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Abstract To obtain immature fat cells in vitro, we used a pri- 
mary culture of undigested mature fat tissue fragments. The 
immature fat cells, i.e., fibroblast-like fat cells, proliferated ex- 
tensively from the fat tissue and differentiated after reaching 
confluence. The process of differentiation was assumed by the 
development of intracytoplasmic lipid droplets and by the tri- 
glyceride content in the cells. Cellular differentiation was induced 
in high percentages (over 70-80%) of the cells in the medium 
containing high glucose concentrations (200 mg/dl) supple- 
mented with 10-2096 newborn calf serum. The intracellular ac- 
cumulation of triglyceride was also enhanced by insulin admin- 
istration. In these cells, a reciprocal relationship was observed 
between proliferation and differentiation. Fibroblast-like fat cells 
derived from mature fat tissue in this simple culture system are 
suitable for the study of the proliferation and differentiation of 
immature fat cells. - Sugihara, H., S. Funatsumaru, N. Yone- 
mitsu, S. Miyabara, S. Toda, and Y. Hikichi. A simple culture 
method of fat cells from mature fat tissue fragments.J. LipzdRes. 
1989. 30: 1987-1995. 

Supplementary key w o r d s  primary culture fibroblast-like fat 
cells proliferation differentiation 

Adipocyte precursors, or preadipocytes, were dis- 
covered in the process of tissue culture of the stromal-vas- 
cular fraction of mature white fat tissue. There have been 
a number of studies concerning these cells (1-16). Preadi- 
pocytes are fusiform with fine lipid droplets in the culture 
condition. In morphological terms, therefore, they are 
also called fibroblast-like fat cells. They can be stimulated 
to proliferate and differentiate to exhibit intracytoplasmic 
triglyceride in the form of droplets, which reveal the mor- 
phological and enzymological characteristics of mature 
adipocytes. As mentioned above, preadipocytes were tak- 
en from the stromal-vascular fraction, which is the centri- 
fugal sediment of digested mature fat tissue (4, 6). When 
this material is centrifuged, mature fat cells, or unilocular 
fat cells, are obtained at the uppermost layer; however, 
they were not used for tissue culture. We have cultured 
these unilocular fat cells by novel methods, namely, by the 
ceiling culture method (17, 18) and by collagen gel matrix 
culture (19). Through these culturing studies, it has been 

demonstrated that unilocular fat cells dedifferentiate to fi- 
broblast-like fat cells, which in turn proliferate and re- 
differentiate to unilocular fat cells (18). Fibroblast-like fat 
cells derived from unilocular fat cells are not distinguish- 
able from those derived from the stromal-vascular fraction 
with regard to the morphological and lipid or enzyme his- 
tochemical findings. In this study, mature fat tissue frag- 
ments were cultured without digestion and we obtained 
fibroblast-like fat cells which showed characteristically a 
high ratio of cellular differentiation. These cells were de- 
rived not from isolated unilocular fat cells or the stro- 
mal-vascular fraction but from undigested mature fat tis- 
sue. They were studied in terms of proliferation and dif- 
ferentiation in comparison with the preadipocytes derived 
from the stromal-vascular fraction. We also describe a 
new and simple method of culturing fibroblast-like fat 
cells taken from the mature fat tissue of newborn rats. 

MATERIALS AND METHODS 

Ceiling culture of mature fat tissue fragments and the 
routine culture of stromal-vascular fraction 

Abdominal subcutaneous fat tissue was taken for cul- 
ture from 3-day- to 4-week-old male Wistar rats. The fat 
tissue was chopped into very small pieces (0.2-0.3 mm in 
diameter) and centrifuged in buffer solution. Fragments 
were separated into two fractions: floating tissue and sedi- 
mented tissue. The floating tissue fragments consisting of 
mature unilocular fat cells were incubated with Ham F-12 
(glucose concentration, 200 mg/dl) supplemented with 
20% newborn calf serum at 37OC by the ceiling culture 
method (Fig. l), which was described previously (17, 18). 

Abbreviations: db-AMP, N6-2'-dibutyryladenosine-3'-5'-cyclic 
monophosphate Na-salt; BrdU, bromodeoxyuridine. 
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Fig. 1. Ceiling  culture of mature  fat  tissue  fragments.  Mature  white  fat  tissue was chopped  into  small  pieces  and  centri- 
fuged.  Sediments  were  not  used  in  this  culture.  Floating  tissue  fragments  were  incubated  in  culture flasks that  were com- 
pletely fil led with  medium. The fragments  floated  to  the  top of the  medium  and  adhered  to  the  top  inner  surface  (ceiling 
surface)  of  the flask. When  the  fragments  had  attached firmly, the flasks were  placed  upside  down  to  allow  regular  obser- 
vation.  Fibroblast-like  fat  cells  proliferated  extensively  from  the  tissue  fragments.  Inset:  histology of the  floated  tissue 
which  consists for  the  most  part of unilocular fat  cells  with  a  few  stromal-vascular  cells.  Bar, 1 0 0  pm. 

