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Abstract  

Dendritic cells present microbial antigens to T cells after uptake of apoptotic vesicles from 

infected cells. We previously reported that immunizations with apoptotic HIV-1/Murine 

Leukemia virus (MuLV) infected cells lead to induction of both cellular and humoral immune 

responses as well as resistance to mucosal challenge with live HIV-1/MuLV infected cells. 

Here we extended those studies and investigated whether apoptotic cells from HIV-1/MuLV 

infected cells stimulate the production of HIV-1 neutralizing activity. 

We compared different routes of administration and were able to induce p24- and Nef-specific 

cellular proliferation after intraperitoneal (i.p.), intranasal (i.n.), subcutaneous (s.c) and 

intramuscular (i.m.) immunizations. Serum IgG and IgA antibodies directed against gp160, 

p24, or Nef were also produced regardless of immunization route used. However, the 

induction of mucosa associated IgAs from faeces or vaginal secretions were detected only 

after either i.p. or i.n. immunizations. We were able to measure neutralizing activity in sera of 

mice after i.p and i.n. immunization. Neutralizing reactivity was also detected after s.c and 

i.m. immunizations in the presence of the cytokine adjuvant granulocyte macrophage-colony 

stimulating factor (GM-CSF).  

Conclusively we show induction of cellular and humoral immune responses including 

neutralizing activity after immunization with apoptotic HIV-1/MuLV infected cells in mice. 

The results from this study support further evaluations using apoptotic cells as antigen 

delivery system for vaccination against HIV-1 in other animal models. 

 
Keywords: HIV-1, virus neutralization, apoptosis, T cells, B cells, immunization routes 

Running title: Apoptotic cells as antigen delivery system 
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1. Introduction  

In the present study we used apoptotic cells as an antigen delivery system, with the aim to 

investigate whether immunizations with infected apoptotic cells are able to induce cellular 

and humoral immune responses in sera and at mucosal sites as well as neutralizing activity in 

sera. Microbial infected cells that undergo apoptosis can be taken up by neighboring antigen 

presenting cells such as dendritic cells and allow for efficient antigen presentation on major 

histocompatibility complex (MHC) class I and II molecules without infecting the antigen 

presenting cells [1] . This phenomenon termed cross-presentation was first coined studying 

minor histocompatibility antigens [2] . Cross-presentation of microbial antigens has since then 

been shown for many pathogens such as influenza virus, HIV-1, Vaccinia virus, Canary pox 

virus, Epstein Barr virus, Cytomegalovirus, Salmonella and tuberculosis  [1, 3, 4] . The term 

cross-presentation implies that exogenous protein or peptide antigens are taken up by the 

antigen presenting cell leading to antigen-presentation on MHC class I molecules. The 

molecular mechanisms for this pathway are not fully understood [5] . In addition to transfer of 

proteins, we previously demonstrated transfer of DNA between eukaryotic cells after uptake 

of apoptotic cells [6-8] . Transfer of DNA led to production of proteins synthesized in the 

recipient cell provided that the DNA was integrated in the donor genome [6] . The infected 

apoptotic cell that carries integrated DNA can thus be viewed as an antigen delivery system 

that carries both microbial DNA and proteins from the dying cell. In addition, certain 

apoptotic cells have intrinsic adjuvant activity and capacity to induce dendritic cell maturation 

[9-14]. In contrast, other apoptotic cells are rather tolerogenic or null to the immune system 

[15-17] . 

 

In a previous mouse study we raised the question of whether apoptotic HIV-1 infected cells 

were capable of eliciting HIV-specific immune responses in vivo [18] . To overcome the 
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cellular tropism of HIV-1, which is a major obstacle in small animal models, we used a 

pseudotyped virus generated by using the amphotropic MuLV and HIV-1LAI [19, 20] . This 

pseudovirus can infect and replicate in murine cells leading to production of gp120 and gp160 

HIV-1 proteins [19] . We were able to show that inoculation of mice with apoptotic HIV-1/ 

