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Macrophage inflammatory protein-la (MIP-1a) expression plasmid enhances DNA
vaccine-induced immune response against HIV-1
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SUMMARY

CD8' cell-secreted CC-chemokines, MIRsland MIP# have recently been identified as factors which
suppress HIV. In this study we co-inoculated MIR-Expression plasmid with a DNA vaccine
constructed from HIV-1 pCMV160IIIB and pcREV, and evaluated the effect of the adjuvant on
HIV-specific immune responses following intramuscular and intranasal immunization. The levels of
both cytotoxic T lymphocyte (CTL) activity and DTH showed that HIV-specific cell-mediated
immunity (CMI) was significantly enhanced by co-inoculation of the MiP-@xpression plasmid

with the DNA vaccine compared with inoculation of the DNA vaccine alone. The HIV-specific serum
IgG1/1gG2a ratio was significantly lowered when the plasmid was co-inoculated in both intramuscular
and intranasal routes, suggesting a strong elicitation of the T helper (Th) 1-type response. When the
MIP-1« expression plasmid was inoculated intramuscularly with the DNA vaccine, an infiltration of
mononuclear cells was observed at the injection site. After intranasal administration, the level of
mucosal secretory IgA antibody was markedly enhanced. These findings demonstrate that MIP-1
expression plasmid inoculated together with DNA vaccine acts as a strong adjuvant for eliciting Thi1-
derived immunity.
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INTRODUCTION been explored to optimize the preparations employed in immun-

DNA vaccines against HIV-1 have been proven to be an effective'z"jltlo.n [5’6].' DNA co-lno_cu_latlon_ can lead to the expression .Of
S S .unrotems which may help in inducing a stronger and longer lasting
means of generating immune responses and protection in a widé

variety of preclinical models [1-3]. DNA vaccines provide a !mmunlty [7-10]. To achieve protective immunity against HIV-1

means to generate antibodies and cytotoxic T Iymphocytemfecuon’ virus-specific CTL have been shown to play an impor-

) . . . ?ant role in the clearance of persistent virus infections in both
(CTL); they can be a tool for studying mechanisms of antlgenhuman and animal models [11,12].

resentation, the role of cytokines, and the effects of bacterial o . . .
P y To enhance the HIV-specific cell-mediated immunity (CMI),

DNAinth neration of immune r nses; and th I rovi ) . - .
€ generation o Une responses, a .d €y aiso pro d(\?ve tested co-inoculation of the DNA vaccine with MIR-gxpres-
a technology for the discovery of novel vaccine antigens. In a

previous study, an HIV DNA vaccine consisting of a mixture of sion plasmid. MIP-&, "’? member of thg-chemokine family, acts_ as
cytomegalovirus (CMV) promoter DNA linked to the Hignv a chemoattractant for inflammatory cells and modulates functions of

gene and C promater DNA ke 0 evgene (IBIREY) 009165 40 & i T oot =45 a1 o st
induced a certain level of HIV-1-specific humoral and cellular have sh F\)Nn th tMIPF:i gtim lation gnh n }nt .rf on ml:n
immune responses [4]. However, the immunogenicity of the DNA ave sho a stimufafion ennhances Interieron-gamma

: . (IFN-v) production [19], which is essential for the induction of
vaccine was not as strong as expected. The use of expressi

. . N . 1-derived CMI. These observations suggest that MiRvbuld
plasmids as adjuvants for DNA vaccination against AIDS has als%e useful as an effective adjuvant in DNAg\J ?/accination by activat-

Correspondence: Kenji Okuda MD, PhD, Department of Bacteriology,"9 Macrophages and Thl-type cells. Since DNA is amenable to
Yokohama City University School of Medicine, 3-9 Fukuura, Kanazawa- 9€netic manipulation, we designed a MIR-éxpression plasmid
ku, Yokohama 236-0004, Japan. which we co-inoculated with an immunogenic HIV DNA vaccine
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[4] to determine whether this plasmid enhances HIV-1-specificSeisakusho, Tokyo, Japan) in units of £nm. Control mice were
immunity. injected with the same dose of the sperm whale myoglobin peptide
ALVEADVA [4,22].

