope of
HIV-1,,5), and syngenic cells (P815; Hiulsed with or without the same IIB/REV 4 ug

peptide were used as targets. Specific cytolytic activity was titrated with an

effector-to-target cell (E/T) ratio of as 5, 20 and 80, but antigen-unrestricted|B/REV 4 ug+UBX 10 pg
cytolysis was assayed at E/T ratio 80 only. Duplicated assays were

performed and results are expressed as the mearesm. of three or five ~ B/REV 4 ug+UBX 100 pg
mice comprising the control or experimental group, respectively. *, **

Significant differences between the UBX-formulated and unformulatedB/REV 4 ng+UBX 500 pg

groups P<0-05 andP <0-01, respectively). pCMV-empty 4 pg+
UB X 500 g e e ]
0 10 20 30 40 50 60
reduced IL-4 synthesis in an antigen-specific manner. An alteration Cytokine concentration (pg/ml)
of the Th1-Th2 cell dichotomy may be a basis for the adjuvanticity
of UBX shown in the present study. Fig. 3. Cytokine production by restimulated splenocytes from mice inocu-

lated with the vaccine formulated as shown. (a, b) Thi1- (IL-2 and HfFN-

and Th2-type (IL-4) cytokines, respectively. Mice were treated using the
DISCUSSION protocols specified in the legend for Fig. 2, and cells were harvested at the
same time point. These cells were cultured in the presence of V3 peptide,

The present study demonstrated that UBX, an anti-cancer IMMUzhd 48 h later cell-free supernatants were collected and subjected to ELISA

nomodulator approve.d for .Clinical use, enhanced HIV'l'SPeCiTiCusing the appropriate cytokine assay kits. The duplicate assays were
humoral and cell-mediated immune responses by DNA vaccinatioperformed and results are expressed as the mearesm. of four to six

in a murine model. This is the first study, to our knowledge, mice. *, **, Significant difference between the Ubenimex (UBX)-formu-
concerning the use of UBX as an immunologic adjuvant forlated and unformulated groupB€0-05 andP <0-01, respectively).
vaccines which target infectious diseases. Immunomodulatory
effects of this compound are thought to be derived from its
inhibitory action on both leucine aminopeptidase and aminopeptiUBX and our DNA AIDS vaccine, and consistent enhancement of
dase B [20]. In the case of the former enzyme, UBX directly HIV-1-specific immunity was observed. Furthermore, cytokine
stimulates lymphoid cells by interfering with binding of the leucine assays revealed that UBX not only influenced IL-2 production,
aminopeptidase onto the cell surface. As for aminopeptidase Bas described elsewhere [18], but also had an effect onjlFN-
UBX hinders tuftsin degradation catalysed by this enzyme. Thissynthesis (Fig. 3). These results suggest that UBX has potential as a
latter action indirectly facilitates the immunostimulatory effect of vaccine adjuvant and is important in eliciting Th1-type cytokine
tuftsin on the monocyte-macrophage system. These activities haysroduction in subjects administered DNA vaccines. As for the
a positive effect on IL-1 and IL-2 production by Th cells [18], CTL mechanism associated with the UBX adjuvant activity observed
activity against certain tumours [27] and antibody production [28].here, we surmised that UBX-mediated IL-2 and IFNsynthesis

Watanabeet al.reported that administration of IL-2 expression |eads to stimulation of a Th1 subset and helps to augment antigen-
plasmid together with immunogenic DNA was effective in aug- specific lgG2a production (Fig. 1), the DTH reaction (Table 1), and
menting a specific DTH and antibody response [29], and our recentTL activity (Fig. 3). However, it is likely that there is another
study [30] demonstrated that IL-12, a cytokine upstream of IL-2mechanism involving UBX as an immunologic adjuvant, since this
and IFN«<, also enhanced immune responses generated by theompound has a number of effects on the immune system [20].
DNA AIDS vaccine through elicitation of IFN- Induction of  HIV-1-specific CTL activity [31] and serum IgG2a production
Thl-derived cell-mediated immunity is considered to be necessarp12,13] are reported to play central roles in protecting against HIV
for effective DNA vaccination against pathogenic viruses, includ-and other pathogens. Since the UBX-mediated DNA vaccination
ing HIV [8]. It is particularly important that AIDS vaccines have enhanced both a CTL and IgG2a response, it may help protect the
the capacity to induce an HIV-1-specific CTL response, sincevaccinated individual under conditions of live virus challenge.
evidence has been accumulating that a vaccine which stimulates In the CTL assay (Fig. 2), antigen-unrestricted cytolysis was
this response may be beneficial for individuals faced with a livealso induced by UBX administration. We consider that this effect
virus challenge. Under these conditions, these cells may eliminat@zas mainly due to the use of bulk splenic mononuclear cells as
or at least limit replication of the viruses [31]. effector cells. This cell population includes not only CD&TL

