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Abstract

The development of vaccines for infectious diseases for which we currently have none, including
HIV, will likely require the use of adjuvants that strongly promote germinal center responses and
somatic hypermutation to produce broadly neutralizing antibodies. Here we compared the outcome
of immunization with the T-cell dependent antigen, NP-conjugated to chicken gamma globulin
(NP-CGG) adjuvanted with the toll-like receptor 9 (TLR9) ligands, CpG-A or CpG-B, alone or
conjugated with the cationic lipid carrier, DOTAP. We provide evidence that only NP-CGG
adjuvanted with DOTAP-CpG-B was an effective vaccine in mice resulting in robust germinal
center responses, isotype switching and high affinity NP-specific antibodies. The effectiveness of
DOTAP-CpG-B as an adjuvant was dependent on the expression of the TLR9 signaling adaptor
MyD88 in immunized mice. These results indicate DOTAP-CpG-B but not DOTAP-CpG-A is an
effective adjuvant for T cell-dependent protein antigen-based vaccines.
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Introduction

Many vaccines in development for infectious diseases including HIV and malaria are based
on purified or recombinant subunit proteins that induce antibodies (Abs) that block infection
of target cells [[1-3]]. To induce protective and broadly neutralizing immunity vaccines may
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need to induce robust germinal center (GC) responses and high levels of somatic
hypermutation, particularly in the case of HIV [4]. However, purified proteins are poorly
immunogenic and require delivery with highly effective adjuvants capable of stimulating GC
responses. Most, if not all, adjuvants enhance antibody responses by engaging pattern
recognition receptors (PRR) of the innate immune system either expressed by cells of the
innate immune system or by B cells themselves [5]. Among PRRs, ligands for the Toll-like
receptors (TLRs) have received particular attention as adjuvants, including TLR9 ligands.
TLR9 is expressed by a variety of cells of the innate and adaptive immune system including
dendritic cells (DCs), plasmacytoid DCs (pDCs) and B cells [6]. Upon binding its ligand,
microbial DNA containing unmethylated CpG sequences, TLRO triggers a signaling cascade
that promotes a variety of cell functions including survival, proliferation, differentiation and
cytokine production [7, 8]. To enhance their potency, synthetic analogs of TLR9 ligands
have been generated by embedding CpG motifs into various structurally distinct
oligonucleotide (ODN) sequences [9]. These 15-25 nucleotides long synthetic analogs
contain one or more CpG sequences and are resistant to nucleases due to partial or full
replacement of the phosphodiester bonds with phosphorothioate bonds [10]. Among these
analogs, CpG-A and CpG-B are the best studied and commonly used ODNs. CpG-A ODNs
are partially phosphorothioate reinforced, and generally contain one CpG motif, and a 3’
poly G tail. They form 3D hairpin structures and have tendency to aggregate in salt
containing solutions. On the other hand CpG-B ODNSs contain more than one CpG motif, are
fully phosphorothioate reinforced, do not form complex 3D structure, and are highly soluble
[11, 12].

A functional dichotomy has emerged between CpG-A and CpG-B ODNs with CpG-A
ODN s being potent stimulants of type-1 interferon (type-1 IFN) production in innate
immune cells in particular plasmocytoid DCs (pDCs) and CpG B ODNs enhancing cellular
proliferation and proinflammatory cytokine secretion in B cells and in cell types other than
pDC [13, 14]. Due to these differences in the functional outcomes, CpG-A has been studied
as a modulator of interferon production whereas CpG-B has been considered as a candidate
adjuvant to boost innate and adaptive immune responses [12, 13, 15]. However, we recently
provided evidence that this dichotomy is not absolute showing that both CpG-B and CpG-A
activated B cells to proliferate, secrete Abs and IL-6 /n vitro and that neither CpG-B nor
CpG-A alone induced type 1 IFN production. On the other hand when CpG-A was
conjugated with a cationic lipid namely N-[1-(2,3-Dioleoyloxy)propyl]-N,N,N-
trimethylammonium methyl-sulfate (DOTAP), we observed induction of type 1 IFN
production in B cells both in vivoand in vitro [16].

