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Introduction 

Chronic lymphocytic leukemia (CLL) is a heterogeneous
disease ranging from a stable condition requiring no therapy
to a progressive disease refractory to treatment. One impor-
tant molecule associated with this disease is CD38: the
expression of the CD38 antigen on the surface of clonal B cells
is associated with a poor prognosis and reduced overall sur-
vival in patients with CLL.1-6 The expression of CD38 defines
an altered pattern of gene expression including increased lev-
els of anti-apoptotic, pro-inflammatory, signaling and pro-
angiogenic molecules.7,8 However, these experiments were
performed by comparing cells from different patients, with
heterogeneous genetic backgrounds, and other studies depend
on correlations in expression. These comparative experiments
demonstrated a technical limitation of our ability to genetical-
ly modify CLL cells to alter CD38 expression. 

To date, CLL cells have been difficult to genetically modify.
The cells do not grow in liquid culture and most methods of
manipulation result in the modification of a subset of cells and
often cause substantial cell death. To address this problem, we
developed a method of genetically modifying CLL cells using
lentiviruses. This allowed us to increase CD38 expression in all
the patient samples tested (n=17) with high transduction effi-

ciency and viability. Using this approach, we now have the
opportunity to determine whether CD38 can directly alter gene
expression in primary CLL cells and influence cell survival,
migration and proliferation.

Design and Methods

Lymphocyte separation
Following informed consent, peripheral blood samples from CLL

patients with low expression of CD38 were separated using Ficoll-
Hypaque (Sigma, Poole, UK), washed in PBS and counted. Patients were
diagnosed using morphological and immunophenotyping criteria and
were treatment free for at least three months prior to their analysis. 

Generation of lentivirus 
A cDNA corresponding to CD38 (Accession NM_001775) or the first

233 amino acids of rat CD29 was cloned into the pHR' SINcPPT SFFV-
WPRE vector. Transgene expression was under the control of the SFFV
promoter.10 The GFP virus, driven by the same promoter, has been pre-
viously described.10 The vector plasmids (pLentiSEW, pLentiSCD38W
or pLentiSrCD2∆W), together with the gag-pol plasmid (p∆8.91) and
the VSVG envelope encoding plasmid (pMD2-G), were amplified in
bacteria and purified with the Endofree Maxiprep Kit (Qiagen). The
transfer vector (13µg), p∆8.91 (10µg) and pMD2-G (6 µg) was mixed
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Studies of the role of individual genes in chronic lymphocytic
leukemia (CLL) have been hampered by the inability to consis-
tently transfect primary tumor cells. Here, we describe a high-
ly efficient method of genetically modifying primary CLL cells
using a VSVG pseudotyped lentiviral vector. We transduced
CD38 negative CLL cells with a lentiviral vector encoding
CD38 which caused increased surface CD38 expression in all
the samples tested (n=17) with no evidence of plasmacytoid
differentiation. The mean percentage of positive cells express-
ing CD38 was 87%±8.5% and the mean cell viability
74%±17%. This high level of transduction of all the CLL cell
samples tested demonstrates the utility of this technique which
should prove applicable for the introduction and analysis of

other genes in these non-dividing cells. 
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ABSTRACT



with 1.5 mL of CaCl (0.25M) (Sigma Poole, UK). This was added to
1.5 mL of 2X HEPES (Sigma Poole, UK) while bubbling. The solution
was left for 20 min to allow a precipitate to form. This was then
added to a large flask (175 cm2) of 293T cells (approximately 60%
confluent) containing 20 mL of Dulbecco’s Modified Essential Media
(DMEM) with 10% fetal calf serum, 100 units/mL penicillin, 100
µg/mL streptomycin and 2 mM glutamine.11 After 48h, at 37°C, in
5% CO2, the supernatant was removed and centrifuged at 1,700 g
for 10 min to pellet any cell debris, followed by ultracentrifugation
at 121,603 g for two hours to concentrate the virus. The pellet, con-
taining concentrated virus, was re-suspended in DMEM, (Invitrogen,
Paisley, UK) without supplements and stored at -80°C. 

