
©
20

12
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te

www.landesbioscience.com Human Vaccines & Immunotherapeutics 1659

Human Vaccines & Immunotherapeutics 8:11, 1659–1667; November 2012; © 2012 Landes Bioscience

 ReseaRcH papeR ReseaRcH papeR

*Correspondence to: Bin Wang; Email: bwang3@cau.edu.cn
Submitted: 05/23/12; Revised: 09/02/12; Accepted: 09/07/12
http://dx.doi.org/10.4161/hv.22105

Introduction

Following an immune response most effector cells die, some 
of those that survive develop into long-lived memory cells.1 
Memory T cells are critical in controlling most viral and bacte-
rial infections, although antigen specific antibody titers often 
correlate well with protective immunity.2,3 The cellular basis 
of immunological memory has recently begun to be dissected, 
although observations of long-term protection against specific 
pathogens have been noted previously.2,4-6 T cell memory is an 
active process that regulates the preservation of specific mem-
ory T cell (Tm) populations in a dynamic environment.2 Naive 
CD4 T cells experience rapid cell divisions after activation, 
and following differentiation to effectors that exert powerful 
activity through direct interactions with other cells or by the 
secretion of cytokines and/or chemokines. After antigen clear-
ance, the majority of effectors die via apoptosis, while a small 
population reverts to a resting state and become memory cells.7

The size of the peripheral T cell pool is tightly controlled 
through cell survival, division and death.8,9 T cells have an indis-
pensable function in the control of most viral infections, and data 
have demonstrated that the maintenance of CD8-T cell memory 

antigen specific memory T cells (Tm) have shown to be an important factor in protecting hosts against subsequent 
infection by previously encountered pathogens. During T-cell activation, several cytokines including IL-6, IL-7 and IL-15, 
play crucial roles in the development of T cells into memory T cells. With the aim of generating specific Tm, we examined 
a strategy of sequential administration of molecular adjuvants. In this strategy a DNa vaccine encoding the Vp1 capsid 
protein of foot and mouth disease virus (designated pcD-Vp1) was co-delivered to mice along with an IL-6 expressing 
plasmid (pVaX-IL-6) as an initial molecular adjuvant and boosted with either an IL-7 or IL-15 expressing plasmid, (pVaX-
IL-7 or proVaX-IL-15) as the secondary adjuvant. During the pcD-Vp1 immunization, we demonstrated that the groups 
primed with IL-6 and boosted with either IL-7 or IL-15 resulted in the enhancement of cellular and humoral immune 
responses, maturation of dendritic cells (Dcs) and macrophages, and a higher frequency of cD4+ Tm (characterized by 
expressing cD44highcD62Llow markers, compared with the other groups). Thus, we took advantage of the different effects 
of cytokines on T cell development, not only to induce a higher level of immune responses after vaccination, but also to 
generate a higher ratio of cD4+ Tm in this sequential cytokine prime-boost study. This would then lead to the mounting 
of an effective long-term antigen specific immune response.
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is regulated by at least two cytokines, IL-7 and IL-15, which sup-
port survival (i.e., IL-7, IL-15) and basal homeostatic proliferation 
(i.e., IL-15) of specific CD8- memory T cells (TM).9,10 IL-7 is a 
pleiotropic cytokine which functions as a required stimuli for both 
survival and proliferation of peripheral T cells.9 IL-7 controls basal 
homeostatic proliferation, differentiation and survival of specific 
CD4+ Tm and has also been demonstrated to have diverse effects 
on differentiation, growth and function of CD8+ Tm. Memory 
CD4 cells become acutely dependent on IL-7 for homeostatic pro-
liferation when TCR signaling is abolished.11 As for the mecha-
nism, data have shown that the anti-apoptotic effects of these 
factors has been largely attributed to IL-7 regulation of the balance 
of pro-apoptotic molecules of the Bcl-2 family such as Bax, Bad, 
Bak and Bim vs. anti-apoptotic members such as Bcl-xL, Mcl-1 
and Bcl-2.9 Data have also shown that IL-7 protects T cells from 
death through the induction of the anti-apoptotic proteins Bcl-212 
and Mcl-1,13 and by the inhibition of pro-apoptotic proteins Bax,14 
Bad15 and Bim.16 IL-15 inhibits CD95/Fas-induced apoptosis of 
human CD4+ and CD8+ effector-memory T cells17 and thus stimu-
lates the proliferation of memory T cells.18