We therefore attempted immunization with a combination ofput NK cells as well, making antibody-dependent cell-mediated

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$11:30-35
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cytotoxicity (ADCC) possible. UBX would probably enhance 6
ADCC, as suggested in an early study [32], by augmenting
antigen-specific antibody production (Fig. 1). Another possible
mechanism for this UBX-associated cytolysis is that UBX directly
activates NK cells via its inhibitory action on membrane amino-
peptidase. Since antigen-specific cytolysis is consistently enhance%
by UBX, the non-specific immunostimulatory effect of this com-
pound, although significant, does not mar its potential effect as ag
vaccine adjuvant.

This immunomodulator has been primarily used in the field of

7
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Lu S, Santoro JC, Fuller DEt al. Use of DNAs expressing HIV-1 Env
and noninfectious HIV-1 particles to raise antibody responses in mice.
Virology 1995;209147-54.

Boyer JD, Ugen KE, Wang Bt al. Protection of chimpanzees from
high-dose heterologous HIV-1 challenge by DNA vaccination. Nat Med
1997;3:526-32.

Hassett DE, Whitton JL. DNA immunization. Trend Microbiol 1996;
4:307-12.

Davis HL, Michel ML, Whalen RG. Use of plasmid DNA for direct
gene transfer and immunization. In: Liu MA, Hilleman MR, Kurth R,
eds. DNA vaccine—new era in vaccinology. New York: NY Acad Sci

anti-cancer immunotherapy, as stated above, but a few researchers 1995;77221-29.

have employed UBX alone as an anti-HIV/AIDS agent and10
reported interesting findings. Bourinbaiat al. [33] found that
UBX had an inhibitory effect on cell-mediated and cell-free HIV
infectionin vitro. A double-blind clinical study of Hordingt al.

[34] showed UBX had no capacity for disease suppression when
used to treat patients with AIDS. These two observations supporf,
the adequacy of formulating UBX into prophylactic AIDS vac-
cines, but also that it may be difficult to exploit the adjuvanticity of
UBX in therapeutic AIDS vaccines.

Finally, UBX is advantageous as a vaccine adjuvant in anothefl3
respect. Although many kinds of novel adjuvants have been
exploited [35,36], we currently have only two agents which can
be used in human vaccines; these are aluminum and calcium gels,
both known to stimulate a Th2-biased response [35]. UBX is a Iow14
molecular weight compound with no antigenicity and only minor
side effects [21]. Avoidance of anti-adjuvant immunity and

Golding B, Scott DE. Vaccine strategies: targetting helper T cell
responses. In: Williams JC, Goldenthal KL, Burns DA, Lewis BJJ,
eds. Combined vaccine and simultaneous administration—current issues
and perspectivedNew York: NY Acad Sci 1995754126—-37.

1 Mossmann TR, Coffman RL. Heterogeneity of cytokine secretion

patterns and function of helper T cells. Adv Immunol 1986;111-6.
Ishizuka ST, Piacente P, Silveefal. IgG subtype is correlated with
efficacy of passive protection and effector function of anti-herpes
simplex virus glycoprotein D monoclonal antibodies. J Infect Dis
1995;1721108-11.

Mahon BP, Katrak K, Nomoto At al. Poliovirus-specific CD4 Thl
clones with both cytotoxic and helper activity mediate protective
humoral immunity against a lethal poliovirus infection in transgenic
mice expressing the human poliovirus receptor. J Exp Med 1995;
181:1285-92.

Maraskovsky E, Chen W-F, Shortman K. IL-2 and IfFNare two
necessary lymphokines in the development of cytolytic T cells. J
Immunol 1989;1431210-4.

adverse reactions are important considerations when choosings yimer JB, Donnelly JJ, Liu MA. DNA vaccines promising: A new
adjuvants, for vaccines [35], but because the characteristics of approach to inducing protective immunity. ASM News 1988;476-9.
UBX are so favourable in this respect, concerns are minimal inlé Umezawa H, Aoyagi T, Suda lét al Bestatin, an inhibitor of

terms of employing this compound in vaccines for clinical use.

In conclusion, we conclude that UBX enhances HIV-1-specific
humoral and cell-mediated immunity obtained by DNA vaccination.1?
Future work will include a comparative study of several immunomo-
dulators, the use of UBX in other animal models, and an evaluation 01
functional immunity in a model in which live viruses are employed in
an attempt to develop a potent DNA AIDS vaccine.
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