MuLV infected cells induces HIV-1 specific immunity [18] . We used i.p vaccination in the 

previous study because it allows for induction of immune responses in the spleen of mice. We 

also reasoned that the close proximity to lymphoid compartments of the gut could potentially 

be beneficial for induction of gut and mucosa associated immune responses. HIV-1 infection 

is characterized by a heavy viral load burden in lymphoid organs including lymphoid 

compartments at mucosal sites such as the gut [21, 22] . The most common routes of 

transmission world-wide are via mucosal routes in the genital and rectal regions. It is 

therefore very likely that both prophylactic and therapeutic HIV-1 vaccines should be able to 

mount HIV-1 specific immune responses able to clear virus and virus infected cells at 

mucosal sites. There are still many unresolved questions regarding which route of 

administration that would be required in order to mount effective HIV-1 specific immune 

responses in the genital-rectal area and in the gut-associated lymphoid compartment. The 

present study was undertaken to compare different routes of administration after vaccination 

with apoptotic HIV-1/MuLV infected cells and in addition to measure whether neutralizing 

activity could be detected in these mice. 
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2. Materials and Methods 

2.1 Mice and immunizations 

C57BL/6 mice were bred and kept at the animal facility at MTC, Karolinska Institutet.  Mice 

were immunized i.p, s.c, i.m. or i.n. with either apoptotic HIV-1/MuLV infected or MuLV 

infected cells as previously reported [18] . In brief, human CEM-1B cells containing the 

complete murine leukaemia virus A4070 genome were infected with the human 

immunodeficiency virus type 1 IIIB [23] . The supernatant the infected cultures contained 

HIV-1/MuLV pseudovirus, which was then used to infect Concanavalin A (ConA)/rIL-2 

activated syngeneic murine spleen cells. The content of HIV-1 p24 antigen was analysed by 

lysis of 1x106 HIV-1/MuLV infected splenocytes [20] . A total dose equivalent of 1ng of p24 

was given on each day of immunization and this amount corresponded to 1-2x106 cells. Two 

groups of mice immunized s.c or i.m also received recombinant murine rGM-CSF, Prospec–

Tany Ltd., Israel) as adjuvant (1µg/immunization). The obtained cells were frozen in 10% 

DMSO until the day of immunization. The day of immunization cells were thawed, washed 

two times in PBS and exposed to gamma-irradiation (150 Gy) for apoptosis induction, as 

previously described [18] . Animals were immunized two times with 3 weeks between 

immunizations. Two weeks after the last immunization the mice were bled and sera were 

analysed for antibody content. In challenge experiments, mice were immunized twice before 

receiving the infectious dose of 1x105 tissue culture ID50 HIV-1/MuLV contained in 106 live 

cells i.p. Mice were sacrified 8-10 days after challenge. HIV-1 isolation was routinely 

performed from 106 peritoneal cells and p24 secretion was measured from PHA-stimulated 

human T cells at days 4, 7, 10, 13, 18 and 21. HIV-1 proviral DNA was detected by nested 

PCR using pol primers JA79-JA82 [24] . DNA corresponding to 100,000 mouse spleen cells 

was run in each PCR and DNA from each mouse was tested tive times. Faeces and vaginal 

IgA was collected as previously described [25-27] . In brief, fresh fecal pellets were collected 

and weighted. The faeces was dissolved in PBS containing 1% protease inhibitors (100 

mg/1mL PBS, Sigma-Aldrich, S:t Louis, MA). The faeces debris were removed by 

centrifugation 1200 x g for 20 min at +4oC and the IgA containing supernatants were 

collected and frozen in -70oC until assayed by ELISA.   

 

2.2 Cellular immune responses 

Splenocytes (2x105 cells/well) were cultured for 3-6 days in RPMI 1640 supplemented with 

2mM L-glutamine, 5x10-5 M 2-ME, 10mM Hepes, 50 IU/ml penicillin and 50µg/ml 
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streptomycin as well as 10% FCS (GIBCO, Life Technologies, Paisley, United Kingdom). 

Antigens were purified recombinant proteins; Nef (0.6µg/ml) (kindly provided by Drs. B. 

Kohleisen and V. Erfle, GSF, Neuherberg Germany), p24 (2,5µg/ml) (Protein Sciences, 

Meriden, CT), control protein (2,5µg/ml) (Protein Sciences, Meriden, CT) and Con A 

(2µg/ml) (Sigma). Proliferation was measured using 3H-thymidine (1µCi/well) (Amersham, 

Pharmacia, Uppsala, Sweden). Liquid scintillation was used to reveal counts per minute 

(cpm). IL-2 and IFN-γ released into the supernatants of antigen-stimulated splenocytes after 

48 hours were measured using ELISA kits (MabTech, Nacka, Sweden) according to the 

manufacturer’s instructions. 