MATERIALS AND METHODS HIV-1-specific cytotoxic test

Animals As described previously [4], 3 weeks after DNA injection, splenic
We used only 6—10-week-old BALB/c female mice purchasedmononuclear cells were collected and 10° lymphoid cells were
from Japan SLC, Inc. (Shizuoka, Japan). restimulatedin vitro in the presence of the same amount of
irradiated (30Gy) syngeneic spleen cells withug@ml of the
Plasmids HIV-1 V3 peptide RGPGRAFVTI, a known CTL epitope of

pCMV160I111B encoding gp160 of HIV-}g and pcREV encoding HIV-1,,5. After being cultured for 5 days, the cytotoxic activity
rev were described previously [4]. Murine MIR-EDNA [20] was  of these spleen cells was measured by a B@r-release assay
kindly donated by Dr T. Yoshimura (Department of Immuno- using V3 peptide-pulsed target cells. The target cells were prepared
pathology Section and Laboratory of Inmunology, NCI-FCRDC, using the same HIV-1 V3 peptide-pulsed P815 cells @-2
Frederick). The pCAGGS expression vector [21] was donatedThe bulk splenocytes used as effector cells were co-cultivated
by Dr J. Miyazaki (Department of Nutrition and Physiological with the target cells at effector-to-target cell (E:T) ratios that
Chemistry, Osaka Medical University, Osaka, Japan). Murineranged from 5:1 to 80:1. Target cell lysis was measured by
MIP-1o cDNA was inserted into the Xho | site of the pCAGGS gamma-ray counting of 104 of cell-free supernatant to determine
expression vector to obtain the pPCAGGSMIR{llasmid (Fig. 1). the amount of®'Cr released. The percentage of specificr
released was calculated as X0@xperimental release sponta-
DNA inoculation neous release)/(maximun releasespontaneous release). Target
Mice were inoculated by injection or intranasally. A total of 00 cells incubated in medium alone and with medium plus 5%
of DNA mixture containing 2.g each of pCMV160I11B and pcREV  Triton X-100 were used to determine spontaneous and maximum
(hereafter referred to as pCMV160IIIB/REV) and a 5+80dose  chromium release, respectively.
of pPCAGGSMIP-Lx diluted in sterile PBS was injected into the
right biceps femoral muscle of mice [4]. For the intranasal route ELISA
mice were anaesthetized with diethyl ether. After about 20sSELISA was used to determine antibody responses against HIV-
30ul of the DNA vaccine preparation containingugd each of  1,gz. Serum and faecal specimens were collected on day 28 after
pCMV160IIIB/REV and a 1, 10, or 5¢.g dose of pPCAGGSMIP- immunization. Sample blood was collected by retro-orbital punc-
1« diluted in PBS were dropped into the nostrils little by little, so ture under anaesthesia with diethyl ether and the serum obtained

as to avoid suffocation [22]. was stored at€ until the antibody assay as described elsewhere
[22]. Faecal extract samples were prepared by suspending 100 mg
DTH response of faecal pellets in 1 ml of PBS. After centrifugation at 12 000 rev/

Two weeks after DNA inoculation, a total of 26PBS containing  min, the supernatant was collected and stored2@°C until use.
4 ug of the HIV-1,5 V3 peptide RIQRGPRAFVTIGK was injected ELISA for HIV-1,,,g was done according to the protocol already
into the rear footpads of each mouse. After 24 h, the extent oflescribed [4,22]. Ninety-six-well microplates (Falcon, NJ) were
footpad swelling was measured with a microdial meter (Ozakicoated with HIV-},5 V3 peptide-multiple antigenic peptide (MAP)
at a concentration of gg/ml. Serial dilutions of sera or faecal
samples from immunized mice were added to the wells after
Sall (1) blocking with 1% bovine serum albumin (BSA) in PBS and
SnaB | (357) washing with PBS—T (0-05% Tween 20). Wells were then treated
with peroxidase-labelled anti-mouse IgG, IgG1 or IgG2a (Organon
Teknika, West Chester, PA) as the secondary antibody. The plates
were coloured witho-phenylenediamine dihydrochloride (Wako
Apa | (859) Chemical, Osaka, Japan) and read at 490 nm on a plate reader. For
estimation of secretory IgA (slgA), antibody against the V3
peptide was also used. Antibody titres were expressed as the
reciprocal of the final detectable dilution which gave an optical
density (OD) at 490nm of0-2 OD units above the pretreated
control. The IgG1/IgG2a ratio was calculated from the reciprocal
log, titres.

