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Abstract : Chick serum (CKS) contains factors that stimulate adipocyte induction in Meckel's
chondrocytes in vitro. In the present study, we examined whether sex hormones as shown by the
analysis of hormone level in CKS have the capacity to induce lipogenesis in Meckel’s chondrocytes
in vitro. Cultures were treated with different sex hormones at physiological and pharmacological
concentrations, including testosterone and 17 B -estradiol (E,). Lipogenesis was evaluated by sudan
staining. Testosterone and E,;, which were the two most effective hormones, were selected for the
present study and their effects were further examined by histological and immunohistochemical
methods, including immunolocalization of adipocyte markers. BrdU-incorporation in cells exposed
to physiological concentration of E, and testosterone was increased compared to control cultures,
but there was no significant difference in BrdU-incorporation in cultures treated with E, and
testosterone. However, at pharmacological concentrations, these hormones induced
dose-dependent lipogenesis in Meckel’s chondrocytes. Almost all the lipid droplet-containing cells
were positive for leptin, a-glycerophosphate dehydrogenase (GPDH), and CCAAT-enhancer
binding protein (C/EBP a), as shown by immunoperoxidase staining. Testosterone and E. had no
capacity to induce lipogenesis in Meckel's chondrocytes at physiological concentrations, but our
results suggest that they have the potential for lipogenesis as a pharmacological effect.
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Introduction

Adipose tissue has been considered as an
inactive and fat-storage organ, but a recent
study has found that adipose tissue is an
important endocrine organ for the secretion
of adipocytokines such as leptin and TNF-
a'~®. Adipocytes composing adipose tissue

are triglicerid-stored uniocular cells and

derive from undifferentiated mesenchymal
cells. Although these mesenchymal cells can

also differentiate into osteoblasts and

1~5 " it is unclear that adipocyte

myoblasts
differentiation is regulated by any factors.
Under the in vitro conditions, adipogenesis
has been analyzed by the addition of a
variety of growth factors and hormones to

adipogenic cell lines such as 3T 3-F442A
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cells”, clonal RCJ 3.1 cells*, and mouse
calvaria 2T 3 cells®. Xu and Bjdrntorp?
reported that the progesterone stimulates
the terminal differentiation in rat
preadipocytes. Dieudonne et al.”
demonstrated that in rat preadipocytes
exposed to sex hormones in vitro, androgens
elicited an antiadipogenic effects, whereas
estrogens acted as proadipogenic hormones.
Dang et al.'” reported that the exposure of
KS 483 cells to estrogen enhanced
osteogenesis and inhibited adipogenesis.
Furthermore, it has been demonstrated that
such functions of estrogen were mediated
via the estrogen receptor-a (ER a ) and B (ER
B) in adipose tissue®'” and that ERa
knockout mice brought an increase of
adipose  tissue™'.  Although  various
adipogenesis-stimulating factors were
estimated at sequential preadipocytes and
adipocytes in vitro, the involvement of sex
hormones on adipogenesis is poorly
understood.

Recently, we found that chick serum
(CKS) contains an adipogenesis-stimulating
factor'™'”. When Meckel's chondrocytes were
cultured in alpha-modified essential medium
(a-MEM) plus 10% chick serum, they lost
their chondrocytic phenotype and
transformed into adipocytes containing
abundant lipid droplets. Analysis of the
hormone levels of CKS by radio
immunoassay indicated high concentrations
of estrogen and insulin in comparison with
fetal bovine serum (FBS)"¥, and there was a
possibility that these hormones could be
involved in the phenotypic transformation
in Meckel's chondrocytes. In the present
study, therefore, we examined the
involvement of sex hormones on the

lipogenesis in Meckel's chondrocytes.

