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Figure 4. Linked help is required for optimal CTL 
responses. (A) C57Bl/6 or HLA-A*0201 transgenic 
mice were immunized at day 0, 7 and 14 with 
ImmunoBodyTM heavy chain only DNA constructs con-
taining the H-2Kb restricted TRP2 epitope in CDRH2 
or the HLA-A*0201 restricted gp100 210M epitope 
in CDRH1. On day 19, splenocytes were analyzed 
by IFNγ elispot assay against gp100 210M peptide, 
TRP2 peptide and control. Responses are measured 
as spots/million splenocytes (n = 6). (B) C57Bl/6 
mice were immunized at days 0, 7 and 14 with an 
ImmunoBodyTM DNA containing the H-2Kb restricted 
TRP2 epitope in CDRH2, the HLA-A*0201 restricted 
epitope gp100 210M in CDRH1 and the I-Ab 
restricted HepB helper epitope in CDRL1 with either 
human IgG1 or murine IgG2a constant domains. On 
day 19, splenocytes were analyzed by IFNγ elispot 
assay against TRP2 peptide, HepB helper peptide 
and control. Responses are measured as spots/million 
splenocytes (n = 6). (C) HLA-DR*0401 transgenic 
mice were immunized at days 0, 7 and 14 with an 
ImmunoBodyTM DNA containing the gp100 DR4 
epitope in CDR H1, TRP2 epitope in CDR H2 and 
gp100 DR7 epitope in CDR H3 with either human 
IgG1 or murine IgG2a constant domains. On day 
19, splenocytes were analyzed by IFNγ elispot assay 
against TRP2 peptide, gp100 DR4 helper peptide and 
control. Responses are measured as spots/million sple-
nocytes (n = 6). (D) C57Bl/6 (n = 48), Balb/c (n = 9) 
or HLA-DR*0401 (n = 6) transgenic mice were immu-
nized on days 0, 7 and 14 with an ImmunoBodyTM 
construct containing either I-Ab restricted HepB, I-Ad 
restricted Influenza or HLA-DR*0401 restricted gp100 
epitopes in CDR L1. On day 19 splenocytes were ana-
lyzed by IFNγ elispot assay against HepB, Influenza 
or gp100 helper peptides and an irrelevant control. 
Responses are measured as spots/million spleno-
cytes. (E) C57Bl/6 (n = 6), HLA-DR*0101 (n = 6) or 
HLA-DR*0401 (n = 6) transgenic mice were immu-
nized on days 0, 7 and 14 with an ImmunoBodyTM 
construct containing either I-Ab restricted HepB or 
HLA-DR*0401 restricted gp100 or tyrosinase or HLA-
DR*0101 restricted triosephosphate isomerase (TPI) 
epitopes in CDR L3. On day 19 splenocytes were 
analyzed by IFNγ elispot assay against HepB, gp100, 
TPI or tyrosinase helper peptides and an irrelevant 
control. Responses are measured as spots/million 
splenocytes. All results are an average of at least two 
independent experiments.

mice were immunized with ImmunoBodyTM 
DNA three times at weekly intervals, and then 
they were challenged with B16F1 tumor cells. 
The results (Fig. 6) demonstrated that mice 
immunized with ImmunoBodyTM DNA vaccine 
have significantly slower tumor growth at day 22 
post tumor implant (p = 0.0016) compared to 

animals immunized with control ImmunoBodyTM DNA containing 
no T cell epitopes.

Discussion

Several groups have used antibodies as vectors, replacing 
CDRH3 with helper and B cell epitopes which stimulated immune 
responses.23,24,37-39 Zaghouani et al. also attempted to replace  

Evidence suggests that the presence of antigen specific CD4 help 
alters the chemokine gradient and enhances extravasation of T cells 
into the tumor site. Therefore, the tumor specific H-2Kb restricted 
TRP2 CD8 epitope and HLA-DR4 restricted gp100 CD4 epitope 
were engineered into the CDRH2 and CDRH3 sites, respectively. 
This construct was analyzed for its ability to prevent the growth of 
the aggressive B16F1 melanoma line in vivo. HLA-DR4 transgenic 
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do not result in presentation of T cell epitopes via MHC class I due 
to the lack of intersection with the endogenous pathway of processing 
and presentation. More recent studies linking T cell epitopes to a Fab 
targeting the high affinity receptor FcγR1,42 our own studies with a 
human anti-idiotypic antibody expressing T cell mimotopes5,20,21 or 

