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MATERIALS AND METHODS RELATING TO THE PRODUCTION AND

MAINTENANCE OF CELL LINES

The field of the present invention is the production and
maintenance of cell lines especially cell lines from primary
cells, i.e. non-transformed cells. Particularly, but not
exclusively, the present invention concerns materials and
methods relating the production and maintenance of antibody

producing human B cells.

Monoclonal antibodies (mAbs) are powerful tools with proven
usefulness in all areas of biomedical research. The wvast
majority of monoclonal antibodies produced until recently
have been of mouse origin. However, the application of these
mAbs for therapeutic purposes in man is hampered by the fact
that humans rapidly develop anti mouse antibodies when
treated with mAbs of mouse origin. These immune responses
against mouse mAbs strongly diminish their therapeutic
efficiencies. It is therefore not surprising that extensive
efforts have been undertaken to develop methods that allow
the production of human monoclonal antibodies for
therapeutic purposes. One strategy to achieve this goal have

been to genetically re-engineer murine antibodies by
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exchanging constant murine antibody gene segments for their
human counterparts (Jones et al., 1986; Morrison et al.,
1984) or more recently to create mice carrying human Ig
genes (Fishwild et al., 1996; Mendez et al., 1997). Another
one is the use of phage display to create human antibodies
(Hoogenboom and Chames, 2000; Winter et al., 1994). Although
the value of these technologies is indisputable, it would be
highly desirable to develop technology to isolate B cells

producing antibodies with a wanted specificity from humans.

Specifically, the isolation of antibody-producing B cells
from humans that have resolved a pathogenic challenge with
high or exceptional efficiency would offer a means for the
direct isolation of mAbs with proven effectiveness in a
clinical setting. Hybridoma-based strategies to accomplish
this goal have been hampered by the problems to achieve
stable fusions of human B cells with human or mouse myeloma
cell 1lines, although a new human myeloma cell 1line was
recently described that apparently is suitable for stable
fusion with human B cells (Karpas et al., 2001). As an
alternative approach antibody-producing B cells have been
immortalized with Epstein Barr virus (EBV). However, these

attempts have met with limited success. Although EBV-LCL
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clones have been established that produce antibody, the
titers are low and these lines are frequently not stable
(Roder et al., 1986). Moreover, EBV does not preferentially

transforms cells that produce antibody.

Human B cells can be cultured for a limited period of time
with CD40L and either IL-4 alone or a combination of IL-2
and Il-4 (Banchereau et al., 1991). 1IL-10 can induce
further growth of the cultured B cells and differentiation
into high antibody-producing B «cells (Malisan et al.,
1996) . These cultured B cells have limited replicative
lifespan and after 6 weeks most of the B cells have
undergone apoptosis, precluding generation of stable

antibody-producing lines of human B cells.

Thus, in summary, despite considerable efforts, generation
of human monoclonal antibodies by fusing these cells with
human or mouse myeloma cells has been very difficult. Also
attempts to generate high titer antibody-producing EBV
transformed B cells has been met with considerable

problems.
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The inventor has devised a method to establish long-term
cultures of cells of specific interest, particularly
antibody-producing human B cells. This method exploits the
capacity of an active mutant of the signal transducer of
activation and transcription (STAT), particularly STATS,

(5b or 5a) to confer an extended replicative lifespan

STAT5b is activated by IL-2 and presumably plays a role in
cell cycle progression induced by IL-2 (Moriggl et al.,
1999). The inventor has surprisingly found that
introduction of constitutive active (CA) mutants of STATSa
or STATSb (CA-STATS5a and CA-STATS5b respectively) into human
B éells enables the establishment of long term cultures of
human B cells. The inventor has found that CA-STATSb is
particularly efficient at establishing long term cultures
of human B cells. Further, the inventor has determined that
expression of BCL-6, which inhibits differentiation of
memory B cells into plasma cells (Reljic, 2000), 1is
regulated by STATSb. Following introduction of a hybrid of
CA-STATSb with a mutated estrogen receptor, long term B cell
lines were obtained that proliferated in response to CD40L,
IL-2 and IL-4 in a 4-hydroxytamoxifen dependent way. The

inventor further demonstrate that BCL-6 transcripts are
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upregulated by STATS5b-ER in a hydroxytamoxifen-dependent way
in the ©presence of the protein synthesis inhibitor
cyclohexamide, indicating that BCL-6 is a direct target of
STATSb. Thus, the data reveals a novel role of STAT5 in

controlling differentiation of mature B cells.

It has recently been shown that introduction of BCL-6, which
inhibits differentiation of memory B cells into plasma cells
(Reljic, 2000), into human tonsil B cells results in a
considerable extension of the replicative lifespan of these
cells (Shvarts, 2002). BCL-6 encodes a transcriptional
repressor, which 1is frequently activated by chromosomal
translocation in non-Hodgkin's 1lymphoma (Ye, 1993; Chang,
1996; Staudt, 1999; Shaffer, 2000) . The chromosomal
translocations involving BCL-6 invariably affect the
promoter only and leave the open reading frame of BCL-6
intact. Thus, BCL-6 translocations in non-Hodgkin’s
lymphomas contribute to oncogenesis by deregulating the
expression of the wild type BCL-6 protein. BCL-6 is required
for normal B and T cell development (Ye, 1997). It is
believed that BCL-6 functions primarily in lymphocyte
differentiation and in regulation of the immune response.

This is based on the involvement of BCL-6 in non-Hodgkin’s
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lymphoma, the defect in germinal center formation of BCL-6
knockout mice (Dent, 1997; Fukuda, 1997; Ye, 1997) and the
finding that BCL-6 regulates a number of genes involved in
lymphocyte physiology (Ye, 1997; Shaffer, 2000). Recently
Fearon and colleagues demonstrated that BCL-6 prevents
terminal differentiation of germinal center and memory B
cells thereby preventing cell cycle arrest (Reljic, 2000;
Fearon, 2001). Thus, the finding that BCL-6 expression in
cultured human B cells results in a considerable extension
of the 1life span of these cells (Shvarts, 2002) is
consistent with the idea that terminal differentiation is
responsible for the relatively short lifespan of B cells
cultured with CD40L and cytokines. Given the important role
of BCL-6 in regulation of differentiation and growth of B
cells the question of how this gene is regulated is of great
interest. Examination of the BCL-6 promoter revealed the
presence of two STAT 5 binding sites (Ohashi, 1995) Giving
the inventor the idea that STAT 5 may regulate expression of

BCL-6.

At its most general, the present invention provides methods
of maintaining a cell 1line by extending the replicative

lifespan of the cells until such time as the cell are
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required to differentiate, thereby producing a desired

expressed product, e.g. a protein, enzyme or antibody.

In a first aspect, there is provided a method of stabilizing
a cell line comprising the steps of obtaining a cell of
interest; introducing a constitutively active STAT

protein into the cell; and maintaining said cell in an

environment where it can replicate.

The STAT protein is preferably STAT5a or STATS, more

preferably STAT5a or STATS5b.

For exemplification of the present invention, the inventor
has used the signal transducer of activation and
transcription STATS. However, it may be that other STATs
(e.g. STAT1, 2, 3, 4 etc) will equally work in the present
invention. Further, as the STAT family of transcription
factors has been well researched in the art, the present
invention also extends to upstream and downstream modulators

of STAT in the STAT pathway.

Thus, the skilled person may well decide to modify the

method of the invention to use a component of the STAT
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pathway if that component is known in the art to have an
upstream effect on STAT or be regulated downstream of STAT
such that it has the ability, determined for the first time
by the inventor, to maintain cells in an environment where

they can replicate.

For convenience, the following text concentrates on the
situation where STAT protein/nucleic acid is used,
particularly STAT 5. However, it should be understood that,
as mentioned above, components of the STAT pathway, may
equally be applied to the methods of the present invention,

for example BCL-6.