Pvu | (4589)

enhancer
Amp B-actin
Promotor

pCAGGSMIP1a Intron
5140 bp

EcoR | (1719) Histopathological analysis
Two micrograms of pCMV160IIIB/REV formulated with 3@ of

MIP-1« plasmid dissolved in PBS were injected into the biceps

/
BamH | (3147) N——FEcoR1(2081)

J Bgl Il (2161) femoral muscles of BALB/c mice. At 1, 3, 5, 7 and 14 days
BamH|1 (_2810) / after injection, muscles were resected, fixed with 10% buffered
Hind Il (2625) Pst | (2616) formalin, and embedded in paraffin. Thin sections were then

Fig. 1. Construction of expression plasmid pPCAGGSMIR-PCAGGS ~ Prepared and stained with haematoxylin and eosin for light micro-
vector was digested witkhol restriction enzyme, blunted, and ligated with SCopic observation. Negative control mice were injected with the
blunted MIP-1x cDNA. same amount of DNA vaccine alone.
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Table 1. Titres of HIV-1-specific antibody induced by intramuscular (i.m.) and intranasal (i.n.)
administration of the DNA vaccine with or without MIRxlexpression plasmid

I.m. administration I.n. administration
Immunogens Serum IgG Faecal IgA Serum IgG Faecal IgA
pCMV160IlIB/REV 6:3+0-2 ND 7-2-0-3 6-3-0-1
With pCAGGSMIP-kx 1ug 7-3=0.5 ND 8:0-0-9 7-8-1-0
With pCAGGSMIP-kx 10ug 8:0*+ 0-4* ND 8-7+0-6* 8:2+ 0-4*
With pCAGGSMIP-k 509 7-0x1-1 ND 8-3+ 0-5* 7-8+-0-8
With pCAGGS-empty 10.g 6:5+0-4 ND 7-0-0-2 6-5+0-3

BALB/c mice were immunized with 2g of DNA vaccine alone or combined with the indicated
dose of pPCAGGSMIP-d. At 4 weeks after immunization, anti-HIV-1 serum IgG and faecal IgA
titres were assayed by ELISA. Data are mearse.m. (reciprocal logtitre) of five to eight mice.

ND, Not detected.

*A mean value significantly different from that obtained with the DNA vaccine with pCAGGS-
empty P<0-05).

Statistical analysis analyses of immunoglobulin subclasses and histological examina-
Statistical analyses for comparison of two groups were conductetons. Intramuscularly the DNA vaccine alone was able to induce a
using an unpaired two-taileetest or one-way factorial analysis of serum IgG antibody titre of 2 and similar titres were observed
variance gnova) for distribution parameters. Significance was when the adjuvants were included. Intranasal administration with
defined a?<0-05 in both analyses. the adjuvant similarly enhanced the IgG responses of the DNA
vaccine. Intranasal administration was also effective in generating
RESULTS high levels of faecal IgA antibody. The antibody titres obtained
with the DNA vaccine alone and with vaccine plus pCAGGS-
HIV-1-specific antibody responses empty were the same with either route, suggesting that the adjuvant
To examine dose-related immune responses to MifPaediated  effect was not caused by the pCAGGS expression vector. Mice
DNA vaccination, we administered the DNA vaccine with 1, 10 serving as negative controls showed no detectable antibody
and 50ug of MIP-1a expression plasmid by intramuscular and response.
intranasal immunization. The HIV-1-specific serum IgG and faecal
IgA antibodies were analysed by ELISA on day 28 (Table 1).HIV-1-specific immunoglobulin subclass analysis
Antibody responses were significantly enhanced whepglof The vaccine-induced antibodies were then examined for their
MIP-1a expression plasmid were administered together with themmunoglobulin subclass and titre using serum samples from the
immunogen P<0-05). Therefore, this dose was used in subse-dintramuscular and intranasal groups. As shown in Fig. 2, IgG2a
quent assays to evaluate HIV-1-specific immunity, includingtitres increased and IgG1 titres decreased, causing a sizeable drop

