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Abstract

Ultrastructural phenotypic transitional features were noted between
adult adipocytes and fibroblasts in the subcutaneous adipose tissue of
the dorsal pad of normal adult Wistar rats of both sexes, weighing 180-
260 g, after acute injury either by the implantation of small (1.8 x 1 x
0.4 cm) perforated plastic boxes or by local heat application. Soon
after the inflicted damage, fat-containing cells presented variable
shapes. Early after damage, some of these cells were round, adipocyte-
like, with numerous and large cytoplasmic fat droplets. A few days
later, fat-containing cells became elongated, with the fat droplets in
their cytoplasm becoming smaller and less numerous. The cells also
showed a prominent active rough endoplasmic reticulum and newly
formed collagenous matrix accumulated in the interstices. Although
current views consider adult adipocytes to be terminal cells, the
present findings, in their time sequence, strongly suggest the transfor-
mation of adipocytes into fibroblasts after acute injury to adipose
tissue.
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Introduction

It has been demonstrated that lipocytes
(Ito’s cells), perisinusoidal fat-storing cells
residing in the liver, can be transformed into
myofibroblasts and fibroblasts (1,2). Also,
there is general agreement that fibroblasts
can be transformed into adipocytes, a situa-
tion mimicking embryonic development
when precursor fibroblast-like cells give ori-
gin to adipose tissues (3-5). However, the
adult adipocytes in the fat depots are consid-
ered to be terminal cells (6,7). Despite the

factthat in vitro findings have revealed omen-
tal adipocytes to lose their spherical shape
and regain their pre-adipocyte appearance
and their capacity to replicate (8), it has been
stated that “the adipose cells never revert to
simple fusiform cells resembling pre-adipo-
cytes or fibroblasts” (7).

In the present investigation we describe
ultrastructural findings obtained for acutely
damaged subcutaneous adipose tissue of rats,
which revealed phenotypic transitional fea-
tures between adipocytes and fibroblasts.
These findings, when analyzed within a time
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sequence, are strongly suggestive of the dif-
ferentiation of adult adipocytes into fibro-
blasts. Although the risk of misinterpreta-
tion does exist whenever a series of static
features are interpreted from a dynamic view-
point, this exercise remains a valid one in
pathology. However, considering the meth-
odologic limitations, the present interpreta-
tion is offered as a working hypothesis to be
further explored with the tools of molecular
biology.

Material and Methods

Normal adult Wistar rats of both sexes
weighing 180-260 g and receiving a bal-
anced commercial diet and water ad libitum
were used throughout the experiments. Ma-
terial from the dorsal fatty tissue pad of rats
was examined after two sets of experiments.

In the first experiment, a small sterile
perforated plastic box, measuring 1.8 x 1 x
0.4 cm, was implanted into the dorsal area of
rats in order to study the connective tissue
reaction leading to the formation of an iso-
lating capsule around it. Techniques related
to the preparation and implantation of the
boxes are detailed elsewhere (9,10). The
boxes were removed from 2 animals each
week over a period of two months.

In the second experiment, 15 animals
were anesthetized with ether and, after a
small surgical incision in the shaved dorsal
skin under sterile conditions, an incandes-
cent thin wire was instantaneously intro-
duced and removed through the dorsal sub-
cutaneous adipose tissue. The cutaneous in-
cision was then sutured and the animals
recovered from anesthesia uneventfully. The
lesion area was removed 1, 3, 7, 14 and 21
days later.

Tissues from both experiments were fixed
in 10% phosphate buffered formalin and
embedded in paraffin. Histological 5-um
sections were stained with hematoxylin and
eosin, picro-sirius red for collagen, and or-
cein for elastic fibers.
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For electron microscopy tiny fragments
of tissues were immediately placed in 2%
glutaraldehyde in cacodylate buffer, pH 7.2,
for 2 h, washed several times in the buffer
and post-fixed in 1% osmium tetroxide for 1
h. After progressive dehydration in acetone
the fragments were embedded in Polybed
resin. Semithin sections were examined for
the selection of suitable areas for electron
microscopy. Selected blocks were cut with a
Reichert Trucut ultramicrotome using a dia-
mond knife. Ultrathin sections were con-
trasted with uranyl acetate and lead citrate
and examined with an EM-109 Zeiss elec-
tron microscope at 50 mV.

Results
Light microscopy

Tissues from both experiments showed
acute and chronic inflammation involving
the adipose tissue. Necrosis, hemorrhage and
disintegration of fatty tissue were observed
after the first days of heat damage, followed
by considerable proliferation of fibroblasts
and formation of new blood capillaries
(granulation tissue) one week after the in-
flicted damage. The presence of edema and
infiltration by polymorphonuclear leukocytes
was prominent from the 3rd through the 7th
day. Some rounded macrophage-like or fusi-
form, fibroblast-like cells were then observed,
exhibiting cytoplasmic macro- and micro-
vacuolation. After the first week these
changes gradually increased and progressed
to the formation of large fibrous septa. Early
changes in the first experiment were less
severe and consisted of the formation of
granulation tissue around the plastic box.
Later changes led to the formation of a fi-
brous capsule with abundant and dense col-
lagenous fibers.

