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Abstract: Effectiveness of intrasplenic administration of plasmid vaccines has been of interest in vaccine research,  

because the spleen is strategically located to filter antigens in circulation and provides the milieu to mount vigorous  

immune responses against trapped antigens. Intrasplenic vaccination with the naked plasmid DNA and a Cytosine  

Phosphorothiolated Guanine (CpG) adjuvant is expected to engender lasting effects. Specific unmethylated CpG-

containing Oligodeoxynucleotides (CpG ODN) can serve as a danger signal to the vertebrate immune system. This study 

was initiated to evaluate a single chain variable fragment (scFv) construct (Id-Th) which encodes the Id of a murine  

lymphoma 2C3-associated immunoglobulin (Ig) and a T helper epitope. Our previous studies show that scFv plasmid  

expressing 2C3 idiotype are processed and recognized by Id-specific cytotoxic T-lymphocytes in vitro, but in vivo they 

evoke only moderate responses when administered by intramuscular or intradermal routes. In this report, we addressed  

the effectiveness of Id-Th, a new 2C3 Id DNA vaccine, delivered intrasplenically. We show here that, after intra-splenic 

immunization of Id-Th, the appearance of Id-antigen in sera of tumor-challenged mice is significantly delayed (52.4%  

decrease), 36.8% of mice survive a challenge of 1x10
3
 live 2C3 tumor cells. Furthermore, inclusion of CpG ODN 1826  

as adjuvant further improves vaccine efficiency and delays the appearance of Id-antigen (64.9% decrease), and enhances 

the survival rate by 53.8%. In summary, intrasplenic delivery of DNA vaccines with CpG adjuvant is a potentially useful 

immunotherapeutic modality and the mechanism remains to be investigated. 
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INTRODUCTION 

 Plasmid-based DNA vaccines expressing specific dis-
ease-related antigens appear promising in a wide variety of 
experimental models for infectious diseases, cancer, and 
autoimmunity [1]. Clinical trials in humans, however, have 
been disappointing; this highlights the need to optimize effi-
cacy of a DNA vaccine. The effectiveness of any vaccine 
depends not only on the antigen but also on many other fac-
tors, including the route of administration and appropriate 
adjuvants. 

 The spleen and lymph nodes are the most highly orga-
nized secondary lymphoid organs with distinct areas for  
T-cell and B-cell activities. The spleen is more likely to  
respond rapidly than lymph nodes to systemic infections; it 
filters and traps blood-borne antigens, while lymph nodes are 
specialized for tissue-associated antigens. Experiments with 
radioactively labeled lymphocytes show that more recirculat-
ing lymphocytes pass daily through the spleen than through 
all the lymph nodes combined [2]. Intra-splenic immuniza-
tion has been a subject of investigations in many studies [3]. 
Kundig group reported that fibroblast-induced T cells re-
spond only when they reach the spleen [3a]. Fibroblasts are 
found to be very potent antigen presenting cells (APCs) if 
injected directly into the spleen; they can efficiently induce  
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cytotoxic T lymphocytes (CTLs) in the cytokine-rich lym-
phoid environment. Subsequently, Velikovsky et al. have 
shown that plasmid DNA encoding p18 protein from Bru-
cella abortus, delivered by intra-splenic immunization, ex-
pressed in the spleen for at least 20 days after one immuniza-
tion [3b]. Maloy et al. showed that immunization with a na-
ked DNA by direct injection into the spleen enhanced its 
immunogenicity by about 100 fold, inducing a strong spe-
cific CD8+ CTL response against lymphocyte chorio-
menigitis virus glycoprotein (LCMV-G) gp33 [3c]. White et 
al. demonstrated that administration of a low dose of pCEA 
plasmid by the intra-splenic route produced a stronger anti-
body response to carcinoembryonic antigen (CEA); this 
model of administration provides better protection against 
the tumor challenge than intramuscular administration of a 
low dose pCEA [3d]. A single intra-splenic injection of 
DNA encoding Ig VH gene in mice was also reported to be 
effective in inducing specific and protective immune re-
sponses [3e, f]. Although it does not always ensure a sys-
temic immune response [3g], intrasplenic delivery could 
induce specific CD4+ and CD8+ T cells [3h]. 

