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Memory formation is the most important aspect of a vaccine which can guarantee long-lasting immunity and
protection. The main aim of the present study was to evaluate the memory immune responses after immunization
with a mini vaccine. Mice were immunized with human immunodeficiency virus-1 P24-Nef fusion peptide and
then cellular and humoral immune responses were evaluated. In order to determine long-lived memory, immune
responses were monitored for 20 weeks after final immunization. The results showed that the candidate vaccine
induced proliferation and cytotoxic T lymphocyte responses and shifted cytokine patterns to T helper-1 profile.
Evaluation of humoral immune responses also showed an increase in total peptide specific-IgG titer and a shift to
IgG2a humoral response. Monitoring of immune responses at weeks 4, 12 and 20 after last immunization
showed that immunologic parameters have been sustained for 20 weeks. Our findings support the notion that
long-lived memory responses were achieved using a mini vaccine immunization.
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M

aking an efficient human immunode-

with the hope that they can prevent or reduce initial

ficiency virus-1 (HIV-1) vaccine is still a

viral burden after infection and dissemination of

puzzle in today's world. Even though many

virus from mucosal sites into the systemic

candidate vaccines were developed to fight against

circulation (4). Current studies have concentrated

this infection, but none of them have yet displayed

on multi-epitopic vaccines with highly immuno-

any protective effect in human clinical trials (1-3).

genic properties (5). Utilizing immuno-genic and

HIV-1 vaccines in experimental trial are targeting

conserved epitopes from the critical proteins of

broad CD8+ cytotoxic T lymphocyte responses

HIV-1

∗

is

a

viable

approach

to
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immunogenic and effective immune response (5, 6).

Material and methods

Herein, clustering of epitopes from different parts

Peptide

of structural and regulatory proteins of HIV particle

HIV-1 P24-Nef fusion peptide from P24

could be of use (7, 8). The construction of

(aa159-173) and Nef (aa102-117) with a three amino acid

immunodominant epitopes from HIV-1 is a strategy

linker comprising AAY (alanine-alanine-tyrosine)

that could enable a strong stimulation of humoral

was synthesized (EPFRDYVDRFYKTLRAAYHS-

and cellular immune responses. As a result, now it

QRRQDILDLWIYHT) according to the solid-

is accepted that targeting of both humoral and

phase method by GL Biochem Company (Shanghai,

cellular immune responses are needed for induction

China) with purity >95%. Peptide was resolved in

of protection against HIV infection (9). The critical

sterile

role of CD8+ T cells in control of viral replication

concentration of 5 mg/ ml and stored at -70 ˚C until

in human and non human primate models is

use.

unavoidable (10). In fact, the control of viral load

Cell Line

phosphate

buffer

saline

in

a

final

initially needs the induction of strong cytotoxic T

P815 cell line (mouse mastocytoma, H2d) was

lymphocyte responses (10, 11). Targeting of the

prepared from National Cell Bank of Iran Pasteur

cytotoxic T lymphocyte (CTL) response to certain

Institute of Iran (Tehran, Iran) and cultured in

epitopes of HIV proteins has been shown to be

RPMI 1640 (Gibco, Germany) supplemented with

useful in controlling infection (12). Studies in HIV

10% fetal bovine serum (Gibco, Germany), 2 mM

infected patients show that CTL responses directed

L- glutamine (Gibco, Germany), 25 mM HEPES

against HIV P24 and Nef proteins, correlate with

(Sigma, USA), 0.1 mM non- essential amino acid

disease progression and the intensity of the immune

(Gibco, Germany), 1 mM sodium pyruvate (Gibco,

response is directly linked to the prevention of

Germany), 50 µM 2ME (Sigma, USA), 100 µg/ml

illness progression (13). Nef is a regulatory protein

streptomycin,

and has a key role in viral replication, pathogenicity

Germany) and incubated at 37 ˚C in 5% CO2 with

and escape from immune responses. Analyzes of

95% humidity.

