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Myofibroblasts in Focal Nodular Hyperplasia
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Summary. Myofibroblasts have been identified by electron microscopy in
a case of Focal Nodular Hyperplasia (FNH) of the liver associated with
oral contraceptives.

The contractile fibroblasts were observed in the immediate vicinity of|
or in close contact with, the proliferating bile ductules and in the recesses
between parenchymal cells.

Transitional forms between fat-storing cells (Tto cells), fibroblasts and
myofribroblasts were observed.

Transition of fat-storing cells to myofibroblasts, possibly under the influ-
ence of oestrogens, may be responsible for the fibrosis and retraction in
FNH.
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The myofibroblast (MF) is a cell with contractile properties, resembling the
fibroblast and smooth muscle cell structurally and functionally (Majno 1971).

Originally described as the principal cellular component in granulation tissue
of healing wounds (Gabbiani et al. 1971), the MF has been found in various
pathological conditions (Seemayer et al. 1980). Although this cell is not found
in the normal liver (Seemayer et al. 1980), it has been described in both human
(Bathal 1972; Rudolph et al. 1979) and experimental (Irle et al. 1980) cirrhosis.

The purpose of this paper is to document the finding of contractile fibroblasts
and to discuss their possible origin in a further pathological process: Focal
Nodular Hyperplasia (FNH) of the liver.

Material and Methods

A 31 year old female patient underwent laparatomy for a hypochondrial mass. She had been
taking oral contraceptives for one year. The mass was located in the right lobe of the liver and
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Fig. 1. Proliferating bile ductules. Several elongated cells with indented nuclei are lying in close
contact (arrows). Semithin section. Methylen blue. x 1,550

excision of the tumor was performed. Some distance from it, a subcapsular haemangioma was
discovered and resected.

The patient is well after 16 months follow-up.
Resection specimens of the tumor were fixed in Bouin’s fluid and 10% formalin and paraffin

embedded. Conventional 4 micron sections were stained with HE, PAS with and without diastase
digestion, Van Gieson, Masson’s trichrome, Laidlaw’s reticulin.
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Fig. 2. Electronmicrophotograph showing a myofibroblast in contact with a bile duct. The cell
has long cytoplasmic extensions and a prominent microfilamentous system. The endoplasmic reticu-
lum is rather scanty. Note also cytoplasmic processes of other cells with similar features, well
developed RER and some lipid inclusions. Arrows point to the basement membranes between
the bile duct and the myofibroblast and along the opposite surface of the myofibroblast. x 5,500

Several 1 mm pieces were immediately fixed for 1 h in 2.5% glutaraldehyde, 0.1 M phosphate
buffer pH 7.2, followed by phosphate buffer rinse overnight. .

These specimens were postfixed in 1% osmium tetroxide in phosphate buffer, dehydrated
in graded alcohol solutions and embedded in Epon 812. Semithin and ultrathin sections were
cut with a Reichert Ultramicrotome OMU2. Semithin sections were stained with methylen blue,
Ultrathin sections were stained with uranyl acetate and 1% lead citrate and examined in a Zeiss
EM 10 electronmicroscope.

Results

Gross Macroscopy

The tumor mass (10 cm diameter), grey in colour, was very well demarcated, although not encapsu-
lated.
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Fig. 3. Myofibroblast showing an indented nucleus with nuclear bodies, abundant cytoplasmic
microfilaments, subplasmalemmal densities. The endoplasmic reticulum is scanty, the Golgi appara-
tus prominent. x 17,000

A central scar was present. Radiating septa divided the periphery of the mass in to multiple,
variable sized nodules, simulating a pattern of focal cirrhosis. No areas of haemorrage or infarction
were observed. The haemangioma specimen showed multiple cyst-like cavities filled with blood.

Light Microscopy

The bosselated and lobulated appearence was due to areas of fibrosis, which
was most marked centrally.

Vascular changes similar to those described by Mays etal. (Mays et al.
1974) and bile ductular proliferation analogous to that described by others
(Knowles and Wolff 1976) were seen.

Single small bile ductules were frequently observed within parenchymal nod-
ules, without any relation to the intranodular scars. Cells with elongated, cross
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Fig. 6. Electron microphotograph of two typical fat-storing cells with large lipid inclusions and
a well developed RER. x 16,000

banded nuclei were in close vicinity of the newly formed ductules. Inflammatory
and fibroblast-like cells were seen in the fibrous connective tissue septa.

