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The cells

Fibroblasts
M. ABERCROMBIE

From the Strangeways Research Laboratory, Cambridge

The fibroblast, or more cautiously the fibroblast-like
cell, is the standard cell of the tissue culturist. Most
of our knowledge of fibroblasts concerns what they
do in culture. It is with cultured fibroblasts that I
shall mainly deal. Questions of the taxonomy of
fibroblasts I will leave till later. For the present I
will simply assume that there is a roughly delimited
class of cells observed in vitro that approximately
corresponds to a roughly delimited class of cells
observed in connective tissue, both classes being
called fibroblasts.

Shape

A cell is identified as a fibroblast in culture partly by
its shape, observed if possible over a period of time,
and partly by its spatial relations to other similar
cells. On the usual flat tissue culture substratum an
isolated fibroblast, fresh from the organism, has the
well-known elongated flattened form, oblong or
triangular. In the case of an embryonic bird heart
fibroblast it may be 50 to 100 ,um long, up to 30 ,um
at its broadest, and only about 3 ,u.m at its thickest
(Fig. 1). Its environment in culture will certainly
induce it to move, so it has a front edge that is
convex in shape as seen in plan, somewhat irregular
in outline, and less than 05 ,.tm thick. Other parts of
the outline may be similarly convex and irregular,
but much of it, especially the lateral edges, is thicker,
smoother, and often slightly concave. So long as it
remains isolated it will hold approximately to this
form, merely altering its dimensions and occasionally
changing the position of its front edge. A macro-
phage can at first glance imitate a fibroblast but its
changes of form are more rapid and radical.
How can one explain the fibroblast's shape?

Essentially, by the disposition of its adhesions to the
solid substratum. A fibroblast has no detectable in-
ternal skeleton that by its rigidity maintains the
characteristic shape. The moment its adhesions are
released it starts to draw itself into an approximately
spherical form. Though the adhesions are of course
changing, since the cell is moving, they maintain
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their general pattern and can be said to pin the cell
out on the rigid surface of the culture vessel. If the
cell is not on a flat surface but is, say, adhering to the
fibrils of a collagen lattice it will have a different
shape-not flattened but cylindrical, with a very
narrow leading edge.

Fibroblasts, however, are usually not isolated.
They make contact with their neighbours. These
contacts are adhesions, usually rather limited in
extent, and they distort the form of the isolated cell.
They link fibroblasts into the characteristic mesh-
work, which is one of the ways they are recognised
to be fibroblasts. Each adhesion usually produces a
smoothly contoured, often concave, bordered
projection of the cell to meet its neighbour. These
smooth, slightly concave borders of so much of the
fibroblast, as seen in plan, are expressions of the fact
that the cell is under considerable tension between
its adhesions to substratum or to neighbouring cell.
The tensions are very probably developed by an
actin-myosin system.

. .... ..
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Fig. 1 Phase-contrast photograph of living chick heart
fibroblast. The cell has been moving to the right and is
in the act of changing direction to move upwards in the
picture. Bar = 20um.
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Contractility

The actin-myosin system of fibroblasts is most
strikingly displayed in the bundles of micro-
filaments that have been demonstrated in recent
years by the application of fluorescent antibody
prepared against the various proteins found in the
myofibril of striated muscle (Goldman et al., 1975).
In the fibroblast these bundles, up to 1 ,um thick and
several vum long, lie roughly parallel to the sub-
stratum and are commonly aligned in the direction
the cell is moving (Fig. 2). They have a remarkably
complex make-up, containing proteins closely similar
to the actin, myosin, tropomyosin, ax-actinin, and
M-protein of striped muscle. No doubt more will be
discovered. Not surprisingly, when the difficult feat
of isolating these bundles of microfilaments was
performed by Isenberg et al. (1976) they proved to be
contractile when given ATP.
The bundles have some important differences

from the myofibrils of striped muscle, which must
be kept in mind. The individual proteins are not
quite the same. The fibroblast, for example, has
three kinds of actin (Rubenstein and Spudich, 1977),
the main one being apparently absent from muscle
tissue. The bundles contain extra proteins, such as
filamin (Wang et al., 1975), that are not found or are
not conspicuous in myofibrils. And, most important
of all, the bundles are transitory structures, appearing
and sometimes disappearing in a matter of seconds.
Furthermore, there is good reason to suppose that
they are not the only components of the fibroblast
contractile system, although they may be the most
powerful. The general cytoplasmic matrix, especially
at the leading end ofa moving fibroblast, appears also
to be contractile.
The contractile bundles of microfilaments have an