HIV sequences revealed that this protein, as well as

Mice

100

IU/ml

penicillin

(Gibco,

P24, has multiple conserved and immunogenic

Six to eight weeks old female inbred BALB/c

epitopes that are recognized by cytotoxic and T

mice were purchased from the Pasteur Institute

helper lymphocytes (14-17). So, considering those

(Karaj, Iran) and were housed under standard

properties and bioinformatic analysis results, fusion

conditions for one week before the experiment. All

of P24 and Nef for candidate vaccine design was

experiments were in accordance with the animal

considered (9). Herein, a fusion peptide candidate

care and use protocol of Tarbiat Modares

vaccine

University of Iran.

based on the

most conserved and

immunogenic sequences in proteins from HIV P24

Mice immunization and experimental groups

and Nef were used as a model to study the lasting

Experimental mice groups were immunized

of immune responses. Here, for the first time we

subcutaneously (SC) with 20 µg of adjuvanted p24-

have shown that immunization of mice with a mini

Nef fusion peptide (n=18) in incomplete Freund’s

vaccine

memory

adjuvant on day 0 in a total volume of 200 µl. On

responses, as it was sustained 20 weeks after the

the days 28, 56 and 84 mice were boosted with

final shot.

same injection. As control group, the mice were

could

generate

long-lived

injected with 200 µl of sterile PBS (n=15) and as
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adjuvant control, mice were injected with adjuvant

100 µl per well of 96-well plates were incubated

alone (n=9) with the same protocol. For each

with 100 µl of splenocyte suspensions that were

immunoassay in each stage (weeks 4, 12 and 20 of

(over night) stimulated with PHA as effector cells

study) 6 mice from HIV-1 P24-Nef vaccinated

at 50:1 effector: target (E:T) ratios for 4 h in

group, 5 mice from PBS control group and 3 mice

complete RPMI 1640 at 37 ˚C and 5% CO2. The

from adjuvant control group were used.

wells containing un- pulsed P815 cells with

Lymphocyte proliferation assay

splenocytes were used as specificity control. Spleen

Under sterile conditions, the mice spleens

cells, P815 and RPMI 1640 were used as negative

were removed and suspended in cold PBS

controls and recombinant mouse Granzyme B

containing 2% FBS. Red blood cells were lysed

(eBioscience, USA) was used as positive control.

with lysis buffer and single- cell suspension was

The plates were washed five times and incubated

adjusted to 4×10

6

cell/ml in RPMI 1640 (Gibco)

for 18 h at 4˚C with 100 µl of 1/60 diluted anti

supplemented with 5% FBS, 4 mM L-glutamine, 25

mouse detection antibody in PBS containing BSA

mM HEPES, 0.1 mM non essential amino acid, 1

1% and then the plates were washed and 100 µl of

mM sodium pyruvate, 50 µM 2ME, 100 µg/ml

1/1000 diluted streptavidin-conjugated alkaline

streptomycin and 100 IU/ml penicillin. 100

l of

phosphatase were added to each well. After final

cell suspensions were dispensed into 96- well flat-

wash with washing buffer, spots were developed

bottom culture plates (Nunc) and were stimulated

with adding 100 µl of BCIP/NBT substrate to each

with 2 µg of the peptide. Phytohemagglutinin-A

well and incubating 60 min at room temperature in

(PHA) (5 µg/ml; Gibco, Germany) was used as a

the dark. The plates were then rinsed three times

positive control and un-stimulated wells were used

with distilled water and dried at 4 ˚C. Spots were

as negative controls. After incubating for 72 h at 37

counted by stereo microscope (Nikon, Japan). All

˚C in 5% CO2 humid incubator, cells were pulsed

experiments were performed in triplicate and the

3

with 0.7 µCi of ( H) Thymidine (Amersham, UK)

number

per well and incubation continued for 18 h and then

lymphocytes was calculated by subtracting the

cells

spots from stimulated wells with the specificity

were

harvested

and

radioactivity

was

of

specific

measured by beta counter (Pharmacia, Sweden).

controls.