The cell is preferably a mammalian cell and more preferably
a B-cell, particularly human B-cell. When the cell is a B-
cell, the cell is preferably maintained in an environment
comprising one or>more of the following components, IL-2,

CD40L and IL-4.

The STATS protein is preferably introduced into the cell by
transduction. In other words, a nucleic acid construct
comprising nucleic acid encoding the STATS protein may be

incorporated into the genome of the cell where it can be
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expressed. The introduction, which may also be generally
referred to without 1limitation as "transfection”™ or
“transformation”, may employ any available technique. For

eukaryotic cells, suitable techniques may include calcium
phosphate transfection, DEAE-Dextran, electroporation,
liposome-mediated transfection and transduction using
retrovirus, lentivirus or other virus, e.g. vaccinia or, for
insect c¢ells, baculovirus. As an alternative, direct
injection of the nucleic acid could be employed. In a
preferred embodiment of the present invention, the STAT5
encoding nucleic acid 1is introduced into the cell 1in

question using a retroviral vector.

Marker genes such as antibiotic resistance or sensitivity
genes or genes encoding markers such as cell surface
antigens or fluorescent proteins like green fluorescence
protein may be used in identifying clones containing the

introduced nucleic acid, as is well known in the art.

The cell of interest may be any cell that it is desirable to
maintain. Reasons for maintaining a cell, in particular, a
primary cell, in the form of a cell line is often because

the particular cell type is useful for research including
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medical research purposes or it is a cell that can express a
particularly desirable protein, e.g. an enzyme, antibody or
hormone, that could be wusefully produced in larger
quantities than could realistically be extracted from

isolated cells.

The description of the present invention concentrates on the
generation of antibody producing human B-cells. However, it
will be apparent to the skilled person that the invention
could equally be applied to other cells of interest, e.g. T-
cells, dendritic cells, APCs and natural killer (NK) cells.
The ability to produce cell lines of antibody producing
human B cells is very important as these cells may lead to
the production of extremely valuable antibodies unavailable
from other sources. For example, it is preferable that the
cells in accordance with the first aspect of the invention
are obtained from a patient who has shown signs of raising
protective antibody against a pathogen or tumour cell. The
production of a cell line wusing these cells will allow
maintenance and direct or indirect extraction of the
protective antibody in useful quantities, such that it can
be tested and potentially produced into a pharmaceutical

composition,
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The genes encoding both the Ig heavy and light chains may be
expressed in the cells and the antibody directly extracted
or the genes may be retrieved from the cells and expressed
in a second cell line, such as CHO, MKC etc., for production
of the antibody protein. Preferably, the second cell line
is a validated cell line in that it can be used to produce
substances for use in humans. In other words, it 1is
preferable that the second cell line is checked to ensure
that it does not produce pathogenic agents e.g. viruses,

prions etc.

In a preferred embodiment of the present invention, the
method further comprises the step of halting the replication
of the cells of the cell 1line thereby bringing about
terminal differentiation of the cell so that the desired
protein, expression product, e.g. can be produced and
extracted either directly, or indirectly, e.g. by cloning
the relevant gene into a second cell line and producing the
protein from said second cell line. The protéin may then be
purified and used in the production of a pharmaceutical

composition.
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The present inventor has devised a mechanism by which the
action of STATS5 on the cells can be switched off so as to

induce terminal differentiation.

This step may conveniently be achieved by associating an
inactivating agent with the STATS protein in the transformed
cell. The inactivating agent may then be switched on or off
depending on the stage of the cell in the development of the

cell line.

Thus, in a second aspect of the present invention, there is
provided a method of producing a cell line comprising cells
of interest, e.g. antibody producing human B cells; said
method comprising the steps of

(a) obtaining said cells of interest;

(b) incorporating into said cell a STAT5 protein in
association with an inactivating agent;

(c) allowing said cells to replicate by switching off
said inactivating agent thereby rendering STAT5 active; and

(d) maintaining said produced cell line.

The method may further comprise the step of

(e) optionally cloning a cell from said cell line
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(f) inducing terminal differentiation of said cells by
switching on said inactivating agent thereby rendering STATS5
inactive; and

(g) extracting a desired protein expressed by the

terminally differentiated cell.

A cell may be cloned from the cell line in order to produce
a monoclonal antibody'from B-cells. A cell need not be

cloned if a combination of antibodies is needed.

The method may still further comprise the steps of

(h) optionally extracting the Ig genes and expressing
them in validated cell lines:;

(i) purifying said extracted protein; and

(j) producing a pharmaceutical composition comprising

said protein or nucleic acid encoding it.

The inactivating agent may be an inducible promoter/excision
system such as cre-lox or FLP/FRT excision system. Thus,
the expression of STAT may be switched on or off using an
inducible promoter, or its expression may be dependent on an
inducible excision system, e.g. cre-lox or FLP/FRT.

Further, antisense nucleic acid may be used, e.g. double
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stranded interfering RNA (RNAi) or DNA that produce RNAi may

be used to control the expression of STAT.

In the above situation, step (f) of the method may be
achieved by removing the inducer of the inducible promoter;
activating the cre-lox or FLP/FRT excision system; or

introducing antisense or RNAi.

In a preferred embodiment, the inactivating agent is a
protein that is associated with said STAT5 protein as a
fusion protein. Conveniently the gene encoding the
inactivating agent may be fused to the STAT5 gene and
expressed in the cell so as to produce the fusion protein.
The 1inactivating agent may then ©be switched off by
alteration to the fusion protein’s environment. For
example, the present inventor has successfully shown that
the estrogen receptor and STATS5 can be produced in the
desired cell as a fusion protein (STAT5-ER). The estrogen
receptor acts as an inactivating agent to STAT5, as the
fusion protein is inactive because it forms a complex with
heat shock proteins in the cytosol preventing the STATS
protein from reaching the nucleus. However, upon incubation

with 4 Hydroxy-Tamoxifen (4HT), the fusion protein (STAT5-
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ER) dissociates from the heat shock proteins and is
transported to the nucleus in its active form. Removal of
4HT results in cessation of the growth of the cells of
interest as the expressed STATS and estrogen receptor remain
associated with heat shock proteins as a complex and thus
inactive. These cells then terminally differentiate. Thus,
in this example, the inactivating agent ER can be switched

on or off using 4HT.

Another example of an inactivating agent, which can be
associated with the STATS5 protein is a transcription factor
binding site upstream or downstream of the nucleic acid
encoding the STAT5 protein, whereby expression of the STATS
protein 1is under the control of the transcription factor.
This inactivating agent can be switched on and off by the
presence of absence respectively of a transcription factor
(a transactivator). The presence or absence of the
transactivator can be controlled by manipulating its

expression or function in the cell.

This may conveniently be achieved by the provision in the
cell of two plasmids, the first plasmid encoding the

transcription factor (transactivator) and the second plasmid
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encoding STATS. The second plasmid also comprising a
nucleic acid binding site for the transactivator upstream of
the nucleic acid encoding the STATS5 protein such that
expression of the STAT5 is under the control of the
transactivator. The inactivating agent may then be switched
off by contacting the cell with an agent that inactivates
the transactivator. By removing the agent the
transactivator is active and allows expression of STATS. An
example of such a system is the tetracycline regulatable
system such as described by Bujard and collaborators

(Gossen, et al., 1995).

In a third aspect of the present invention, there is
provided a nucleic acid construct for transforming cells so
as to produce cell 1lines, said nucleic acid construct
cbmprising nucleic acid sequence encoding a constitutively
active STATS protein (STATSa or STAT5b) and an inactivating
agent such that expression of the nucleic acid produces a
fusion protein comprising said STAT5 and the inactivating

agent.

