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Using morphological and biochemical (Western blot and cell fractionation) methods, we investigated
whether peroxisomes are present in human extravillous trophoblast cells. Immortalized extravillous trophoblast
cells (TCL-1) were incubated in the presence or absence of 0.5 mm clofibric acid for 3 d. In immunofluorescence
staining of trophoblast cells with antibodies anti-catalase and anti-acyl-CoA oxidase (marker enzymes of peroxi-
somes), electron microscopy and immunoelectron microscopy, peroxisomes were detected in the cells. The size
and number of peroxisomes in the trophoblast cells were smaller than those in rat liver. The number of peroxi-
somes was increased by clofibric acid. In Western blot experiment with antibodies anti-peroxisomal enzymes of
B-oxidation system, densitometric analysis revealed approximately two fold increase in staining by clofibric acid.
When we performed cell fractionation experiment using catalase as one of the peroxisomal marker enzymes, the
highest activity of catalase was found in the light mitochondrial fraction. Specific activity of catalase in the light
mitochondrial fraction was significantly increased to about 1.3 times higher than the control value by clofibric
acid treatment. Upon Nycodenz density gradient centrifugation, the catalase activity was concentrated in the
density fraction around 1.14—1.15. These findings suggest that microperoxisomes, which have a density smaller
than those of rat hepatic peroxisomes, do exist in human extravillous trophoblast cells. It may also be possible to

proliferate human peroxisomes in limited quantities using peroxisome proliferator of rodents.
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Reports about the peroxisomes of rat liver are abun-
dant,"'® but much less is known about those of other rat or-
gans.'”'"® Furthermore, there are few reports about peroxi-
somes of human liver,>>363 101419 and very few about those
of other human organs.?*—%?

There are three kinds of trophoblasts in the placenta: cy-
totrophoblasts, syncytiotrophoblasts and extravillous tro-
phoblasts. Each of the three plays important roles in the de-
velopment and maintenance of gestation. In human tro-
phoblasts, peroxisomes are known to be present in cytotro-
phoblast cells,”**? and are detected later during gestation in
syncytiotrophoblast cells.*” However, extravillous tro-
phoblast cells are difficult to obtain; therefore peroxisomes in
these cells have not yet been elucidated.

Clofibric acid (a fibric acid derivative) is a hypolipidemic
agent. This agent, at least, is thought to suppress the synthe-
sis of cholesterol by inhibiting 3-hydroxy-3-methylglutaryl-
CoA reductase (HMG-CoA reductase), the rate-limiting en-
zyme of cholesterol synthesis in the whole body**** and cell
cultures.'” We previously reported the effects of clofibrate
and gemfibrozil (one of the fibric acid derivatives) on the
synthesis of isoprenoid lipids such as ubiquinone, dolichol
and cholesterol in the whole body and cultured cells of
rats, 131529

Almost all of the hormone-producing cells secrete either
steroid hormone or protein hormone, but trophoblast cells se-
crete both. We previously reported that clofibric acid and
gemfibrozil up-regulate progesterone (steroid hormone) se-
cretions in human extravillous trophoblast cells using an im-
mortalized trophoblast cell-line (TCL-1).2%?” That is, clofib-
ric acid and gemfibrozil activated steroid hormone synthesis
although these substances are inhibitors of HMG-CoA reduc-
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tase. Steroid hormone is synthesized from cholesterol. Perox-
isomes take part in cholesterol synthesis.”® Sterol carrier
protein 2 may participate in steroid hormone synthesis,** "
and is reported to be primarily localized in peroxisomes?* %

We detected catalase and fatty acyl-CoA oxidase activity
in the homogenate of TCL-1 cells,”” but whether peroxi-
somes are present in the cells has not been clarified. There-
fore, using morphological and biochemical (cell fractiona-
tion) techniques, we studied the presence of peroxisomes in
these extravillous trophoblast cells.