Stimulation index (SI) was calculated according to

Cytokine assay

Granzyme

B

producing

Analysis of IL-4 and IFN-γ producing cells

formula: cpm of the wells stimulated with
antigen/cpm of the negative control wells.

were performed with ELISPOT method according

Granzyme B production assay

to

the

manufacture’s

(Mabtech,

Stockholm,

Cytotoxicity assay was performed using

Sweden) protocol. Briefly, a total number of 1×106

mouse Granzyme B ELISPOT kit according to the

spleen cells were plated on each well of 96-well,

’

manufacture s (R&D systems, USA) instruction.

PVDF plates using complete RPMI 1640. The cells

Briefly, PVDF 96-well plate (Millipore, USA) was

were stimulated in vitro with 2 µg of peptide per

coated

antibody

well, PHA was used as positive control and wells

overnight at 4 ˚C. The plate was washed 4 times

containing un-stimulated cells and RPMI 1640 were

with PBS-Tween 20 (PBS-T20) and blocked with

used as negative controls. The plates were

PBS containing 1% BSA (Gibco, Germany) and 5%

incubated at 37 ˚C in 5% CO2. After 24 h of cells

sucrose for 2 h at room temperature. P815 cell line,

stimulation, the plates were washed five times with

as target cells, was pulsed overnight with 20 µg/ml

washing buffer and then 100 µl of 1 µg/ml mAb

of fusion peptide. 20.000 target cells in a volume of

directed to mouse IL-4 or IFN-γ in PBS containing

with

Granzyme

B

capture
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0.5% FBS were added to the wells and incubated

with PBS containing 0.05% Tween 20 (washing

for 2 h at room temperature. The plates were

buffer) and blocked 1 h at 37 ˚C with 5% non fat

washed five times with washing buffer and

dry milk in PBS (blocking buffer). Plates were

incubated for 1 h at room temperature with 100 µl

washed with washing buffer and 100 µl of 1/100

of 1/1000 diluted streptavidin-conjugated alkaline

diluted sera were added to each well and incubated

phosphatase. After final wash with washing buffer,

at 37 ˚C for 2 h. The wells were washed three times

spots were developed with adding 100 µl of

with washing buffer and incubated for 2 h with 100

BCIP/NBT substrate to each well and incubating 45

µl of 1/7000 dilution of anti mouse conjugated to

min at room temperature in the dark. The plates

horse radish peroxidase (Sigma, USA). The wells

were then rinsed three times with distilled water

were washed five times with washing buffer and

and dried at 4˚C. Spots were counted by stereo

incubated 30 min with 100 µl of TMB substrate in

microscope (Nikon, Japan). All experiments were

the dark and reaction was stopped with 2N H2SO4

performed in triplicate and the number of specific

and color density was measured at 450 nm with

IFN-γ and IL-4 producing lymphocytes was

ELISA plate reader. For detection of specific IgG1,

calculated

IgG2a and IgM subclasses, goat anti-mouse IgG1,

with

subtracting

the

spots

from

stimulated wells with the un-stimulated ones.

IgG2a and IgM were used as secondary antibodies

ELISA of specific antibodies and isotypes

(Sigma, USA).

Specific antibodies were

determined by

Statistical analyzes

indirect ELISA method. Briefly, 100 µl of 5 µg/ml

The data were expressed as Mean± SD. All

of p24-Nef fusion peptide in 50 mM carbonate-

statistical analyzes were done by one-way ANOVA

bicarbonate buffer (pH 9.6) were coated into 96-

followed by Tukey’s test. In all of the cases, P

well ELISA Maxisorp plates (Nunc, Naperville, IL)

value less than 0.05 was considered to be

by 24 h incubation at 37 ˚C. The wells were washed

statistically significant.

