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COMMENTARY
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ABSTRACT

ARTICLE HISTORY

We report on the design of a phase I, non-randomized, open-label study of idiotypic DNA vaccination in
patients with B-cell non-Hodgkin’s lymphoma (ISRCTN31090206). The study uses DNA fusion gene
vaccination encoding patient-speciﬁc single chain variable fragment, or idiotype, linked to an
immunostimulatory sequence. Two types of immunostimulatory sequence are being explored: potato
virus X coat protein and human chemokine MIP3a. Linear polyethylenimine with low molecular weight (8
kDa) is used as a synthetic vehicle for vaccine delivery. Humoral and T-cellular immune responses to
vaccination will be measured by ELISA and ELISPOT, respectively. The primary study endpoints are safety,
tolerability and immunogenicity of DNA-PEI vaccination.
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Introduction
Despite recent advances in chemotherapy, B-cell non-Hodgkin’s lymphoma (NHL) remains an incurable disease with a
slow progression and recurrent relapses. In 2014, the incidence
of lymphoma in Belarus was 707 cases,1 of which approximately 80% were mature NHL, including diffuse large B-cell
lymphoma (22 %), which has a median survival of 7–10 y from
diagnosis, small lymphocytic lymphoma (16.7%) and follicular
lymphoma (11.6%).2 Immunotherapy, including vaccination,
could be used for the stabilization of ﬁrst remission.
Immunoglobulin (Ig) on the surface of lymphoma cells is
unique for each malignant clone. The Ig heavy and light chain
variable regions form the idiotype (Id), which serves as a
tumor-speciﬁc antigen and can be targeted by vaccination.
Anti-Id vaccination was ﬁrst used as a therapy in 1992 when
Ron Levy and Larry Kwak from Stanford University immunized 9 patients with hybridoma-produced, tumor-speciﬁc Id
and showed both immune and clinical responses to vaccination.3 Subsequently, several phase I and II clinical trials4-7 and
one phase III trial8 have used hybridoma-produced or recombinant Id protein for vaccination and have demonstrated both
immunogenicity and clinical beneﬁt, while toxicity was low.
Such clinical trials require the preparation of patient-speciﬁc
vaccines and a signiﬁcant drawback to the hybridoma approach
is that of the complexity, long duration and high cost of custom
made Id protein vaccines. Alternative methods of recombinant
protein production include the expression of Id in insect cells
using baculovirus,9 mouse lymphoma cell lines5 and plants.10,11
In recent decades, DNA vaccines have attracted considerable
attention because of their simple preparation and ﬂexibility. A
DNA vaccine is a plasmid vector that encodes the antigen of

interest under the control of a mammalian promoter.12,13 Clinical
trials using DNA vaccination are rapidly increasing in number
and diversity;14-16 currently, 1024 trials are registered on
ElinicalTrials.gov, of which 229 target cancer. DNA vaccines
have several signiﬁcant advantages facilitating their clinical use:
ﬁrst, they can be easily produced in bacteria; second, DNA injection is safe and well tolerated with minimal side effects; third,
bacterial DNA is able to stimulate the innate immune system
through hypomethylated CpG sequences, thus providing an
adjuvant effect;13 and ﬁnally, DNA vaccines offer a precise but
ﬂexible strategy for vaccine design, for example, immunoenhancing sequences can be easily added through genetic manipulation to produce fusion genes that can increase the immunogenicity of tumor antigens. Several immune-enhancing sequences
have been used previously, including fragment C of tetanus toxin
(FrC),17 human chemokine genes,18 potato virus X coat protein
(PVXCP)19 and E.coli heat labile toxin.20
The ﬁrst trial of Id DNA vaccination was performed by Timmerman et al. in 2002,21 in which 2 plasmids, one encoding Id
and the second the immunostimulatory gene GM-CSF, were
used. Vaccine formulation was not wholly successful with only
one of 12 patients developing an anti-idiotypic immune
response. A second trial was performed in patients with myeloma in which the variable regions were assembled as a single
chain variable fragment (scFv) fused to FrC (scFv-FrC). Intramuscular vaccination of 25 patients resulted in the generation
of anti-FrC (72% of patients) and anti-Id (38% of patients)
immune responses.13 These data have provided proof-of-principle for Id DNA vaccination, but indicate that immunogenicity
requires further enhancement.

