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were classified as myofibroblasts. In the breast posi-
tive cells were seen in the intralobular connective tis-
sue; in the pancreas and salivary glands positive cells
were present in connective tissue close to large ducts
and also around acinar tissue. Hepatic perisinoidal
cells were positive. Myometrium and prostatic
smooth muscle were positive, but neither endometrial
stroma nor ovarian stroma were stained. In the testis
positive cells were seen around seminiferous tubules
and, in the kidney, around convoluted tubules and
collecting ducts. In the respiratory tract PR 2D3
stained tracheal and bronchial smooth muscle and
also cells in the alveolar septa. The erector pili
(smooth) muscles of the skin were stained. In a sam-
ple of umbilical cord taken at full term, the stellate
myofibroblasts were positive (fig4). PR 2D3 did not
react with skeletal or cardiac muscle, epithelium,
cartilage, fibroblasts or nerve fibres.
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propria (fig 5). The pericrypt cells were also stained by
the antibody to type IV collagen.
ULTRASTRUCTURAL EXAMINATION OF THE
PERICRYPT CELLS: COMPARISON WITH THE
MYOFIBROBLASTS OF THE UMBILICAL CORD
The pericrypt cells showed many ultrastructural fea-
tures in common with the umbilical cord myofibro-
blasts (figs 6 and 7). Both types of cell contained an
elongated nucleus with rounded ends and peripheral
condensation of chromatin. Nucleoli were not promi-
nent. The cellular organelles were aggregated at the
nuclear poles and comprised small to moderate
amounts of rough endoplasmic reticulum and some
mitochondria. Some cells contained a small Golgi
apparatus, although this was rare. The remainder of
the cell consisted of very long, thin processes which
extended away from the nucleus on both sides and, in

IMMUNOCYTOCHEMICAL REACTION OF COLONIC
PERICRYPT CELLS WITH ANTIBODIES TO
DESMIN, MYQSIN, ACTIN BINDING PROTEIN AND
TYPE IV COLLAGEN
Antibodies to desmin, myosin, and actin binding pro-
tein stained the pericrypt cells in addition to smooth
muscle of the muscularis mucosae and muscularis

Fig 7 Umbilical cord myofibroblasts showing many
features in common with pericrypt cells.
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Fig 8 Protein immunoblot ofsmooth muscle lysate with
antibody PR 2D3 showing two closely associated bands of
about 140K relative molecular weight. Lane 1, reduced
sample; lane 2, non-reduced sample.
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Colonic pericrypt cells

the case of the pericrypt cells, ran along the basal
surface of the adjacent crypts. Fine filaments with
dense focal points along them were arranged in the
long axis of the cells. There were subplasmalemmal
densities along the cell membrane and many cells had
abundant pinocytotic vesicles. There were prominent
rounded extensions of the cell cytoplasm on both
sides of the cells. Many cells were surrounded by a
distinct basal lamina, and simple cell junctions were

present. In some areas nerve fibres were closely
apposed to the pericrypt cells.
Colon tissues were sectioned in both longitudinal

and transverse planes. This showed that, in addition
to the cells orientated in the long axis of the crypts,
other cells encircled them. The pericrypt cells thus
seem to form a basket like network around the crypts.

REACTION OF PR 2D3 WITH COLORECTAL
TUMOURS
Preliminary analysis of PR 2D3 reactivity in tumours
showed that adenomas and well differentiated car-
cinomas retained the close relation between the peri-
cryptal and epithelial cells seen in the normal colon.
This was increasingly disrupted in more poorly
differentiated carcinomas, with an eventual absence
of the pericrypt cells. Some carcinomas, however,
were associated with high concentrations of these
myofibroblasts in a disorganised fashion, consistent
with a strong induction.

CHARACTERISATION OF THE ANTIGEN
DETECTED BY PR2D3
Protein immunoblotting showed that PR 2D3 reacted
with two closely associated bands of about 140 K rel-
ative molecular weight. Antigenic activity was lost
after boiling, suggesting that the antigen is probably a
protein (fig 8).

