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Abstract

The role of interleukin (IL)-12 (p40:p35) and IL-23 (p40:p19) is becoming clear in immune response and in-
flammation. However, biological functions of IL-12 p40 homodimer (p402) and monomer (p40) remain poorly
understood due to the lack of specific monoclonal antibodies (MAb). Earlier we have demonstrated that both
p402 and p40 activate microglia and macrophages to induce the expression of iNOS and TNF-�. To facilitate
the studies on p402 and p40 further, we here describe the production of neutralizing MAb against mouse p402
and p40 for the first time after immunization of Armenian hamsters with recombinant p402. Antibodies pro-
duced from clones a3-1d and d7-12c specifically recognized p402 but not p40, IL-12, and IL-23. These MAbs
also inhibited p402- but not p40-, IL-12-, and IL-23-induced production of inflammatory molecules and activa-
tion of NF-�B. On the other hand, antibodies produced from clones a3-3a and a3-7g specifically recognized p40
and inhibited p40- but not p402-, IL-12-, and IL-23-induced production of inflammatory molecules and activa-
tion of NF-�B. While MAbs a3-1d and d7-12c were used to establish p402-specific ELISA, we utilized MAbs a3-
3a and a3-7g to develop p40-specific ELISA. Interestingly, the production of p402 and p40 but not IL-12 in
mouse peritoneal macrophages and primary microglia was an immediate early response to bacterial lipopolysac-
charides. Furthermore, double-stranded RNA, the active component of a viral infection, induced the produc-
tion of p402 and p40 but not IL-12 in macrophages and microglia. These results indicate the presence of dif-
ferent regulatory mechanisms for the production of IL-12p402/p40 and IL-12p70.
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Introduction

INTERLEUKIN-12 (IL-12) PLAYS A CRITICAL ROLE in the early in-
flammatory response to infection and in the generation of

T helper type 1 Th-1 cells, which favor cell-mediated immu-
nity.(1) IL-12 consists of a heavy chain (p40) and a light chain
(p35) linked covalently by disulfide bonds to give rise to the
so-called bioactive heterodimeric (p70) molecule.(2,3) It is pro-
duced mainly by antigen-presenting cells (APC) upon acti-
vation through Toll-like receptors and by interactions with
CD4� T cells.(4–6) Recently, p40 has been shown to pair with
p19 to form a newly discovered cytokine, IL-23. IL-23 has bi-
ological functions that are similar to as well as distinct from
IL-12; for example, similar to IL-12, IL-23 enhances prolifer-
ation of Th1 cells and increases their IFN-� production.(4–6)

However, in contrast to IL-12, IL-23 aids in the proliferation

of memory T cells.(4–6) Apart from forming heterodimers (IL-
12 and IL-23), the p40 subunit is also secreted as monomer
(p40) and homodimer (p402).(2) Because all these cytokines
(IL-12, IL-23, p40, and p402) contain the common p40 sub-
unit, these cytokines can better be grouped into the p40 fam-
ily of cytokines.

It has been found that overproduction of IL-12 and IL-23
can be dangerous to the host as these molecules are involved
in the pathogenesis of a number of autoimmune inflamma-
tory diseases (e.g., multiple sclerosis, arthritis, insulin-de-
pendent diabetes).(2,7,8) On the other hand, much less is
known about the biological functions of p402 and p40. Re-
cently, we have shown that both p402 and p40 are capable
of activating microglia and macrophages to induce the pro-
duction of iNOS and TNF-�.(9,10) Either p19 or p35 is con-
stitutively expressed in many cell types.(2,4–6) However, den-
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dritic cells and macrophages, cells that are able to secrete het-
erodimeric IL-12 or IL-23, always produce an excess of p40
as monomer or homodimer.(2) These observations suggest
that p40 may have a key function as monomer (p40) or ho-
modimer (p402), not just as part of the p40:p35 heterodimer
forming IL-12 or the p40:p19 heterodimer forming IL-23.
Apart from autoimmune disorders, the production of p40
family of cytokines (heterodimers, monomer, and homod-
imer) is induced during any infection or immune challenge.
In most cases, all p40 present in heterodimers, homodimer,
and monomer are collectively quantified due to the lack of
a proper detection system. Therefore, understanding the role
of the p40 family of cytokines in infection and autoimmu-
nity has been impeded by the lack of monoclonal antibodies
(MAbs) that can specifically recognize and neutralize p402

