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Protection of hepatocytes from apoptosis by a novel substance from actino-
mycetes culture medium
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ABSTRACT
A novel substance, #675, found from an Streptomyces sp. SM675 culture medium, dose-depend-
ently stimulates the proliferation of human functional liver cell 4 (FLC4). When FLC4 cells were 
incubated under conditions without fetal bovine serum (FBS), typical features of apoptotic cell 
death such as shrinkage and nuclear condensation appeared; high molecular weight (HMW) DNA 
fragments were found; and caspase-3 and poly (ADP-ribose) polymerase (PARP) proteins were 
cleaved. When FLC4 cells were incubated with #675 and without FBS, the cells grew healthy, no 
HMW DNA fragments were found, and caspase-3 and PARP cleavage weakened, suggesting that 
#675 protects FLC4 cells from apoptosis induced by FBS-deprivation. The quantitative reverse-
transcribed polymerase chain reaction did not show differences in PARP or Bcl-2 mRNA expres-
sion in FLC4 cells incubated with or without #675, indicating other genes may be involved in this 
anti-apoptosis effect. These results show that #675 enhances FLC4 proliferation via an apoptosis-
inhibition pathway, implying potential pharmacological and clinical applications. 

Apoptosis (programmed cell death) plays a crucial 
role in the development of multicellular organisms, 
numerous physiological processes and the mainte-
nance of homeostasis. An imbalance in apoptosis 
contributes to many pathological states including 
certain cancers and organ ischemia and perfusion in-
jury. In the liver, apoptosis is responsible for viral 
hepatitis, alcohol-induced disease, nonalcoholic fatty 
liver disease, cholestatic diseases, ischemia and re-
perfusion injury (5, 11, 20, 34, 35) and copper accu-
mulation in Wilson’s disease (31). Hepatocytic 
apoptosis increases signifi cantly in patients with al-
coholic hepatitis and nonalcoholic steatohepatitis 
and correlates with disease severity and hepatic fi -
brosis (11, 20). Given the important role of apopto-
sis in liver disease, numerous studies have been 

conducted on how to protect hepatocytes from apop-
tosis, but they focused mainly on animals model (14, 
18, 27). Due to interspecies differences, however, it 
is often diffi cult to extrapolate results in animals di-
rectly to human beings. 
　Actinomycetes are Gram-positive bacilli and grow 
commonly in soil, marshes and coastal habitats. The 
most interesting property of actinomycetes is that 
some may produce secondary metabolites including 
antibiotics and bioactive compounds valuable in hu-
man and veterinary medicine, agriculture and unique 
biochemical tools (6, 16, 17). During a screening 
program for novel growth factor from actinomy-
cetes, we found a novel substance #675 which can 
stimulates the proliferation of human functional liv-
er cell 4 (FLC4). FLC4 cell line reportedly retains 
functions of drug-metabolizing enzymes and has po-
tential implications for medical and pharmacological 
studies and for constructing an artifi cial liver (2–4, 
19). We found that #675 enhances FLC4 prolifera-
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volumes of 5M NaCl and 1 volume of isopropanol 
overnight, pelleted by centrifugation at 12,000 rpm 
for 10 min and resuspended in TE buffer. DNA was 
analyzed by electrophoresis in 2% agarose gel in 
Tris-acetate/EDTA (TAE) and visualized by soaking 
the gel in TAE buffer containing 1 μg/ml of ethid-
ium bromide. 

Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) and Western blotting. Cells 
incubated in the presence or absence of #675 for an 
indicated time were collected, washed 3 times with 
chilled PBS and resuspended with 1 volume of 
chaps cell extract buffer. Cells were frozen and 
thawed 3 times and centrifuged at 14,000 rpm for 
10 min. Protein concentrations were determined by 
Bradfold assay. Then 40 μg of proteins was separat-
ed by SDS-PAGE under a reducing condition. For 
cleaved PARP, 12.5% gel was used while 15% gel 
was used for cleaved caspase-3. After SDS-PAGE, 
proteins were blotted onto PVDF membranes (Milli-
pore, MA). Nonspecifi c binding to the membrane 
was blocked with 5% nonfat dry milk in Tris-buff-
ered saline containing 0.1% Tween-20 (TBS/T) for 
1 h. After washing 3 times with TBS/T, membranes 
were incubated overnight with rabbit polyclonal an-
tibody against human cleaved caspase-3 or PARP 
antibody (1 : 500) at 4°C followed by secondary an-
tibody horseradish peroxidase (HRP)-conjugated 
swine anti-rabbit IgG (1 : 2000, DAKO, Denmark) 
at room temperature for 1 h. All antibodies were di-
luted in TBS/T containing 5% nonfat milk. Bands 
were visualized by ECL Western blotting detection 
reagents (Amersham Biosciences, UK). 

