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Successful mouse hepatocyte culture with sandwich
collagen gel formation
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Purpose: Primary mammalian hepatocytes largely retain their liver-specific functions when they are freshly derived from
donors. However, long-term cultures of functional hepatocytes are difficult to establish. To increase the longevity and main-
tain the differentiated functions of hepatocytes in primary culture, cells can be cultured in a sandwich configuration of
collagen. In such a configuration, hepatocytes can be cultured for longer periods compared with cultures on single layers of
collagen. However, research regarding mouse hepatocytes in sandwich culture is lacking. Methods: Primary mouse hep-
atocytes were sandwiched between two layers of collagen to maintain the stability of their liver-specific functions. After ge-
lation, 2 mL of hepatocyte culture medium was applied. Results: After 24 hours, 5, 10 days of culture, the collagen gel sand-
wich maintained the cellular border and numbers of bile canaliculi more efficiently than a single collagen coating in both
high and low density culture dishes. Reverse transcription-polymerase chain reaction analysis of alpha-1-antitrypsin (AAT),
hepatocyte nuclear factor 4 alpha (HNF4A), alphafetoprotein, albumin, tryptophan oxygenase (TO), the tyrosine amino-
transferase gene, glucose-6-phosphatase, glyceraldehyde-3- phosphate dehydrogenase for mouse primary hepatocytes cul-
tured on collagen coated dishes and collagen gels showed superior hepatocyte-related gene expression in cells grown using
the collagen gel sandwich culture system. AAT, HNF4A, albumin, TO were found to be expressed in mouse hepatocytes cul-
tured on collagen gels for 5 and 10 days. In contrast, mouse hepatocytes grown on collagen-coated dishes did not express
these genes after 5 and 10 days of culture. Conclusion: The collagen gel sandwich method is suitable for primary culture sys-
tem of adult mouse hepatocytes.
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INTRODUCTION entiated adult hepatocytes have proved difficult to
establish. Early attempts to culture adult hepatocytes in-

Hepatocytes are highly differentiated cells that perform variably led to either overgrowth of contaminating cell
many complex functions. There has been considerable in- types or to the dedifferentiation of the cultured hep-
terest in the control of growth and differentiation of hep- atocytes [1-4]. More recently, several techniques have been
atocytes in vitro; however, cultures of functional, differ- explored to establish long-term cultures of functional
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hepatocytes. These include cultures 1) in arginine-free me-
dia, 2) on floating collagen membranes, 3) on various types
of extracellular matrix materials, 4) together with other
liver cell types, and 5) in the presence of dimethyl sulf-
oxide [5-9]. In each system, liver-specific functions have
been maintained for periods ranging from 2 to 7 weeks.
Although the use of various components of the ex-
tracellular matrix has been explored in hepatocyte culture,
few attempts have been made to induce the formation of
their rather specialized polarity by manipulating the ex-
tracellular matrix configuration.

Hepatocytes are epithelial cells with distinct apical (bile
canalicular) and basal (sinusoidal) surfaces that serve dif-
ferent functions. Typically, hepatocytes have been cul-
tured in systems that allowed cell attachment on one sur-
face and medium on the opposite surface [1,2]. There are
many reports of rat hepatocytes cultured in a collagen gel
sandwich. However, studies of a similar culture system for
mouse hepatocytes are scarce [2]. In this report, we de-
scribe the effects of sandwiching mouse hepatocytes be-
tween two layers of collagenous matrix, thereby providing
an environment that more closely resembles in vivo

geometry.

METHODS

Cell culture

Hepatocytes were isolated from 3-month-old adult
C57/B6 mice (Charles River Laboratories, Boston, MA,
USA) weighing 20 to 30 g using a modified version of a
previously described two-step collagenase perfusion pro-
cedure in which primary mouse hepatocytes were sand-
wiched between two layers of collagen to maintain the sta-
bility of their liver-specific functions. Tissue culture dishes
were coated with 0.5 mL of a mixed solution containing
parts of rat-tail collagen (1.1 mg/mL in mM HCI) and 10
Dulbecco’s modified Eagle Medium (DMEM) and in-
cubated for 1 hour at 37°C to form a collagen gel. After ge-
lation, one million hepatocytes (12.5 x 10° cells/cm”) were
seeded in 2 mL hepatocyte culture medium and incubated
in 90% air/10% CO; at 37°C. To achieve uniform densities,