 

2.3 ELISA  

ELISA was carried out essentially as previously described [26] . Briefly, ELISA plates (Nunc 

Maxisorp; Odense, Denmark) were coated with recombinant subtype B gp160, p24 (1µg/ml) 

(Protein Sciences Corp., Meriden, CT, USA) or recombinant subtype B p55 (1 µg/ml) (Aalto, 

Dublin, Ireland) and E. Coli-expressed recombinant proteins Nef (GSF, Munchen, Germany.) 

as well as control antigen baculovirus lysate, (1ug/mL) [28] . Briefly, plates were blocked 

with 5% fat-free milk in PBS and serum was diluted in 2,5% milk in PBS with 0.05% Tween 

20 and added 100ul/well. HRP labeled goat anti-mouse IgG (Bio-rad laboratories, Richmond) 

or IgA (Southern Biotech, Birmingham, AL), using o-phenylene diamine as a substrate was 

used to reveal the presence of antibodies by a color reaction.  Plates were then developed for 

30 min by adding O-phenylene diamine buffer (Sigma). The colour reaction was stopped with 

2.5 M H2SO4 and the optical density (OD) was read at 490 nm. Absorbance values higher 

than twice the pre-immunization value were considered positive. 

 

2.4 Plaque reduction neutralization assay 

Three different HIV-1 isolates were used in the neutralization assays: HIV-1IIIB (the 

immunogen) and two primary HIV-1 isolates of subtype B (SE1991:1541 and SE1838:3995) 

collected in Sweden [29, 30] . Virus stocks were prepared on peripheral blood mononuclear 

cells (PBMC) as described previously [31] . 
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The GHOST(3) cell line-based plaque assay is a single cycle infectivity assay for HIV and 

SIV, where green fluorescent protein (GFP) expression is a hallmark of infection [29, 32, 33] . 

The assay was performed in 96-well microtiter plates (TRP, Switzerland) where infected 

single cells or syncytia appear as distinct green fluorescent plaques and are counted as plaque-

forming units (PFU). To determine an appropriate virus concentration for the neutralization 

assays the virus was first titrated on the GHOST(3) cells. For the neutralization assay, heat 

inactivated sera and the virus were diluted and mixed in culture medium (DMEM, (Sigma, 

UK) supplemented with 7.5% FCS (Hyclone, Argentina) and 50U/ml penicillin and 50ug/ml 

streptomycin as well as 2ug/ml polybrene (Sigma, UK)), to give a final 1:40 serum dilution 

and as a virus dilution to yield between 20 and 100 PFU/well. The virus and serum mixtures 

were incubated at 37 ˚C for one hour. After incubation, the mixtures were further diluted in 

two 5-fold steps and distributed to triplicate wells in a volume of 150 µl per well. The virus 

and virus-serum mixtures were titrated in parallel to allow determination of the percentage of 

neutralization. The day after infection the virus-serum mixtures were replaced with fresh 

medium. The cultures were checked for expression of GFP using fluorescence microscopy 

three days after infection. Virus titres were calculated as PFU/ml: (average number of plaques 

in triplicate wells × virus dilution)/volume in the well. The neutralizing property of the serum 

was calculated as percentage plaque reduction of the virus titration by the formula 1-(PFU 

with serum/PFU without serum) × 100. The assay has a cut-off for neutralization at 3 SD 

(30%,) that is, values below 30% are considered as negative for neutralization. 

 

 

Results 

3.1 Lymphocyte proliferation and cytokine production after immunization with apoptotic HIV-

1/MuLV infected cells. 
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To compare different routes of administration using apoptotic cells as an antigen delivery 

system, we immunized mice two times with three weeks interval before sacrifice and 

measured the capacity of splenocytes to respond to in vitro restimulation. We were able to 

induce significant proliferation against both rNef and rp24 after immunization i.p, s.c, i.m. 

and i.n. with apoptotic HIV-1/MuLV cells compared with control apoptotic cells (Fig. 1 A 

and B). The addition of the pro-inflammatory cytokine GM-CSF as an adjuvant did not 

further improve the HIV-1 specific lymphocyte proliferation. To measure the overall capacity 

of the splenocytes to proliferate, we measured ConA induced proliferation among the 

different groups of mice tested. There was a significantly reduced ConA induced response in 

the mice immunized with apoptotic HIV-1/MuLV s.c in the presence of GM-CSF (Fig. 1C). 

This group of mice was nevertheless able to mount both HIV-1 Nef and p24 specific 

responses.  