RNA isolation and quantitative real-time reverse-
transcribed polymerase chain reaction (RT-PCR). 
Total cellular RNA was isolated from FLC4, and in-
cubated in the presence or absence of #675 for an 
indicated time, using ISOGEN-LS (Nippon Gene, 
Japan) according to the manufacturer’s instructions. 
RNA (1 μg) was reverse-transcribed to cDNA using 
a First Strand cDNA Synthesis Kit for reverse tran-
scription-PCR (AMV) (Roche, Germany) at 25°C 
for 10 min, 42°C for 60 min, and 99°C for 5 min 
with Oligo-dT primers. cDNA was then diluted 2 
fold and 2 μl aliquots were added to an 18 μl mix-
ture of LightCycler FastStart DNA Master SYBR 
Green I mix (Roche, Germany) containing 0.5 μM 
primers. Primers were as follows: for PARP: 5’
-AAGCCCTAAAGGCTCAGAAC-3’ (forward) and 
5’-TTGGGTGTCTGTGTCTTGAC-3’ (reverse); for 
Bcl-2, 5’-TGCACCTGACGCCCTTCAC-3’ (for-

tion by inhibiting apoptosis induced by serum-depri-
vation. 

MATERIALS AND METHODS

Reagents. Cleaved caspased-3 (Asp175) antibody, 
cleaved poly (ADP-ribose) polymerase (Asp214) 
(PARP) antibody (human specifi c), and chaps cell 
extract buffer were purchased from Cell Signalling 
Technology (Beverly, MA). RNase A and proteinase 
K were purchased from Sigma (St. Louis, MO). 
Bradford assay dye reagents were purchased from 
Bio-Rad Laboratories (Richmond, CA). 

Cultivation of Streptomyces sp. SM675. Streptomy-
ces sp. SM675 was aerobically grown at 30°C for 4 
days in a medium containing 1% beef extract, 1% 
polypeptone, 1% glucose, and 0.3% NaCl. The cul-
ture supernatant was used for assay. 

Cell culture. Functional liver cell 4 (FLC4), kindly 
provided by Dr. Seishi Nagamori (Kyorin Universi-
ty, Japan), was maintained in Dulbecco’s modifi ed 
Eagle’s medium (DMEM)/F12-Ham (Sigma) supple-
mented with 10% heat-inactivated fetal bovine se-
rum (FBS) at 37°C in 5% CO2 and was passed at 
confl uency. 

Cell viability measurement and microscopy. FLC4 
cells (1 × 104) were seeded in 6 well cell culture 
clusters (Corning Incorporated, NY) and incubated 
as described above. One day the seeding, cells were 
washed with DMEM/F12-Ham (FBS-free) before in-
cubation in DMEM/F12-Ham (FBS-free) containing 
1% or 10% #675 while control cells were incubated 
in DMEM/F12-Ham (FBS-free) without #675. Cells 
continued to be incubated at 37°C and culture medi-
um was refreshed every 2 days. At different time in-
tervals, cells were harvested by trypsinization and 
viable cell numbers were assayed by a trypan blue 
exclusion test and counted using a hemocytometer. 
Morphological effects of #675 on FLC4 were evalu-
ated by phase contrast microscopy.

DNA fragmentation. Cells incubated in the presence 
or absence of #675 for an indicated time were col-
lected, washed once with chilled phosphate-buffered 
saline (PBS) and lysed in 100 μl of lysis buffer (10 
mM Tris-HCl (pH7.5), 10 mM EDTA and 0.5% Tri-
ton X-100) at 4°C for 30 min. Soluble fraction were 
treated with 0.4 mg/ml RNase A at 37°C for 1 h and 
treated further with 0.4 mg/ml protease K at 37°C 
for 1 h. DNA was precipitated at −20°C with 0.2 
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ward) and 5’-AGACAGCCAGGAGAAATCAAA
CAG-3’ (reverse); and for β-actin, 5’-GTGGGGC
GCCCCAGGCACCA-3’ (forward) and 5’-CTCCT
TAATGTCACGCACGATTTC-3’ (reverse). RT-PCR 
was conducted in a light cycler (Roche, Germany) 
to quantify Bcl-2, PARP and β-actin mRNA. Cycle 
parameters were 40 cycles: 95°C for 10 sec, 60°C 
for PARP or 62°C for Bcl-2 and β-actin for 5 sec, 
72°C for 20 sec. b-actin mRNA was used to cali-
brate the original concentration of mRNA. The con-
centration unit of mRNA in cells was defi ned as the 
ratio of target gene mRNA/β-actin mRNA. 
　PCR products were subjected to 1.5% agarose gel 
and the gel visualized with ethidium bromide. 

Statistical analysis. Student’s t test was used and p 
for statistical signifi cance was set at 0.05 or 0.01.