or p40.
We have therefore raised functional blocking MAbs

against mouse p402 and p40 capable of neutralizing func-
tions of mouse p402 and p40. We have also developed
ELISAs to quantify mouse p402 and p40 separately. After
stimulation with bacterial LPS, mouse peritoneal macro-
phages and primary microglia produced both p402 and p40
within as early as 30 min. In contrast, the production of IL-
12 in LPS-stimulated macrophages and microglia was evi-
dent at around 12 h, suggesting that the production of p402

and p40 but not IL-12 is an immediate early response to LPS
challenge. Interestingly, viral double-stranded RNA induced
the production of p402 and p40 but not IL-12 in macrophages
and microglia. This is the first development of MAbs against
p402 and p40, which may be of immense importance for de-
lineating undiscovered functions of p402 and p40.

Materials and Methods

Reagents

Fetal bovine serum, Hank’s balanced salt solution (HBSS),
and DMEM/F-12 were purchased from Mediatech (Manas-
sas, VA). HAT, HT, PEG, hybridoma enhancing factor, and
polyinosinic-polycytidylic acid (poly IC) were from Sigma
(St. Louis, MO). L-glutamine, penicillin (100 U/mL), and
streptomycin (100 mg/mL) were purchased from Invitrogen
(Carlsbad, CA). Recombinant mouse IL-12 p70, p402 (the p40
homodimer), and p40 (the monomer) were obtained from
R&D (Minneapolis, MN).

Antigen

Carrier-free p402 (expressed in sf-21 insect cells;
lipopolysaccharides [LPS] � 0.1 ng/�g p402) was obtained
from R&D. Electrophoresis data obtained from R&D Tech
Support also showed that p402 migrated at �96 kDa posi-
tion in non-denaturing gels and at 40 kDa position in dena-
turing gels.

Immunization

Three-month-old male Armenian hamsters (Harlan, Indi-
anapolis, IN) were immunized i.p. with 35 �g carrier-free
p402 emulsified in complete Freund’s adjuvant (CFA) and
boosted twice with the same quantity of antigens in IFA at
14-day intervals. A final boost of 50 �g p402 in saline was
injected i.v. 3 days before harvesting of splenocytes for hy-
bridoma production.

Cell fusion

Hamster splenocytes from immunized animals were har-
vested and fused to the HAT-sensitive murine myeloma cell
line P3X63-Ag8.653 (ATCC) with polyethylene glycol 1500
at a splenocyte:myeloma cell ratio of 5:1, as described else-
where.(11) The fused cells were resuspended in RPMI 1640
supplemented with 4mM L-glutamine, 1 mM sodium pyru-
vate, 50 �M �-mercaptoethanol, HAT, 10% FBS, 100 U/mL
penicillin, and 100 �g/mL streptomycin, and distributed in
each well of a 12-well plate containing hybridoma enhanc-
ing factor. Following 10 days of incubation with occasional
replacement of one-half of the culture medium from each
well by fresh HAT containing RPMI-1640 medium, the wells
containing growth-positive culture were selected and the
medium in these wells were replaced by fresh RPMI 1640
supplemented with HT instead of HAT. Fused cells were
plated in 12-well plates. Supernatants of fast-growing
mother hybridomas were screened for antibodies against
p402, p40, IL-12, and IL-23 by direct ELISA.

Cloning by limiting dilution

Mother hybridomas positive for both p402 and p40 but
negative for either IL-12 or IL-23 were cloned twice in two
96-well plates by limiting dilution (calculated as 0.75
cell/well to ensure single cell in most of the wells) in RPMI
1640 containing 10% FBS. Supernatants of growth-positive
wells were randomly screened for antibodies against p402,
p40, IL-12, and IL-23 by direct ELISA.