the substrates were shaken every 15 minutes for the first
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hour after cell seeding. The following day, the culture me-
dium was removed and a second collagen gel layer was
overlaid on the hepatocytes and incubated for 1 hour at
37°C. After gelation, 2 mL of hepatocyte culture medium
was applied. The culture medium was changed daily. The
hepatocyte culture medium consisted of DMEM supple-
mented with 10% fetal bovine serum (Life Technologies
Inc., Gaithersburg, MD, USA) ng/mL glucagon (Bedford
Laboratories, Bedford, OH, USA), 7.5 g/mL hydrocor-
tisone (Pharmacia Co., Kalamazoo, MI, USA), 0.5 U/mL in-
sulin (Eli Lilly, Indianapolis, IN, USA), 20 ng/mL epi-
dermal growth factor (Sigma Aldrich Co., St. Louis, MO,
USA), 200 U/mL penicillin, and 200 g/mL streptomycin
(Life Technologies Inc.).

RNA isolation

Total RNA was isolated from cultured mouse hep-
atocytes using TRIzol reagent with the RNeasy kit accord-
ing to the manufacturer's protocol. Total cellular levels
were measured on a spectrophotometer, and the quality of
each RNA preparation was determined with a bioa-
nalyzer. Extracted RNA was stored at -80°C [3].

Reverse transcription-polymerase chain reaction (RT-
PCR) for mouse primary hepatocytes

All quantitative PCRs were prepared using SYBR PCR
supermix with the synthesized first-strand cDNA and
specific primer pairs and performed using an ABI-PRISM
7500 Fast Detection System (Applied Biosystems, Foster
City, CA, USA). The thermal cycling conditions were 10
minutes at 95°C, then 40 cycles of 95°C for 30 seconds, 58°C
for 30 seconds, and 72°C for 30 seconds. Expression of hep-
atic genes and that of the housekeeping gene, glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH), were
measured. Reaction conditions and primer sets are dis-
played in Table 1 [10].

RESULTS

Collagen gel sandwich for mouse primary hep-
atocyte culture
After 24 hours of culture, the primary mouse hep-
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Table 1. Primer sequences used for reverse transcription-polymerase chain reaction analysis

Primer name Sequence (5'-3) Annealing temp (°C) Amplicon size (bp)

AAT Sense TCAAACCAGAAAACGGAAGC 57 199
Antisense CTGCTGTGCCCATAGTGAGA

HNF4A Sense TGACGGGACCAAGTACAACC 203
Antisense GTCTGCTTCTGACCCTCTCC

AFP Sense CCAGGAAGTCTGTTTCACAGAAG 195
Antisense CAAAAGGCTCACACCAAAGAG

Albumin Sense TGCATCTAGTGACAAGGTTTGG 199
Antisense GACTGGGGCCACTACTTCAA

TO Sense CCATGACGAGCACCTATTCA 202
Antisense TTCCAGAACCGAGAACTGCT

TAT Sense TGGAGCACTTCCCAGAATTT 204
Antisense TGCCTTCAGCACAGTGGTAG

G6P Sense TCTGTCCCGGATCTACCTTG 199
Antisense GTCCACCCCTAGCCCTTTTA

GAPDH Sense AAGGTCATCCCAGAGCTGAA 475
Antisense GGATGGAATTGTGAGGGAGA

AAT, alpha-1-antitrypsin; HNF4A, hepatocyte nuclear factor 4 alpha; AFF, alphafetoprotein; TO, tryptophan oxygenase; TAT, tyrosine
aminotransferase; G6F, glucose-6-phosphatase; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

Fig. 1. Comparison of mouse hepatocyte morphology between cells cultured in a collagen gel sandwich and those grown in a collagen-coated
dish at low cellular concentration (5 x 10* cells/35 mm” well). Cellular borders and the numbers of bile canaliculi of the primary hepatocytes
are well preserved in the collagen gel sandwich (A-C) compared to the collagen-coated dish (D-F) at 1 day, 5 days, and 10 days (H&E, x100).