CDRH3 with class I restricted CTL epitopes. Although they showed 
that transfectomas expressing recombinant Ig encompassing an MHC 
class I CTL epitope from the nucleoprotein of influenza virus (NP-Ig) 
were capable of inducing CTL responses, the purified Ig was unable to 
do so.40,41 It was concluded that FcyR initiated processing pathways 

Figure 5. For figure legend, see page 81.
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that killed tumor cells expressing CEA.19 Immature circulating DCs 
in the blood express only low levels of FcγRI to avoid binding serum 
Ig; its expression is transiently upregulated by IFNγ on extravasation 
into inflamed tissue.48,49 It can then bind, internalize and process 
any IgG whether free or forming small immune complexes within 
the inflamed tissue. FcγRI is then downregulated, and the activated 
DCs migrate to the local draining lymph node and present antigen. 
In contrast, larger immune complexes can be cross presented by 
FcγRIIa (FcγRIV in mice), but only if the inhibitory FcγRIIb 
receptor is blocked or downregulated.50 Recent studies with the 
mouse IgG2b expressing the NP CTL epitope (NP-Ig) have shown 
that it is possible to stimulate CTL responses to this antibody if it 
is co-administered with the TLR agonist dsRNA which upregulates 
FcγRIV and downregulates FcγRIIb.51 In contrast, we have shown 
that immunising with a DNA vaccine incorporating CTL and helper 
epitopes within a human IgG1 or mouse IgG2a framework without 
any additional adjuvants stimulates strong responses to a wide range 
of epitopes.

ImmunoBodyTM is an antibody vector system which allows 
rapid insertion of T cell epitopes into a variable region that can be 
exchanged between isotypes. This has been achieved by developing 
human IgG1/murine IgG2a double expression vectors with 1–6 
CDRs replaced with restriction endonuclease sites. This allows 
quick insertion of any oligonucleotides expressing single or multiple 
epitopes. In this report we have shown that it is possible to express 
CTL epitopes from a range of viral (Hep B surface antigen), foreign 
(ovalbumin), self (Tie-2) and tumor associated antigens (TRP-2, 
gp100) within the variable region of a human IgG1 or mouse IgG2a 
antibody and use the DNA that encodes these antibodies as a vaccine 
to stimulate high frequency T cell responses in C57BL, Balb/c, 
HLA-A*0201 transgenic and HLA-DR4 transgenic mice. Responses 
observed in elispot assays are not believed to be due to the effect of 
natural killer (NK) cells, as depletion of CD8 T cell subset abrogated 
epitope specific responses. In addition to this, IFNγ release was only 
observed with specific epitope peptides and not control peptides, 
which would not be the case if responses were a result of NK cell 
activity. It was also possible to stimulate helper T cell responses to 
epitopes from viral (Hep B, Influenza nucleoprotein) or melanoma 
associated antigens (gp100, TPI and tyrosinase). As expected, the 
highest frequency responses were generated to the foreign and viral 
epitopes. Three immunizations were required to stimulate optimal 
T cell responses that convert to memory cells and can be efficiently 
reactivated.

using antigen/antibody immune complexes suggest otherwise, and 
have pinpointed the roles of various FcγRs in the process.43,44