I.m. administration

pCMV160IIIB/REV 2/2 pg only

pCMV160IIIB/REV 2/2 pg + MIP-1a 10ug

I.n. administration

pCMV160IlIB/REV 2/2 ug only

PCMV160IIB/REV 2/2 pg + MIP-1a 10pg

OD (490 nm)

Fig. 2. Immunoglobulin subclasses of HIV-specific antibody. BALB/c mice were giveg @ DNA vaccine alone or vaccine combined with
10ug of pPCAGGSMIP-k by intramuscular (i.m.) and intranasal (i.n.) immunization. After 4 weeks, anti-HIV-I§gGh6d IgG2a titresl)
were assayed by ELISA. Optical density (OD) data are expressed as means.@In. *A significant difference from that obtained using the
DNA vaccine aloneR <0-05).
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Table 2. Footpad swelling responses of mice co-inoculated with DNA HIV-1-specific DTH was analysed using the footpad swelling
vaccine and MIP-& expression plasmid response 2 weeks after immunization (Table 2), and this response
was found to be similar in both groups of mice. When the DNA
vaccine was inoculated with 1@ of the MIP-Xx plasmid, the
footpad swelling response was strongly enhanced compared with

Swelling responsex(10-2mm)

Vaccination formulation I.m. administration  I.n. administration that of mice injected with the DNA vaccine alone. There was no
significant difference between mice immunized with the DNA

pCMV160I1IB/REV 9.8+ 1.6 9.2+ 0-7 vaccine alone and with the vaccine plus pCAGGS-empty. Mice

With pCAGGSMIP-kx 1 ug 141+ 2:4* 13.6+ 1-0* serving as negative controls showed no significant increase in the

With pPCAGGSMIP-1x 109 16-8+2.1* 15.6+2.3* footpad swelling response.

With pCAGGSMIP-k 50ug 14.6+1-8* 11.5+1.2¢ Another experiment was conducted to determine whether co-

With pCAGGS-empty 1pg 10-1+1.5 9-6+0-8 inoculation of the DNA vaccine with the MIPel expression

None (control) 1209 1411 plasmid via the two routes could induce stronger CTL responses

than inoculation of the immunogen alone. As shown in Fig. 3,
BALB/c mice were immunized with 2g of DNA vaccine alone or  strongly enhanced CTL activity was noted not only at an E:T ratio

combined with the indicated doses of pPCAGGSMig-Two weeks after  of 80 but also at a ratio of 20, when the vaccine was co-inoculated

immunization, the footpad swelling assay was assayed. Data are meangith 10ug of the MIP-Ix plasmid. There were no substantial

+s.e.m. of five to eight mice. _ _ differences between the two routes with respect to either HIV-1-
*A mean value significantly different from that obtained with the DNA specific DTH or CTL activity. The data of three other CTL

vaccine aloneR <0-05). experiments gave the same results, suggesting that the DNA

vaccine with MIP-Ix expression plasmid induced a higher level

in the 1gG1/IgG2a ratio, which was significantly lower than that of HIV-1-specific CMI than did the vaccine alone.

obtained with inoculation of DNA vaccine alone in both routes,

suggesting that a Th1-type response was induced by co-inoculatidnflammatory cell accumulation in the MIRxdinjected muscles

with the DNA vaccine and MIP-& expression plasmid. On histopathological examination, a substantial level of inflam-
matory cell infiltration composed of histocytes and lymphocytes
HIV-1-specific CMI responses was observed lasting from 1 to 7 days after injection. The maximal