atocytes grown on the collagen gel sandwich (Fig. 1A) had
a much clearer cellular border and more bile canaliculi
than did those cultured using a single collagen coating
(Fig. 1D). After 5 days, the mouse hepatocytes cultured on
the collagen gel sandwich (Fig. 1B) maintained their cel-

lular border and bile canaliculi while the cells grown using
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the collagen coating did not (Fig. 1E). The results after 10
days of culture were same as those at 5 days (Fig. 1C, F).
The differences between the collagen gel sandwich and
the single layer systems were striking in the higher density
(1x10° Fig. 2) culture dishes. After 24 hours of culture, the

mouse primary hepatocytes cultured using the sandwich
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Fig. 2. Comparison of mouse hepatocyte morphology between cells cultured in a collagen gel sandwich and those grown in a collagen-coated
dish at high cellular concentration (1 x 10° cells/35 mm” well). Cellular borders and the numbers of bile canaliculi of the primary hepatocytes
are well preserved in the collagen gel sandwich (A-C) compared to collagen-coated dish (D-F) at 1 day, 5 days, and 10 days (H&E, x100).
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Fig. 3. Schematic figure of the hepatic sinusoid compared to the intestinal epithelium (A) and magnified morphology of mouse primary
hepatocytes cultured in a collagen gel sandwich (B). Mouse hepatocytes cultured between collagen gels showed prominent bile canaliculi and

dense cell-to-cell contact (B). Arrows show apical and basal surfaces and the space of Disse in the hepatocytes (x200).

system (Fig. 2A) had a considerably more distinct cellular
border and a higher number of bile canaliculi than did
those grown using the single collagen coating (Fig. 2D).
After 5 and 10 days, the cellular border and bile canaliculi
were maintained in the collagen gel sandwich system (Fig.
2B, C), but not in the collagen-coated dish (Fig. 2E, F).
Furthermore, high power magnification of the culture

dishes containing hepatocytes grown using the collagen
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gel sandwich (5 x 10* cells/35 mm? well, x200; Fig. 3A) re-
vealed clear apical and basal hepatocyte surfaces and an

area corresponding to the space of Disse (Fig. 3B).

RT-PCR for mouse primary hepatocytes cultured
using a collagen gel sandwich

The results of RT-PCR targeting alpha-1-antitrypsin
(AAT), hepatocyte nuclear factor 4 alpha (HNF4A), alpha-
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Fig. 4. Representative reverse transcription-polymerase chain
reaction data of mouse hepatocytes grown in a collagen gel
sandwich and a collagencoated dish. Alpha-1-antitrypsin (AAT),
hepatocyte nuclear factor 4 alpha (HNF4A), alphafetoprotein,
albumin, tryptophan oxygenase (TO), tyrosine aminotransferase
(TAT) gene, glucose-6-phosphatase (G6P), glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) expression in mouse primary
hepatocytes cultured in collagen-coated and collagen gel dishes.
1st row corresponds to mouse hepatocytes and 2nd and 3rd row
correspond to mouse hepatocytes grown on collagen gel for 5 days
and 10 days, respectively. 4th and 5th row represent mouse
hepatocytes cultured in a collagen-coated dish for 5 and 10 days,
respectively. AFP, alphafetoprotein.

fetoprotein, albumin, tryptophan oxygenase (TO), the ty-
rosine aminotransferase (TAT) gene, glucose-6-phospha-
tase (G6P), and GAPDH differed between mouse primary
hepatocytes grown on a single collagen layer and those
grown using the collagen gel sandwich system (Fig. 4).
The expression of AFP, TAT, and G6P disappeared in both
mouse hepatocytes cultured in a collagen gel dish and
those grown on a collagen-coated dish for 5 and 10 days.
However, the expression of AAT, HNF4A, albumin, and
TO was detected in mouse hepatocytes cultured on colla-
gen gel after 5 and 10 days, but not in mouse hepatocytes

grown on the collagen-coated dish (Fig. 4).

DISCUSSION

Primary hepatocytes have been used extensively to
study hepatic uptake and metabolism [2]. The liver-specif-
ic functions of primary hepatocytes including albumin se-
cretion, urea synthesis, CYP3A4 expression, and ex-

pression of tight junction-associated proteins have com-
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monly been used in drug development [3]. Previous re-
ports have demonstrated the influence that culture con-
ditions including the type of culture media, media supple-
ments, extracellular matrix and confluency have on cell
morphology and bile canalicular network formation. It is
known that normal hepatocytes are epithelial cells with
distinct apical (bile canalicular) and basal (sinusoidal) sur-
faces that serve different functions. For example, bile acids
are excreted into the bile duct by traversing the apical sur-
face, whereas albumin is secreted into the circulation by
traversing the basal surface. Unlike the classical epi-
thelium, as typified by intestinal absorptive cells, hep-
atocytes have a belt of apical surface dividing two baso-
lateral surfaces that are in contact with the extracellular
matrix. Typically, hepatocytes have been cultured in sys-
tems that allowed cell attachment on one surface and me-
dium on the opposite surface. The extracellular matrix has
been found to play an important role in maintaining hep-
atocyte functions [2,13].

