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An 85-kDa breast tumor associated antigen (BTAA) has been
identified and partially characterized from human breast tumors. As
BTAA is poorly immunogenic, enhancement of the anti-tumor
immunity induced by BTAA is required to obtain an objective
clinical response. The potent immune activation by an aqueous
preparation of neem (Azadirachta indica) leaf (NLP) suggests its
possible utility for enhancing immune responses to tumor vaccines.
Mice (Swiss and Balb/c) and rats (Sprague Dawley) immunized with
BTAA and NLP have a higher IgG antibody response and a lower IgM
response than mice immunized with BTAA alone. Antibody
generated by immunization with BTAA and NLP can induce
antibody-dependent cellular cytotoxicity (ADCC) and cytotoxic T
cell (CTL) response towards BTAA-expressing MCF-7 cells.
Antibody produced by vaccination with BTAA alone generated little
cytotoxic response. The occurrence of ADCC and CTL response
induced by BTAA plus NLP vaccination was possibly assisted by the
induction of a Th1 response, as evidenced by the enhanced secretion
of IFN-y and decreased release of IL-10 from spleen cells and the
greater production of IgG2a antibody in immunized mice. As NLP is
nontoxic, abundantly available in the Indian subcontinent and can be
extracted by a cost-effective method, this preparation may be
considered a promising immune enhancer for BTAA vaccine.

Keywords: mice, vaccination, BTAA, neem leaf preparation,
humoral immunity

Introduction

An 85-kDa breast tumor associated antigen (BTAA) has been
identified and partially characterized from human breast
tumors (1). BTAA was reported to be present in female breast
tumors, but absent in malignant tumors of the uterine cervix,
lung, stomach and liver or in breast tissues with benign diseases
(1, 2). In our attempt to develop an immunogenic cancer
vaccine, we have focused on BTAA, due to its distribution in
high density on the surface of human breast tumor cells and on a
breast cancer cell line, MCF-7 (unpublished observation).
Although tumor antigens are found in cancer patients, immune
responses protecting against tumor growth are rarely seen in
tumor hosts (3). Enhancement of the antigenicity of the tumor
antigen and anti-tumor immunity against the antigen is a
prerequisite to develop a tumor vaccine.

A popular approach to enhance the antigenicity of a tumor
antigen is its presentation along with adjuvant. An adjuvant can
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stimulate all wings of the immune system, individually or all
together (4), by activating B cells, T cells, NK cells, monocytes/
macrophages or dendritic cells (5, 6) and can induce the
production of various cytokines (7, 8). Various preparations of
the neem plant (Azadirachta indica) have such
immunomodulatory properties (9, 10) and were shown to
activate T cells (10), B cells (11) and macrophages (12). We have
reported earlier the immunoprophylactic function of a nontoxic
preparation (13) from neem leaf (NLP) to prevent the growth of
murine Ehrlich's carcinoma and B16 melanoma (14). Studies
utilizing adoptive cell transfer technology suggest that activation
of various immunocompetent cells by neem leaf component(s)
may be responsible for tumor growth restriction (15). This
immune activation includes stimulation of NK/NK-T cells, and
the secretion of TNF-a (15) and IFN-y (16). Moreover, NLP
mediated immune activation protects mice from leukopenia
caused by cancer chemotherapy (17). Such immunostimulatory
functions of NLP prompted us to investigate the adjuvant-like
function of NLP to induce an effective anti-tumor immune
response. In this context, the present investigation is designed to
ascertain whether (i) NLP is efficient to augment the anti-BTAA
immune response, (ii) NLP is able to induce T helper function,
beneficial to the tumor host, and (iii) the anti-BTAA immune
response has any anti-tumor function.

Results

NLP enhances the antibody response against BTAA

Three groups each of Swiss, Balb/c mice and Sprague Dawley
rats were immunized with BTAA alone, BTAA in combination
with NLP, or PBS using s.c., i.p. and i.v. routes and the generation
of anti-BTAA antibody was measured by ELISA. It is evident
from Figure 1 that immunization with BTAA alone generated
anti-BTAA antibodies in mice and rats. Addition of NLP (1 unit)
to BTAA significantly increased the anti-BTAA antibody
response when immunization was given i.v., but not when given
s.c. or i.p. (Figure 2A). Significant enhancement in the anti-
BTAA antibody production by immunization with BTAA and
NLP in comparison to that obtained with BTAA alone was
observed following single or repeated iv. immunizations
(Figure 2B). The immune sera obtained from mice were also
tested for their binding to BTAA positive MCF-7 cells.
Reactivity of the sera of mice immunized with BTAA in
combination with NLP with MCF-7 cells appeared stronger than
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that of the sera of the mice immunized with BTAA alone
(Figure 3). Sera of the mice immunized with NLP alone had no
anti-BTAA  activity as  tested by ELISA  and
immunocytochemistry (data not shown). Treatment with NLP
was well tolerated by all mice and rats, which exhibited no
apparent ruffling of fur, diarrhea, or other signs of toxicity.