 Adjuvants are known to enhance the immunogenicity of 

the antigen if administered simultaneously with that antigen. 
Besides the traditional adjuvants, for instance, alum and Fre-

und’s adjuvants, unmethylated Cytosine Phosphorothioated 

Guanine-containing Oligodeoxynucleotides (CpG ODN) can 
help stimulate and prolong immune responses. CpGs act as 

danger signals in much the same way that bacterium or virus 

DNA does and are recognized by the toll like receptor-9 
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(TLR-9) in antigen presenting cells (APC) in mice, including 

B cells, dentritic cells, and macrophages, which respond to 

CpG through secreted cytokines, especially proinflammatory 
interleukin (IL)-6, and Th1 promoting IL-12 [4]. In combina-

tion with Fms-like tyrosine kinase 3 (Flt3)–ligand (FL), 

TLR-9 CpG DNA can enhance cellular immunity against 
HIV virus as shown by Kwissa et al. [5]. Grossmann et al. 

reported that synergistic TLR ligand CpG and Poly I:C can 

improve the CD8+ T cell responses in priming efficacy of 
DNA vaccines encoding dendritic cell targeted antigens [6]. 

However, not all unmethylated CpG are stimulatory. A spe-

cific 20-mer CpG ODN 1826 synthesized with a nuclease-
resistant Phosphorothioated backbone appears to be an ideal 

immunostimulatory adjuvant [7]. Providing this CpG along 

with DNA or peptide vaccines should activate Th-1 function 
and enhance protective anti-tumor or anti-pathogen immune 

responses.  

 In this study, we demonstrated that a membrane-form of 
a tumor associated antigen (TAA) idiotype-based plasmid 

Id-Th (with or without a CpG adjuvant) lowers serum anti-

gen in the tumor bearing mice. However, the intra-splenic 
administration of Id-Th alone is only marginally protective 

against the tumor challenge. The inclusion of Th1 immune 

response promoting adjuvant CpG ODN 1826 in the Id-Th 
vaccine significantly improves the survival rate.  

MATERIALS AND METHODS 

Mice 

 Seven to 11 week old, female and male BALB/c mice 

were obtained from Harlan-Spragne-Dawley, Inc. (Indian-

apolis, IN), bred and maintained at the Indiana State Univer-
sity animal facility according to the principles of laboratory 

animal care followed under the guidance of the Indiana State 

University Animal Care and Use Committee. 

Tumor Cells 

 The tumor cell used here was a murine lymphoblastoma 
2C3, which has been studied extensively in this lab. This 

tumor expresses both membrane and secreted forms of Ig 

( 1, ), whose natural ligand was phthalate. Thus, binding of 
sera from TBA on phthalate-coated ELISA plate (described 

below) has been a convenient way to monitor tumor take, 

and tumor progression or regression. 

The P815 mastocytoma neither expresses nor secretes Ig and 

was used as a control in tumor-specificity studies. The 

P815A7 antigen presenting transfectoma cell line was de-
rived from a mastocytoma, P815; using the calcium phos-

phate precipitation transformation method [8], the stable 

P815A7 transfectant has been established under zeocin and 
G418 selection in vitro. 

Reagents 

 Salt-free 20-mers of CpG ODN 1826, obtained from 
QIAGEN, California, have the following sequence: 

*C*C*A*T*G*A*C*G*T*T*C*C*T*G*A*C*G*T*T (* 

stands for phosophorothioation bond) [7a-d]. The plasmid 
vaccine used was the membrane form of VHVL, termed Id-

Th (7156 bp); it was constructed using a pDisplay vector, 

from Invitrogen, California. The initial cloning of VH and 

VL from the genomic DNA of 2C3 is described elsewhere 

[8]. At the ApaI and PstI in the multiple cloning sites,  
the VHVL-gfpz fusion gene was cloned first, and a linker of 

72 bp (including the Th epitope which has been highlighted 

in the 5’spacer as below) has been inserted between the  
VH and VL genes, as shown in Fig. (1). Restriction enzyme 

digestion and sequence analyses confirmed the identity of 

these constructs. The sequence of the 72 bp Th epitope (from 
Tetanus toxin Fig. 1) was used as follow; Th has been  

reported to be a Th lymphocyte activating epitope in earlier 

studies [9]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Schematic representation of plasmid DNA Id-Th con-

structed for use as a vaccine. The Id-Th construct expresses a mem-

brane form of scFv with tt830-844 tetanus toxin Th epitope imbed-

ded within scFv consists of VH and VL (Laxmanan et al., 2001). 

VH is the murine 2C3 B cell lymphoma  heavy chain V region, 

and VL is the  light chain V region. 

