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Introduction

Summary

The mechanism of the T-cell response and cytokine induction to restrict
human immunodeficiency virus 1 (HIV-1) infection is not clear. During
early infection, HIV-infected individuals have a high frequency of virus-
specific cytotoxic T lymphocytes (CTLs) that effectively reduces the viral
load. However, the CTLs are unable to clear the virus at later stages of
infection, leading to disease progression. Dysregulation of cytokines like
interleukin-12 (IL-12) and interferon-y (IFN-v) as a result of the interac-
tion of HIV-1-specific T cells with antigen-presenting cells is one of the
possible causes of CTL dysfunction. Secretion of IL-12 is reduced with the
progression of HIV infection, correlating with impaired CTL function;
however, the role of IL-12 in CTL regulation awaits elucidation. Here, we
have studied the role of IL-12 in CTL dysfunction by using DNA immuni-
zation of wild-type (WT) and IL-12-deficient mice with HIV-1 gp120
complementary DNA. It was observed that the CTL response in IL-12-
deficient mice was significantly less than that in WT mice. Our results
further demonstrated that coimmunization with IL-12 vector restored the
impaired CTL response in IL-12-deficient mice. However, immunization
with IL-12 vector failed to rescue the CTL response in IFN-y deficient
mice, suggesting that the CTL-promoting function of IL-12 is IFN-y-medi-
ated. Our data suggest a phase-specific role of IL-12 in the CTL response,
specifically in the priming of CD4" T cells that provide help to CD8* T
cells. Our results also suggest that IL-12 is vital for the priming of anti-
gen-specific T cells and plays an essential role in IFN-y induction in T
cells.
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and granzyme from the CTLs. Perforin is a soluble pore-
forming cytolytic protein that is sequestered into cyto-

The immune system comprises a composite array of cells
that preserve the integrity of the organism by eliminating
the pathogens. Both the innate and adaptive arms play a
vital role in clearance of pathogens. The key players of
adaptive cellular immune response are T lymphocytes,
which include cells with a cytotoxic effector function that
are called cytotoxic T lymphocytes (CTLs).! The CTLs kill
the target cells by one of at least three distinct pathways.
Two of them involve direct cell-cell contact between
effector and targets. One is binding of Fas ligand
(expressed on effector CTLs) to Fas receptor, which is
present on target cells; this leads to apoptosis of the target
cells.” The second pathway involves the release of perforin

toxic granules. Upon the formation of an immunological
synapse between target and CTL, cytotoxic granules fuse
with the plasma membrane of the CTL and release their
content (which also includes granzyme) into the synapse.
In the synapse, perforin functionally synergizes with gran-
zyme into the target cells, which leads to target cell
death.” The third pathway is mediated through inter-
feron-y (IFN-y) and tumour necrosis factor-o, which are
produced by effector cells after T-cell receptor stimulation
and which act on the target cell.

Several studies suggest that CTLs play a critical role in
antiviral immunity. Direct evidence for the protective role
of CD8" T cells was provided in a simian immunodefi-
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ciency virus model in Rhesus macaques, in which elimi-
nation of CD8" T cells resulted in a dramatic increase in
viral load.® However, in spite of the presence of human
immunodeficiency virus (HIV) -specific CTLs in infected
individuals, virus production continues at a high level in
the later stages of the infection. It is unclear why CD8* T
cells provide only partial protection and are unable to
prevent progression to acquired immunodeficiency syn-
drome (AIDS). There could be several possible explana-
tions for this dysfunction; depletion of essential helper
CD4" T cells by HIV may be one important cause for the
progressive loss of CTL function. Second, HIV-1 infection
also results in the overexpression of immunosuppressive
agents and concomitant impairment of type 1 cytokine
production from accessory and effector cells.””