Typically, exogenous antigens are presented on class II MHC 
and internal antigens are processed on class I MHC. Thus antigen 
presenting cell phagocytosis of an exogenous antigen would normally 
lead to presentation of the antigen on class II MHC leading to 
activation of CD4 helper cells. However, it has recently been shown 
that it is possible to cross present exogenous antigen on MHC class 
I and that endogenous antigens are often cross presented on MHC 
class II by autophagy.45,46 One route to allow cross presentation of 
exogenous antigens on MHC class I is via FcγRs. We and others have 
shown that the high affinity FcγRI, allows efficient cross presentation 
of monomeric human IgG1 or mouse IgG2a.19,47 We have shown 
that a human monoclonal IgG1 anti-idiotypic antibody, 105AD7, 
can stimulate helper and cytotoxic T cell responses in over 300 
cancer patients with no associated toxicity.5-21 If the Fc region of 
this antibody is removed it is 1,000 fold less efficient at stimulating 
T cells.18 Similarly, an anti-idiotypic antibody mimicking CEA was 
very inefficient at stimulating human T cells as a mouse IgG2b, but, 
when chimerized to a human IgG1, the antibody stimulated CTLs 

Figure 5. CTL epitopes can be processed and presented to elicit high frequency responses. (A) HLA-A2 transgenic mice were immunized on days 0, 7 and 
14 with an ImmunoBodyTM construct containing either HLA-A*0201 restricted gp100 210M (n = 12), gp100 wild type (n = 6), Mage3 (n = 6), hTERT (n 
= 6) or Tie2 (n = 6) epitopes in CDRH1. On day 19 splenocytes were analyzed by IFNγ elispot assay against gp100 210M, gp100 wild type, Mage3, 
hTERT or Tie2 peptides and an irrelevant control. Responses are measured as spots/million splenocytes. (B) C57Bl/6, Balb/c or HLA-A*0201 transgenic 
mice were immunized on days 0, 7 and 14 with an ImmunoBodyTM construct containing the H-2Kb restricted TRP2 epitope (n = 50) which is also restricted 
through HLA-A*0201 (n = 12), the H-2Kd restricted HepB epitope (n = 6), the H-2Kb Ovalbumin epitope (n = 6) or the HLA-A*0201 restricted hTERT epitope  
(n = 6) in CDRH2. On day 19 splenocytes were assayed ex vivo in IFNγ elispot assay against relevant and control peptides. Responses are measured as 
spots/million splenocytes. (C) C57Bl/6 or HLA-A*0201 transgenic mice were immunized on days 0, 7 and 14 with an ImmunoBodyTM construct containing 
the H-2Kb restricted TRP2 epitope (n = 12) or HLA-A*0201 restricted VEGFR2 epitopes (n = 6) in CDRH3. On day 19 splenocytes were assayed for pres-
ence of specific responses by IFNγ elispot assay. Responses are measured as spots/million splenocytes. (D) Splenocytes from immunized mice were depleted 
of CD8 T cells and analyzed against TRP2 peptide, HepB helper peptide and a media control in triplicate for the presence epitope specific responses in 
IFNγ elispot assay in triplicate. Responses are measured as spots/million splenocytes (n = 4). (E) HLA-A*0201 transgenic mice were immunized on days 0, 
7 and 14 with an ImmunoBodyTM construct containing HLA-A*0201 restricted TRP2 epitope in CDRH2, the HLA-A*0201 restricted gp100 210M epitope 
in CDRH1 and the I-Ab restricted HepB helper epitope in CDRL1. On day 19 splenocytes were analyzed by IFNγ elispot assay against relevant peptides 
and an irrelevant control in triplicate. Responses are measured as spots/million splenocytes (n = 12). All results are an average of at least two independent 
experiments.

Figure 6. Immune responses generated by ImmunoBodyTM DNA vaccination 
can delay tumour growth. HLA-DR*0401 transgenic mice were immunised 
with ImmunoBodyTM DNA containing the H-2Kb restricted TRP2 epitope in 
CDRH2 and the HLA-DR*0401 restricted gp100 epitope in CDRH3 via gene 
gun at days 0, 7 and 14. On day 14, mice were injected s.c. with 2.5 x 
104 B16F1 tumour cells. Tumour growth was monitored at 3–4 day intervals 
using a calliper and displayed as tumour volume at day 22 post tumour 
implant (n = 10).
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also necessary for induction of high frequency responses. Our study 
therefore suggests that the high frequency CTL responses stimulated 
by ImmunoBodyTM DNA vaccines are a result of both direct and 
cross presentation. In combination with evidence from our studies 
with a human anti-idiotypic antibody, this would suggest that the 
route of cross presentation may be through FcγR targeting of antigen 
presenting cells.18,19 Further studies on Fc knockout mice will be 
required to confirm this hypothesis.