CONTACT A. N. Meleshko, PhD
meleshko@tut.by
Head of Genetic Biotechnology Laboratory, Belarusian Research Center for Pediatric Oncology, Hematology
and Immunology, 223053, Minsk region, v. Borovlyani, Frunzenskaya st., 43, Belarus.
© 2017 Taylor & Francis

2

A. N. MELESHKO ET AL.

Polyethylenimine (PEI) is a cationic polymer commonly
used as a transfection reagent in vitro22 and synthetic vehicle
for transgene and DNA vaccine delivery in vivo.23-25 It has
been shown that T-cell immune responses can be increased by
20-fold with DNA-PEI complexes compared with responses elicited by intramuscular injections with naked DNA.24 Enhancement of plasmid DNA immunogenicity with linear PEI has
also been demonstrated in mouse models.26 In this study, we
attempt to evaluate Id DNA vaccination, delivered as a DNA/
PEI complex, in patients with NHL.
Objectives and study design
Most idiotypic vaccination clinical studies have been conducted
in patients with follicular lymphoma, but positive beneﬁt has
also been shown for other types of lymphoma.27 Vaccination
has clinical utility for lymphoma with slow tumor progression,
where remission is expected to be maintined and partial or
complete immune reconstitution after chemotherapy is likely
to be achieved by 6 months to enable the development of
immune responses following vaccination.
The study opened in April 2014 and remains on-going.
This study will include a maximum of 30 patients with stage
3 or 4 of the disease with the following diagnoses and in
whom partial or complete clinical remission has been
achieved: follicular lymphoma; small lymphocytic lymphoma/chronic lymphocytic leukemia; mantle cell lymphoma; nodal marginal zone B cell lymphoma; MALT
lymphoma; lymphoplasmacytic lymphoma; diffuse large Bcell lymphoma. Patient eligibility criteria are shown in
Table 1. During vaccination, patients should avoid taking
non-steroidal anti-inﬂammatory drugs or steroids; if a
patient is forced to take them for more than 1 week for medical reasons, vaccination will cease and the patient will be
excluded from further participation in the study.
Tumor tissue is obtained by lymph node biopsy (lymphomas) or bone marrow aspiration (CLL). Surgically excised

lymph node (approx. 1 cm3) is delivered fresh to the laboratory
in a sterile container containing RPMI medium plus 15% FBS.
Tissue is placed in a small petri dish ﬁlled with the same
medium and milled with a scalpel or surgical scissors. The cell
suspension is collected, ﬁltered through a nylon cell strainer
and washed once with sterile PBS. A cell count is performed in
the Gorjaev’s chamber with 3% acetic acid and methylene blue.
In case of bone marrow biopsy, mononuclear cells (MNCs) are
isolated by centrifugation on density gradient (Histopaque1077, Sigma).
Lymphoma cell counts and expression of surface Ig is determined by ﬂow cytometry. Cell suspension aliquots containing
approx. 250 000 cells are stained with monoclonal antibodies in
4 tubes: 1. Isotype control; 2. CD45-FITC, CD20-PE, CD3PC5, CD19-PE-Cy7; 3. IgG-PE-Cy5, IgM-FITC, CD19-PECy7; and 4. kappa-FITC, lambda-PE, CD19-PE-Cy7. Immunoglobulin expression is estimated on lymphocytes as gated using
SSC/FSC and CD19C. Samples containing more than 80% of
malignant lymphoma cells with a clear monoclonal population
of CD19C cells expressing one type of heavy and light chain
are used for vaccine production. Aliquots of 5–8£109 cells are
lysed for RNA and DNA extraction, the remaining cells are
immediately cryopreserved in liquid nitrogen for further
immunological testing.
RNA is isolated using TRIreagent (Sigma) according to the
manufacturer’s instructions, dissolved in sterile water and evaluated by spectrophotometry before immediate storage at
¡80 C. One mg of total RNA is used for cDNA synthesis with
SuperScriptIII reverse transcriptase (Invitrogen) and Oligo-dT.
Variable region genes of heavy and light Ig chains identiﬁed by
ﬂow cytometry are ampliﬁed as described previously.28 In brief,
semi-nested PCR using high-ﬁdelity DNA-polymerase with a
set of forward primers and a distal reverse primer is used. First
step PCR products are separated by polyacrylamide gel electrophoresis and products of the expected size are extracted and
the DNA eluted and sequenced. In a second step, PCR restriction sites, start, stop codons and 6-His tags are added to the VH

