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SUMMARY: Topoisomerase II inhibitor novobiocin and deacetylase inhibitor
sodium butyrate synnergistically transformed Chang liver cells into fibro-
blast-1ike cells. In these fibroblast-like cells, the production of type III
procollagen was increased and the DNase I hypersensitivity of c-myc gene was
reduced. In addition, these changes were associated with an increased
acetylation of nuclear proteins, especially those of DNase I sensitive
nucleosomes. Therefore, it is suggested that chemical modulation of nuclear
proteins by novebiocin and butyrate may be responsible, at least partly, for
the alteration of the chromatin structure of c-myc gene and the fibroblast-
1ike transformation of Chang Tiver cells. e 1988 academic Press, Inc.

Nuclear proteins are considered to be playing important roles in
regulating gene activity. For example, a nuclear enzyme topoisomerase II
which alters the higher dimentional structure of DNA is known to change the
transcriptional activity of genes{1, 2). On the other hand, nuclear
deacetylase alters nucleosome structure and gene activity through deacety-
lation of histones and non-histone nuclear proteins(3, 4). Therefore, it is
supposed that functional changes of these nuclear enzymes may have a profound
influence on the c-onc activity and the differentiation state of human Tiver
and hepatoma cells as well(5). To test this supposition, the effects of
topoisomerase II inhibitor novobiocin and deacetylase inhibitor sodium
butyrate on the structure and function of c-myc gene of human liver cells
were examined. These reagents synnergistically enhanced nuclear protein
acetylation and brought remarkable changes of the chromatin structure of
c-myc gene and the cell morphology.
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MATERIALS AND METHODS

Novobiocin, sodium butyrate, retinoic.acid, phorbol ester and adria-
mycin were obtained from Sigma Co.. 3 x 10° of Chana liver cells. HuH7 and
PLC/PRF/5 hepatoma cells were cultured in RPMI1640 medium + 5% fetal bovine
serum for 3 days with or without 200 uM novobiocin and/or 2 mM sodium
butyrate(6, 7). These cells were incubated for further 3 h with 2 uCi/ wml of
[3H1leucine, and the amount of [3H]leucine incorporated into TCA-precipitable
materials was determined as described previously(7). To measure the
production of type III procollagen{P-III-P), the cells were washed 3 times in
the serum-free RPMIT640 medium and were cultured for further 24 h in the
serum-free medium. The amount of P-III-P in the culture medium was determined
with radioimmunoassay kit from Hoechst Co.(8).

DNase I hypersensitivity of c-myc gene was examined as reported
previously(7). Cells cultured for 3 days with or without novobiocin and/or
sodium butyrate were treated with a nuclear buffer(10 mM Tris-HC1, pH 7.4,

10 mM NaCl, 3 mM MgCl2) containing 0.5% NP40 solution. Nuclei separated by
centrifugation and washed 3 times in the nuclear buffer were treated for 15
min at 379C with different concentrations of DNase I. DNA was extracted from
the nuclei by phenol methogs, cleaved with Eco RI and subjected for Southern
blot hybridization using 32P-labelled Cla I-Eco RI fragment containing the
third exon of c-myc{5, 7). The amount of c-myc mRNA was measured by Northern
blot hybridization. The cells were dissolved in 4M guanidine isothiocyanate
and was ultracentrifuged through CsCl solution. RNA was electrophoresed in
formaldehyde-1% agarose gels, transferred to a nylon filter and was hybridized
with the c-myc probe in a solution containing 50% folmamide and 10% dextran-
sulfate(7).

