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The influence of mouse sera, regenerating liver extracts and
bacterial products on the abilities of different cells in vitro

NEVEN ZARKOVIC, MAJA OSMAK, [)UR[)ICA NOVAK, NELLA LERS and MISLAV JURIN*

Department of Experimental Biology and Medicine, Ruder Boskovic Institute, Zagreb, Republic of Croatia, Yugoslavia

ABSTRACT In the complexity of host tumor relations, the regeneration of the tissue in which the
tumor is growing, or in some other tissue in the organism, could influence the maturation of tumor
cells, i.e. tumor reversion. Clinical observations and experiments on plants, lower animals, or animal
embryos, performed by several authors. and our results on the influence of regenerating mouse liver
on the abilities of tumor transplanted there or elsewhere in the organism led us to study the in vitro
growth of different cells or bacteria exposed to the extracts of normal or regenerating liver and/or sera
from these animals. Further, sterile used bacterial media were added to bacterial or cell cultures,
respectively. Depending on the model, liver extracts - particularly extracts and sera from mice with
regenerating liver - were shown to inhibit radioactive thymidine incorporation in the cells, In these
experiments, the number of bacteria or cells per culture was lower than in otherwise treated
corresponding cultures. Further, used sterile media of bacterial cultures stimulated the growth of
bacteria but inhibited thymidine incorporation into fibrosarcoma cells in vitro. Whether this means
that one or several common regulators exist in nature appears as an intriguing, but still completely
open question. The idea of controlling tumor growth by using such regulatory growth factors seems
very provocative.

KEY WORDS: regellnating ti~Huf extracts, tUlllor cell growth in vitro, lL~ed bactnial media, partial
hepatectomy

Introduction

Although intensively investigated, the regulatory mechanisms of
cell growth and development (cell maturation) are still not entirely
understood. This topic is of essential importance, not only for
scientists working in different fields of biomedical research, but
also for a practical approach to the therapy of various diseases,
especially cancer. The possibility of controlling tumor growth by
inducing malignant cell differentiation seems very attractive. Nu-
merous factors, such as vitamins, xanthines, growth factors, etc.,
have been successfully used for this purpose in particular experi-
mental systems (Cho-Chung and Newcomer, 1977: Santoro et al.,
1979; Tsuchya, 1982; Bakhanashvile, 1983; Schindler and
Sherman, 1984; Pavelic and Spaventi, 1987). However, the useful-
ness of these agents in cancer therapy is still doubtful (Moore,
1977; Sachs, 1978; Cairns. 1979; Schwartz et al., 1982; Nomura,
1983; Pavelic et al., 1990). On the other hand, the phenomenon of
spontaneous cancer regression or even reversion toward normal
cells indicates that there are certain unknown mechanisms in the
organism which could control tumor growth (Everson and Cole,
1966). Since the spontaneous regression of cancer cannot be
generally explained by successful immune reaction of the organism

against tumor cells, the mechanism of this phenomenon remains
only speculative (Jurin, 1973; Levison, 1976). Tumor regression or
the reversion of malignant cells can also be obtained in plants and
lower vertebrates by exposing the tumor to the influence of regen-
erating tissue (Rose and Waligford, 1948; Braun, 1961; Meins,
1977). Furthermore, murine malignant cells can also be induced to
differentiate into normal cells if injected into an early stage embryo
(McBurney, 1977). Aiming to test whether adult animals also
possess the capabilityofcontrollingtumorgrowth, we have analyzed
the growth of murine malignant tumors in regenerating liver. During
the growth of regenerating Iiver the anaplasticity of methylcholantrene-
induced fibrosarcoma decreased, as well as the incidence of live
cells and the intensity of pigmentation in melanoma 816 tissue
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Fig. 1. Numbers of L929 cells following cultivation In calf serum (CS"
normal mouse serum (NMSJ. sham-hepatectomized mouse serum fSHMSJ,
partially hepatectomized mouse serum (PHMSJ, normal mouse liver e;t"tract
INLEJ, sham-hepatectomized mouse liver extract (SHLEJ, partially
hepatectomized mouse fiverextract (PHLEJ.combinations of CSand fiver
extracts, orin medium supplements wIth an adequate volume of saline (SI),

respectively.

