PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com  www.wjgnet.com

World J Gastroentero, 2000; 6(3):365-370
World Journal of Gastroenterology
Copyright[12000 by the WJG Press ISSN 1007-9327

Primary porcine hepatocytes with portal vein serum
cultured on microcarriers or in spheroidal

aggregates

Yi Gao, Huan Zhang Hu, Ke Chen and Ji Zhen Yang

Subject headings porcine hepatocytes, microcarriers;
cell culture; spheroidal aggregate culture; portal vein serum

Gao Y, HuHZ, Chen K, Yang JZ. Primary porcine hepatocytes with
portal vein serum cultured on microcarriersor in spheroidal aggregates.
World J Gastroentero, 2000;6(3):365-370

Abstract

AIM To develop a culture mode providing
durable biomaterials with high yields and
activities used in bioartificial liver.

METHODS Hepatocytes were isolated from a
whole pig liver by Seglen’s method of
orthotopic perfusion with collagenase. In
culture on microca rriers, primary porcine
hepatocytes were inoculated at a
concentration of 5 x 10’/mL into the static
culture systems containing 2 g/L Cytodex-3,
then supplemented with 100 mL/L fetal calf
serum (FCS) or 100 mL/L porcine portal vein
serum (PPVS) respectively. In spheroidal
aggregate culture hepatocytes were inoculated
into 100 mL siliconized flasks at a concentrati
on of 5.0 x 10¢/mL.

RESULTS In culture on microcarriers
hepatocytes tended to aggr egate on Cytodex-
3 obviously after being inoculated. Typical multi-
cellular aggregated spheroids could be found in
the two systems 24 h-48 h after hepatocytes
were cultured. The morphological charact-
eristics and syntheti c functions were maintained
for 5 wk in FCS culture system and 8 wk in PPVS
culture system. In spheroidal aggregate culture
about 80%-90% isolated hepatocytes became
aggregated spheroids 24 h after cultured in
suspension and mean diameter of the spheroids
was 100 um. The relationship among the
hepatocytes resembled that in the liver in vivo.
Synthetic functions of albumin and urea of the
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spheroids were twice those of hepatocytes
cultured on monolayers.

CONCLUSION As high-yields and high-activity
modes of culture on microcarriers or in
spheroidal aggregate culture with portal vein
serum are promising to provide biomaterials for
bioartificial liver (BAL) efficiently.

INTRODUCTION

Great attention was paid world-wide to the
bioartificial liver (BAL) aiming to release the
clinical symptoms of severe acute liver diseases
or liver injuries and act as atransitional bridge for
liver transplantation. Modern BAL is main ly
characterized by its multiple biofunctions
resembling those of liver in vivo and such
functions may be completely derived from the
biomaterialsin BAL. Years of researches at home
and abroad showed that primary hepatocyteswere
the most ideal biomaterial of BAL. But for the
morphological and functional changes of primary
hepatocytes cultivated in vitro occurred obviously
in short time, it was deadly restrained to use them
as the biomaterial in BAL. To probe into this
guestion, together with our proceeding researches
on this subject™™, we took the method of two-step
orthotopic collagenase perfusion to isolate
hepatocytes and cultured them on microcarriers
Cytodex-3 statically in flasks in the systems
supplemented with FCS or PPV Srespectively, and
also cultured theminthe matrix DMEM containing
porcine portal vein serum at a concentration of
100 mL/L through the way of spheroidal
aggregating, then estimated the po ssibility of such
hepatocytes acting as the biomaterial in BAL in
view of their morphology and- biofunctions.

MATERIALS AND METHODS

Materials

The experimental animals were five native sex-
unlimited pigs aged 1 mo-2 mo and weighed 10 kg-
15 kg from the experiment animal center of SUN
Yat-Sen Medical University. Insulin, glucagon,
transferrin, collagenase |V, typran and microcarrier
Cytodex-3 were perchased from Sigma (USA).
Solution of 50 g/L methyl silicon resin ethyl acetate
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was confected by ourselves. Ten g/L osmic acid, 20 g/L
pentanal and gradient acetone solutionswere provided
by the Department of Electron microscope of First
Military Medical University. S-450 el ectron scanning
microscope was from Japan. PPV S was collected in
theexperiment. Theliver perfusion solutionwas prepared
accordingto Table 1.