Materials and Methods

1. Cell culture

Meckel’s chondrocytes from ddY strain
mice were used in this study. Meckel's
cartilage was dissected out on day 17 of
gestation (vaginal plug=day 0) and
chondrocytes were isolated with the
following mixture of enzymes; 0.1%
hyaluronidase (typel-S; Sigma Chemical
Co., St. Louis, MO, USA) and 0.15%
collagenase (type 1; Worthington
Biochemical Corp., Freehold, NJ, USA), as
described previously™'. Chondrocytes were
inoculated at an initial density of 1 x 10°
cells per Penicylinder cup (0.28 crf; Top
Labo-ware, Osaka, Japan). Alpha-modified
(a-MEM; Flow
Scotland)
supplemented with 10% fetal bovine serum
(FBS; ICN Biomedicals Inc., Aurora, OH,
USA), 0.03 mg/ml L-ascorbic acid phosphate
magnesium salt »n-hydrate (Wako Pure
Chemical Industries Ltd., Osaka, Japan), 60
cm?®/ml kanamycin (Meiji Seika Co., Tokyo,

Eagle’s medium

Laboratories, Irvine,

Japan), and 2 mM pB-glycerophosphate (8
-Gly; Nacalai Tesque, Inc., Kyoto, Japan) was
freshly prepared as a control medium. Sex
hormones were prepared at concentrations
as shown in Table 1 and were added to the
medium. Cultures were maintained for up to
2 weeks in a humidified atmosphere of 5%
CO; in air and the medium was changed

every other day.

2. Histological and statistical analysis of
cell proliferation

Cell proliferation was evaluated by cell
density and bromodeoxyuridine (BrdU)
incorporation per mm?*. For analysis of cell

density, the cells were cultured for 2 days
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at physiological concentrations of 178
-estradiol (E:) and testosterone. The cells
were fixed with 4% paraformaldehyde and
stained with 0.1% toluidine blue. For
analysis of lipogenesis, chondrocytes were
cultured for one week with various
concentrations of testosterone and were
processed as described above prior to Sudan
II staining'.

For incorporation of BrdU, chondrocytes
cultured for 2 days at physiological
concentrations of E; and testosterone were
exposed to 0.5 mg/ml BrdU for 30 min, fixed
with 4% paraformaldehyde for 15 min, and
processed for immunohistochemistry with a
BrdU-detection kit (Oncogene Research
Products, Cambridge, Mass, USA). Using a
hemometer, the number of BrdU-positive
cells per mm?® was calculated from five
different areas in 2 dishes, and the findings

were expressed as the mean = SD.

3. Indirect immunohistochemical staining
For immunoperoxidase staining, we used
antibodies against leptin (Affinity
Bioreagents, Golden, Colo, USA), «a
-glycerophosphate dehydrogenase (GPDH;
Nordic
Tilburg, Netherlands) and CCAAT-enhancer
binding protein (C/EBPa; Santa Cruz
Biotechnology, Inc. CA, USA), as markers of

Immunological Laboratories,

mature adipocytes. Chondrocytes treated
with 50 ug/ml of testosterone were
harvested after 2 weeks in culture and were
fixed with 4% paraformaldehyde for 30 min
at room temperature, washed with PBS, and
then intrinsic peroxidase was inhibited for
15 min with 3% H.O.. After washing three
times with PBS, samples were exposed to
horseradish peroxidase (HRP)-conjugated
antirabbit IgG for 1 hat 37°C. Afterthorough

washing with PBS, specimens were mounted
in a mixture of glycerol and PBS (9:1, v/v)
prior to light microscopic examination. For
control specimens the primary antibody was
omitted and specimens were incubated
directly with the secondary antibodies, and
then processed as outlined above. No
positive immunoreactivity was found in the

controls (data not shown).

4. Electron microscopy

Samples for electron microscopy were
processed by conventional methods. The
cells were cultured for 2 weeks with the
female sex hormones, E; (100 gg/ml) and
progesterone (100 pg/ml), were fixed with
cold 25% glutaraldehyde for 1 h, washed
with cacodylate buffer (pH 7.2), and further
postfixed with 1% OsO, for 1 h. They were
dehydrated with a graded ethanol series and
embedded in Epon 812. Ultrathin-sections
were cut with a diamond knife on a
microtome, stained with uranyl acetate and
lead citrate, and examined with a
transmission electron microscope (Hitachi
H-7000, Tokyo, Japan).