Fig. 1. Lymphocyte proliferation response. Splenocytes of
mice were harvested and stimulated in vitro with fusion
peptide for three days and 3H thymidine radioactivity was
measured at week 4 and monitored at weeks 12 and 20 after
final immunization. Proliferation is presented as stimulation
index of individual mice and data are presented as mean of
triplicate± standard deviation (SD). Asterisks indicate the
groups which were significantly different (P< 0.05).
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Fig. 2. CTL response of experimental groups. Cytotoxicity
of individual mice was evaluated with Granzyme B
ELISPOT method. Data are presented as mean of triplicate±
SD. Asterisks indicate the groups which were significantly
different (P< 0.05).
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Fig. 3. Cytokine IFN-γ and IL-4 analysis. Following immunization periods, ELISPOT was carried out to detect the frequency of IFN-γ and
IL-4 cytokine producing cells. Absolute spots of individual cytokines were calculated with subtracting the corresponding negative controls.
Data are presented as mean of triplicate± SD. Asterisks indicate the groups which were significantly different and ND indicates not
detectable differences (P< 0.05).

Results

(P=0.0001) and no significant difference was

Lymphoproliferative activity

observed between control groups (P>0.05).

Lymphocyte proliferative

responses were

IL-4 and IFN-γ assay

of

As shown in Fig. 3A, peptide immunization of

splenocytes for 72 h with 10 µg/ml of P24-Nef

mice significantly (P=0.0001) increased IFN-γ

fusion peptide and detection of the proliferative

producing

monitored

using

3

in

vitro

re-stimulation

lymphocytes

compared

to

control

H thymidine radioactivity. As

groups. This response has exhibited significance

shown in figure 1, mice imm unized with P24-Nef

increase until the 20th week of study (P<0.005). No

peptide significantly induced lymphocyte prolif-

significant difference was observed between control

eration response in comparison with control groups

groups (P>0.05). We also evaluated IL-4 producing

and this enhanced response was stable until 20

lymphocytes as Th2 cytokine marker. Evaluation of

weeks after final shot (P=0.0001). No significant

IL-4 producing cells revealed that after peptide

differences were observed between control groups

immunization of mice, IL-4 producing lymphocytes

(P> 0.05).

had increased significantly (P=0.0001) compared to

Cytotoxic activity

control groups (Fig. 3B) and this difference was

responses with

The CTL response was monitored, as a key

stable during the study after the 20th week of final

mediator in the control of HIV infection. To detect

immunization (P=0.0001). There was no significant

cytotoxic activity, Granzyme B ELISPOT method

difference between control groups (P> 0.05).

was used. Analysis of GrB producing cells revealed

Humoral immune responses and isotyping

that peptide immunization of mice increased this

Humoral immune response was determined

population compared to control groups (P=0.0001)

with indirect ELISA method. The results of total

in 50:1 of E:T ratio (Fig. 2). Monitoring of

antibody titration showed that immunization of

cytotoxic activity of mice immunized with P24-Nef

experimental groups with adjuvanted P24-Nef

peptide after 20 weeks revealed a decrease in CTL

fusion peptide induced specific antibody (Fig.4a)

activity over time but significant differences were

responses. The peak of specific IgG antibody level

observed between immunized and control groups

was observed at weeks 4 (P= 0.0001) and 12 (P=
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Fig. 4. Specific humoral immune response monitoring against HIV-1 P24-Nef fusion peptide after immunization periods. (a) Sera of
individual mice were collected and specific total IgG was evaluated with an optimized indirect ELISA method. Specific IgG1 (b), IgG2a (c)
and IgM (d) levels were evaluated 4 weeks after final immunization. Data are presented as mean of triplicate± SD. Asterisks indicate the
groups which were significantly different and ND indicates not detectable differences (P< 0.05).

0.003) after final shot compared to control groups.

control groups with tiny decrease in IgG2a titer.