IL-6 is a multifunctional cytokine produced by both profes-
sional APCs (i.e., B cells, macrophages and dendritic cells) as well 



©
20

12
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te

1660 Human Vaccines & Immunotherapeutics Volume 8 Issue 11

size was noted in any of the mRNA samples in the absence of 
reverse transcriptase (Fig. 1). This result indicated that the con-
struct encoding the protein could be successfully expressed in the 
eukaryotic system.

Cytokine as molecular adjuvants increase the humoral 
response. To examine the effect of molecular adjuvants on the 
humoral responses in mice, the pcD-VP1 was intramuscularly inoc-
ulated alone or co-inoculated either with the pVAX-IL-6, pVAX-
IL-7 or proVAX-IL-15, respectively. On day 7 after the second 
immunization, the serum samples were collected and the amount 
of IgG1 and IgG2a antibodies against FMDV were detected by 
the ELISA. Compared with the group immunized with pcD-VP1 
alone, a significantly enhanced level of IgG2a was obtained in 
the groups immunized with pcD-VP1 plus cytokine adjuvant(s) 
(Fig. 2). Among all the experimental groups, the humoral responses 
in the groups primed with IL-6 and then boosted either with IL-6, 
IL-7 or IL-15 as adjuvant were the most significantly enhanced. 
The data indicated that cytokine molecules in combination with 
DNA vaccine could improve the humoral responses in mice. The 
enhanced level of IgG2a suggests that the classes switch of immu-
noglobulins are influenced by those adjuvants.

Adjuvant effects of cytokines on T cell proliferative response. 
To further determine whether the expression of cytokine genes 
could affect cell-mediated immunity, a single-cell suspension 
of lymphocytes was prepared from immunized mice on day 7 

as non-professional APCs (epithelial, endothelial and some tumor 
cells).19,20 It is most effective in inducing a robust expansion of 
responding naïve T cells in vitro among its many other biologi-
cal functions. Thus, IL-6 plays important roles in the initiation 
of innate immunity and T cell-mediated immune responses.20-22

Considering the specific function of cytokine IL-6, IL-7 and 
IL-15 in immunity, we, in this study, hypothesized that immu-
nized mice with IL-6 as an adjuvant and boosted with IL-7 or 
IL-15 as molecular adjuvants might enhance the frequency of 
CD4+ T memory. Therefore, the advantages of two different 
cytokines used sequentially are not only to enhance immune 
responses after viral challenge, but also to enhance the fre-
quency of CD4+ Tm resulting in the eradication of the virus. 
We attempted to use a eukaryotic construct encoding IL-6, IL-7 
or IL-15 as molecular adjuvants to co-inoculate with the FMDV 
VP1 DNA vaccine and evaluated their roles in affecting the fre-
quency of CD4+ T memory cell and anti-apoptotic molecules. 
We also evaluated the effects of these cytokines as adjuvants on 
enhancing both humoral and cellular responses in the immu-
nized mice and the maturation of DCs and macrophages, which 
may correlate to innate and adaptive immune stimulations. As 
the results indicate, compared with other cytokine adjuvants 
combination groups, the groups primed with IL-6 and boosted 
with IL-7 or IL-15 respectively as molecular adjuvants adminis-
tered with the FMDV VP1 DNA vaccine not only enhanced cel-
lular and humoral immune responses but also induced a higher 
frequency of CD4+ Tm, resulting in enhanced immunity and 
eradication of the virus.