Direct ELISA

Briefly, 100 ng of purified antigen (p402, p40, IL-12, or IL-
23) were bound to the surface of 96-well ELISA plates. Plates
were washed with PBS-Tween, and then incubated with 100
�L of diluted (1:200) hybridoma culture supernatant. After
1 h at room temperature (25°C), plates were washed and then
treated with an appropriately diluted biotin-conjugated goat
anti-hamster IgG (Pierce, Rockford, IL). After a final wash,
biotin-conjugated antibodies were detected by streptavidin-
HRP as described.(10,12)

Biotinylation

Monoclonal antibodies (MAbs) against p402 and p40 were
concentrated from hybridoma supernatants by centrifuging
in Amicon Ultra-15 (50,000 molecular weight compound)
centrifugal filter device (Millipore, Bedford, MA) and puri-
fied by protein A sepharose (Bio-Rad, Hercules, CA). The
concentrated antibody sample (2 mg/mL) was subjected to
biotinylation using Sulfo-NHS-LC-Biotin as described in in-
structions in EZ-link Sulfo_NHS_LC Biotinylation Kit
(Pierce, Rockford, IL). The biotinylated antibodies were used
as conjugate for sandwich ELISA.

Sandwich ELISA for p402 and p40

Antibodies were purified by protein A sepharose (Bio-
Rad). A sandwich ELISA was developed for p402 using p402

MAb a3-1d as the coating antibody and p402 MAb d7-12c as
the detection antibody. For coating, a3-1d MAb (1.3 mg/mL)
was diluted 1:3000 and added to each well (100 �L/well) of
a 96-well ELISA plate. The biotinylated p402 MAb d7-12c (2
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mg/mL) was diluted 1:3000 and used as detection antibody.
Similarly p40 MAb a3-3a (1.3 mg/mL) and biotinylated p40
MAb a3-7g (2 mg/mL) were also diluted 1:3000 and used as
coating and detection antibodies, respectively, to develop a
sandwich ELISA for p40.

Isolation of mouse peritoneal macrophages

Resident macrophages were obtained from mouse by peri-
toneal lavage with sterile RPMI 1640 medium containing 1%
fetal bovine serum and 100 �g/mL gentamicin.(10,13) Cells
were washed three times with RPMI 1640 at 4°C and were
maintained at 37°C in a humidified incubator containing 5%
CO2 in air. Macrophages at a concentration of 106/mL in
RPMI 1640 medium containing L-glutamine and gentamicin
were added in volumes of 0.5 mL to each well of 12-well
plates. After 1 h, nonadherent cells were removed by wash-
ing and 0.5 mL of serum-free RPMI 1640 medium with var-
ious stimuli were added to the adherent cells.

Isolation of primary mouse microglia

Microglia were isolated from mixed glial cultures, ac-
cording to the procedure of Giulian and Baker.(14) Briefly, on
days 7 to 9, the mixed glial cultures were washed three times
with DMEM/F-12 and subjected to a shake at 240 rpm for 2
h at 37°C on a rotary shaker. The floating cells were washed
and seeded onto plastic tissue culture flasks and incubated
at 37°C for 2 h. The attached cells were removed by
trypsinization and seeded onto new plates for further stud-
ies. Ninety to 95% of this preparation was found to be pos-
itive for Mac-1 surface antigen. For the induction of cytokine
and NO production, cells were treated with different stim-
uli in serum-free DMEM/F-12.

Mouse BV-2 microglial cells (a kind gift from Virginia Boc-
chini, University of Perugia, Italy) were also maintained and
induced as indicated above.

Assay for NO synthesis

Synthesis of NO was determined by assay of culture su-
pernatants for nitrite, a stable reaction product of NO with
molecular oxygen, using Griess reagent as described.(15,16)

Assay for TNF-� synthesis

Concentration of TNF-� was measured in culture super-
natants by a high-sensitivity, enzyme-linked immunosorbent
assay (BD Biosciences, San Jose, CA), according to the man-
ufacturer’s instruction as described earlier.(10,12)

Assay of transcriptional activities of NF-�B

To assay the transcriptional activity of NF-�B, cells at
50–60% confluence were transfected with either pBIIX-Luc,
an NF-�B-dependent reporter construct, using the Lipofect-
AMINE Plus (Invitrogen).(15,16) All transfections included 50
ng/�g total DNA of pRL-TK (a plasmid encoding Renilla lu-
ciferase used as transfection efficiency control). After 24 h of
transfection, cells were treated with p40 for 6 h. Firefly and
Renilla luciferase activities were obtained by analyzing total
cell extract according to standard instructions provided in
the Dual Luciferase Kit (Promega, Madison, WI) in a TD-
20/20 Luminometer (Turner Designs, Sunnyvale, CA). Rel-

ative luciferase activity of cell extracts was typically repre-
sented as (firefly luciferase value/Renilla luciferase value) �
10�3.