RESULTS AND DISCUSSION

About 1000 strains of actinomycetes culture stock 
isolated from soil in Akita Prefecture, Japan were 
subjected to screen for the ability to produce the ef-
fector. Most of actinomyses showed no activity, but 
one strain No. SM675 was found to produce the ef-
fector. The actinomyses was identified as genus 
Streptomyces on the basis of physicochemical prop-
erties and its 16s rRNA sequence. 
　The FLC4 cells were grown in the presence or 
absence of #675 as described in Materials and 
Methods. FLC4 proliferation was enhanced by #675, 
especially 1 week after incubation and this effect 

was dose-dependent. After 11 days of incubation, 
cell numbers went from 1 × 104 to 145 × 104, 246 ×
104 when FLC4 cells were incubated with 1% and 
10% #675, respectively, significantly higher than 
that of control cells incubated without #675 (Fig. 1). 
Morphological analysis showed that cells not treated 
with #675 presented more typical features of apop-
totic cell death such as shrinkage, nuclear condensa-
tion, than #675-treated cells (Fig. 2). 
　It has been reported that apoptosis is often in-
duced in serum-deprivation conditions (13, 21, 23), 
so we wondered whether, in our experimental sys-
tem, FLC4-stimulation of #675 was due to inhibited 
apoptosis. First, we checked the DNA ladder, a bio-
chemical hallmark of apoptosis. After incubating 
FLC4 in FBS-free condition for 11 days, no DNA 
ladders were found but high molecular weight 
(HMW) DNA fragments appeared in cells not treat-
ed with #675. The DNA ladder is the end point of 
DNA degradation and does not refl ect the full pat-
tern of DNA fragmentation occurring during apopto-
sis. Many cells do not degrade DNA to this extent. 
Once apoptosis occurs, HMW DNA fragments ap-
pear (12, 22, 24, 33). Fig. 3 shows that FLC4 cells 
underwent apoptosis under serum-free conditions 
and that DNA degradation was blocked by #675 
even at low concentration (1%).
　We analyzed proteins level of cleaved caspase-3 
and PARP because caspase activation and PARP 
cleavage are common feature in the pathway induc-
ing apoptosis (25, 26). Caspase-3 is a key execu-
tioners of apoptosis, being responsible either 

Fig. 1　FLC4 cells proliferation was enhanced by #675 doses dependently. FLC4 (1 × 104) was incubated with 1% or 10% 
#657 for an indicated time. After 11 days of incubation, cell numbers of 10% and 1% #675-treated FLC4 were signifi cantly 
higher than those of control cells (p < 0.01), 10%#675-treated cells vs. 1%#675-treated, p < 0.05. Data is expressed as 
mean ± SD (n = 3) (＊: p < 0.05; ＊＊: p < 0.01).
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partially or totally for the proteolytic cleavage of 
many proteins including PARP (7, 10), resulting in 

the conversion of PARP from its native 113 kDa to 
an inactive 89 kDa fragment (32). The profile of 
processing is specifi c to cells undergoing apoptosis 
because a different PARP degradation is observed 
with necrotic cells (15, 28), so the PARP cleavage 
pattern is used as an assay to confi rm apoptosis and 
to assess caspase activation. Fig. 4 shows that both 
caspase-3 and PARP were cleaved in cells not treat-
ed with #675, indicating that these cells underwent 
apoptosis in this condition. The cleaved caspase-3 
and PARP bands were also found in #675-treated 
cells, but were weaker than those in control cells. 
Cleaved caspase-3 and PARP bands in cells incubat-
ed in 10% #675 were weaker than those in cells in-
cubated in 1% #675, suggesting that #675 does 
inhibit apoptosis in this cell line. 
　To clarify possible mechanisms behind the de-
crease in PARP, we attempted to confi rm the expres-
sion of PARP, and Bcl-2 mRNA by quantitative 
real-time PCR. Bcl-2, located in mitochondria, and 
endoplasmic reticular and nuclear membranes, is 
known to remain antiapoptotic (1, 29, 30) by regu-
lating caspase activation (8, 9). In our study, the ex-
pression of PARP and BCL-2 mRNA did not 
changed signifi cantly when FLC4 cells were incu-
bated with #675 (Figs. 5A, B, C), indicating that 
PARP is post-transcriptionally regulated by #675, 
and that other members of the Bcl-2 family may be 
involved in this effect because many other relatives 
of the Bcl-2 family such as Bcl-x, and Bcl-w are 
also involved in antiapoptotic effect (8), a fi nding 
meriting further investigation. 
　In conclusion, our results demonstrated that #675 
has an FLC4 protective effect by inhibiting apopto-
sis induced by serum-deprivation. It inhibits apopto-
sis processes by blocking DNA degradation, and 
decreases in caspase 3 and PARP cleavage. Our 

Fig. 2　Morphology of FLC4 after treatment with or without #675 for 11 days. A. FLC4 cells were incubated without #675. B. 
FLC4 cells were treated with 1% #675. C. FLC4 cells were treated with 10% #675.

Fig. 3　High molecular weight (HMW) DNA fragments were 
found in FLC4 cells not treated with #675 (lane 0, size: 
1057−345 bp), but not in #675-treated FLC4 cells. FLC4 
cells were incubated with or without #675 for 11 days and 
DNA was isolated and subjected to 2% agarose gel as de-
scribed in Materials and Methods. Similar results were con-
fi rmed in 3 independent experiments.



Effect of actinomycetes on hepatocytes 13

fi ndings imply that #675 has potential applications 
in pharmacological development, and clinical medi-
cine although many problems, such as sample puri-
fi cation, the understanding of mechanisms behind its 
effect, and whether this sample affects other cell 
lines in the same way, require further investigation. 
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