Generation of effector CTLs appears to require three
chronological signals: T-cell receptor ligation, costimula-
tory signal (B7 with CD28 and CTLA4'®) and interaction
of the CD40 ligand (CD40L) present on the T cell with
the CD40 that is expressed on antigen-presenting cells
(APCs). Studies have demonstrated that interaction of
CD40 with CD40L (CD154) induces secretion of interl-
eukin-12 (IL-12) from APCs."! Priming of the CTL response
depends upon CD40 signalling.'* Interleukin-12 is a criti-
cal factor in the immune response against HIV because it
is important for regulating IFN-y production by T cells
and natural killer cells, antigen presentation and accessory
cell function by macrophages and dendritic cells, and
cytolytic activities of CTLs and natural killer cells. Studies
on the status of IL-12 during HIV infection indicate that
although there is an increase in IL-12 synthesis in early
infection,'>'* the secretion of IL-12 is gradually impaired
with the progress of infection,'™'® which correlates with
CTL dysfunction in the later stages of infection. Studies
of the role of endogenous IL-12 using IL-12-deficient
(IL-127"7) mice have demonstrated the significance of
IL-12 in IFN-y expression and CTL generation. However,
conflicting reports exist in the literature showing that
IL-127"~ mice have no defect in IFN-vy secretion and are
able to clear lymphocytic choriomeningitis virus infec-
tion,"” whereas other studies have shown that IFN-y
expression is defective in IL-127'" mice and they are
thereby more susceptible to infection.'®

Several reports are available showing that the immune
response can be induced against different HIV-1 proteins
by DNA immunization."”*® However, the role of cyto-
kines in such a system is still not clearly understood. In
the present work, we have examined the role of IL-12 in
the induction of CTL generation by the HIV-1 Env pro-
tein gpl120 as a model antigen, using DNA immunization
in mice. Although the role of IL-12 in the generation of
CTLs has been described, our results demonstrate for the
first time that IL-12 is essential for the priming of CD4"*
T cells. This induces the differentiation of CD8" T cells
into gp120-specific CTL effectors and the production of

IFN-v, suggesting that impairment of CD4" T cells in the
absence of IL-12 could be the possible cause of CD8"
T-cell dysfunction, as observed during HIV infection.

Materials and methods

Plasmid preparation

The gp120 sequence was amplified from a subtype C Indian
isolate IN301904 (NIH AIDS Research and Reagent Pro-
gram, USA?'") by polymerase chain reaction and was cloned
into pCDNA3.1 vector (Clontech, Mountain View, CA).
The cloning of gpl20 in pCDNA3.1 was confirmed by
restriction digestion and sequence analysis. Expression of
gp120 by pCDNAgp120 was confirmed both in vitro and in
vivo (data not shown). The pMZ-Z1-mlIL-12 vector,
expressing the p35 and p40 subunits of IL-12, was obtained
from Invivogen (San Diego, CA). Endotoxin-free plasmids
were prepared using QIAGEN columns according to the
manufacturer’s protocol (Qiagen, Valencia, CA).

Mice and immunization

BALB/c, CD40 and IL-127/ (6- to 8-week-old) mice on a
BALB/c background were obtained from Jackson Labora-
tories (Bar Harbor, ME) and were maintained in the
Experimental Animal Facility of the National Centre of
Cell Science, Pune. Mice were injected with 0-025% bupi-
vacaine intramuscularly in the quadriceps muscle 48 hr
before DNA immunization. Mice were later immunized
intramuscularly using a 26-gauge needle with three doses
of 100 png pCDNAgp120 either alone or with pMG-Z1-
mlIL-12 on days 0, 15 and 30. The spleen was removed
10 days after the last immunization and the cells were
used for the assays described below. The experiments
accorded with the policies of the institutional committee
for the purpose of control and supervision of experiments
on animal approved protocols.

