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Normal Human Cell Line
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A method to produce tissue type Plasminogen Activator (tPA) from normal human fibroblast is
developed by cultivating cells in serum free media containing heparin as an inducer. Optimal dose of
this inducer was 30 ug/ ml. The composition of serum free medium was also defined to fit to the in-
dustrial scale cultivation. 1.42 ug of tPA per 10° viable cells per m/ was produced. 1.1 gram of tPA
can be produced every day from this cell line under normal perfusion chemostat operations assuming
that same productivity is maintained when the process is scaled up. This method could reduce pro-
duction costs and simplify purification processes by using serum free medium. Tissue type PA pro-
duced from this cell line has high ability of dissolving clots, based upon fibrin lysis test showing 50
mm? of clearing zones in agarose gel plate. These results were reproducible and in good agreement
with results of ELISA assay. tPA from normal human cells will be safer than that from melanoma

and recombinant cells in human clinical trials.

Mar.y efforts have been made to produce tissue
Plasminogen Activator (tPA) from various sources
of mammalian cells since its pharmaceutical activi-
ties on acute vascular diseases were discovered
(1-17). Plasmingen Activator(PA) can dissolve fib-
rin clots in the blood stream without decreasing the
blood’s ability to form clots, and has higher activity
to degrade fibrinogen than commercially available
Urokinase (2). So far genetically engineered Chi-
nese Hamster Ovary, mouse, and human melanoma
cell lines have been studied to produce commercial
amounts of tissue type PA from many companies
(3,4). However, tPAs from cancer cells or recom-
binant DNA could might be contaminated with
gene transforming factors in the blood stream and
have side effects (6,7). Therefore, it is required to
produce them from normal human cells. Unfortun-
ately, human plasma contains only minute quan-
tities of tPA (5). Several normal cell lines have been

tried to produce tissue type PA in the laboratory
scales (8,9). In this report, it is aimed to develop a
suitable method of inducing commercial amounts
of tPA from normal human cell line.

Materials and Methods

Cell culture

Human fibroblast (CCD-112CoN, Flow Lab.,
Japan) cells were cultivated for ten days with a con-
fluency medium; mixture of Minimum Essential
Medium Eagle (MEM) and Earl’s balanced salt
solution (Sigma, USA) with 10% of Fetal Bovine
Serum (GIBCO, USA), 2.2 g/ of sodium bicarbo-
nate and 40 ug/m/ of gentamicin (Sigma, USA).
The cells were maintained in a 75 T-flask (Falcon,
USA) at 37°C incubator (MAO12, UK) with 5%
CO, enriched air by counting cell density and viabi-
lity, to grow up to at least 1 X 10° cells/m/. Then,
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Fig. 1. Astandard curve of human tPA at the absorbance
of 492 nm in serum free media.

the culture was divided into three 75 T-flasks for
testing the induction of tPA from three different
media; confluency, serum free and inducer-contai-
ning serum free media. The composition of serum
free media was MEM with Earl’s BSS (1:1 v/v)
(Sigma, USA), 10 ug/m/ of mixture of Insulin and
Bovine Transferrin (GIBCO, USA), 20 IU/m/ of
aprotinin and 40 ug/m/ of gentamicin (Sigma,
USA). 30 ug/m!/ of heparin (Sigma, USA) was add-
ed into the serum free media for inducing medium.
Before changing media in each flask, cells were wa-
shed with Ca*? and Mg*? containing phosphate
buffer solution (GIBCO, USA) four times. Three
T-flasks were maintained in 37°C water jacket in-
cubator for five days', and viability and cell density
were measured by Trypan blue dye exclusion me-
thod everyday (18).

Measurement of tPA in conditioned media

Commercially available enzyme linked immuno-
sorbant Assay (ELISA) kit(Imubind, USA) was us-
ed to determine the concentrations of tPA in three
different spent media (19). Figure 1 is the standard
curve to measure the amount of tPA in each me-
dium at the absorbance of 492 nm. The result sho-
wed very good linearity up to 0.1 ug of tPA/m/
with a correlation factor of 0.98. Therefore, the
samples were diluted with phosphate-Tris buffer
whenever the sample concentrations were over this
upper limit. Each sample was tested three times,
and the data shown in Table 1 were average values
of the triplicates.
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Table 1. The resunlts of producing tPA by cultivating
normal human fibroblast cells in several different
media.

Total crude Viable cell
Conditions tPA + density
(ug/m))  (x105cells/m)
Confluency medium* 0.02 1.40
Serum free medium** 0.75 1.10
Inducing medium*** 1.20 0.85

* MEM with EBSS and 10 % of FBS.

** Bovine Transferrin and Insulin were added into the
mixture of MEM and EBSS (1:1 v/v).

*** 30 ug/ml of heparin was added into serum free
media. The induction has been applied for 18 hours.

+ Commercially available ELISA kit was used to de-
termine the concentrations of tPA in spent media
along with the standard curve of Fig. 1.