Results

Expression of recombinant cytokine plasmids in BHK cells. 
To confirm the expression of construct pVAX-IL-7 in a eukary-
otic system, the plasmid was transfected into BHK cells. Total 
RNA was extracted from transfected cells at 48 h and analyzed 
by RT-PCR in the presence of a specific set of primers. The pre-
dicted RT-PCR product was of 465 bp in size for IL-7, and was 
confirmed by gel electrophoresis. No specific band of a similar 

Figure 1. eukaryotic expression of pVaX-IL-7 in BHK cells. Total RNa
was extracted from BHK cells 48 h after transfection with pVaX-IL-7.
Templates used for RT-pcR were as follows: lane 1, non-transfected BHK
cells as a negative control; lane 2, cDNa from the transfected BHK cells
with RTs; M: DNa marker DL2000.

Figure 2. effects of adjuvants on the level of antibodies. Balb/c mice 
were immunized with pcD-Vp1 along with different cytokine adjuvants 
intramuscularly in a prime-boost fashion as indicated on the x-axis. 
serum samples were collected and diluted for detection by eLIsa on 
days 7 after the boost. Vp1 antigen at 2 μg/ml was coated on each well 
in 96-well plate. TheOD values of IgG2a and IgG1 (diluted by 50-fold) 
were read under wavelength of 450 nm.
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within CD4+ T cells was from the groups co-administrated with 
pcD-VP1 prime-boost with the heterologous cytokine adjuvants. 
These results are consistent with our hypothesis that the admin-
istration of pVAX-IL-6 during primary inoculation and boosting 
with heterologous adjuvant pVAX-IL-7 or proVAX-IL-15 could 
be more potentially facilitate antigen-specific recalled immune 
responses and thus to induce a greater protection.

Expression of memory T cell associated genes. Having dem-
onstrated the population of antigen specific memory CD4+ T cells 
in the adjuvant groups, we next tested the expression of mem-
ory T cell associated genes by RT-PCR 100 d after the second 
immunization. As shown in Figure 7, the group immunized with 
pVAX-IL-6 and boosted with the heterologous adjuvant pVAX-
IL-7 or proVAX-IL-15 induced the highest level of mRNAs for 
BCL-2, Spi2A, IL-15Rα, IL-7-Ra and BCL-XL when compared 
with other groups. It suggests that cytokines enhanced the fre-
quency of CD4+ Tm cells was in part through the upregulation 
of anti-apoptotic gene expressions.

Discussion

T cell memory has been demonstrated as an important factor in 
protecting the hosts against subsequent infection of previously 

after the second immunization, and re-stimulated in culture with 
VP1 as specific antigen, BSA as irrelevant antigen, Con A as a 
positive control, and medium as a negative control. As shown in 
Figure 3, the inoculation of the cytokine genes during immuni-
zation resulted in significantly higher levels of T cell proliferative 
response than that induced by pcD-VP1 alone, while the group 
inoculated with the IL-6 gene twice as an adjuvant was the most 
significantly affected. This result suggests that these cytokine 
adjuvants could enhance antigen-specific T cell responses.

Adjuvant effects on DC maturation. The maturation or acti-
vation of DC cell plays a critical role in the initiation of both 
innate and adaptive immune responses and have a significant 
impact on the naive T cell responses to microbial pathogens. 
Thus, we sought to determine the effect of cytokines (IL-6, IL-15 
and IL-7) on the DCs maturation by detecting the expression of 
the surface co-stimulatory molecules at 48 h after the immuniza-
tion. Compared with other groups, mice immunized with pcD-
VP1 plus pVAX-IL-6 induced the highest levels of CD80, CD86 
and MHC-II expression on DC cells (Fig. 4A and B), suggesting 
that IL-6 induces maturation of DC cells more efficiently, which 
might initiate the innate system and mount the subsequent adap-
tive immune responses more effectively.