The nucleic acid construct may be DNA, cDNA, RNA or genomic

DNA. Further it may be held within an expression vector,
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€.g. a plasmid or retroviral vector. Further, the nucleic
acid construct may be operably 1linked to modulatory
sequences such as promoters or transcription factor binding
sites as mentioned above, which will aid its expression. The
nucleic acid construct or vector comprising it may be
contained within a host cell. In a preferred embodiment, the

inactivating agent is the estrogen receptor.

In a fourth aspect, there is provided a kit for producihg a
cell line comprising cells of interest, said kit comprising
at least a nucleic acid construct comprising nucleic acid
encoding constitutively active STAT5 (STAT5a or STATb). The
nucleic acid construct may also encode an inactivating agent
in association with STATS5. The kit may further comprise a
disassociation agent, e.g. 4HT, which is capable of

disassociating STATS5 from the inactivating agent.

Recently, it was reported that ectopic expression of BCL-6
in human tonsil B cells results in an  enhanced
proliferation of the B cells and a considerable 1life span
extension of these cells (Shvarts, 2002). The present
inventor has extended these findings by showing that

expression of BCL-6 in adult peripheral B cells also
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results in enhancement of the proliferative response. The
BCL-6-transduced peripheral B cells expressed B cell
activation markers and CD19 and CD20. In addition the
inventor has observed a consistent cell surface expression
of 1light chain Kappa (x) and Lambda (A) indicating that
BCL-6 inhibits differentiation of cell surface Ig+ B cells
to plasma cells. Fearon and collaborators predicted that
expression of BCL-6 allows self-renewal of germinal center
and memory B cells (Reljic, 2000; Fearon, 2001). The
inventor's findings that ectopic expression of BCL-6 into
human B cells results in a dramatic extension of the
proliferative response induced by CD40L and cytokines

support this hypothesis.

Recent work has provided insight into the mechanism of
control of B cell differentiation by BCL-6 since this
protein appeared to repress Blimp-1 (Turner, 1994), which
is driving plasma cell differentiation (Reljic, 2000;
Shaffer, 2000; Shaffer, 2002). Repression of Blimp-1 by
BCL-6 1is indirect and mediated through the AP-1 complex
(Vasanwala, 2002). Blimp-1 was shown to inhibit
transcription of c-myc, which is essential for cell cycle

progression of B cells cultured with CD40L and IL-4 (Lin,
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1997) . It is therefore likely that ectopic expression of
BCL-6 in B cells turns off Blimp-l1 and thereby enables
continued expression of c-myc. It was previously
demonstrated that cyclin D1 is selectively expressed in
BCL-6-transduced cells, but its role in cell cycle
progression in BCL-6 transduced B cells is not yet clear
(Shvarts, 2002). Besides affecting cell cycle progression
in B cells ectopic BCL-6 expression may also inhibit
apoptosis. In this respect it is relevant to note that BCL-
6 was shown to repress the programmed cell death (PDCD)
gene 2, which appears to be associated with programmed cell

death in thymocytes (Baron, 2002).

Given the important role of BCL-6 in B cell proliferation
and differentiation it is of interest to know how this gene
is regulated. The presence of STATS5 consensus sites in the
BCL-6 promoter (Ohashi, 1995) prompted the inventor to
examine whether STATS regulates BCL-6. He employed a CA-
STAT5b-ER construct to demonstrate that BCL-6 is
upregulated by STATSb. Importantly, the upregulation of
BCL-6 transcripts was insensitive for the protein synthesis
inhibitor cycloheximide, indicating that BCL-6 is a direct

target of STATSb, at least in B cells.
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Further support for regulation of BCL-6 expression in B

‘cells by STATS5b was provided by the inventor's observation

that constitutive expression of a CA-STATSb mutant results
in extension of B cell proliferation similar as BCL-6.
Promotion of B cell expansion by ectopic STATS5b expression
is not due to EBV transformation, since the STATS-
transduced B cells are LMP-1 and EBNA 1/2 negative and also
lacked CD20, which is expressed on all EBV-transformed B
cells. Moreover, B cells transduced with a regulatable CA-
STATSb construct only expand with STATS5b in the on mode,
which excludes that the enhanced proliferative capacity of
the transduced B cells is caused Dby a secondary
transforming event. The observations that STATS5b directly
regulates BCL-6 suggest that inhibition of terminal
differentiation is one manner by which the proliferative
response towards CD40L and IL-2 or IL-4 is dramatically
extended by ectopic expression of CA-STATS5b. The cells that
express CA-STATSb-ER and grow with 4HT still need CD40L and
either IL-2 or IL-4 for optimal growth. Thus, activation of
STATS in this system is by itself not sufficient to fully
replace the signal provided by the growth factors.

Obviously other signal transduction pathways, triggered by
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the cytokines and CD40 ligation, like the PI-3K, NF-kB and
p38 kinase (Andjelic, 2000; Dadgostar, 2002), are needed to
induce cell cycle progression. Although STATSb-ER B cells
cultured with 4HT but without CD40L and cytokines do not
expand, they do have a survival advantage compared to cells
cultured without 4HT (results not shown). Thus it appears
that over expression of CA-STATS5b in addition to inhibiting
terminal differentiation has a major effect on survival of
the mature B cells, which may be independent of BCL-6.
Support for the notion that STAT5b may directly regulate
factors involved in B cell survival comes from a study that
found evidence for the involvement of STATS in expression
of Bcl-2 and Bcl-X; in T cells (Lord, 2000). Bcl—XL'is also
induced by expression of a constitutive active mutant of
STAT5 in the cell line BAF3 (Nosaka, 1999). In addition of
STATS consensus binding sites in the promoters of Bcl-2 and
Bcl-X,. Thus it is likely that STATS5 forms participate in
regulation of anti apoptotic genes in primary i3‘cells as

well.

An important question raised by the inventor's findings 1is
whether BCL-6 expression is strictly dependent on STATS.

The data from the literature do not provide evidence in
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favour of the hypothesis that STAT5a and b are required for
BCL-6 expression or function but do also not refute this
idea. BCL-6 deficient mice lack germinal centers (Dent,
1997; Ye, 1997; Fukuda, 1997). The B cells of these mice
are able to produce IgM and IgGl, indicating that there is
capacity for isotype switching (Toyama, 2002). The Ig
produced in BCL-6-deficient mice lack somatic mutations
(Toyama, 2002). STATS5a and b double deficient mice have
drastically reduced numbers of B cells in the periphery
(Sexl, 2000). However, the absolute numbers of B cells in
the spleen were reported to be similar as in wild type
mice. These mice were also shown to produce IgM and IgGl
(Sexl, 2000) but it is unknown whether germinal centers are
formed in STATS5a and b double deficient mice and it is also
unknown whether somatic mutations occur in the Ig genes of
these mice. Obviously analysis of BCL-6 expression in
STAT5a/b double deficient mice will answer the question

whether STATS proteins are required for BCL-6 expression.

Although upregulation of BCL-6 may play a role in the
control of B cell survival and growth by STAT5, a number of
differences between CA-STATS5b transduced cells and BCL-6-

transduced B cells suggest that regulation of BCL-6 is not
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the only explanation for the effects of continued
activation of STATSb on cultured human B cells. A first
difference is that transduced B cells with STATSb in the on
mode grow faster than BCL-6-transduced B cells. Another
notable difference 1is that BCL-6-transduced B cells
consistently express cell surface Ig on the cell surface,
while CA-STATS5b-transduced cells gradually lose sIg
expression upon continued in vitro culture (results not
shown) . This loss of sIg expression is not accompanied by
an increase in Ig secretion, an increase in CD38 expression
or induction of CD138 and is therefore not a consequence of
differentiation into plasma cells. Moreover, although the
cell surface expression of a number of B cell activation
antigens like CD40, CD70, CD80 and CD86 is very similar,
CA-STATSb-transduced cells express much higher levels of
CD25 than BCL-6-transduced cells. Obviously these
differences should be caused by additional transcriptional
'programs that are turned on the high level of STAT5b
expression combined with a continued activation of STATSb.
Further analysis of the genes that are turned on by
addition of 4HT to CA-STAT5b-ER transduced B cells will
provide further information about the role of STATSb in

survival, growth and differentiation of B cells.
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Accordingly, in a fifth aspect of the present invention,
there 1is provided a method for screening for substances

capable of mimicking the activity of CA-STATS5 comprising

1) contacting a test substance with a cell capable of
expressing BCL-6 in a first reaction medium;

2) contacting CA-STATS with a cell capable of
expressing BCL-6 in . a second equivalent reaction
medium; and

3) comparing the expression of BCL-6 in the first
reaction medium with that of the second reaction medium
to determine if the test substance is capable of

mimicking the activity of CA-STATS.