NLP increases the production of anti-BTAA IgG antibodies
Immunization with BTAA resulted in a 2-fold increase in IgG
antibodies and a 2.2-fold increase in IgM response in Balb/c
mice, in comparison to the IgG and IgM levels detected in
control mice. Immunization with BTAA in combination with
NLP resulted in a 3.2-fold increase in IgG response and a 1.8-
fold increase in IgM response (Figure 4A). The increase in IgM
response observed in the group vaccinated with BTAA and NLP
was less than that treated with BTAA alone. The levels of IgA
were similar in the mice vaccinated with BTAA alone and those
vaccinated with BTAA in combination with NLP. These
observations were confirmed by purification of IgG from pooled
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Generation of BTAA reactive antibodies in mice and rats. Groups of Swiss (n =
10), Balb/c (n = 6) mice and Sprague Dawley rats (n = 4) were immunized intrave-
nously with PBS, BTAA alone (25 pug), or BTAA (25 pg) in combination with NLP
(1 unit) weekly for 4 weeks. The presence of BTAA reactive antibodies in the sera
of the immunized animals was assayed by ELISA. Immunization with NLP pro-
duces similar response as PBS. Each data point represents the mean * 1 SD of
observations from individual mice. *Significantly greater than the other values
(P<0.01).
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The route and number of immunizations influence the generation of BTAA reactive antibodies. (A) Effect of various routes of immunization on anti-BTAA antibody
generation. Balb/c mice were immunized weekly for four weeks with PBS, BTAA alone (25 pg), or BTAA (25 pg) in combination with NLP (1 unit) by s.c., i.p. and i.v.
routes. Seven days after the last immunization the mice were bled and anti-BTAA antibodies in the sera were measured by ELISA. Each data point represents the mean +
1 SD of six observations. *Significantly higher than other values (P < 0.01). (B) Effect of multiple immunizations on anti-BTAA antibody generation. Groups of mice were
immunized i.v. weekly for 1 to 4 weeks. Generation of anti-BTAA antibody was measured by ELISA after one week of immunization. Data from a representative mouse is
presented for each group. *Values for the group immunized with BTAA and NLP are significantly higher than those of the other groups (P < 0.001).

Figure 3

Reactivity of the sera of vaccinated Swiss mice with MCF-7 cells. MCF-7 cells were grown on tissue culture slides and incubated with sera (at 1:100 dilution) from mice
immunized with PBS (a), BTAA alone (b) or BTAA in combination with NLP (c). Anti-BTAA antibody binding was determined by streptavidin-peroxidase method

using aminoethylcarbazol as a substrate (Immunoperoxidase, magnification 200x).
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Analysis of the immunoglobulin isotypes present in the sera of vaccinated mice. (A) Immunoglobulin profile of the sera of vaccinated mice. Three groups of mice
were immunized with PBS, BTAA alone, or BTAA combined with NLP weekly for 4 weeks. Seven days after the last injection, the sera were assessed for IgG, IgA and IgM
content by ELISA. The data correspond to mean + SD of four observations. *Significantly higher as compared to the value of the BTAA immunized group (P < 0.01). (B)
Isolation of IgG and IgM from the sera of vaccinated mice. Pooled sera from mice immunized with PBS, BTAA alone, or BTAA combined with NLP, were fractionated on
a Protein A-Sepharose 4B column. Bound IgG was eluted and flow-through containing Igs (mainly IgM) other than IgG was collected. The OD of these two fractions was
adjusted and the relative IgG and IgM content estimated by ELISA. *Significantly higher compared to the value of the BTAA immunized group (P < 0.01). (C) Three
groups (n = 4 for each group) of mice (A: Swiss; B: Balb/c) were immunized (i.v.) with PBS, BTAA alone, or BTAA combined with NLP weekly for 4 weeks in total. Seven
days after the last injection, sera were assessed for IgG1 and IgG2a anti-BTAA antibodies by ELISA after coating the plate with BTAA. Each bar represents the group
mean of [gG2a/IgG1 response.

