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The Production of Tissue Type-Plasminogen Activator and Mechanism of Cell Death from Human
Promyelocytes (HL-60) in Low Serum Containing Medium. Hyun-Gu Kim, Ki-Don Sung, Tae-Ho Kim,
Ju-Hee Ahn, Moon-Sun Ham, Jin-Seo Park' and Hyeon-Yong Lee*. Departrnent of Food Engineering, Kangwon
National University, Chunchon 200-701, Korea, ‘Department of Genetic Engineering, Hanllym University, Chun-
cheon 200-801. Korea — HL-60 was cultivated to produce tPA (tissue-type plasminogen activator) and study
the mechanism of cell death. Maximum cell density and tPA production were obtained as 5.27X10° cells/m/
and 324 ng/ml, respectively under perfusion cultivation. tPA production was enhanced to 420 ng/m/ in adding
160 nM of phorbol ester. The cells were gradually differentiated to granulocytes rather than proliferation. By
Fluorescent microscope, apoptosis was prevailed except the death phase and in high agitation speed, but necrosis
was prevailed in thawed cells and during the latter periods of the cultivation. It was also proved that tPA
was most produced in apoptosis. To obtain higher tPA productivity, the cells must be maintained in apoptosis,

not necrosis phase when the cells were dying.
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Fig. 1. The cell growth and tPA production in a 75 cm? T-
flask under batch cultivations with various concentrations of
serum.

— A— Cell Density (5% FBS), —#— Cell Density (3% FBS),
—@— Cell Density 1% FBS), —A— tPA (5% FBS), —-
tPA (3% FBS), —C— tPA (1% FBS)
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Table 1. The comparison of cell density and tPA production from the growth of human promyelocytes in various concentrations

of serum containing medium.

Concentration of Maximum cell density (cells/m/) Maximum tPA production (ng/mJ)
serum (FBS) No addition Addition* No addition Addition
5% 245X 10° 52 X10° 260 330
3% 18 X10° 523X 10° 240 420
1% 2.3 X10° 55 X10° 225 352

*added 160 nM Phorbol 12-Myristate 13-Acetate
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Fig. 2. The cell growth and tPA production by a spinner
vessel in 2% serum containing medium.
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Fig. 3. Kinetics of cell growth and tPA production for perfu-
sion cultivation of HL-60 cells in 2% FBS containing medium.
— A— Cell Density, ~ 49— Glucose, —l— tPA, — = — Per-
fusion rate

Table 2. Summary of growth parameters in cuitivating human promyelocytes in 2% serum containing medium according to

two different cultivation processes

Maximum Specific growth Specific glucose Maximum tPA Specific tPA
cell density rate (1/day) consumption rate concentration production rate
(cells/m/) (ug/cell/day) (ng/m{) (ng/cell/day)
Batch culture 2.76 X 10° 0.178 1.42X10°° 324 2.09X10°5
Perfusion culture 5.27 X105 0.08 1521076 324 492%10°%




Fig. 4. Comparison of normal cells and differentiated cells
by adding phorbol ester (Phorbol 12-Myristate 13-Acetate).
(A) Normal cells; (B) Differentiated cells 2 days after adding
160 nM phorbol ester.
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Fig. 5. The effect of phorbol ester on cell growth and tPA
production in various concentrations of serum and 160 nM
phorbol ester containing medium in batch cultivations.
—M— 5% FBS containing medium (cell density)

—4@— 3% FBS containing medium (cell density)

—A— 1% FBS containing medium (cell density)

—~[O- 5% FBS containing medium (tPA)

—<{— 3% FBS containing medium (tPA)

— A~ 1% FBS containing medium (tPA)

Table 3. The comparison of tPA production from several cell
lines

Concentration

Cell lines of total
tPA (ng/mi)

HL-60 (Human promyelocytes)* 159.15
HUVEC (Human umbilical vein 17.7
endothelial cells)**
WI-38 (Human fibroblast cells)*** 16.5
IMR-90 (Human fibroblast cells)*** 119
G-361 (Human melanoma cells)*** 71.6

*Cultured in a 500 m/ spinner vessel in 2% FBS containing
medium.

**Cultured in Endothelial Growth Medium containing 2%
FCS in T-flask.

***Cultured in DMEM/F-12 medium in the absence of FCS
in T-flask.
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Fig. 6. Photographs of apoptotic cells and necrotic cells in
cultivating HL-60 cells.

(A) Viable non-apoptotic cells (VNA); (B) Viable apoptotic
cells (VA) and Non-viable apoptotic cells (NVA); (C) Necrotic
cells (NEC)
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Fig. 7. The pattern of cell death in batch cultivation of HL-
60 cells according to cultivation time.
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