(Zarkovic et al.. 1985). Furthermore. it was also noticed that the
growth of melanoma 816 transplanted into the hind leg of a
syngeneic mouse was inhibited if the host's liver was regenerating
after partial hepatectomy (Zarkovic et al.. 1990). Similar, but less
pronounced tumor growth inhibition was observed in sham.
hepatectomized tumor bearing animals. Hence, it has been sup-
posed that tissue regeneration, particularly liver regeneration in
mammals,like tissue regeneration in plants or in lower vertebrates,
can modify tumor growth features. probably through certain
mechanisms i.e. factors controlling tissue regeneration. Such factors
could be synthesized by regenerating tissue itself. acting as local
regulatory factors and systemic factors regulating cell proliferation
in remote tissue. To test this hypothesis we have analyzed the
effects of liver extracts and/or sera from non-operated, sham-
hepatectomized or partially hepatectomized mice on in vitro growth

abilities of different cell lines, primary cultures of embryonal and
tumor cells, and bacterial cultures. respectively.

Results

The effects of murine sera and liver extracts on cell growth Invitro
L929 cells were cultivated in vitro in MEMsupplemented with calf

serum (CS) to obtain a 10% suspension, or an adequate volume of
saline, Further, instead ofeS. different murine sera, i.e. serum from
the normal mouse (NMS), sham-hepatectomized (SHMSI, or par-
tially hepatectomized (PHMS) mouse were used. respectively. Liver
extracts (LEI from normal (NMLE), sham-hepatectomized (SHLE), or
partially hepatectomized (PHLE) animals were used alone or in
combination with different mouse sera or with CS. The cell numbers
in these cultures were determined and the results are presented in
Fig. 1. In comparison to the cultures where saline was added, a
stimulation of cell growth was observed in es cultures (P<0.05)
while suppression was observed in those with NMS (P<0.05),
Further, SHMS and particularly PHMS stimulated the growth of cells
better than NMS (P<0.05). On the other hand, all liver extracts used
inhibited L929 cell growth and the inhibition was about the same if
NMLE, SHLE or PHLE were used, respectively (Fig. 1). Further, LE

Fig. 2 Numbers of HEp-2 cells following cultivation In medium with
teta/calf serum (FCS). normal mouse serum (NMS), sham-hepatectomized

mouse serum (SHMSJ, parrially hepatectomized mouse serum (PHMSJ.
normal mouse fiver e;to,tract (NLEJ, sham-hepatectomized mouse liver
extract (SHLEJ. partially hepatectomized mouse liver extract (PHLEJ or in
medium supplemented with an adequate volume of saline (SI), respectively.
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combined with 10% CS also suppressed L929 cell growth in vitro.
The effect was less pronounced if NMLE was used (P<O.05).

The growth of HEp-2 cells in the presence of NMS was slightly,
but significantly (P<O.05), suppressed in comparison to growth
abilities in the presence of fetal calf serum (fCS) as presented in
Fig. 2. However. the sera from operated mice, i.e. either SHMS or
PHMS, stimulated HEp-2 cell growth in comparison to FCS (P<O.05).
Various liver extracts did not influence HEp-2 cell growth. i.e. it was
the same as observed for the medium when saline was added. It
should be noted that HEp-2 cells growing in FCS supplemented

Fig. 3. HEp-2 cells cultivated in medium
supplemenredwith feral calf serum IA)orwith
normal mouse serum 181. respectively.

medium were characterized by their typical epithelial morphology.
However, if any murine sera was used instead of FCS the morphol-
ogywas completely different, i.e. the cells were not so flattened and
gave the impression of fibroid-like cells (Fig. 3). This phenomenon
was not observed if these cells were cultivated in any serum-free
medium used.

Murine fetal cell growth was more stimulated in the presence of
FCS (P<O.05). than if NMS was used (Fig. 4). Cell numbers in the
cultures were even smaller if the sera from operated mice (SHMS
or PHMS, respectively) were used IP<0.05). On the other hand. liver
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Fig. 4. Numbers of murine fetal cells following cultivation with fetal calf
serum (FCS),normal mouse serum (NMS), sham-hepatectomized mouse
serum (SHMS). partiallyhepatecromlzed mouse serum (PHMS), normal
mouse liver e,<tract(NMLEJ,sham-hepatecromlzed mouse liver extract
(SHLEJ, parrialfy hepatectomized mouse liver extract (PHLEJ, orin medium
supplemented with an adequate volume of saline (SI), respectively.

extracts did not show any influence on fetal cell growth in compari-
son to the values obtained for serum-free media (Fig. 4).

