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Abstract

Plant cell culture is emerging to express bioactive foreign proteins because it has several advantages in that it is
safe, economical, genetically stable and eukaryotic expression system comparing with other expression systems.
However several limitations such as slow growth rate, low expression level and lack of well established down
stream process need to be answered. As a preliminary approach to produce the immunologically interested
molecules through the plant cell culture, we tested if granulocyte-macrophage colony stimulating factors (GM-
CSFs) from both murine (mGM-CSF) and human (hGM-CSF) are produced as a biologically active form
through plant cell culture. The murine and human GM-CSF genes were cloned into the plant expression vector,
pBI121, and Ti-plasmid mediated transformation of tobacco leaves was conducted using Agrobacterium
tumefaciens harboring both recombinant GM-CSF (rGM-CSF) genes. Cell suspension culture was established
from the leaf-derived calli of transgenic tobacco plant. Northemn blot analysis indicated the expression of the
introduced mGM-CSF gene in both transgenic plant and cell suspension cultures. In addition, the biological
activities of both murine and human GM-CSF from plant cell culture were confirmed by measuring the
proliferation of the GM-CSF dependent FDC-P1 and TF-1 cells, respectively.

Abbreviations: crmGM-CSF, recombinant human granulocyte-macrophage colony stimulating factor purchased
from commercial source; mGM-CSF, murine granulocyte-macrophage colony stimulating factor; hGM-CSF,
human granulocyte-macrophage colony stimulating factor; prmGM-CSF, recombinant mouse granulocyte-
macrophage colony stimulating factor produced by plant cell suspension culture; prhGM-CSF, recombinant
human granulocyte-macrophage colony stimulating factor produced by plant cell suspension culture; rmGM-
CSF, recombinant murine granulocyte-macrophage colony stimulating factor; thGM-CSF, recombinant human
granulocyte-macrophage colony stimulating factor; 3H-TdR, [methyl-3H]Thymidine deoxyribose

A variety of bioactive compounds have been stably
expressed in plants using molecular biological tech-
niques [19, 21, 7, 23]. Production of valuable pro-
teins through the plant cell culture has several ad-
vantages over either prokaryotic or animal cell ex-
pression system [9]. They are generally inexpensive
to grow on a large scale, and their production is not
limited to fermenter capabilities since they have high
cell density [11]. In addition, since the plant cell
culture is an eukaryotic expression system, post-
translational modification in plant cell culture system
is more similar than those of prokaryotic or other
eukaryotic expression system, which allows it to
produce more complicated target proteins as biologi-
cally active ones. It is possible to integrate many
different target proteins into a single cell line through
a conventional plant breeding techmiques. Also, the
proteins produced through plant cell culture is safer

than those through prokaryotic and animal expression
system, especially in the proteins applied for human
disease treatment. In addition, plant cell culture sys-
tem is more affordable to human society than those
of transgenic plant because it is possible to direct the
target compound to culture medium, which allows us
to purify the compound instead of using whole engi-
neered plant. Finally, purification procedure of the
produced proteins through plant cell culture is easy
and economical, since there are less unwanted pro-
tein components in the culture media than those in
prokaryotic and animal cell expression system.

However there are several limitations comparing
with other expression system in that plant cells have
slow growth rate than the other expression system,
expression level of foreign protein using plant cell
culture is quite low and a general procedure for large
scale production is not well established.



46

lacZ

mGM-CSF or
hGM-CSF

lacl
pGM-CSF

3.20Kb
Oﬂy

Xbal + BamHI
elute 0.5 Kb fragment

3'NOS

RB

Hindlll, Sphl Pst

NPTIL - p358
pNOS

pGM
13.30Kb

HindilLSph! Pstl

a b,
TNOS
NPT P35S

pNOS

pBl121
12.80Kb ANOS J

Xbal + BamHl

Ligation

Xal mGM-CSF or
hGM-CSF

BarnMl
Smal

GUS

FNOS

Figure I. Cloning strategy to generate the plant expression vector, pGM, containing mGM-CSF or hGM-CSF ¢DNA. Cloned mGM-CSF and
hGM-CSF genes are transcriptionally fused 10 [ -glucuronidase gene and placed under the control of cauliflower mosaic virus 358 promoter
Arrows indicate the direction of transcription and closed bars represent the coding genes.

In this review, I will explain the prospects of
production of useful protein using plant cell culture
with the example of granulocyte-macrophage colony
stimulating factor (GM-CSF) production through
tobacco cell culture.

