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Abstract

AIM To improve the cultivation efficiency
and yield of human liver cell line CL-1.
METHODS High-density cultivation of CL-1
on microcarriers was carried out with
periodic observation of their growth and
proliferation. The specific functions of
human liver cell were also determined.
RESULTS Cells of CL-1 cell line grew well on
microcarrier Cytodex-3 and on the 7th day
the peak was reached. The amount of CL-1
cells was 2.13 x 108 and the total amount of
albumin synthesis reached 71.23 ug, urea
synthesis 23.32 mg and diazepam
transformation 619.7 ug respectively. The
yield of CL-1 on microcarriers was 49.3 times
that of conventional cultivation. The
amounts of albumin synthesis, urea
synthesis and diazepam transformation
were 39.8 times, 41.6 times and 33.3 times
those of conventional cultivation,
respectively.

CONCLUSION The human liver cell line
CL-1 can be cultivated to a high density
with Cytodex-3 and has better
biological functions. High-density
cultivation of CL-1 on microcarriers can act as
the biological material of bioartificial liver.
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INTRODUCTION

The animal experiments of extracorporeal
bioartificial liver suggested that the device could
provide special assistance to hepatic functions, and
the effects of its primary clinical application was
encouraging!*®. Although few successful studies
were reported on human cell line acting as the
biological material of bioartificial liver, itisrather
conspicuous*®, and has opened up a new path for
the study of bioartificial liver.

To meet the principal needs of bioartificial liver
functions, microcarrier technique was used to cultivate
highdensity humanliver cdll linetoimprovethecultivation
efficiency and yield in this study. The growth of liver
cells on microcarriers was observed and the specific
functionsof liver cellsweredetermined periodically. The
feasibility and va ueof humanliver cell linecultivated on
microcarriers asthe biological material of bioartificial
liver wereinquired.

MATERIALS AND METHODS

Materials

Thetissue of human liver cell line CL-1 was taken
fromnormal adult liver. Microcarrier Cytodex-3was
produced by Pharmaciain Sweden. Magnetic stirrer
(Or/min-200r/min) and stirring culture vessel was
made by Bellco Biotechnology in USA. The culture
matrix consisted of DMEM was solutedin 10% NCS
and L-Glutamineat aconcentration of 3g/L, products
of Gibco.

Methods

Common culture of CL-1 CL-1 cells 100mL, at a
concentration of 2 x 10° mL, wereinoculatedintoacubic
cultureflask. Onthe 1, 3rd, 5th and 7th day the growth
of cellswas observed on an upside-down microscope
and the cellswere counted respectively. Theamount of
the cells in the culture system was also calcul ated.
superficial clear liquid was obtained periodically to
determinethe functionsof theliver cdlls.

Microcarrier culture of CL-1 Cell suspension
100 mL, at a concentration of 2 x 10°mL, was
inoculated into astirring culture vessel containing
500 mg Cytodex-3 and stirred intermittently for 8
hours. Then the culture system was placed into a
fixed temperature culture case at atemperature of
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37°C and stirred continuously at a speed of 300 r/min.
From the 2nd day on, whether to change the culture
substrate or not and how much volume to change were
determined by the color of the matrix and the value of
itspH and theinterval of changing liquid was about 24
hours-36 hours.

M or phological observation and counting of thecells
cultivated on microcarriers Onthe 1st, 3rd, 5th, 7th
and 9th day 0.1mL samples were taken at a well-
distributed state of tirring, and growth of thecell swas
observed on the upside-down microscope. One mL
sampleswere collected every other day to calculatethe
amount of cellsintheculture system by meansof crystal
ester-cal culating.

Observation of cells cultivated on microcarriers
under electron scanning microscope On the 7th
day cell sample was taken at a well-distributed
state and culture matrix was discarded. After it
was ri nsed with phosphate buffer solution and
fixed for 0.5 hour with 2 mL 2% pentanal, it was
rinsed with phosphate buffer solution again, fixed
for 0.5 hour with 1% osmic acid, dehydrated
gradiently for 10 minutes each stage, exchanged
with acetic isopental ester for 4 hours, and dried
by CO2drier (HITACHI HCP-2, JAPAN). Finally
it was splashed with ion platinum vacantly. Growth
of the cells was observed under S-450 electron
scanning microscope (JAPAN).

