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ATTACHMENT OF RAT HEPATOCYTES TO PLASTIC SUBSTRATA IN THE ABSENCE OF
SERUM REQUIRES PROTEIN SYNTHESIS
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SUMMARY Rat hepatocytes attach within 1 hour to plastic petri dishes
if foetal calf serum is added to the culture medium. In the absence
of serum rat liver cells attach only after a lag phase of 4 hours.
However hepatocyte monolayers are formed under either culture condi-
tion demonstrating that hepatocyte culture does not have an absolute
requirement for foetal calf serum. Cycloheximide is without effect
on cell attachment in serum containing medium which is compatible with
the concept that attachment is mediated by a "cold insoluble globulin"
present in foetal calf serum. In contrast cycloheximide markedly
inhibits the attachment of hepatocytes cultured without serum suggest-—
ing that rat liver cells are capable of making their own "attachment”
factor. This factor appears to be released into the medium and has a
similar sensitivity to heat and acid treatment as the "attachment"
protein present in foetal calf serum.

INTRODUCTION

In a systematic study of the basic requirements for hepatocyte
attachment, Seglen and Foss; (1) concluded that hepatocytes do not
attach readily to untreated polystyrene petri dishes in the absence of
foetal calf serum (FCS).

These results could be misinterpreted suggesting that the culture
of rat liver cells in media without FCS does not result in monolayer
formation. This interpretation would be incompatible with findings
of other laboratories (2), (3), as well as our own (4) which show that

monolayers are consistently produced in the absence of serum.
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In order to clarify these apparently contradictory observations we
have examined the mechanism of attachment of rat liver parenchymal cells

cultured in serum free and serum containing media.

MATERIALS AND METHODS

Isolation and culture of hepatocytes Isolated hepatocytes were prepared
from the livers of 150-200 g male rats of the Porton derived Wistar
strain by perfusion with 0.05% v/v collagenase (Worthington Type II,
supplied by Cambrian Chemicals, Croydon, Surrey, U.K.) in HBSS* contain-
ing 5 mM CaCl,, essentially as described by Seglen (5). Viability was
always 80-90% as determined by trypan blue exclusion. Cells were
washed and resuspended in Williams medium E (Flow Laboratories, Irvine,
Scotland, U.K.) at a density of 0.9-1 x 10° cells/ml and incubated in

60 mm culture dishes (Lux Scientific, Newbury Park, California, U.S.A.)
under a humidified atmosphere o»f 5% CO, in air. When foetal calf serum
(Seralab, Crawley Down, Sussex, U.K.) was added, the final concentra-
tion was 10% v/v.

Measurement of attachment Attachment was measured essentially as des-—
cribed by Ballard and Tomkins (6). After incubation the dishes were
shaken on a platform (Minishaker, A. Kuhner A.G., Basel, Switzerland)
at an axial rotation (diameter = 1 cm) of 100 rpm for one minute. The
turbidity of the medium containing non-attached cells was measured at
650 nm (Unicam S.P. 500, 1 cm light path). Absorbance at this wave-
length was not affected by the pH indicator in the medium (phenol red)
over the range of pH 1-12 and was a linear function of cell concentra-
tion up to an absogbance of 1.0. Attachment is expressed, according
to Seglen and Fossa (1) as a percentage of the number of cells in the
medium at zero time.

The method of measuring cell attachment by turbidity was correlated
(r = 0.979) with attachment as determined by measuring the dry weight
of unattached cells after filtering culture medium through Whatman GF/A
glass fibre filters.

RESULTS AND DISCUSSION

Fig.l shows that rat hepatocytes cultured in media containing 10%
(v/v) foetal calf serum (FCS) attach to plastic petri dishes within 60
minutes. In agreement with Seglen and Foss; (1) the exact time for the
attachment to be essentially complete varies between cell preparations
but within 1 hour about 80% of all cells are attached. In contrast
hepatocytes from the same preparation cultured without serum show very
little attachment after one hour (Fig.1l). However, after 4 hours
incubation these cells attain the same level of attachment as cells

cultured in medium containing serum. In spite of the delayed
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Fig.1l. Time course of attachment of rat hepatocytes cultured without
serum (O 0) or with 10% (v/v) FCS (®—— @) to plastic petri
dishes. Results are given as mean ¥ s.d. and n, shown in
parenthesis, represents the number of experiments with hepato-
cytes prepared from different rat livers.

attachment, hepatocytes cultured without FCS form parenchymal cell
monolayers which have a similar appearance as cells cultured in the
presence of serum (Fig. 2A and B).

It is known that the attachment of cells to culture dishes is
mediated by a protein present in FCS known as "cold insoluble
globulin® or fibronectin (1,7). Therefore, a possible explanation
for the slow rate of attachment of hepatocytes cultured without serum
could be a requirement for these hepatocytes to synthesise a similar
protein before attachment is achieved. Indeed, Table 1 shows that
culture of cells in a medium containing 3 uM cycloheximide inhibits
the attachment of hepatocytes cultured in a medium without FCS.
Cycloheximide is without effect on the attachment of hepatocytes cul-
tured in the presence of serum (Table 1). 3 uM Cycloheximide was
found to inhibit protein synthesis in these cultures by 90% in the
absence as well as in the presence of FCS.