Primary cell cultures were performed from melanoma 816 tumor
growing in C57BljGoZgr mouse hind limb, intact liver or regenerat.
ing liver. respectively. The cultures originating from melanoma
transplanted in liver grew much better than those obtained from the
tumor transplanted in the limb if the media were supplemented with
10% FCS. (Fig. 5). Similar differences were observed if tumor cells
were cultivated in the presence of NMS or without any sera in the
medium (Fig. 5). Further. as presented. in vitro growth of melanoma
cells isolated from the tumor growing in regenerating liver was
suppressed in comparison to the cells isolated from melanoma
growing in intact liver (Fig. 5). FCS was more convenient than any MS
for melanoma cell growth in vitro. However. there was no significant
difference in the growth of melanoma cells originating from the
tumor transplanted in the limb if the cells were cultured in any of the
murine sera used (Fig. 5). NMS stimulated the growth of cells
isolated from the tumor transplanted in intact liver better than the
sera from operated mice. while PHMS was the best of all murine

sera used for the cultivation of melanoma ceHs from the tumor
growing in regenerating liver (Fig. 5). The different growth features
of melanoma cells. due to the different transplantation procedures
in vivo. could also be observed if the cells were incubated in serum.
free medium. There were no significant differences in cell growth
abilities if different LE were added to the medium or if the cells were
incubated in medium only(Fig. 5). Different LE added to the medium
comprising 10% FC5 inhibited equally well the growth of melanoma
cells isolated from the tumor transplanted in regenerating liver (in
comparison to the cultures without LE. i.e. with 10% FCS only).
However, NLE even stimulated the growth of cells isolated from

Fig. 5. Numbers of melanoma B 16 cells following cultivation with fetal
calf serum (FCS). normal mouse serum (NMS), sham-hepatectomized
mouse serum (SHMS). partially hepatectomized mouse serum (PHMS).
normal mouse liver extract (NMLEJ. sham.hepatectomized liver extract
(SHLE). partially hepatectomized liver e>.tract (PHLE'. a combination of sera
and fiver e>.tracts, or In medium supplemented with an adequate volume
of salme (S/). respectively. Melanoma cells were obtained from the tumor
transplanted in the mouse hind leg. intact liver, or the liver regenerating
after partial hepatectomy. respectively.
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Fig. 6 Numbers of particular bacterial colonies per plate following
plating with the extracts from normal mouse liver (NLE), sham-
hepatectomized mouse liver extract (SHLE), partially hepatectomized
mouse liver extract (PHLEJ.or in medium supplemented with an adequate
volume of saline (51), respectively.

melanoma transplanted in intact liver in comparison to the cultures
without LE. Further, there was no difference in the growth abilities
of these cells if there was no LE in the culture medium, or if either
SHLE or PHLE were added, respectively (Fig. 5).

The Influence of liver extracts (LE) on the plating efficiency of
bacteria

The plating efficiency of E.coli AS1157, Proteus, or Citrobacter,
exposed to particular LE, was determined. The results were com-
pared to those obtained without LEand are presented in Fig. 6. NLE
did not influence the plating efficiency of E. coli, SHLE stimulated
it and PHLE inhibited it. Further, all LE significantly (P<0.05)
stimulated the plating efficiency of Proteus and the influence of NLE
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was the most prominent (Fig, 6). In comparison to the control the
plating efficiency of Citrobacter was about the same if LE was
added. However, SHLEin comparison to NLEinhibited (P<O.05) the
plating efficiency of Citrobacter (Fig. 6).

The modulation of bacterial growth in liquid medium
The medium for Proteus or Citrobacter cultivation was supple-

mented with different concentrations of used media, i.e. the media
in which bacteria were growing previously. As presented in Fig. 7 the
addition of used medium of Proteus in the concentration of 10% or
50% significantly stimulated the growth of Proteus cultures. Used
medium of Citrobacter stimulated Proteus culture growth only if it
was present in a 50% concentration (Fig. 7). This stimulation was

1
THE CONCENTRATIONS

OF USED MEDIA

0.'.
,.,.
10.'.
so .,.