Table 1. Eligibility criteria.
Inclusion criteria
1. Surface immunoglobulin G or M isotype expression on tumor cells
2. Presence of tumor tissue biopsy before any treatment
3. The physical status scale ESOG 0 – 2.
4. Life expectancy at least 24 months.
5. The age of patients from 18 to 75 years.
6. Adequate renal, hepatic, and bone marrow function
7. Signed written informed consent.
8. The patient’s ability to carry out the instructions of the doctor-researcher and
comply with the treatment plan
Vaccination begins (continues) if:
1. Tumor idiotype identiﬁed and cloned.
2. No progression requiring chemotherapy or radiotherapy.
3. Peripheral blood test: leukocytes count >1.5 £ 109/L, platelets >75.0 £
109/L., hemoglobin >80 g/L.
4. More than 2 month after the last cytostatic or immunosuppressive
chemotherapy (4 month after Rituximab).

Exclusion criteria
1. Pregnancy and lactation.
2. The presence of multiple primary cancer.
3. History of autoimmune diseases (except Hashimoto’s thyroiditis);
4. Severe diseases, including proceeding with symptomatic, untreated inﬂammatory
and infectious processes.
5. Social, economic or geographic circumstances, which can impede proper
compliance with treatment protocols and follow-up.
6. Polysensitisation.
7. Positive tests for human immunodeﬁciency virus (HIV), hepatitis B or C.
Disposal criteria
1. Individual intolerance of the vaccine
2. The desire of the patient to stop the study.
3. Nonresponders to standard chemotherapy (progression or reduction in tumor
volume less than 25% of the original)
4. Serious adverse events occurring in patients during the study.
5. Patient violation of conditions of the study.
6. Pregnancy.
7. Identiﬁcation of a second cancer.
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and VL fragments by 50 extension of primers. Overlap extension
PCR (OE-PCR) is used to fuse VH and VL fragments as scFv.
Following extraction, scFv fragments are cloned into the
pTZ57R vector and used to transform E.coli XL10Gold. Transformation is performed by the calcium-cold method and bacteria are seeded on Petri dishes with S-Gal/IPTG for LacZselection. At least 10 white colonies are selected for plasmid isolation and sequencing. scFvs with the correct sequence are
subcloned into the pING vector together with the costimulatory
gene, either PVXCP or MIP-3A (Fig. 1). Alternatively, the scFv
fragment is cloned directly into the vector by OE-PCR and
homology recombination in E.coli.29 The assembled plasmids
are veriﬁed by restriction mapping and DNA sequencing.
Extraction of plasmids is performed by MaxiPrep Kit (Life
Technologies). Plasmid DNA is eluted using sterile DPBS
buffer. Quality control measures include agarose electrophoresis for plasmid isoform assessment (supercoiled form >80%
DNA) and spectrophotometry (OD260/280nm 1.8 –2.0,
OD260/230nm 1.8 –2.4).30 DNA concentration is veriﬁed by
Qubit Fluorometric Quantitation.
The study remains on-going until the completion of the study
objectives. The study was approved by the ethics committee in
the National Cancer Center of Belarus (protocol reg.#
20142755). After informed consent, patients undergo an excisional lymph node biopsy to conﬁrm diagnosis and to provide
the material for Id identiﬁcation and cloning. Patients receive
standard therapy following diagnosis and then remain untreated
for a period of 2 to 6 months to allow for immune recovery
(Fig. 2). Once a vaccine is prepared, the patient receives one or 2
courses, each consisting of 3 vaccinations administered monthly.
One dose includes 500 mg of plasmid DNA in 1–2 ml of sterile
DPBS buffer. Linear PEI (8 kDa) is used to prepare a complex
with plasmid DNA in a ratio of 10:1 (PEI:DNA), as described