Enzyme-linked immunosorbent assay (ELISA) for gp120

Sera were collected from immunized mice 10 days after
the last immunization. Direct ELISA was used to measure
the antibody response against gp120. Briefly, the ELISA
plate (Costar, Corning, NY) was coated overnight at 4°
with 50 pl of 5 pg/ml gp120 protein in phosphate-buffered
saline (PBS) obtained from Dr Ian M Jones (University of
Reading, UK)**** Following washing with PBS containing
0-05% Tween-20, the wells were blocked for 2 hr with 5%
bovine serum albumin (Amersham, Piscataway, NJ) and
0-05% Tween-20 in PBS. Sera were diluted in 5% bovine
serum albumin/0-05% Tween-20 and added to the
ELISA wells. Following incubation at 37°, the plate was
washed five times and incubated with a 1 : 500 dilution of

peroxidase-conjugated  rabbit anti-mouse secondary
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antibody (KPL, Gaithersburg, MD). After washing, the
presence of gp120 antibody was checked by measuring the
development of colour with ABTS substrate (Roche
Biochemicals, Mannheim, Germany). The reaction was
stopped with 0-33 m HCI and analysed at 450 nm on an
ELISA reader.

Preparation of murine splenocytes for CTL assay

Ten days after the last immunization mice were killed
and their spleens were removed aseptically. A single-cell
suspension was prepared by crushing the spleen with
frosted-end slides. Red blood cells were removed by treat-
ing the spleen cells with Gey’s solution** for 5 min at 4°
followed by two washes with RPMI-1640.

T-cell proliferation assay

The °*[H]thymidine (TdR) uptake assay was used to mea-
sure the proliferation of splenocytes after antigenic stimu-
lation.  Splenocytes  from
resuspended at a concentration of 2 X 10> cells/200 pl in
RPMI-1640 containing 10% fetal calf serum (FCS) and
antibiotics. Three Subtype C gp120 peptides were synthe-

immunized mice were

sized encompassing both T-helper and CTL epitopes based
on the HIV Molecular Immunology Database of Los Ala-
mos National Laboratory, NM. The peptides are 335-349
KENWTDTLQRVSKKL, 307-321 SIRIGPGQTFYATGE,
101-115 NQMHEDVISLWDQSL (Sigma, St Louis, MO).
The peptides were added at a final concentration of
10 pg/ml. After 60 hr, 1 pCi *[H]TdR (BRIT, Mumbai,
India) was added to each well and incubated for 12 hr at
37° in 5% CO,. The cells were harvested on glass fibre fil-
ter paper using a Packard cell harvester and the TdR
uptake was counted in a Top count microplate counter
(Perkin Elmer, Waltham, MA).

T-cell purification

Red-blood-cell-depleted cells were incubated in nylon
wool (Robbins Scientific, Sunnyvale, CA) column for
90 min at 37° in 5% CO, under sterile conditions. Cells
were eluted and spun down at 225 g at 4°. Cells were
incubated with rat serum for 30 min on ice and then
CD4" or CD8" T-cell enrichment cocktail (Stem Cell
Technology, Vancouver, BC, Canada) was added and the
mixture was kept for 15 min on ice. Cells were then
washed with PBS containing 1% FCS. The pellet was
incubated with M-280 Dynal beads for 45 min with con-
stant mixing at 4°. After incubation, cells were kept on a
magnet (Dynal, Carlsbad, CA) for separation. Unwanted
cells were bound to the magnet, while the desired cells
came out in flow through. The flow through was spun
down at 225 g at 4° and the resulting pellet contained
purified CD8" or CD4" T cells.