B

a , 2 3 4

Hours of incubation
5

Fig. 7. Number of Proteus strain bacteria in 1 ml of culture following
cultivation in mineral medium (MA) supplemeted with different
concentrations of used media of Proteus (A) or Citrobacter (B) strain
bacteria, respectively.
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Fig. 8. Number of Citro bact erst rain bacteria in 1 ml of culturefollowing

cultivation In mineral medium (MA) supplemented with different
concentrations of used media of Proteus (A), or Citrobacter (B) strain
bacteria, respective/v.

very prominent during the first hour of cultivation when the number
of bacteria significantly decreased in other cultures. However,
these used media were not able to modify the grow1:hof Citrobacter
(Fig. 8). Further. the growth of Proteus culture was very pronounced
if any of the two used media was added in 90% concentrations (Fig.
9). If Citrobacter was cultivated under these conditions a pro-
nounced inhibition of culture growth occurred (Fig. 9). The stimulation
of Proteus culture growth, and the inhibition of Citrobacter in the
presence of 90% used medium were observed during the first 10
hours of cultivation. Final analysis of the numbers of bacteria was
performed after 24 hours for Proteus and after 48 hours for
Citrobacter cultivation, respectively. As presented in Fig. 9, at
particular times, either Proteus cultures or Citrobacter cultures
contained more bacteria than control cultures if they were cultivated
from the start with the addition of 90% of used medium.

The influence of bacterial media, murine sera and liver extracts on
murine tumor cell growth in vitro

Primary cultures of either melanoma B16 or methylcholanthrene-
induced fibrosarcoma were performed from tumors growing in the

hind leg of syngeneic mice. The cells were cultivated in Parker's
medium supplemented with human AB serum (HS), mouse sera
(NMS, SHMS, PHMS), liver extracts (NLE, SHLE, PHLE), or used
bacterial media, respectively. The intensity of radioactive thymidine
incorporation was determined in these cultures. As presented in
Fig. 10, thymidine incorporation was inhibited if murine sera were
used instead of human serum (P<0.05). Inhibition caused with
SHMS was stronger than if other murine sera were used (P<0.05).
Further, melanoma cells incorporated thymidine equallywell with or
without HS or if SHLE was added, but the growth was significantly
inhibited (P<0.05) if NLE or PHLEwere added (Fig. 10). Similarly, the
addition of either fresh or used bacterial medium did not influence
thymidine incorporation in melanoma cells. Fibrosarcoma cells
were also sensitive to mouse serum, i.e. thymidine incorporation
was suppressed in comparison to the cultures with HS. However,
HS stimulated incorporation of thymidine in comparison to the
cultures without supplements (Fig. 11). NLE did not influence
thymidine incorporation, but the extracts from operated mice liver
did (P<0.05). Furthermore, used bacterial media, particularly those
in which Proteus were growing, strongly(P<0.05) inhibited thymidine
incorporation (Fig. 11).

Discussion

6

There are several factors incorporated in host-tumor relations
that are detrimental for tumor growth. The site where a tumor
appears, or, in the experiments, the site where it is transplanted is
important for blood formation, possible immunological relations
and hormone influences, but certain other conditions in the host
tissue (where the tumor is developing) seem to be of further
importance. Our particular interest focuses on the influence of
regenerating tissue on tumor characteristics. Liver regenerating
after partial hepatectomy significantly changed fibrosarcoma
ana plasticity and the intensity of pigmentation in melanoma cells
(Zarkovic et al., 1985, 1987) indicating that the tumor cells had
become less malignant. It is known that the liver regeneration
induced by partial hepatectomy is at least in part regulated by
humoral factors (Glions, 1956; Weinbren, 1959: Bucher, 1963;
Leongetal., 1964: Moolten and Bucher, 1967; Sakai, 1970; Nadal
et al., 1976; McMahon and Iype, 1980). Although most of these
factors, like hormones or growth factors, are known to be potent
growth regulators, they are not specific factors, i.e. they do not
influence liver regeneration only (Bucher and Swaffield, 1975;
Bucher et al., 1978: Farrer et al., 1979; Barbason et al., 1987).
However, there are other factors that could be responsible for the
systemic control of liver regeneration. Thus hepatocyte growth
factor (HGF) was isolated from rat platelets, but its activity was
inhibited by adding transforming growth factor 13 (TGF B) in vitro
(Hayashi and Carr, 1985; Nakamura et al.. 1985, 1986 a,b).
However, whether HGFis the main factor regulating liver regeneration
is still uncertain. Two other factors of different molecular weight
higher than 120,000 or lower than 3,000 D, named hepatoproteins
A and B (HPTA and HPTB), respectively, have been described as very
potent growth factors in vitro (Michalopoulos et al., 1984). These
factors stimulate preferably the proliferation of cultured liver cells.
A slight stimulation of rat skin fibroblast proliferation in vitro was
also noticed (Michalopoulos et al., 1984).