Clofibrate is not only a hypolipidemic agent, but also a
peroxisome proliferator-activated receptor ¢ (PPAR) ago-
nist in rodents. With respect to the effect of PPAR ¢ agonist
on peroxisomal enzymes and proliferation, there are many
reports about rat liver.''® In human liver cells, some reports
demonstrated an increase in peroxisomal enzyme activity
caused by PPAR & agonist,>®!1%1219) while others reported that
there was no effect.>>%!¥ In all organs except the liver, the
effects of PPAR agonist on peroxisomes are little reported in
rats,'” and even less so in humans.”” Therefore, we also
studied the effect of clofibric acid on extravillous trophoblast
cells. As a result, we clarified the presence of peroxisomes in
human extravillous trophoblast cells and defined some char-
acteristics of these peroxisomes, including changes in peroxi-
somes after treatment with clofibric acid.

MATERIALS AND METHODS

Materials Clofibric acid, Triton X-100, fish gelatin,
phenylmethylsulfonyl fluoride, cytochrome ¢ and fetal calf
serum were obtained from Sigma-Aldrich Japan (Tokyo,
Japan). Leupeptin, chymostatin, pepstatin and bestatin were
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purchased from Peptide Institute (Osaka, Japan). RPMI 1640
medium was purchased from Nissui Chemicals (Tokyo,
Japan). Diaminobenzidine tetrahydrochloride (DAB) was ob-
tained from Dojin Chemicals (Kumamoto, Japan). Guinea
pig anti-rat catalase and rabbit anti-rat acyl-CoA oxidase
were the same lots as described previously.*>*® Alexa® 549i-
conjugated goat anti-guinea pig IgG and FITC-labeled swine
anti-rabbit IgG were purchased from Invitrogen Corporation
(Carlsbad, CA, U.S.A.) and DAKO Japan (Tokyo, Japan), re-
spectively. LRWhite resin was obtained from London Resin
Company (Basingstoke, U.K.). All other reagents were of an-
alytical grade and were purchased from Wako Pure Chemi-
cals (Osaka, Japan).

Culture of Trophoblast Cells and Drug Treatment
The trophoblast cell line-1 (TCL-1) was obtained by immor-
talizing third-trimester human trophoblast with the large-T
antigen from the SV40 virus, as described in detail else-
where.?® The cells in RPMI 1640 medium (12 ml) containing
2mm glutamine, 0.2% gentamycin sulfate, and 10% fetal
bovine serum (FBS) were plated on plastic plates (100 mm
diameter) at 10°cells/ml and then cultured at 37°C. The
medium was changed 24 h after plating. Drug treatment was
initiated 24 h after plating by changing the medium to that
containing the drug, and thereafter the medium was changed
every 24 h until 3 d. Clofibric acid solubilized in ethanol was
added. The final concentration of ethanol was 0.2% (v/v).
Ethanol was also added to the medium in the control cells.
During the last 24 h of the culture, the medium was removed.
The attached cells were washed with phosphate-buffered
saline (PBS).

Immunofluorescence Staining Cultured cells that were
washed 3 times with PBS were fixed with 4% paraformalde-
hyde in 0.15m HEPES/KOH (pH 7.4) for 15min at room
temperature. After 3 washes with PBS, fixed cells were
treated with 0.1% Triton X-100-PBS for 15 min at room tem-
perature, followed by 1h-incubation with 2% fish gelatin-
PBS to block nonspecific IgG absorption to the cells. The
cells were then incubated with primary antibodies such as
guinea pig anti-rat catalase and rabbit anti-rat acyl-CoA oxi-
dase overnight at 4°C. After 3 washes with PBS for 5 min to
each, the cells were incubated with Alexa 549i-conjugated
goat anti-guinea pig or FITC-labeled swine anti-rabbit IgG
for 1h at room temperature. The primary antibodies used
were diluted 1000-fold and the secondary antibodies 200- to
2000-fold. The cells were mounted using 70% glycerol-PBS
and observed with a Y-FL Nikon fluorescent microscope
(Nikon, Tokyo, Japan).