sera on a Protein A-Sepharose 4B column and examining the = whereas the IgM response was lower in comparison to the levels
flow-through containing IgM. Samples with an equal optical obtained by immunization with BTAA alone. The anti-BTAA
density were tested by ELISA for IgG and IgM content. It may  IgG subtypes generated by iv. injection of mice with BTAA
be observed in Figure 4B that the anti-BTAA IgG content alone and BTAA in combination with NLP were analyzed by
increased following immunization with BTAA plus NLP, ELISA using commercially available anti-IgGl, -IgG2a, and

www.cancerimmunity.org 30f9



Cancer Immunity (30 March 2007) Vol. 7, p. 8

-IgG2b tagged with alkaline phosphatase. As shown in
Figure 4C, immunization with BTAA and NLP induced an
IgG2a type antibody response, whereas injection with BTAA
alone generated chiefly IgG1 antibody.

NLP-generated antibodies induce ADCC

Swiss mice were immunized with BTAA alone or BTAA in
combination with NLP by s.c., i.p. and i.v. routes. Seven days
after the last immunization, sera were collected from the mice,
diluted 1:100 and used in an ADCC reaction. The peripheral
blood mononuclear cells were co-cultured with the BTAA+
MCEF-7 and BTAA- KB cells in the presence of immune sera at
different effector:target ratios; data obtained at an E:T ratio of
10:1 are presented. As evident in Figure 5, panels A and B,
immunization with BTAA alone generated sera that induced
little ADCC. The immune sera of mice immunized with BTAA
and NLP induced significant killing of the MCF-7 (Figure 5A),
but not of the KB (Figure5B), cells by effector splenic
lymphocytes. The antibodies generated by immunization with
BTAA and NLP administered by the iv. route were more
effective in inducing ADCC of MCF-7 cells as compared to

those generated by immunization through s.c. and i.p. routes
(Figure 5C). In Balb/c mice and Sprague Dawley rats, the
generation of ADCC-inducing antibodies by immunization
with BTAA and NLP was also observed (data not shown).

NLP enhances CTL activity

Swiss mice and Sprague Dawley rats were immunized weekly
for 4 weeks with PBS, BTAA alone or BTAA in combination
with NLP. Seven days after the last injection, the spleens were
isolated and stimulated with BTAA. The CTL activity of the
activated splenocytes against MCF-7 cells was determined in a
CTL assay. The results revealed that immunization with BTAA
alone induced little CTL activity in the splenocytes against
MCEF-7 cells (Figure 6). However, immunization of the mice
with BTAA in combination with NLP generated significant CTL
activity against MCF-7 cells in both Swiss mice (Figure 6A) and
Sprague Dawley rats (Figure 6B). Generation of MCF-7 cell
specific CTLs was also observed in Balb/c mice immunized with
BTAA and NLP (data not shown). CTL activity detected in the
case of antigen negative KB cells was significantly less than that
observed in the case of MCEF-7 cells (data not shown).
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Induction of ADCC by the sera of immunized mice. ADCC assay using MCF-7 (A) and KB (B) cells as target. Three groups of Swiss mice were immunized with PBS,
BTAA alone, or BTAA combined with NLP weekly for 4 weeks. Seven days after the last injection, sera from individual mice were collected and tested in ADCC assays.

Human peripheral blood mononuclear cells were used as effector cells and tumor cells (MCF-7 and KB) were used as target. (C) ADCC assay using MCF-7 as target and

sera obtained by immunization through different routes. Swiss mice were immunized with BTAA and NLP through s.c., i.v. or i.p. routes weekly for 4 weeks. Seven days

after the last injection, sera from individual mice were collected and tested in ADCC assays. Data obtained by using an E:T ratio of 10:1 and immune sera diluted 1:100 is

presented. Each data represents the mean value + 1 SD. *Significantly higher as compared to other values (P < 0.001).
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CTL activity of the splenic cells of immunized mice and rats. Three groups of animals, either Swiss mice (A) or Sprague Dawley rats (B), were immunized i.v. with PBS,

BTAA alone or BTAA in combination with NLP weekly for 4 weeks. Seven days after the last injection, splenic cells from individual mice were isolated, cultured in the

presence of BTAA for 3-5 days and a CTL assay performed using these cells as effectors and MCEF-7 cells as target at an E:T ratio 10:1. Each data represents the mean

value * 1 SD. *Significantly higher as compared to other values (P < 0.001).
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Figure 7
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Release of IFN-y and IL-10 from the splenocytes of immunized mice. Three groups of mice (n = 3 in each case) were immunized (i.v.) with PBS, BTAA alone, or BTAA

in combination with NLP weekly for 4 weeks. Seven days after the last injection, spleen cells from individual mice were isolated and cultured in RPMI 1640 medium in
the presence of either PBS, BTAA alone or BTAA and NLP for 48 hours. The IFN-y (A) and IL-10 (B) content of the culture supernatants was analyzed by ELISA using a
commercially available kit. Each data point corresponds to the mean + 1 SD. **,*Statistically different from PBS controls (P < 0.001 and P < 0.05, respectively).