Whether the mentioned factors could be responsible for the
effects of murine sera and liver extracts on cell growth in vitro, as
presented in this article, remains uncertain. We have observed a
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Fig. 9. Numbers of Proteus IA) or Citrobacter (B) strain bacteria in 1 ml of culture following cultivation in mineral medium (MAJ supplemented
with 90% of particular used medium, respectively.

significant influence of the sera and liver extracts used, although
they were heated at 56°C for 30 min. It is probable that HPTA is not
the main active component of murine sera and liver extracts, while
its effect could be significantly decreased after heating the serum
at 60cC for 30 min. The presented results indicate that in vitro
growth of several cell lines or primary tumor cell cultures could be
modified by adding liver extracts and/or sera from normal or from
operated mice (with or without partial hepatectomy). Liver extracts
inhibited the growth of L929 cells but not of HEp-2 cell lines, primary
culture of either mouse fetal cells or melanoma cells. Further, the
sera from these mice were generally less convenient in comparison
to other sera used, except for HEp-2 cells. It should be mentioned
that PHMS were more convenient than other mice sera for L929 and
for melanoma cells. We cannot explain these specificities, but it is
an indication that the phenomenon obtained depends on the model
chosen. The possibility that the effects of sera are more pro-
nounced than those of liver extracts is not easy to explain. One can
speculate that active components are not synthesized only in the
liver, or, if mainly produced there, they are more active aftercoupling
to certain sera proteins. Hence, the obtained results seem to be
similar to the effects of the rat serum glycopeptide described by
Nadal (1987). The inhibitory effects of serum glycopeptide on
hepatocyte proliferation in vivo could be abolished by normal adult
or baby rat serum, as well as with mouse or human serum, but not
with partially hepatectomized or sham-hepatectomized tat serum.

It seems that surgical treatment can modify the activity of both
stimulatory and inhibitory serum growth factors, and their interac-
tions can influence cell growth. The interaction of serum glycoprotein
and acute phase proteins seems very provocative suggesting the
possible systemic effects of various disorders (i.e. inflammation,
malignant tumors, trauma) on the growth capacity of liver cells.
Recently, it was described that interleukin lB can significantly
inhibit adult rat hepatocyte growth in vitro and induce production of
acute phase proteins in liver cells (Darlington etal., 1986, Nakamura
et al., 1988). It also stimulates the proliferation of fibroblasts, but
inhibits the growth of human melanoma cells, L929 mouse fibroblasts
and mammary carcinoma cells (Schmidt et al., 1982: Onozaki et al.,
1985; Gaffny and Tsai, 1986).

Furthermore, there are numerous data indicating the important
role of interleukin-6 (lL-6) in the regulation of an organism's
response (i.e. the acute phase response) to various kinds of
-stress-, including surgery (Sehgal et al., 1989). Among other ef-
fects, IL-6 is known to be a potent multifunctional regulator of
growth and differentiation of different cells, including hepatocytes
(Sehgal, 1989). Other factors playing an Important role in
homeostasis are -heat-shock- proteins, which could be responsible
forthe biological effects of tissue extracts (Currie and White, 1981:
Jaattela et al., 1989 ). However, their role in liver regeneration is
uncertain. On the other hand, ubiquitin, which could be included
among heat-shock proteins, modifies the metabolism of proteins



246 N. Zarko\'ic et al.

40

30

20

10

a
H5 NM5 5HM5 PHM5

40

'"0 30
..--
x

Z 20

~10
0..
U

a
H5 51 NLE 5HLE PHLE

50

40

30

20

10

a
H5 MA P C

Fig. 10. Radioactive thymidine incorporation rate in melanoma B 16
cells following cultivation in human AS serum (HS), norma! mouse
serum (NMS), sham-hepatectomized mouse serum (SHMSJ, partially
hepatectomized mouse serum (PHMS), normal mouse liver extract (NMLE),
sham-hepatectomizedmouse fiver extract (SHLEJ, partiallyhepatectomized
mouse liver extract (PHLE), medium supplemented with an adequate
volume of saline (51), mineral medium (MAJ, usedmediaof Proteus(P) or
Citrobacter (C) strain bacteria, respectively.

and determines growth features of the cells (Parag et al., 1987).
However, it is not certain that ubiquitin could be a factor regulating
tissue regeneration, or, further, that it is responsible for the
observed effects of liver extracts on cell growth in vitro. Our findings
suggest that there are factors that modify liver regeneration but also
influence the growth of other cell types. The activity of such
regulatory growth factors could be modified by different pathological
or maybe physiological processes (i.e. tissue regeneration), espe-

ciallythose reflected by acute phase response (Carr, 1983; Kushner,
1988). Hence, our results could be analyzed as another argument
for this hypothesis.