Routine Electron Microscopy Cells washed with PBS
were fixed with 1% glutaraldehyde in 0.1 » HEPES/KOH
(pH 7.4) for 1h at room temperature. Cells were washed 3
times with PBS, and removed from the dishes using a rubber
policeman with 10% ethanol-PBS. Cells were collected by
centrifugation (6000 rpm, 1h, room temperature), and 10%
ethanol-PBS were then removed. After the addition of low
melting agarose, cells were immediately centrifuged. Cells
quenched in low melting agarose were cut into approximately
1 mm?® and post-fixed in reduced 1% osmium tetroxide for 1 h
at room temperature. The cells were then dehydrated through
a graded ethanol series (50, 70, 80, 90, 100%) for 15 min
each, and embedded in Epon 812. Epoxy resin was polymer-
ized for 24 h at 60°C. Ultrathin sections were cut by a dia-
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mond knife using a Reichert Ultracut R (Leica, Wienna,
Austria) and mounted on copper grids. The sections were
then double stained with 2% uranyl acetate for 10 min and
lead citrate 5 min.

Cytochemical Staining of Catalase Cells were fixed
with 1% glutaraldehyde in 0.1 m HEPES/KOH (pH 7.4) for
1 h at room temperature. The fixed cells were washed 3 times
with PBS, and incubated in DAB reaction medium consisting
of 3.,3'-diaminobenzidine tetrahydrochloride (2 mg/ml)+
0.02% hydrogen peroxide+0.05 m glycine—NaOH buffer (pH
10.0) for 1h at room temperature. After briefly washing in
PBS, cells were collected in agarose and osmificated with
1% reduced osmium tetroxide for 1h at room temperature.
Cells were then processed to electron microscopic proce-
dures.

Immunoelectron Microscopy Cells were fixed with 4%
paraformaldehyde and 0.25% glutaraldehyde in 0.15m
HEPES/KOH (pH 7.4) for 30 min at room temperature. Cells
were washed 3 times with PBS, and removed from the dishes
using a rubber policeman with 10% ethanol-PBS. Cells were
collected by centrifugation, and 10% ethanol-PBS were then
removed. After the addition of low melting agarose, cells
were immediately centrifuged. Cells quenched in agarose
were dehydrated as described above at —20°C and embed-
ded in LRWhite resin. The resin was polymerized overnight
at —20°C under UV light. Ultrathin sections were cut by a
diamond knife using an ultramicrotome as described above
and mounted on nickel grids. The sections were treated with
2% fish gelatin—PBS for 10 min and then incubated with rab-
bit anti-rat acyl-CoA oxidase antibody overnight at 4°C.
After washing with PBS, the sections were incubated with
protein A-gold probe (10nm gold particles) for 30 min at
room temperature. Then the sections were washed with ultra-
pure water and dried in air, followed by electron staining
with 2% uranyl acetate for 10 min and lead citrate for 30 min.
After drying, the sections were coated with carbon.

All thin sections were observed with Hitachi H7500 elec-
tron microscope (Hitachi, Tokyo, Japan) at an accelerating
voltage of 80 kV.

Immunoblot Analysis Cell pellets were homogenized
with approximately 10 times its volume of 50m Tris—HCI
buffer (pH 7.2) containing 1% Triton X-100, 10 um phenyl-
methylsulfonyl fluoride, 4 um leupeptin, 4 um chymostatin,
4 um pepstatin and 4 um bestatin. The homogenate was cen-
trifuged at 10000Xg for 30 min. The resulting supernatant
was stored at —70°C prior to use. Protein concentrations
were determined by the bicinchoninic acid method (Pierce
Chemical. Rockford, IL, U.S.A.) using BSA as a standard.
Cell extracts were mixed with the same volume of sample
buffer for sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE), and heated at 100 °C with an alu-
minum heat block for 5 min. Fifty micrograms of each exract
were loaded on a 10% polyacrylamide gel. SDS-PAGE was
performed as described by Laemmli.*” Proteins were trans-
ferred to a polyvinylidene fluoride (PVDF) membrane. The
membrane was soaked in PBS containing 5% (w/v) skim
milk and incubated with the primary antibodies overnight,
followed by the secondary antibodies conjugated with horse-
radish peroxidase (HRP) for 1h. Signals were visualized by
diaminobenzidine reaction. Rabitt antibodies against rat bi-
functional protein and keto-acyl-CoA thiolase were obtained
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from Dr. Hashimoto (Department of Biochemistry, Shinshu
University School of Medicine). Mouse monoclonal antibody
against actin was obtained from MP Biomedicals (Solon,
OH, U.S.A.) Japan. HRP-labeled rabbit anti-mouse IgG was
from DAKO Japan.