Lentiviral infection of chronic lymphocytic leukemia cells
Primary CLL cells were added to DMEM cell culture media with

supplements (10% FCS, 100 units/mL penicillin, 100 µg/mL strepto-
mycin, 2 mM glutamine). Concentrated viral supernatant was added
to the culture media. The cells were then incubated at 37°C, in 5%
CO2. Expression of CD38 and other molecules were typically mon-
itored after 48 h. No feeder cells or cytokines were added to the cul-
tures. 

Titration of lentivirus
The lentivirus was titrated using CLL cells. Five hundred thousand

CLL cells were placed in 1 mL of DMEM cell culture media with
10% FCS, 100 units/mL penicillin, 100 µg/mL streptomycin, 2mM
glutamine. Volumes of viral supernatant, ranging from 1µL to 128
µL, were added. After 48 h, gene expression was monitored and the
number of infectious virus particles per microliter was estimated by
determining the percentage of cells infected in the linear portion of
the curve. In some cases, the amount of the lentiviral protein, p24,
was determined by ELISA (Helvetica Health Care Sàrl, Switzerland).

Flow cytometry
The following antibodies were used for immunophenotypic

analysis: anti-CD19PE-Cy5 from DACO (C7066), anti-CD38RPE
from Caltag (MHCD 3804-4) and anti-CD2FITC from Santa Cruz
Biotechnology (sc-53036). Expression was measured using a Becton
Dickinson FACSCalibur.12

Results and Discussion

Lentiviral technology represents a powerful method of
genetically modifying quiescent cells.13 Three decisions
underpinned the development of this protocol. Firstly, we
chose to use a viral backbone where transgene expression
was driven by the spleen focus forming virus promoter. The
CMV promoter has been shown to be ineffective in some
quiescent lymphocytes.14 Secondly, we focused on CD38 as
a candidate molecule that is important for CLL prognosis.15

Finally, CD38 is a cell surface marker, detected using flow
cytometry, so the effectiveness of the genetic modification
could be easily monitored. The virus generated to express
CD38 was compared to two other viruses: a virus contain-
ing the genetic material for GFP and a virus containing the
genetic material for truncated rat CD2. 

All three viruses were capable of expressing their trans-
gene in primary human CLL cells following lentiviral infec-
tion (Figure 1A). The highest level of expression was detect-
ed for CD38. We investigated CD38 expression in the CD19
positive population infected with both the CD38 virus and
the GFP virus. A dramatic increase in CD38 was observed
following infection with the CD38 virus (Figure 1B). This
contrasted with a small increase in CD38 expression follow-
ing infection with the GFP-expressing virus (Figure 1B).

Figure 2A and B show CD38 expression following
increasing multiplicity of infections (MOI) of both the CD38
and the GFP lentiviruses. A dose response was observed
depending on the amount of CD38 virus used. This dose
response was apparent for both the percentage of cells that
were CD38 positive (Figure 2A) and the mean fluorescent
intensity for CD38 expression (Figure 2B). It was, therefore,
possible to select a dose of lentivirus which would allow the
expression of physiological levels of CD38 on the surface of
the CLL cells. Importantly, the expression from the CD38
virus at an MOI of one, was higher than the expression of
CD38 seen following infection with the GFP virus, even
with an MOI above ten. The number of viral particles,
determined by ELISA, in both preparations was compara-
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Figure 1. Successful
transduction of CLL cells
with lentivirus. (A)
Treatment of CLL cells
with lentivirus containing
the genetic codes for
CD38 (i), GFP (ii), and a
truncated rat CD2 (iii)
resulted in high levels of
transduction (87%, 70%
and 43%, respectively).
(B) CLL cells from a CD38
negative patient (i) were
infected with a CD38
lentivirus and 94% trans-
duction was achieved (ii).
Infection with a GFP con-
trol lentivirus saw a 9.7%
increase in CD38 expres-
sion (iii). 
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ble. CD38 mRNA expression, measured by quantitative
PCR, was higher in CD38 virus treated samples than in
untreated or GFP virus treated samples (Online Suppl-
ementary Figure S1). The expression of CD38 was sustained
over five days (Figure 2C and D).