previously.25 The required amount of a 10 mg/ml PEI stock solution is diluted with 5% glucose and added to an equal volume of
DNA and rapidly mixed by pipetting. The mixture is kept for 10
minutes at room temperature to allow the formation of complexes before administration by intramuscular injection into the
gluteal muscle. One of 2 vaccine constructs (scFv-PVXCP or
MIP3A-scFv) is used per patient. One week after the last injection, peripheral blood is collected for evaluation of the immune
response, if no speciﬁc anti-idiotypic response is detected, a second course of vaccination is administered.
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The study objectives are to examine (1) the safety and tolerability of DNA vaccination; (2) the immunological response to 2
separate DNA fusion vaccines; (3) the clinical response to
DNA vaccination by monitoring of the minimal residual disease (MRD) by RQ-PCR and dissemination of tumor by MRT/
PET.
The primary end point of this study is the assessment of the
safety and tolerability of DNA vaccination and based on the
published data, we assume that any adverse events will not
exceed grade 1–2 according to Common Terminology Criteria
for Adverse Events (CTCAE).
The secondary end point of this study is the evaluation of
the immunologic response to vaccination (anti-Id cellular and
humoral immune response). Peripheral blood mononuclear
cells (PBMCs) and sera are collected from patients both before
and after vaccination. Induction of cellular immunity will be
assessed by cultured IFNg ELISPOT. Pre- and post-vaccine
PBMCs are cultured with antigenic proteins (PVXCP or IdscFv) for 14 d before the cells are re-stimulated in an ELISPOT;
a threefold increase in the number of IFNg-producing T cells
in the post-vaccine PBMC sample as compared with the prevaccine sample will be considered positive.
Proliferative responses are based on staining of PBMCs with
a ﬂuorescent dye PKH-26. Pre-stained PBMCs cultures are
incubated with antigenic proteins (PVXCP or Id) for 6 d. T-cell
proliferation is estimated by a decrease of PKH-26 ﬂuorescence
relative to the negative control. A threefold difference in number of proliferating cells in the post-vaccine PBMC samples as
compared with the pre-vaccine samples is considered positive.
Phytohaemagglutinin (PHA) is used as a positive control (0.2–
0.5 mg/ml).
Humoral responses are analyzed by ELISA. Plates coated
with antigenic proteins (PVXCP or Id-scFv) are incubated with
serial dilutions of patient serum and after washing were stained
with HRP-labeled anti-human immunoglobulin antibodies. A
threefold increase of positive cells in post-immune serum compared with pre-immune serum is considered positive immune
response.
MRD detection has been described previously.31 Clonal IgH
and IgL gene rearrangements are identiﬁed during vaccine
preparations. Allele-speciﬁc primers to CDR3 are used for the
real-time quantitative polymerase chain reaction (RQ-PCR)
measurement. DNA from primary removed lymph node is
used for standard curve construction. DNA from follow up
samples of peripheral blood and bone marrow (if available) are
ampliﬁed in triplicate. For normalization, the same samples are
ampliﬁed with primers to the albumin control gene. Interpretation of MRD analysis results is performed in accordance with
the guidelines published by the European Study Group on
MRD detection.32

Discussion

Figure 1. Constructions of DNA-vaccines. HL2 – helical linker 2: AEAAAKEAAAKEAAAK,
LP – leader peptide, ATG и TAA – start- and stop-codons for protein translation, Restriction sites: Rs1 – BamHI or KpnI, Rs2 – SalI or HindIII, Rs3 – NotI, Rs4 – NdeI.