Briefly, tissue fragments were incubated in culture flasks 
(Lux 5325 or  Nunc 170920) that were completely filled 
with medivm.  When  the  fragments  had firmly attached to 
the  inner  upper surface, i.e., the ceiling of the flask, the 
flask  was inverted to allow regular  treatments.  Some frag- 
ments  sank in the  medium and attached  to  the  bottom 
surface; fibroblast-like fat cells proliferated from these 
fragments. However, these cells were not used in  this ex- 
periment because of the low differentiation ratio 

To obtain preadipocytes, cell isolation from abdominal 
subcutaneous fat tissue of newborn  rats was performed by 
collagenase-digestion according  to  Bjorntorp et al. (4, 6) .  
The isolated stromal-vascular cells  were incubated with 
Ham F-12 supplemented with 20% newborn calf serum. 

Chemicals  and  other  substances  added to cultured cells 
The following were selectively added  to  the  medium: I )  

0.1-0.5 mU/ml insulin (Sigma); 2) 10-4-10-3 M N6-2'-di- 
butyryladenosine-3'-5'-cyclic monophosphate Na-salt 
(db-CAMP); 3) M norepinephrine (Sigma); 4 )  M 
hydroxyurea (Sigma); 5) fetal calf serum, calf serum,  and 
horse serum;  and 6) serum-free  medium  (Ultrosera G 
from LKB  and  NU-serum from Collaborative Research 
Inc). 

(40-50%). 

Examination of culture cells 

The cultured cells  were counted and examined by the 
following procedures: I )  phase contrast microscopy; 2) 

lipid histochemistry using oil red 0 stain and enzyme his- 
tochemistry of triglyceride lipase and glycerophosphate 
dehydrogenase; 3) assay of triglyceride in  the  culture cells 
by the acetyl acetone method (20); cultured cells were har- 
vested using a rubber policeman and were added  to  a so- 
lution of ethyl ether-ethanol for extraction of triglyceride; 
the  extract was concentrated before the assay of triglycer- 
ide; 4 )  immunohistochemical examination of bromode- 
oxyuridine  (BrdU)  uptake by cultured cells, using  a 
monoclonal anti-BrdU  antibody (21); and 5) assay of  gly- 
cerol in medium (22). 

RESULTS 

Fat tissue fragments  became  attached  to  the ceiling sur- 
face of the flasks on day  2 of culture, and some fibroblast- 
like fat cells appeared (Fig. 2 and Fig. 3). On day 3-4 of 
culture,  the cells began  to proliferate extensively around 
the  attached tissue. It was at this  stage  that  the flask could 
be inverted without  disturbing  the  culture process and the 
medium could be withdrawn to allow regular  treatment. 
During  the following  week,  most of tissue fragments  de- 
tached and floated to  the  medium surface. However, this 
detachment  no longer influenced the cells in culture. 
These fibroblast-like fat cells and  scattered multilocular 
fat cells proliferated in dense  arrangements  until they be- 
came confluent (Fig. 4). Better results were achieved by 
using fat tissue taken from young  rats 7-10 days of age. 
Consequently, we used only tissue from young rats  in  the 
following experiments. Supplementation of the  medium 
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Fig. 2. T h e  early stap;c (dav 2-3 of culture) of ceiling culture of mature fat tisue  framents. A fragment of tisue (*, ca 0.3 mm in diameter) attached 
to the  culture  surface  and  fihmblast-like fat cells proliferated  octensivcly from i t .  Phase-contrast  rnirrop;raph. Bar, 1 0 0  pm. 

with 20% newborn calf serum  resulted  in  the best tissue 
attachment  to  the flask surface  and cell growth,  and  also 
cellular  differentiation.  After cells grew from  the tissue, 
the  condition of 20% newborn  calf  serum was changed. 
The  growth of cultured cells was examined  under  the  con- 
ditions of 2, 5, 10, and 20% newborn  calf  serum,  and in- 
sulin  administration. The  growth  curve is shown  in Fig. 
5 and  the  generation  time was less than 2 days  when 10% 
or 20% newborn calf serum was used.  Insulin  administra- 
tion slightly accelerated  the process  of proliferation of the 
cells in culture. 

