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The present work supported and extended a previous study (used VLIg gene segment type VIV) and 
indicated that a considerable (P<0.001) and specific autologous T-cell proliferation, proliferative index (PI) 
ranged from 386.0 to 399.5 at 20% dendritic cells (DCs):T-cells ratio, restricted mainly (>80%) to the major 
histocompatibility complex (MHC) class-I molecules can be elicited in vitro against other different VLIg gene 
segments (VI, VIII and V2) of myeloma and lymphoma cell lines through a retroviral transduction of 
human DCs generated from CD34+ progenitor cells by phorbol ester (PMA) and under serum-free conditions. 
This study also showed a lesser proliferation, but significant (P<0.05), restricted to MHC class-II molecules 
and specific for VLIg gene segments. The obtained proliferation was almost completely blocked (~95%, 
P<0.001) by anti-CD86 monoclonal antibodies, which confirmed the critical role of the CD86 costimulatory 
molecules in the activation of naive T-cells. The resulting immune responses did not significantly differ 
(P>0.05) among the different types of VLIg gene segments, as VLIg-transduced DCs equally coexpressed the 
VLIg genes and CD86 costimulatory molecules. In conclusion, the present study could provide the basis of a 
VLIg-based immunotherapy in plasma cell and B-cell malignancies.

lthough high-dose chemotherapy or 
chemo-radiotherapy followed by stem 
cell transplantation may result in 

complete remission in multiple myeloma 
(plasma cell tumor) and lymphoma (mature 
B-cell tumor), relapse remains a major 
problem (Tricot et al., 1995; Bertz et al., 
1997). Therefore, novel immunotherapy-
based approaches to control residual diseases 
are urgently needed in such malignancies. 
Neoplastic plasma cells and B-cells expressed 
a unique immunoglobulin (idiotype, Id), 
which considers a tumor-associated antigen 
(TAA) that can be used to produce tumor-
specific immunotherapy (Osterroth et al., 
2000; Butch et al., 2001). 

Up to 20% of myeloma patients have light 
chain disease, where only immunoglobulin 
light chains are produced due to the absence 
of heavy chains synthesis during genetic 
recombination (Sakai et al., 1993). Most 
strategies employed Id-pulsed dendritic cells 
(DCs), the extremely potent antigen 
presenting cells, to elicit anti-tumor T-cell 
responses (Lim & Bailey-Wood, 1999; 

Reichardt et al., 1999; Titzer et al., 2000). In 
many Id-dependent vaccination studies of 
myeloma and lymphoma patients, a 
predominance of immunity against the much 
larger versatile heavy chains, especially their 
third complementarity-determining region, 
with low or no immunity against light chains 
has been observed (Curti et al., 2007; Cohen 
et al., 2009). Therefore, attempts to treat light 
chain myeloma patients by T-cells responded 
primarily to the heavy chain using Id-loaded 
DCs may be futile and the developed 
immunotherapy should be directed instead 
towards the immunoglobulin light chain to 
include such patients. Immunoglobulin light 
chains of neoplastic B-cells can also harbor 
lymphoma-specific antigens (Osterroth et al., 
2000).

Previously, it was found that a considerable 
autologous T-cell responses restricted to the 
major histocompatibility complex (MHC) 
class-I molecules can be elicited in vitro
against the variable region of immunoglobulin 
light chain (VLIg) of multiple myeloma 
patient, which supposed to exhibit a low 
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immunogenicity, through human CD34-
derived DCs expressed VLIg-transgene via a 
retroviral transduction under serum-free 
conditions (Ramadan et al., 2003). For this 
purpose a novel retroviral expression-cloning 
vector containing FLAG (an artificial 
antibody-binding site, DYKDDDDK) instead 
of neomycin (the bacterial antibiotic 
resistance gene, which is strongly 
immunogenic and found in most retroviral 
vectors) was previously constructed to 
facilitate the detection of transfected and 
transduced cells and minimize the immune 
action against xenogneic peptides that 
skewing the elicited VLIg-specific immune 
response (Ramadan et al., 2003). This 
retroviral vector directs the VLIg fused in 
frame with FLAG to the plasma membrane 
via a glycosyl-phosphatidyl-inositol(GPI)-
anchor. Thus, transfected or transduced cells 
can be detected using monoclonal anti-FLAG 
antibodies (Ramadan et al., 2003). Moreover, 
any type of VLIg after addition of XbaI and 
ClaI restriction sites, which are not present in 
any type of human V genes, can be directly 
cloned into this expression vector. 