Results

1. Cell proliferation

Light microscopy revealed that with
toluidine blue staining, there was a distinct
difference between cells grown in control
medium and cells grown in testosterone or
E.-containing medium (Fig. 1a-c); the
number of chondrocytes in the sex
hormone-containing medium was much
higher than that in control medium.

The proliferation rate was tested for
testosterone- and E,-treated chondrocytes
(Fig. 2). The number of BrdU-positive cells

in E:-containing medium was 31.5 cells per
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Fig. 1. Over view of cell proliferation, as revealed by toluidine blue staining. 17 5 -estradiol (E.) (a) and
testosterone (b)-treated chondrocytes proliferate more densely than control (c). Frame area shows

1 mm?

Fig. 2. Comparison of the proliferation rate of E, and testosterone by BrdU incorporation. The cells were
cultured for 2 days at physiological concentrations. The number of BrdU-positive cells in the
control group is 12.0 cells, while that in the E; and testosterone treated group is 31.5 and 36.8 cells.
There is no significant difference (p>0.05) between these hormones, but there is a significant
difference between controls and sex hormones (p<0.01).

mm?, while in testosterone-treated cells it
was 36.8 cells per mm?. Statistical analysis
indicated that this difference was not
significant (p = 0.6757). In contrast,
BrdU-labeled cells in control cultures were
less dense than in cultures where the test
medium contained sex hormones. Statistical
analysis showed that the number of
BrdU-labeled cells in the control medium
was significantly different from that in sex

hormone-treated cultures (p=0.0011).

2. Sudan staining of the testosterone-
treated chondrocytes

In the present study, testosterone was the

most effective hormone for lipogenesis
among the used sex hormones (Table 1) and
therefore, the results for chondrocytes
cultured for one week at various
concentrations of testosterone are described
here (Fig. 3a-d). After treatment at
physiological concentrations (5 ng/ml), no
significant accumulation of lipid droplets
was seen in the chondrocytes (Fig. 3 a). This
result was consistent with that of
chondrocytes treated with control medium.
Chondrocytes exposed to testosterone at a
dose of 10ug/ml showed accumulation of
granular lipids in the cytoplasm (Fig. 3 Db).
Relatively large lipid droplets were
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5 ng/ml 10 1 g/ml 50 1 g/ml 100 1 g/ml

Fig. 3. Photomicrographs of chondrocytes treated with various concentrations of testosterone as shown
by sudan staining after one week in culture. (a) Significant accumulations of lipid droplets are
not seen at a physiological concentration of 5 ng/ml. (b) and (¢) At a dose of 10 gg/ml and 50 ug/
ml of testosterone, numerous granular lipid droplets appear in the nodular chondrocytes. (d) At a
dose of 100ug/ml testosterone, predominantly sudan-positive cells filled with large lipid droplets
appear. Scale bar=20 im.

Fig. 4. Electron micrographs of the lipid-droplet-rich cells induced by the treatment of E. and
progesterone for 2 weeks. (a) E-exposed cells contain various sizes of vesicular structures and a
few large lipid droplets (LD). N=nucleus, ER=rough endoplasmic reticulum, MT =mitochondria,
GA=Golgi apparatus. (b) Magnified electron micrograph of progesterone-treated cells. Cells
contain membrane-bounded lipid droplets (arrows, LD), mitochondria (MT) and rough
endoplasmic reticulum (ER). The content of some lipid droplets was lost and fused with each
other. Scale bar=(a) 2 um, (b) 1 um.
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observed abundantly in sudan-positive
chondrocytes exposed to 50 wpg / ml
testosterone (Fig. 3 c). At a dose of 100¢g/ml
testosterone, lipid droplet-rich cells had been
converted to round-adipocytic cells (Fig. 3
d).

3. Electron microscopy

The chondrocytes treated with E. at 2
weeks after culture were characterized by
the appearance of various sizes of lipid
droplets. Lipid droplet-rich cells contained
many vesicular elements; a round nucleus
with developed euchromatin and a
elongated

prominent nucleolus,

mitochondria, a profile of rough
endoplasmic reticulum, and Golgi-associated
vacuoles (Fig. 4 a). The cytoplasm usually
contained both large and small lipid
droplets.