Effects of adjuvants on cytokine profile of macrophages. 
Macrophages play a crucial role in innate and adaptive immune 
responses. To detect the effects, macrophages were isolated and 
analyzed for the expression of cytokines IFN-γ, IL-6, TNF-α, 
TGFβ, IL-10 and co-stimulatory molecule CD86 from mice 48h 
after the first immunization. Compared with the DNA vaccine 
alone, the group administered the cytokine adjuvants upregu-
lated the levels of mRNA for IFN-α, IL-6, TNF-α and CD86 
and slightly downregulated the level of mRNA for cytokines 
IL-10 and TGFβ (Fig. 5). Interestingly, the group co-immu-
nized with pcD-VP1 and pVAX-IL-6 made the most significant 
changes in the profile mentioned above. These results suggested 
that inoculations with IL-7 or IL-15 expressing plasmids could 
activate macrophages; however, the addition of IL-6 gene not 
only potently induced the maturation and activation of macro-
phages, but could also mount an anti-suppressive effect against 
anti-inflammatory responses.

Taken together, as depicted in Figures 4 and 5, both DCs 
and macrophages are activated by the co-administrations with 
cytokine adjuvants pVAX-IL6, pVAX-IL7 and proVAX-IL15, of 
which will elicit potent aforementioned immune responses.

Adjuvant effects of cytokine molecules on the generation 
of CD4+ memory. T cell specific memory responses have been 
demonstrated as an important factor in protecting hosts against 
subsequent infection by previously exposed pathogens. We next 
directly assessed the number of memory CD4+ T cells bearing the 
CD44high CD62Llow markers. As depicted in Figure 6, 100 d after 
the second immunization, the group immunized with pVAX-IL-6 
and boosted with pVAX-IL-7 as adjuvants induced the highest 
expression level of CD44highCD62Llow in the CD4+ T cells among 
all the groups, followed by the group immunized with pVAX-
IL-6 and boosted with proVAX-IL-15 as adjuvants. In addition 
to a comparison to the group immunized with pcD-VP1 alone, 
we observed the higher expressing level of CD44highCD62Llow 

Figure 3. effect of adjuvants on T cell proliferations. Balb/c mice were 
immunized with pcD-Vp1 with cytokine adjuvants intramuscularly in 
the prime-boost fashion as indicated on x-axis. T cells were isolated 
from animals (3 per group) and stimulated with Vp1 protein as specifi c 
antigen, cona as positive control, or Bsa as negative control. prolifera-
tion was analyzed by the MTT dye method and expressed as a stimula-
tion index.
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of antiviral CD4+T memory cells.2 Considering each specific 
function for IL-6, IL-7 and IL-15 in the immune system, we 
hypothesized that primary inoculation with IL-6 and boosting 
with heterologous adjuvant IL-7 or IL-15 during the DNA vac-
cinations should not only augment immune responses, but also 
enhance the ratio of CD4+ Tm. The results of this study demon-
strates that higher humoral and cellular immune responses were 

encountered pathogens. It has been demonstrated that cytokines 
are crucial factors for T-cell development, survival and activa-
tion. IL-6, as a pleotropic cytokine modulates many aspects of 
immune responses,20,21 hemopoiesis and is a cofactor for T cell 
proliferation as well as mediating the prevention of cell death. 
IL-7, identified as a dominant cytokine, and IL-15, an accessory 
cytokine, regulate basal homeostatic proliferation and survival 

Figure 4. (A) analysis of antigen-specific cytokine production in T cells by Facs. T cells isolated from the spleen of Balb/c mice of the different groups 
at 48 h after the first immunization. Intracellular stainings for cD80+cD11c+, cD86+cD11c+ and MHc-II+cD11c+ cells were performed. The percentages 
of cytokine-positive cells are shown in each dot-plot and the gates were set on cD11c+ T cells or events. Data shown are representative from three 
independent experiments. (B) Total cD11c+ positive cells expressing cD80, cD86 and MHc-II are summarized. analysis of antigen-specific cytokine 
production in T cells by Facs. 



©
20

12
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te

www.landesbioscience.com Human Vaccines & Immunotherapeutics 1663

triggering of both activation-induced cell death (AICD) and pas-
sive mechanisms induced by withdrawal of growth/survival fac-
tor or nutrients referred to as programmed cell death (PCD).31 
Since IL-7 and IL-15 share a common receptor to activate STAT5 
via Jak3, the activated STAT5 is strongly implicated in cell sur-
vival via the control of the Bcl2 family members.32,33 The result 
demonstrated in Figure 7 suggests that improved survival might 
be ascribed to an anti-apoptotic function owning to the expres-
sion of inoculated cytokines. Therefore, these cytokines play a 
role in regulating T effector cell survival by counteracting the 
pro-apoptotic members of the Bcl2 family.