Densitometry of Western Blot Data Images of blots
were entered into a computer using a scanner (GT-8700,
Epson, Tokyo, Japan) and analyzed using the software
Image-Pro® PLUS (Media Cybernetics, Inc., Silver Spring,
MD, US.A)).

Method of Homogenization for Cell Fractionation
The cells were suspended in 0.25 m sucrose and homogenized
by two methods. (1) Teflon homogenizer with a loose Teflon
pestle of the Potter-Elvehjem type: The clearance of this ho-
mogenizer was about 150 ym, which is that usually used for
rat liver. This homogenizer was termed the “loose Teflon”
homogenizer. (2) Teflon homogenizer with a tight Teflon pes-
tle of the Potter-Elvehjem type: The clearance was about 75
um. This homogenizer was termed the “tight Teflon” homog-
enizer. The cells were carefully homogenized with 4—10
strokes in each homogenizer attached to an electric drill
(about 1000 rpm). After homogenization of the cells, the sus-
pension was first centrifuged at 500Xg for 1 min, and the
pellet of unbroken cells was separated. The supernatant was
then centrifuged at 105000Xg for 1h. The resulting pellet
was designated the particulate fraction, and the supernatant
as the soluble fraction.

Cell Fractionation After separation of unbroken cells,
the homogenate of the slime mold cells was fractionated by
the method of de Duve er al.*® Nuclear (N), heavy (M) and
light (L) mitochondrial, and microsomal (P) fractions and su-
pernatant (S) were obtained by centrifugation at 600Xg for
10min, 3300Xg for 10min, 12500Xg for 20 min, and
105000X g for 60 min, respectively.

Nycodenz Density Gradient Centrifugation The cells
were homogenized in 0.25M sucrose containing 5mMm
HEPES (pH 7.4), 1mm EDTA and 0.1% ethanol (SVEH).
The light mitochondrial fraction prepared from the ho-
mogenate was subjected to Nycodenz density gradient cen-
trifugation. A linear Nycodenz density gradient (13 ml) from
density 1.12 to 1.18 was prepared in centrifuge tubes. Next, 2
ml of the light mitochondrial fraction was layered on top of
the gradient. The tubes were centrifuged at 25000 rpm at
4°C overnight in a Hitachi model SCP70H ultracentrifuge
with a Hitachi RPS27 rotor (Hitachi, Tokyo, Japan). In this
centrifugation, a slow acceleration controller, which ensured
slow and smooth acceleration up to 1000rpm, was used.
After centrifugation, the tubes were divided into 10 fractions
of 1.5 ml each from the top of the gradient with an ISCO gra-
dient fractionater (U.S.A.). Each fraction was appropriately
diluted with SVEH, and centrifuged at 20000 Xg for 30 min.
The respective precipitates were suspended in 0.25 m sucrose,
and the enzyme activities in each fraction were determined.

Assay of Enzymes and Protein Catalase is a marker en-
zyme of peroxisomes. Catalase activity was measured ac-
cording to the method described by Leighton et al*” with
slight modification.*” Cytochrome-c oxidase is a marker en-
zyme of mitochondria. Its activity was estimated by the
method described by Wharton and Tzagoloff*" with a slight
modification.*” The acid phosphatase activity was deter-
mined as a marker enzyme of lysosomes, using the method
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described previously.*”