important relation to the cell surface and to the
substratum. One end ofeach bundle is attached to the
cell surface (sometimes both ends) at a plaque of
dense material just within the plasma membrane
(Abercrombie et al., 1971). Where these attachments
to the membrane occur the membrane itself forms
a localised and very tight adhesion to the substratum
(Fig. 3) (Izzard and Lochner, 1976). A similar
relation of bundles, plaques, and adhesions occurs
at the cell-to-cell contacts (Heaysman and Pegrum,
1973). If now the substratum is not rigid like a
culture dish but flexible like a collagen or fibrin
substratum in the organism 'contraction of
bundles throughout a meshwork of fibroblasts may
produce deformations of whole areas of tissue. An
example of this in vivo is the strange phenomenon
of wound contraction, which in favourable circum-
stance may reduce the area of a skin wound to 10%
of its original size. The evidence 20 years ago pointed

to contraction by the cells of the granulation tissue
as the source of the motive force (Abercrombie et al,
1956), and there is now further evidence for such
activity by the population of fibroblasts (Gabbiani
and Montandon, 1977). The role of tissue deforma-
tion by fibroblast contractility, especially in em-
bryonic development, may well have unsuspected
importance.
The fibroblast must therefore be regarded as a

contractile cell. An appreciable part of its resources

Fig. 2 High voltage (800 kV) electron micrograph of
1J5- Lm thick section of chick heart fibroblast. Several
bundles of microfilaments are visible in the leading part
of the cell (top right). Bar = 10 t&m. (Courtesy ofMr
J. P. Heath.)

Fig. 3 Interference reflection micrograph of chick
heart fibroblast (same cell as Fig. 1 5 min later).
Localised adhesions to the substratum appear as black
streaks. Bar = 20 gLm.
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are applied to this function. Actin is the protein
present in largest amount in the fibroblast in culture,
forming up to 14% of the cell's proteins (Bray and
Thomas, 1975). Fibroblasts in vitro are capable
of exerting a force about one-tenth of that exerted
by smooth muscle of the same cross-sectional area.
Of course fibroblasts are not unique among non-
muscle cells in their contractile proteins and con-
tractile powers, but they seem to be among the
leaders in this field.

Locomotion

The contractile proteins, and especially the bundles
of microfilaments, no doubt play a part in fibroblast
locomotion. In a migrating fibroblast the focal
contacts from which the bundles spring are mostly
near the front end of the cell. The bundles run back-
wards from their plaques, most of them disappearing
into the microfilament system near the nucleus. The
contraction of these bundles is well placed for
dragging the main body of the cell forwards towards
the anterior adhesions. Such contraction would
produce only very limited locomotion-one step, so
to speak. But the front edge, which differs from most
of the periphery in appearance, does so because it is
a region where the cell actively protrudes material
forwards. This extension forms new adhesions to the
substratum with new bundles of microfilaments
attached. The old adhesions and their bundles fade
out as the cell moves forwards past them. It is by
such a continuous cycle of forming and losing
adhesions that, on present evidence, we suppose
locomotion takes place (Abercrombie et al., 1977).
The machinery is capable of generating only very

slow speeds, up to 100 ,um per hour on a plane
substratum, and an isolated cell will not follow a
straight path for long, so it achieves a very small rate
of displacement. Nevertheless, a population of
fibroblasts can move with considerable efficiency in
occupying space on a substratum that is devoid of
other fibroblasts. This is because of a form of social
behaviour termed contact inhibition. The region of
extension of the cell located at its front end
usually ceases to work when it touches another
fibroblast and becomes instead a temporary adhe-
sion. Hence the meshwork of adhering cells that is the
usual form of a fibroblast population. Some other
part of the cell periphery, free of contact, will now
become a new front edge, as if released from com-
petitive inhibition by the demise of the original
front edge. A cell will therefore tend to move away
from contacts, and, in aggregate, this can produce
a directed streaming of fibroblasts into unoccupied
territory.