IL-12 is necessary for gp120 specific CTL response

CTL assay by JAM TEST

The CTL assay was performed following the method
developed by Matzinger.”” Naive splenocytes were incu-
bated with 10 pm of a pool of the three gpl120 peptides
described above for in vitro stimulation. Incubation was
for 2 hr at 37° and then the cells were irradiated in a
gamma-chamber. Splenocytes (2 X 10°) from immunized
mice were stimulated with 1 x 10° peptide-pulsed, irradi-
ated, normal syngeneic splenocytes in 24-well tissue
culture plates (Nunc, Rochester, NY). All cultures were
incubated in RPMI-1640 supplemented with 10% heat
inactivated FCS and 2 mu L-glutamine, 100 U/ml penicil-
lin and 100 pg/ml streptomycin (Invitrogen, Carlsbad,
CA). After 5 days, dead cells were removed on Hist-
opaque (Sigma). The viable T cells were counted by a
trypan blue exclusion method. These effector cells were
used in CTL assays. The p815 cell line was pulsed with a
pool of three gp120 peptides for 2 hr at 37° in 5% CO,.
The target cells p815 were pulsed over night with 1 pCi
[PH]TdR (BRIT) at 37° under sterile conditions. After
two washes, the radiolabelled target cells were plated in
complete RPMI-1640 at a concentration of 2-5x 10*
cells/100 pl. The effector cells were plated in various
ratios with the target cells in a total volume of 100 pl in
triplicate into the wells of a 96-well, U-bottomed tissue
culture plate (Greiner, Frickenhausen, Germany). After
3 hr of incubation at 37°, cells were harvested in a cell
harvester (Packard, Waltham, MA) and counts were anal-
ysed on a Top count microplate counter (Perkin Elmer).

% Percent lysis =S — E/S x 100

Where, E = experimentally retained DNA in presence of
Effectors (in counts/min) and S = retained DNA in the
absence of Effectors.

Reverse transcription—polymerase chain reaction
(RT-PCR)

Total RNA was isolated from APC-T-cell coculture using
Trizol (Invitrogen) according to the manufacturer’s
instructions. Five micrograms RNA was used for first-
strand ¢cDNA synthesis using Moloney murine leukaemia
virus reverse transcriptase. The cDNA was then used as a
template for PCR amplification of mouse IFN-y perforin
and granzyme B. The primers used for PCR were: IFN-y
forward 5-AACGCTACACACTGCATCTTGG-3' and
reverse 5'-CTCATGAATGCATCCTTTTTCG-3'; perforin
forward 5-CTCGCA TGTACAGTTTTCGCCTGG-3' and
reverse 5'-TGTGAGCCCATTCAGGGTCAGCTG-3'; gran-
zyme B forward 5-CTCGACCCTACATGGCCTTAC-3'
and reverse 5-CCAgCCACATAGCACACATC-3; and
B-actin forward 5'-GTGGGCCGCTCTAGGCACCA-3’ and
reverse 5'-TGGCCTTAGGGTTCAGGGGG-3'. Each sam-
ple was amplified for mouse B-actin to ensure equal input.
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lysis were also observed in pCgpl20-immunized mice as

Statistical analysis compared to pCDNA-immunized mice (Fig. 1b and c).

Each individual experiment was repeated at least three To investigate the role of IL-12 in gp120-specific CTL
times. The error bars represent the mean = SD of responses, we immunized BALB/c WT and IL-127"" mice
triplicate cultures in vitro. For in vivo experiments, error with empty and gpl20-expressing vectors and analysed
bars represent the mean = SD, which is a minimum of the gp120-specific CTL response. CTL lysis was impaired
four mice per group. Statistical analysis of the experimen- in IL-1277 mice immunized with pCgp120 compared
tal data was conducted using Student’s t-test with the with WT mice, indicating the role of IL-12 in the genera-
levels of significance defined as P < 0-05. tion of gp120-specific CTL responses (Fig. 1d).
Results IL-12 is required during the priming of CTLs and
APC-derived IL-12 during restimulation is not useful
gp120-/mediated immune response in wild-type and for elicitation of gp120-specific CTLs
IL-127 mice There are several reports demonstrating that IL-12
To study the immune response generated against gp120 induces IFN-vy, which is required for effective CTL lysis.
using DNA immunization the gp120-specific antibody However, the stage at which IL-12 is required for IFN-y
response was analysed in the serum. T helper and CTL production during CD8" T-cell differentiation is not
assays were performed with splenocytes isolated from clearly understood. Wild-type, IL-127" and IFN-y~/~
immunized mice. Our results clearly show elicitation of a mice were immunized with pCgp120 alone or pCgpl20
gp120-specific antibody response in pCgpl120-immunized along with plasmid encoding IL-12. The gp120-specific
mice as compared to pCDNA-immunized mice (Fig. 1a). CTL lysis was significantly reduced in IL-127'" and