Protein levels were determined by the Lowry method,
using BSA as a standard.*®

RESULTS

Immunofluorescence Staining Immortalized extravil-
lous trophoblast cells were cultured in the presence or ab-
sence of 0.5mwm clofibric acid for up to 3d. When anti-rat
liver catalase antibody was used for immunofluorescence
staining, particles in the trophoblast cells were immuno-
stained, indicating that particles containing catalase were
present in the trophoblast cells. After immunofluorescence
staining with anti-rat liver fatty acyl-CoA oxidase antibody,
particles containing fatty acyl-CoA oxidase were detected the
trophoblast cells. “Merged” indicates that the particles con-
tain both catalase and fatty acyl-CoA oxidase. The effect of
clofibric acid on the enzymes seems to be obscure in im-
munofluorescence staining (Fig. 1).

Routine Electron Microscopy and Immunoelectron Mi-
croscopy Trophoblast cells were cultured in the presence or
absence of 0.5 mwm clofibric acid for up to 3 d. After routine
electron microscopy, small granules presumed to be peroxi-
somes were detected in the trophoblast cells, and were dis-
persed throughout all areas of the cells. Diameters of peroxi-
somes were not more than 0.5 um. In trophoblast cells
treated with clofibric acid, the number of peroxisomes was
increased. Regular and irregular forms of peroxisomes were
found (Fig. 2).

After cytochemical staining of catalase by DAB, peroxi-

Control
CAT

Clofibric acid
CAT

Fig. 1. Immunofluorescence Staining of Immortalized Extravillous Tro-
phoblast Cells

TCL-1 cells were incubated with or without 0.5 mwm clofibric acid for 3 d. Cultured
cells were fixed with paraformaldehyde. The cells were then incubated with primary an-
tibodies such as guinea pig anti-rat catalase and rabbit rat acyl-CoA oxidase overnight
at 4°C. After washing, the cells were incubated with Alexa 549i-conjugated goat anti-
guinea pig IgG or FITC-labeled swine anti-rabbit IgG for 1 h at room temperature. The
cells mounted in 70% glycerol-PBS were observed with a Y-FL Nikon fluorescent mi-
croscope. Control: cells grown in the control culture, X400. Clofibric acid: cells grown
in clofibric acid-containing culture, X200. CAT: catalase, AOX: acyl-CoA oxidase,
Merged: CAT+AOX.



April 2008

Control

Fig. 2. Routine Electron Microscopy of Trophoblast Cells

549

Clofibric acid

Cells were incubated with or without 0.5 mm clofibric acid. Washed cells were fixed with glutaraldehyde. The cells were collected by centrifugation, and treated with a low melt-
ing agarose. Cells quenched in agarose were cut, and post-fixed in 2% osmium tetroxide for 1 h at room temperature. The cells were then dehydrated and embedded in Epon 812.
Ultrathin sections were mounted on copper grids. The sections were then stained doubly with 2% uranyl acetate for 10 min and lead citrate 5 min. A11 thin sections were observed
with Hitachi H7500 electron microscope. Control: cells grown in the control culture. Clofibric acid: cells grown in clofibric acid-containing culture. Bar, 0.5 um. P: peroxisome.

Control

Fig. 3.

Clofibric acid

Immunoelectron Microscopy of Trophoblast Cells after DAB Reaction for Catalase

Cells were incubated with or without 0.5 mm clofibric acid. Washed cells were fixed with glutaraldehyde. The fixed cells were incubated in DAB reaction medium consisting of
3’, 3'diaminobenzidine tetrahydrochrolide+hydrogen peroxide+glycine-NaOH buffer (pH 10.0) for 1 h at room temperature. After brief washing, cells were collected in agarose
and osmificated with 1% reduced osmium tetroxide. Cells were then processed by electron microscopic procedures. Control: cells grown in the control culture. Clofibric acid: cells

grown in clofibric acid-containing culture. Bar, 0.5 um. P: peroxisome.

somes containing catalase were detected in the trophoblast
cells. DAB reaction visualizes the peroxidatic activity of
catalase in the cells. As shown in Fig. 3, multiple and un-
usual forms of peroxisomes were found. Multiple forms of
peroxisomes such as round, string, ramification and so on
were detected in the cells. DAB-staining of the cells treated
with clofibric acid demonstrated the increase in the number
and catalase content of the peroxisomes (Fig. 3).