Multiplication

It has always been very easy to get fibroblasts to
multiply in vitro-in fact, they are commonly
accused of swamping the growth of other kinds of
cells in a culture. To multiply they must be provided
with a rigid substratum of a size that enables them
to spread to something like their usual length
(anchorage-dependence, Stoker et al., 1968). If that
condition is met the media regularly used in tissue
culture (in early days plasma and embryo extract,
latterly serum) strongly encourage fibroblasts to go
through the replicative cycle. It is becoming a little
clearer where the stimulatory activity of serum
resides. It seems to be in growth-promoting activity
liberated by platelets when the serum is prepared. It
may well be identified with the polypeptide, fibroblast
growth factor, which Gospodarowicz isolated from
pituitary (Gospodarowicz and Moran, 1975). This
is not strictly specific for fibroblasts since it promotes
growth also in smooth muscle, cartilage, and endo-
thelium. Two other growth promoting polypeptides
for which the fibroblast has receptors, EGF
(Carpenter and Cohen, 1976) and MSA (Rechler
et al., 1977), have also been isolated, originally from
outlandish sources.

Cultured fibroblasts generally drop out of the cell
cycle, or cycle infrequently, when density of cell
population becomes high. This can be observed in
areas of high and low density within the same popu-
lation in a culture, where the bulk medium is clearly
able to support the more rapid cycling of the low
density areas. This effect of density has always
seemed a particularly interesting example of how the
rapid cycling inducible by medium components can
be shut off by a feed-back mechanism. There has
been for long an oscillation between the theory that
this density-dependent inhibition depends on the
amount of cell-to-cell contact and the theory that it
depends on local cell-induced changes in the
concentration of medium components. Stoker (1973)
has much advanced the claims of the second theory
with evidence that intense stirring of the medium can
produce an effect on the local multiplication rate.
The existence of the pronounced density-

dependence of the cell cycle frequency in vitro has
failed to stimulate investigations to discover whether
the same holds in vivo. An exception is the report by
Summerbell and Wolpert (1972) which showed that
it did during the development of the chick limb.
A well known but still deeply puzzling outcome

of the study of fibroblast growth in vitro is the
Hayflick effect (Hayflick and Moorhead, 1961)
whereby the number of replicative cycles that a
fibroblast and its progeny can perform is limited to
something like 60 unless there is transformation into
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heteroploid and usually neoplastic form, a rare event
in most species. The number of possible generations
declines with the age of the donor; so whatever
mechanism is at work operates in vivo as well as
in vitro. The end of the period of multiplication in
vitro is brought about by the decline and death of the
cell population. A recent study by Holliday et al.
(1977) has suggested that, in one respect, Hayflick's
discovery is an artefact of culture. There seems to be
in vivo a small class of stem cells capable of indefi-
nite multiplication but continually giving rise to a
proportion of progeny with a replicative life limited
to 60 or so generations. The transplantation methods
of tissue culturists have a very high probability of
eliminating these rare stem cells and so limiting the
life span of the cultured population. These are not, of
course, stem cells of the usual kind producing a
proportion of non-replicative progeny, as in many
epithelial and in haematopoietic populations. Such
progeny seem to be unknown amongst fibroblast
populations.

Export

Later papers review the characteristic major exports
of fibroblasts, collagen (Green et al., 1966), the
proteoglycans, and the enzymes that modify the
extracellular substances. The production of these
materials is, of course, very active in fibroblasts
growing in culture (Manner, 1971; Steinberg, 1973),
though the proportion of total protein synthesis
devoted to them may be much less than in vivo
(Schwarz et al., 1976). The range of exports from
a fibroblast, as from other cells, is probably
greatly underestimated by present knowledge.
An export that has until recently escaped de-
tection is the LETS protein. This is a very large
glycoprotein, identified by several groups and hence
given several different names. It is exported on to the
surface of fibroblasts in considerable amounts-
up to 3% of the total fibroblast protein can be
LETS (Yamada et al., 1977). Other cell types
produce smaller quantities. Most LETS remains
closely associated with the cell surface and is indeed
implicated in cell adhesion, but some moves further
afield and appears in the culture medium or (as
cold-insoluble globulin) in the blood plasma in vivo.
Some of the substances exported from a fibroblast

are likely to be concerned with co-ordinating
activities in the population in which it resides. For
instance, fibroblasts produce substances that are
growth-promoting for other fibroblasts (Millis et
al., 1977). In this connection the discovery, largely
explored by Loewenstein, of communication chan-
nels through cell contacts is especially interesting.
Direct export of small molecules (Pitts and Simms,