Although only low levels of intact antibody were detected from 
some of the most efficient ImmunoBodyTM constructs, these may 
be important in stimulating the immune response, as several studies 
have shown that immunization with low levels of peptides stimulate 
high avidity T cell responses.63 The lack of a requirement for large 
amounts of intact antibody by the DNA vaccine has a significant 
advantage as it allows greater flexibility in terms of the number and 
length of epitopes that can be incorporated. It may be necessary 
to incorporate epitopes from several tumor associated antigens to 
prevent selection of antigen loss variants, and it may also be neces-
sary to incorporate several epitopes binding to a range of MHC class 
I alleles to allow the vaccine to be used in a wide range of patients. 
In contrast, incorporation of epitopes within the CDRH3 to allow 
protein folding is restricted by the hydrophilicity of the inserted 
sequence. Our studies show that CDRH3 can be substituted with 
linked multiple epitopes of up to 29 amino acids in length, as long 
as the residue substitutions preserve the hydropathic profile of the 
wild type sequence. This is less of a problem for helper epitopes, and 
indeed we could successfully incorporate two helper epitopes (29 
amino acids) within the CDRH3 and still get intact protein. CTL 
epitopes are more hydrophobic as they bind tightly within the groove 
of a MHC molecule. Although it was possible to incorporate a single 
CTL epitope within CDRH3 or CDRL3, two linked CTL epitopes 
failed to allow secretion of substantial amounts of intact antibody.

It is believed that the presence of CD4 help is required for the 
generation of efficient CD8 memory responses.66,67 The IgG1 
human constant region may provide foreign linked help in the 
mice models as the mouse IgG2a constructs which would lack this 
help, gave lower frequency responses. This problem was overcome 
by incorporating linked help within the heavy chain of the mouse 
IgG2a construct. An ideal vaccine may include incorporation of 
helper epitope within the heavy chain to allow efficient priming of 
CTLs and an antigen specific helper epitope within the light chain, 
which would allow CD4 amplification of the immune response at 
the tumor site.68,69

In conclusion, we have designed a robust and efficient DNA 
vector that encodes a human IgG1 antibody with its CDRs replaced 
with restriction sites to enable rapid insertion of single or multiple 
T cell epitopes. These DNA vaccines efficiently present a wide range 
of CTL and helper epitopes and stimulate high frequency CTL 
and helper responses. DNA vaccines are quicker and cheaper to 
manufacture and stimulate strong T cell responses in animal models. 
Early studies to translate them into humans have shown limited 
responses; however, this has recently been significantly improved by 
the development of enhanced delivery devices.64,65 This technology 
is a novel approach to vaccination and demonstrates the potential for 
the system to be used as a multivalent vaccine for many cancer types 
and infectious disease.

Comparison of the ImmunoBodyTM DNA vaccine encoding 
TRP-2 epitope to whole murine TRP2 antigen DNA immunization 
revealed significantly enhanced responses from ImmunoBodyTM 
DNA. Previous studies have shown that xenogenic DNA immuniza-
tion can stimulate a response to TRP-2, but breaking tolerance to 
this epitope from syngeneic DNA has been largely unsuccessful.52 
The generation of anti-tumor immunity to a syngeneic self antigen 
has been demonstrated, but only when enhanced by adjuvants and 
in the absence of regulatory T cells.53-55 This would suggest that the 
presence of regulatory determinants within syngeneic whole tumor 
antigen sequences that are absent in xenogeneic sequence prevents 
the generation of efficient T cell responses. The removal of immu-
nogenic epitope sequences out of the regulatory environment of the 
whole antigen and into an inert carrier such as an ImmunoBodyTM 
therefore enhances the immune responses. Furthermore, responses 
to the melanoma associated antigen TRP2 from ImmunoBodyTM 
DNA vaccine were strong enough to show in vivo growth delay of 
the aggressive B16F1 melanoma tumor.