When anti-rat liver fatty acyl-CoA oxidase antibody was
used for immunoelectron microscopy, peroxisomes in the tro-
phoblast cells were stained, indicating that peroxisomes con-
taining fatty acyl-CoA oxidase were present in trophoblast
cells. Treatment of the trophoblast cells with clofibric acid
slightly increased the number of the peroxisomes (Fig. 4).

Western Blot Data Antibody to acyl-CoA oxidase de-
veloped two bands with molecular mass of 75 and 53 kDa
but 22 kDa band was almost invisible. Antibodies to bifunc-
tional protein and to keto-acyl-CoA thiolase showed a single
band with 80kDa and 44 kDa, respectively. After treatment
with clofibric acid, the bands of acyl-CoA oxidase (53 kDa
band), bifunctional protein and keto-acyl-CoA thiolase
demonstrated 1.8, 1.9 and 1.9-fold increases in staining, re-
spectively (Fig. 5). After the treatment, 75 kDa band of acyl-

CoA oxidase also demonstrated 1.8-fold increase in staining
(data not shown). The results show that clofibric acid treat-
ment increases in 3-oxidation enzymes.

Disruption of Trophoblast Cells To confirm the mor-
phological data, we performed biochemical experiments. We
used catalase as a peroxisomal marker enzyme in these ex-
periments. Since the activity of catalase is higher than that of
other enzymes in peroxisomes, we can easily obtain signifi-
cant data even when low activity was detected. Methods for
disruption of the cells are extremely important for the study
of cytoplasmic particles. Figure 6 compares two homogeniz-
ing methods for obtaining peroxisomes of trophoblast cells.
Of these methods, the usual “loose Teflon” homogenizer
could not disrupt the cells under the conditions described in
the legend. The best method of homogenization for obtaining
peroxisomes was a Teflon homogenizer using a pestle with a
very small clearance. By this method, approximately 84% of
the total catalase existing in the broken cells was detected in
the particle fraction.

Cell Fractionation Trophoblast cells were cultured in
the presence or absence of 0.5 mm clofibric acid for up to 3 d.
After disruption of the cells by the “tight Teflon” homoge-
nizer, the homogenate was fractionated according to the
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Bar=05 um

Fig. 4. Electron Micrograph of Trophoblast Cells after Reaction with Antibody for Fatty Acyl-CoA Oxidase

Cells were incubated with or without 0.5 mm clofibric acid. Washed cells were fixed with paraformaldehyde and glutaraldehyde. Cells quenched in agarose were cut and dehy-
drated at —20°C, and embedded in LRWhite resin. Utrathin sections were treated with fish gelatin-PBS and then incubated overnight with rabbit anti-rat acyl-CoA oxidase anti-
body at 4 °C. After washing, the sections were incubated with protein A-gold probe (10 nm gold particles) for 30 min at room temperature. Then the sections were washed and
dried, followed by electron staining with 2% uranyl acetate for 10 min and lead citrate for 30 min. After drying, the sections were coated with carbon. Control: cells grown in the
control culture. Clofibric acid: cells grown in clofibric acid-containing culture. Bar, 0.5 um. P: peroxisome.

| Clofibrate - + |

Acyl-CoA oxidase
Bifunctional protein
Keto-acyl-CoA thiolase

Actin

Fig. 5. Western Blotting of Triton X-100 Extracts from Cells Treated with
or without Clofibric Acid

Results of acyl-CoA oxidase were obtained from 53 kDa band.
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Fig. 6. Effects of Homogenization Conditions of Trophoblast Cells Using
a Teflon Homogenizer on the Distribution of Catalase Activity

Trophoblast cell line-1 (TCL-1) cells were homogenized by loose (clearance:
150 um) or tight (75 um) type of Teflon homogenizer. The homogenate suspensions
were first centrifuged at 500Xg for 1 min, and the pellets (unbroken cells) were ob-
tained. The supernatants were then centrifuged at 105000Xg for 1 h. The resulting pel-
lets (particulate fraction) and supernatants were obtained. The catalase activities of
each fraction were determined. Data are means*+S.D. of 3 experiments.