Methods

Isolation of porcine hepatocytes The experimenal
pig was kept fasting for 12 h preoperatively and
anaesthetized with 30 g/L sodium barbiturateip. After
the abdominal skin being prepared and disinfected,
celiotomy was performed, then portal veinandinferior
caval veinbelow theliver exposed and 0.25 mg(1251U)
heparin injected into the inferior cavalvein. After
being dissected, the portal vein and theinferior caval
vein were ligated at the distal end and intubated at
theproximal end respectively. When theinferior caval
vein abovetheliver ligated at the superior end of liver
vein, successive perfusing solutions | and Il pre-
warmed in 37°C water bath were perfused along the
circuit viaportal veintoinferior cava vein. Perfusing
speed was about 50 mL/min-60 mL/min for 20 min.
Perfusion was ended until the liver became pallor or
yellow in color. Then the well digested liver were
taken out, tore off the liver sheath and the isolated
hepatocytesdelivered into solution 111 pre-warmedin
37°C water bath. After being filtered by 150 um, 100
pum and 80 um sieve, the hepatocytes were suspended
in solution and centrifuged at a speed of 1 000r/min
for 3 min-5 min repeated three times. The deposited
hepatocytes were added into solution 1V to prepare
the hepatocyte suspension for use. Portal vein blood
was gathered from the distal end of theligated portal
veinand in atotal amount of 1 300mL from 5 pigs. It
was centrifuged at a 2 000r/min to isolate the portal
vein serum, and thevery serum centrifuged threetimes
more to prepare the refined serum which finally
amounted to 714 mL. Therefined serum wasfiltered
to be excluded from bacteriaand preserved separately
for use. Sample from the suspension was observed
under light microscopeto calculate theyielding rate
of hepatocytesand stained by typran for determination
of their activity.

Static culture of hepatocytes on microcarriers in
flasks

Porcine hepatocyte suspension was divided
randomly into two halves, then one half was cultured
on microcarriers in FCS system and the other in
PPV S system. Five pigs were done separately and
by the same method. (U Culture of hepatocytes in
FCS system: five flasks were prepared and each
one added with 2 mL-3 mL 50 g/L sterile methyl
silicon resin ethyl acetate solution. After the flasks
being shaken mildly and equably, the remained

solution was discarded. The flasks were parched in
60°C eectricovenfor use. 20 mg-30 mg Cytodex-3was
deposited into the siliconized flasks and rinsed with 40
mL Ca¢" and Mg free phosphate buffer solution (PBS)
for three times, then dipped in PBS over night. After
being sterilized at 15 poundsfor 30min, themicrocarriers
were dipped in DMEM matrix over 10 h foruse.
Hepatocytes were inoculated into the flasks at the
concentration of 5 x 10mL and DMEM matrix
containing 100 mL/L FCS, 100 pg/L glucagon, 100 ug/L
transferrin, 200 ug/L hydrocortisone, 100 pg/L insulin
and 200 pg/L fortum addedup to the total volume, 50
mL. Then theflasks were deposited into an incubator
with 100% humidified atmosphere containing 5% CO,
at 37°C and shakenredlingly onceevery 15min-30min
at thefirst 4 h, once every 2 h after 4 hand laid quietly
after 8 h without further shaking. Ten mL supernatant
fluid of the culture matrix was changed after 24 h and
once every 2 d from then on. The supernatant fluid was
centrifuged at 1 000r/min for discarding the cell
fragments. Synthesized albumin and urea were
determined. @ Cultureof hepatocytesin PPV'S system:
100 mL/L refined PPV S was added into the culture
systemingtead of FCS, and the other demandswerethe
same as those of the FCS culture.

Spheroidal aggregate culture of primary porcine
hepatocytes

Five flasks were prepared and each one added with 2
mL-3mL 50g/L sterilemethyl sliconresinethyl acetate
solution. After theflasksbeing shakenmildly and equiably,
the residual solution was discarded. The flasks were
parchedin 60°C electric ovenfor use. Hepatocyteswere
inoculated into the flasks at the concentration of 5 x 10°/
mL and DMEM matrix containing 100 mL/ L porcine
portal vein serum, 100 pg/L glucagon, 100 pg/L
transferrin, 200 pg/L hydrocortisone, 100 pg/L insulin
and 200 pg/L fortum added up to atotal volume, 50mL.
Then theflasksw ere deposited into the incubator with
100% humidified atmosphere containing 5% CO, at
37°C and shakenredingly onceevery 15min-30 min at
thefirst 4 h, onceevery 2 h after 4 h and laid quietly
after 8 h without furt her shaking. 10 mL supernatant
fluid of the culture matrix was changed after 24 h and
once every 2 d from then on. The supernatant fluid was
cent rifuged at 1 000r/min for discarding the cell
fragments. Syntheses of albumin and urea were
determined.