Topoisomerase II activity of nuclear extract was measured as described
(2, 10). Nuclei isolated as described above were incubated in 0.3M NaCl
solution for 30 min at 40C. Different amounts of the 0.3M NaCl extracts were
added to the reaction mixture containing 1 ng pBR322 and 1 mM ATP. After 15
min at 379C, the reaction mixtures were electrophoresed in a 0.8% agarose gel
containing 2 ug/ml of ethidiumbromide. [3H]acetate incorporation into cells,
nuclei, non-histone nuclear proteins and nucleosomes was measured as reported
previously(9). Cells cultured for 3 days with or without novobiocin and/or
butyrate were incubated for 4 h with 5 uCi/ml of [3H]acetate(New England
Nuclear). The cells were washed 3 times in RPMI1640 and the nuclei were
isolated as described above. [SH]acetate incorporation into non-histone
nuclear protein was measured by extragting the proteins with 0.3M NaCl
solution. To measure the amount of [°H]acetate incorporated into nucleosomes
which are considered to contain transcriptionally active genes the nuclei
were treated with 1 ug/ml of DNase I for 10 min at 370C and were centrifuged.
The supernatant contained nucleosomes cieavable with DNase I.

RESULTS
Chang Tiver cells of normal human hepatocyte origin showed morphological
nature of epithelial celis(6). Either novobiocin alone or sodium butyrate
alone had no remarkable effect on their morphological appearance. However,
when treated simultaneously with novobiocin and sodium butyrate, Chang liver
cells were transformed into fibroblast-like cells with markedly elongated

cytoplasm(Fig. 1). These fibroblast-Tike cells regained the morphological
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Fig, 1. The effects of novobiocin and sodium butyrate on the morphology of
Chang 1iver cells. 3 x 105 of Chang Tiver cells were cultured for 3 days
under the presence or absence of novobiocin or sodium butyrate. A, control;
B, novobiocin 200 yM; C, sodium butyrate 2 mM; D, novobioccin 200 yM + sodim
butyrate, 2 mM.

Fig. 2. The effects of novobiocin and sodium butyrate on the prctein
synthesis and type III procollager production by Chang liver cells. 3 x 105
of Chang Tiver cells were cultured for 3 days with 200 uM novobiocin and/or
2 mM sodium butyrate. -, control; N, novobiocin; B, sodium butyrate;

NB, novobiocin + sodium butyrate. _(a) [3H]leucine incorporation into TCA-
precipitable materials. cpm x 10'3/3h/106 cells. (b)Type III procollagen
(P-I1I-P) synthesis{ng/24h/106 cells). The values are the mean + SD of
triplicates{n=3).

nature of epithelial cells after 3 days of culture without these reagents.
In contrast, HuH7 and PLC/PRF/5 hepatoma cells were not transformed by the
same treatment, indicating that this synnergistic effect of novobiocin and
butyrate was specific to Chang Tiver cells. Reagents such as ethanol,
retinoic acid, phorbol esters, adriamycin, etc could not mimic nor antagonize
the synnergistic action of novobiocin and sodium butyrate on Chang Tiver cells.

In addition to the morphological effect, novobiocin and sodium butyrate
synnergistically enhanced the production of the type III procollagen. Their
stimulatory effect seemed to be specific for type III procollagen since no
significant increase was found in non-coliagen protein synthesis(Fig. 2).

Fig. 3 demonstrates that novobiocin reduced the DNase I hypersensitivity
of c-myc gene of Chang Tiver celis. The hypersensitive sites on or near the
second and the third c-myc exon were affected preferentially(Fig. 3A and B).

Sodium butyrate itself had no remarkable effect on the DNase I hyper-
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Fig. 3. The effects of novobiocin and sodium butyrate on the DNase I hyper-
sensitivity and the transcriptional activity of c-myc gene. (A)DNase I
hypersensitivity of c-myc gene. Chang liver cells were cultured for 3 days
with or without 200 uM novobiocin and/or 2 mM sodium butyrate. a, control;
b, novobiocin; c, butyrate; d, novobiocin + butyrate. Nuclei were treated
with different concentrations of DNase I(lane 1, 0 ug/ml; lane 2, 0.5 pg/ml;
lane 3, 1 ug/ml; lane 4, 2 ug/mi; lane 5, 5 ug/ml)., (B) Restriction map of
c-myc gene. DNase I hypersensitive sites were indicated by Roman numerals.
The cleavage at each sensitive site gave c-myc fragment indicated by the same
Roman numerals in A. The Cla I-Eco RI fragment used as a hybridization probe
is also shown., (C) c-myc mRNA levels of Chang liver cells cultured with
novobiocin and sodium butyrate. The cells were cultured as described in A.
a, control; b, novobiocin; c, butyrate; d, novobiocin + butyrate. Tlane 1,
RNA 20 ug; lane 2, RNA 10 yug.
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Fig. 4. The effects of novobiocin and sodium butyrate on the topoiscmerase T1
activity and acetylation of nuclear proteins, Chang Tiver cells were cultured
for 3 days with or without 200 uM novobiocin and/or 2 mM butyrate.