A gp120-specific T helper proliferative response and CTL IFN-y™'~ mice (Fig. 2a) compared with WT mice. To
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Figure 1. Immune response against gp120 in mice using DNA immunization. (a) Analysis of gp120 antibody response from pCDNA-immunized
and pCgp120-immunized mice. The sera from pCDNA- and pCgp120-immunized wild-type (WT) mice were assayed at a dilution of 1 : 250 for
a gpl20-reactive antibody response on gpl20-protein-coated enzyme-linked immunosorbent assay plates as described in the text. (b) gp120-
specific T helper cell proliferation in immunized mice. Splenocytes from pCDNA-injected and pCgpl20-injected mice were plated at
2 % 10° cells/well in 96-well plates and pulsed with 10 pg gp120 peptides or without antigen (medium). Proliferation was assessed by [*H]thymi-
dine-incorporated assay. (c) gp120-specific cytotoxic T-lymphocyte (CTL) response in pCDNA- and pCgp120-immunized WT mice. BALB/c mice
were immunized with pCDNA and pCgp120. Splenocytes from pCDNA- and pCgp120-injected mice were plated at 2 x 10° cells/well in 24-well
plates with 1 x 10° irradiated, gp120-peptide-pulsed naive splenocytes. After 5 days of culture, viable CD8" T cells were harvested and plated
against [*H]thymidine-incorporated, gp120-peptide-pulsed p815 cells and tested for their cytolytic activity in standard 3% hr in a JAM test. The
Effector : Target ratios used are shown in the figure. Each data point is the mean of triplicate samples. (d) A gp120-specific CTL response in
pCDNA- and pCgp120-immunized, IL-12-deficient mice. WT and IL-12 mice were immunized with pCDNA and pCgp120 and a gp120-specific
CTL assay was performed as described above. The results represent three individual experiments and error bar represent the mean + SD of a
given group. The results are statistically significant as indicated by *P < 0-05.
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Figure 2. Antigen-presenting cell (APC) derived interleukin-12 (IL-12) is not required for restimulation but interferon-y (IFN-y) is necessary for
the cytotoxic T-lymphocyte (CTL) response. BALB/c, IL-127'~ and IEN-y~'~ mice were immunized with pCgp120 and pCgp120 + IL-12 vector.
Splenocytes from pCgp120- and pCgp120 + IL-12-injected wild-type (WT), IL-127 and IFN-y™'~ mice were plated at 2 x 10° per well in
24-well plates with 1 x 10° gp120-peptide-pulsed, irradiated naive WT or IL-127"~ splenocytes. After 5 days of culture, cells were harvested and
plated against [*H]thymidine-incorporated gp120-pulsed p815 cells and tested for their cytolytic activity in a standard 3%-hr JAM test. The Effec-
tor : Target ratios used are shown in the figure. Each data-point is the mean of triplicate samples. The results represent three individual experi-
ments and the error bars represent the mean + SD of a given group. The results obtained using WT and IL-12~ APCs were not statistically
significant, whereas the data obtained in coimmunization with IL-12 were statistically significant as indicated by *P < 0-05. (a) gp120-specific
CTL response in pCgp120 immunized WT, IL-127"~ and IFN-y™'~ mice stimulated with WT or IL-127'~ APCs. (b) gp120-specific CTL response
in pCgp120-immunized or pCgp120 + IL-12-immunized WT, IL-127"~ and IEN-y™'~ mice stimulated with WT or IL-127"~ mice. (c) Reverse
transcription—polymerase chain reaction (RT-PCR) for IFN-y was performed with RNA isolated from the stimulated cells using gene-specific
primers. (d) RT-PCR for perforin was performed with RNA isolated from the stimulated cells using gene-specific primers.

analyse the role of APCs in restimulation, CD8" T cells with the IL-12 vector induced perforin in both WT and
were stimulated by both WT and IL-127'~ APCs. Our IL-127"" mice (Fig. 2d), reiterating the role of IL-12.