There are several additional examples of the modulation of functions of CpG ODNSs by
conjugation to carriers that affect the trafficking, potency, durability and cellular target of the
ODN. For example, conjugation of CpG-B with antigen or antigen-containing nanoparticles
boosts its adjuvant effect, resulting in higher Ab responses and memory recall response /in
vivo [17-19]. On the other hand, as commented on above, conjugation of CpG-A with
DOTAP confers the ability to initiate type | interferon production in cells such as
conventional DCs, macrophages and B cells that do not respond to CpG-A alone [13, 16,
20]. Although the precise mechanism is yet to be elucidated, DOTAP might function to
broaden the activity of CpG-A by concentrating it in cells, altering its trafficking to TLR9-
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containing compartments in cells or extending its half life in cells. Although this effect of
DOTAP conjugation on CpG-A mediated induction of Type-1 IFN production is relatively
well established the effect of CpG-DOTAP conjugate on other immune functions and the
effect of DOTAP conjugation on the function of CpG-B ODNs are far less well
characterized. Indeed, the results of Hou et. a/.[21], suggest that CpG-B DOTAP conjugates
may potentiate Ab responses in vivo.

Here, we present the results of an extensive comparative analysis of the efficacy of CpG-A
and CpG-B either alone or conjugated to DOTAP as an adjuvant for Ab responses to
immunization with the T cell-dependent protein antigen NP-CGG. Our data reveal that
neither CpG-A nor CpG-B in their unconjugated forms are potent adjuvants. On the other
hand, immunization of mice with DOTAP-CpG-B conjugates but not DOTAP-CpG-A results
in strong GC formation, generation of isotype switched Ab producing B cells and production
of high affinity Abs in a MyD88-signaling dependent fashion. These findings further our
understanding of the role of TLR9 in Ab responses and reveal previously unappreciated
functions of cationic lipids in potentiating the adjuvant effects of TLR9 ligands.

CpG-B DOTAP conjugates enhance GC formation in response to T-cell dependent antigens

in vivo

To explore the ability of CpG-A, CpG-B and their DOTAP conjugates to function as
adjuvants for the response to the T-cell-dependent antigen, NP-CGG, /n vivo, mice were
immunized with NP-CGG alone or with CpG-A, CpG-B or their DOTAP conjugates.
DOTAP conjugated directly to NP-CGG resulted in precipitation of the antigen and thus this
control was not included. Mice were euthanized 14 days post immunization, spleens were
removed, and total GC B cells and NP-specific GC B cells were identified and quantified by
a commonly used gating strategy [22—-27] as shown (Supplementary Figure 1). T follicular
helper (Tfh) cells were also determined by flow cytometry using the gating strategy shown
(Supplementary Figure 1). Only mice immunized with CpG-B-DOTAP NP-CGG showed
significant increases in the numbers of GC B cells (Figure 1A,C), NP-specific GC B cells
(Figure 1D) and Tth cells (Figure 1B,E) as compared to unimmunized mice or mice
immunized with NP-CGG alone or NP-CGG adjuvanted with either CpG-A or CpG-B alone
or CpG-A-DOTAP (Figure 1).

Immunization with CpG-B-DOTAP adjuvanted antigens lead to increased GC size, number
and proliferative activity

Spleen sections from mice immunized as in Figure 1 were analyzed by
immunohistochemistry using: H&E staining to define the splenic architecture; Abs specific
for CD3 and B220 to localize follicles; Abs specific for CD4 to identify helper T cells within
the follicles (Tth cells); PNA and Abs specific for IgM to define GCs; and Ki67 to detect
proliferating cells in follicles. Representative images of spleen sections are shown (Figure
2A) as well as quantification of the numbers of GCs, the size of GCs and the number of
Ki67-positive cells (Figure 2B-D). CpG-B-DOTAP was the most potent adjuvant for NP-
CGG, generating the largest number of GCs, GCs of the largest size as well as the greatest
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number of Ki-67-positive follicular cells. Immunization with NP-CGG adjuvanted with
CpG-A-DOTAP or CpG-B alone also resulted in an increase in the number and size of GCs,
as compared to immunization with NP-CGG alone albeit to a lesser extent to that of
immunization with NP-CGG CpG-B-DOTAP.