 5’ spacer 

 GCTGGCGGTGGCCAGTACAT-
CAAGGCCAACTCCAAATTTATAGGCATTACCGAGC-
TGGGTGGCGGCGGTGCA 

 3’spacer 

 CCGCCGCCACCCAGCTCGGTAATGCCTATAAAT-
TTGGAGTTGGCCTTGATGTACTGGCCACCGCCAGC-
TGCA 

 All the plasmids DNA were bulk prepared and made en-
dotoxin-free (< 100 EU/mg) at Aldevron Company (Fargo, 
North Dakota, USA). 

Immunization Protocol 

 The procedure was adopted from Cano et al. with minor 
changes [3f]. Anesthetized mice were shaved, and then a 

small (3 to 4 mm) incision was made with scissors in the 

abdomen. The spleen was then exposed through this incision, 
and DNA was injected using a 27-gauge needle. Afterward, 

the abdomen was immediately sutured using 4-0 sterile non-

absorbable surgical threads. 

Apa I Bgl II
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RNA Isolation and RT-PCR 

 RT-PCR was performed on the transfectants and ho-
mogenized spleen tissues to verify transgene expression at 

the mRNA level. RNA was then isolated from the 5x10
6
 

target cells using a total RNA isolation kit (Promega, Wis-
consin). After total RNA extraction and first strand cDNA 
synthesis using random hexamer primers (Promega, Wiscon-

sin), appropriate VH and VL specific primers were used to 
amplify and detect their mRNA expression. 

ELISA 

 Prophylactic intrasplenic immunizations of the BALB/c 
mice with plasmid Id-Th with or without CpGs were per-
formed in the experimental group, while the control group 
was inoculated with empty vector pDisplay. After 2 to 3 
weeks of inoculation, the mice were challenged with 1x10

3
 

2C3 tumor cells. Twenty four days after tumor challenge, the 
mice were bled and 2C3 Id and Ig antigen (the nominal Ag) 
levels in sera were determined as described previously [8, 
10]. Briefly, different dilutions of test sera from control and 
immune mice were added to 96-well ELISA plates coated 
with phthalate-BSA conjugate (10 g/ml) that have been 
thoroughly blocked with 1% bovine serum albumin. After 
incubation for 1 hour at 37

o
C, purified rabbit-anti-mouse Ig 

HRP antibody was added to the wells and incubated for an 
additional 45 minutes at 37

o
C. Subsequently, the plates were 

washed, and then color developed with o-phenylenediamine 
(OPD), and read at 490nm.  

Statistics 

 The serum tumor antigen level data were analyzed for 
variance by single factor ANOVA and Student’s t test. 

RESULTS 

Plasmid DNA Expression In Vitro and In Vivo 

 We first evaluated the expression of our construct in vitro 
by transfecting an antigen presenting mastocytoma cell line, 
P815, and generating a stable transfectant, P815A7. The 
mRNA expression of scFv in this transfectoma cell line was 
tested by RT-PCR. The results in Fig. (2a) revealed the ex-
pression of a full-length modified scFv (786 bp) that in-
cluded not only VH (363 bp) and VL (351 bp) together, but 
also the Th epitope linker insert (72 bp). No similar 786bp 
band was evident in the 2C3 cell line, which showed only 
VH and VL separately, as expected (Fig. 2a). The plasmid 
expression in spleen experiment was also done 3 days after 
administration of the vaccine, and the results were shown in 
Fig. (2b).  

CpG Contents of Naked DNA and the Rationale for  

Additional CpG ODN 1826 

 In many studies, adjuvants such as CpG have been  
shown to augment efficacy of plasmid DNA vaccines.  
The plasmid backbone used in the immunization itself  
contains a certain amount of CpG motifs, together with syn-
thetic oligodeoxynucleotides (ODN) that contain cytosine-
phosphorothiolated guanine motifs as additional adjuvants 
that has been known to stimulate the host immune system in 
a similar way. To determine whether this is also applicable 
to plasmid Id-Th vaccines, we first analyzed CpG contents in 

DNA vaccine construct. Our statistical analysis on relative 
contents of the four most stimulatory and four most unfavor-
able or non-stimulatory CpGs [11] in both strands of Id-Th 
plasmid are given in Table 1a. In particular, the amount  
of stimulatory sequence GACGTT in 40 g of Id-Th was 
about 2.04x10

13
 (based on the MW of plasmid 660 

g/mole/bp). And in the empty vector, it is about the same 
(2.05x10

13
, the injected amount) (Table 1b). The addition of 

50 g of adjuvant CpG ODN 1826 to Id-Th plasmid raised 
the stimulatory CpG to 4.75x10

15
. This was about a 233 

times increase in the quantity of the stimulatory hexamer 
GACGTT.  
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Fig. (2). (a). Demonstration of scFv mRNA in transformed P815A7 

cells and 2C3 tumor line. (b). Expression of scFv construct in vitro 

(P815A7) and in vivo (spleen 3 days after immunization). 