On semithin sections, cells with crenated nuclei, isolated or in indian file,
were lying in close contact with the proliferating bile ductules even when the
latter were merging with the liver cell plates (Fig. 1).

The second lesion showed the typical features of a cavernous haemangioma.

Electron Microscopy

Typical fibroblasts were identified by their elongated or star-like shape, the
slender fusiform shape and relatively smooth outline of the nucleus, the well
developed RER and Golgi apparatus, the scattered mitochondria and the ab-
sence or scanty presence of cytofilaments.

A large number of elongated cells exibited the characteristic morphology
of modified contractile fibroblasts (MF). They showed a variable amount of
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Fig. 7. A fat-storing cell transforming into fibroblast. Note a single residual lipid inclusion. The
cisternae of RER are dilated and contain a fluffy material. Discontinuous basement membrane-like
material is present in the Disse space. x 10,000

intracytoplasmic microfilaments, arranged in longitudinal bundles, usually paral-
lel to the long axis of the cell (Fig. 2, 3 and 4) predominantly located beneath
the plasma membrane. Among the bundles of microfilaments, numerous elec~
tron-dense bodies and attachment sites (Rhodin 1962) were present (Fig. 4).
Many of these structures were located just beneath the plasmamembrane, and
together with subplasmalemmal linear densities resulted in hemidesmosome-like
complexes. A striking microtubular system was observed in some of these cells.
The microtubules ran parallel to the filament bundles or crossed the cell at
long angles (Fig. 4). The remaining cytoplasm contained packed cisternae of
RER, Golgi apparatus and a few mitochondria. The nuclei showed multiple
indentations and rod-like structures.

Intercellular connections between modified fibroblasts were frequently ob-
served; they were mostly of the macula-adhaerens type.
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Fig. 8. High power of a cytoplasmic extension with large lipid inclusions and RER, characteristic
of the Ito cell. A microfilamentous system runs parallel to the cell process, and subplasmalemmal
densities appear. A basement membrane-like material is present all around the cell process. x 29,000

Basement membrane-like material of amorphous or finely fibrillar type
(Figs. 2 and 3), at times contiguous with dense collagen fibres was observed
in close proximity to these cell types.

Cells were found with well developed cilia emerging into the extracellular
space, very close to the newly formed ductules (Fig. 5). These cells showed
indented nuclei with a prominent nucleolus and nuclear bodies. The cytoplasm
contained a well developed RER, numerous Golgi complexes and a few lipid
inclusions. Desmosomes were seen between these cells and the cytoplasmic exten-
sions of other cells (Fig. 5).

Typical fat-storing cells occurred in recesses between parenchymal cells;
they were identified on the base of the intracytoplasmic fat droplets (Fig. 6).

Most perisinusoidal cells showed a large, very bizarre cell body with enor-
mous cytoplasmic extensions, reduction or disappearence of fat droplets together
with an increase of RER.
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Fig. 9. Detail of a fat-storing cell-myofibroblast. A lipid inclusion is still present. Dense areas
are scattered among a pronounced microfilamentous system and attached to the plasma membrane.
% 50,000

The endoplasmic reticulum cisternae were usually dilated and contained
fluffy material (Fig. 7). Golgi complexes were prominent. Centrioles were fre-
quently seen migrating towards the cell periphery, forming a basal body with
or without early cilium formation.

Many of these transitional fat storing-fibroblast cells showed further cyto-
plasmic changes such as appearence of microfilaments running parallel to the
long axis of the cell processes or the cell body, dense bodies and subplasmalem-
mal densities (Figs. 8 and 9). These changes occurred either at one pole of
the cell or throughout the whole cytoplasm. Moreover, basement membrane-like
material was seen all around the cell periphery (Fig. 9).