Although we demonstrated that the cytokine sequential 
prime-boost strategy with the IL-6 in combination with IL-7 
or IL-15 could enhance the ratio of CD4+ T memory cells, it is 
unclear if such a high ratio of CD4+ T memory cells could lead 
to an enhanced protection against viral challenge. Therefore, fur-
ther investigation on this issue is warranted.

Materials and Methods

Animal, cell and peptide. Female Balb/c mice aged 6–8 weeks 
were purchased from the Animal Institute of Chinese Medical 
Academy and were provided with free access to food and water ad 
libitum. The FMDV VP1 peptide of a T cell epitope (aa133–147, 
SSKYGDTSTNNVRGD) was synthesized by GL Biochem Co., 
Ltd.

Antibodies and fluorescent dye. Fluorescent conjugated rat 
anti-mouse monoclonal antibodies including anti-IL-4-PE, anti-
IFN-γ-FITC, anti-CD4-FITC, anti-CD4-PE, anti-CD4-APC, 
anti-CD44-PE, anti-CD8-PE, anti-CD11c-FITC, anti-CD80-
PE, anti-CD86-PE, anti-MHC-II-PE, anti-CD62L- FITC 
(eBiosciences, Inc.) and isotype controls were purchased from 
BD PharMingen.

Plasmid constructions. The plasmid pcD-VP1 encod-
ing for the FMDV VP1 protein was constructed in our lab as 

achieved, and importantly, the higher ratio of CD4+ T memory 
cells were observed with the association of such cytokine prime-
boost protocol.

The enhanced adaptive responses are likely linked to the bet-
ter activation and maturation of DC cells and macrophages dur-
ing the initial IL-6 facilitation, since we have demonstrated that 
IL-6 upregulated the level of mRNA for cytokines IFN-α, IL-6, 
TNF-α and CD86 (Fig. 5). Interestingly, the upregulation of 
innate immune signals was in a reciprocal relationship with the 
level of IL-10 and TGFβ expressions. IL-10 and TGFβ have been 
recently characterized to be anti-inflammatory cytokines and 
exert suppressive functions against elicited immune responses.28 
Their levels are tightly associated with the generation of Treg 
cells and induction of immunotolerance in the periphery.29 The 
IL-6 counteracts tolerogenic responses derived from IL-10 and 
TGFβ and therefore, facilitates innate immune responses.

Since IL-7 and IL-15 have been demonstrated as important 
factors during the expansion and development of effector T cells 
into Tm cells, it is logical to use them in sequential applications 
during the DNA vaccinations by initiating innate immunity with 
IL-6 at the primary inoculation and boost with IL-7 or IL-15 
to assist in the development and expansion of effector T cells. 
This hypothesis appears to be correct as we observed that the 
group immunized with pVAX-IL-6 and boosted with pVAX-
IL-7 produces the highest expression of CD44high CD62Llow in 
activated CD4+ T cells in all the groups, followed by the group 
immunized with pVAX-IL-6 and boosted with proVAX-IL-15. 
Furthermore, this enhanced ratio of Tm cells is further supported 
by the observation of induction of higher level of expressions for 
BCL-2, Spi2A, IL-15Rα, IL-7-Ra and BCL-XL within the T 
effectors in these groups on days 100 after the second immuniza-
tion (Fig. 7). The upregulation of anti-apoptotic factors Spi2A, 
BCL-2 and BCL-XL have been demonstrated to play pivotal role 
in the survival of CD4+T memory cells.30 In general, activated 
effector cells are highly susceptible to apoptosis, including the 