After the  culture cells had grown to confluency and prolif- 
eration was inhibited by cell-to-cell contact,  the differentia- 
tion was observed first. This  meant  immediate identification 
of the cells in this culture system as fat cells. In these fibro- 
blast-like fat cells, the  intracytoplasmic small lipid droplets 
increased in number  and grew lar.ger until they became  uni- 
locular (Fig. 6). The lipid droplets were positive by oil red 
0 staining  and, in this study, this was taken as an indication 
of differentiation of the fat cells. In addition to the positive 
staining of lipid droplets  there was histochemical evidence of 
glycerophosphate dehydrogenase and triglyceride lipase ac- 

tivities (Fig. 3, inset). The evaluation of cellular differentia- 
tion to  mature fat cells was easily done by observing  the 
intracytoplasmic contents of lipid droplets with a phase con- 
trast microscope and oil red 0 staining, or by chemical as- 
say of the intracellular triglyceride. The differentiation 
occurred in such a way that  there were nodes that  repre- 
sented locally confluent patches. Unilocular fat cells were 
observed in the core of the  nodular area, while there were 
multilocular fat cells  in the periphery. The multilocular fat 
cells, too, became  gradually unilocular, and the nodular 
areas fused together to form wide islands. The ratio of 
differentiated cells in the  entire  culture was over 70% on day 
30 of culture under  the best  conditions (Ham F-12 medium 
supplemented with 20% newborn calf serum), and it was 
below 10% when the concentration of newborn calf serum 
was 2% (Fig. 7). In  the presence of insulin, the  ratio in- 
creased to 90% even with 2% newborn calf serum (Fig. 8). 
The counting of the  number of differentiated cells was not 
always accurate, thus  the triglyceride contents in culture 
cells was assayed (Fig. 9). The synthesis of triglyceride in- 
creased in a dose-dependent manner in medium supple- 
mented with 2, 5, 10, and 20% newborn calf serum,  and it 
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Fig. 3. High-paver view of fibroblast-like  fat  cells  in  culture. These cells are long-hsiform with fine  lipid  droplets. Oil red 0 stain. N, nudeus, bar, 20 
p. Inset:  histochemical  activity of glycerophosphate  dehydrogenase  in  these  cells. Bar, 20 pn. 

1990 Journal of Lipid Research Volume 30, 1989 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


1 
1 2 3 4 5  10 I5 17 

Culture days 
Fig. 5. Growth c u m  of fat cells in culture. Cells were d e r i d  from mature fat tissue fragments of a I-w~k-old r a t  
and mrr incubated with medium supplemented with 2. 5. 10. and 20% newborn calf =rum (NRCS), and 20% NRCS 
with insulin (0.1 mUlml). 

Fig. 6. At a locally confluent area, the fihrohla<t-like fat crlls differentiated to mature (unilocular) fat cells. Laqr  unilocular fat cells alp otxcrnd in  the 
core of the confluent area (left sidr). Oil rrd 0 stain. Bar, 50 p n .  
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Fig. 7. Cultured fat  cells incubated in medium (Ham F-12) supplemented with 2% newborn calf serum for 10 days. Large lipid droplets are seen  in the 
cytoplasm, and this indicates cellular differentiation. The ratio of differentiated cells among culture cells  is about 10%. Phase-contrast rnicroq-aph. Bar, 20 pm. 

decreased  when  fetal  calf serum was added to the medium. 
The glycerol concentration was higher in the presence of  fe- 
tal  calf serum than with newborn calf serum. These findings 
suggest that fetal  calf serum had a higher concentration of 
lipolytic  factors than newborn calf serum because approxi- 
mately the same amount of insulin was present in both sera. 
By supplementation with  horse or  human serum, the tri- 
glyceride rapidly  increased  in the cultured cells, but most of 
them  detached and floated up a week  before maturation 
(Fig. 9). Insulin administration apparently accelerated the 
synthesis  even in the presence of 2 %  newborn calf serum. 
In the  preadipocytes  derived  from the stromal-vascular  frac- 
tion of fat  tissue, the ratio of differentiation in the number 
of  cells  was  below 50% even under the optimal condition of 
20%  newborn calf serum supplementation, and the synthe- 
sis of triglyceride was  low in comparison with the cells de- 
rived  from mature fat  tissue (Fig. 9). 

We examined the lipolytic function of the differentiated 
culture cells by stimulating  them with norepinephrine or 
db-AMP. For example, M db-AMP or M nore- 
pinephrine induced lipolysis of triglyceride in intracyto- 

plasmic lipid droplets, resulting in cellular retraction. 
There was a concomitant increase in glycerol in the me- 
dium  at  the  rate of 2-3 or 1.5-2 pmol/h  per lo6 cells, re- 
spectively. 

