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ABSTRACT

Clara cells are non-ciliated one of airway stem cells that hone been demonstrated in
the bronchioles of most examined adult mammalian species. Certain fealures concerrn-
ing the ultrastructural morphology and the way by which their secretory granules are.
released from the cytoplasm are still a matter of muich dispute. The purpose of this
study was to assess in conducting airways of normal neonatal rabbit lungs: (1) the cel-
lular morphology and ultrastructural peculiarities of Clara cells; and (2) the way by
which their secretory granules are released. Samples of histologic normal tissue were
taken from ten lungs obtained from one-day-old rabbits and were processed according
{o standard techniques of light and transmission electron microscopy. The Clara cells
had well-developed apical protrusions packed with vesiculated smooth endoplasmic re-
ticultn and numerous electron-dense granules. Ciliary body-like structures were ob-
served in some Clara cells. The granules of Clara cells were spherical or oval and their
malrix was composed of both dense and of less electron-dense materials. Some of them
were encountered to be located immediately below the luminal membrane. Morphologi-
cal cvidence for both merocrine and apocrine mode of secretion was demciasirated. It is
suggested that the neonatal rabbit Clara cells may play crucicl roles both as secretory
and progenitor cells in the normal epithelium of the distal conducting airways in neona-

tal rabbits.

INTRODUCTION

The Clara cells are non-ciliated and non-mucous epithelial cells within the lining of distal
conducting airways. They were first described in the human respiratory eptthelium of the periph-
eral conducting airways (Clara, 1937), and were defined mainly by their distinctive cytoplasmic

granules, indicating a secretory function. Numerous electron microscopic studics performed in
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mammals have shown considerable interspecies heterogeneity in both morphology and distribu-
tion of these cells (Plopper et al., 1990; Plopper et al., 1991). An ultrastructural characteristic
of Clara cclls is the presence of electron-dense membrane-bound granules (Bedetti et al.,
1987). The Clara cell secretory granules have been shown to vary considerably in size. shapes
and texture of the contents (Kuhn et al., 1979). Several biochemical and immunohistochemical
studies (Singh and Katyal, 1984; Singh et al., 1985 a,b; Bedetii et al., 1987) have identified

three rat Clara cell-specific proteins.

The Clara cclls have been found to contribute to cell renewal in hamster bronchial epithelinm
in the steady state (Breuer et al., 1990). The proliferative response of the bronchiolar epitheli-
um after cxposure of rats to NO2 (Evans et al,, 1978) or O3 (Lum et al., 1978)) gascs is pre-
dominantly due to Clara cell division. Grafting isolate cell fractions of rabbit bronchiolar epitheli-
um highly enriched in Clara cells onto denuded tracheas results in an epithelium containing
both Clara cells and ciliated cells, resembling bronchiolar epitheliurm (Nettesheim et al., 1990).
Thus, the Clara cell is an important cell type regarding cell renewal in conducling airway epithe-
lium in both health and disease (Shami, 1989).

To our knowledge, few ultrastructural studies have been devoted to elucidates the ultrastruc-
tural morpliology of neonatal rabbit Clara Cells. Thus, the aim of the present study was to study
in normal neonatal rabbit airway epithelium, the ultrastructural peculiaritics of Clara cells.
Such data might be crucial for species comparison, for elucidating developmental events, and for
confirming their suggested functional role such as their contribution to the prolifcration com-

partment and their role as progenitor cells within the distal conducting airways.

MATERIAL AND METHODS

Ten onc-day-old apparently healthy New Zealand White rabbits were collccted lrom a local
farm. Anacsthesia was induced with sodium pentobarbitone (60 mg/kg, 1P). Their chests were
Jpened and samples were taken from the different regions of the cranial and cauda! lung lobes.
For light microscopy, tissues were lixed in 10% neutral buffered formalin or Bouin's fluid. They
were then dehydrated and embedded in paraffin. Paraffin sections ol 5-Gum thick werc prepared
and stained by Harris Hematoxylin and 2osin (H&E) tor general studies, the periodic acid/Schilfl
(PAS) technique {with and without saliva digestion) to demonstrate giycogen and nceutral muco-
substances and Best's carmine for confirming the presence of glycogen. For clectron microscopy.
selected lung pieces were fixed for 12 hours in 2.5% glutaraldehyde in cacodylate bulter adjusted
to pH 7.4. After rinsing with the same buffer, the tissues were postlixed in 1% buftered osmium

tetroxide lor 2.5 h at 4°C. The specimens were then quickly rinsed in buffer and dehydrated in a
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graded series of ethanol, and were embedded in poly bed 812. Scmithin sections were cut and
stained with an aqueous solution of 1% toluidine hlue for light micrescopic orientation and se-
lection of terminal bronchioles. Thin: sections of the terminal bronchioles were mounted on
Formvar-coated copper grids and double stained with uranyl acetate and lead citrate and exam-
ined with a JEOL 100c transmission EM at 80 kv.

RESULTS

By light microscopy, the Clara cell was cuboidal to columnar in appearance witil a spherical
nucleus and a dome-shaped apical projection (Fig. 1). The cytoplasm of the Clara cells generally
displayed a negative PAS (Fig. 2) and Best's carmine reactivity.