Preferably, the activity of CA-STATS5 is its ability to
regulate the expression of BCL-6 in mammalian cells,

preferably B-cells.

The cell may inherently/naturally express BCL-6, or the cell
may have been engineered to express BCL-6. The test

substance and/or STATS (STAT5a or STATSb) may be expressed
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within the cell. In other words, the cell may have been

engineered to express the test substance and/or STATS.

The expression of BCL-6 of the first and second reactions
may be compared by determining whether the cell cease

growing and eventually terminally differentiate.

An alternative method for screening for substances capable
of mimicking STAT5 (preferable STATSb) comprises the steps
of

1) transducing a cell, e.g. a B cell, with STAT5-ER;

2) culturing the cell in the presence of 4HT;

3) introducing a cDNA library into the cell via a viral
vector, e.g. a retroviral vector:

4) turning off STATS by removing 4HT; and

5) selecting those cells which continue to replicate.

Those cells which continue to replicate will comprises a
gene encoding a protein capable of mimicking the activity of
STAT5. Therefore, the method may further comprise the step
of sequencing nucleic acid from those cells which continue

to replicate.
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Aspects and embodiments of the present invention will now be
illustrated, by way of example, with reference to the
accompanying figures. Further aspects and embodiments will
be apparent to those skilled in the art. All documents

mentioned in this text are incorporated herein by reference.

In the figures:

Fig. 1 Expression of CA-STATS5b leads to survival and
expansion of B cells, while expression of wt STAT5b results
in survival only. B cell were isolated from a suspension of
tonsil, cultured with CD40L IL2 and Il-4 and transduced with
control (c) GFP, wild type (wt) STATS5b-GFP or constitutive
active (ca) STAT5b-GFP and cultured further with Cb40L, IL-2
and IL-4 (a) Percentages of GFP+ cells (b) counted numbers

of cells in the cultures

Fig. 2 CA-STATS5b transduced growing B cells fail to express

EBV associated antigens LMP1 and EBNA 1 or 2

Fig. 3 Cloning efficiency of CA~STATSb-transduced B cells.
Following 2 months of culture the CA-STATS5b-GFP+ cells were

cloned by sorting of 1, 3, 10 and 100 cells per well of a
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round bottomed microtiter plate. Cultures were counted 3-4

weeks later.

Fig. 4 Tosillar B cells were cultured in CD40L, IL-2 and
IL-4 and transduced with the CA-STATS5bER-IRES-ANGFR or with
control-IRES-ANGFR. Both cultures were split, one part was
cultured without and one with 1 pM 4 Hydroxy-Tamoxifen

(4HT) .

Fig. 5 Growth of B cells is dependent on continued
functional expression of CA-STATS5b. B cells transduced with
CA-STATSbER-IRES-ANGFR were cultured with 4HT till 100% of
the cells expressed the transduced ANGFR. The cells were
then cultured without the hormone for 7 days after which the
culture was split. One part was cultured further with 4HT

and the other without A4HT.

B cell isolation

Tonsil were obtained from tonsillectomy from the department
of surgery for children of the Free University of Amsterdam.
T cells were depleted using anti-CD4 and anti-CD8 microbeads
(Miltenyi Biotec). Next cells were incubated with anti-CD19

FITC conjugated (Dako) and anti-CD3 phycoerythrin (PE)
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conjugated (Becton Dickinson), followed by sorting of the
CD19+ CD3" population. The resulting B cells were 95 to 98%

pure upon reanalysis.

Retroviral constructs and production of recombinant
retrovirus

Constitutive active mutants of STATS5a and b have been
described previously (Ariyoshi et al., 2000; Onishi et al.,
1998). DNAs encoding these mutants were obtained from T.
Kitamura, (IMSUT, Tokyo, Japan). These DNA’s were ligated
into LZRS-1linker-IRES-GFP vector that was described
previously (Heemskerk et al., 1997; Heemskerk et al., 1999).
The retroviral plasmids were transfected into a helper-virus
free amphotropic producer cell line Phoenix-A, a derivative
of the human embryonic kidney cell line 293 (Kinsella and
Nolan, 1996) (a kind gift of Dr. G. Nolan, Stanford
University, Palo Alto, Ca), using Fugene-6 {Roche
Diagnostics) according to manufacturers protocols. Two days
later selection of transfected cells started by the addition
of 2 png/ml puromycin (Clontech Laboratories). Ten to 14 days
after transfection 6 x 10°% cells were plated per 10 cm
petridish (Becton Dickinson, San Jose, CA, USA) in 10 ml

complete medium without puromycin. The next day the medium
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was refreshed and on the following day retroviral
supernatant was harvested, centrifuéed and frozen in cell
free aliquots at -70°C. This approach affords a reproducible
rapid, large scale and high titer retroviral production of

over 3 x 10® infectious virus particles/ml.

A CA-STAT5b estrogen receptor (ER) fusion construct was made
as follows: A PCR was performed with the N604H STATSb mutant
(Ariyoshi et al., 2000; Onishi et al., 1998) to introduce a
BglII site in lieu of the stop codon. A XhoI/BglII digestion
product was generated that contained the mutation. This was
ligated with a BamHI/EcoRI digest of pBS-ER (C term) and a
XhoI/EcoRl digest of pBS-SK+ to create ACA-STATSbER. A
XhoI/NotI digest of LZRS CASTATSb-IRES~ANGFR was then
ligated to a partial NotI/Xhol digest of pBS ACA-STATSbER to
create LZRS CA-STATSbER. Using this we made a construct with
CA-STATSb-ER downstream of IRES and A Nerve Growth Factor
Receptor (ANGFR) a deleted, signalling-incompetent mutant of

the NGFR, kindly provided by Dr C. Bonini (Bonini, 1997).

Retroviral Transduction method
The recombinant human fibronectin fragments CH-296

transduction procedure (RetroNectin™; Takara, Otsu, Japan)
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was based on a method developed by Hanenberg et al
(Hanenberg et al., 1997; Hanenberg et al., 1996). Non-tissue
culture-treated 24 wells plate (Costar) were coated with 0.5
ml of 1 pg/ml recombinant human fibronectin fragment CH-296
at room temperature for 2 hours or overnight at 4°C. The CH-
296 solution was removed, followed by incubation with 2%
human serum albumin (HAS) in phoshate buffered saline (PBS)
for 30 min at room temperature, followed by washing once
with PBS. 5.105 B cells were plated in 0.25 ml Iscove’s
medium (Life Technologies) plus 10% fetal bovine serum (FCS)
mixed with 0.25 ml of thawed retroviral supernatant,
incubated 6 hours at 37°C. Next 0.25 ml of supernatant was
removed and 0.25 ml of fresh retroviral supernatant was
added and incubated at 37°%C overnight. The next morning
cells were washed and transferred to 24 wells tissue culture
treated plate (Costar, Badhoevedorp, Netherlands) with
irradiated CD40L expressing L cells, IL-2 (20 U/ml) and IL-4

(50 ng/ml).