Also of interest was that all of the epitopes shown to be presented 
by the immunoproteasome were efficiently processed and presented, 
but epitopes that are destroyed by the immunoproteasome (gp100 
wild type) or peptide epitopes that have never been shown to be 
presented as immunogens within whole proteins (MAGE3, TERT 
and VEGFR2) all failed to elicit responses. The TERT epitopes were 
placed in several CDRs to determine whether adjacent residues within 
the antibody were altering processing, but there was still no response. 
The VEGFR2 and MAGE-3 epitopes were incorporated with adja-
cent residues from their antigens or with poly alanines to facilitate 
processing, but none of these interventions resulted in the efficient 
generation of responses (data not shown). Future studies will confirm 
if ImmunoBodyTM preferentially targets activated DCs expressing the 
immunoproteasome, and if only epitopes liberated by these prote-
osomes will be suitable candidates for ImmunoBodyTM targets.

As anticipated, replacement of CDR regions other than CDR3 
with any of the epitopes prevented heavy and light chain association 
and resulted in predominantly heavy chain secretion. However, 
contrary to expectation, DNA constructs encoding antibody that 
showed no or very low levels of secretion of intact antibody gave as 
good or better responses than constructs expressing intact antibody. 
Initially it was believed that gene gun immunization functioned 
via the direct transfection of APCs that travel to lymph nodes 
where they activate T cells.56-58 However, more recent studies have 
suggested that cross presentation is the major route for CTL induc-
tion following this type of immunization.59 The apparent difference 
in the frequency of responses generated from ImmunoBodyTM DNA 
compared to the protein equivalent suggests that the direct transfec-
tion of skin APCs does play a role in the generation of these immune 
responses. There is evidence in the literature that peptide epitopes 
can commonly be generated from defective polypeptides that have 
errors in translation or post-translational modification, or are mis-
folded. Collectively, these are known as defective ribosomal products 
(DRiPs).60-62 It is therefore possible that insertion of epitopes into 
CDRs that disrupt antibody folding enhance the processing of anti-
genic peptides from ImmunoBodyTM DNA. However, this is not the 
only method by which ImmunoBodyTM DNA induces responses, as 
abrogation of protein secretion via removal of the leader sequence 
led to reduction in responses, suggesting that secreted protein is 
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pMoLIBBsi HepB help/L1. The BsiWI site was removed to retain 
wild type murine kappa sequence. This was achieved by overlapping 
PCR with reamplification of the murine full length chain. The full 
length murine kappa chain containing HepB help in the L1 site was 
excised and cloned into the BamHI/XhoI sites of the intermediate 
double expression vector described above in direct replacement of 
the DeImmunized human kappa chain to generate the murine IgG2a 
construct with gp100 210M epitope in CDRH1, TRP2 epitope 
in CDRH2 and HepB helper epitope in CDRL1. Sequence was 
confirmed.

The different versions of the VL regions containing L1, L2 and 
L3 sites singly and in combination were inserted into the interme-
diate single chain vector pMoLIBBsi HepB help/L1using BamHI/
BsiWI and the above method of overlapping extension PCR adopted 
utilizing the same primers to generate the murine full length single 
chain vectors pMoOrigLIB containing the L1, L2 and L3 sites. After 
insertion of epitopes into these sites within these vectors the murine 
VL region can be effectively exchanged into the double murine IgG2a 
expression vector using BamHI and ClaI.

Transfection. Ten microliters of Lipofectamine 2000 (Invitrogen) 
and 4 μg of plasmid DNA were diluted with Optimem I Reduced 
Serum medium (Gibco BRL, USA), gently mixed and incubated at 
room temperature for 20 minutes to form complexes. The complexes 
were added to CHO cells (Chinese hamster ovary cells, ECACC, 
UK) in 35 mm wells of a 6-well tissue culture plate. After 24 hours 
incubation at 37°C, in 5% CO2 cells were harvested and plated into 
96 well tissue culture plates in medium containing Zeocin at a final 
concentration of 300 μg/ml (Invivogen, USA). Resistant clones were 
cloned for Ig secretion by capture ELISA.