Results

Generation of p402- and p40-specific MAbs

Male Armenian hamsters were immunized with sf-21 cell-
derived p402, and the presence of antibodies in the sera of
the immune hamsters was detected by direct ELISA. Fusion
of immune hamster splenocytes to the HAT-sensitive mouse
myeloma cell line resulted in the generation of 62% fast-
growing wells and 38% slow-growing wells. Fast-growing
mother wells were randomly analyzed by direct ELISA for
the production of antibodies against p40 family of cytokines.
As expected, all the mother wells tested were strongly pos-
itive for p402. Although we immunized hamsters with only
p402, mother wells were weakly to fairly positive for p40,
weakly positive for IL-12, and very weakly positive to neg-
ative for IL-23. Several p402- and p40-positive cultures were
cloned twice by limiting dilution. The specificities of mono-
clonals against p40 family of cytokines were examined by di-
rect ELISA. Supernatants of clone a3-1d and d7-12c specifi-
cally recognized p402 but not p40, IL-12, and IL-23 (Fig. 1A
and B). On the other hand, supernatants of clone a3-3a and
a3-7g specifically recognized p40 but not p402, IL-12, and IL-
23 (Fig. 1C and D). However, supernatants of any of these
clones also did not recognize TNF-� and IFN-�, unrelated
cytokines (data not shown). After isotyping, it was found
that p402 MAb a3-1d and p40 MAb a3-3a were of IgG2a type
whereas p402 MAb d7-12c and p40 MAb a3-7g were of IgG2b
type.

Functional blocking activities of MAbs a3-1d and d7-12c

Earlier we have shown that p402 and p40 are capable of
inducing the expression of iNOS and TNF-� in mouse mi-
croglia and macrophages.(9,10) Therefore, we examined the
effect of these MAbs on p402- and p40-induced production
of NO and TNF-� in macrophages and microglia. All four
members of p40 family were capable of inducing the pro-
duction of NO and TNF-� in mouse peritoneal macrophages
(Fig. 2). However, purified p402 MAbs a3-1d and d7-12c
markedly inhibited p402-induced production of both NO
(Fig. 2A and C) and TNF-� (Fig. 2B and D). Dose-dependent
studies showed that MAbs a3-1d and d7-12c were able to in-
hibit p402-induced production of NO and TNF-� signifi-
cantly even at 20 ng/mL concentration (Fig. 2A–D). How-
ever, these MAbs at a dose of 100 ng/mL or higher markedly
inhibited p402-induced production of NO and TNF-� (Fig.
2A–D). On the other hand, under similar treatment condi-
tion, these MAbs a3-1d and d7-12c did not inhibit p40-, IL-
12-, and IL-23-induced production of NO and TNF-� (Fig.
2A–D). Similarly IL-12, IL-23, p402, and p40 induced the pro-
duction of TNF-� (Fig. 3) and NO (data not shown) in pri-
mary mouse microglia. As expected, MAbs a3-1d and d7-12c
specifically inhibited p402- but not p40-, IL-12-, and IL-23-in-
duced production of TNF-� (Fig. 3A and B) and NO (data
not shown) in primary microglia. Similarly, MAbs a3-1d and
d7-12c also inhibited p402- but not p40-, IL-12-, and IL-23-in-
duced production of NO and TNF-� in BV-2 microglial cells
(data not shown).
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To further confirm that MAbs a3-1d and d7-12c specifi-
cally inhibit functions of p402, we examined the effect of
these MAbs on p402-, p40-, IL-12-, and IL-23-induced acti-
vation of NF-�B in BV-2 microglial cells. Earlier we have
shown that p402 and p40 are capable of inducing the acti-
vation of NF-�B in BV-2 microglial cells.(9,10) Activation of
NF-�B was monitored by transcriptional activity using the
expression of luciferase from pBIIX-Luc, an NF-�B-depen-
dent reporter construct. All the four stimuli (p402, p40, IL-
12, and IL-23) induced the transcriptional activity of NF-�B,
with p402 being the most potent inducer (Fig. 4). However,
MAbs a3-1d and d7-12c dose-dependently inhibited p402,
but not p40-, IL-12-, and IL-23-induced transcriptional ac-
tivity of NF-�B (Fig. 4A and B). Taken together, these stud-
ies suggest that MAbs a3-1d and d7-12c specifically neutral-
ize functions of p402.