The polycythemic strain of the spleen 
focus-forming virus (SFFVp) and murine 
embryonic stem cell virus (MESV) hybrid 
retroviral vector backbone, which was 
designed to overcome transcriptional 
inefficiency and silencing associated with 
retroviral gene transfer into myeloid 
progenitors and hematopoietic stem cells, has 
been chosen to induce efficient transfer and 
expression of transgene into DCs (Baum et 
al., 1995). Also, the GPI-anchored construct 
has been chosen because of its stable 
transgene surface expression independent of 
its transcription rate, which is limiting for 
constructs using nerve growth factor receptor 
or epidermal growth factor fusion peptides 
(Austin et al., 2000). In addition, the GPI 
anchoring determining sequences, the first 34 
and last 37 amino acids, within the decay-
accelerating factor (DAF) that are normally 

expressed in DCs themselves (Lampert et al., 
1993; Schgmitz et al., 1995) have been 
chosen to avoid expression of additional 
foreign peptides in DCs.

The type of VLIg gene segment used by the 
tumor cells in a previous study was VIV 
(Ramadan et al., 2003). The present study 
aimed to induce and compare specific T-cell 
immune responses for other different types of 
VLIg gene segments, which isolated from two 
multiple myeloma and one Burkitt's 
lymphoma cell lines. Such studies could 
provide the basis of a VLIg-based 
immunotherapy in plasma cell and B-cell 
malignancies.

Materials and Methods

Isolation and Determination of the Myeloma and 
Lymphoma VLIg Gene Segments

Multiple myeloma cell lines, RPMI-8226 (#ACC-402; 
Matsuoka et al., 1967) and NCI-H929 (#ACC-163; 
Gazdar et al., 1986), were purchased from DSMZ 
(German Collection of Microorganisms and Cell 
Cultures, Braunschweig, Germany). Burkitt's 
lymphoma cell line, Daudi (#CCL-213; Klein et al., 
1968), was purchased from ATCC (American Type 
Culture Collection, Manassas, VA, USA). All lines 
were cultured according to the manufacturer’s 
instructions. 

Total RNA was isolated from 2107cells by 
RNAzol-B (Cinna Biotecx Labs Inc, Houston, TX, 
USA) according to the manufacturer’s instructions. 
Reverse transcriptase-polymerase chain reaction (RT-
PCR) was carried out using a mixture of 5'-
oligonucleotide FWR1 primers specific for the 
expressed V or V families together with a mixture of 
downstream 3'-primers specific for J or J genes 
(MWG Biotech AG, Ebersberg, Germany), as 
previously described (Sahota et al., 1997). After 
sequencing, alignment was made to current EMBL-
GenBank and V-BASE sequence directories (Cook & 
Tomlinson, 1995) using MacVector 4.0 sequence 
analysis software (International Biotechnologies Inc, 
New Haven, CT, USA) to determine the type of VLIg 
gene segments used by the myeloma and lymphoma 
cell lines.