The relationship between proliferation and differentia- 
tion of these culture cells  was also examined. Lipogenesis 
in  the cells occurred  after  the contact inhibition of prolif- 
eration  brought  about by confluency. This suggests a re- 
ciprocal relationship between proliferation and differen- 
tiation of these cells. This supposition was examined by 
uptake of BrdU by the culture cells. One  hour after  ad- 
ministration of BrdU, the  labeling index was  15-20% in 
fibroblast-like fat cells and below 1% in the differentiated 
fat cells, i.e., in multi-  and  unilocular fat cells, respective- 
ly. In this study, 2000 cultured cells were counted (Fig. 
10). Hydroxyurea, an inhibitor of cellular proliferation, 
completely inhibited  the  uptake of BrdU by cells, and 40- 
45% of the cells differentiated to  mature fat cells in 5 days 
without  becoming confluent. These  experiments with 
BrdU  and hydroxyurea support  the supposition described 
above. 
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Fig. 8. Insulin (0.1 mU/ml) was administered to culture fat  cells of Fig. 7. The ratio of differentiated cells increased to over 90% in 7-10 days. Phase-con- 
trast micrograph. Bar, 30 pm. 

4 

I. 

Fig. 9. Synthesis of triglyceride by cultured fat  cells and glycerol concentration in the medium. Glycerol was measured 
after culturing for 3 days at the stage of confluence.  Except  for the last column, all cells  were derived from mature fat 
tissue fragments. FCS, fetal  calf serum; NBCS, newborn calf serum; db-AMP, dibutylyl cydic AMP. Administered insu- 
lin concentration, 0.1 mU/ml. 
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Fig. 10. Immunohistochemistry of bromodeoxyuridine (RrdU) by anti-HrdU antibody of culture fat  cells.  Four  nuclei (4) of fibroblast-like fat cells that 
have a few lipid droplets show  positive  results,  while  nuclei of multilocular fat cells are negative.  Bar, 30 fim. 

DISCUSSION 

In this study, cells derived from mature fat tissue were 
cultured  and  examined in terms of proliferation and 
differentiation. They showed a fibroblast-like appearance 
with  fine lipid droplets,  and differentiated to  mature fat 
cells that, in turn, exhibited the specific enzymatic activi- 
ties of glycerophosphate dehydrogenase and triglyceride 
lipase as  do fat cells. These cells also reacted to  insulin, 
norepinephrine, db-CAMP, and  other  hormones.  These 
characteristics allowed unequivocal identification of the 
cells as  mature fat cells. These findings are similar to 
those with preadipocytes which are usually obtained from 
the stromal-vascular fraction of digested mature fat tissue 
(4, 11,  12, 15). We could not distinguish between the  pre- 
adipocytes derived from the stromal-vascular fraction and 
fibroblast-like fat cells derived from mature fat tissue frag- 
ments. 

Fibroblast-like fat cells derived from mature fat tissue 
offer unique features for biological study of fat cells. First, 
they are homogeneous and, therefore, the  ratio of differ- 
entiation is high (over 70-80%). Second, the  rate of dif- 
ferentiation is high. In general, the  mature fat 

tissue-derived fibroblast-like fat  cells began to differen- 
tiate in 7-10 days in the  medium  supplemented with 20% 
newborn calf serum. Finally, the  culture method using 
undigested tissue fragments is common in the biological 
studies of cells from many other  organs or tissues, e.g., 
skin, kidney, pancreas islets, and  bone marrow. Ceiling 
culture of mature fat tissue fragments seems to  be able to 
represent the cellular proliferation of the fat tissue in vivo. 
We have separately  cultured stromal-vascular cells and 
unilocular fat cells after digestion of tissue with colla- 
genase. However, these two  cell types are considered to 
proliferate concomitantly in vivo. In  the present method 
using fat tissue, these cells are  cultured together. The ori- 
gin of the fibroblast-like fat  cells  is not entirely clear, but 
there  are two possibilities. It is conceivable that these cells 
arise  through dedifferentiation of mature fat cells, or they 
arise from stromal-vascular cells in the tissue. In the form- 
er, very small fat cells (23) in the  mature fat tissue are  in- 
cluded. These cells are thought to be one of the origins. 

We have previously described procedures for ceiling 
culture (17,  18) and collagen gel matrix  culture (19) using 
unilocular fat  cells, and these culture systems helped elu- 
cidate  the processes of dedifferentiation and redifferentia- 
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tion of unilocular fat cells. In comparison with these 
previous culture systems, the method reported in the pres- 
ent study seems more practical for culturing mature fat 
tissue, simply because of the ease of the procedure. By this 
method, we can constantly obtain fibroblast-like fat cells 
that are nearly homogeneous. Mature fat tissue fragments 
can also be used for the collagen gel matrix culture sys- 
tem. The method for culture of fat cells is summarized as 

- Stromal-  monolayer 

follows: 

Fat tissue ... (digest) ... 

(this study and 
others) 

unilocular 
fat cells 

Collagen gel 
matrix 
culture of 
unilocular 
fat cells 
(19) 
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