By electron microscopy, The Clara cells had a cytoplasm of mnderate electron density. The
nucleus was basal, elongated and had a variable complexity of form. The nuclear contour was
infolded (FFig. 3). The apical portion of the cell invariable projected into the luinen of the airways
and was packed with numerous vesiculated smooth endoplasmic reticulum (Fig. 4). The gi'an—
ules of Clara cells were readily identified as electron—dehsé structures located in the apical cyto-

plasm (Figs. 4, 5, 8).

The granules of the Clara cells were spherical or oval in shape and membrane-bounded (Fig.
4, 5, 6). Their matrix was composed both of dense and of less electron_—dense materials, The dis-
tributional pattern of these two malterials was variable from one granule to another. The limiting
membranc of the granules showed a regular contour (Fig. 4, 5, 6}. Some granules were encoun-
tered to be located immediately below the luminal membrane (Fig. 6). The close proximity of
some ol these granules to the apical membrane might suggest extrusion of these clectron-dense
vesicles by a merocrine secretory process. In some section, apocrine secretion was indicated by
extension of the apical cytoplasmic projection of the Clara cell into the airway lumen (Fig. 6). The
luminal projection of the cell usually bore numerous short microvilii (Fig. 6). A well developed

junction complex joined the Clara cells to their neighboring cells (Fig. 4).

In some Clara cells, the cytoplasm contained many free ribosomes. The luminal surface of the
cell invariably bore microvilli, although the apical projection was not always pronounced (Fig.7}).
In these cells, smooth endoplasmic reticulum was limited. Large areas of rough endoplasmic re-
ticulum were seen, usually in the apical portion of the cytoplasm (Fig. 7). Few electron-dense se-
cretory vesicles were encountered (Fig. 7). These cells were connected to adjacent cell by a well-

developed junctional complex (Fig. 7).

In some other sections, the Clara cell besides having the characteristic aforementioned ultra-

structural morphology, they contained basal bodies-like structures that were encountered pri-
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marily within the apical cytoplasm (Fig. 8, 9). In these cells the smooth endoplasmic reticulum

seemed to be breaking down to form vesiculated areas (Fig. 8, 9).

DISCUSSION -

In the present study, the cytoplasm of the neonatal rabbit Clara cells generally displayed a
negative PAS and Best's carmine reactivity. There is much disagreement in the litcrature as to
the reaction of Clara cells to mucus stains, particularly PAS. It is generally accepted that Clara
cell do not stain with PAS (Niden, 1967; Kuhn et al., 1979). In contrast to the present results,
some authors have demonstrated granules in Clara cells with PAS (Azzopardi and Thurlbeck,
1969; Roth, 1973) or its electron microscopic equivalent PATO (Cutz and Conen, 1971). Based
on PAS and Best's carmine reactivity as well as the ultrastructure criteria, the present study
provided histochemical and ultrastructural confirmation for the lack of glycogen in the Clara
cells of the neonatal rabbit. In contrast to our f‘uidings. Massaro and Massaro (1986) provided a
histochemical evidence of the presence of glycogen in Clara cells of 1-day-old rats. Glycogen has
been reporled also in the dog (Plopper et al.,, 1980), neonatal pigs {Baskerville, 1970), in 3-
and 12-month-old calves {Smith et al., 1979), and in neonatal 2-day-old calf (El-Gawad and
Westfall, 1997). The abundant amount of glycogen is considered a sign of iimalurity in Clara
calls of the rat (Massaro and Massaro, 1986; Ji et al., 1995), mouse (Ten-Have-Opbrock and
De Vries, 1993), rabbit {Plopper et al., 1983), and human (Jeffery et al., 1992). The lack of
glycogen in the Clara cells of the neonatal rabbit that has been revealed in the present study
might suggest that the neonatal rabbit Clara cells are probably more differentiated and more ma-

tured in comparison to other animal species.

Based on their ultrastructural features (the presence of apical protrusions, basal bodies, se-
cretory granules and sER), various morphologically distinct Clara cell populations were recog-
nized in the present study. In some Clara cells, a well pronounced apical protrusion filled with a
significant number of sER and a considerable number of electron-dense granules were observed.
Other cells have no apical protrusions and their apical cytoplasm contains either no or very few
sER tubules, very few numbers of electron-dense granules and large areas of rough endoplasmic
reticulum. Still other Clara cells appeared to have features intermediate between the two afore-
mentioned extremes and are mainly recognized through the prese:nce of basal body-like struc-
tures within their apical cytoplasm. Our subclassification of Clara cell. though arbitrary, is
based on definitive ultrastructural characteristics. Although many of our identifying criteria are
consistent with those of other investigators such as Christensen et al. (1987) who demonstrat-
ed the presence of at least three types of Clara cells in the hamster, there is no standardization

in the literature for the classification of Clara cells. In the neonata! calf, only one type of Clara
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cell, with a centrally located indented nucleus has lateral and apical strands of rER and a promi-

nent apical aggregation of large, pale granules was identified (El-Gawad and Westfall, 1997).