In contrast, progesteron-treated
chondrocytes were characterized by
aggregated small lipid droplets, small
mitochondria, and rough endoplasmic
reticulum (Fig. 4 b). In many cases, almost
every lipid droplet was enclosed by a
limiting membrane and coalesced with one
another to increase in size. The lipid droplets
consisted of homogenous material with high
electron-density, but usually the contents

were lost from central zone of lipid droplets.

4. Immunoperoxidase staining

When testosterone-treated chondrocytes
were examined immunohistochemically
after 2 weeks in culture, immunopositive
granular products indicative of leptin, a
differentiated
appeared in lipid droplet-rich chondrocytes

marker of adipocytes,

(Fig. 5 a). Similarly, immunoreactivity for
GPDH (Fig. 5b) and C/EBPa (Fig. 5c) was

staining with
antibodies against mature adipocytes,
leptin, GPDH and C/EBP a. Cultures were

Fig. 5. Immunofluorescent

collected from cells exposed to
testosterone for 2 weeks. (a) Leptin is
positive in the lipid droplet-containing
cells. (b) Large lipid droplet-containing
cells are immunopositive for GPDH. (c)
Positive immunoreactivity for C/EBPa
is widely distributed in lipid droplet-rich
cells. Scale bar=20 m.

also high in adipocyte-like cells containing
abundant lipid structures. These
immunohistochemical findings revealed the

sufficient features as mature adipocytes.
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Concentrations
Hormones PC 100 ng lug 5ug 10 ¢ g(ml)

Testosterone propionate” — ++ ++ + 4+ +4++
Androsteron” — - — +
Progesteron” - - + + +4+
Estrogen

178-estradiol” — + + 4+ 4+

estrone” - — — _ _

estriol® — — - _ _

Table 1. Effects of sex hormones on lipogenesis in Meckel's chondrocytes in vitro.
PC : Physiological concentrations; "(50 ng/ml), (2.5 ng/ml), *(30 ng/ml), “(0.5 ng/ml), 0.2 ng/ml), ®(50

ng/ml).
Lipogenesis was evaluated as, — :
more intensive lipogenesis.

Discussion

Recently, we found that CKS accelerated
the phenotypic changes from Meckel's
chondrocytes to adipocytes in wvitro™.
CKS

adipogenesis not only in chondrocytes in

Furthermore, factors induced
vitro but also in splenic stromal cells n
vivo'”. When CKS was analyzed by radio
immunoassay at hormone levels, since
estrogen and insulin were contained at high
concentrations'”, we supposed that sex
hormones could be the initial trigger for
lipogenesis. In the present study, we further
examined whether lipogenesis is induced by
such hormonal factors and showed that E.
and testosterone at physiological
concentrations stimulated proliferation of
chondrocytes but at high concentrations,
the chondrocyte cultures induced formation
of sudan-positive lipid droplets that were
also shown to be positive for adipocyte
markers by immuneohistochemistry.
Therefore, we suggest that sex hormones
could play a role in adipocyte induction as a
pharmacological effect, although E. and
testosterone at physiological concentrations

were not concerned with lipogenic activity.

no lipogenesis, +: slight lipogenesis, + +: active lipogenesis, + + +:

Adipocyte differentiation in vitro has been
investigated in various established cell lines
such as 3 T 3-F442A cells, mouse calvariae
2 T3 celis”®, and embryonal carcinoma-de
rived C 1 cells”™*. However, it was essential
to add

indomethacin, and growth hormone

insulin,

20~22),28)

dexamethasone,

These studies suggested that the factor
necessary for commitment to the adipocyte
phenotype differs between cell lineages but
factor  from

a common inductive

undifferentiated mesenchymal cells to
adipocytes has not yet been determined.
Almost all cell lines as described above, are
cells that are committed to adipocyte
differentiation, and each of the inductive
factors known so far  encourages
differentiation only. From an inferential
point of view, the CKS factor for lipogenesis
induction is a common inductive factor™,
the that

hormone-like elements induced adipocyte

and there was possibility
formation.

