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Introduction

Advancement in biotechnology research has achieved
partly by the availability of cell lines from biological
material, providing supply of cells with ideal genotypes
and phenotypes [1, 2]. Establishment of lymphoblastoid
cell lines (LCLs) is one of such major achievements, which
has a variety of applications such as presenting antigens in
the immunologic assays, generation of human monoclonal
antibodies and providing an unlimited source with respect
to limitation of primary biologic materials [3]. Infection of
B lymphocytes with Epstein-Barr virus (EBV) is a classic
method to construct immortalized LCLs in vitro [4].

EBV, a human gamma herpesvirus, infects
preferentially human B lymphocytes. However, EBV also
infects other cells such as epithelial cells and T cells in
some circumstances [4]. There are over ~90% of human
kind infected with EBV in the world. In the peripheral
blood, the wvirus persists in the resting memory B

lymphocytes, expressing no viral genetic information,

which is called latency program. They are invisible to the

host's immune system. However, this behavior is at odds
with infected B lymphocytes in vitro. In vitro EBV
infection has no preference but results in B lymphocytes
activation via the concerted expression of latent genes
modulation of the

under the transcription  factor

Epstein-Barr nuclear antigen 2 (EBNA2) [5]. Latently
infected B lymphocytes has over nine EBV-encoded
proteins. As shown in Fig. 1, The EBNAs include EBNAI,
EBNA2, EBNA3A, EBNA3B, EBNA3C and EBNA-LP
and the latent membrane proteins include LMP1, LMP2A
and LMP2B [6]. Among those EBNAs, EBNA 2 is the first
virus protein, expressed after infection of B lymphocytes in
vitro. EBNA 2 is essential for cellular transformation. It is
a trans-activator, regulating several virus genes including
LMP1 and LMP2A, playing important roles in progress of
full activation of B lymphocytes. LMP1 mimics the
constitutive activation of CD40, which has a critical role in

the activation and differentiation of B lymphocytes,

whereas LMP2A induces the activation of a B-cell receptor
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(BCR) and provides a survival signal for B lymphocytes [4,
7]. EBYV infection results in activation and proliferation
of B lymphocytes and transformation of B cells into LCL,
providing a continuous source for further applications.
Importantly, EBV-mediated transformation results in fewer

genetic changes because the virus remains in the episomal

form inside the B lymphocytes. Only a few viral genes
are apparently expressed inducing minimal change in

genome. However, in vitro study, only small proportion of

infected B cells, around 1~3 %, can be transformed to LCL

[8].

Fig.1 Functions of the EBV-encoded proteins

A variety of methods have been reported to boost the

efficiency of EBV-mediated immortalization. Early
methods have included the use of mitogens such as
lipopolysaccharide (LPS), phytohemagglutinin (PHA), and
pokeweed mitogen (PWM) [9-11]. LPS results in a

300-500% increase of the number of transformation events.

Pretreatment of cord blood leukocytes with PHA increases
the number of transformation events observed by 0.5-fold.
Another method is that gamma-irradiated fibroblast type
cells have been used as feeder layers to increase the
efficiency of EBV-mediated immortalization [12]. In

addition, cyclosporin A (CSA) has been used to diminish
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B-cell regression in proliferation by inhibiting cytotoxic
T-cell action [13]. Furthermore, by modifying the standard
method for preparation of high titer EBV stock, and the
infection frequency of EBYV, the efficiency of
EBV-mediated immortalization could be improved [14].
Most of these methods are available currently in
EBV-mediated immortalization. However, the length of
time from initiation of culture to immortalization is the
biggest obstacle to be solved. In recent, Lu and Sun
optimized the EBV transformation by multiple aspects
including preparation of titer EBV stock, adding cytokines,
co-culture with the feeder cells, and the change of cell
density [15]. The encouraging results demonstrate that the
efficiency of the optimized methods was approximately
7.8% (0.6%—20%). This result is three-fold higher than
efficiency of the improved EBV transformation method
(2.4% (0.4%—-11%)), which is dramatically higher than
conventional EBV transformation methods (10-%-10#). This
study also shows some interesting results. First,
transformation efficiency positively correlated with the
EBYV titer, but not in a linear relationship. Second, optimal
spin-fecion conditions significantly increases EBV
transformation efficiency. Long-term immortalization of B
cells, efficiency of immortalization with centrifugation at
500 g produced about 3-fold than that of with
centrifugation at 250 g. Third, among cytokines including
CD40L, IL-2, IL-4, IL-21, INF-y, BAFF, CpG, and
anti-IgM F(ab)2, BAFF is the most important cytokine for

long-term proliferation of B lymphocytes. Proliferation of

B lymphocytes stimulated with BAFF or IL-2 is slightly

faster, whereas proliferation of B lymphocytes reduces by
stimulating with other activators and cytokines.

It is known that CD40L co-stimulation displays a
promoting effect on EBV transformation of short-term
culture of B cells in vitro. However, it is still unclear that
the CD40L co-stimulation system has an improving effect
EBV-mediated transformation for long-term B cell culture.
In this study, Lu and Sun demonstrate that 3.5%, 40.2x,
84.9x and 211.3x fold increases of immobilized B cells
were recorded on days 4, 8, 12 and 16 in the CD40L
co-stimulation system, whereas there are only 1.3x, 4.1x,
13.4x and 27x increases in B cells were recorded on days 4,
8, 12 and 16 without CD40L co-stimulation. Basing on that,
Lu and Sun further investigate that effects of densities of
initial PBMCs and feeder cells on the efficiency of CD40
co-stimulation, indicating that the optimal cell densities for
initial PBMCs and feeder cells are 4x10/ml and
4x10%well (six-well plate), respectively.

Furthermore, basing on optimized EBV immortalization
method, an immortalized human naive B cell library with
the diversity of BCR repertoire at about 6x10° was

generated. This naive B cell library is useful for isolation of

viral specific naive B cell lines for further applications.
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