Morphological observation and counting of
hepatocytes

The porcine hepatocytes cultured on microcarriers
and those cultured as aggregat ed spheroids were
observed under phase- contrast light microscope
and photograph ed on an automatic microscopic
photographing device successively (Olympus,
Japan ). In culture on microcarriers 1 mL samples
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were collected every day to cal culate the amount
of cellsin the culture system by means of trypan
blau. On d7, cell sample was taken at a well-
distributed state, culture matrix discarded, rinsed
with PBS, then fixed for 0.5 h with 2 mL 20 g/L
pentanal, rinsed with PBS again, fixed for 0.5 h
with 10 g/L osmic acid, and next dehydrated
gradientially for 10 min each stage, exchanged
with acetic isopental ester for 4 hours, dried by
CO, drier (Hitachi HCP,, Japan), and finally
splashed with ionic platinum in vacuum. Growth
of the cells was observed on S-450 electron
scanning microscope (Japan). In spheroidal
aggregate culture, 1 mL samples were taken well-
distributedly from the matrix for cell calculation
on the d7 and d12.

Determination of albumin and urea syntheses
When the culture matrix was changed, sampl es of
supernatant fluid were obtained from the cultu re
on microcarriers and spheroidal aggregate culture
to determine the contents of albumin and urea
through an automatic biochemical analyzer
(Beckman, USA).

RESULTS

Isolation of porcine hepatocytes

We successfully took the improved Seglen’s two-
step orthotopic perfusion method with collagenase
to isolate the porcine hepatocytes. About 2.82 x 10%°
hepatocytes were obtained and the survival rate
91.2%. Each gram pig liver offered 7.01 x 107
hepatocytes.

Cultivation of porcine hepatocytes

In culture on microcarriers, the amount of
hepatocytes on the d7 in the two systemsis shown
in Table 2. Hepatocytes growth curve (Figure 1) was
drawn on the basis of Table 2. On d18 hepatocytes
in FCS culture system amoun ted to (1.1 + 0.53) x 10’
and those in PPV S system (3.1 + 0.71) x 10%. In sp
heroidal aggregate culturethe amount of hepatocytes
on d7 was (3.12 £ 0. 26) x 10" and that on d10
(1.39 + 0.51) x 10°.
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Figure 1 Hepatocytes growth curve in different culture systems
on microcarriers.

Morphological observation of hepatocytes
cultured on microcarriers

Observation under phase-contrast light
microscope Four hours after inoculation
microcarriers were observed to be adhered with
hepatocytes and the hepatocytes were beginning
to expand. The phenomenon of bridge-link could
be observed between microcarriers (Figure 2), i.
e. themicrocarriers were linked with each other
through hepatocytes and arranged as slices or a
str ing of beads (Figure 3). There was “snowball”
effect between some microcarrier s and
hepatocytes. Twenty-four hours after culture
over 1/3 microcarriers were covered with cells.
The hepatocytes adhering to microcarriers was
inirreg ular polygonal shape and thereafter these
cells were observed to expand and grow. Forty-
eight hours after culture most vivid hepatocytes
were attached to micro carriers directly or
indirectly. Growth of hepatocytes on
microcarriers resemble d that of monolayer
growth in flasks. In FCS system hepatocytes
began to adhere to microcarriers and expanded
2 h after inoculation. Double-nucleus hepato
cytes could be observed and some linked to
others in insular configuration. Twen ty-four
hours later about 60%-70% hepatocytes were
attached. Three daysafter i noculation they began
to proliferate and there were anile hepatocytes 6
days later. About 22 days later microcarriers
were covered fully with hepatocytes. Five weeks
after inoculation hepatocytes tended to become
rough and blurry-edged. Granules and vacuoles
could be observed in most of them. About 2 days
later hepatocytes began to detach from
microcarrier s and died. Morphology of
hepatocytes in PPV'S system resembled that in
FCS syste m at the first 24 h except that there
were more double-nucleus hepatocy tesin PPVS
system. Three days after inoculation most
microcarriers were covered with neonatal
hepatocytes and they linked to others in
spheroidal or trabecular conformation. Eighteen
days later microcarriers were covered fully with
hepatoc ytes and such condition could be
maintained to the d52. Fifty-four days | ater
hepatocytes could be observed to begin falling
off from microcarriers and c ompleted on the d56.