Immunization with DOTAP-CpG-B NP-CGG enhanced the generation of isotype switched
antibody producing B cells

We also assessed the expansion of PCs and PBs by flow cytometry defined as CD138H and
B220M° to B220™ cells (Supplemental Figure 1) in splenocytes harvested 14 days post
immunization. Although immunization with NP-CGG CpG-B DOTAP did not have an
impact on the total number of PCs/PBs (Figure 3A,C), when spleen cells were placed on
ELISPOT plates coated with either NP(30)-BSA to detect NP-specific Ab secreting cells of
all affinities (Figure 3B,D) or with NP(4)-BSA to detect high affinity NP-specific Ab
secreting cells (Figure 3B,E), the total number of NP-specific Ab secreting cells (Figure 3
B,D) and high affinity NP-specific Ab secreting cells (Figure 3B,E) increased only in the
spleens of mice immunized with NP-CGG CpG-B-DOTAP in comparison to unimmunized
mice or mice immunized with NP-CGG.

The total amount of NP-specific Ab was measured in serum collected from mice immunized
as described in Figure 1, seven and 14 days post immunization (Figure 4A,B). The total NP-
specific IgM response seven days post immunization, as measured by NP(30)-BSA ELISAs,
was higher in mice that received NP-CGG adjuvanted with either CpG-A-DOTAP or CpG-
B-DOTAP as compared to mice that received NP-CGG alone or NP-CGG adjuvanted with
CpG-A or CpG-B (Figure 4A). However, the effect of these adjuvants was not evident 14
days after immunization, a time at which all responses were more or less equivalent (Figure
4B). In contrast, NP-CGG adjuvanted with CpG-B-DOTAP induced higher levels of IgG Ab
that were of greater affinity on day 7 post immunization and persisted to day 14 post
immunization as compared to all other immunogens.

The adjuvant effect of CpG-B-DOTAP is dependent on TLR9 signaling

Discussion

Finally, we ruled out the possibility that the enhanced adjuvant activity of DOTAP-CpG-B
was not due to TLR9 signaling but to a modification or multimerization of NP-CGG in the
presence of DOTAP. The dependence of the effectiveness of CpG-B-DOTAP on TLR9
signaling was tested by immunizing WT and TLR9 signaling-deficient (MyD88 KO) mice
either with NP-CGG or NP-CGG adjuvanted with CpG-B-DOTAP. Spleens were removed at
day 14 post immunization and the total numbers of GC, NP-specific GC and Tfh, were
determined by flow cytometry (Fig. 5A—E). The number of NP-specific Ab secreting cells
was determined by ELISPOT (Fig. 5F, G). For all parameters, immunization with NP-CGG
DOTAP-CpG-B generated a significantly better response in WT mice as compared to
MyD88 KO mice, confirming the dependence of the observed phenotypes on TLR9
signaling.

Immune responses to T-cell-dependent antigens are complex processes that involve multiple
cell types and mediators of the immune system [28, 29]. The initiation of T-cell-dependent
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Ab responses occurs in lymphoid organs at the T-B border and continues in the specialized
micro-environment of the GCs where B cells rapidly proliferate undergo class switching and
somatic hypermutation and are selected based on their affinity for the antigen [30]. Recent
advances in high resolution imaging methods /n7 vivo have provided a wealth of new
information concerning the cellular and molecular mechanisms that underlie GC reactions
[31]. Since the ultimate goal of this process is the production of long-lasting, potent, specific
Abs, the generation of adjuvants that can facilitate these outcomes is a high priority in
clinical studies.

TLR9 is expressed in the majority of the cells involved in GC reactions, and is a candidate
target for adjuvant development [32]. Therefore, synthetic analogs of its ligands are
continuously tested in various immunization regimes [33]. Although studies /n vitro have
provided evidence that CpG-B is a potent stimulant of DC functions as well as of B cell
proliferation, antibody production and differentiation into plasma cell lineage, whether CpG-
B has these effects /n vivois not as clear. This may be due to a large number of factors
including the failure to reach high enough concentrations at the target organ and or the rapid
clearance of this relatively simple structure from the body [34]. Therefore modifications that
would prolong the response or potentiate it by concentrating ODNs are desired.

Here we showed that DOTAP conjugation of CpG-B is a practical strategy to boost multiple
elements of the T cell-dependent immune response. Mice immunized with antigens
adjuvanted with DOTAP conjugated CpG-B showed enhancement in various aspects of
immune response including the number of total and antigen-specific GC B cells, GC size,
number of Tfh cells, number of specific Ab-producing cells and serum levels for both total
and high affinity Abs specific for the antigen. On the other hand CpG-A conjugation of
DOTAP resulted only in a slight increase in GC size and early Ab response in the form of
IgM, yet failed to propagate other aspects of the immune response.