An increase in collagen bundles was a common finding in the Disse spaces.
Among the inflammatory cells, eosinophils, monocytes, and lymphocytes were
identified. Interdigitations and contacts between lymphocytes and fibroblasts
were occasionally noted.
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Discussion

The tumor-like lesion of this patient presents all characteristics of FNH of
the liver. This is a distinct pathologic entity, usually presenting as a focal
cirrhotic-like mass in an otherwise unremarkable liver (Knowles and Wolff
1976). Macroscopically, a central stellate scar area is highly characteristic. On
histological and electron microscopic examination, peculiar bile ductular prolif-
eration (Knowles and Wolff 1976) and vascular changes (Mays et al. 1974;
Lough et al. 1980) are observed. Many cases have been reported in association
with oral contraceptives. The myofibroblast, a unique cell with contractile prop-
erties, is not a normal constituent of the liver. However, it has been detected
in the scar tissue of both human (Bathal 1972; Rudolph et al. 1979) and experi-
mental (Irle et al. 1980) cirrhosis. On EM examination, the FNH lesion con-
tained typical myofibroblasts. These cells were identified by the presence of
a well developed intracytoplasmic microfilamentous system with typical dense
bodies and attachment sites, surface differentiation with cell-cell and cell-stroma
connections, indented nucleus, nuclear bodies and microtubules. The latter struc-
tures have recently been included as a prominent feature of the myofibroblast
(Rudolph and Woodward 1978) and considered to be mediators of the contractile
force.

The spatial orientation of MF in FNH is highly suggestive of a bracing
or scaffolding function. MF’s were mainly observed in the immediate vicinity
of or in close contact with proliferating bile ductules, which are mostly observed
in parenchymal regions. Moreover, transitional forms from typical fat-storing
cells to fibroblasts and myofibroblasts were seen in the perisinusoidal spaces.

The finding of contractile fibroblasts raises questions on the origin and
the significance of such cells in FNH. Since MF’s are similar to both fibroblasts
and smooth muscle cells, it seemed reasonable to conclude that both cells,
under appropriate conditions, may become MF (Seemayer et al. 1981). However,
the presence of transitional forms between fat-storing cells, fibroblasts and myo-
fibroblasts suggest that the fat-storing cells of Ito may also be a progenitor
of contractile fibroblasts. Fat-storing cells have already been shown to transform
to fibroblasts and have been postulated to play a role in hepatic fibrosis (Kent
et al. 1976). The transformation of Tto cells into contractile fibroblasts may
be an alternative pathway in hepatic fibrogenesis, since MFs are able to synthet-
ise collagen (Gabbiani et al. 1976). Transition of resting fat-storing cells into
collagen synthetising myofibroblasts has been postulated as a general pathogen-
etic mechanism in all forms of liver fibrosis (Hahn et al. 1980).

Ciliated cells represent a further finding of interest in this case of FINH.
The majority of these cells showed ultrastructural features of fibroblasts. Howev-
er, the presence of intracytoplasmic lipid droplets is suggestive of a possible
derivation from fat-storing cells. A single cilium projecting into the sinusoidal
lumen has been described in fat-storing cells (Wisse 1977; Tanuma and Ito
1980). Formation of rudimentary cilia has been reported in fibroblasts and
in smooth muscle cells (Sorokin 1962). Moreover, fibroblasts in culture, when
treated with Cytechalasin B, develop desmosomes, microfilaments and also cilia
(Ghadially 1975). Analogous ciliated cells have been observed in cellular leio-
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myoma of the uterus and interpreted as recapitaluation of the early stages
of myogenesis (Ferenczy 1971). However, since single cilia may be observed
in a large variety of cell types (Ghadially 1975) without apparent relation to
cellular movement (Sorokin 1962), the significance of this structure remains
unknown, although it definitely indicates a special functional state of the cell.

The factors capable of inducing MF modulation in general remain unknown.
Probably they differ in the various pathological conditions in which these cells
appear. In right-sided endocardial fibrous plagues characteristic of the carcinoid
syndrome, a relationship between MF and hormonal stimulation has been pro-
posed (Muller and Siebenmann 1981). Likewise, an oestrogenic influence may
be postulated for the occurrence of MF in the present FNH case associated
with contraceptives. MF induction has been observed in the oestrogen-stimulated
rat uterus (Ross and Klebanoff 1967). Moreover, oestrogens have been regarded
as an important pathogenetic factor in the vascular changes in FNH (Lough
et al. 1980). The perspective of a unifying factor (oestrogens) responsible for
both MF induction and vascular lesions in FNH is attractive, although specula-
tive at the present time.

MF induction is probably a basic phenomenon apt to occur in many tissues,
regardless of the aetiological agent or the species. The mechanism and its possible
mediators are unknown. In conclusion, FNH of the liver represent a further
condition in which MF induction can be observed. In FNH, fat-storing cells
are the apparent precursors of MF, which, in turn, by their contractile and
collagen synthetising capacities, play a role in producing the retracted scarlike
and nodular appearence of FNH.
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