Observation under electron microscope On d18
of culture, the electron microscope showed that the
hepatocytes adhering firmly to the microcarriersin
semi-spherical form. The microvilli on the surfaces
of hepatoc ytes could be observed clearly. Theamount
of hepatocytes adhering to the microc arriersvaried
and they were distributed unevenly. Some
microcarriers aggregated with others through cell-
bridge as shown in Figure 4.
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Morphological observation of spheroidal
aggregated hepatocytes

When successively observing the normal primary
porcine hepatocytes cultu red in spheroidal-
aggregates under the phase-contrast microscope,
we found that: about 80%-90% hepatocytes began
to aggregate spheroidally 24 h after being inocul ated
and diameters of the spheroidsranged from 62 pm
to 134 um. Each spheroid contained 10-20
hepatocytes. The hepatocytes at this time linked
with each other loosely and were likely to be

dispersed. When observed under light microscope,
they looked like “cell flowers” (Figure 5). On the
d7 they were hyperplastic and linked with others
tightly and looked like “cell spheroids” (Figure 6).
On d10 they took the shapes of spheroid and
irregular column as “algoid plant” (Figure 7). On
the d20, the algoid hepatocytes began to atrop hy
and vacuol ous granul es appeared in them, the nucl ei
began to lyse and the hep atocytes ended in falling
off and dying. On the d23, all of the spheroidal
aggregating hepatocytes died.

Figure 2 Four hours after inoculation cell-bridge could be observed between microcarriers (under phase-contrast microscope x200 ).
Figure 3 Microcarriers were arranged as a string of beads by adhered hepatocytes (under phase-contrast microscope x400).

Figure 4 Stringed microcarriers with adhered hepatocytes (under phase contrast microscope x730).

Figure 5 Hepatocytes looked like “cell flowe rs24 h after being cultivated in suspension and aggregated spheroids (under phase contrast

microscope x400).

Figure 6 On the d7 hepatocytes aggregated into “cell spheroids” (under phase contrast microscope x400).
Figure 7 On the d10 hepatocytes in the forms of algoid plants (under phase contrast microscope x200).
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Table 1 Ingredients of different liver-perfusing solutions (g/L)

NaCl KCI NaOH CaCl, MgCl, Na,SO, HEPES Collagen ase(IV)  Tricine Tes pH
| 8.3 0.5 0.22 2.4 7.4
1 3.9 0.5 2.6 0.53 24 0.5 7.4-7.6
111 4.0 0.4 2.1 0.136 0.13 0.1 7.2 6.5 6.9 7.4
IAV4 8.3 05 0.11 0.136 2.4 7.4

Table 2 Amounts of hepatocytes at various time in different culture systems on microcarriers (X + s, x10%pore)

1st 2nd 3rd 4th 5th 6th 7th(day)
FCSs 5.0+0.4 5.0+£0.1 6.9+£0.2 9.8+0.6 19.3+0.2 34.3x0.3 58.6+£0.7
PPVSs 5.0£1.2 5.0+£0.4 11.4+0.52 24.3+0.12 40.4+ 0.42 70.7+0.72 136.1+0.1°

2P<0.05 (compared with FCSs group)

Concentration{g/L)
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Figure 8 Changes of albumin synthesis in hepatocytes from
different culture systems on microcarriers.
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Figure 9 Changes of urea secretion in hepatocytes from different
culture systems on microcarriers.
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Figure 10 Dynamic changes of albumin and urea in the supernatant
fluid.

Determination of albumin and urea syntheses
By using theautomatic biochemica anayzer (Beckman,
U.S.A.) wedetermined the contentsof albuminand urea
inthe supernatant fluid at different times successively.
In the two culture systems on microcarriersthe values
were kept in high levelsfrom the d7 to d14 and got the
summit onthed11tod12 (Figures8 and 9). AsFigures
8and 9 showed, functionsof hepatocytesin PPV Ssystem
3-5 days after inoculation were obviously higher than
thosein FCSsystem. Hepatocytesin PPV Scanmaintain
their activity for about 50 days. In spheroidal aggregate
culture the valueswere kept in high levelsfrom d7 to
d14 and got thesummit on d10. Fromthen on, the values
degraded gradud ly and finally the hepatocyteslost their
biofunctionson d23 (Figure 10).