By comparing DOTAP conjugates of CpG-A and CpG-B and demonstrating the remarkable
difference in their effects on T cell-dependent immune response, we highlight the
importance of CpG ODN type in the outcome of TLR9 signaling. Although this
phenomenon has been studied in detail in the context of interferon secretion, we provide the
first evidence for its relevance in /n7 vivo immunization settings as well.

The failure to observe any significant effect by using unconjugated CpG as adjuvants,
highlights the need for additional mediators or conjugation strategies to reveal the effect.
Although it can be argued that using a higher concentration of CpG and or administration of
it in multiple doses might facilitate an unconjugated CpG mediated adjuvant effect, these
may also increase potential off-target effects and generate unexpected outcomes.

DOTAP conjugated CpG ODNSs have been reported to induce both TLR dependent and
independent outcomes in several previous studies [35, 36]. Although the actual mechanism
by which DOTAP mediates TLR independent effect is not clear it might be due to the altered
intracellular uptake and trafficking of ODNs by DOTAP making them more accessible to
cytoplasmic DNA sensors. However, using MyD88 KO mice, we showed that the
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immunoadjuvant effect of CpG-B DOTAP conjugate is dependent in large part on TLR9
signaling.

The mechanisms by which DOTAP enhance the adjuvant properties of CpG-B remain to be
elucidated, but potential explanations include DOTAPs prevention of premature degradation
of CpG-B. Another likely explanation is the formation of multimeric CpG complexes or
bridging the antigen to the adjuvant. Although our experimental design involves conjugating
CpG- DOTAP first and then adding the antigen to prevent clumping of the antigen by
DOTAP, interactions betwen DOTAP-CpG and the antigen might be taking place and the
resulting complex might be gaining increased potency. Pursuing the mechanism of the
success of DOTAP-CpG-B as an adjuvant for T-cell dependent antigens may lead to new
strategies to improve the adjuvant properties of CpG-B.

Materials and Methods

Animals

WT (C57BL/6) and Myd88 KO mice (B6.129P2(SJL )-Myd88tm1.1Defr/J) were purchased
from Jackson Laboratory (Bar Harbor, ME, USA). All mice were maintained at the National
Institutes of Health animal facilities in compliance with Animal Care and Use Committee
standards.

Immunizations

ELISAs

CpG-A (ODN1585) and CpG-B (ODN1826) ODNs were purchased from Invivogen (San
Diego, CA, USA). For conditions involving cationic lipid-ODN complexes, N-[1-(2,3-
Dioleoyloxy)propyl]-N,N,N-trimethylammonium methyl-sulfate (DOTAP), a cationic lipid
based liposomal transfection reagent (Roche, Basel, Switzerland) was used. For this
purpose, ODNs and DOTAP were added into HBS (Sigma-Aldrich, St. Louis, MO, USA) in
separate tubes at the desired amounts. These solutions were mixed without agitation and the
resulting DOTAP-ODN mixture was incubated at RT for 15-20 minutes before being mixed
with the antigen just prior to injecting the mice.

Intraperitoneal injections of mice were performed using 300 ul/mouse sterile HBS solution
containing 4-Hydroxy-3-nitrophenylacetyl hapten conjugated Chicken Gamma Globulin
(NP-CGG) and ODNs (DOTAP conjugated or unconjugated). NP-CGG used in these
experiments was at a ratio of approximately 18 NP to 1 CGG and purchased from Biosearch
Technologies (Novato, CA, USA). Intraperitoneal injection of NP-CGG-Alum was carried
out using 100 pg/mouse NP-CGG (dissolved in 200 pl/mouse PBS) conjugated with 100 pl/
mouse Imject Alum (ThermoFisher).

Measurement of anti-NP antibodies was carried out by applying different dilutions of the
mouse serum onto plates that were previously coated with 10 pg/ml NP-BSA (LGC
Biosearch) complexes. NP to BSA ratio of 4 and 30 were used to detect high and mixed
affinity antibodies respectively. HRP conjugated anti mouse 1gG or IgM were used as
secondary antibodies. Plates were developed using TMB buffer (eBioscience), reaction was
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quenched using 0.18M H,SO,4 and plates were read at 450 nm wavelength. Serum pooled
from five different NP-CGG-Alum injected mice (14 days post injection) was serially
diluted in order to generate an arbitrary unit scale. This unit scale was used to standardize
absorbance values obtained from different plates.