Along with the improvement in enzyme digested hep-
atocyte isolation techniques in recent years, hepatocyte
culture has been researched extensively [1-3]. Numerous
culture methods have been used or are under inves-
tigation to facilitate the functional cell growth of primary
hepatocytes in vitro. Polystyrene culture plates or dishes
are most commonly used for cultures of HepG2 cells or
primary human and animal hepatocytes [7]. However,
due to the complexity of the liver structure and function as
well as the specificity of hepatocytes in vivo, isolating hep-
atocytes in vitro requires very strict conditions. The mono-
layer attachment culture model is not suitable for hep-
atocytes isolated in vivo as it only meets general experi-
mental requirements. In order to overcome this difficulty,
an enormous amount of research has been carried out to
improve media, supplements, growth factors, matrix com-
position, and techniques for monolayer hepatocyte
culture. However, this method requires high density, high
activity, and long-term hepatocyte culture, which are not
yet possible. Therefore, the exploration of hepatocyte cul-
ture with high activity has become an important subject in
this research field [1-4].

In this report, we describe the effects of sandwiching

hepatocytes between two layers of collagenous matrix,

thesurgery.orkr



thereby providing an environment that more closely re-
sembles the in vivo geometry. The sandwich-cultured hep-
atocyte system is composed of two compartments: cytosol
and canalicular lumen. The tight junctional complex is the
diffusional barrier between the canalicular lumen and the
extracellular space [11,12]. Many studies have indicated
that primary rat hepatocytes cultured between two layers
of collagen (sandwich configuration) maintain normal
morphology, form extensive canalicular networks, and ex-
hibit sustained liver functions [12]. In this experiment, pri-
mary mouse hepatocytes cultured using the collagen gel
sandwich maintained their cellular border and bile canal-
iculi better than did cells grown on a single collagen coat-
ing after 24 hours, 5, and 10 days of culture, indicating that
mouse hepatocytes can maintain their growth and specific
functions when grown in a collagen gel sandwich. High-
power magnification of culture dishes containing the col-
lagen gel sandwich clearly showed that the cells exhibited
apical and basal surfaces and the space of Disse. RT-PCR
analysis of AAT, HNF4A, alphafetoprotein, albumin, TO,
the TAT gene, G6P, and GAPDH expression in mouse pri-
mary hepatocytes grown in the collagen gel sandwich in-
dicated that the collagen gel sandwich culture system is
superior to the single-layer collagen culture system with
regard to the maintenance of hepatocyte form and func-
tion similar to that in vivo.

Long-term (more than 24 hours) sandwich-cultured
hepatocytes represent a potential in1 vitro model with which
to study biliary excretion. Previous work has demon-
strated that maintenance of hepatocytes in a collagen-
sandwich configuration prolongs cell viability and pre-
serves liver-specific protein synthesis. Further studies
showed that long-term sandwich-cultured hepatocytes re-
establish a structurally and functionally normal bile canal-
icular network and better maintenance of drug uptake and
enzyme-induction potential [11,12].

These reports in conjunction with our findings illustrate
that the collagen gel sandwich configuration could enable
mouse hepatocyte culture and growth with high density
and high activity. The advantage of this culture method is
that the structure of the cultured hepatocytes is similar to
that of in vivo and that it facilitates high cell density and ex-

tensive connections between mouse hepatocytes and oth-
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er cells. Therefore, the collagen gel sandwich method for
mouse hepatocyte culture may serve as a useful means of
studying hepatic uptake and metabolism of mouse adult
hepatocytes.

In summary, primary mouse hepatocytes cultured be-
tween layers of collagen or extracellular matrix in a sand-
wich configuration are commonly employed as an in vivo
model to examine the hepatic disposition and metabolism
of compounds and to determine mechanisms of hepato-
toxicity. When cultured in a conventional monolayer, cells
dedifferentiate over time and rapidly lose their hep-
atocytic functions. However, when cultured in a sandwich
configuration, mouse hepatocytes continue to synthesize
and secrete hepatocyte-specific compounds such as albu-
min, transferrin, and fibrinogen. Thus, the collagen gel
sandwich configuration for mouse hepatocyte culture

method is suitable for adult mouse hepatocytes.
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