Functional blocking activities of MAbs a3-3a and a3-7g

Because MAbs a3-3a and a3-7g specifically recognized p40
but not p402, IL-12, and IL-23 (Fig. 1C and D), we also ex-
amined the effect of these two MAbs on p40-, p402-, IL-12-,
and IL-23-induced production of NO and TNF-� in mouse
peritoneal macrophages and primary microglia. As is evi-
dent in Figure 2E–H, MAbs a3-3a and a3-7g dose depen-
dently inhibited p40- but not p402-, IL-12-, and IL-23-induced
production of NO and TNF-� in peritoneal macrophages.
Similarly, MAbs a3-3a and a3-7g also inhibited p40- but not
p402-, IL-12-, and IL-23-induced production of TNF-� (Fig.
3C and D) and NO (data not shown) in primary mouse mi-
croglia. All four stimuli also induced the production of NO

and TNF-� in BV-2 microglial cells (data not shown). How-
ever, MAbs a3-3a and a3-7g specifically inhibited p40- but
not p402-, IL-12-, and IL-23-induced production of NO and
TNF-� in BV-2 microglial cells (data not shown). As is evi-
dent from Figure 4C and D, MAbs a3-3a and a3-7g markedly
blocked p40- but not p402-, IL-12-, and IL-23-induced tran-
scriptional activity of NF-�B. These studies suggest that
MAbs a3-3a and a3-7g specifically block functions of p40.

Detection of p402 and p40 in LPS-stimulated mouse
peritoneal macrophages and primary microglia

The generation of p402- and p40-specific MAbs allowed us
to establish ELISAs to facilitate the quantitation of these two
cytokines in biological samples. To date, no such assays/kits
are available to quantify p402 and p40. To quantitate mouse
p402, we used MAb a3-1d as the capture antibody and bio-
tinylated MAb d7-12c as the detection antibody. The ELISA
for p402 (Fig. 5A) was highly specific and capable of quan-
tifying mouse p402 in a range between 5 and 500 pg (data
not shown). No cross reactivity was observed with recom-
binant mouse p40 and IL-12 and human IL-23. Similarly, by
using MAb a3-3a as the capture antibody and biotinylated
MAb a3-7g as the detection antibody, we have developed a
highly sensitive ELISA for mouse p40 (Fig. 5B) capable of
quantifying mouse p40 in a range between 5 and 500 pg (data
not shown). This ELISA did not recognize p402, IL-12, and
IL-23.

To understand the status of p402, p40, and IL-12 after LPS
stimulation, mouse peritoneal macrophages and primary mi-
croglia were stimulated with LPS, and the levels of p402, p40,
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FIG. 1. Reactivity of hamster MAbs against p40 family of cytokines. Hybridoma supernatant of hamster MAb clone a3-
1d (A), clone d7-12c (B), clone a3-3a (C), and clone a3-7g (D) were diluted (1:200) and added to each well of a 96-well mi-
crotiter plate coated with different amounts of p402, p40, IL-12, and IL-23. After 1 h of incubation at room temperature
(25°C), plates were washed and then treated with biotin-conjugated goat anti-hamster IgG (Pierce) followed by detection
with streptavidin-HRP. Data are mean � SD of three different experiments. 