Construction of the Retroviral Vectors

The retroviral vectors pSFs(FLAG)DAF, 
pSFs(FLAG-VLIgRPMI-8226)DAF, pSFs(FLAG-
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VLIgNCI-H929)DAF and pSFs(FLAG-VLIgDaudi)DAF 
were constructed, as previously described (Ramadan et 
al., 2003). Briefly, the XbaI-(VLIgRPMI-8226)-ClaI, XbaI-
(VLIgNCI-H929)-ClaI and XbaI-(VLIgDaudi)-ClaI were 
constructed by PCR using the following primers: 5'-
TGC TCT AGA GCA CAG TCT GCC CTG ACT C-3' & 
5'-CCC ATC GAT GGG ACC GAG GAC GGT CAC C-
3', 5'-TGC TCT AGA GCA GAA ACG ACA CTC ACG-
3' & 5'-CCC ATC GAT GGG ACG TTT GAT CTC CAC 
C-3' and 5'-TGC TCT AGA GCA GAC ATC GTG ATG 
ACC-3' & 5'-CCC ATC GAT GGG ACG TTT GAT ATC 
CAC C-3' (MWG Biotech AG), respectively, and were 
inserted into the pBluescript SK(+) containing the 

FLAG in frame between the two hydrophobic ends of 
DAF (previously constructed by Ramadan et al., 2003) 
by XbaI and ClaI (New England Biolabs, Beverly, MA, 
USA) digestion (Figure 1). Then, the retroviral vectors 
pSFs(FLAG, FLAG-VLIgRPMI-8226, FLAG-VLIgNCI-H929

or FLAG-VLIgDaudi)DAF were constructed by 
replacing the neomycin resistance (NeoR) fragment of 
pSFN1 (Baum et al., 1995) with pBluescript SK(+)-
NH2(34a.a)DAF-(FLAG without or with VLIgRPMI-8226, 

VLIgNCI-H929 or VLIgDaudi)-DAF(37a.a)COOH, 
respectively, by NotI and HindIII (New England 
Biolabs) digestion (Figure 1).

VLIgRPMI-8226 or NCI-H929 or Daudi

ClaI

XbaI

VLIgRPMI-8226 or NCI-H929 or DaudiXbaI ClaI

XbaI ClaINotI   34 a.a 37 a.a HindIII KpnIFLAG
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3’LTR
SFFVp pUC19

5’LTR
PCMV

 NotI   HindIII
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MESVpSF1N

VLIgRPMI-8226 or NCI-H929 or Daudi
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MESVpSF1N

Figure 1. Steps of the pSFs(FLAG)DAF, pSFs(FLAG-VLIgRPMI-8226)DAF, pSFs(FLAG-VLIgNCI-H929)DAF and 
pSFs(FLAG-VLIgDaudi)DAF retroviral vectors construction. Firstly, the XbaI-(VLIgRPMI-8226)-ClaI, XbaI-(VLIgNCI-H929)-
ClaI and XbaI-(VLIgDaudi)-ClaI were constructed by PCR, and were inserted into the pBluescript SK(+) containing the 
FLAG in frame between the two hydrophobic ends of DAF by XbaI and ClaI digestion. Finally, the retroviral vectors 
pSFs(FLAG, FLAG-VLIgRPMI-8226, FLAG-VLIgNCI-H929 or FLAG-VLIgDaudi)DAF were constructed by replacing the NeoR

fragment of pSFN1 with pBluescript SK(+)-NH2(34a.a)DAF-(FLAG without or with VLIgRPMI-8226, VLIgNCI-H929 or 

VLIgDaudi)-DAF(37a.a)COOH, respectively, by NotI and HindIII digestion. LTR, long terminal repeat; MESV, murine 
embryonic stem cell virus; NeoR, neomycin resistance; PCMV, PCC4-cell-passaged mutant virus; SFFVp, 
polycythemic strain of the spleen focus-forming virus; , indicates the presence of retroviral packaging sequence.
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Generation of High-Titer Helper-Free Pseudotype 
Retroviral Vectors 