NLP enhances the BTAA-specific release of Thl cytokine, IFN-y

The splenic cells isolated from the Swiss mice immunized with
PBS, BTAA alone, or BTAA in combination with NLP, were
cultured in RPMI 1640 medium and in vitro stimulated with
PBS, BTAA alone or BTAA in combination with NLP for 48
hours. The release of Thl cytokine (IFN-y) and Th2 cytokine
(IL-10) in the spent media were measured by ELISA. It was
observed that in vitro stimulation with BTAA alone or BTAA
and NLP of spleen cells from mice immunized with BTAA and
NLP induced a significant increase in the release of IFN-y
(Figure 7A). On the other hand, similar in vitro treatment
resulted in a decrease in IL-10 secretion (Figure 7B). The
observed changes were not detected when spleen cells from PBS
injected mice were stimulated in vitro with either BTAA alone or
BTAA and NLP, indicating BTAA-specific Thl cytokine
secretion.

Discussion

The development of a tumor vaccine is dependent on the
induction of the host's immune system, including the
development of memory T cells and an antibody response. Most
strategies for the development of tumor vaccines rely on the
availability of tumor associated antigens and their derivatives
(18, 19). In the present study, we have used BTAA as a tumor
antigen (1, 2) with the objective of developing an
immunotherapeutic tool for the treatment of malignant breast
tumors. Immunization of mice and rats with BTAA could not
activate tumor-specific cytotoxic effector functions. Such poorly
immunogenic  tumor  antigens need help from
immunostimulatory molecules or adjuvants that can assist in
presenting the antigen properly to activate different immune
cellular functions and induce the secretion of various cytokines
(3,7). Though a number of synthetic and natural adjuvants have
been successfully used experimentally, alum (e. g., Al,O3) is still
the only adjuvant approved for human use (20). Although safe,
alum is a relatively weak adjuvant for antibody production and a
poor inducer of cell mediated immune responses because of the
induction of a Th2- rather than a Thl-type immune response
(21).

The unique immunostimulatory property of the aqueous
preparation of neem leaf (NLP) could be translated into the
restriction of the murine tumor growth and an increased life
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span (13, 14). NLP is nontoxic, as systemic administration of
NLP causes no hematotoxic, hepatotoxic and nephrotoxic
effects (13). In the studies presented here, we have shown that
NLP, when administered with BTAA, increases the anti-BTAA
antibody response (Figure 1, Figure 2, and Figure 3). The almost
identical enhancement in antibody response noted in Swiss,
Balb/c mice and Sprague Dawley rats confirmed the adjuvant
effect of NLP. Significant enhancement of the anti-BTAA
antibody response following immunization with BTAA in
combination with NLP by intravenous route, rather than
intraperitoneal and subcutaneous routes, may be due to direct
exposure of the immunogen to the lymphatic system, thereby
resulting in better antigen presentation and cytokine secretion.
ADCC plays an important role in the host's defense against
tumor. To test the efficacy of the immune sera in mediating
ADCC against BTAA-expressing tumor cells, we have used the
MCEF-7 cell line. Generation of more IgM, rather than IgG,
antibodies (Figure 4) by immunization with BTAA alone causes
poor ADCC by anti-BTAA immune sera. The preponderance of
an IgG response and the reduction in the level of IgM following
immunization with BTAA in combination with NLP (Figure 4)
explained the significant induction of ADCC against BTAA+
cells. IgG is an effective mediator of ADCC and complement-
dependent cytotoxicity (22). Switching from an IgM response to
an IgG response is known to help trigger a favorable cytokine
network that regulates the cytotoxic function in either an
antibody-dependent or independent fashion. Immunization
with carbohydrate antigens, such as GD2, GM2, GD3, generally
induces an IgM response (23). An anti-idiotypic antibody
mimicking GD2 was reported to induce IgG rather than IgM,
and thus proved to be effective as a better vaccine for GD2
expressing tumors (21). Generation of anti-BTAA antibody by
using NLP as an adjuvant is comparable to the adjuvant effect
obtained using Freund's adjuvant and the immunopotentiating
effect of keyhole limpet hemocyanin (data not shown). It is
important to note here that NLP has an excellent driving ability
towards a Thl type immune response (unpublished
observation). This property of NLP is nicely adjoined during
immunization with BTAA. Spleen cells from mice immunized
with BTAA and NLP, when stimulated in vitro with either BTAA
alone or BTAA and NLP, exhibited a significant increase in the
secretion of Thl cytokine (IFN-y) and a decrease in the
secretion of Th2 cytokine (IL-10) (Figure 7). IgG class switching
to IgG2a following immunization with BTAA in combination
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with NLP (Figure 4C) also suggests NLP acts as an adjuvant with
Th1-inducing capacity. Another promising adjuvant, CorGODN,
has the ability to switch from a Th2 response to a Th1 response
(24, 25). Thl cytokines play a critical role in generating anti-
tumor immune responses, by activating NK cells, CTLs and
macrophages (26). The stimulation of the CTL activity of splenic
cells from mice immunized with BTAA and NLP against MCF-7
cells (Figure 6) observed in the present study might be assisted
by the IFN-y released by the splenic cells after stimulation with
NLP. Activation of antigen presenting cells by neem oil (10) and
secretion of IFN-y from NK cells and T cells by various products
of neem (27) have been reported by others. Moreover,
association of IFN-y release with the predominance of IgG2a is
established (28). Based on these evidences, it could be concluded
that NLP is a potential adjuvant to enhance immunity against
BTAA at the humoral and cellular levels.