Cell culture
B cells were cultured in Iscove medium (Life Technologies)
together with 10% FCS at 37°C in humidified air containing

5% COz. CD40L expressing L cells, 80 Gray irradiated, were
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seeded 5.104 cells per well in 24 wells tissue culture
treated plate (Costar). 50.10° sorted B cells were added
together with IL-2 (20 U/ml) and IL-4 (50 ng/ml). After one
week the cells were used for retroviral transduction. After
transduction B cells were cultured again with irradiated
CD40L expressing L cells, IL-2 and IL-4. After one week the
cells were cultured with irradiated CD40L expressing L
cells, IL-2 and IL-10 for one week then followed by IL-2 and

IL-10 followed by IL-6 (30 U/ml).

Phenotyping

Antibodies against the human molecules CD3, CD19, CD20,
CD38, CD40, CD80, CD45, HLA-DR, CD27, CDS56, CD70, (Becton
Dickinson) directly labeled with PE, PerCp or APC and IgM,
kappa 1light chain, Lambda 1light chain, CD138, directly
labeled with PE (Dako) were used for flow cytometry
analysis. Stained cells were analyzed using a Facscalibur
(Becton Dickinson) and FACS data was processed with Cell

Quest computer software (Becton Dickinson).

Elisa

IgM, IgG and subtypes and IgA in culture supernatants were

detected by ELISA using rabbit anti-human isotype specific
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antibodies (Dako) as capture antibodies and Alkaline
Phosphatase-conjugated IgM, IgG and IgA (Dako), followed by
Alkaline Phosphatase substrate (Sigma). Human serum protein

calibrator (Dako) were used for the standard curve.

RT-PCR

RNA was harvested from thawed pellets with RNeasy®1nini kit
(Qiagen). RNA was reverse transcribed in volume of 20 uL,
containing 5X first strand buffer, 500 pmol/L dNTP's, 25

pug/L  Oligo (dT), 200 U superscript II RT (Life
technologies). One microliter of cDNA was subjected to PCR
in a 50 pl solution containing 20 mmol/L Tris-HCL, 50 mmol/L
KCL, 1.5 mmol/L MgCl;, 5 mmol/L dNTP's, 2.5 U Tag DNA
polymerase (Life Technologies), and 30 pmol of each primer.
The HPRT PCR were as follows: 7 min denaturing step at 94°C
followed by 30 cycles of 30 sec at 94°C, 30 sec at 65°C, and
30 éec at 72°C, and a final 7 min extension at 72°C. The
LMP-1 and EBNA PCR were as follows: 7 min denaturing step at
94°C followed by 30 cycles of 30 sec at 94°Cc, 30 sec at 52°,
and 30 sec at 72°C, and a final 7 min extension at 72 °C. The
oligonucleotides used for reverse transcriptase (RT) PCR

were
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HPRT forward, 5'TATGGACAGGACTGAACGTCTTGC3',
HPRT reverse, 5'GACACAAACATGATTCAAATCCCTGA3',
LMP-1 forward, 5'GCGACTCTGCTGGAAATGAT3';
LMP-1 reverse, 5'GACATGGTAATGCCTAGAAG3';
EBNA1/2 forward, 5'AGCAAGAAGAGGAGGTGGTAAG3' ;
EBNAl/2 reverse, 5'GGCTCAAAGTGGTCTCTAATGC3'.
BCL-6 forward, 5’ AAGGGTCTGGTTAGTCCACAG 3’
BCL-6 reverse, 5’ GGTCACACTTGTAGGGTTTGTC 3’
c-Myc forward 5’ TCGGATTCTCTGCTCTCCTC 3’
c-Myc reverse 5’ TTCCGCAACAAGTCCTCTTC 3’
hTERT forward 5’ CTGCAGGCGTACAGGTTTCACG 3’

hTERT reverse 5’ CCTCAGACTCCCAGCGGTGC 3’

Results

Effect of constitutive active mutants of STAT5 on growth of
human B cells

It has been reported that mice deficient for STAT 5 a and b
have defects in their B cells (Sexl et al., 2000). The
number of mature B cells in peripheral blood is strongly
reduced in these mice but not in the spleen or bone marrow.
In addition there are deficiencies in the early B cell
compartment as indicated by reduced numbers of pro- and pre

B cells in the STAT 5a and b double knock out mice (Sexl et
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al., 2000). The finding that introduction of cDNA encoding
an active STATS5 mutant induces IL-3-independent growth of
the pro B cell line BAF3 (Ariyoshi et al., 2000; Onishi et
al., 1998) suggested that activation of STATS a and b is
required for cell cycle progression in early stages of the
B cell lineage. However, whether activation of STAT5 is
necessary for proliferation of mature B cells is unknown.
The inventor has examined this by analyzing the effects of
active mutants of STAT5a and b on in vitro expansion of

mature B cells.

Tonsillar CD19+ B cells were isolated as indicated in
materials and methods. These cells were cocultured with IL-
2, IL-4 and mouse fibroblasts that were transfected with
CD40L (CD154). Two days later the cells were transduced
with constitutive active (CA) STAT5-IRES-GFP (STAT5a and
STATSb), with wild type STAT5b or with a control IRES-GFP.
Transduction efficiencies were 5% (Fig. 1). The cells were
expanded the first week in CD40L and IL-2 and IL-4 and then
in a combination of CD40L, IL-2 and IL-10 to promote
further growth. The first three weeks of culture that
percentages of GFP+ cells in the various cultures didn’t

change. However, starting with 3 weeks of culture, the
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percentage of GFP+ cells in the cultures transduced with
CA-STATb5a (not shown) and b (Fig. 1) increased over time.
At week 7 the control-transduced and the untransduced B
cells started to die. At week 8 >95% of the'CA—STATSa and
b-transduced cultures were GFP+ and continued to expand. B
cells transduced with wild type STATS5b survived but did not
expand (Fig. la and b), indicating that activation of STATS

is required for expansion of the B cells.

To test the <cytokine requirements of the CA-STAT5-
transduced B <cells, the culture expanded in IL-10 were
split and cultured further with IL-10, IL-6 or no
cytokines. The cells of all three cultures expanded equally
well. The finding that the CA-STATS5-transduced B cells
expand in the absence of cytokines may suggest that either
CA-STATS bypasses a cytokine mediated signal leading to
continuous «cell <cycle progression or the active STATS
induces secretion of a cytokine that mediates cell growth.

A second experiment with tonsillar B cells of another donor
gave identical results. In that experiment, the
transduction efficiencies at the initiation of the culture
were between 10 and 20%. Similarly as in the first

experiments the untransduced and the control-transduced
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cells ceased growing after 6-7 weeks while the CA-STATSa

and b transduced cells continued to expand.

The inventor's findings suggest that CA-STAT5-transduced
cells had an extended replicative life span as compared to
normal B cells. Since Epstein Barr Virus (EBV) can
immortalize B cells and EBV transformed cells can
“spontaneously” appear in cultures of tonsillar B cells, it
was important to exclude that life-span extension of the
CA-STATS5~-transduced cells was not due to EBV
transformation. EBV-transformed B cells invariably express
CD20 and the finding that the STATS5-transduced B cells lack
CD20 suggested already that they are not EBV transformedf
This was confirmed by the observation that the CA-STATSb-
transduced B cells did not express LMP-1 or EBNA1/2 mRNA as

assessed by a sensitive RT-PCR (Fig. 2).

The experiments depicted in Fig. 1 and 2 were performed
with tonsillar B cells. To assure the general validity of
this approach to extend the life span of the B cells, the
inventor cultured peripheral blood B cells with Cb40L, IL-2
and IL-4 and transduced these <cells with CA-STATSb.

Around day 30 after initiation of the culture the
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proportion of GFP+ cells began to increase to reach 100%
two weeks later (results not shown) similar to what the

inventor observed with tonsil B cells.