However, it is interesting to note here, that hepatocytes cul-
tured in a medium containing 10% serum plus 3 pM cycloheximide do not
spread (i.e. flatten) to form a confluent monolayer after 24 hours

culture. At this time the cells appear much like control hepatocytes
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Fig.2. Appearance of rat hepatocyte cultures: effect of cycloheximide
and FCS. Phase contrast

A: 24 hours,
B: 24 hours,
C: 24 hours,
D: 4 hours,

in
in
in
in

medium without serum

medium containing 10% (v/v) FCS

medium containing FCS and 3puM cycloheximide
medium without serum.

after 4 hours of culture (compare Fig. 2A with 2C and 2D). Apparently

protein synthesis is required for spreading and monolayer formation,

possibly involving an association of intracellular actin with cold

insoluble globulin or fibronectin (8).

371



BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Vol. 90, No. 1, 1979

(G0°0 > d) WNId8s - WNIPaW WOIY JUSIIFTIP ATIUEDTITUBTS SBJEDTPUT 4

-%0T1 paaox2 jou

pPIP sjuawriadxs asayjz U2amM1dQ UOCTIETIEA *s19ATT 3ex gz woxy paxedsad syres yitm siusutiadxs azexedss Jo
abeiane 2yl oI juUdWIEDI] }eIY pue pIde JO s3Insay *SIBAIT el juaiaIJIP woxy paiedaird sajdhoojeday yjm
sjusurtradxa yo Iaqumu ayy szuasaidaxr fsrtseyjuared ur uUMOYs ‘U pue -prs 3 UedW 3Yl ST UIATH axe s3Insay
-utw QT I0F 6 OOOE e UOoTIeHNITIIUSDD AQ PAOWDI JIBM UNTP3UW SIY} UT STe}shAid

wpmuoﬁnuuwaesﬂwwﬁpom .ZEmﬁwo.cucooa&:HHGOa moomaz Zo.owo:oﬁuﬂvvd>ﬂvwnovwwum&3>vﬂumamo

I92FINnq aY3 PU® HOM W € U3 TM PazITeIINau sSem umipaw STYF Db 3e SInoy yg I21jy "W £°0 FO -UDUOD TEUTX

03 qOHUI butppe Aq paredaxd sem wunipauw pPai1eax}=proy ‘uTW QT 103 D 0/ 1€ P3learl-1eay sem umTpan -asn
210¥aq uTw O] X0F 6 QQOf 1€ PabNITIjuad UaY} Sem unipauw STYL *sINnoY $g I0J SOJ - 9 uUNIpaw SweI[TIM UT
sajdoojeday HuTINiTno Aq paiedaxd sem ,umIpdw PIUOT}TIPUCD, *UOTI1I3§ SPOYI3W dYyj UT PIBQTIIDSIP Se SInoy g

1231Je paInsesll Sem juduyoejle pue §OJ 3 J WNTPaw SweT[ITM UT PR2IN}[ns pue pale]osT a1dm sajAoozeday ey

(v) (v) aumTpau
1% 8°2S B8 ¥8 WL o FSL PauUOTITPUOD,,
(9} (9)
£ 1v 89S *o ¥ 6L *o F £8 SOd + UMTIPal
(9) (9)
S vy LT LY 8 F ST 81 F S€ unias - unIpap
juaur}eail jeay JUdWIedI) PIOY (Wig) 2PTWTIXdYOTIAD + juawujear] -

s234003eday 3e1 JO JUSBWYOEIIE BYjJ UO JUSWIELII] UNTPaU pue SPTUTIXIYOTOAD JO 309379 1 FIVLI

372



Vol. 90, No. 1, 1979 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

In addition Table 1 provides evidence for the "attachment" -
protein to be released into the medium. This is shown by the ability
of medium without FCS, but '"conditioned" by incubation with cells for
24 hours, to promote attachment of freshly isolated hepatocytes to the
same extent as medium containing FCS (Table 1). The attachment pro-
moting activity of "conditioned" medium is not inhibited by
cycloheximide, in the same way as medium containing serum (Table 1).

Although attachment occurs in "conditioned" medium here too,
cycloheximide prevents spreading and monolayer formation and cells have
the same appearance as those in Fig. 2C. In contrast, hepatocytes
cultured in normal serum free medium containing cycloheximide never
attach and appear as floating dead cells after 24 hours culture.

The attachment promoting activity of conditioned medium has the
same characteristics as that present in serum with regard to the sen-
sitivity to heat and acid treatment (Table 1).

These findings suggest that rat hepatocytes cultured in serum free
medium attach to plastic substrata via a protein, which is synthesised
and released into the medium by the cells themselves. Since protein
synthesis is required for attachment, the higher level of attachment
than that reported by Seglen and Foss; (1) in serum free medium is
likely to be due to incubation in a medium containing amino acids
rather than in a simple salt solution. Although epithelial cells
(i.e. hepatocytes) are not generally accepted to synthesise fibronectin
(9) the present work suggests that these cells can synthesise a similar
protein with regard to its attachment promoting activity, as well as

its sensitivity to heat and acid treatment.
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