Production of high-titer pseudotype retroviral vectors 
was performed, as previously described (Ramadan et 
al., 2003). Briefly, transient transfection of human 
ecotropic packaging cells, NX-Eco (#SD-3444, 
ATCC; Yang et al., 1999) with pSFs(FLAG)DAF, 
pSFs(FLAG-VLIgRPMI-8226)DAF, pSFs(FLAG-
VLIgNCI-H929)DAF or pSFs(FLAG-VLIgDaudi)DAF 
via a superFectTM Kit (Qiagen, Hilden, Germany) was 
utilized to produce murine recombinant retroviral 
vectors that used for transduction of murine 
pseudotyped packaging cells PG13 (#CRL-10686, 
ATCC; Miller et al., 1991) in the presence of 5mg/ml 
protamine sulfate (Sigma-Aldrich Chemie GmbH, 
Schnelldorf, Germany) to generate helper-free 
retroviruses pseudotyped with gibbon ape leukemia env
protein. Viral supernatants were harvested under 
serum-free conditions (CellGroSCGM, CellGenix, 
Freiburg, Germany) at 37C, filtered by a 0.45m filter 
(Millipore GmbH, Eschborn, Germany) and stored at 
80C until using for transduction of human CD34+

progenitor cells.

Generation of Retroviral-Transduced Human 
CD34-Derived DCs

CD34+ progenitor cells were separated from mobilized 
peripheral blood by magnetic cell sorting using CD34 
MultiSort Kit (Miltenyi Biotec, Bergisch Gladbach, 
Germany), expanded for 48h with 300ng/ml Flt-3 
ligand, 100ng/ml interleukin-3 and 100ng/ml stem cell 
factor (Tebu GmbH, Frankfurt/M., Germany) in serum-
free medium CellGroSCGM and transduced three 
times (at day 3, 5 and 7) with 1.0ml mock (retroviruses-
free medium) or undiluted pseudotype retroviral 
supernatants in the presence of protamine sulfate and 
the above cytokines-cocktail, as previously described 
(Ramadan et al., 2003). Transduced CD34+ progenitor 
cells (5104cells/ml) were cultured at 37C and 5%
CO2 in serum-free medium CellGroDC (CellGenix) 
and stimulated with 15ng/ml phorbol ester (PMA, 
Sigma-Aldrich Chemie GmbH) for one week to 
generate mature DCs, as previously described 
(Ramadan et al., 2001).

Flowcytometric Analysis

Mock- and retroviral-transduced, adherent and loosely 
adherent, PMA-derived DCs were harvested with 
1.0mM EDTA in cold phosphate buffered saline 
solution (PBS), washed twice and resuspended in 
staining buffer (PBS plus 0.2% bovine serum albumin). 
Coexpression of VLIg(myeloma or lymphoma) and CD86 (B7-
2) was tested by flowcytometer (FACScalibur with 
CellQuest software, Becton Dickinson) using 

fluorescein isothiocyanate- or phycoerythrin-
conjugated anti-FLAG M2 (Sigma-Aldrich Chemie 
GmbH) and CD86 (clone IT2.2, PharMingen GmbH, 
Hamburg, Germany) monoclonal antibodies, 
respectively, in appropriate concentrations following 
the manufacturer’s instructions. Appropriate 
conjugated isotype-matched antibodies were used as 
controls. To exclude dead cells, 7-amino-actinomycin 
D (PharMingen GmbH) was added to each sample.

T-Cell Proliferation Assay

T-cells were purified from the same mobilized 
peripheral blood by negative selection using the Pan T-
Cell Isolation Kit (Miltenyi Biotec) following the 
manufacturer’s instructions. Autologous T-cell 
proliferation in response to myeloma or lymphoma 
VLIg was assessed at VLIg-transduced DCs:T-cells 
ratios ranged from 0.5% to 20% in the 
presence/absence of 20g/ml CD86 (clone IT2.2, 
PharMingen GmbH), MHC class-I (HLA-ABC, clone 
B9.12.1, Immunotech GmbH, Hamburg, Germany) or 
MHC class-II (HLA-DR, clone B8.12.2, Immunotech 
GmbH) monoclonal antibodies or an isotypic control 
mouse IgG by 3H-thymidine (Na2-

51CrO4, Amersham, 
Braunschweig, Germany) uptake, as previously 
described (Ramadan et al., 2003). T-cells without/with 
mock- or pSFs(FLAG)DAF-transduced DCs were 
used as controls for the assay.