The different activity of liver extracts added to the cell cultures
incubated in the presence of calf serum or in serum-free conditions
is in agreement with the stated hypothesis. The stimulatory effects
of one growth factor in vitro could be significantly modified by the
addition of another growth factor, especially a bifunctional growth
factor, such as TGFB (Todaro et al., 1980; Bowen-Pope et al.,1983;
Roberts et al., 1985; Sporn and Roberts, 1985; Carr et al., 1986;
8ryckaert et al., 1988). It was also shown that interferon-ycould inhibit
the mitogenic activity of different growth factors analyzed on both
human and murine fibroblasts in vitro (Oleszak, 1988). In contrast,
the stimulatory effects of HPTA and HPT8 is potentiated in the
presence of EGF (Michalopoulos et al., 1984). Thus. the modifica-
tion of the effects of liver extracts in vitro by the presence of calf
serum could be explained as the result of simultaneous effects or
the interaction between the growth factors present in murine liver
extracts and the growth factors from calf serum. The modification
in tumor growth characteristics in vitro, resulting from different
transplantation procedures of melanoma 816, indicate that tumor
characteristics change while growing in liver tissue. The stimulation
of cell growth in vitro was more pronounced if melanoma cells were
transplanted into the intact liver, than if they were transplanted into
regenerating liver tissue, suggesting that liver regeneration some-
how diminished the capability of melanoma 816 cell growth in vitro.
This result could be explained by the increased sensitivity of
melanoma cells to the effects of inhibitory factors probably present
in liver tissue. This speculation is mainly based on the observation
obtained with tumor cells cultured in medium supplemented with
10% fetal calf serum and 10% liver extracts. It is also in agreement
with tumor growth inhibition observed during liver regeneration
(Zarkovic et af., 1990). Moreover, it could mean that the simultane-
ous presence of liver tissue factors and serum factors is necessary
to obtain the controlled proliferation of melanoma cells in vitro. A
similar phenomenon of modulation of in vitro growth was obtained
by adding liver extracts to bacterial cultures. All liver extracts

stimulated Proteus plating efficiency and did not influence Citrobacter
abilities. NLE was more stimulative than the others for Proteus.
Further, used bacterial media, regardless of origin, stimulated the
growth of Proteus more ifthe concentration increased, but inhibited
Citrobacter in high concentrations. Supernatants of Proteus cultures
were able to inhibit the incorporation of radioactive thymidine in
fibrosarcoma but not in melanoma cells cultured in vitro. This might
indicate that the factors regulating cell mitosis and the increase in
cell numbers are present even in bacteria. Whether it means that
one or several common regulators exist in nature appears as a
provocative, but still completely open question. However, the data
indicating the importance of factors of bacterial origin in influencing
the growth of liver tissue in vivo point in this direction (Schulte
Herman et al., 1976). The expression of protooncogene ras during
liver regeneration suggests that controlled proliferation of liver cells
during regeneration probably results from the autocrine control and
the influence of humoral factors (Goyette et al., 1983). Whether the
exposure of melanoma cells to the processes controlling liver
regeneration induced the programmed cell death (apoptosis) (Kerr
et al., 1972, Bursch et al., 1984; Sarraf and Bowen, 19B8) in
tumorous tissue, thus changing its sensitivity to growth regulation
factors when tumor cells were exposed to liver extracts and fetal calf
serum in vitro, remains unsolved. Wells and Miotto (1986) have
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Fig. 1'. Radioactive thymidine incorporation rate in
methylcholanthrene induced fibrosarcoma cells following cultivation
in human AB serum (HS), normal mouse serum (NMS), sham-
hepatectomized mouse serum (SHMS), parrially hepatectomized mouse
serum (PHMSJ, normal mouseliverextract(NMLE), sham-hepatectomized
mouse liver extract (SHLE), partially hepatectomized mouse fiver extract
(PHLE), medium supplemented with an adequate volume of saline ($1),

mineral medium (MAJ, used media of Proteus (P) or Cit(abaeter (C) strain

bacterra, respectively.