Phenotype of the expanded B cells

After three weeks of culture that cells expressed low
levels of CD19 and CD20. In addition 83% of the cells at
that time point expressed CD38 (results not shown). These
results indicated that many B cells were differentiated
into plasma cells. The phenotype of the “selected” CA-
STATS5-transduced cells (>95% GFP+) is different. The level
of CD19 1is higher but 1lower than on freshly isolated B
cells (Table 1). Expression of CD38 on CA-STATS5-transduced
cells dropped in time and its expression eventually became
lower than on the cells cultured for 3 weeks. The CA-STAT5-
transduced cells remained CD20 negative, but were also CD27
negative. This phenotype strongly suggests that the cells
are not plasma cells since plasma cells express only very
low levels of CD19, are CD38+ and CD27 positive. The CA-
STATS5-transduced cells furthermore were negative for cell

surface IgM (results not shown).

Cloning of STATS5-transduced B cells.
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Given the spectacular extension of the replicative Llife
span of the CA-STATS5-transduced B cells, it was of interest
to investigate whether these cells can be cloned.
Immortalization of B cells does not necessarily lead to
high cloning efficiencies since it is difficult to clone
EBV-transformed B cells. The CA-STATS5-transduced B cells
were seeded at limiting dilutions in well of a 96 round-
bottomed well tissue culture plate. 288 wells were seeded
with 1 cell /well, 192 with 3 cells/well and 96 with 10
cells/ well. On the basis of the possibility that the
STATS-transduced B cells produce an autocrine growth
factor, the inventor wused irradiated (40 Gy’s) STATS-
transduced B cells as feeder cells. Growing cultures were
visible 14-21 days after the outset of the micro cultures.
The appearance of these clones was not due to outgrowth of
the irradiated B <cells since the plates seeded with
irradiated cells only did not yield any growing cultures.
The cloning efficiency as calculated from the results of
counting the wells with growing cultures was 7% (Fig. 3).
Fifty clones were transferred to wells of a 24 well plate
to test the stability of the clones. All clones could be

expanded for at least 4 weeks. These results indicate that
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the STATS5-transduced B cells can be cloned with remarkable

high efficiency.

Ig production by poly- and monoclonal CA-STATS-transduced B
cells.

The IgG production of the CA-STATS5-transduced B cells was
tested using an ELISA as described in material and methods.
Half a million cells were cultured for 3 days in medium
with 5% FCS after which the supernatant was harvested and
tested. The parental CA-STATS5-transduced cells produced
IgG, but the amount of IgG decreased upon continuation of
the culture. While in some experiments exemplified in Table
2, first column, around 1 pg IgG/ml were produced, the
levels were much less when the culture was tested at a
later time point of culture (exemplified in exp. 2). Some
clones produced IgG in the same order of magnitude (Table
2), while other clones failed to produce detectable IgG
(data not shown). These data seem to indicate that CA-
STATSb-transduced B cells lose their capacity to produce Ig

upon prolonged culture.

Generation of B cell lines following induction of CA-STATSbL

expression with tamoxifen.
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The observation that long term cultured lines of CA—STATSb—
transduced B cells often lose their capacity to produce Ig
raise the question whether or not these cells have
irreversibly lost their capacity to differentiate into Ig-
producing cells. If CA-STATS5b reversibly inhibits terminal
differentiation it might be possible to induce terminal
differentiation by turning off CA-STATSb. To examine this
the inventor prepared a fusion of the estrogen receptor
(ER) with CA-STATS5b. The fusion product is expressed in the
transduced cells as an inactive complex with heat shock
proteins. Upon incubation with 4 Hydroxy-Tamoxifen (4HT)
the fusion product dissociates and is transported to the
nucleus. Tonsillar B <cells were transduced with CA-
STATSbER-IRES-ANGFR and cultured in CD40L, IL-2 and IL-4 in
the presence or absence of 1 pM 4HT. Fig. 4 clearly shows
that growth selection of CA-STATS5b expressing cells
(ANGFR+) only occurred in the presence of 4HT. Importantly,
removal of 4HT resulted in cessation of the growth of the B
cells and eventual death. B cells transduced with CA-
STATS5bER cultured with CD40L, IL2 and IL-4 cultured in the
absence 4HT initially proliferated, but they ceased to grow
after 14-20 days. Three days later the cells started to

die. When 4HT was added back after 7 days, the cells
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survived and continued to grow later (Fig. 5). These
results indicate that CA-STATSb-induced growth of the B
cells is not a consequence of irreversible genetic changes
induced by CA-STATS5b transforming the B cells but is only

dependent on continued functional expression of CA-STATSb.

The CA-STATSb-ER transduced B cells. cultured in CD40L, IL-2,
IL-4 and 4HT express low levels of cell surface IgM with 45%
kappa and 40% lambda chain expression indicating that they
are polyclonal (Fig. 6). The cells were negative for cell
surface IgD and a small percentage (1-2%) expressed IgG an
lacked IgM. Furthermore they express CD38, CD40, CD70, CD80
and HLA-DR but are weakly positive for CD20 and negative for
CD27. CD25 was highly expressed on these cells (Fig. 8)
consistent with the fact that STATS5b directly controls CD25
(IL-2Ra) transcription [John, 1996 John, S., Robbins, C. M.,
and Leonard, W. J. (1996). An IL-2 response element in the
human IL-2 receptor alpha chain promoter is a composite
element that binds Stat5, E1f-1, HMG-I(Y) and a GATA family
protein. Embo J 15, 5627-5635.

John, S., Vinkemeier, U., Soldaini, E., Darnell, J. E., and

Leonard, W. J. (1999). The significance of tetramerization
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in promoter recruitment by Stat5. Mol Cell Biol 19, 1910-

1918. ; John, 1999 ].

The finding that cultures of tonsil B cells transduced with
CA-STATS5b-ER contained IgM+ B cells and only a few IgG+ B
cells might be a consequence of the fact that tonsil B
cells are mainly IgM+ cells. However it was also possible
that expression of CA-STATS5b leads to selective outgrowth
of IgM+ B <cells. Therefore the inventor examined the
effects of this mutant on growth of IgG+ cells. For these
experiments he used peripheral blood (PB) B cells of
adults. The inventor cultured purified PB B cells,
transduced them with CASTAT5b-ER-IRES-GFP. The transduced B
cells were then separated in IgM+ and IgG+ cells and
cultured further in the presence of 4HT for 35 days. Fig. 7
clearly shows that expression of CASTAT5b-ER-IRES-GFP
results in 4HT dependent growth of both IgM and IgG
positive B cells. Further analysis of the phenotypes of
these cells revealed that the phenotype of the IgG+ cells
with respect to expression of CD25, CD38, CD40, CD70, CD8O,
HLA-DR, CD20 and CD27 was the same as the phenotype of the

cultured tonsil B cells (results not shown).
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Antibody production of B cells transduced with CA-STATSbER

A tonsillar B cell culture was established by culturing CA-
STATS5bER-transduced B cells with CD40L, IL-2, IL-4 and 4HT.
After selection of the ANGFR+ <cells expressing (CA-
STATSbER) a line was established that was 4HT dependent
(see previous paragraph). The inventor observed that this
line failed to secrete IgG but made some IgM. Also when the
cells were transferred in IL-2 and IL-10 and cultured for 3
days these cells did not make any Ig. However when they
were first cultured in CD40L, IL-2 and IL-4 for 14 days
without 4HT, the cells became permissive for IL-2/IL10
induced differentiation to Ig-producing cells (700 ng IgM

ml/ 10° cells)

The inventor has described as an example of the present
invention, a method to expand and to clone human B cells.
Introduction of a constitutive mutant of STAT5a or b
confers a dramatic replicative lifespan extension to the
human B cells. 1Interestingly, the CA-STATS-transduced B
cells eventually grow in a cytokine independent manner.
This is not due to EBV transformation since the STATS5-

transduced B cells are LMP-1 and EBNA 1/2 negative. 1In
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addition the STATS-transduced B cells lack CD20, which is

expressed on all EBV-transformed B cells.