Monitoring of Serum Tumor Antigen Level as a Measure 

of Vaccine Efficacy 

 We assessed whether progression/regression of the tumor 
in vivo correlated with the serum level of the tumor associ-
ated antigen (TAA). Clinically, serum antigen level has been 
shown to be a good indicator of the efficacy of the therapeu-
tic treatments. The TAA, in this case, 2C3-Ig level in tumor-
challenged mice 2-3 weeks after prophylactic intrasplenic 
vaccination reflected a correlation between the serum antigen 
level and tumor prognosis. Fig. (3) shows that the serum 
2C3-Ig level 24 days after the tumor challenge was 22.11+/- 
8.187 g/ml in the vaccine group, and 16.29+/- 8.048 g/ml 
in the vaccine plus CpG group, whereas, in the empty vector 
group it was 46.46+/- 0.7259 g/ml. Thus, there was signifi-
cant decrease (p=0.022) in tumor progression in mice treated 
with Id-Th with or without CpG (64.9% and 52.4%) com-
pared to the empty vector group.  

Effects of Id-Th DNA Vaccine with and without CpG on 
Mouse Survival Rate  

 In order to evaluate the in vivo efficacy of the Id-Th and 
the adjuvant efficacy of CpG ODN 1826, groups of mice 

                          M    β-actin  neg        2C3       neg       P815A7  

                                                        VH    VL               VH   VL          

                       

 

 

  
                        P815A7 -RT Marker  P815  2C3   -RT  β-actin  
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were intrasplenically injected with the vaccine in the pres-
ence or absence of CpG ODN1826. The results in Fig. (4) 
show that the Id-Th vaccine groups compared to the empty-
vector control group were only marginally improved (36.8% 
or 7/19 verse 30% or 3/10). However, the application of the 

CpG ODN 1826 along with the Id-Th significantly improved 
the survival rate to about 53.8% (7/13). Thus, a single intras-
plenic administration of Id-Th not only reduced the serum 
level of TAA, as shown above, but it also has improved sur-
vival rate, particularly when CpG was included.  

Table 1a. Analysis of Id-Th Constructs for the Presence or Absence of Stimulatory and Non-stimulatory Bacterial CpG Sequences 

The Four Most Stimulatory or Non-Stimulatory  

CpG-Containing Sequences 

Numbers in Id-Th Positive  

Strand (7156bp) 

Numbers in Id-Th Reverse  

Complement Strand (7156bp) 

GACGTC 5 5 

GACGTT 3 1 

AACGTC 1 3 

Stimulatory 

CpG hexamers 

AACGTT 2 2 

TCCGGA 2 2 

TCCGGG 3 1 

CCCGGA 1 3 

Non-stimulatory 

CpG hexamers 

CCCGGG 1 1 

 

Table 1b. Analysis of Empty Vector (E.V.) for the Presence or Absence of Stimulatory and Non-stimulatory Bacterial CpG  

Sequences 

The Four Most Stimulatory or Non-Stimulatory  

CpG-Containing Sequences 

Numbers in E.V. Positive  

Strand (5325bp) 

Numbers in E.V. Reverse  

Complement Strand (5325bp) 

GACGTC 4 3 

GACGTT 2 1 

AACGTC 1 2 

 

Stimulatory 

CpG hexamers 

AACGTT 1 2 

TCCGGA 0 0 

TCCGGG 0 1 

CCCGGA 0 0 

 

Non-stimulatory 

CpG hexamers 

CCCGGG 1 1 

 

 

 

 

 

 

 

 

Fig. (3). The serum TAA level (2C3Ig concentration) in mice 24 days after a challenge with live 2C3 tumor cells (1x10
3
); empty vector 

(n=7), vaccine Id-Th (n=8) and Id-Th plus CpG group (n=10). This is a pooled result from at least two times experiments with 3-5 animals in 

each group. (F2, 22=4.564, P=0.022). 