Deter mination of albumin synthesis Whentheculture
substrate was changed, superficial clear liquid was
obtai nedto determinetheconcentrationof humana bumin
by radio-immunity competition.

Deter mination of diazepam transfor mation Standard
diazepam was added to the culture vessel at a
concentration of 20 pg/mL. The superfic ial clear liquid
wastaken periodicaly and theconcentration of diazepam
was determined according to XUE Guo-Zhuet all®. The
amounts of diazepam transformation were calcul ated.

Determination of ureain superficial clear liquid
Superficial clear liquid (0.2 mL) was taken and
determined by BECKMAN bioche mical auto-detector.
The amount of ureawas calculated on the basis of the
culturevolume.

RESULTS

Comparison of cell amounts after expanded by
cultivation

After 1-3 days of cultivation, the CL-1 cellsin
common culture adhered and grew slowly, and part
of them in suspension was devitalized. From then
on the adhering CL-1 cells grew rapidly, and cell
amount reached 4.32 x 10%/100 mL on the 5th day.

On the 7th day the amount decreased to 3.83 x
106/100 mL whileinthe microcarrier culturethe
growth of CL-1 accelerated on the 3rd day and
reached the peak of 2.13 x 108 on the 7th day,
and decreased to 1.83 x 108 on the 9th day
(Figure 1). Theratio of the peak amounts of CL-
1 between microcarrier culture and common
culture was 49.3:1.
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Figure 1 Change of the amount of CL-1 cultivated on microcarriers.

Morphological observation of CL-1 cultivated on
microcarriers

Observation under upside-down microscope On
the 1st day over 50% microcarriers were attached
with cells and the cells were beginning to expand.
On the 5th day more than 80% microcarrierswere
covered with cells (Figure 2). The multi-
morphological growth of liver cells could be
observed under high-amplification microscope. On
the 7th day the phenomenon of bridge-link could
be observed between microcarriers, i.e., the
microcarriers were linked to each other through
cells (Figure3).

Observation under electron microscope Onthe 7th
day of cultivation, e ectron microscopy showed that the
cellsadhered fast to the microcarriers semi-spherically
(Figure 4). The microvilli on the surfaces of the cells
could be observed clearly.

Changes of specific functions of cells When
CL-1 cells were cultivated on microcarriers, the
specific functional indexes such as albumin
synthesis, urea synthesis and diazepam
transformation rose gradually along with the
prolonging of the cultivation. On the 7th day these
indexes peaked, and then decreased gradually,
while CL-1 cells were commonly cultivated, the
functional indexes asdescribed abovereached their
peaks on the 5th day and decreased noticeably on
the 7th day. All the functional indexes determined
at varioustime pointsin microcarrier culture were
obviously higher than those in common culture
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(Tables1, 2). When functional indexesof CL-1cells
reached their peaks on the 7th day, the albumin
synthesis, urea synthesis and diazepam
transformation of CL-1inmicrocarrier culturewere
39.8, 41.6 and 33.3 times over those in common
culture on the 5th day.

Figure 2 On the 5th day more than 80% microcarriers were covered
with CL-1 cells under upside-down microscope. x120

Figure 3 On the 7th day the phenomenon of bridge-link could be
observed between microcarriers under upside-down microscope.
%200

Figure 4 On the 7th day of cultivation, the electron microscope
showed that the cells adhered fast to the microcarriers semi-
spherically under scanning electronic microscope. X950

Table 1 Changes of specific functions of CL-1 under two culture
con ditions

Indexes of functions 1stday 3rd day 5thday 7thday 9thday

Albumin synthesis (ug)

Microcarrier culture 21.34 35.87 58.35 7132 67.98
Common culture 0.43 121 1.79 1.65
Ureasynthesis (mg)

Microcarrier culture 7.45 1149 19.62 2332 20.18
Common culture 0.08 0.34 0.56 0.42
Diazepam transformation (ug)