method described by de Duve et al®® Catalase activities
were highly concentrated in the light mitochondrial fraction,
about 45% of the total catalase being found in that fraction.
The most concentrated activity of acid phosphatase as a
marker enzyme of lysosomes appeared in the light mitochon-
drial fraction. Approximately 44% of the total activity of acid
phosphatase existed in that fraction. The most concentrated

activity of cytochrome-c oxidase as a marker enzyme of mi-
tochondria appeared in the heavy mitochondrial fraction
(Fig. 7).

Table 1 shows a comparison of the distribution of catalase
activity in cell fractionation between TCL-1 cells and rat
liver.') Smaller peroxisomes were detected in TCL-1 cells.
Clofibric acid hardly affected the size of peroxisomes.

Table 2 shows specific activity of catalase in homogenate
and light mitochondrial fraction of trophoblast cells cultured
in the presence or absence of 0.5 mm clofibric acid for up to
3 d. Specific activities in the homogenate and the light mito-
chondrial fraction were increased about 1.2 and 1.3 times, re-
spectively, by the administration of clofibric acid. This in-
crease rate was similar to that in rat liver.*”

Nycodenz Density Gradient Centrifugation To sepa-
rate peroxisomes and lysosomes, we performed Nycodenz
gradient centrifugation of the light mitochondrial fraction.
The highest peak of catalase activities was found in the den-
sity fraction of 1.14—1.15 g/ml, and moderate levels of these
activities of these also appeared in the density fraction
around 1.14—1.15g/ml. The patterns of catalase differed
from those of acid phosphatase. The density of lysosomes
was 1.125—1.130. Clofibrate increased the catalase activity
and protein content of the peroxisomal fraction from tro-
phoblast cells (Fig. 8).

DISCUSSION

From the results of light and electron microscopy, it was
clarified that peroxisomes do exist in extravillous trophoblast
cells (Figs. 1—4). Many various and irregular forms of per-
oxisomes were present in the cells.***® The size of peroxi-
somes in trophoblast cells was smaller than that in rat liver.*?
Namely, microperoxisomes exist in trophoblast cells (Figs.
2—4).*7 The microperoxisomes were confirmed by bio-
chemical methods such as the homogenization experiment
(Fig. 6) and cell fractionation (Fig. 7, Table 1). The number
of peroxisomes in trophoblast cells was smaller than that in
rat liver (Figs. 2—4).*Y The number of peroxisomes in tro-
phoblast cells was similar to that in rat intestine.*”

From the preceding and present studies, trophoblast perox-
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Fig. 7.

Patterns of Distribution of Enzyme Activity in the Subcellular Fraction of TCL-1 Cell Homogenate

TCL-1 cells were incubated with (—) or without (—) 0.5 mm clofibric acid for 3 d. Homogenates of TCL-1 cells were fractionated according to the method of de Duve ef al.>®
The ordinate represents the specific activity of marker enzymes: catalase (peroxisomal marker), acid phosphatase (lysosomal marker), cytochrome-c oxidase (mitochondrial
marker). The abscissa represents the protein content relative to the total. N, nuclear fraction; M, mitochondrial fraction; L, light mitochondrial fraction; P, microsomal fraction; S,

cytosol fraction.

Table 1 Comparison of Distribution of Catalase Activity in Cell Fractiona-
tion between TCL-1 Cells and Rat Liver

Table 2 Effect of Clofibric Acid on Specific Activity of Catalase of TCL-1
Cells

Large peroxisomes Small peroxisomes

Catalase specific activity

M/L ratio P/L ratio (u/mg protein)
T/C
Control  Clofibric acid  Control  Clofibric acid Clofibric acid (T)  Control (C)
TCL-1 cells 0.31 0.36 0.43 0.46 Homogenate 2.04%0.32 1.66%0.21 1.23*
Rat liver 0.60 — 0.19 — Light mitochondrial fraction 8.90*£2.22 6.86+1.71 1.30%

a) Not revealed in the report.'” Ratio of M/L and that of P/L were calculated from
data shown in Fig. 7. M: catalase activity in the mitochodrial fraction, L: catalase activ-
ity in the light mithochondrial fraction, P: catalase activity in the microsomal fraction,
(rat liver: Biol. Pharm. Bull., 20, 315-321 (1997)).