Fibrin lysis test

2.0% of agarose (Sigma, USA) solution contain-
ing 10 mg/ m/ of fibrinogen (Sigma, USA) was boil-
ed at 60°C and poured into a 24 well plate (Corn-
ing, USA) and 15 ug/m/ of plasminogen (Sigma,
USA) was added into each well. A small hole was
punctured in each well by a 200 u/ size micro-pipette
to drop 50 u/ of each sample after agarose gel was
solidified. The standard tPA solutions were prepa-
red by mixing known amounts of tissue type PAs
(Imubind, USA) with fresh serum free media. The
plate was incubated in 37 °C humidified chamber
for up to 40 hours. The diameters of clearing zones
were measured every hour, which were caused by
the action of tPA in spent media and standard solu-
tions.

Resuits and Discussion

Table 1 is to show the results of inducing tPA us-
ing three different media. These values are the aver-
ages of triplicate measurements. 1.42 ug of tPA per
10° viable cells were produced by inducer-contai-
ning medium, which is equivalent to the production
of 14.2 ug of tPA per 10° cells under normal oper-
ating conditions because average cell density in sus-
pension cultures is 1 X 10% cells/m/ (10,11). This
productivity can yield 1.1 g of tPA every day in a
perfusion culture system, assuming 75 / of condi-
tioned media per day whose flow rate is an average
value in this system, as long as 1 x 10° viable cells
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Fig. 2. Kinetics of fibrinolytic lysis on agarose matrix
between.standard tPA solution and conditioned media
from human fibroblast cultures;

@, -, standard tPA, 1ug/mL; A, —-—, serum contain-
ing media; & , ——, serum free media; v, —, serum free
induction media.

are maintained (12-14). Only 20 ng of PA was pro-
duced from a confluency medium in this experi-
ment. It indicates that the natural production of
tissue type PA in blood stream is quite minute and
that an induction method needs to be developed for
commercial production. Interestingly, serum free
medium itself can induce PA as about 650 ng/10°

viable cells mainly due to the changes of catabolic’

processes within the cell (15).

It should be pointed out that the cell density was
decreased when an inducer was added because this
inducer can affect formation of the cell wall and
these phenomena are somewhat critical in scaling-
up processes since this cell line requires a microcar-
rier to grow up. Therefore, It is absolutely neces-
sary to design a special type of bead by coating coll-
agen on the surface of them. Characteristics of tPA
produced from fibroblast cells under this condition
were not examined except for testing activities of
activating plasminogen in the treatment and confir-
ming the results of ELISA assay by fibrin lysis test
as described in Materials and Methods. The pur-
pose of this work is to develop a method of produc-
ing pharmaceutically active tissue type PA from
normal cell line. Moreover, it is believed that the
PA produced from this cell would be the mixture of
single and double chain tPAs having a molecular
weight of 60,000 to 70,000 daltons which is similar
to that of most PAs from other normal tissues (16).
This tPA could be better and safer than those from
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Fig. 3. The effect of tPA concentrations on fibrinolytic
lysis activity; ® is experimental data points.

melanoma and recombinant cells (16).

Fig. 2 shows the result of testing kinetics of lys-
ing fibrin by PAs from three different media. Cir-
cles are the diameters of clearing zones by treating 1
ug of standard tPA/m/ as a function of incubation
time to compare with tPA from experimental me-
dia. The lysing areas by inducing-medium are simi-
lar to them by 1 ug/m/ of standard tPA for overall
incubation times, which implies that the results of
ELISA assay in Table 1 are reliable, since serum
free induction medium contains 1.2 ug/m/ of tPA
that is approximately same amount of tPA for stan-
dard solution. All lysing diameters were no longer
increased after 15 hour incubation possibly because
of the loss of activities. The life time of this PA is
exceptionally longer than other sources of tPA (17),
which is another excellent merit for clinical treat-
ment.

Fig. 3 is to show the effect of various concentra-
tions of tPA on fibrinolytic activities. The activities
linearly increase as the doses of tPA are increased
after 250 ng of tPA/m/. At 1 ug of standard
tPA/ml the lysis area is about 45 mm? whose value
is similar to that in inducer-containing medium in
Fig. 2. This result also confirms accurate quantita-
tion of tPAs in conditioned media.

Conclusions

It is proved that normal human fibroblast cell
line can produce commercial amounts of tissue type
PA with high ability of dissolving clots by adding
an effective inducer, heparin into serum free media.
This induction method will reduce tPA production
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cost, which is the one of the major bottle-necks in
the commercialization of mammalian cell derived
products, since this process needs only serum free
medium except for scaling-up period for ten days.
However, it must be stressed that it is necessary to

develop a proper type of bead to attach cells on the
microcarriers in the suspension culture with using

serum free induction medium. Further biochemical
analysis of this tPA should be carried out to define
specific characteristics besides the pharmaceutical
activities.
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