The mechanism underlying the cytokine independency of the
CA-STATS-transduced B cells is yet unknown. One possible
explanation for the cytokine independence is that
expression of CA-STAT5 results in a production of an
autocrine growth factor. This is not a remote possibility
since there is a cytokine, the TIL-6-like cytokine
Oncostatin M (OSM) that is a direct target of STATS5. One
other possibility is that CA-STATS5 by itself induces
continued cell cycle progression. CA-STATS5 may also prevent
terminal differentiation of the B cells to plasma cells,
which 1is accompanied with increasing cell death. This
notion 1is consistent with the observation that B cells
transduced with CA-STAT5bER, which grew in the presence of
4HT, became permissive for differentiation only after

removal of 4HT.

The phenotype of the CA-STATS5-transduced B «cells is
reminiscent of activated CD19+CD20- (memory) B cells. It
needs, however, to be noted that the cells are negative for

CD27, which is normally expressed on memory B cells. Since
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the cells still express CD19 and CD40, which are absent on
plasma cells, they have not been differentiated to the
plasma cell stage. This could also be an explanation for
the low and variable production of Ig by B cells that
constitutively express functional CA-STAT5b. To overcome
this problem, the inventor has successfully expressed an
inducible CA-STAT5b, which allowed them to expand the B
cells with CA-STATSb in the on mode and to induce terminal
differentiation of the B cells after turning off STATSb.
The observation that 4HT induces growth of B cells
expressing a CA-STATSbER fusion protein not only
demonstrates that growth of the B cells is dependent only
on functional, nuclear, expression of the STATS5b mutant but
also presented a manner to induce terminal differentiation
to plasma cells by removal of 4HT. Indeed, one B cell
culture that failed to secrete IgG or IgM when cultured in
4HT became permissive for terminal differentiation 14 days
after removal of 4HT. This observation strongly suggests
that CA-STATSb while promoting survival and growth of the B

cells inhibits terminal differentiation.

Thus, as an example of the present invention, a method is

provided with which one can expand and clone B cells in
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which terminal differentiation is inhibited. Once clones
have been established by turning off CA-STAT5 one should be
able to induce Ig production to screen for clones producing
antibodies with a desired specificity. The Ig genes from
selected CA-STATSER-transduced B cells can be retrieved and
expressed under control of strong promotors in established
cell lines such as CHO or myeloma cell lines (Little et
al., 2000). Modified CHO cells have already been used to
express murine Ig genes and Ig transfected CHO cells

produce high levels of monoclonal antibody (10-20 pg/ml).

Ectopic expression of BCL-6 into human peripheral blood B
cells results in extension of the replicative life span of
the cells and maintenance of cell surface immunoglobulin

Recently it was reported that ectopic expression of BCL-6
in human tonsilar B cells of young children results in a
growth advantage of B cells when cultured in CD40L, IL-2
and IL-4. These cells expressed CD19 and were negative for
CD3 and CD56. To study whether BCL-6 also affects the
proliferative capacity of adult peripheral blood B cells,
the inventor introduced BCL~6-IRES-GFP into human B cells
cultured with CD40L expressing L cells, IL-2 and IL-4.

Expression of BCL-6 results in a growth advantage of the
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peripheral B cells expressing the marker GFP from 10 days
after transduction of BCL-6. To obtain information about
the phenotype of these cells, the inventor performed an
extensive analysis with a panel of monoclonal antibodies.
BCL-6 transduced B cells expressed CD19 but are negative
for the T and NK cells markers CD3 and CD56. In addition
the BCL-6-transduced cells expressed CD20, were very weakly
positive for CD38 but were negative for the memory B cell
marker CD27 and the plasma cell marker CD138. Furthermore
the cells expressed the activation markers HLA-DR, CD40 and
CD70 and were weakly ©positive for CD80 and CD25.
Importantly, the BCL-6-transduced B cells expressed cell
surface Ig k (Kappa) or A (Lambda) consistent with the fact
that these cells are arrested in the differentiation into

cell surface Ig negative plasma cells.

These data confirm the earlier data with tonsillar B cells,
indicating that when B cells are blocked in their
differentiation, they grow much longer in response to CD40L

and cytokines.

BCL-6 is regulated by CA-STATSb
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Factors that promote growth of B cells activate STATS,
which may potentially control BCL-6 expression since
inspection of a 1.5 KB promotor of BCL-6 (Ohashi, 1995)
revealed the presence of two STATS consensus sites raising
the possibility that STAT5 regqulates BCL-6. To examine this
the inventor employed the recombinant viral construct
harboring CA-STAT5b-ER upstream of IRES-(A) delta NGFR.
ONGFR is a truncated, signaling incompetent mutant of the
nerve growth factor receptor (Bonini, 1997). Following
transduction the ANGFR is expressed on cell surface and can
be detected with a monoclonal antibody (Bonini, 1997). Upon
transduction the CASTATSb-ER fusion product is expressed in
the cytoplasm of the transduced cells as an inactive
complex with heat shock proteins. After incubation with 4
Hydroxy-Tamoxifen (4HT) the fusion product dissociates and
is transported to the nucleus. 1Indeed, staining of the
transduced, ANGFR+ B cells with anti-ER antibody in the
absence or presence of 4HT illustrates that CASTATSb
localizes as expected in a 4HT dependent manner. Western
blot analysis confirmed the presence of the fusion protein

of the expected MW in the transduced cells.
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The inventor then cultured CASTATS5b-ER -transduced tonsil B
cells for 7 days in the absence of 4HT and then added back
4HT. The cells were harvested 24 hr later and tested for
expression of BCL-6 by RT-PCR. Expression of BCL-6
transcripts is substantially higher in the culture with 4HT
than in the «culture without this hormone. To determine
whether BCL-6 is a direct or indirect target of STATSb the
protein synthesis inhibitor cycloheximide was added
together with 4HT. Upregulation of BCL-6 mRNA was also
observed when both 4HT and cycloheximide were added. These
data indicate that BCL-6 mRNA expression 1is directly

controlled by STATS5b.

Effect of constitutive active mutants of STAT5 on growth of
human B cells

The observation that BCL-6 is a direct of STATS proteins in
B cells prompted the inventors to investigate whether STATS
have a similar function as BCL-6 in the regulation of
survival, growth and differentiation of B <cells. The
inventors tested the effects of wild type (WT) and
constitutive active (CA) mutants of STAT5 on the growth of
human B cells. Tonsillar CD19+ B cells were isolated as

indicated in materials and methods. These cells were
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cocultured with IL-2, IL-4 and  mouse fibroblasts
transfected with CD40L (CD154). At day 7 the cells were
transduced with CA-STAT5a-IRES-GFP, CA-STATSb-IRES-GFP, WT-
STATSb-IRES-GFP or with a control IRES-GFP. Transduction
efficiencies were 5%-20%. The percentages of GFP+ cells in
the various cultures didn’t change the first three weeks of
culture in IL-2, IL-4 and CD40L. However, starting with 21-
25 days of culture, the percentage of GFP+ cells in the
cultures transduced with CA-STAT5a and b increased over
time. At week 6-7 the control-transduced and the
untransduced B cells started to die. At week 8 more than
95% of the CA-STATS5b-transduced cultures were GFP+ and
continued to expand. B cells transduced with WT STATSb
survived but did not expand indicating that activation of
STATS 1is required for expansion of the B cells. The
expanded B cells expressed CD19 but lacked CD20. This
observation strongly suggested that the replicative 1life-
span extension CA-STATS5-transduced cells was not due to EBV
transformation, since EBV transformed B cells express CD20.
This was confirmed by the observation that the CA-STATS5b-
transduced B cells did not express LMP-1 or EBNA1/2 mRNA as

assessed by a sensitive RT-PCR. Importantly the CA-STATSb-
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transduced B cells expressed several Ig variable gene

segments indicating that the line is not monoclonal.