After treatment with 0.5 mm clofibric acid for 3 d, TCL-1 cells were collected and ho-
mogenized. The light mitochondrial fraction was prepared from the homogenate and
catalase activity and protein content were then assayed. Data are mean values*S.D. of
6—38 experiments. * Represents significant changes (p<<0.05).

Protein Catalase Acid phosphatase
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Fig. 8.
of TCL-1 Cells

Patterns of Distribution of Enzyme Activity and Protein Content in Nycodenz Density Gradient Centrifugation of the Light Mitochondrial Fraction

TCL-1 cells were treated with (—) or without (—) 0.5 mwm clofibric acid for 3 d. The light mitochondrial fraction was prepared from TCL-1 cell homogenate, and subjected to
Nycodenz density gradient centrifugation. The ordinates represent the enzyme activity or protein content of the fractions relative to the total activity of L fractions. The abscissa

represents fraction numbers from the top of the tube.

isomes may contain catalase and fatty acyl-CoA oxidase.?”
After immunofluorescence staining with both anti-catalase
antibody and anti-fatty acyl-CoA oxidase antibody,
“Merged” indicates that red staining of catalase was detected
in the cytoplasm (Fig. 1 A-3), indicating that catalase is also
present in cytoplasm before transportation of the enzyme
into peroxisomal particles.

As shown in morphological data (Figs. 2—4), the number
of peroxisomes was increased by 0.5 mm clofibric acid, indi-
cating that clofibric acid induces peroxisomes in trophoblast
cells. Because the peroxisomes were dispersed throughout
the cells, we could not determine an absolute rate of increase
in the number following exposure to clofibric acid. Effects of

clofibric acid were confirmed by the biochemical data of
Western blot (Fig. 5) and catalase activity in the light mito-
chondrial fraction (Table 2). In human liver cells, some re-
ports indicate an increase (1—2 fold) in peroxisomal enzyme
activity by peroxisomal proiliferators,>*!*'%19 but other re-
ports do not.>*3%! Thus, our data of human extravillous tro-
phoblast cells support the former findings.

The density of peroxisomes in TCL-1 cells (1.14—1.15
g/ml) seemed smaller than that in rat liver (d=1.19—1.20).!V
The catalase activity and protein content of the peroxisomal
fraction from trophoblast cells were also increased by clofib-
ric acid on density gradient centrifugation (Fig. 8).

In conclusion, it was clarified that peroxisomes do exist in
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human extravillous trophoblast cells. Peroxisomes in tro-
phoblast cells differ from those in rat liver with respect to
size, density and number. The trophoblast cells secrete either
steroid hormone or protein hormone. We recently reported
that PPAR & agonists, clofibrate and gemfibrozil down-regu-
late human chorionic gonadotropin (hCG) (protein hormone)
and up-regulate progesterone (steroid hormone) secretions in
human extravillous trophoblast cells.?”*® Steroid hormone is
synthesized from cholesterol. Peroxisomes take part in the
synthesis of cholesterol from which steroid hormone is syn-
thesized.?® Sterol carrier protein 2 may participate in steroid
hormone synthesis,”> " and is reported to be primarily lo-
calized in peroxisomes.>> **® It is reported that many data
pointed out the important role of peroxisomes in steroidogen-
esis.* >V In the present study, clofibrate, rodent peroxisome
proliferator may proliferate peroxisomes of human tro-
phoblast cells to a lesser extent. Therefore, immortalized
human trophoblast cells (TCL-1) seem to be useful for inves-
tigating the participation of microperoxisomes of human tro-
phoblast cells in functions such as steroidgenesis.
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