At week 20 after final immunization, antibody

Furthermore, as shown in Fig. 4d, immunization of

response was detectable and showed significant

mice with fusion peptide induced specific IgM

difference with PBS (P= 0.009) and adjuvant

responses that was significantly different from PBS

(P=0.011)

(P= 0.002) and adjuvant (P= 0.001) control groups.

control

groups.

Furthermore,

we

characterized the specific isotypes of antibodies that
were induced. Monitoring of IgG1 during the study

Discussion

revealed the highest titer in weeks 4 (P= 0.0001)

Understanding the underlying mechanisms of

and 12 (P= 0.001) of immunization (Fig. 4b). At

the immune response in HIV can enable the

th

20 week of immunization no significant difference

construction of candidate vaccine from conserved

was observed with PBS (P= 0.071) and adjuvant

and immunogenic epitopes of HIV-1, which

(P= 0.14) control groups. Monitoring of specific

currently seems the best way to achieve a more

IgG2a antibodies revealed a peak level at weeks 4

potent and effective vaccine with suitable memory

(P= 0.0001) and 12 (P= 0.0001) of immunization

responses (18). Utilization of multi-epitopic vaccine

compared to control groups (Fig. 4c). In week 20 of

comprising epitopes presented by MHC I and II

immunization, fusion peptide immunized groups

induced Th and CTL responses and also dual

exhibited significant difference (P= 0.0001) with

recognition of candidate vaccine by both MHC I

223 Int J Mol Cell Med Autumn 2015; Vol 4 No 4
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and II contributed to the efficient stimulation of

production was sustained with Th1 dominancy and

immune response and memory formation (19, 20).

thus confirming a Th1 profile. Analysis of humoral

Here we evaluated a fusion peptide as a candidate

immune responses against fusion peptide showed

vaccine in BALB/c mouse model and monitored

that the candidate vaccine induced multi-isotype

immunologic parameters for memory analysis. We

humoral immune responses comprising of IgM,

did not conjugate the peptide with keyhole limpet

IgG1 and IgG2a subclasses but IgG2a was

hemocyanin

dominant.

(KLH)

or

BSA

because

of

immunomodulatory effect of conjugation (21) and
’

Monitoring of humoral immune response

did not utilize complete Freund s adjuvant for

revealed that the level of specific antibody was

immunization because of the polarization effect on

sustained for 20 weeks with IgG2a dominancy and

specific immune responses (22, 23).

this also confirmed a Th1 pattern. Induction of

Our intention was to allow the immune

multi-isotype humoral immune responses may be a

response to polarize according to the nature of the

useful property of our candidate vaccine because of

fusion peptide. In the present study, our main goal

the distinct function of each isotype of antibody in

was to study the long-lived memory responses

humoral immune response (26). Induction of long-

following immunization with candidate peptide

lived plasma cells in the bone marrow is associated

vaccine.

immune

with higher levels of serum antibody in the long-

responses were monitored for 20 weeks after final

term period and induction of plasma cells is a Th

immunization in order to evaluate specific memory

dependent phenomenon that may be indicative of an

T and B cell function following immunization with

effective induction of helper T cells which results in

candidate vaccine. Analysis of T cell responses

effective induction of antibody forming cells (26-

after final immunization showed that candidate

28). Overall, our results show that immunization of

vaccine exhibited enhanced proliferation activity

HIV-1 P24-Nef fusion peptide strongly elicited B

and also, cytotoxic activity compared to control

and T (CTL and non CTL mediated) lymphocytes

groups and this response was sustained during the

responses and demonstrated durability in both

study (20 weeks). These findings indicated that

cellular and humoral immune responses. This

following immunization with candidate vaccine,

candidate vaccine may be employed in further

long-lived memory T cells had developed and these

animal and primate studies and in challenge studies

cells exhibited in vitro bioactivity related to this

to elucidate broader aspects of the immune response

population. Induction of long-lasting cellular

including other cytokines, chemokines and other

immune

regulatory molecules.