Sandwich ELISA. Falcon 96-well flexible plates were coated, 
overnight at 4°C, with 50 μl of anti-human IgG, Fc specific anti-
body (Sigma, UK) or anti-human kappa light chain antibody (Dako, 
Denmark) at 10 μg/ml in PBS. Plates were washed three times with 
200 μl/well PBS-Tween 20 (0.05%) and wells blocked with 1% fish 
skin gelatin (Sigma) in PBS (1% FSG/PBS). Plates were incubated 
1 hr at room temperature and washed with PBS-Tween 20 (0.05%). 
Tissue culture supernatant containing expressed ImmunoBodyTM 
or purified ImmunoBodyTM protein (50 μl) was added to the 
wells, in triplicate, and plates were incubated for 1 hr at room 
temperature. Plates were washed with PBS-Tween 20 (0.05%) 
and bound ImmunoBodyTM was detected by adding 50 μl/well of 
peroxidase-conjugated anti-human IgG, Fc specific antibody (Sigma) 
or anti-human kappa light chain antibody (Sigma), diluted 1/2000 
in 1% FSG/PBS, and incubated 1 hr at room temperature. Plates 
were washed with PBS-Tween 20 (0.05%) and developed by adding 
TMB substrate (R&D Systems, USA) at 50 μl/well. Absorbance was 
measured at 650 nm.

SDS-PAGE and western analysis. To check for formation of 
intact antibody, purified protein and supernatants containing protein 
secreted by transfected CHO-S cells with the ImmunoBodyTM 
constructs were ran on a 12% SDS-PAGE under non reducing condi-
tions. Western blot analysis was performed according to Towbin et 
al.36 Purified antibodies (2 μg/Lane) and supernatant from CHO-S 
cells transfected with the ImmunoBodyTM constructs were electro-
phoresed on a 12% SDS-PAGE gel and then blotted onto 0.45 μm  
nitrocellulose membrane (Hi-bond, GE Healthcare, USA). The 
membrane was blocked by soaking in 1% BSA in PBS-Tween 20 

Materials and Methods

Generation of the ImmunoBodyTM single heavy and light 
chain vectors. Multi step cloning was required in order to generate 
the ImmunoBodyTM heavy and light chain plasmids pOrigHIB 
and pOrigLIB (Fig. 1A and B). These contained the murine vari-
able heavy (VH) and kappa (VL) regions PCR cloned from a 
DeImmunized mouse human chimeric antibody (SC100) and 
inserted upstream and in frame with the human kappa and heavy 
IgG1 constant regions. Each chain was under the control of the 
CMV early promoter and BGH polyadenylation signal.

Replacement of CDRs with unique restriction recognition 
sequences. The CDR regions were removed and replaced with 
unique restriction sites by overlap extension PCR using the heavy 
chain variable region oligonucleotides H1, H2, H3 and huHeClonR 
IgG constant region reverse primer (Table 1) for first round PCR. 
Similarly, for the light variable region, the oligonucleotides L1, L2, 
L3 and reverse primer huLiClonR were designed to replace each of 
the three CDRs (Table 1). Resulting PCR product was then used 
in a subsequent PCR as a reverse primer in conjunction with the 
CMV forward primer. The amplified DNA fragment was cloned 
directly into the TA TOPO vector pCR2.1 (Invitrogen, USA) and 
clones sequenced to confirm amplification of the VH and VL region 
devoid of the CDRs and replacement of restriction site. The different 
versions were then cloned back into pOrigHIB and pOrigLIB 
using HindIII/AfeI and BamHI/BsiWI with direct replacement of 
the parental wild type DeImmunized SC100 VH and VL regions  
(Fig. 1D).

Construction of the ImmunoBodyTM double expression vector. 
To generate the ImmunoBodyTM double expression vector pDCOrig, 
pOrigHIB was linearized and the entire light chain expression 
cassette consisting of the CMV promoter, antibody light chain and 
the BGH polyA signal were inserted to form the construct pDCOrig 
(Fig. 1C). Orientation of the light chain cassette within pDCOrig 
was confirmed by restriction analysis.