Statistical Analysis

Data are presented as mean value ± standard deviation 
(SD) of three different experiments. Statistical analysis 
was performed with one-way ANOVA and the 
differences among groups were determined by 
Bonferroni’s multiple comparison test (Turner & 
Thayer, 2001) using GraphPad Prism version 4.03 for 
Windows (GraphPad software Inc., San Diego, 
California, USA). P-values of <0.05, <0.01 and <0.001 
were considered statistically significant, highly 
significant and very highly significant, respectively. 

Results

VLIg Gene Segments Expressed in 
Myeloma and Lymphoma Cell Lines

Total RNA (~30g) free of DNA and protein 
contamination (the absorbance at 
260nm/280nm ratio was higher than 1.8) was 
isolated from 2107cells of myeloma and 
lymphoma cell lines. The size of the amplified 
myeloma or lymphoma VLIg by RT-PCR was 
between 300 and 400 base pairs (bp) as shown 
in Figure 2.
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Sequence analysis revealed that the types of 
VLIg gene segments expressed in RPMI-8226 
(339bp), NCI-H929 (327bp) and Daudi 

(324bp) cell lines were V2, VIII and VI, 
respectively (data not shown).

400
300

1 2 3 4 5

400
300

1 2 3 4 5

Figure 2. RT-PCR amplification for VLIg genes expressed in myeloma (RPMI-8226 and NCI-H929) and lymphoma 
(Daudi) cell lines. Lane 1, 100bp DNA Ladder; lanes 2-4 (amplified VLIg of RPMI-8226, NCI-H929 and Daudi, 
respectively); lane 5, negative control.

Expression of VLIg Genes and CD86 
Costimulatory Molecules in the Retroviral-
Transduced DCs

Mature, mock- and retroviral-transduced, 
PMA-derived DCs were large and loosely 
adherent, had numerous cytoplasmic 
protrusions and some developed long 
dendrites, and showed cell aggregations. They 
all were negative for CD1a and positive for 
CD40, CD83, MHC-class I and II (data not 
shown) in addition to the CD86 costimulatory 
molecules (Figure 3). Coexpression of VLIg 
gene and CD86 in PMA-derived DCs 
obtained from CD34+ progenitor cells 

transduced with pSFs(FLAG-VLIgRPMI-

8226)DAF, pSFs(FLAG-VLIgNCI-H929)DAF 
or pSFs(FLAG-VLIgDaudi)DAF pseudotype 
retroviral vectors under serum-free conditions 
were 44.9±2.5%, 40.2±3.8% and 41.0±3.3%, 
respectively (Figure 3). Also, the data shown 
in Figure 3 revealed that VLIg expression in 
transduced DCs did not alter by the different 
types of VLIg, since there were no statistical 
difference (P>0.05) in the percentages of VLIg 
gene and CD86 coexpression among 
VLIg(RPMI-8226, NCI-H929 or Daudi)-transduced 
DCs. 
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Figure 3. VLIg gene and CD86 (B7-2) coexpression of PMA-derived DCs obtained from CD34+ progenitor cells 
transduced with mock (a), pSFs(FLAG-VLIgRPMI-8226)DAF (b), pSFs(FLAG-VLIgNCI-H929)DAF (c) and 
pSFs(FLAG-VLIgDaudi)DAF (d) under serum-free conditions. Data presentation was performed using WinMDI 
version 2.8 program. M2, monoclonal anti-FLAG antibodies.