shown that neuroblastoma growth was inhibited if tumor cells were
injected into the mouse embryo. The inhibition of tumor formation
in an 8.5-9.5-day-old mouse embryo could be obtained only if
malignant cells were injected in the somite region. The same effect
was obtained in 13-17-day-old embryos regardless of the site of
tumor cell implantation. What is more, the conditioned media from

Regelleratillg tisslle extracts Gild cell growth 247

embryonic limb bud tissue culture slowed down the growth of

neuroblastoma cells in vitro (Wells and Miotto, 1986). Thus, it is
possible that embryonic tissue, adult regenerating tissue and
serum contain regulatory growth factors which could be responsible
for apoptosis or controlled cell proliferation and differentiation.
Numerous factors are involved in the control of regeneration.
However, it is not known whether the same or similar factors are
also responsible for tumor growth inhibition or for embryonal
development. The idea of controlling tumor growth by using such
regulatory growth factors is quite intriguing. Unfortunately, the
nature of these factors and the mechanisms of their action are not
yet sufficiently known.

Materials and Methods

Animals
Forty-five CBA/HZgr male mice (Ruder Boskovic Institute) three months

old, weighing 20-22 gr, were used for the preparation of the sera and liver
extracts. The animals were maintained in standard conditions with unre-
stricted access to food and water.

Surgical removal of the medial anterior liver lobe after ligature (30%
partial hepatectomy) was performed under sterile conditions according to
the method of Higgins and Anderson (Higgins and Anderson, 1931). Partial
hepatectomy was performed on fifteen animals, while the remaining 30 mice
were either sham-hepatectomized or only anesthetized by J.p. injection of
300 mg/kg Chloral hydrate solution (Kemika, Zagreb).

Preparation of the sera and Ii\ler extracts
All animals were sacrificed 72 hours after the treatment. The mice were

anesthetized with ether and sacrificed by cutting the blood vessels of the
neck. The obtained blood samples were pooled together according to the
experimental groups as: non operated, sham-hepatectomized and partially
hepatectomized mice blood. During the next four hours the blood was kept
at room temperature and afterwards centrifuged at 750 G for 15 min. The
sera were collected and used for further procedures.

Liver extracts were prepared by pooling together the liver tissue from all
the animals according to the experimental groups. Livertissue was removed
from sacrificed donors under sterile conditions and kept in saline solution
cooled on ice. Liver tissue was homogenized in saline (1 gr of liver per 15
ml of saline) at room temperature for five minutes using a mixer (Ultra-Turrax,
Janke und Kunke K.G).

Liver extracts and sera were further kept in a warm bath at 56 DCfor 30
min and then centrifuged at 15x103 G for 10 min. Supernatants were
separated from the pellet, diluted with sterile saline in a 1:10 ratio, passed
through a 0.2211m Millipore filter and frozen. The protein content in murine
sera and liver extracts was determined according to the method of Lowry
(lowry et al., 1951).

Cell cultures
In these experiments four different cell cultures were used. Two continu-

ous cell lines - mouse fibroblasts L929 and human laryngeal carcinoma
HEp-2 - were grown as monolayer cultures in Eagle's Minimum Essential
Medium (MEM). supplemented with 10% calf serum (L929 cells) or fetal calf
serum (HEp-2 cells).

Primary melanoma B16 cell cultures were obtained either from tumors
transplanted into the hind leg, or from those transplanted into intact or
operated (partial hepatectomy) liver ofC57BI/GoZgr mice. The tumors were
taken from donors (three animals ineach group), bearing the fifth generation
of differently transplanted tumors, which were sacrificed on the 14th day after
tumor cell injection. Tumor tissues were pooled together from all donors
according to group, and cut into small pieces under sterile conditions. The
samples were trypsinized three times with 1% bovine pancreas trypsin
solution for 10 min at 37DC. After each trypsinization RPMI1640 medium
containing 10% fetal calf serum (FCS) was added. Following the last
trypsinizationthecellswerecentrifugedfor10 mlnat 250 G.Thepelletwas
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resuspended in RPMI1640 medium supplemented with 10% FCS, and the
cells plated.

The same procedure as for the preparation of the cell suspension was
used for C3H murine fetal cells, obtained from 15-day-old-embryos, sacri-
ficed by ether. The cells were seeded in vitro in RPMI 1640 medium sup-
plemented with 10% FCS.