DISCUSSION

Years of researches at home and abroad showed
that primary hepatocytes were the most ideal
biomaterial for BAL. But for the morphological
and functional changes of primary hepatocytes
cultivated in vitro occurred obviously in short
time, it was deadly restrained to use them as
biomaterial in BAL. The specific functions of
hepatocyteslost inin vitro culture accounted for
the lack of some in vivo elements. Then it was
proposed that syntheses of albumin and ureacould
be promoted by adding some nutritional factors
and hormonesinto the monolayer culture system.
By now some improvements has been achieved
in searching for a new effective system to
cultivate primary hepatocytesinvitro by thefollo
wing methods: (U adding hormonal agents such
asinsulin, glucagon, transferrin an d hydrocortisone
into the basal culture medium¥; @ adding
extracellular biological matrix into the culture
system(?4; (3) enriching the cultu re system with
hepatocytes growth stimulating factors such as
hepatocytes growth factor and epithelial cell
growth factor etc!>®; @) co-culturing with other
endodermal and mesodermal cells; ® three-
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dimensional cultivation such as microcapsular and
macrocapsular culture, spheroid aggregate, microcarrier
culture and hollow fiber culture”®; ® adding several
amino acids and nutritional substancesinto the culture
system; and (7)) adding penetrating-inducer such as
pentobarbiturate to the culture system!®. The above
measures all aimed to make a circumstance mimic to
the in vivo enviroment for the hepatocytes.

It iswell-known that about 70% blood supply of
liver comes from portal vein system. The growth of
liver and maintainence of its functions depend
mainly onthe nutritional circumstance provided by
the portal vein system, that is, hepatocyt esin vivo
are norished by the contents of portal vein blood.
The later prov ides various amino acids, energy
substances and several growth factors. Our
experiments were based on this very point and
PPV Swas added into the culture matrix. Theresults
showed that hepatocytes in this system could
durably surviveand maintaintheir biofunctions. This
fluid was the ideal circumstance to cultivate the
biomaterial for BAL.

Microcarriers Cytodex-3 were used to provide
three-dimensional spacefor adher ing and suspending
hepatocytes so asto bring benefit from fully utilizing of
the nutritional componentsin the culture system. Our
proceeding studies had prove d that Cytodex-3 wasthe
best microcarrier for primary hepatocytest®.
Hepatocytes on Cytodex-3 were readily to shape the
microstructuresimilar toth at of liver sothey could grow
andfunctionwell.

Landry™*® et al found that when no adhering agent
in the spheroidal-aggregate culture system theisolated
hepatocytes tended to be changed less in morphology
and could survive and maintain their activitiesfor 4 wk-
6 wk due to the resemblance of the structure between
the aggregating spheroids and normal liver. Clayton!**
et al found that the specific transcription gene of
hepatocyte in little masses of liver could be kept well
thanthat of isolated hepatocytesand obvioudy thethree-
dimens onstructureof hepatocytesisof great importance
in maintaining their specific functions. Relationship
between cell skeleton and specific proteinsreflected the
influences of morphology to funct ions, that is, cell
functions directly related with levels of mMRNA and
specificproteins, andinversay rdatedwithlevelsof actin
and canaliculous protein. S akai*et al found that the
inoculation concentration was of great influenceto
the formation of hepatocyte spheroids in the

suspending spheroidal aggregate culture system. When
hepatocytes being inocul ated at a high concentrationit
often occurred that pH of culture matrix declined, cell-
to-cell and sp heroid to spheroid rel ationships changed
and multiple necrotic foci could be ob served in
hepatocyte spheroids. When hepatocytes being
inoculated at alow conce ntration they were difficult to
aggregate into spheroids. Sakai et al consid ered 5.0 x
10%mL to be the optimal inoculation concentration in
suspending spheroid aggregate culture system of

hepatocytes.

Onview of the above factors, we concluded that
primary porcine hepatocytes cultured on Cytodex-3in
PPV Ssystem or in spheroidal-aggregatewerepromising
to act asthe biomaterial of BAL. Still thereismuch to
bedesired to promotethedensity, functionand surviving
time of hepatocytesfor clinical use.
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