Microcarrier culture 112.2 2713 544.1 619.7 5733
Common culture 3.4 8.9 18.6 135

Table 2 Comparison of peak function values of CL-1 under two
culture conditions

Indexes of functions Albumin urea Diazepam

synthesis(ug)  synthesis(mg) transformation(ug)
Microcarrier culture  71.23 23.32 619.7
Common culture 1.79 0.56 18.6
Ratio 39.8:1 41.6:1 33.3:1
DISCUSSION

Microcarrier culture can improve the culture
efficiency and yield. Asthe biolo gical material
of bioartificial liver, theliver cells must meet two
needs: U possessing the specific functions of
liver; and 2 providing biological function enough
to satisfy the patients. The former demands high
differentiation of the cells, and the latter sufficient
amount of liver cells. Our primary study on the
human liver cell line at early stage showed the
characteristics of high differentiation and good
specific liver functions of CL-1. It is extremely
valuable as the biological material of bioartificial
liver®. In common culture, however, the yield of
human cell line can only reach the level of 10°-
107, not enough to meet the need of necessary
amount to survive an individual. So the urgent
guestion on the biological material of bioartificial
liver is how to increase the amount of the cells.
The technique of microcarrier culture in cell
engineering makes cultivating the human liver cell
line possiblein high-density in that it possesses a
high ratio of surface area to volume, which
provides a comparatively large area for cells to
adhere in small culture volume. Few successful
cultivations of animal primary liver cells on
microcarriers have been reported both at home and
abroad!”®, whilethere was no report on cultivation
of human liver cells on microcarriers yet.
Microcarrier culture of CL-1 was studied by using
Cytodex-3 and slow stirring in our work. After 100
mL suspension of CL-1 was inoculated at a
concentration of 2 x 10%/mL, the cells grew and
adhered to the microcarriersin great amount and
reached the peak on the 7th day. The maximal
yield of cells cultivated on microcarrier was 49.3
times over that in 100 mL common cubic flask.
The reasons for the increase of cell yieldin abig
margin when CL-1 was cultivated on microcarrier
were as follows: (U The surface area in the
culture system for cells to grow was greatly
improved by using microcarriers. 0.5 g Cytodex-3
was added into 100 mL culture matrix each
and the cultivating surface area could reach 2 300
cm?; whilethe efficient surface area of the common
culture flask was only 28 cm?. The quantity of the
cells increased correspondingly with the
i mprovement of the cultivating surface; @ Cytodex-
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3isprimarily characterized by athin layer of collagen
chemically coupled to amatrix of cross-linked dextran,
sothat it can attach theliver cellsstrongly, stimulate the
expanding and growth of them and promotetheir growth
599 and (3) Low speed stirring employed to cultivate
CL-1 cellsmade them easy to adhere to the surfaces of
the suspending microcarriersand expandto mono-layers
gradudly.

The overall functions of CL-1 cultivated in
microcarrier system were improved. Due to the
marked increase of the amount of cells, the function
indexes of CL-1 cultivated on microcarrier were
greatly improved and predominated over those in
common culture. Such improvement was the
prerequisitefor CL-1 cultivated on microcarrier to act
as the biological material of bioartificial liver.
Furthermore, thetimefor the highest cell amount and
functionindexesin microcarrier culturewaslater than
that in common culture. It may be due to the
improvement of efficient surface areafor cultivating
which delayed the peak of growth and reproduction
of CL-1 afterwards.

Further improvement is needed in microcarrier
culture of liver cells. Matsmura held that about 25
g-75gliver cell (2.5 x 10°7.5 x 10°liver cells) was
enough to provide the necessary liver functionsto
survive an individual when hisliver weight was
1 200 g*9. Although the amount of CL-1 had been

greetly improvedtotheleve of 2 x 108inaculturevolume
of 100 mL inthisstudy, it can not meet the need of the
bioar tificial liver yet. Expansion of the volume of
microcarrier culture to several or even several tens of
litersisto befurther studied. Perfusion culturewithm
icrocarrier ispromising.
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