results demonstrate that there was no significant differ-
ence in CTL response using either WT or IL-127/~ APCs,
suggesting thereby that IL-12 is not required during in vi-
tro restimulation of CTLs. Copriming with IL-12 vector
rescued the CTL activity in IL-127"mice (Fig. 2b) but The generation of functional CTL critically depends on

gp120-specific primed CD4" T cells are required for
CTL effector function

not in IFN-y~'~ mice, indicating the significance of IL-12 IFN-y produced by CD4" T cells.”®*** Therefore; we inves-
in the priming of CTLs but probably not in the effector tigated the role of gp120-specific CD4" T cells in the
function of CTLs. These results further suggest that IFN- priming of CD8" T cells to become effector CTLs. We
Y, induced by IL-12 during priming, might help in CTL immunized WT, IL-127/" and CD40”" mice with
maturation. The RT-PCR profile for IFN-y gene expres- pCDNA and pCgpl20 and isolated CD4" and CD8" T
sion shows that expression was enhanced when IL-12 cells from these mice and cocultured them for 5 days in
vector was injected along with pCgpl20 in WT and the presence of gpl20-peptide-pulsed, irradiated naive
IL-127"" mice (Fig. 2c). The impaired functional activity macrophages. CD8" T cells isolated from pCDNA-immu-
of cytotoxic T lymphocytes during HIV-1 infection has nized WT mice and cocultured with six different group
been recently attributed to decreased intracellular levels of of CD4" T cells from WT, IL-127'~ and CD40™"~ mice
perforin®® in addition to the antigen-specific defects did not show CTL lysis as expected (Fig. 3a); however, in
reported earlier.”” Therefore, we investigated expression the case of CD8" T cells isolated from pCgpl120-immu-
of the perforin gene and demonstrated that copriming nized mice and cocultured with CD4" T cells from WT,
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S. Gupta et al.

(a)

80 —O— WTpCDNACD4*
—v— WTpCgp120CD4*
—0— IL-127-pCDNACD4*
—O— IL-127-pCgp120CD4+
—A— CD40"pCDNACD4*
40 —O— CD407pCgp120CD4*

20 g %

0
30 25 20 15 10 5
Effector:Target

60

Lysis (%)

—Oo— WTpCDNACD4*

b) —v— WTpC/gp1200D4’r
—o— |L-127"pCDNACD4*
80 —o— IL-127-pCgp120CD4+
« > CD407-pCDNACD4*
60 —o— CD40pCgp120CD4*
9
@ 40
w
>
-
20
0
30 25 20 15 10 5

Effector:Target

Figure 3. CD4" T cells primed in the presence of interleukin-12 (IL-12) can only provide help to CD8" T cells for cytotoxic T-lymphocyte
(CTL) function. BALB/c wild-type (WT), IL-127'~ and CD40”~ mice were immunized with pCDNA and pCgp120 and CD4" T cells were iso-
lated. CD8" T cells were isolated from pCgp120-immunized WT mice. Both CD8"and CD4" cells from different mice were cocultured with WT
gp120-peptide-pulsed macrophages as the antigen-presenting cells (APCs). After 5 days of culture, viable CD8" T cells were harvested and plated
against [*H]thymidine-incorporated, gp120-pulsed p815 cells and tested for their cytolytic activity in a standard 3%-hr JAM test. The Effec-
tor : Target ratios used are shown in the figure. Each data-point is the mean of triplicate samples. The results represent three individual experi-

ments and the error bar represents the mean + SD of a given group. The results obtained with gp120-immunized WT CD4" T cells are
statistically significant, as indicated by *P < 0-05. (a) gp120-specific CTL activity in CD8" T cells isolated from pCDNA-immunized WT mice.
(b) gp120-specific CTL activity in CD8" T cells isolated from pCgp120-immunized WT mice.