and IL-12 were quantified at different time periods by ELISA.
It is clear from Figure 6A that LPS was capable of inducing
the production of p402 and p40 at an astronomical level in
peritoneal macrophages. The induction of p402 and p40 pro-

duction, evident as early as 15 min of stimulation, increased
markedly at later hours of stimulation with a peak at 6 h
(Fig. 6A). On the other hand, the induction of IL-12 began at
6 h and peaked at 12 h of stimulation (Fig. 6A). However,
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FIG. 2. Effect of MAbs a3-1d, d7-12c, a3-3a, and a3-7g on the induction of NO and TNF-� production by p40 family of
cytokines in mouse peritoneal macrophages. Cells were stimulated with 10 ng/mL of p402, p40, IL-12, and IL-23 in the pres-
ence of different concentrations of purified MAbs a3-1d (A and E), d7-12c (B and F), a3-3a (C and G), and a3-7g (D and H)
under serum-free condition. After 12 h of stimulation, supernatants were used for TNF-� assay (A–D), as described in the
section on Materials and Methods. However, after 24 h of stimulation, supernatants were used for nitrite assay (E–H). Data
are mean � SD of three different experiments.



the level of p402 was about 10-fold higher than IL-12, and
the level of p40 was about 5-fold higher than IL-12. Similarly
marked induction of p402 and p40 production was also ob-
served in mouse primary microglia after LPS stimulation
(Fig. 6B). However, the level of IL-12 was much lower than
p402 and p40. Although the induction of p402 and p40 pro-
duction was observed as early as 30 min of stimulation with
a peak at 6 h, the production of IL-12 peaked at 18 h of stim-
ulation. Taken together, these results suggest that the pro-
duction of p402 and p40 but not IL-12 is an immediate early
response to LPS challenge and that induction of p402 and
p40 is much greater than IL-12.

Induction of p402 and p40 but not IL-12 by dsRNA in
mouse peritoneal macrophages and primary microglia

Poly IC, a synthetic double-stranded (ds) RNA copolymer
of inosinic and cytidilic acids, has been often used as a tool
to mimic the effects of dsRNA intermediates produced dur-
ing viral infection of cells.(17) We examined if poly IC was
capable of inducing the production of p402 and p40 in mac-
rophages and microglia. Interestingly, poly IC strongly in-

duced the production of p402 and p40 in both macrophages
(Fig. 7A) and microglia (Fig. 7B) at different times of stimu-
lation with the peak at 6 h of stimulation. In contrast to
dsRNA, treatment of either macrophages or microglia with
single-stranded (ss) RNA (either poly I or poly C) resulted
in very little induction of p402 and p40 production (data not
shown), suggesting that the presence of RNA with ds struc-
tures is required for the induction of p402 and p40. Further-
more, these results also suggested that the induction of p402

and p40 production was not due to LPS contamination in the
RNA preparation, which is a potent inducer of p402 and p40
production in macrophages and microglia. Although the
level of induction of p402 and p40 by poly IC (Fig. 7) was
higher than LPS (Fig. 6), in contrast to the LPS, poly IC was
unable to induce the production of IL-12 in these cell types
(Fig. 7).

Discussion

Among different p40 family of cytokines (IL-12, IL-23,
p402, and p40), IL-12 and IL-23 have been widely studied for
their role in coordinating innate and adaptive immunity. Re-
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cent studies are also delineating central role of these two cy-
tokines in the pathogenesis of several autoimmune disor-
ders. The biological activities of IL-12 are mediated through
the high-affinity IL-12R, which is composed of IL-12R�1 and
IL-12R�2 chains.(2) On the other hand, the receptor of IL-23
is a heterodimer composed of IL-12R�1 and a newly dis-
covered IL-23R.(18) Although during any infection and im-
mune challenge, p402 and p40 are also produced along with
other cytokines, their biological role remains unknown.
However, p402 reportedly binds to the IL-12R�1,(2) the re-
ceptor that is common for both IL-12 and IL-23. Because se-
cretion of IL-12 and IL-23 is associated with excessive pro-
duction of p402, it has been proposed that excess p402 may
down-regulate IL-12- and IL-23-mediated immune responses
through competition for the IL-12R�1.(2,19) On the other
hand, p40 reportedly does not have any IL-12-antagonizing
activity and binds IL-12R�1 very weakly (10–20 times less
potent compared to p402).(2,19) Despite IL-12 antagonism in
many systems, endogenous and exogenous p402 and p40
have been reported to act as IL-12 agonists in certain situa-
tions.(20,21) For example, according to Hölscher et al.,(21) ad-
ministration of p402 restores the impaired delayed-type hy-