(A) Topoisomerase II activity of the nuclear extract. Different amounts of
nuclear proteins(lane 1, O ug; lane 2, 0.5 ug; lane 3, 1 ug; lane 4, 2ug;lane
5, 5 ug) were incubated with pBR322. S, superco11ed pBR322; R, re1axed pBR322.
a, control; b, novobiocin; c, butyrate. (B) [3H]acetate incorporation into
cells(a), nuc1e1(b), non-histone nuclear prote1ns(c) and nucleosomes released
from the nuclei by DNase I treatment(d). , contgo 2, novobiocin;

3, butyrate; 4, novobiocin + butyrate. a, cpm/10 cells; b, cpm/]Oé cells;

c, cpm of non-histone protein/cpm of nuclei(%); d, cpm of nuc]eosomes digested
with DNase I/cpm of nuclei(%). mean = SD of trip]icates.
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sensitivity, but appeared to augment slightly the effect of novobiocin(Fig.
3A). The decrease in DNase I hypersensitivity of c-myc gene was not always
accompanied by a decrease in its transcriptional activity(Fig. 3C).
Novobiocin is a specific inhibitor of the nuclear topoisomerase II and
the nuclear extract from Chang liver cells cultured with novobiocin showed
remarkable decrease in their topoisomerase II activity. Butyrate had no
effect on the topoisomerase II activity(Fig. 4A). In addition, novobiocin
was disclosed to be a potent stimulator of [3H]acetate incorporation and
acted synnergistically with sodium butyrate in enhancing [3H]acetate
accumulation into cells, nuclei, and nucleosomes which were released from

the nuclei by mild DNase I treatment(Fig. 4B).

DISCUSSION
The present study revealed that novobiocin and butyrate synnergis-

tically transformed Chang liver cells into fibroblastic cells. This morpho-
logical transformation could not be ascribed simply to a non-specific

toxicity of these reagents, since no loss in cell viability was shown and the
production of type III procollagen was increased after 4 days of treatment.

An important implication of the present study is that Chang Tiver cells
showing the characters of epithelial cells have a potential to change
riversiblly into fibroblastic cells with an increased production of type III
procoliagen. This in vitro phenomenon may suggest that human hepatocytes 1ike
other cell populations of Tiver such as fat storing cells and myofibroblasts
are capable to change into fibroblastic cells under certain in vivo conditions
as well(11, 12, 13), and that hepatocytes may play some role in forming
extensive fibrosis in cirrhotic 1iver(14).

The present study also disclosed that novobiocin, an inhibitor of
topoisomerase II, was a potent stimulator of protein acetylation. Therefore,
the hyperacetylation of nuclear proteins and the reduced topoisomerase I1I
activity induced by novobiocin and butyrate may be responsible, at Teast

partly, for the change of c-myc chromatin structure and the morphological

309



Vol. 165, No. 1, 1988 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

appearance of Chang liver cells(2, 15, 16). However, novobiocin which had

both inhibitory effect on topoisomerase Il and stimulatory effect on acetate

uptake could not bring the morphological transformation by it self, suggesting

that the synnergistic action of novobiocin and sodium butyrate might involve

biochemical pathways of still unknown characters.
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