The results of high levels of estrogen,
including E. and of insulin by CKS analysis
led us to investigate the involvement of
hormonal elements in lipogenesis. Thus, we

tried to analyze morphologically adipocyte
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induction by sex steroid hormones. When
the chondrocytes were exposed to E. and
testosterone at physiological
concentrations, both hormones accelerated
cell proliferation of chondrocytes
significantly, as followed by increased BrdU
incorporation. Dieudonne et al.”
demonstrated in rat preadipocytes in culture
that an exposure to sex hormones
androgens elicited an antiadipogenic effects,
whereas estrogens behaved as
proadipogenic hormones. Dang et al.'” also
reported that the exposure of KS483 cells to
estrogen enhanced osteogenesis and
inhibited

including Dieudonne et al.'”, indicated that

adipogenesis. Some reports,
sex hormones stimulated cell proliferation
in 3T3-L1. These results are consistent
with the result in Meckel's chondrocytes in
the present study. It has been reported that
estrogen enhances bone formation but
inhibits adipogenesis at physiological
concentrations'’ and that testosterone, one
of the main components of androgens,
enhances both bone formation and
adipocyte differentiation. In the present
study, since testosterone and E, stimulated
cell multiplication rather than lipogenesis in
chondrocytes, it was assumed that these
hormones might play a role in the regulation
of the number of adipocytic precursor cells.

Meckel's cartilage is derived from
primitive cranio-facial mesenchyme,
originating in the neural crest”®. The
chondrocytes have unique features such as
adipocyte phenotypic changes in vitro by
CKS elements'”’ and fibroblastic
transformation i wvivo””. We implied that
these features may  origin-associated
features of Meckel's cartilage derived from

neural crest-ectomesenchyme. These

phenotypic changes were also useful as a
model for the analysis of lipogenic
inductions.

The study of lipogenesis has been
performed in the established preadipose cell
lines,such as 3T 3-L 1 and F442A cells, that

28,253)’ al’ld

have committed to the adipocytes
therefore, such cells have a more effective
Meckel's

chondrocytes. Since the cells used in our

adipocytic  conversion than

study consist of pure chondrocyte
population that had already acquired
cartilage features, it seemed that lipogenesis
in Meckel's chondrocytes was not affected
by sex steroid hormones at the physiological
concentrations. Generally, steroid hormones
act via receptors. Although the receptors for
estrogen and androgen were not confirmed
in these chondrocyte cultures in preliminary
experiments by immunocytochemical
stainings (data not shown), it is necessary to
further investigate whether the present
results were due to steroid hormone

receptors.

Acknowledgement

This work was supported in part by a
Grant-in-Aid for Scientific Research from
the Ministry of Education, Science and
Culture of Japan (no. 16591833).

References

1) Hotamisligil, S. G., Shargill, S. N, and Spiegel-
man, M. B.: Adipose expression of tumor necro-
sis factor- a: direct role in obesity-linked insulin
resistance. Science 259 : 87-91, 1993.

2 ) Maeda, K., Okubo, K., Shimomura, 1., Mizuno,
K., Matsuzawa, Y., and Matsubara, K. : Analysis
of an expression profile of genes in the human
adipose tissue. Gene 190 : 227-235, 1997.

3) Hube, F. and Houner, H. : The two tumor
necrosis factor receptors mediate opposite ef-
fects on differentiation and glucose metabolism
in human adipocytes in primary culture. Endo-



50 Kiyoto IsHIZEKI, Noriaki TakAaHASHI and Tokio Nawa

crinology 141 : 2582-2588, 2000.

4) Grigoriadis, A. E.,, Heersche, J. N,, and Aubin, J.
E. : Differentiation of muscle, fat, cartilage, and
bone from progenitor cells present in a bone-
derived clonal cell population: effect of dexam-
ethasone. J. Cell Biol. 106 : 2139-2151, 1988

5) Poliard, A., Nifuji, A., Lamblin, D., Plee, E.,
Forest, C., Kellermann, O. : Controlled conver-
sion of an immortalized mesodermal progenitor
cell towards osteogenic, chondrogenic, or ad-
ipogenic pathways. J. Cell Biol. 130 : 1461-1472,
1995.