L929 and HEp-2 cells were plated in
'"

35 mm Petri dishes at 2xl04
concentration, while melanoma 816 and fetal cells were seeded at 4xl04
concentration, and incubated overnight. The next day, the samples were
washed twice with sterile phosphate buffer and divided according to
treatment into different groups. The cultures from the first group were
incubated in the medium containing 10% serum from nonoperated, sham-
hepatectomized or partially hepatectomized animals. The samples from the
second group received medium containing 10% of liver extracts obtained
from nonoperated, sham-hepatectomized or partially hepatectomized mice.
The third group of cultures comprised those incubated in the presence of
10% of various liver extracts in the medium supplemented with 10% calf
serum (L929 cells) or 10% FCS (melanoma B16). Simultaneously, two
controls were set. Initially the cells were cultured in medium under serum-
free conditions, and the serum was then substituted with an adequate
volume of sterile saline. The cultures were incubated in a humidified
atmosphere containing 5% C02 at 3rC for the following five days, after
which the cells were trypsinized and counted. Each experimental and control
group of cultures comprised four equally treated samples.

Melanoma B16 cells, as well as methylcholanthrene-induced murine
fibrosarcoma CMCl cells, were also used for the analysis of the intensity of
3H-thymidine incorporation. Tumor cell suspensions were prepared as
aiready described and seeded (105 cells per culture) into microcytoplates in
the presence of Parker's medium supplemented with 10% human AB serum.
According to the experimental procedure the cells were cultured in the
presence of murine sera or liver extracts or in the presence of mineral media
used previously for the incubation of enterobacteria. Before the murine sera
and liver extracts, as well as media of bacterial cultures, were used in the
experiment the protein content in the samples was determined according to
the method of lowry (Lowry et al., 1951), and adjusted by dilution with sterile
saline. The protein concentration of bacteria! media and liver extracts was
35 ~gjml and of murine ser9 3.5 mgjml. After 1 hour preincubation, 3H_

Thymidine (methyl-3H-Thymidine, 25 Cijmmol, Amersham) diluted with
medium at a 1:25 ratio was added and the cells cultured in humidified
atmosphere containing 5% C02' for the following 24 hours. After that, the
cells were washed over a filter and the radioactivity of incorporated 3H-TdR
was detected in a beta counter (Beckman LS 100C). Each group of cultures
comprised four samples.

Bacterial cultures
Three different strains of enterobacteria were used for these experi-

ments: standard laboratory strain of E. coli ABl157, and native strains of
Proteus and Citrobacter strains (obtained from the Institute of Microbiology,
Zagreb). Bacteria were cultured at 30°C for 24 hours in liquid Trypton broth
with aeration, after which 50 ~I sampies of each strain culture were diluted
in sterile saline up to 1:107 dilution. The last dilution of bacteria suspension
was at a 1:10 ratio, either in saline or in nonoperated, sham-hepatectomized
or partially hepatectomized mice liver extracts. Thus, the obtained suspen-
sions were poured onto agar gel plates and cultured in normal atmosphere
at 30cC for the following 24 hours, when the number of developed colonies
indicating the plating efficiency of bacteria in the presence of various liver
extracts or saline was counted. There were three samples in each experi-
mental group depending on the strain of bacteria and the type of liver extract
used.

Bacteria of the Citrobacter and Proteus strain were also cultured in
neutral (pH 7) mineral MA medium containing:

(NH4)2S04' 1.0 g, K2HP04, 10.0 g, KH2P04, 4.5 g, Na citrate x 5 H20, 0.5
g, MgS04 x 7 H20, 0.1 g. H20, 1000.0 ml.

Thus prepared MA medium was supplemented with 0.4% glucose and
bacteria were incubated in 50 ml of MA medium for 24 hours at 30"C with
aeration. The obtained cultures were centrifuged at 104 G for 15 min at room
temperature, after which the obtained supernatant was kept at 56cC in warm
bath for 30 min. and filtered through a 0 0.22 ~ Millipore filter. The protein

content of the media was determined according to the method of Lowry
(Lowry et al., 1951). The -used media. were further added at different
concentrations tothe fresh MA medium in which either Proteus or Citrobacter
strain bacteria were cultured at 30~C with aeration for at least 24 hours.
Depending on the concentration of _used media. added as a supplement,
dilution of fresh MA medium with water was adjusted to achieve equal
concentrations of mineral ingredients for all media. At different time
intervals after bacteria were seeded in medium, the samples of bacterial
cultures were taken, diluted with MA medium and cultured on agar plates.
to determine the number of bacteria in the samples, i.e., to analyze the
influence of -used media. on bacterial growth in liquid medium.

Statistics
The results were analyzed using the Mann-Whitney test.
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