CpG ODN 1826 Enhances the Efficacy of Idiotype DNA Vaccine The Open Vaccine Journal, 2010, Volume 3    131 

DISCUSSION 

 The overall goal of this study was two-fold: (1) design a 
scFv plasmid with a built-in adjuvant, a non-self tetanus 
toxoid-derived Th epitope, as a linker to the construct, and 
(2) assess this Id-Th’s immunogenicity following intras-
plenic administration in the presence or absence of an  
additional immunostimulatory molecule, CpG adjuvant. 
While CpG is widely used in DNA vaccine strategy [4b], 
incorporation of Th epitope in vaccine construct has been 
rather limited [9b]. The regional difference in host microen-
vironment is often a factor in the consideration of efficacy of 
an immunization protocol. Our previous studies have shown 
that scFv plasmid expressing 2C3 idiotype are processed and 
recognized by Id-specific cytotoxic T-lymphocytes in vitro, 
but in vivo they evoke only moderate responses when admin-
istered by intramuscular or intra-dermal routes [12]. Intras-
plenic vaccination is an attractive route of immunization, as 
it provides ready exposure of tumor antigen to blood cells of 
innate and acquired immunity in circulation. The advantage 
of a DNA vaccine is that, after transfection in the splenic 
environment, it could provide a sustained supply and release 
of the appropriately processed antigen.  

 In this study, the transfection efficiency is clearly evident 
in expression both in vitro and in vivo of a naked Th epitope 
encoding scFv plasmid. The existence of a 786 bp fragment 
(the size of scFv containing Th epitope) is convincingly  
demonstrable by RT-PCR only in the immunized spleen. 
Naturally, Id-Th does not exist as such in B-cells; no mRNA 
corresponding to Id-Th has been detected in normal tissues 
or 2C3 tumor except when the plasmid DNA incorporates  
as the transgene in vivo. Further corroboration also comes 
from the demonstration of a 786 bp fragment in transfected 
mastocytoma P815 (see Figs. 2a and 2b).  

 Here scFv is derived from a hybrid lymphoma, 2C3, 
which as previously reported secretes a hapten-specific anti-
body with no mutation in the variable regions [8]. However, 
immunoglobulins are nominal antigens, and exhibit weak 
immunogenicity in syngeneic systems; this is the rationale 
for constructing scFv encoding VH-VL and a Th epitope. 
Many investigators have reported similar modifications. For 
instance, a tetanus toxin fragment C derived non-self Th epi-
tope has been shown to improve immunogenicity of DNA 
plasmid vaccine [13]. In this study, we used a Th epitope as 
a linker in constructing the scFv plasmid. This epitope se-
lected from tetanus toxin tt830-844 is associated with its 
carboxyl terminal in the translocation domain of toxin heavy 
chain [14], and has been reported to be a universal T helper 
epitope [9, 15]. The usefulness of this universal Th epitope 
has been reported in the treatment or prevention of lym-
phoma [15b]. In one study reported by Tymciu et al. [9b], 
quite an enhanced humoral immune response was observed 
with a specific construct of scFv containing a very similar Th 
epitope. We also show here that significant reduction occurs 
in serum TAA level with just a single injection of the Id-Th 
construct. Evidently, intrasplenic administration of the vac-
cine evokes neutralizing antibodies to delay the appearance 
of the TAA level in the immunized animal. Immunization 
with the construct containing only the Th epitope reduces 
this tumor antigen level by 52.4% (see Fig. 3). Since our 
previous study has shown the inadequacy of a plain scFv 
plasmid in this regard [8], inclusion of a Th epitope seems 
warranted. Although this inclusion of the Th in the construct 
significantly lowers serum 2C3 Ig level (nominal TAA) in 
tumor-challenged BALB/c mice, it does not improve sur-
vival rates. Since the idiotype is only a differentiation anti-
gen with no housekeeping function, its down regulation may 
not significantly affect tumor growth. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4). Relative efficacy of Id-Th plasmid vaccine with or without CpG. The survival of mice was recorded following intrasplenic admini-
stration of control or experimental plasmid DNAs, and subsequent challenge with 1x103

 tumor cells. 
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 We have also studied the effect of an additional, widely 
used CpG adjuvant to improve idiotype immunogenicity. It 
is apparent that CpG 1826 adjuvants enhance immunogenic-
ity of scFv plasmids. Inclusion of both Th epitope and CpG 
in Id-Th vaccine decreases TAA level by 64.9 %, and pro-
longs survival of mice following tumor challenge. Our pre-
liminary data indicates Id-Th vaccine without CpG increases 
arginase activity of splenic macrophage implying the alterna-
tive macrophage activation pathway M2 [16]. The inclusion 
of CpG ODN 1826 with the Id-Th, in contrast, favors the M1 
or classical pathway of macrophage involving nitric oxide 
synthase [16]. This implies a switch to Th1 pathway [17] 
improving prophylactic efficacy of the vaccine formulation 
both in terms of decreased serum TAA level and the survival 
rates. How CpG increases the effectiveness and immuno-
genicity of scFv plasmid of 2C3 tumor, however, remains to 
be addressed. 
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