6) Pittenger, M. F., Mackay, A. M., Beck, S. C,,
Jaiswal. R. K, Douglas, R., Mosca J. D, Moorman,
M. A, Simonetti, D. W, Craig, S., and Marshak, D.
R. : Multilineage potential of adult human mes-
enchymal stem cells. Science 284 : 143-147, 1999.

7) Green, H., Morikawa, M., and Nixon, T. : A
dual-effector theory of growth-hormone action.
Differentiation 29 : 195-198, 1985.

8) Chen, D, Ji, X, Harris, M. A, Feng, J. Q,
Karsenty, G., Celeste, A. J., Rosen, V., Mundy, G.
R., and Harris, S. E. : Differential roles for bone
morphogenetic protein (BMP) receptor type IB
and A in differentiation and specification of
mesenchymal precursor cells to osteoblast and
adipocyte lineages. J. Cell Biol. 142 : 295-305, 1998.

9) Xu, X, and Bjérntorp P. : Effects of sex steroid
hormones on differentiation of adipose precur-
sor cells in primary culture. Exper. Cell Res. 173 :
311-321, 1987.

10) Dieudonne, M. N., Pecquery, R., Leneneu, M. C.,
and Giudicelli, Y. : Opposite effects of androgen
and estrogens on adipogenesis in rat pre-
adipocytes: Evidence for sex and site-related
specificities and possible involvement of in-
sulin-like growth factor 1 receptor and peroxi-
some proliferator-activated receptor- v 2. Endo-
crinology 141 : 649-656, 1999.

11) Dang, Z. C., Bezooijen, V., Karperien, M., Pap-
apoulos, S. E., and Lowik, C. W. G. M. : Exposure
of KS5483 cells to estrogen enhances osteogene-
sis and inhibits adipogenesis. /. Bone Miner. Res.
17 : 394-405, 2002.

12) Pedersen, S. B, Borglum, J. D, Eriksen, E. F.,
and Richelsen, B. : Nuclear estradiol binding in
rat adipocytes regional variations and regulato-
ry influences of hormones. Biochem. Biophys.
Acta. 1093 : 83-86, 1991.

13) Crandall, D. L., Busler, D. E, Novak, T. J.,
Weber, R. V., and Kral, J. G. : Identification of
estrogen receptor beta RNA in human breast
and abdominal subcutaneous adipose tissue.
Biochem. Biophys. Res. Commun. 248 : 523-526,
1998.

14) Kawaguchi, H., Manabe, N., Miyaura, C., Chi-

kuda, H., Nakamura, K. and Kuro-o, M. : Inde-
pendent impairment of osteoblast and osteocl-
ast differentiation in klotho mouse exhibiting
low-turnover osteopenia. J. Clin. Invest. 104 : 229-
237, 1999.

15) Heine, P. A, Taylor, J. A, Iwamoto, G. A,
Lubahn, D. B, and Cooke, P. S. : Increased adi-
pose tissue in male and female estrogen recep-
tor- a knockout mice. Proc. Natl. Acad. Sci, USA.
97 : 12729-12734, 2000.

16) Ishizeki, K., Takahashi, N, and Nawa, T. :
Phenotypic characteristics of adipocytes gener-
ated from Meckel’s chondrocytes in response to
chick serum in vitro. Cell Tissue Res. 309 : 251-
260, 2002.

17) Ishizeki, K., Takahashi, N., and Nawa, T. :
Induction of adipogenesis by the intrasplenic
transplantation of chick serum clots. Arch.
Histol. Cytol. 67 : 21-30, 2004.

18) Ishizeki, K. Takigawa, M. Nawa, T. and
Suzuki, F. : Mouse Meckel's cartilage chondro-
cytes evoke bone-like matrix and further trans-
form into osteocyte-like cells in culture. Anat.
Rec. 245 : 25-35, 1996.

19) Ishizeki, K, Kubo, M., Yamamoto, H., and
Nawa, T. : Immunocytochemical exprssion of
type I and type II collagens by rat Meckel's
chondrocyte in culture during phenotypic tra-
nsformation. Archs. Oral Biol. 43 : 117-126, 1998.