Electron microscopy

Tissue analyzed within the first week
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after adipose tissue damage in both experi-
ments showed isolated cells with large fat
droplets comparable to adult adipocytes, side
by side with others exhibiting numerous small
fat droplets (Figure 1). These fat droplets

appeared smaller and more numerous in other
cells (Figure 2). At the same time, a con-
spicuous endoplasmic reticulum, forming
cisternae filled with amorphous secretory
material, was noted between the fat droplets.
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Figure 1 - Electron photomicro-
graph showing fat-storing cell
one week after acute damage of
the rat subcutaneous tissue.
There are large fat droplets (F)
and development of a rough en-
doplasmic reticulum forming cis-
ternae filled with amorphous se-
cretory material (arrows). N =
Nucleus. 7,000X.

Figure 2 - Electron photomicro-
graph showing a cell among cel-
lular debris on the 3rd day fol-
lowing heat damage of the rat
subcutaneous fat tissue. Numer-
ous round fat droplets (F) appear
accumulated in the cytoplasm of
an elongated cell with an incon-
spicuous rough endoplasmic
reticulum (arrows). N = Nucleus.
7.000X.
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In the subsequent samples taken after the
first week the fat-loaded round cells were
apparently replaced by more elongated cells
containing smaller and less numerous fat
droplets in the cytoplasm (Figure 3). This

Vi Ll

Figure 3 - Electron photomicrograph showing elongated fat-containing cells distributed in
parallel within an edematous matrix containing cellular debris and loosely distributed
collagen fibrils one week after damage. F = Fat droplet. 7,000X.

Figure 4 - Electron photomicrograph showing well-formed fibrous tissue with abundant
collagenous matrix and two fibroblasts (Fib), one of them containing small fat droplets (F).
These features were observed both after heat damage and two weeks after implantation of
a plastic box into the dorsal subcutaneous tissue of rats. M = Mitochondrion, C = collagen
fibrils. 4,400X.
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transformation also coincided with the ap-
pearance of a prominent rough endoplasmic
reticulum and an increased number of mito-
chondria. In the vicinity of these cells there
was a progressive deposition of collagen
fibrils, irregularly displayed at first and later
forming parallel bundles of fibers. In other
areas, findings included an increased extra-
cellular matrix, with numerous parallel col-
lagen fibrils and fibers and elongated thin
fibroblast-like cells arranged in parallel rows
and some of them showing few small fat
droplets in the cytoplasm (Figure 4).

Discussion

The “fibroblast family” concept (11) pos-
tulates that a group of cells, such as Ito’s
cells, myofibroblasts, fibroblasts, osteoblasts,
osteocytes, chondrocytes, smooth muscle
cells and adipocytes, appear to have a com-
mon origin and to share the capacity to dif-
ferentiate into one another. As a matter of
fact, the adaptability of their differentiated
character is an important feature of the re-
sponses to many types of damage. However,
although differentiation of these cell types is
often interconvertible, transformation of fi-
broblasts into adipocytes is considered to be
a one-way phenomenon, at least as far as the
mature fat cell is concerned (6,7). Ultra-
structural evidence of the contrary is now
presented.

The present results originated from ca-
sual electron microscopy findings during
examination of connective tissue grown
around perforated plastic boxes. When a
perforated plastic box is implanted into the
subcutaneous tissue of a rat, granulation tis-
sue grows around it, penetrates through the
holes and continues to grow under the inner
surface, thus creating a double fibrous cap-
sule that “sequesters” the box (9,10). The
interior of the box is then filled with a clear
liquid exudate. Transitional features between
adipocytes and fibroblasts were first noted
when these capsules were examined. These
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features were also present when a second
experiment was performed. In this experi-
ment, acute focal damage to the adipose
subcutaneous tissue of the rat was inflicted
by local heat application. Confirming the
first observations, ultrastructural findings
showed transitional features between adult
adipocytes and fibroblasts. However, it is
rather difficult to evaluate in which direction
differentiation is taking place by simply ana-
lyzing different static morphologic pictures.
The present findings were considered to be
more consistent with a transformation of
adipocytes into fibroblasts rather than vice
versa. Basically, the time sequence, initially
showing cells with large and multiple fat
droplets and, later on, the appearance of
progressively elongated cells, where fat
globlets tended to decrease in size and num-
ber while rough endoplasmic reticulum be-
came more and more prominent, was a deci-
sive factor in that interpretation.

However, other possibilities can be con-
templated. One of them is intracellular fat
disintegration in adipocytes being followed
by rupture and phagocytosis of fat droplets
by macrophages and fibroblasts. The phago-
cytic activity of fibroblasts is well known
(12,13). Although vacuolated macrophage-
like cells were seen by light microscopy in
both experiments, evidence of lipid phago-
cytosis by macrophages was obtained ultra-
structurally only in heat-damaged tissue.
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tiated (almost resting) connective tissue cell,
specialized in storing relatively large amounts
of neutral fat. However, it seems that during
acute damage some unexpected changes can
occur in these cells. This has been little
explored in the past. Further studies on the
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will probably reveal that the adipocyte has
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the “fibroblast family”.
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