Dose-related DTH responses and CTL activity were also evalaccumulation of lymphocytes in the injected muscles was observed
uated in both intramuscularly and intranasally immunized mice.3 days after plasmid injection (Fig. 4b,c), indicating that strong

E/T ratio: [l 5 20 [] 80

(@) (b)

T

= —
'—kz'{iiii IIB/REV 2/2 ng iiii/ﬁéd—'
—
— % +MIP-1a 1 pg % /4
* H Hx
—1 %+MIP-1G 10 ug % 7 %
* H
"™ ™
H H
— 4+ pCAGGS-empty%&)—1
L ] ] ] ] 10 pg ] ] ] | J
50 40 30 20 10 0 0 10 20 30 40 50
% target cell lysis % target cell lysis
I.m. administration I.n. administration

Fig. 3. Cytotoxic T lymphocyte (CTL) activity of MIP-d& expression plasmid. (a) By intramuscular administration. (b) By intranasal
administration. Two separate groups of mice were immunized wiih @ DNA vaccine formulated with the indicated dose of MIR-1
expression plasmid. Splenocytes were isolated after 4 weeks and cultured for 5 days with the V3 peptide. The CTL activity was titrated at E: T
ratios of 5, 20 and 80. Data are means.e.m. of three to four mice. *A significant difference from that obtained using the expression vector
alone P<0-01).
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Fig. 4. Histological examination of injected mice. (a) Injected witphg?
of DNA vaccine alone. (b) Injected with 2y of DNA vaccine and 1Qg
of MIP-1a expression plasmid. (Mags100.) (c) Injected with 2g of
DNA vaccine and 1@g of MIP-1« expression plasmid. (Mag.200.) At

DISCUSSION

We previously reported that the use of expression plasmids for
certain cytokines or costimulatory factors enhanced the immune
responses induced with a DNA vaccine [7—10]. There have been
several studies suggesting that DNA plasmids encoding a func-
tional gene can elicit protective immunity in mice against certain
pathogenic viruses [4,23,24]. Techniques employing immunologi-
cal adjuvants together with plasmid DNA are not only simple to
perform but also offer other several advantages including low cost,
easy production, facilitated quality control, a continuous produc-
tion of protein, and no risk of inadvertent infection. Our prelimin-
ary experiments revealed that the half-life of IL-2 and IL-12
proteinin vivo is short compared with their expression plasmid
forms (unpublished data). Therefore, in an effort to develop more
effective adjuvants, we considered MIRB-To-inoculation with
DNA vaccine to promote various forms of the immune response.
In this study, we examined the immune modifications elicited
by MIP-1« expression plasmid. Although DNA vaccines without
adjuvant are able to generate antigen-specific CMI, the faecal IgA
antibodies were significantly activated and DTH response and CTL
activity were consistently enhanced when the DNA vaccine was
co-inoculated with MIP-& either intramuscularly or intranasally
(Table 2 and Fig. 3). Therefore, co-inoculating immunogenic DNA
with MIP-1a augments the potency of DNA vaccinations. More-
over, the 1gGl/IgG2a ratio was significantly lower than that
obtained using the DNA vaccine alone, suggesting activation of
Thl-type cells (Fig. 2). Activation of a Th1-type immune response
is vital for HIV-1 protection or therapeutic efficacy. In murine
models, cytokines such as IL-2 and IRNsroduced by Th1l cells
support the development of cellular immunity, including the CTL
response and production of the IgG2a immunoglobulin isotype.
Cytokines such as IL-4 and IL-5 produced by Th2 cells promote
B cell activation and immunoglobulin class switching processes,
which are typified by a predominance of the IgG1 immunoglobulin
isotype [25,26]. The relative predominance of IgG1 over IgG2a
or vice versacan be influenced by the method of DNA inoculation
(gene gunversussaline injection) as well as by the form of
expressed antigen (membrane-bound or secreted) [27,28]. We
used MIP-x because of its known activation of macrophages
and its ability to induce IFNy production [29]. Activation of
Thl-derived immunity elicited a DTH response, CTL activity, and
IgG2a antibody production, and our results accommodate this.
Recently, three murine CC-chemokine (MIR;1 MIP-18,
RANTES) receptors which display different forms or chemokine
binding have been described [30,31]. The chemokine ligands for
these receptors provide signalling in T cells and deliver different
intracellular signals that activate a Thl response and enhance
IFN-y production. In the present study, we did not obtain direct
data abouin vivo efficacy of MIP-1x expression plasmids because