persensitivity responses in Mycobacterium bovis BCG-infected
IL-12 p35 (�/�) p40 (�/�) mice and reverts them to a more
resistant phenotype, suggesting that p402 may have some ag-
onistic properties. Earlier we have consistently unearthed
novel biological activities of p402 and p40, in which both the
cytokines have been demonstrated to activate microglia and
macrophages for the expression of iNOS and TNF-�.(9,10) Al-
though these studies suggest that p402 and p40 may play a
role in infectious and inflammatory disorders, at present, it
is not possible to study the involvement of endogenous p402

and p40 in the pathogenesis of any such diseases. It is often
quite straightforward to consider a knock out mouse model
to investigate the role of a candidate molecule in any disease
process. Although p40 (�/�) mice are available, these mice
cannot be used for such studies because knocking out the
p40 gene disables each and every member of the p40 family
(IL-12, IL-23, p402, and p40). Therefore, to investigate the role
of p402 and p40 in any disease model, the only feasible ap-
proach is to use neutralizing monoclonal antibodies against
these molecules. Such MAbs are, however, not available.

Here we demonstrate successful generation of neutraliz-
ing MAbs against mouse p402 and p40 in Armenian ham-
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FIG. 4. Effect of MAbs a3-1d, d7-12c, a3-3a, and a3-7g on the induction of NF-�B activation in BV-2 microglial cells. Cells
plated at 50–60% confluence in 12-well plates were cotransfected with 0.5 �g of pBIIX-Luc and 25 ng of pRL-TK. After 24
h of transfection, cells were stimulated with 10 ng/mL of p402, p40, IL-12, and IL-23 in the presence of different concen-
trations of purified MAbs a3-1d (A), d7-12c (B), a3-3a (C), and a3-7g (D) under serum-free condition. After 6 h of stimula-
tion, firefly and Renilla luciferase activities were obtained by analyzing total cell extract, as described in the Materials and
Methods section. Results are expressed as relative to control 1. Data are mean � SD of three different experiments.



sters. Both MAbs a3-1d and d7-12c specifically recognized
p402 but not p40, IL-12, and IL-23. These MAbs also inhib-
ited p402- but not p40-, IL-12-, and IL-23-induced production
of NO and TNF-� in macrophages and microglia. On the
other hand, both MAbs a3-3a and a3-7g specifically recog-
nized p40 but not p402, IL-12, and IL-23, and inhibited p40-
but not p402-, IL-12-, and IL-23-induced production of NO
and TNF-�. To our knowledge, these are the first neutraliz-
ing monoclonal anti-mouse p402 and anti-mouse p40
reagents to be produced that could be of immense impor-
tance in elucidating the role of p402 and p40 in mouse mod-
els for infection and autoimmune disorders.

Although non-denaturing electrophoresis followed by im-
munoblot analysis with pan p40 MAb is capable of detect-
ing p402 and p40,(22) until now it was not possible to quan-
tify each of these molecules separately. With the anti-p402

and anti-p40 reagents produced in this study, we have es-

tablished sensitive and reproducible ELISAs to quantify
p402 and p40 separately. For example, using MAb a3-1d as
the capture antibody and MAb d7-12c as the detection an-
tibody, we have developed sandwich ELISA that specifi-
cally quantifies picogram levels of p402. Again utilizing
MAb a3-3a as the capture antibody and MAb a3-7g as the
detection antibody, we have established another sensitive
ELISA to quantify picogram levels of p40. Therefore, our
p402- and p40-specific ELISAs may be used as important
tools in delineating signaling pathways for the production
of homodimeric and monomeric forms of p40. Because
ELISAs for quantification of IL-12 and IL-23 are available,
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our MAbs will serve as invaluable reagents to dissect 
out the role of each of these molecules in infection and im-
munity.