 

We collected supernatants from the antigen-stimulated splenocytes cultures and assessed IL-2 

and IFN-γ content after 48 hours of restimulation. We could detect significant levels of IFN-γ 

after restimulation with Nef in cultures obtained from mice immunized with apoptotic HIV-

1/MuLV infected cells immunized i.p., i.m., and i.n (Fig. 2A). The addition of GM-CSF was 

necessary for Nef-induced proliferation after s.c and resulted in increased IFN-γ production 

after i.m. immunization. Low but significant p24 induced IFN-γ production was detected after 

i.p and i.n immunization. However, the addition of GM-CSF as an adjuvant resulted in p24 

induced IFN-γ production also after s.c and i.m immunization (Fig. 2B). The ConA induced 

IFN-γ responses were similar in all groups of mice (Fig. 2C).  

 

The IL-2 responses mirrored the proliferative responses (Fig 3). Hence, all groups of mice 

that received apoptotic HIV-1/MuLV infected cells, regardless of immunization route, 
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produced IL-2 in vitro after re-stimulation with Nef and p24. The ConA induced IL-2 

production was similar in all groups of mice. The quantities of IL-2 detected after ConA 

stimulation was comparable or even lower than the HIV-1 antigen stimulated cultures, which 

is likely to reflect differences in the kinetics of mitogen induced IL-2 production compared 

with antigen induced.  

 

3.2 Induction of HIV-1 reactive antibodies in sera and at mucosal sites after immunization 

with apoptotic HIV-1/MuLV infected cells 

The presence of HIV-1 reactive IgG and IgA was measured in mice after different routes of 

administration with apoptotic infected cells (Table 1). The mice were immunized two times 

with three week interval and sera were collected two weeks after the last immunization. There 

was significant induction of HIV-1 specific serum IgG and IgA after immunization with 

apoptotic HIV-1/MuLV infected cells i.p. s.c, or i.n. However, the i.m route required the 

addition of GM-CSF in order to induce detectable titres against p24 of IgG and IgA classes 

and IgG against gp160. The addition of GM-CSF resulted in significantly increased IgG titres 

against gp160, p24 and Nef as well as IgA p24 after s.c. immunization. Overall the most 

robust responses, defined as significant reactivity against all antigens tested (gp160, p24, and 

Nef), were induced after i.p immunization without any adjuvant required or after s.c 

immunization with addition of GM-CSF. The mice immunized i.n also had relatively high 

titres against all antigens tested. However, due to higher inter individual variation in the i.n. 

group not all values reached significance. 

 

Because HIV-1 is transmitted mostly via mucosal surfaces and is likely to persist also at these 

sites after infection, we measured the presence of HIV-1 specific IgA isolated from faeces and 

vaginal lavage (Table 2). We were able to detect significant induction of faecal IgA against 
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gp160 and p24 after immunization with apoptotic HIV-1/MuLV infected cells i.p. We were 

also able to detect measurable responses of Nef-reactive IgA in faeces and against gp160, p24 

and Nef in vaginal lavage after i.p. immunizations but these values did not reach significance. 

I.n immunization with apoptotic HIV-1/MuLV infected cells resulted in significant titres of 

faecal and vaginal IgA against p24. There were no detectable mucosa associated IgA detected 

after immunization s.c or i.m even if GM-CSF were added.  

 

3.3 Neutralizing activity detected in sera after immunization with apoptotic HIV-1/MuLV 

infected cells. 

The induction of neutralizing antibodies is a major goal for the development of a prophylactic 

vaccine but it may also be of importance for a therapeutic HIV-1 vaccine because some data 

support the presence of persistent neutralizing antibodies in long-term non-progressors [34-

37] . We have previously reported reactivity in sera against the gp41 cross-clade epitope 

ELDKWASLWN after immunization with apoptotic HIV-1/MuLV infected cells [18] . We 

therefore decided to investigate whether it was possible to detect neutralizing activity using a 

standardized assay after immunization with infected cells [29] . 

 

In the first set of experiments mice were immunized i.p either one or two times before sera 

were collected and analyzed for neutralizing activity against autologous virus (Table 3). Mice 

were also challenged with live HIV-1/MuLV infected cells after immunizations and sera were 

collected after challenge. The control group of mice immunized with non-infected cells did 

not mount any neutralizing antibodies, not even ten days after challenge with live HIV-

1/MuLV infected cells. Immunization once with apoptotic HIV-1/MuLV cells did not result in 

detectable neutralizing activity. However, we were able to reveal values above the cut-off of 

30% neutralization after two immunizations with apoptotic HIV-1/MuLV cells i.p. in all 
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experiments performed. The presence of neutralizing activity persisted but did not increase 

after challenge with live HIV-1/MuLV infected cells (Table 3). All mice that were immunized 

with apoptotic HIV-1/MuLV infected were virus isolation negative after challenge, while the 

majority of mice immunized with apoptotic MuLV cells were virus isolation positive (Table 

3). However, we could not detect neutralization against two primary isolates SE1991:1541 or 

SE1838:3995 (data not shown).  