Figure 5. effect of adjuvants on the cytokine expressions in macro-phages. RNas were extracted macrophages derived from immunized mice at the 
48 h after the first immunization. The expression of the cytokines IFN-α, IL-6, TNF-α, TGFβ, IL-10 and co-stimulatory molecule cD86 were analyzed by 
RT-pcR and run on 1% agarose gel (left panel) and relative concentrations to HpRT were plotted (right panel).
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number NM_008371 for IL-7) and cloned into a pMD18-T vec-
tor (TaKaRa). The cDNA was further subcloned into a pVAX1 
vector (Invitrogen), and designated as pVAX-IL7. All the plas-
mids were maxi-prepared by the alkaline method and purified 
by Qiagen Maxi prep according to the manufacturer’s instruc-
tion (QIAGEN China Co., Ltd.), subsequently diluted in saline 
solution.

Transfection of the BHK cell lines. The purified plasmid 
pVAX-IL7 was transfected into BHK cells with lipofectamine 
according to the manufacturer’s instructions (Invitrogen). The 
transfected cells were harvested after 48 h and total cellular RNA 
was extracted according to a previously described protocol.25 
The expression of cytokine molecules was detected by RT-PCR 
with a specific primer set for the IL-7 gene as listed: IL-7, for-
ward: 5'-CGG GAT CCA TGG AGT GCC ACA TTA AAG-3', 
reverse: 5'-GCC GTC GAC TGT CCT GTT TAT ATA CT-3'. 
The PCR product was examined electrophorectically for proper 
size on a 1% agarose gel.

Immunization. Female mice at 6–8 weeks old were randomly 
divided into 9 groups, 12 animals per group. They were immu-
nized intramuscularly with pcD-VP1 alone or co-administered 
with the respective molecular adjuvant(s) listed in Table 1. 
Administration of plasmids was performed on days 0 and 14. 
Sera samples were collected before and after immunizations.

Detection of anti-FMDV antibody. Mice were bled on day 7 
after the second immunization. An ELISA was performed follow-
ing a previously published procedure. The optical density (OD) 
values of IgG2a and IgG1 were detected by ELISAs as previously 
described.25 Peroxidase-labeled rat anti-mouse IgG1 and IgG2a 
(Southern Biotechnology Associates) were used for the enzymatic 
reaction and detections.

T cell proliferation. Three mice from each group were sac-
rificed and single lymphocyte suspensions were prepared from 
the spleen on day 7 after the second injection as described pre-
viously,26 and in vitro stimulation was used for 48 hrs with 10 
μg/ml of Con A (positive control), 10 μg/ml of the VP1 pro-
tein (specific antigen stimulation), 5 μg/ml of BSA (irrelevant 
antigen) or no antigen (negative control). T cell proliferation 
was evaluated by Cell Titer 96 Aqueous Non-Radioactive Cell 
Proliferation Assay according to the manufacturer’s instruction 
(Promega). MTT solution (10 μl each well, 5 mg/ml) was added 
to each well for color development. After 4 h of incubation, 
the OD values of plates were read at 595 nm (Magellan, Tecan 
Austria GmbH). Data were expressed as stimulation index (SI), 
calculated as the mean reading of triplicate wells of antigen 
stimulation, divided by the mean reading of triplicate wells of 
the negative control.

Co-stimulatory molecules staining of DC cells. Three mice 
from each group were sacrificed at 48h after the first immuni-
zation. Single cell suspensions from the spleens were made at 
2 × 106 cells/200 μl and were blocked with 2 μl of FcγmAb 
(0.5 μg/ml) for 30 min at 4°C. After washing with PBS, cells 
were stained with isotype controls, or double stained with 
anti-CD11c-FITC and anti-CD80-PE, or anti-CD11c-FITC 
and anti-CD86-PE, or anti-CD11c-FITC and anti-MHC-II-
PE. The fluorescent intensities were measured by the FACS 

described previously.23 Mouse IL-6, IL-15 and TNF-α genes 
were constructed and described previously.22 The mouse IL-7 
gene, including a signal sequence, was amplified by RT-PCR 
from mRNA isolated from spleen cells (GeneBank accession 

Figure 6. (A) effect of adjuvants on the generation of cD4+ T memory 
cells. analysis of the number of cD4+ T memory cells bearing the 
cD44highcD62L-low markers from mice at 100 d after the second immu-
nization by Facs. The percentages of cytokine-positive cells are shown 
after the gates set on cD4+ T cells from the total splenocytes.(B) effect of 
adjuvants on the generation of cD4+ T memory cells. The percentage of 
cD44highcD62Llow T cells in total cD4 cells are summarized and shown.