1, 3, 5, 7 and 14 days after injection, muscles were resected, fixed witlyf the limitations of HIV-1 infection in mice.

10% buffered formalin, and embedded in paraffin. Thin sections were
then prepared and stained with haematoxylin and eosin for light micro-

SCOpIC observation.

inflammation was caused by MIRelinjection. This was not

We also demonstrated that injection with MIR-XTaused
massive inflammatory infiltration in the injected site (Fig. 4).
Histopathological examination demonstrated that MdP-Has
chemoattractive activity, which is consistent with previous studies
[7]. In addition to adjuvant activity, MIP-d& suppresses the growth
of HIV, possibly by interfering with HIV binding to CC-CKR3

observed in muscles injected with the DNA vaccine aloneand CC-CKR5 [30,31]. Molecular identification of these fusion
(Fig. 4a) and injected after 14 days. These data demonstrate thabfactors is critical for understanding the pathogenesis of HIV-1
MIP-1« is a cytokine which displays chemoattractive activity for infection and would be useful for designing therapeutic strategies.

inflammatory cells.

MIP-1« also plays an important roia vivo in the development of
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both acute and relapsing experimental autoimmune encephalo3 Kumar V, Szercar E. Genetic vaccination: the advantages of going
myelitis (EAE) [32]. In support of a vital role for MIPelin Thl- naked. Nature Med 199&;857-9. _

mediated inflammatory disease, Cook and others have showrf Okuda K, Bukawa H, Hamajima kt al. Induction of potent humoral
recently that MIP-& gene-deficient mice fail to develop virus- and cell-mediated immune responses following direct injection of DNA
induced autoimmune heart disease [33]. These reports along with eRr:e?o(f/Iir:gl ;gg_ 1'1';/3&% and rev gene products. AIDS Res Hum
the data_‘ of the p_rgsent §tudy er_npha5|ze the_lmportance of CCS Wang B, Boyer J, Srikantan \ét al. DNA inoculation induces
chemokine selectivity during the inflammatory immune response

; A - A neutralizing immune responses against human immunodeficiency
in terms of their roles as mediators of chemotaxis to the Thl s type-1 in mice and nonhuman primates. DNA Cell Biol 1993;
subtype.

12:799-05.

Including the CpG motif in DNA vaccines as an adjuvant may 6 Wang B, Ugen KE, Srikantan &t al. Gene inoculation generates immuno-
increase humoral and cellular immunity to a weakly antigenic  responses against human immunodeficiency virus type 1. Proc Natl
proteing-galactosidase encoded by it or a co-injected plasmid [34].  Acad Sci USA 199390:4156-60.

There are reports that CpG-based DNA sequences in the plasmid Tsuii T, Fukushima J, Hamajima & al HIV-1-specific cell- mediated
backbone of DNA vaccines promote antigen-specific immunity |mmun|ty is en_hanced by coinoculation of TCA-3 expression plasmid
[35,36]. To eliminate the promoter region function as a confusing ‘I'i'gl'l RNI’:‘U‘I’(?JCS‘;';; 'TE::SL(%%??O&;?MC lposomes are a sirong
variable, we inoculated MIPetfree pCAGGS with the DNA ' ' :

. . . S adjuvant for a DNA vaccine of human immunodeficiency virus type 1.
vaccine using both routes of immunization (Tables 1 and 2). The 5 ps Res Hum Retrovir 199713:1421-8.

antibody titres and the DTH response were not significantly g Tsyji T, Kawamoto S, Sasaki & al. Imnmunomodulatory effects of
different from those obtained using the DNA vaccine alone, plasmid expressing B7-2 on human immunodeficiency virus-1-specific
suggesting the adjuvant activity of MIRxIwas not due to the cell-mediated immunity induced by a plasmid encoding the viral
CpG motif. antigen. Eur J Immunol 19927:782-7.