The constituents present in neem leaf responsible for the
adjuvant activity are not known. However, preliminary
investigation suggests that 10% of the total NLP is protein (29).
In addition, flavonoids may also be present in this preparation
(29). Flavonoids are known inducers of Thl response.
Flavonoids present in grape seed were shown to stimulate
production of IFN-y by PBMCs, but had no effect on the level of
the Th2-derived cytokine IL-6 (30). Nair et al. (31) reported that
a flavonoid, quercetin, significantly induces gene expression, as
well as the production of Thl-derived IFN-y and the
downregulation of Th2-derived IL-4 by normal PBMCs.
Adjuvants inducing a Th1 response can manifest better antigen-
specific anti-tumor immunity (26, 32).

From the dawn of civilization, various products of the neem
plant have been consumed by human beings in normal health
and disease (9, 33), and no toxicity has been reported. Based on
our observations in the murine system, we have also reported
that NLP is completely safe with no adverse effects on liver and
kidney functions (13). Moreover, NLP has been shown to
stimulate hematopoiesis. Our earlier reports (13-17) and the
experimental data obtained from this study suggest that NLP is a
safe, effective and economical adjuvant and can be used in
tumor vaccine formulations, in animal and human studies.

Abbreviations
BTAA, breast tumor associated antigen; NLP, neem leaf prepa-
ration
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Materials and methods

Neem leaf preparation (NLP)

Mature neem leaves of same size and color (indicative of same
age) taken from a standard source were shed-dried and
pulverized. Extract obtained from 0.5 mg of neem dry powder is
considered as one unit of NLP, generally used for the
immunization of mice. Neem powder was soaked overnight in
phosphate buffered saline (PBS), pH 7.4 one night before the
experiment. Supernatant was collected by centrifugation at
300 x g for 7 minutes and was membrane-filtered (0.22 micron)
for in vivo or in vitro use. The endotoxin content of the freshly
prepared NLP was determined by the Limulus amebocyte lysate
(LAL) test as per the manufacturer's (Salesworth India,
Bangalore) instructions. The endotoxin content of all the
batches of NLP was found to be less than 6 pg/ml.

Breast tumor associated antigen (BTAA) purification

BTAA was prepared by the method described earlier (1). In
brief, tissue extract was prepared from surgically removed
human malignant breast tumors by mincing and homogenizing
the tissues in 0.15 M PBS, pH 7.2. Homogenates were
centrifuged (Biofuge Stratos, Heraeus, Germany) successively at
6000 x g for 30 min and at 15,000 x g for 60 min at 0°C. The
supernatants were fractionated in a DEAE-cellulose column.
The BTAA-containing gel eluate was further purified by reverse
phase - high performance liquid chromatography using a
protein PAK 300 SW column. Purification of BTAA was guided
in every step by analysis by 12% SDS-polyacrylamide gel
electrophoresis.

Animals

Female Swiss and Balb/c mice and Sprague Dawley rats (6
weeks old), obtained from the Animal Care and Maintenance
Department of Chittaranjan National Cancer Institute were
used for immunization with BTAA. The animals were
maintained under standard laboratory conditions and according
to the guidelines established by the Institutional Animal Care
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