As an initial attempt to produce valuable immu-
nological molecules, such as antibodies and cytoki-
nes, we tried to produce both murine GM-CSF
(mGM-CSF) and human GM-CSF (hGM-CSF),
which do not exhibit cross-activity, from plant cell
suspension culture. By transferring the GM-CSF
gene to tobacco cells, expression of the transferred
GM-CSF gene was confirmed by Northemn blot ana-
lysis in mRNA level. Moreover, produced rGM-CSF
was biologically fully active in that it sustained the
proliferation of GM-CSF dependent FDC-P1 cells.

Granulocyte-macrophage colony  stimulating
factor (GM-CSF) is one of the first of large number
of cytokines purified and cloned [18]. The structures
of GM-CSFs from several organisms including

mouse have been determined by deduction of the
amino acid sequence from the nucleotide sequence of
cDNA clones [8, 20, 13, 22, 14]. The mature mGM-
CSF comprises 124 amino acid residues while hGM-
CSF consists of 127 residues, which are preceded by
a hydrophobic leader sequence of 25 amino acid
residues in length. The murine and human GM-CSF
polypeptide sequences both contain two potential N-
linked glycosylation sites and the isolated GM-CSF
from both source is glycosylated to approximately 23
kDa [16]. GM-CSF can be produced by a number of
different cell types, including T lymphocytes, macro-
phages, endothelial cells and fibroblasts, under dif-
ferent circumstances. The major actions of GM-CSF
involve the regulation of survival, differentiation,
proliferative and functional activities in granulocyte-
macrophage populations. Hence, there are at least
three major areas in which GM-CSF has been con-
sidered for clinical use: amelioration of acute and
chronic states of neutropenia, including facilitation of
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Figure 2. Growth curve of plant cell suspension culture. Trans-
genic suspension ccll lines were obtained from the leaf-derived
calli of transgenic plants and suspension cell culture was estab-
lished in MS medium containing 2 mg/l of 24-
dichlorophenoxyacetic acid, 0.02 mg/l of kinetin and 3 % sucrose.
The suspension cell culture was kept by transferring a fifth of
proceeding culture onto fresh medium every 12 days. Plant cell
suspension culture for the experiments was started at 50 ml scale
with 12 g/1 wet weight of cultured cell as an inoculum size. The
arrow represents the time point for sample preparation for further
experiments. The data represent the mean values of the triplicates.

bone marrow and peripheral blood stem cell trans-
plantation; adjunctive therapy with anti-microbials in
nonneutropenic. states; and anti-neoplastic effects via
differentiation of the malignant phenotype, recruit-
ment of leukaemic cells to enhance the efficacy of
chemotherapy or enhancement of anti-tumor activity
[18]. In addition, anti-tumor activity of GM-CSF
against several tumor types including solid tumors
has been reported recently [5, 1, 17, 4]. From early
1993 in the USA, recombinant human GM-CSF has
been approved for use as a means of accelerating
engraftment following autologous bone marmrow
transplantation in patients with lymphoid malignan-
cies.

Vector construction and establishment of suspension
cell culture

The 500 bp Xbal/BamHI DNA fragments containing
gither mGM-CSF or hGM-CSF ¢cDNA was cloned
into the corresponding cloning site of pBI121 vector
[10, 3] to generate pGM. GM-CSF gene is placed
under the control of cauliflower mosaic virus 358
promoter and fused transcriptionally to f -
glucuronidase (GUS) gene (Figure 1). Agrobacte-
rium-mediated transformation with pGM was applied
[2]. Suspension cell lines were obtained from the
leaf-derived calli of plant and suspension cell culture
was established in MS medium containing 2 mg/l of
2.4-dichlorophenoxyacetic acid, 0.02 mg/1 of kinetin,
and 3% sucrose. The suspension cell culture was kept
alive by transferring a fifth of a proceeding culture
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Figure 3. Biological activity of the recombinant GM-CSFs pro-
duced by plant cell suspension culture. (A) Biological activity of
the recombinant mouse GM-CSF (prmGM-CSF) has been assayed
by measuring the ability of recombinant proteins to support the
proliferation of mGM-CSF dependent FDC-P1 cells (Metcalf,
1989). Briefly, 5 x 10* FDC-P1 cells were culture for 24 h in the
presence of each samples and then 1 pCi of [methyl-*H] Thymidine
was added and incubated for another 12 h. After harvesting the
cells, the level of tritium uptake has been measured by using liquid
seintillation counter to determine the level of proliferation. PBS,
control, prmGM-CSF and rmGM-CSF represent the PBS negative
control for dependent cell proliferation assay, the sample from
mock-transformed plant cell suspension culture, 16X diluted
sample of recombinant mouse GM-CSF produced by plant cell
suspension culture and 78pg/ml of commercially purchased mouse
GM-CSF which has been produced by using E. coli expression
systern, respectively. (B) Biological activity of the recombinant
human GM-CSF (prhGM-CSF) has been assayed similarly as
prmGM-CSF except using TF-1 cells instead FDC-P1 as human
GM-CSF dependent cells (Kitamura e al., 1989; Drexler et al.,
1997). PBS, control, phmGM-CSF and hmGM-CSF represent the
PBS negative control for dependent cell proliferation assay, the
sample from mock-transformed plant cell suspension culture, 8X
diluted sample of recombinant human GM-CSF produced by plant
cell suspension culture and 625pg/ml of commercially purchased
mouse GM-CSF which has been produced by using E. coli expres-
sion system, Tespectively.