IL-1277 and CD40™~ mice, CTL activity was only
observed in coculture containing CD4" T cells from WT
pCgpl120-immunized mice (Fig. 3b). This result suggests
that the presence of antigen-specific primed CD4" T cells
was a crucial requirement for effective CTL lysis and in
the absence of IL-12, there is insufficient priming of
CD4" T cells. The unprimed CD4" T cells fail to provide
help to CD8" T cells, as a result there was no lysis in
coculture of CD8" T cells isolated from pCgp120-immu-
nized WT mice and CD4" T cells isolated from pCgp120-
immunized IL-127~ and CD40™'" mice.

IL-12 vector restores the CD4" T-cell priming and
help of CD8" T cells

We then immunized WT, IL-127~ and CD40~~ mice
with pCgp120 and pCgpl20 along with IL-12 vector on
days 0, 15 and 30. The mice were killed 10 days after the
last immunization. CD4" T cells were isolated from these
immunized mice. For the same experiment we isolated
CD8" T cells from only WT mice immunized with
pCgp120. These CD8" T cells were cocultured with six
groups of CD4" T cells as mentioned above and CTL
assays were performed. The results show that IL-12-co-
immunized CD4" T cells not only induced CTL activity
of WT gpl120-specific T cells but also rescued the CTL
activity in the cocultures of CD4" T cells from IL-127/~
and CD40™"~ mice and CD8" T cells from WT mice
(Fig. 4a). These findings suggest that CD4" T cells primed
with antigen (gp120) in presence of IL-12 are capable of
providing help to CD8" T cells for effective lysis. We also
performed RT-PCR for IFN-v, perforin and granzyme B
from RNA isolated from the

cellular coculture

experiments described above. The results obtained showed
up-regulation of IFN-y, perforin and granzyme, in
IL-12-vector-immunized mice (Fig. 4b), which are known
to be involved in effective CTL lysis. These results collec-
tively show that IL-12 plays an important role in the
priming of antigen-specific CD4" T cells, which provide
help to CD8" T cells for CTL effector function.

Discussion

During HIV infection various cytokines are overproduced
in the early stages whereas with the progression of dis-
ease, cytokines secreted from T cells become selectively
deficient. Peripheral blood mononuclear cells from HIV-
infected patients not only show impaired IL-12 induction
compared to uninfected controls’®>* but also show a
shift from a T helper type 1 to a type 2 cytokine pat-
tern.'® Thus, IFN-y is also impaired at the later stages of
HIV infection.”* This suggests the significance of IL-12
because it results in the inability of the patient to mount
a strong cellular immune response against the virus.

We have immunized WT and IL-1277 mice with
pCgp120 and observed highly diminished CTL lysis in
IL-127"" mice. Our results indicate the importance of
IL-12 in the CTL response. We have also immunized
WT, IL-127" and IFN-y”~ mice with pCgpl20 or
pCgp120 along with IL-12 vector. The CTL response was
augmented when IL-12 vector was coimmunized along
with pCgpl20 compared with pCgp120 alone.”® Our
results also show that IL-12 vector rescues the impaired
CTL response in IL-127"~ mice; however, immunization
of IL-12 vector in IFN-y~~ mice was unable to restore
the CTL response. These observations have suggested that
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Figure 4. Interleukin-12 (IL-12) coimmunization restores the CD4" T-cell priming and help of CD8" T cells in IL-127~ and CD40~'~ mice.
BALB/c wild-type (WT), IL-127"~ and CD40~'~ were immunized with pCgp120 or pCgp120 + IL-12 vector and CD4" T cells were isolated.
CD8" T cells were isolated from pCgp120-immunized WT mice. Both CD8" and CD4" cells from different mice were cocultured with WT
gp120-peptide-pulsed macrophages as antigen-presenting cells (APCs). After 5 days of culture, viable CD8" T cells were harvested and plated
against [*H]thymidine-incorporated, gp120-pulsed p815 cells and tested for their cytolytic activity in a standard 3%-hr JAM test. The Effec-
tor : Target ratios used are shown in the figure. Each data-point is the mean of triplicate samples. The results represent three individual experi-
ments and the error bar represents the mean + SD of a given group. RNA was isolated and reverse transcription—polymerase chain reaction
(RT-PCR) was performed for interferon-y, perforin and granzyme B using gene-specific primers. (a) gp120-specific CTL activity in CD8" T cells
isolated from pCgpl120-immunized mice in the presence of CD4" cells from IL-12 vector coimmunized mice. The results obtained with IL-12
vector coimmunization are statistically significant, as indicated by *P < 0-05. (b) Perforin, granzyme B and IFN-y expression by RT-PCR in the