guarantees

So,

cellular

responses
the

and

humoral

following

long-term

immunization

protection

against

Acknowledgment

pathogens (24, 25) and our candidate vaccine could

We want to thank Ms. Marzieh Holakuyee for

induce durable CTL and non CTL mediated cellular

her

immunity.

that

Moraddahandeh for expert advice and comments.

following peptide immunization, both IL-4 and

Also, this project was partially supported by a grant

IFN-γ producing lymphocytes had increased in

from Pasteur Institute of Iran and Tarbiat Modares

numbers but the frequency of IFN-γ producing

University.

lymphocytes was dominant and this indicated that

Conflict of interest

Cytokine

patterns

revealed

candidate vaccine shifted immune responses to the

technical

support

and

also

Dr.

Elly

The authors declared no conflict of interests.

Th1 profile. Monitoring of cytokine responses show
that after the 20th week of immunization, cytokine

References

Int J Mol Cell Med Autumn 2015; Vol 4 No 4 224

Downloaded from ijmcmed.org at 4:05 +0330 on Friday March 5th 2021

HIV-1 Mini Vaccine and Immune Responses
1. Haut LH, Ertl HC. Obstacles to the successful development of

12. Masopust D. Developing an HIV cytotoxic T-lymphocyte

an efficacious T cell-inducing HIV-1 vaccine. Journal of

vaccine: issues of CD8 T-cell quantity, quality and location.

leukocyte biology 2009;86:779-93.

Journal of internal medicine 2009;265:125-37.

2. McMichael AJ. HIV vaccines. Annual review of immunology

13. Betts MR, Krowka JF, Kepler TB, et al. Human

2006;24:227-55.

immunodeficiency virus type 1-specific cytotoxic T lymphocyte

3. Spearman P, Kalams S, Elizaga M, et al. Safety and

activity is inversely correlated with HIV type 1 viral load in HIV

immunogenicity of a CTL multiepitope peptide vaccine for HIV

type 1-infected long-term survivors. AIDS research and human

with or without GM-CSF in a phase I trial. Vaccine

retroviruses 1999;15:1219-28.

2009;27:243-9.

14. Brave A, Gudmundsdotter L, Gasteiger G, et al.

4. Mahdavi M, Ebtekar M, Khorram Khorshid HR, et al.

Immunization of mice with the nef gene from Human

ELISPOT analysis of a new CTL based DNA vaccine for HIV-1

Immunodeficiency Virus type 1: study of immunological

using GM-CSF in DNA prime/peptide boost strategy: GM-CSF

memory and long-term toxicology. Infectious agents and cancer

induced long-lived memory responses. Immunology letters

2007;2:14.

2011;140:14-20.

15. Liang X, Fu TM, Xie H, et al. Development of HIV-1 Nef

5. Robinson HL, Montefiori DC, Villinger F, et al. Studies on

vaccine components: immunogenicity study of Nef mutants

GM-CSF DNA as an adjuvant for neutralizing Ab elicited by a

lacking myristoylation and dileucine motif in mice. Vaccine

DNA/MVA

2002;20:3413-21.

immunodeficiency

virus

vaccine.

Virology

2006;352:285-94.

16. Kaufmann DE, Bailey PM, Sidney J, et al. Comprehensive

6. Li F, McKenney DM, Malhotra U, et al. Towards prediction

analysis of human immunodeficiency virus type 1-specific CD4

of degenerate CTL epitope recognition. Human vaccines

responses reveals marked immunodominance of gag and nef and

2008;4:115-21.

the presence of broadly recognized peptides. Journal of virology

7. Guillon C, Mayol K, Terrat C, et al. Formulation of HIV-1 Tat

2004;78:4463-77.

and p24 antigens by PLA nanoparticles or MF59 impacts the

17. Malhotra U, Nolin J, Mullins JI, et al. Comprehensive

breadth, but not the magnitude, of serum and faecal antibody

epitope analysis of cross-clade Gag-specific T-cell responses in

responses in rabbits. Vaccine 2007;25:7491-501.

individuals with early HIV-1 infection in the US epidemic.