To detect the NP specific PCs in the spleens of NP-CGG immunized mice, 96 well sterile
filter plates (MSIPS4W10- Millipore, Billerica, MA, USA) were coated with 10 pg/ml NP-
BSA in sterile PBS over night at 4 °C. To discriminate the affinity of interactions, NP:BSA
ratios of 4 (high affinity) and 30 (mixed affinity) were used. Plates were washed three times
with PBS and then blocked with sterile PBS supplemented with 1% BSA for 2 hours at RT
Followed by another three washes with sterile PBS. Cells harvested from the spleens of mice
on day 14 post immunization were resuspended at three different dilutions in serum free X-
VIVO™ 20 media (Lonza) supplemented with B-ME and plated into the ELISPOT plate.
Plates were incubated at 37 °C, in a 5% CO, incubator, avoiding any vibrations for 20-24
hours. Cells were then discarded and plates were washed three times with PBS followed by
another three washes with PBS-Tween 20 (0.5%). HRP-conjugated anti mouse 1gG in PBS-
Tween 20 (0.5%)-BSA (1%) solution was added to the plates. Following overnight
incubation at 4°C, Plates were washed three times with PBS-Tween 20 (0.5%) followed by
another three washes with PBS alone. Plates were developed using an AEC substrate kit (BD
Biosciences) according to manufacturer’s guidelines. Evaluation and imaging of the
developed ELISPOT plates were carried out by Zellnet Consulting, Fort Lee, NJ, USA.

Histopathologic evaluation of spleen

Spleens were harvested 14 days after intraperitoneal immunization of mice. Spleens were
immediately fixed in 10% buffered formalin and embedded in paraffin. Tissue sections were
prepared and stained either by hematoxylin and eosin (H&E) to define splenic architecture
or by immunostaining according to standard protocols, and examined by light microscopy
with magnifications of 5x, 10x, and 20x. Immunostaining was performed by carrying out
the avidin-biotin peroxidase complex (ABC) method, using the Vectastain Elite ABC kit
(\Vector Labs, Burlingame, CA, USA) according to the manufacturer’s instructions. Abs
specific for CD3 (#MCA1477) (AbDSerotec, Oxford, UK) and B220 (#553086) (BD
Bioscience) were used to distinguish T and B cells respectively in follicles. PNA (PNA-
biotin conjugated, #B-1075) (Vector Labs), and Abs specific for IgM (#A-20144)
(ThermoFisher) were used to define GCs, Abs specific for CD4 (#17-0031-82)
(eBioscience) identified Tth cells and Ki-67 (#M0879) (DAKO, Carpinteria, CA, USA) was
used to identify proliferating cells.

Quantification of the GC size and the number of Ki-67 stained follicular cells per spleen
section was done by analysis of images of individual spleen sections from spleens from two
different mice per condition at 20x magnification. For the image processing, we developed a
program with MATLAB (MathWorks, Natick, MA USA). In order to facilitate the
identification of positive stained cells, we first separated the images into their red-blue-
green, hue, saturation, and value components to make binary masks. Masks were further
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refined by dilation/erosion filtration. We then applied an algorithm to segment the regions
detailed in the masks, with a customized watershed procedure .

Flow cytometry

Samples were stained for flow cytometry in FACS buffer (HBSS supplemented with, 1%
HEPES, 2% FCS and 10mM Sodium Azide (Sigma-Aldrich) on ice using antibodies/stains
listed in Supplementary Table 1.

Flow cytometry experiments were carried out using BD LSR-Il Cytometer and data were
analyzed in FlowJo software.

Statistical analyses

Statistical analyses were carried out in Graphpad Prism software. Unpaired t-test with
Welch’s correction was used to determine the significance of the difference observed.
(P>0.05 = ns; 0.01 <P <0.05 = *; 0.001 <P <0.01 = **; 0.0001 <P <0.001 = ***; P <0.0001=