The immunogenicity and clinical efﬁcacy of Id vaccination has
been proven in many clinical trials. In the last decade, the study
of DNA vaccination for cancer immunotherapy has intensiﬁed,
as demonstrated by a rapidly increasing number of registered
clinical trials. Plasmid DNA vaccines targeting cancer antigens
have low immunogenicity and questionable efﬁcacy when used
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Figure 2. Overall treatment plan.

in isolation.33 However, by tailoring the method of DNA
delivery, the expression of antigen and its targeting into
antigen-presenting cells may be enhanced. Electroporation is
recognized as one powerful way in which this can be achieved
in the clinic.34,35 However, electroporation requires the availability of specialized equipment. Combining plasmid DNA
with a synthetic polymer to form a complex before administration to the patient can facilitate the entry of DNA into the cell,
thus improving antigen expression, and represents an easily
accessible and a convenient alternative.36-38 In this study, we
plan to enhance transfection efﬁciency by complexing plasmid
DNA with a cationic polymer – linear PEI with low molecular
weight (8 kDa). To our knowledge, this is the ﬁrst application
of PEI as a carrier for DNA vaccines administered to human
subjects. Many preclinical studies have shown a signiﬁcant
increase in immunogenicity of DNA-PEI conjugates, as well as
a dramatic reduction in toxicity as the molecular weight of the
polymer is reduced.22,23,25,26,38 The use of PEI in clinical vaccination has been approved by the regional regulatory authorities
(State Committee on Science and Technology of the Republic
of Belarus).
The model design of a DNA vaccine features a fusion of the
target antigen to an immunostimulatory sequence. The majority of clinical trials to date have used fragment C (FrC) of tetanus toxin as the immunostimulatory sequence. However, more
recent trials have reported the use of the human chemokine
CCL20 (MIP3A) in which the resulting fusion protein is
intended to provide enhanced recruitment and uptake by dendritic cells in vivo.39 However, it is unclear whether this design
will be able to provide sufﬁcient CD4C T-cell help as is
required for the induction of humoral and cytotoxic T cell
responses.40 In this study, we are using PVXCP as the immuneenhancer and comparing its action to that of MIP3A. PVXCP
is a potent inducer of Th1 help in preclinical studies,19,41 but
has not yet been used clinically.
Immunity to DNA vaccination will be measured using
methods that enable the quantitative evaluation of both
humoral (ELISA) and T cellular (ELISPOT) responses. The Id
vaccine encoding secretory protein is expected to induce a
humoral immune response predominantly. However, evaluation of the cellular immune responses is necessary to compare
the ability of the 2 different immunostimulatory sequences to
induce the activation of T-helper cells, as measured by the production of IFN-g and capture using ELISPOT assay.42

Conclusions
Previously published data on the preclinical and clinical use of
DNA vaccination to target cancer indicates that they have real
therapeutic efﬁcacy. The clinical beneﬁt of anti-cancer

vaccination is limited by known and tested tumor antigens and
routes of vaccine delivery. Idiotype is one of the most studied
antigens for vaccination against lymphoma. Vaccination using
protein is hampered by the need for the production of Id protein for each patient, a process which could be both long and
complicated. Conversely, the production of DNA vaccine is relatively fast and inexpensive and therefore DNA vaccination
provides and attractive alternative. The novelty of our study is
twofold: ﬁrst, we plan to enhance the immunogenicity of our
DNA vaccine by using one of 2 immunostimulatory sequences
fused to the target antigen; second, we will administer the DNA
vaccine as a complex with the synthetic polymer linear PEI to
enhance the transfection efﬁcacy in vivo.
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