©
20

12
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te

www.landesbioscience.com Human Vaccines & Immunotherapeutics 1665

Calibur and analyzed by Cell Questpro 
software (BD Biosciences).

Determination of cytokine expression 
by RT-PCR. The expression level of 
cytokines was determined by semi-
quantitative RT-PCR as previously 
described.25 Total RNA was extracted 
from T cells of mice on day 100 
after the second immunization or 
from macrophages 48 h after the first 
immunization. cDNA was synthesized 
using AMV reverse transcriptase and a 
(dT)18 primer which served as a template 
for the subsequent PCR reaction, which 
was performed with optimized primers 
specific for hypoxanthine phosphoribosyl 
transferase (HPRT), a housekeeping gene, 
or for cytokine genes.27 The sequences of 
the primers and conditions for PCRs are 
listed in Table 2 and Table 3, respectively. 
The PCR products were resolved on 2% 
agarose gels and visualized by ethidium 
bromide (EtBr) staining under UV light. 
Bands were analyzed by image process 
software (Alphamager 2200 winzk, 
Bio-Rad).

Expression of CD44highCD62Llow on 
CD4+ T cells. Splenocytes were isolated 
on day 100 after the second immunization 
as described previously, and diluted to 1 
× 106 cells/ml. The cells were suspended 
in 100 μl phosphate-buffered saline (PBS) 
and blocked with 1 μl Fcγ monoclonal 

Figure 7. The expression of memory T cell associated genes (anti-apop-totic genes) by RT-pcR. RNas were extracted from splenocytes of mice on day 
100 after the second immunization and used to perform RT-pcR with specific primers. The RT-pcR results were analyzed by running on 1% agarose gel 
(left panel) and relative concentrations to HpRT were plotted (right panel).

Table 1. Immunization groups

Group 1 2 3 4 5 6 7 8 9

prime

pcDVp1 - + + + + + + + +

pVaX-IL-6 - - + - - - - + +

pVaX-IL-7 - - - - - - - - -

proVaX-IL-15 - - - - + - + - -

Boost

pcDVp1 - + + + + + + + +

pVaX-IL-6 - - + - - + + - -

pVaX-IL-7 - - - + - - - + -

proVaX-IL-15 - - - + - - - +

Note: Immunizations were performed on days 0 and 14 with 100 ug of vaccine or adjuvant per 
mouse intramuscularly. +, immunized; -, not immunized.

Table 2. Target anti-apoptotic gene primers and parameters of the pcR

Target gene Primers Parameters

HpRT 5': 5'-GTT GGa 94°c 30s, 60°c 30s, 72°c 40s

spi2a
5': 5'-ccc cTT TGa ccc Gaa TGa-3' 
3': 5'-cTT ccT GaG TTG GGc aTc-3'

94°c 30s, 53.5°c 30s, 72°c 40s

BcL-XL
5': 5'-cGa TGa GTT TGa acT GcG-3' 

3': 5'-cac cTa GaG ccT TGG aTc c-3'
94°c 30s, 55°c 30s, 72°c 40s

Bcl-2
5: 5'-GGc Tac GaG TGG GaT GcT-3' 

3': 5'-GGG Tca TGT GTG TGG aGa G-3'
94°c 30s, 55°c 30s, 72°c 40s

IL-7Ra
5'': 5'-ccG aTc caT Tcc cca Taa cG-3' 
3': 5'-aTG aGG TGa aaG GcG TTG aa-3'

94°c 30s, 56°c 30s, 72°c 40s

IL-15Ra
5': 5'-GcT cca GGc TGa cac caT c-3' 

3': 5'-TcT caG ccG TGc cGT GT-3'
94°c 30s, 62.5°c 30, 72°c 40s
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