VLIg-Transduced DCs Induced MHC 
Class-I Restricted Autologous T-Cell 
Proliferation

A marked autologous T-cell proliferation in 
response to DCs expressed VLIgRPMI-8226, 
VLIgNCI-H929 or VLIgDaudi was obtained in this 
study as shown in Figure 4. The proliferative 

index (PI) was augmented by increasing the 
percentage of transduced DCs; PI reached to 
386.0±19.2, 396.4±5.7 and 399.5±7.7 in 
response to VLIgRPMI-8226, VLIgNCI-H929 and 
VLIgDaudi, respectively, at 20% DCs:T-cells 
ratio (Figure 4). Mock- and 
pSFs(FLAG)DAF-transduced DCs failed 
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to induce a marked autologous T-cell 
proliferation (PI was not exceeded 3.5 at 20% 
DCs:T-cells ratio, Figure 4); indicating that 
the proliferation induced by VLIg-transduced 
DCs was specific for VLIg expressed in 

myeloma and lymphoma cell lines. Moreover, 
the results showed that the PI did not 
significantly change (P>0.05) by the different 
types of VLIg used in this study.
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Figure 4. Autologous T-cell proliferative response induced by different concentrations of PMA-derived DCs obtained 
from CD34+ progenitor cells transduced with mock, pSFs(FLAG)DAF, pSFs(FLAG-VLIgRPMI-8226)DAF, 
pSFs(FLAG-VLIgNCI-H929)DAF or pSFs(FLAG-VLIgDaudi)DAF. Proliferative index value was calculated as the ratio 
between the count per minute (CPM) of T-cells in the presence and absence of transduced DCs in the cultures.

On the other hand, VLIg autologous T-cell 
proliferation was mostly inhibited (>80%, 
P<0.001) and significantly inhibited (~20%, 
P<0.05) by anti-MHC class-I (HLA-ABC) 
and anti-MHC class-II (HLA-DR) 
monoclonal antibodies, respectively (Figure 
5). In addition, the resulting proliferation was 
almost completely blocked (~95%, P<0.001) 
by anti-CD86 monoclonal antibodies (Figure 
5). On the contrary, no significant inhibition 
(<11%, P>0.05) was found in the presence of 

an isotypic control mouse IgG (Figure 5). All 
of these data demonstrated the critical role of 
the CD86 costimulatory molecules in the 
activation of naive T-cells and indicated that 
the elicited proliferative response is not 
directed against the constructed whole GPI-
linked fusion protein present at the surface of 
transduced DCs, but is rather stimulated by 
fragments of the VLIg presented mainly on 
MHC class-I molecules.
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Figure 5. Inhibition (%) of autologous T-cell proliferation, induced by PMA-derived DCs obtained from CD34+ 

progenitor cells transduced with pSFs(FLAG-VLIgRPMI-8226)DAF, pSFs(FLAG-VLIgNCI-H929)DAF or pSFs(FLAG-
VLIgDaudi)DAF, in the presence of monoclonal antibodies against CD86 (B7-2), MHC class-I (HLA-ABC) or MHC 
class-II (HLA-DR) molecules compared with an isotypic control mouse IgG. Antibody inhibition (%) = 100  [(The 
CPM of T-cells in the presence of transduced DCs and antibodies  100) / (The CPM of T-cells in the presence of 
transduced DCs only)].