Given the heterogeneity of CLL, we investigated the
changes in CD38 expression following viral infection in
multiple patient samples. A high percentage of cells
expressing CD38 was observed in all patient samples treat-

ed with the CD38 lentivirus (Figure 3A; n=17, mean per-
centage of positive cells (±SD) was 87% ±8.5%). To inves-
tigate the effect of lentivirus on cell differentiation, we ana-
lyzed the cells following treatment with lentivirus and
observed no major changes in CLL cell morphology (Figure
3B), and only observed a small increase in the expression of
CD138, which is highly expressed in antibody-secreting
plasmacytoid cells (data not shown). Thus, we demonstrated
reproducible transduction of primary CLL cells to manipu-
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Figure 2. Expression of CD38 on virally infected CLL cells. A dose
dependent increase in CD38 expression was observed in both the
number of cells expressing CD38 (A) and in the MFI (B) of sam-
ples following treatment with CD38 virus (diamonds). No such
increase is observed following the addition of a comparable
amount of GFP virus (squares). Following transduction a high level
of CD38 expression was observed on the surface of CLL cells fol-
lowing 24 h incubation. This level was sustained over a period of
five days as measured by the percentage of cells expressing the
CD38 antigen (C) and by the MFI (D) of the sample.

Figure 3. Expression of CD38 in multiple patient samples. (A) The
mean expression of CD38 in the untreated samples was 3±1.8%
(n=17). Following treatment with CD38 virus a mean of 87±8.5%
(n=17) of CLL cells expressed the CD38 antigen. A mean of 8±5.8%
CD38 expression (n=7) was observed in samples treated with con-
trol GFP virus. (B) Morphology of untreated and lentivirus treated
CLL cells following 48 h incubation. Pictures were taken using a
Zeiss Axio microscope equipped with a digital camera following
Giemsa staining (x100 magnification). 
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late the expression of CD38 without causing cell differenti-
ation. Here, we describe a lentiviral technique which is able
to transduce CLL cells to a level greater than previously
described. In two studies, no GFP was detected when driv-
en by a CMV promoter16,17 using VSVG coated lentivirus,
which suggests that our use of the SFFV promoter allows
higher levels of expression in CLL cells. Given the impor-
tance of promoters, using B-cell specific18 or other gene
expression units19 may be useful. A report, published since
submission, has demonstrated gene expression in CLL cells
using lentivirus incorporating measles virus glycoproteins,
H and F, on their surface.16 This allowed genetic modifica-
tion of a subset of cells (20-45% of cells). In contrast, our
data shows a change in the whole population of CLL cells
rather than a subset and a technique for CD38 which
allows genetic modification of an average of 87% of cells.
This high level of expression means there is no need for cell
sorting for further studies. Our data also shows that CD38
can be detected at a higher level than GFP (despite the
amount of virus used, MFI of GFP infected cells is shown in
the Online Supplementary Figure 2) or CD2, which may be
due to the human origin of CD38.

The next step in our study is to characterize the function-
al effects of CD38 in CLL cells. Our initial experiments indi-
cate that CD38 has a subtle effect on the survival of CD38

negative cells when expressed alone from the lentivirus.
Our analysis of gene expression shows that CD38 is highly
up-regulated at the mRNA level (data not shown) but analysis
of expression patterns is confounded by the heterogeneous
nature of CLL patient samples. Our immunophenotypic
analysis shows that CD19 expression is not altered and the
levels of CD138 (data not shown) do not indicate differentia-
tion of the CLL cells. However, an analysis of other cell sur-
face markers and of the effects of ligating CD38 are current-
ly underway. 

In conclusion, this report describes the successful genetic
modification of primary CLL cells to generate a CD38 posi-
tive population from a CD38 negative population. This
method has been successful on all the samples we have test-
ed to date and does not require any other treatment of the
cells. 
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