8. Gomez CE, Najera JL, Jimenez V, et al. Generation and

Vaccine 2007;25:381-90.

immunogenicity of novel HIV/AIDS vaccine candidates

18. Kong WP, Wu L, Wallstrom TC, et al. Expanded breadth of

targeting HIV-1 Env/Gag-Pol-Nef antigens of clade C. Vaccine

the T-cell response to mosaic human immunodeficiency virus

2007;25:1969-92.

type 1 envelope DNA vaccination. Journal of virology

9. Mahdavi M, Ebtekar M, Mahboudi F, et al. Immunogenicity

2009;83:2201-15.

of a new HIV-1 DNA construct in a BALB/c mouse model.

19. Achour A, Biquard JM, Krsmanovic V, et al. Induction of

Iranian journal of immunology : IJI 2009;6:163-73.

human immunodeficiency virus (HIV-1) envelope specific cell-

10. Jamali A, Mahdavi M, Hassan ZM, et al. A novel adjuvant,

mediated immunity by a non-homologous synthetic peptide.

the general opioid antagonist naloxone, elicits a robust cellular

PloS one 2007;2:e1214.

immune response for a DNA vaccine. International immunology

20. Maggiorella MT, Sernicola L, Crostarosa F, et al.

2009;21:217-25.

Multiprotein genetic vaccine in the SIV-Macaca animal model: a

11. Jamali A, Mahdavi M, Shahabi S, et al. Naloxone, an opioid

promising approach to generate sterilizing immunity to HIV

receptor antagonist, enhances induction of protective immunity

infection. Journal of medical primatology 2007;36:180-94.

against

21. Rosenthal KS, Zimmerman DH. Vaccines: all things

HSV-1

infection

in

BALB/c

mice.

Microbial

pathogenesis 2007;43:217-23.

225 Int J Mol Cell Med Autumn 2015; Vol 4 No 4

considered. Clin Vaccine Immunol 2006;13:821-9.

Mahdavi M et al.

Downloaded from ijmcmed.org at 4:05 +0330 on Friday March 5th 2021

22.

O'Hagan

DT,

MacKichan ML,

Singh

M.

Recent

26. Stambas J, Brown SA, Gutierrez A, et al. Long lived multi-

developments in adjuvants for vaccines against infectious

isotype anti-HIV antibody responses following a prime-double

diseases. Biomolecular engineering 2001;18:69-85.

boost immunization strategy. Vaccine 2005;23:2454-64.

23. Singh M, O'Hagan DT. Recent advances in vaccine

27. Manz RA, Arce S, Cassese G, et al. Humoral immunity and

adjuvants. Pharmaceutical research 2002;19:715-28.

long-lived plasma cells. Current opinion in immunology

24. Seder RA, Darrah PA, Roederer M. T-cell quality in memory

2002;14:517-21.

and protection: implications for vaccine design. Nature reviews

28. Hartoonian C, Ebtekar M, Soleimanjahi H, et al. Effect of

Immunology 2008;8:247-58.

immunological adjuvants: GM-CSF (granulocyte-monocyte

25. Im EJ, Nkolola JP, di Gleria K, et al. Induction of long-

colony stimulating factor) and IL-23 (interleukin-23) on immune

lasting multi-specific CD8+ T cells by a four-component DNA-

responses generated against hepatitis C virus core DNA vaccine.

MVA/HIVA-RENTA candidate HIV-1 vaccine in rhesus

Cytokine 2009;46:43-50.

macaques. European journal of immunology 2006;36:2574-84.

Int J Mol Cell Med Autumn 2015; Vol 4 No 4 226