Discussion

Although many Id-based vaccination 
strategies, using either in vitro Id-loaded DCs 
or generated Id-specific T-cells for adoptive 
transfer, have been initiated in multiple 
myeloma and B-cell lymphoma patients, 
clinical responses are still poor (Osterroth et 
al., 2000; Yi et al., 2002; Cohen et al., 2009). 
This may in part be due to the 
immunosuppressive factors produced by 

numerous tumors, such as the transforming 
growth factor beta (TGF-) that inhibits the 
antigen-presenting ability of DCs and hence 
the antitumor activity of DCs vaccines (Kobie 
et al., 2003; Teicher, 2007). Thus, 
cytoreduction and/or anti-TGF- neutralizing 
antibodies may be required in DCs 
vaccination strategy to lower the level of such 
immunosuppressive factors secreted by tumor 
cells (Kobie et al., 2003). Most studies 
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addressing the capacity to elicit an anti-Id 
immune response employed DCs loaded in 
vitro with exogenous Id-protein (Lim & 
Bailey-Wood, 1999; Reichardt et al., 1999; 
Titzer et al., 2000). Although some processed 
peptides of exogenous antigens are presented 
onto MHC class-I molecules by a less 
understood mechanism known as cross-
presentation and generate a feeble CD8+

cytotoxic T-cell immune response, most 
peptides are presented onto MHC class-II 
molecules through an endosomal pathway and 
generate an efficient CD4+ helper T-cell 
immune response (Rock, 1996; Brossart & 
Bevan, 1997; Banchereau & Steinman, 1998). 
Therefore, it was suggested that TAA uptake 
and presentation by DCs need to optimize in 
order to generate in vitro clinically effective 
CD8+ cytotoxic T-cells, instead of CD4+

helper T-cells, against neoplastic plasma cells 
and B-cells (Osterroth et al., 2000; Butch et 
al., 2001). 

Introducing genes into DCs with stable 
expression and at high efficiency by retroviral 
transduction of CD34+ progenitor cells is now 
an established method to generate an efficient 
CD8+ cytotoxic T-cell immune response 
against TAA and restricted to MHC class-I 
molecules (Reeves et al., 1996, Ramadan et 
al., 2003). Indeed, the present study indicated 
that a considerable autologous T-cell 
activation restricted mainly to MHC class-I 
molecules can be elicited in vitro against 
different VLIg gene segments (VI, VIII and 
V2) of myeloma and lymphoma cell lines 
via a retroviral transduction of human CD34-
derived DCs. Also, this study showed a lesser 
proliferation restricted to MHC class-II 
molecules, which is very important since in 
the absence of MHC class-II restricted 
epitopes a direct activation of natural killer 
cells overrides the stimulation of specific 
CD8+ cytotoxic T-cells (Fernandez et al., 
1999). The resulting proliferation was specific 
for VLIg gene segments because Mock- and 
FLAG-only transduced DCs failed to induce a 

marked autologous T-cell proliferation 
(Figure 4). Interesting finding in the present 
study that the obtained immune response did 
not significantly differ (P>0.05) by using 
different types of VLIg gene segments, since 
DCs equally presented them (Figure 3 & 4).

To optimize the retroviral transduction 
efficacy of CD34+ hematopoietic progenitors 
characterized by low level of amphotropic 
virus receptors, the highly transfectable 
ecotropic (NX-Eco) and the murine 
pseudotyped (PG13) packaging cell lines were 
used in this study to generate high-titer 
helper-free virions with gag-pol proteins of 
Molony murine leukemia virus and env 
protein of gibbon ape leukemia virus, which 
are able to infect cells from higher mammals 
and human better than amphotype virions 
(Ramadan et al., 2003). In addition, SuperFect 
(a new class of activated-dendrimer) reagent 
was used to improve transfection results. It 
possesses a defined spherical architecture with 
branches radiating from a central core and 
terminating at charged amino groups, which 
assembles DNA into compact structures with 
a net positive charge that facilitate binding to 
negatively charged receptors (e.g. sialylated 
glycoproteins) on the surface of eukaryotic 
cells. Also, it inhibits lysosomal nucleases 
inside the cells, which ensures stability of the 
SuperFect-DNA complex and transport of 
intact DNA to the nucleus (Tang et al., 1996). 
Moreover, polycations such as protamine 
sulphate were used to increase the 
transduction efficacy of the retroviral vector 
by reducing the electrostatic repulsion 
between the negative charges of viruses and 
target cells (Liu et al., 2000). Pseudotype 
retroviral vectors require cell division for 
integration into the nucleus (Glimm et al., 
1998). Therefore, a round of CD34+