Generation of B cell lines following induction of CA-STATSb
expression with tamoxifen.

The observation that CA-STATSb extends the 1life span of
human tonsil B cells could be caused by secondary events
resulting in transformation of the cells. If this is the
case shutting off STATSb should not affect the growth of
the already transformed B cells. To investigate this the
inventor employed the CA-STATS5b-ER-IRES-ANGFR construct.
Following culture of tonsillar B cells transduced with
CASTAT5b-ER IRES-ANGFR in CD40L, IL-2 and IL-4 in the
presence or absence of 1 pM 4HT a growth selection of CA-
STATSb expressing cells (ANGFR+) only occurred in the
presence of 4HT. Importantly, removal of 4HT resulted in
termination of the growth of the B cells and eventual
death. The transduced B cells cultured with CD40L, IL2 and'
IL-4 cultured in the absence of 4HT initially proliferated,
but they ceased to grow and then died after 7-20 days. When
4HT was added back after 7 days, the cells survived and
then continued to grow. These results indicate that CA-

STATS5b-induced growth of the tonsil B cells is not a
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consequence of irreversible genetic changes induced by CA-
STATS5b transforming the B cells but is only dependent on
continued functional expression of CA-STATS5b. The tonsil B
cells transduced with CA-STATS5b-ER and cultured in CD40L,
IL-2, IL-4 and 4HT express low levels of cell surface IgM
with 45% x and 40% A chain expression indicating that they
are polyclonal. The cells were negative for cell surface
IgDh and a small percentage (1-2%) expressed IgG an lacked
IgM. Furthermore they express CD38, CD40, CD70, CD80 and
HLA-DR but are weakly positive for CD20 and negative for
CD27. CD25 was highly expressed on these cells consistent
with the fact that STATSb directly controls CD25 (IL-2Ra)

transcription [John, 1996; John, 1999].

The finding that cultures of tonsil B cells transduced with
CA-STATS5b~ER contained IgM+ B cells and only a few IgG+ B
cells might be a consequence of the fact that tonsil B cells
are mainly IgM+ cells. However it was also possible that
expression of CA-STATSb leads to selective outgrowth of IgM+
B cells. Therefore the inventor examined the effects of this
mutant on growth of IgG+ cells. For these experiments he
used peripheral blood B cells of adults. The inventor

cultured purified PB B cells, transduced them with CASTATS5b-
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ER-IRES-GFP. The transduced B cells were then separated in
IgM+ and IgG+ cells and cultured further in the presence of
4HT for 35 days. Expression of CASTATS5b-ER-IRES-GFP results
in 4HT dependent growth of both IgM and IgG positive B
cells. Further analysis of the phenotypes of these cells
revealed that the phenotype of the IgG+ cells with respect
to expression of CD25, CD38, CD40, CD70, CD80, HLA-DR, CD20
and CD27 was the same as the phenotype of the cultured

tonsil B cells.
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Claims

1. A method of stabilizing a cell line comprising the
steps of obtaining a cell of interest; introducing a
constitutively active signal transducer of activation and
transcription (CA-STAT) protein into the cell; and
maintaining said cell in an environment where it can

replicate.

2. A method according to claim 1 wherein the STAT

protein is STATS5, STAT5a or STATSb.

3. A method according to claim 1 or claim 2 wherein the

cell is a mammalian cell.

4. A method according to claim 3 wherein the cell is a
B-cell, T-cell, dendritic cell, antigen presenting cell

(APC) or natural killer (NK) cell.

5. A method according to any one of the preceding
claims wherein the environment comprises any one or more

of the IL-2, CD40L and IL-4.
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6. A method according to any one of the preceding
claims wherein the CA-STAT protein is introduced into

the cell by transduction.

7. A method according to any one of the preceding
claims wherein the CA-STAT protein is linked to an

inactivating agent.

8. A method according to claim 7 wherein the
inactivating agent is an inducible promoter/excision

system, antisense nucleic acid, or associated protein.

9. A method according to claim 8 wherein the inducible
promoter/excision system is cre-lox or FLP/FRT excision

system.

10. A method according to claim 8 wherein the antisense

nucleic acid is RNAi.

11. A method according to claim 8 wherein the associated
protein forms a fusion protein with CA-STAT and can be

inactivated by a change in environment.

12. A method according to claim 11 wherein the

associated protein is a receptor molecule.
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13. A method according to claim 12 wherein the

associated protein is an estrogen receptor.

5 14. A method according to any one of the preceding
claims further comprising the step of halting the
replication of the cells of the cell line thereby

bringing about terminal differentiation.

10 15. A method according to claim 14 further comprising
the step of extracting an expression product from a

terminally differentiated cell.

16. A method according to claim 15 wherein the

15 expression product is a nucleic acid molecule.

17. A method according to claim 16 wherein the

expression product is a protein.

20 18. A method according to any one of the claim 15 to 17
further comprising producing a pharmaceutical composition

comprising the expression product.

19. A method of producing a cell line comprising cells

25 of interest said method comprising the steps of
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(a) obtaining said cells of interest;
(b) incorporating into said cell a STAT protein in
association with an inactivating agent;
5 (c) allowing said cells to replicate by switching
off said inactivating agent thereby rendering STAT
active; and

(d) maintaining said produced cell line.

10 20. A method according to claim 19 further comprising
(e) optionally cloning a cell from said cell line;
(f£) 1inducing terminal differentiation of said cells
by switching on said inactivating agent thereby rendering
STAT protein inactive; and
15 (g) extracting a desired expression product from

the terminally differentiated cell.

21. A method according to claim 20 wherein the
expression product is a gene.
20
22. A method according to claim 21 further comprising
(h) expressing said gene in a validated cell line;
(1) purifying said extracted protein; and
(jJ) producing a pharmaceutical composition

25 comprising said protein or nucleic acid encoding it.
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23. A method according to any one of claims 19 to 22

wherein the cells are antibody producing human B cells.

24. A method according to claim 23 wherein the

expression product is Ig genes.

25. A method according to any one of claims 19 to 24

wherein the STAT protein is STATS.

26. A method according to claim 25 wherein STATS is

STATS5a or STATSDb.

27. A nucleic acid construct for transforming cells so
as to produce cell lines, said nucleic acid construct
comprising nucleic acid sequence encoding a
constitutively active STATS protein and an inactivating
agent such that expression of the nucleic acid produces a
fusion protein comprising said STATS5 and the inactivating

agent.

28. A nucleic acid construct according to claim 27

wherein the STATS5 protein is STATSa or STATS5b.



10

15

WO 03/052083 PCT/GB02/05753

68

29. A nucleic acid construct according to claim 27 or
claim 28 wherein the inactivating agent is an estrogen

receptor (ER).

30. A nucleic acid construct according to any one of

claims 27 to 29 which is CA-STATSb-ER.

31. A kit for producing a cell line comprising cells of
interest, said kit comprising a nucleic acid construct

according to any one of claims 27 to 30.

32. A kit according to claim 31 further comprising a
dissociation agent which is capable of disassociating

STATS from the inactivating agent.
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Figure 1b
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Figure 5
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Table 1.
Percentage positive cells

Antigen Onset of Week 15 Week 18

culture
CD19 97 85.4 93
CD20 92.5 3 1.68
CD27 2.5 0.5 0.27
CD38 56 43.9 22
CD40 65 96 93
CD80 8 99.7 95
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Table 2
Production of IgG (ng/ml)
Exp. 1 Exp.2
caSTATSb 996.6(295) 16.(7.2)
clone 43 40(7.5)
clone 47 15(5.3)
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