 

To further evaluate requirements for induction of neutralizing antibodies using apoptotic HIV-

1/MuLV infected cells as immunogen, we compared different routes of immunizations (Table 

3). Inoculation with apoptotic MuLV infected cells were control groups for each 

administration route and these values were set to 0% neutralization. Sera from three-six mice 

were pooled to have enough material for testing and data after two immunizations are shown. 

We could detect neutralization in the groups of mice that had received s.c immunizations in 

the presence of GM-CSF. However, s.c immunization without addition of GM-CSF did not 

provide detectable neutralizing activity. Similar results were obtained with the i.m. route. 

Hence, i.m immunization with HIV-1/MuLV infected cells did not show any neutralization 

while one of the two groups of mice immunized i.m in the presence of GM-CSF displayed 

neutralizing activity. There was also some variation in the results obtained from the group 

immunized i.n where one group of mice displayed neutralizing activity while the other group 

did not.  

 
4. Discussion 
 
In the present report we show that it is possible to induce neutralizing activity in mice after 

immunization with apoptotic HIV-1/MuLV infected cells. We compared different routes of 

immunizations and found that the most robust neutralizing activity was induced after i.p 

immunization and after s.c administration in the presence of GM-CSF. However, neutralizing 
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activity was also detected in the groups of mice immunized i.m in the presence of GM-CSF 

and i.n. without any adjuvant. In our first report, using apoptotic HIV-1 infected cells as 

immunogen, we could detect antibodies directed against Env and against a linear peptide 

spanning the gp41 cross-clade epitope ELDKWASLWN [18] . Here, we can confirm 

induction of both IgG and IgA antibodies directed against gp160 after immunization with 

apoptotic HIV-1/MuLV infected cells i.p. without any adjuvant and after s.c. or i.m. injection 

in the presence of GM-CSF. The pseudovirus HIV-1/MuLV is composed of a MuLV 

envelope and has the complete HIV-1 LAI genome inserted [19] . Infection with HIV-

1/MuLV can be neutralized by MuLV-Env-specific antibodies but not by the HIV-1LAI 

neutralizing mAb P4/D10 [23] . In general when two unrelated viruses infect the same cell, 

there is phenotypic exchange of the envelope viral glycoproteins and the pseudotype progeny 

commonly contains a mosaic of the glycoproteins of both viruses [19] . However, the finding 

that HIV-1/MuLV is not neutralized by the P4/D10 mAb questions whether HIV-1 Env exists 

on the surface of the pseudotype virus. In addition, it was shown that removal of the 

carboxyterminal domain of the transmembrane HIV-1 Env protein was required to obtain 

pseudotype virus with a MuLV Env negative virus [38] . The finding that we can detect 

neutralizing activity in sera from mice immunized with HIV-1/MuLV infected cells poses the 

question of immunogen source and specificities of the neutralizing activity. Upon uptake the 

phagocytosed apoptotic vesicles are being degraded and antigen can be presented by both 

MHC class I and class II molecules [5] . In addition, we have shown transfer of DNA from 

the apoptotic cells to the phagocyte leading to de novo protein synthesis [6-8] . Hence, it can 

be hypothesized that the induction of apoptosis in the HIV-1/MuLV infected cells allowed for 

presentation of epitopes with neutralizing activity. It should be noted that challenge with live 

HIV-1/MuLV cells did not further boost the neutralizing responses. The observation of 

neutralizing antibodies in these mice was a serendipity finding and we now aim to 
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characterize these antibodies further preferable in a larger animal model more suitable for 

HIV-1 vaccine testing enabling sampling of larger quantities of sera. Immunization of 

monkeys using apoptotic SIV infected cells could reveal whether the MuLV part of the 

pseudovirus is required for the conformation leading to induction of neutralizing antibodies or 

whether apoptotic HIV-1/SIV infected cells allows for induction of neutralizing activity.  

 

The induction of mucosa associated IgA is a desirable component for a prophylactic HIV-1 

vaccine and may also have a role to play in therapeutic vaccinations. The results presented 

here show that it was only the i.n. and i.p. routes that gave detectable mucosa-associated IgAs 

after immunization with apoptotic HIV-1/MuLV infected cells. The intranasal route of 

immunization resulted in induction of IgA recovered from both faeces and vaginal secretions. 