****)

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CpG-B-DOTARP is an effective adjuvant for T cell-dependent antigens. A-B) Mice were
immunized intraperitoneally with NP-CGG (100 ug/mouse) either alone or with CpG-A or
CpG-B with or without DOTAP (70 pg/mouse CpG +/- 190 pg/mouse DOTAP) in HBS.
Control mice received 500 pl HBS only. Spleens were taken 14 days post injection and
analyzed by flow cytometry according to the gating strategy described in Supplementary
Figure 1. Representative flow cytometry plots indicate the relative frequencies of: A) GC B
cells among total B cells or B) Tfh cells among total CD4* T cells. Total number of: C) GC
B cells; D) NP-specific GC B cells and E) Tth cells are shown. Values that are significantly
different from those of mice immunized with NP-CGG alone are shown with asterisks (0.01
<P <0.05 = *; 0.001 <P <0.01 = **) (t-test). Data shown are representatives of three
independent experiments each with 5 mice per condition.
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Figure2.
The effect of immunization with the T-dependent antigen, NP-CGG, adjuvanted with CpG-

B- DOTAP on the number and size of GCs and their proliferative activity. A) Fixed and
paraffin embedded spleen sections generated from spleens of mice immunized as described
in Figure 1 were evaluated using immunohistochemistry. Representative light microscopy
images are shown. All images are 5x magnified except for the 20x magnified ones showing
the Ki-67 staining of the GCs. In sections stained with both PNA and Abs specific for IgM,
black arrowheads indicate the GC foci. In Ki-67 stained samples, dotted circles show areas
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of cells with high Ki-67 staining within follicles. The area of GCs and the number of Ki-67-
positive cells were quantified as detailed in Materials and Methods. B-D) Graphs show the
total number of GC foci (B), GC area (C) and number of Ki-67-positive follicular B cells
(D) obtained from individual sections from two different spleens per group. T-test was used
to calculate statistical significance (C-D) and values that are significantly different from
those of mice immunized with NP-CGG alone are shown with asterisks (0.01 <P <0.05 = *;
0.0001 <P <0.001 = ***; P <0.0001=****)
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Figure 3.

CpG-B-DOTAP enhances plasma cell generation in response to NP-CGG immunization.
WT mice were immunized as described in Figure 1 and spleens were harvested 14 days post
injection. A) Flow cytometry plots indicating the frequency of PCs and PBs among live
splenocytes are shown. B) Representative images demonstrating the PCs secreting 1gG NP-
specific Ab, as detected by plating equal numbers of splenocytes on ELISPOT plates coated
with either NP(30)BSA (top panel) or NP(4)BSA (bottom panel), are shown. C) Shown are
the total numbers of PCs and PBs as detected by flow cytometry, NP-specific PCs as
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detected by either (D) NP(30)BSA ELISPOT or (E) NP(4)ELISPOT are shown. Values that
are significantly different compared to those of mice immunized with NP-CGG alone are
shown with asterisks (0.01 <P <0.05 = *; 0.001 <P <0.01 = **) (t-test). Data represents three
independent experiments each containing five mice per group
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Figure 4.

CpG-B DOTAP increases the serum levels of NP specific antibodies. Changes in the titers of
NP specific antibodies in serum of immunized mice were detected by ELISA using blood
taken (A) seven and (B) 14 days post immunization. Arbitrary units were calculated using
standard dilutions of pooled serum collected from NP-CGG-Alum immunized mice. Values
that are significantly different compared to those of mice immunized with NP-CGG alone
are shown with asterisks (0.01 <P <0.05 = *; 0.001 <P <0.01 = **) (t-test). Data represents
three independent experiments each containing five mice per group.
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Adjuvant effects of CpG-B DOTAP are largely dependent on TLR9 signaling. A-E) Age and
sex matched WT and MyD88 KO mice were injected with either NP-CGG or NPCGG with
DOTAP-CpG-B as explained in Figure 1. Spleens were harvested 14 days post injection and
analyzed in flow cytometry. Representative Flow cytometry plots showing GC B cells in B
cell gate (A) and Tth cells in CD4+ T cell gate (B) are shown for DOTAP-CpG-B + NP-
CGG injected WT (left) and KO (right) mice. C-D) Total numbers of GC B cells (C), Tth
cells (D), and NP-specific GC B cells (E) are shown. F-G) Equal numbers of splenocytes
from the above experiment were plated on NP(4)BSA or NP(30)BSA coated ELISPOT
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plates as explained in Figure 3. Plates were developped with anti mouse IgG Representative
wells are shown in H and total numbers of spots are ploted in I. (0.01 <P <0.05 = *; 0.001
<P <0.01 = **) (t-test). Data represents two independent experiments each containing at
least five mice per group.
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