20) Guller, S., Corin, R. E., Mynarcik, D. C., London,
B. M, and Sonenberg, M. : Role of insulin in
growth hormone-stimulated 3 T3 cell ad-
ipogenesis. Endocrinology 122 : 2084-2089, 1988.

21) Guller, S, Sonenberg, M., Wu, K. Y., Szab, P.,
and Corin, R. E. : Growth-hormone-dependent
events in the adipose differentiation of 3T 3-F
442 A fibroblasts: modulation of macromolecular
synthesis. Endocrinology 125 : 2360-2367, 1989.

22) Toscani, A., Soprano, D. R., and Soprano, K. J.
: Sodium butyrate in combination with insulin
or dexamethasone can terminally differentiate
actively proliferation Swiss 3 T 3 cells into ad-
ipocytes. J. Biol. Chem. 265 : 5722-5730, 1989.

23) Morikawa, M. Nixon, T. and Green, H. :
Growth hormone and the adipose conversion of
3T 3 cells. Cell 29 : 783-789, 1982.

24) Takahashi, N. : Effects of chick serum agents
on the induction of adipocyte differentiation in
various mesenchymal cells. (in Japanese). Dent.
J. Twate Med. Univ. 27 : 266-177, 2002.

25) Bhaskar, S. N, Weinmann, J. P., and Schour, L
: Role of Meckel’s cartilage in the development
and groweth of the rat mandible. /. Dent. Res.
32 :398-410 1953.

26) Richany, S. F., Bast, T. H.,, and Anson, B. J. :
The development of the first branchial arch in



Lipogenic effects of sex hormones 51

man and the fate of Meckel’s cartilage. Q. Bull. 28) Green, H.,, and Kehinde, O. : Sublines of mouse

Northwestern Univ. Med. School. 30 : 331-355, 1956. 3T 3 cells that accumulate lipid. Cell 1 : 113-
27) Harada, Y., and Ishizeki, K. : Evidence for 116, 1974.

transformation of chondrocytes and site- 29) Green, H. and Kehinde, O. : An established

specific resorption during the degradation of preadipose cell line and its differentiation in

Meckel’s cartilage. Anat. Embryol. 197 : 439-450, culture. II. Factors affecting the adipose conver-

1998. sion. Cell 5 :19-27, 1975.



52 Kiyoto IsHIZEKI, Noriaki TAkAaHASHI and Tokio NaAwa

B 4 VERE RIS 3 AR Vv E v DIENTERGIRIC O W T

G A, BIE @Y, BR0 i
BRI LR — Al
(EfE: 2F0 Bl #ds0
(51 1 2004125 146D
(523 1 20055F 2 H 9 HD

8% =7 bV IMiE (CKS) &4 v 7 VKB IEIE R 2 B ET 2R F2EA TV %,
KHFETIE, CKS DR LVE VAITOBRP LB ONIL LI BE L XVOH R IVE VR
Ay A OVEREHRIAD ISEETEER IC & ORRICBE D - TV 3 O MET L 7oo BEERIREHHRR I A2 TR
B LUEEWEEDF 2 M RFa v E1TR- 2 A5 94— (B, 2&GCHKEEOH+VE
v TIRINEEE L, BEBHEIERREEE X ¥ v R £ - TEME L 7o B IEIHTEEGED & D - 72
FZh2RFOVEE, IOWTIR, BFEAME RERE S BrdU ORLAA D O flfakghak
EEE Tz, FOFRE, AHYEECTOF 2 P RF o v E E, 3 E (L 720, I8l
TR AEHE L 750 - 120 T IBRETIRIE O + Ve VISR A TTHE L 7o, TERR S N7 fEH;
ML 7 F v, GPDH % C/EBPafiffic & 3 %EROTEIBHETH - 72o INSDFER
o, FRANZRFOvEE, FIEEYRIEHEE LCIEIEREEE LTV 5, EEEA
T TRIEHERZ O &0 & b £ BRI T O MEIEhE % Rl L T v 2 a5 RIR S 1
726

Fom— KXy rOVERERRL, RERATERR, dEAovE v, HIRSREE, SRR LA