progenitor cells expansion is required during 
transduction period and before their 
differentiation into DCs. A previous study 
(Ramadan et al., 2001) compared different 
cytokines cocktails to optimize ex vivo
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expansion results of CD34+ progenitor cells 
and found that the cells were maximally 
expanded (~5 fold) after 1 week with 
cytokines cocktail containing Flt-3 ligand, 
interleukin-3 and stem cell factor. In case that 
50% of the cytokines-containing medium was 
exchanged after three days and the density of 
cells did not exceed 105cells/ml, the 
expansion of CD34+ progenitor cells 
increased to ~15 fold (data not shown). In 
addition, the DCs differentiation with PMA 
was not affected by pretreatment of CD34+

progenitor cells with the above cytokines 
cocktail (Ramadan et al., 2001). 

In contrast to cytokines that not only 
generates DCs but also macrophages and 
neutrophils as well (Santiago-Schwarz et al., 
1992), PMA (a stable analogue of 2,3-
diacylglycerol that activates protein kinase C) 
induces differentiation of mature DCs without 
causing cell proliferation and the generation 
of cellular intermediates (Davis et al., 1998; 
Ramadan et al., 2001). PMA is specifically 
differentiate CD34+ progenitor cells into DCs, 
as PMA caused macrophage differentiation 
and cell death for CD34-CD15+ cells and 
CD14+ monocytes, respectively (Davis et al., 
1998). In addition, it generates mature DCs
within one week only, which saves time and 
coasts. PMA-derived DCs were large, loosely 
adherent and developed long dendrites in 
addition to veils that characterize the mature 
DCs. These veils usually extend from all part 
of the cells, occasionally cells were observed 
with polarized veils. Also, all PMA-derived 
DCs were negative for CD1a and positive for 
CD40, CD83, MHC-class I and II (data not 
shown) in addition to CD86 (Figure 3), the 
most important ligand to induce CD28-
mediated costimulation for CD8+ T-cell 
activation (Van Gool et al., 1999). These data 
indicated that PMA-derived DCs were 
homogeneous and mature. Anti-CD86 
monoclonal antibodies completely inhibited 
(~95%, P<0.001) the resulting T-cell 
proliferation in response to VLIg-expressed 

DCs (Figure 5). This result confirmed the 
critical role of the CD86 costimulatory 
molecules in the activation of naive T-cells. 
Fetal calf serum was used as a culture 
supplement in most protocols described to 
generate DCs, which contains additional 
foreign antigens leading to the potential 
skewing of the resulting immune response 
(Ramadan et al., 2001). In addition, human 
serum contains growth factors and cytokines 
that vary between individuals, which may 
affect the development of DCs (Luft et al., 
1998). Thereafter, serum-free culture 
conditions were used for such purpose (Bello-
Fernandez et al., 1997; Glimm et al., 1998; 
Luft et al., 1998; Ramadan et al., 2001 & 
2003). Therefore, all experiments including 
expansion, retroviral transduction and 
generation of CD34-derived DCs were 
performed in this study under serum-free 
conditions.  

In conclusion, the present study supports 
and extends a previous hypothesis that VLIg 
of neoplastic plasma and B-cells, which 
supposed to exhibit a low immunogenicity, 
could elicit a specific immune response 
restricted to MHC class-I molecules via a 
retroviral transduction of human CD34-
derived DCs under serum-free conditions. 
Based on the data obtained here, future 
studies will aim to generate autologous VLIg-
specific cytotoxic T-cell lines for adoptive 
transfer treatment strategies in multiple 
myeloma and B-cell lymphoma patients.
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