coculture described in (a).

IL-12-mediated IFN-y is vital for effective CTL. To ana-
lyse the role of APC-derived IL-12 for restimulation, we
cocultured the primed T cells from immunized mice with
APCs from WT and IL-127"~ mice for 6 days and then
observed the CTL response. There was no significant dif-
ference between WT and IL-127'~ APCs, implying that
IL-12 plays a crucial role in the initial priming of T cells
and not at the stage of restimulation. This result is con-
sistent with those in a study where HIV-1 protein-loaded
DCs augmented the HIV-1-specific CD8" T-cell response
and IFN-vy response from late-stage HIV patients on pro-
longed highly active anti-retorviral therapy in presence of
IL-12.%

The production of IL-12 by phagocytic cells is induced
by a variety of mechanisms that may be T-cell-dependent
or T-cell-independent. Induction of IL-12 by a T-cell-
independent mechanism is the result of interaction of
molecules like CD44 with low-molecular-weight frag-
ments of the extracellular matrix glycosamine hyaluronan
(LMW-HA), that accumulate during inflammation caused
by intracellular pathogens, fungi, viruses or by their
biproducts such as lipopolysaccharide and bacterial
DNA.>” The T-cell-dependent mechanism of IL-12 pro-
duction is dependent on the ability of CD40L expressed
on activated T cells to interact with CD40 receptor on the
surface of monocytes or macrophages and dendritic
cells.’® The T-cell-dependent mechanism plays an impor-
tant part in the immunoregulatory role of IL-12 in the
maintenance of a T helper type 1 response.”®™*' We have
isolated CD4" T cells from pCgpl20-immunized WT,

IL-127"" and CD40™"~ mice and cocultured them with
CD8" T cells isolated from pCDNA-immunized and
pCgpl120-immunized mice and have observed impaired
CTL lysis in all groups except WT CD4" T cells. This
observation suggests that gpl20 DNA immunization
results in T-cell-dependent induction of IL-12 as CTL
lysis was impaired in IL-127~ and CD40™'~ mice and it
also suggests the requirement of antigen-specific CD4"
T-cell help for the effector function of CTL.

Recent findings suggest that CD40 engagement
enhances antigen presentation in Langerhans cells and
primes T cells to induce IFN-y independent of IL-12.*2
To investigate the role of CD40-induced IL-12 in the elic-
itation of gpl120-specific CTL activity, we therefore, iso-
lated CD8" T cells from pCgpl120-immunized WT mice
and cocultured them with CD4" T cells from pCgp120-
immunized or pCgpl20 + IL-12 vector-immunized WT,
IL-127"" and CD40™'~ mice. The results clearly indicated
that immunization with IL-12 vector restores the CTL
lysis in IL-127'" and CD40™~ mice and also augments
CTL lysis by increased expression of perforin, granzyme B
and IFN-y.

In conclusion, the present data indicate that impaired
IL-12-induced priming of antigen-specific CD4" T cells
can lead to CTL dysfunction, implying a possible benefi-
cial effect of IL-12 in AIDS patients to enhance the T
helper type 1 response. However, several clinical trials of
IL-12 treatment in HIV patients have yielded conflicting
results and require further study.”™* It might also be
desirable to reduce overproduction of various cytokines,
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including IL-12, at the early stage to counteract the exces-
sive immune activation that is known to increase HIV
replication.*®
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