We previously reported that i.p. immunization with apoptotic HIV-1/MuLV infected cells can 

lead to resistance to challenge with live HIV-1/MuLV infected cells [18]. In two independent 

experiments, all twelve animals that received two i.p. immunizations with apoptotic HIV-

1/MuLV and displayed mucosa associated antibodies (Table 2) and neutralizing activity 

(Table 3) as well as being resistant to mucosal challenge [18] and Table 3). The frequency 

virus isolation positive animals immunized with control apoptotic cells were 11/14 [18] . 

Hence, the mucosal challenge experiments performed suggests that the immune responses 

induced by vaccination with apoptotic HIV-1/MuLV infected cells may have functional 

implications. 

 

We report here that the induction of cellular immune responses, measured as splenocyte 

proliferation and IL-2 production, was less dependent upon the vaccination route used. Hence, 

all different vaccinations routes tested here (s.c., i.m., i.n., and i.p.) resulted in significant 

induction of proliferation and IL-2 production after restimulation with Nef or p24. The 
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addition of GM-CSF as an adjuvant did not further improve the magnitude of proliferation. 

However, the addition of GM-CSF increased the Nef and p24-induced IFN-γ production as 

well as antibody production after s.c and i.m. immunization. 

 

The rational behind the addition of GM-CSF was to facilitate the recruitment of dendritic cells 

to the site of immunization [39] . GM-CSF is able to induce differentiation of monocytes to 

immature dendritic cells with capacity to phagocytose apoptotic cells in vitro. In addition, 

immunization with irradiated, GM-CSF transfected tumor cells was previously shown to 

stimulate a local inflammatory reaction consisting of dendritic cells, macrophages and 

granulocytes [40, 41] . As the name implies, GM-CSF has the ability to generate granulocytes 

and macrophage lineage populations of cells from precursors.  

 

We could not detect any additional effect in terms of splenocyte proliferation after using GM-

CSF as adjuvant, reflecting that it did not promote T cell proliferation either directly or 

indirectly. However, the addition of GM-CSF resulted in increased HIV-specific IFN-γ 

production and antibody production in sera. This finding are in line with previous reports 

showing augmented CD4+ T cell responses after vaccination with a bicistronic HIV-1 DNA 

vaccine expressing gp120 and GM-CSF [42] . Furthermore, GM-CSF converted an 

autoimmune response to a self-antigen into an anti-tumor response by increasing the density 

of dendritic cells, increasing the frequency of antigen-specific T cells and the amount of IFN-

γ produced [42] .  

 

In summary, we have shown that immunization with apoptotic HIV-1/MuLV infected cells 

via the i.p. or i.n. route induced mucosa-associated IgA. Furthermore, we could detect HIV-1 
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neutralizing activity in sera after immunization with apoptotic HIV-1/MuLV infected cells. 

These findings support the exploration of apoptotic cells as an antigen delivery system. 
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Figure legends 

Figure 1. HIV-1 specific proliferation induced after immunization with apoptotic HIV-

1/MuLV infected cells. 

The HIV-1 induced proliferation after restimulation in vitro of splenocytes with recombinant 

Nef and p24 protein was measured by 3H-thymidine uptake after four days of culture (a and 

b). The overall capacity of the T cells to proliferate was estimated by stimulation with the 

lectin ConA (c). The assays were set up in triplicates and the values in counts per minute 

(cpm) are shown. The graph shows the average proliferation + standard deviation from six 

mice in each group. Levels of significance between the groups immunized with either 

apoptotic MuLV- or HIV-1/MuLV- infected cells were evaluated by non-parametric Mann-

Whitney test (p-values <0.05 are indicated with * and p-values <0.01 with ** ) for each 

immunization route analyzed (i.p, s.c., i.m, or i.n.). 

 
Figure 2. HIV-1 specific IFN-γ production after immunization with apoptotic HIV-

1/MuLV infected cells. 

The HIV-1 induced IFN-γ release in supernatants after restimulation in vitro of splenocytes 

with recombinant Nef and p24 protein was measured by ELISA after 48 hours of culture (a 

and b). The overall capacity of the cells to produce IFN-γ was estimated by stimulation with 

the lectin ConA (c). The assays were set up in duplicates and the values in pg/ml of detectable 

IFN-γ are shown. The graph shows the average value+ standard deviation from six mice in 

each group. Levels of significance between the groups immunized with either apoptotic 

MuLV- or HIV-1/MuLV- infected cells were evaluated by non-parametric Mann-Whitney test 

(p-values <0.05 are indicated with * and p-values <0.01 with ** ) for each immunization 

route analyzed (i.p, s.c., i.m, or i.n.). 