onto fresh medium every 12 days and the growth rate
of suspension cell culture was determined by meas-
uring the fresh weight of cultured cells (Figure 2). In
order for GM-CSF production occur in suspension
culture, 12 g/l fresh weight of cultured cell was in-
oculated into a 250 ml flask containing 50 ml of MS
medium. The sample was collected on the 9th day
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Table 1. Quantitative analysis of expressed rGM-CSF

TGM-CSF Cell type

Parental cell (ng/1) Adaptaed cell (ug/1)
mGM-CSF 0.02 0.434
hGM-CSF 4.73 N.D.

N.D. indicates "not determined” because the improvement of productivity is undertaking.

after inoculation when cells were believed to be in
the half-maximal growth stage (Figure 2).

Biological activity of rGM-CSF produced by plant

suspension cell culture

In order to test if the recombinant GM-CSF (rGM-
CSF) produced from plant cell suspension culture
(prGM-CSF) is biologically active, the biological
activities of murine and human GM-CSF were tested
by measuring the capability of the protein to support
the growth of GM-CSF dependent FDC-P1 and TF-1
cells, respectively (Figure 3). As shown in the Figure
3, all the negative controls, such as PBS and vector
transformed-samples did not support the growth of

GM-CSF dependent cells through out all the dilutions.

However, the positive controls, commercially pur-
chased rGM-CSFs (rmGM-CSF and rhGM-CSF),
supported a significant level of GM-CSF dependent
cell proliferation when it was treated with the rGM-
CSF at the concentration of 0.5 pg/ml. Interestingly,
samples prepared from the culture supematant as
well as the cell lysate of pGM transformed transgenic
plant efficiently support the proliferation of GM-CSF
dependent cells. These results show that both murine
and human GM-CSF genes are expressed and stayed
as a biologically active form during the plant cell
suspension culture.

Quantitative analysis for the amount of expressed
rGM-CSF protein produced from plant cell culture
could be estimated by ELISA (Table 1). The initial
amount of mGM-CSF was estimated to be 0.02 pg/l.
However the yield of mGM-CSF was significantly
increased due to the repeated selection of better
adapted cell line. The recent productivity of mGM-
CSF appears to be 0.43 pg/l. In addition, the initial
amount of hGM-CSF was 4.73 pg/l, which is a lot
higher than that of mGM-CSF. Improvement of
hGM-CSF productivity is also currently undertaking.

Future studies

In order to enhance the productivity of target protein,
several approaches are currently undertaken. First,
many plants are under investigation to obtain the cell
line with fast specific growth rate in the suspension

culture. Several candidates with shortened cell cycle
have been reported and those are wild type cultivars
of tobacco plant and several different species of
Lemna spp. including duckweed. These plants are
currently suspension-cultured and maintained for
several generations to compare the growth rate, Sec-
ondly, Expression level of foreign genes are im-
proved by using strong promoters as well as enhancer
elements. Expressed genes are screened by using
expression sequence tag (EST) as well as RNA dif-
ferential display in order to obtain the strong promot-
er specific to suspension culture, Several novel genes
were identified from tobacco cell culture and are
currently investigating to see whether they have bet-
ter capability to drive the foreign gene expression
than that of 358 promoter from Cauliflower Mosaic
Virus. Enhancer elements of known promoters are
under evaluation to see enhancing activity for foreign
gene expression, Lastly, tissue culture techniques are
under investigation to establish better adapted-cell
line showing uniformed cell size and prolonged vi-
ability during cell culture. Mechanical sieving during
successive transfer on the fresh medium and repeated
plating on the MS salt media were able to establish a
better adapted cell line which gives the 20 fold in-
crease of GM-CSF productivity compared with the
parental cell line (Table 1). In addition, stabilizers
preventing the expressed product from degrading
proteolytically and losing its three dimensional
structure are also screening and optimization of cul-
ture medium is currently carrying out.
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