For example, bacterial lipopolysaccharides (LPS) is a pro-
totype inducer of p40 family of cytokines and the level of
p40 is much higher than that of the heterodimeric p70 in IL-

12-producing cells(2); however, the induction status of p402

and p40 after LPS stimulation is poorly understood. We ob-
served that the induction of p402 and p40 production in pri-
mary macrophages and microglia started within 30 min of
LPS stimulation and peaked at 6 h while the production of
IL-12 started at 6 h and peaked at 12 h of stimulation. It ap-
pears that the induction of p402 and p40 but not IL-12 is an
immediate early response to LPS. It will be interesting to find
out whether the immediate induction of huge amounts of
p402 and p40 in response to LPS is actually protective or de-
structive. Therefore, further work is currently underway to
delineate the exact role of p402 and p40 in LPS-induced tox-
icities in mice. It is widely believed that the induction of IL-
12 is often associated with the induction of p402 and p40 and
vice versa. However, contrary to the notion, dsRNA (the ac-
tive component of a viral infection) induced the production
of only p402 and p40 but not IL-12 in peritoneal macrophages
and primary microglia at different times of stimulation.
These results predict the possible presence of different sig-
naling mechanisms for the production of p402/p40 and IL-
12. Recent evidence suggests that the intracellular levels of
cyclic AMP (cAMP) play an important role in re-directing
cytokine synthesis in activated macrophages.(23,24) Thus,
PGE2, a potent and physiological inducer of adenylate cy-
clase, as well as cAMP derivatives, have been shown to in-
hibit IL-12 synthesis in LPS-activated macrophages.(23,24)

However, interestingly, PGE2 and cAMP stimulate the for-
mation of p40.(24) Although the study by Karinski et al.(24)

did not analyze p402 and p40 due to the lack of a proper de-
tection system, cAMP may favor the generation of p402 and
p40. Thus, it is tempting to speculate that dsRNA enhances
the level of cAMP in macrophages and microglia that, in
turn, up-regulates the production of p402 and p40 but not
IL-12. In this connection, it is important to note that the
cAMP/PKA pathway is overactive and the production of IL-
12 is suppressed in a number of virus-induced pathological
conditions such as HIV infection.(25,26)

Several human demyelinating disorders have a known vi-
ral etiology: subacute sclerosing panencephalitis as a late
complication of measles virus infection of childhood,(27) pro-
gressive multifocal leukoencephalopathy caused by the JC
papovavirus,(28) encephalopathy and myelopathy (neuro-
AIDS) caused by human immunodeficiency virus,(29) and
human T-lymphotropic virus type 1 associated myelopa-
thy/tropical spastic paraparesis.(30) Although the association
of a virus with multiple sclerosis (MS) has not been con-
firmed, based on detection of virions, viral nucleic acids, or
viral proteins in CNS or the presence of antiviral antibodies
in serum and/or CSF, several viruses have been suggested
to play a role in MS.(31–33) A common viral structure that is
almost universally recognized by eukaryotic cells is dsRNA
(�100 bp). dsRNA is not present during the normal life cy-
cle of eukaryotic cells; however, it is present in virally in-
fected cells. dsRNA accumulates during the replication of
many viruses.(17) However, the biological function of dsRNA
within the CNS is poorly understood. Here we show that mi-
croglia, resident macrophages of the CNS, respond to dsRNA
immediately to produce large amounts of p402 and p40. Due
to the facts that p402 and p40 induce the expression of dif-
ferent proinflammatory molecules in microglia(9,10) and that
viral infection is associated to several neuroinflammatory
and neurodegenerative diseases, it is possible that dsRNA
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may induce the expression of different proinflammatory
molecules in microglia via p402 and p40 to induce/potenti-
ate the neural injury in the CNS.

Although the release of p40 monomer/homodimer has not
been directly demonstrated in human cells, Fassbender et
al.(34) have demonstrated an increased (up to 1,000-fold)
compartmentalized release of the p40 subunit but not of the
heterodimer p70 in MS patients. Release of p40 correlates
with classic markers of CNS inflammation (CSF cell counts,
immunoglobulin G index) and is significantly increased in
patients with gadolinium-enhancing plaques on MRI. It is
apparent that this huge pool of p40 contains not only the
newly described heterodimer IL-23 but also p40 monomer
and dimer. In addition, we have recently found that p402 and
p40 stimulate the expression of iNOS in human primary as-
trocytes (unpublished observation), suggesting that these
two cytokines may also play an important immunomodula-
tory role in human. Therefore, novel results obtained from
our MAbs against mouse p402 and p40 may be replicated in
the human as well.
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