 

Figure 3. HIV-1 specific IL-2 production after immunization with apoptotic HIV-

1/MuLV infected cells. 

The HIV-1 induced IL-2 release in supernatants after restimulation in vitro of splenocytes 

with recombinant Nef and p24 protein was measured by ELISA after 48 hours of culture (a 

and b). The overall capacity of the T cells to produce IL-2 was estimated by stimulation with 

the lectin ConA (c). The assays were set up in duplicates and the values in pg/ml of detectable 
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IL-2 are shown. The graph shows the average value+ standard deviation from six mice in each 

group. Levels of significance between the groups immunized with either apoptotic MuLV- or 

HIV-1/MuLV- infected cells were evaluated by non-parametric Mann-Whitney test (p-values 

<0.05 are indicated with * and p-values <0.01 with ** ) for each immunization route analyzed 

(i.p, s.c., i.m, or i.n.). 
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Table 1 

HIV-1 antibody titres in serum after immunization with apoptotic HIV/MuLV infected cellsa 

______________________________________________________________________________________________________________________________ 

Immunogen   GM-CSF Route of    Serum IgG     Serum IgA 

        admin  _____________________________________________ __________________________________________ 

     gp160  p24   Nef     gp160  p24  Nef 

 
MuLV b  -  i.p. <100  <100   <100    <100  <100  <100   

HIV/MuLV b -  i.p. 165 (100-400) 770 (170-6000)  135 (100-330)   200 (100-800) 1200 (250-2200) 110 (100-340) 

   

MuLV b   -  s.c. <100  <100   <100  <100  <100  <100  

HIV/MuLV b -  s.c. 105 (100-300) 470 (210-5100)  100 (100-180) 100 (100-210) 605 (200-1900) 105 (100-240) 

     

MuLV c  +  s.c. <100  <100   <100  <100  <100  <100  

HIV/MuLV b +  s.c. 540 (280-1200)d 6050 (1600-12500 )d 475 (110-1400) d 185 (100-900) 1150 (560-3900)d130 (100-400) 

  

MuLV c  +  i.m. <100  <100   <100  <100  <100  <100  

HIV/MuLV c -  i.m. 100 (100-130) 315 (100-490)  115 (100-600) 100 (100-150) 225 (100-450) 100 (100-190) 

HIV/MuLV c +  i.m. 225 (100-660) 3100 (1300-5100)d 175 (100-230) 125 (100-400) 770 (340-1300)d 125 (100-440)  

 

MuLV c  -  i.n. <100  <100   <100  <100  <100  <100  

HIV/MuLV c -  i.n. 145 (100-320) 475 (160-880)  200 (100-660) 185 (100-410) 560 (380-1300) 130 (100-450) 

  

________________________________________________________________________________________________________________________________ 



a Female C57Bl/6 mice were immunized at 0 and 3 weeks with syngeneic apoptotic HIV-1/MuLV infected cells either with or without GM-CSF (1µg). Serum 
was collected two weeks after the last immunization and were analysed for presence of HIV-1 IgG and IgA binding antibodies. The data are expressed as the 
reciprocal of serum antibody titre (median and range). 
Levels of significance between the groups immunized with either apoptotic MuLV- or HIV-1/MuLV- infected cells were evaluated by Wilcoxon signed rank 
test (p-values <0.05 were considered significant; in bold). Control antigen OD values at the titre1/100 ranged between 0.011-0.044 and did not significantly 
differ between groups of mice. 
b n=12 
c n=6 
d Significant differences between the groups immunized with apoptotic HIV-1/MuLV infected cells either with or without GM-CSF were evaluated by non-
parametric Mann-Whitney test (p<0.05 were considered significant). 
 