Generation of mouse IgG2a pDCOrig IB15. For amplification 
of the murine IgG2a constant region cDNA was used as a template, 
synthesized from total RNA isolated from the hybridoma cell 
line 337, with the forward primer moIgG2aC1AfeFor containing 
the restriction site Afe1 and the reverse primer moIgG2aXbaRev 
harboring a XbaI site after the stop codon. The murine IgG2a 
constant region was cloned in frame with the murine VH region 
into the Afe1/XbaI sites of the vector pOrigHIB effectively replacing 
human IgG1 generating the single chain vector pMoOrigHIB.  
A section of pMoOrigHIB containing the murine IgG2a constant 
region was transferred from the single construct into the double 
expression vector containing, gp100 210M epitope in CDRH1, 
TRP2 epitope in CDRH2 and HepB helper epitope in CDRL1, in 
frame with the murine VH region using AfeI and the single cutter 
AvrII located in the SV40 promoter to generate a intermediate 
double expression vector still containing a human kappa region.

For amplification of the murine kappa region the cDNA was used 
as a template with the primers moLC1BsiFor containing a BsiWI 
site and moLCXhoIRev containing an XhoI site after the stop codon 
(Table 1). The murine kappa region was excised and ligated into the 
BsiWI/XhoI sites of the vector pOrigLIB HepB help/L1 replacing 
the human kappa constant generating the intermediate vector 
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engineered in the variable domain of an immunoglobulin: implications for antibody and 
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(0.1%) overnight at room temperature. After washing in PBS-Tween 
20 (0.1%) the Horseradish peroxidize (HP)-conjugated goat 
α-human IgG specific (Sigma; 1:2000 dilution) and HP-conjugated 
α human kappa light chains (Sigma; 1:2000 dilution) antibodies in 
1% BSA/PBS-Tween 20 were added for 1 hour at room tempera-
ture. After washing, the blot was developed using ECL reagents (GE 
Healthcare) according to manufacturer’s instructions and exposed to 
photographic film.

Mice and immunizations. Animal work was carried out under 
a Home Office approved project licence. Female C57Bl/6 (Charles 
River, UK), Balb/c (Harlan, UK), HLA-DR4 transgenic (Taconic, 
USA) or HLA-A2 transgenic (HHDII; Pasteur Institute, Paris) were 
used between 6 and 12 weeks of age. DNA was coated onto 1.0 μm 
gold particles (BioRad, Hemel Hempstead, UK) using the manu-
facturer’s instructions and administered intradermally by the Helios 
Gene Gun (BioRad). Each mouse received 1 μg DNA/immunization. 
For protein immunizations 100 μg of protein in complete Freund’s 
adjuvant was administered s.c. for the prime and 100 μg of protein 
in incomplete Freund’s adjuvant for booster immunizations. Mice 
were immunized at 0, 7 and 14 days and spleens removed at day 20 
for analysis unless stated otherwise. For tumor challenge experiments 
mice were immunized as above and concurrent with the final immu-
nization injected with 2.5 x 104 B16F1 cells subcutaneously. Tumor 
growth was monitored at 3–4 day intervals and mice were humanely 
euthanized once tumor reached >10 mm in diameter.

Ex vivo elispot assay. Elispot assays were performed using murine 
IFNγ capture and detection reagents according to the manufacturer’s 
instructions (Mabtech, Sweden). In brief, anti-IFNγ antibodies were 
coated onto wells of 96-well Immobilin-P plate and triplicate wells 
were seeded with 5 x 105 splenocytes which were harvested by spleen 
perfusion, washed and resuspended in RPMI 1640 10% foetal calf 
serum. Synthetic peptides, at a variety of concentrations, were added 
to these wells in triplicate and incubated for 40 hrs at 37°C. After 
incubation, captured IFNγ was detected with by a biotinylated 
anti-IFNγ antibody and development with a streptavidin alkaline 
phosphatase and chromogenic substrate. Spots were analyzed and 
counted using an automated plate reader.

Statistical analysis. Comparative analysis of the Elispot results 
was performed by applying the t-test with values of p calculated 
accordingly.
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