Discussion

The pericrypt cells of the large intestine were

described first by Deane in 19646 and then by Don-
nellan.7 Kaye et al3 provided ultrastructural evidence
that these cells were fibroblasts, which, together with
surrounding collagen and mucopolysaccharide
ground substance, form the pericryptal fibroblast
sheath. The ultrastructural features and kinetic char-
acteristics of these cells have been described in several
species and tissues,3 8-12 although their function has
remained unclear. We have presented ultrastructural
and immunocytochemical evidence that the pericrypt
cells are indistinguishable from smooth muscle cells
or myofibroblasts and suggest, therefore, that these
cells belong to the smooth muscle myofibrolast lin-
eage.
The term "myofibroblast" was first used by Majno
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in 1971 to describe a cell type with the morphological
features of both smooth muscle and fibroblasts.'3
Such cells have been described in many normal sites,
as well as in granulation and repair tissues and in
various tumours.'4 Myofibroblasts have, however,
not previously been described in the normal mucosa
of the colorectum. Balazs and Kovacs'5 found them
in the transitional mucosa adjacent to a colonic car-
cinoma, and in a recent study of four cases of col-
lagenous colitis the pericrypt cells were shown to have
the ultrastructural characteristics of myo-
fibroblasts,"6 although in that study the pericrypt
cells of the normal control patients were described as
fibroblasts.

Although morphologically the pericrypt cells
resemble fibroblasts, and ultrastructurally, like
fibroblasts, contain moderate amounts of rough
endoplasmic reticulum, we found that they also share
many features with smooth muscle; they contain
microfilaments with dense bodies and sub-
plasmalemmal densities, and have intercellular junc-
tions. The pericrypt cells also resembled smooth mus-
cle in their immunocytochemical reactions. They were
stained by the monoclonal antibody PR 2D3 and con-
tained the intermediate filament desmin, as well as
myosin and the actin binding protein filamin. Filamin
has recently been shown to be localised in the inter-
mediate filament domain and the cell border at the
inner surface of the plaques associated with plas-
malemma of smooth muscle cells.'7

Previous studies of the pericrypt cells have consid-
ered the question of cell proliferation. Uptake of triti-
ated thymidine by these cells has been reported,8 - 12
but there have been conflicting reports as to whether
the pericrypt cells migrate en bloc with the epithelial
cells. Pascal et a!8 and Parker et al,9 on the basis of
their labelling studies in rabbits, proposed that the
mesenchymal cells migrated in synchrony with the
epithelial cells. These studies were not, however,
confirmed by the work of Maskens et al in rats'2 nor
by that of Neal and Potten in mice. " Maskens viewed
the pericrypt sheath as a stable structure on which the
epithelial elements migrate while undergoing
differentiation.
The function of the pericrypt cells is still not clear.

It has been postulated that they participate in epi-
thelial and mesenchymal interactions with the adja-
cent epithelial cells, and that they may have a role in
structural support and in the control of epithelial cell
differentiation.S '8 We have shown that the pericrypt
cells have characteristics of smooth muscle and
myofibroblasts, which suggests that their functions
may include both contraction and secretion, because
smooth muscle cells and myofibroblasts are con-
tractile. 1' Contraction of the cells could aid the
release of mucus from the crypt lumen, and as con-
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tractile cells they could also be targets for the prod-
ucts for the products of underlying endocrine cells`9
and nerve cells within the lamina propria.
Myofibroblasts in other sites synthesise and secrete
collagen precursors, elastic fibres, proteoglycans and
an external lamina,1420 and those in the umbilical
cord secrete the extracellular matrix known as Whar-
ton's jelly.' The pericrypt cells in the colon and rec-
tum could, therefore, be responsible for the prod-
uction of extracellular matrix material. This may
influence the growth and differentiation of epithelial
cells of the adjacent crypts in the same way that
changes in the extracellular matrix have been shown
to affect the secretion of milk proteins in normal
breast epithelium.21
The close association of presumed contractile and

secretory pericryptal cells with the crypt epithelium
emphasises the importance of specific cellular inter-
actions in the formation of such structures. The dis-
ruption of this organised relation may be an
important step in carcinogenesis. The occurrence of a
myofibroblast reaction in some tumours, however,
suggests that tumour epithelial cells and
myofibroblasts are sometimes mutually dependent;
one or more epithelial factors may recruit and stimu-
late myofibroblast proliferation, while myofibroblasts
release epithelial growth factors. The antigen detected
in the membrane by antibody PR 2D3 may be either
a growth factor or a differentiation factor receptor, or
it may be concerned with specific intercellular adhe-
sion between smooth muscle cells and myofibroblasts.
Further characterisation of the molecule recognised
by PR 2D3, and its role in smooth muscle and
myofibroblast functions-especially their interactions
with epithelial cells in colonic crypts-are now being
investigated.

We thank Dr Sharon Richman for invaluable dis-
cussion and for typing the manuscript.
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