 
 
 
 
 
 
 



Table 2 

HIV antibody titres at mucosal sites after immunization with apoptotic HIV/MuLV infected cellsa 

___________________________________________________________________________________________________________________________________ 

Immunogen  GM-CSF Route of   Faecal IgA      Vaginal IgA 

   Admin. ________ _____________________________________________ ______________________________________________ 

    Total IgA gp160  p24  Nef   Total IgA gp160  p24  Nef 

    ug/ml        ug/ml 

 
MuLV b  - i.p. 59.0+13.1 <4  <4  <4  9.5+3.1  <2  <2  <2  

HIV/MuLV b - i.p. 54.5+14.7 10 (4-32) 16 (4-24) 4 (4-16)  13.2+3.4 2 (2-4)  2 (2-4)    6(2-8)

    

MuLV b  - s.c. 57.0+12.5 <4  <4  <4  9.5+2  <2  <2  <2 

HIV/MuLV b - s.c. 68.8+16.5 <4  <4  <4  11.8+4.2 <2  <2  <2

  

MuLV c  + s.c. 58.8+17.0 <4  <4  <4  11+2  <2  <2  <2 

HIV/MuLV b + s.c. 62.5+12.6 <4  <4  <4  8.6+4  <2  <2  <2

   

MuLV c  + i.m. 52.3+12.2 <4  <4  <4  7.2+2.4  <2  <2  <2 

HIV/MuLV c - i.m. 56.0+11.0 <4  <4  <4  8.7+4.2  <2  <2  <2 

HIV/MuLV c + i.m. 66.8+20.4 <4  <4  <4  13.3+5.4 <2  <2  <2

   

MuLV c  - i.n. 70.3+17.4 <4  <4  <4  12.2+5.6 <2  <2  <2 

HIV/MuLV c - i.n. 57.5+13.8 8 (4-16)  64 (32-128) 14 (4-32) 12.3+4.6 4 (2-8)  8 (4-16)             2 (2-4)

   

________________________________________________________________________________________________________________________________ 



a Female C57Bl/6 mice were immunized at 0 and 3 weeks with syngeneic apoptotic HIV-1/MuLV infected cells either with or without GM-CSF (1µg). Faecal and 
vaginal Ig A were isolated two weeks after the last immunization and were analysed for presence of HIV-1 binding antibodies. The specific antibody binding data are 
expressed as the median and range and the total IgA data are expressed as the arithmetic mean+ SD. 
Levels of significance between the groups immunized with either apoptotic MuLV- or HIV-1/MuLV- infected cells were evaluated by Wilcoxon signed rank test (p-
values <0.05 were considered significant; in bold) 
b n=12 
c n=6 
 
 
 
 
 
 
 



Table 3 

HIV Neutralizing activity in serum after immunization with apoptotic HIV/MuLV infected cellsa  

 

Immunogen GM-CSF Route of 

administration 

Number of 

immunizations 

Number of 

experiments 

Challenge % neutralization 

MuLV - Intraperitoneal 1 or 2 4 - 0-22 

MuLV - “ 2 1 +c 12 

HIV/MuLV - “ 1 1 - 29 

HIV/MuLV - “ 2 4 - 40-93 

HIV/MuLV - “ 2 2 +d 50-69 

MuLV + Subcutaneous 2 1 - 0 

HIV/MuLV - “ 2 2 - 15-22 

HIV/MuLV + “ 2 2 - 39 - 87 

MuLV + Intramuscular 2 1 - 0 

HIV/MuLV - “ 2 2 - 20 - 33 

HIV/MuLV + “ 2 2 - 8 - 97 

MuLV - Intranasal 2 2 - 0 

HIV/MuLV - “ 2 2 - 23 – 86 

Positive control serum fr 

HIV-1-infected patient 

n.a.b n.a. n.a. 5 n.a. 81 - 99 

 
a Female C57Bl/6 mice were immunized at 0 and 3 weeks with syngeneic apoptotic HIV-1/MuLV infected cells either with or without GM-CSF (1µg). In some 
experiments challenge with live infected cells was performed. Neutralization against HIVIIIB was measured in sera obtained from pools of 3-6 mice isolated two 
weeks after last immunization or challenge. The data are expressed as % neutralization compared with the control group in a serum dilution of 1:40. Each lane 
represents data sets from pools of 3-6 mice. Three independent experiments using different batches of cellular vaccine preparations were performed for the i.p. 
route, while the other administration routes represent data obtained from one or two experiments but neutralization assay was set up using at least two different 



pools of sera. Totally 108 mice were used in the above experiments. A fluorescence plaque reduction assay using GHOST cells expressing CD4 and CXCR4 as 
well as the GFP marker was used. Neutralizing activity against the HIVIIIB isolate was analysed and was considered positive above 30% neutralization (3SD 
above control). 
bn.a., not applicable 
c Mice were challenged with live HIV-1/MuLV and three out of four mice were virus isolation positive 
d Mice were challenged with live HIV-1/MuLV and zero out of twelve mice were virus isolation positive [18] 
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