DNA vaccine therapy is thought to be an effective method for10 Sasaki S, Tsuji T, Hamajima & al. Monophosphoryl Lip A enhances
treating patients with AIDS. Intramuscular injection has been Pothhumoral and cell-mediated immune responses to DNA vaccination
favoured for eliciting immune response over the past years because Zgg'gzg hg‘ma” immunodeficiency virus type 1. Infect Immun 1997;
.Of Its many a_d\_/anta_ges [71. Recen.t re_ports have Showr.] thay 1 Douglas FN, Alain RMT, John GE, Charles RR, John G, Andrew JM.
IntranaS.aI admlnlstratlon of DN.A vaccine induces Stron.g antibody HIV-1 gag-specific cytotoxic T lymphocytes defined with recombi-
production, particularly production of mucosal slgA antibody, and

: M e - nant vaccinia virus and synthetic peptides. Nature 19#5484—
a high level of HIV-specific CTL activity [37—39]. We found in the 7.

present study that the DTH response and CTL activity were12 Carmichael A, Jin X, Sissons P, Borysiewicz L. Quantitative analysis of
significantly enhanced when the DNA vaccine was inoculated the human immunodeficiency virus type 1 (HIV-1)-specific cytotoxic T
intranasally with MIP-& expression plasmid (Table 2; Fig. 3b). lymphocyte (CTL) responses at different stages of HIV-1 infection:
A high level of HIV-specific mucosal sIgA antibody was also differential CTL responses to HIV-1 and Epstein—Barr virus in late
observed when we used this route of administration. Compared disease. J Exp Med 199877.249-56. o _
with the intramuscular route, intranasal administration of DNA 13 Baggiolini M, Dahinden CA. CC chemokines in allergic inflammation.
P ; ; . Immunol Today 199415:127-33.
\|i|aCCIne rISfSrE;f]e,r edastll)./l (éarr:]e(f O.Ut‘. arr1]d has l;eV\:er Sldle etffe::;_s.‘l Schall TJ, Bacon K, Camp R, Kaspari JW, Goeddel DV. Human
OWEVer, turthe . etaiied analysis 1S ecessa y to evaluate this macrophage inflammatory proteirx \MIP-1«)) and MIP-1 chemo-
method fully. Taking all data together, we consider that the present

! ; : ) kines attract distinct populations of lymphocytes. J Exp Med 1993;
approach of formulating adjuvants for use with plasmid DNA  1771821-6.

and administration via the intranasal route is the simplest ands Taub DD, Conlon K, Lloyd AR, Oppenhein JJ, Kelvin DJ. Preferential
most economical method for providing immunity against this  migration of activated CD#and CD8 T cells in response to MIPel
disease. and MIP-1. Science 1993260:355—8.

In conclusion, our present findings clearly show that DNA 16 Fahey TJ, Tracey KJ, Tekamp-Olson P, Cousens LS, Jones WG, Shires
vaccine co-inoculated with MIPelexpression plasmid induces a ~ GT. Gerami A, Sherry B. Macrophage inflammatory proteia 1
substantial level of HIV-specific CMI and that similar vaccine— _ Modulates macrophage function. J Immunol 19B#2764-9.

plasmid combinations may be useful for designing therapeutic17 Graha.m GJ, Wright EG, Hewick R.‘.Wo.lpe SD, Wilkie NM, analdson
. . . D, Lorimore S, Pragnell IB. Identification and characterization of an
strategies to combat HIV infection.

inhibitor of haemopoietic stem cell proliferation. Nature 1990;
344442-7.
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