1977) occurs from cell to cell through gap junctions
(Gilula et al., 1972), though what role such transfers
may have, other than making the population tend
to metabolic uniformity, is not yet clear.

Activation

A general point must be made about the four
activities of fibroblasts that I have chosen to discuss.
Directed locomotion, active multiplication, the
generation in a population of contractile force, and
elaboration of extracellular material with relatively
high tensile strength are much in evidence in culture
and they are also the major features of the fibro-
blast's central function in repair processes. This is
no accident. The fibroblasts that have been so much
studied in vitro have almost always been activated
by their preparation and subsequent conditions, in
much the same way that fibroblasts in the organism
are activated by injury. They are rarely allowed to
settle down into the relatively quiescent state of
normal connective tissue. Little of the information
we have concerns the latter.

Taxonomy

My discussion so far has proceeded as if fibroblasts
in vitro were a homogeneous and delimited type of
cell with an in-vivo equivalent. I must now attempt to
discuss the problems of identity entailed in writing
about fibroblasts.
There is an in-vitro fibroblast phenotype. It is

of considerable variability but, on the whole, is
distinguishable from the other major types of cell.
How are these fibroblasts related to the different
kinds of cell in the tissue of origin? I am here con-
sidering the cells of primary or at all events short-
term cultures that have not undergone prolonged
selection and alteration in vitro. Probably the in-
vitro fibroblasts are derived from cells that would be
called fibroblasts in vivo, but there may be other
cells, especially dissociated vascular endothelial
cells, mixed in (see, for instance, Papayannopoulou
and Martin, 1967). Furthermore, the in-vitro fibro-
blasts are most unlikely to be a random sample of the
in-vivo cells. Setting up a culture, especially of adult
cells, is often an occasion for great slaughter, as well
as for differential growth of the survivors. Franks
and Wilson (1977) have suggested that ultimately the
only cells that survive are derived from the peri-
vascular mesenchyme and from vascular endothelial
cells.
Are the cells that emerge as tissue-culture fibro-

blasts equivalent, regardless ofwhat organ they come
from? Unquestionably they are not, and this is not
just a matter of different proportions of the in-vivo
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cell types contributing to the culture. In-vitro
fibroblasts often look different when they come from
different organs and are cultured under the same
conditions. Fazzari (1930) studied the question with
different explants placed side-by-side in the same
culture. Though they become more alike with con-
tinued culture he thought that they could always be
distinguished. Conrad and Hart (1973) thought the
same. An embryologist would indeed be surprised
if organ specificity of some kind was not detectable
(Lewis and Wolpert, 1976). For instance, that the
early mesenchyme has different properties in dif-
ferent parts of the embryo is shown by its influence
on the differentiation of various epithelia (see
Wessells, 1977). The fibroblasts of the tissue col-
turist is evidently a genus of many different species.
Within any one of these species there may, of course,
be much inherited variation between individual cells
but this has not yet been much explored.
How firmly is the fibroblast committed to remain-

ing a fibroblast and to reproducing only fibroblasts?
Probably we can now discount early claims that in
culture the fibroblast turned readily into a macro-
phage. It seems to be highly stable in vitro: it can
coexist and multiply in the same culture with carti-
lage cells or myoblasts and remain distinct. But in-
vivo at least some species of fibroblast undoubtedly
are able under appropriate conditions to switch to
other stable states, certainly to cartilage and bone.
I do not think this necessarily means that there are
uncommitted elements among what we call fibro-
blasts, or that fibroblasts are any less stable than
cartilage cells or bone cells. But it does mean that the
state of determination of the family of fibroblast,
cartilage, bone, and perhaps other related cell types is
an interesting question.

This work is supported by the Medical Research
Council.
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