The question of whether these morphologically distinct forms of Clara cells are considered as
specific cell types or as different functional phases of the same cell type has not been elucidated
yet. In our opinion, the three morphologically distinct Clara cell tvpes in neonatal rabbit that
have bcen demonstrated in the present study could be interpreted as different developmental
vhases for one cell type. The rER tubules seem to be involved in the formation of electron-dense
granules (hat accumulate in the apical cytoplasm. These findings were in accord with those of
Kuhn et al. (1979) who clarified that the differentiationt of protein synthesizing rER suggested
an earlier stage of development leading to formation of secretory granules by the Golgi complex
in Clara cclls of the rat. The ultrastructural peculiarities of the Clara cells presented here fit well
with those reported for the Clara cells of many other species. In this respect, numercus ovoid se-
cretory granules and an abundance of agranular ER (sER) have been reported in most Clara
cells (Reid and Jones, 1979; Plopper et al., 1983; Breeze and Turk, 1984 Christensen et al,
1987).

There is a considerable variation in the ultrastructural features of Clara cells among different
animal spccies. In contrast to the present results that have demonstrated the existence of a con-
siderable amount of sER in the apical region of neonatal rabbit Clara cells, El-Gawad and West-
fall (1997) have observed a minimal amount of sER in Clara cells of neonatal calves. Sparse
amounts of sER also were demonstrated in Clara cells of adult cattle, dog (Plopper et al., 1980)
and human (Jeffery et al., 1992),

The ceilular morphology of the neonatal rabbit Clara cells (abundant sER and numerous elec-
tron dense granules) revealed in the present study might suggest active detoxification and secre-
tory roles of these cells. The lack of significant amounts of sER in Clara cells of neonatal calves
suggested that these cells do not play an imi)ortant role in detoxification in this species (El-
Gawad and Westfall, 1997). It has been suggested that the Clara cells are secretory cells and
nroduce surfactant (Niden, 1967}, or that they produce hypophase (Petrik and Collet, 1974).

The ways by which the electron dense granules are released from the cells have not been de-
termined yet. Most of the electron-dense granules of the neonatal rabbit Clira cells were local-
ized either in a supranuclear position or lying immediately below the luminal cell membrane. In
some cells. apocrine secretion was also indicated by extension of the apical cytoplasmic projec-
tion of the Clara cell into the airway lumen. Such findings might indicate the release of these
granules both by merocrine and apocrine mode of secretion. Some morphological studies have

indicated that these electron-dense granules may be lost from the cell by merocrine secretion
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(Stinson and Loosli, 1978; Al-Ugaily et al., 1980; Pack et al.,, 1981; Yoneda and Birk,
1981). El-Gawad and Westfall (1997) suggested that the presence of apical granules in Clara
cells of the neonatal calf suggest a secretory function, which is presumably merocrine at this
carly stage of development. Several studies (Heath et al., 1976; Etherton et al., 1979; Pack et
al., 1980) have suggested that Clara cell may also undergo apocrine secretion. It has been pro-
posed that this apical cytoplasmic bleb is a fixation artifact (Jeffery and Reid 1977). Other
studies using several preservation techniques indicate that this is not the case, and that these
profiles may genuinely represent apocrine secretion {Etherton et al., 1979). Some authors sug-
gest that both apocrine and merocrine secretions occur in Clara cells (Stinson and Loosl,
1978; Pack et al., 1981; Peao et al., 1993).

The granules of the Clara cells of the neonatal rabbit that were demonstrated in the present
study were similar to those described by Stinson and Loosli (1978) in the Clara cells of the ter-
minal bronchioles of mice. Many authors (Etherfon et al., 1979; Evans et al., 1975) consider
the Clara cell granules to be mitochondria and it has been suggested on the basis of autoradio-
graphic evidence (Etherton et al., 1979) that these "mitochondria of an unusual structure” pro-
duce long chain fatty acids. .

Qur observations indicate that Clara cells may develop cilia whilsi in the process of secretion.
It is, therefore, conceivable that both Clara and ciliated cells are progressive stages in epithelial
turnover. In addition to a secretory role, it has also been proposed that the Clara cell is a precur-
sor of the other types of epithelial cell (Evans et al., 1978). Cells with Clara cell-like cytoplasmic
inclusions bearing cilia were seen (Pack et al., 1980}. Thus Clara cells may undergo metamor-
phosis to become ciliated cells. A clear progenitor relationship between the bronchiolar Clara
cells and ciliated cells has previously been demonstrated in the terminal bronchioles of neonatal
calves (Marei and El-Gawad, 2001).
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Fig 1 : Light photomicrograph of neonatal rabbit bronchiolar epithelium showing Clara cell (C)
(H&E X 1000).
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Fig 2 : Light photomicrograph of neonatal rabbit bronchiolar gpithelium showing negative PAS re-
aclion In the cytoplasm of Clara cell (arrow) (PASX 1000)

Fig 3 : General view for neonatal abbit Clara cell (C). Note nucleus (N) and apical protrusion (A) (X
3600).
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Fig 4 : Nconatal rabbit Clors celll Note nucleus (M), Clara cell granules (A). sER {9), and junction-
al complex (§). (3 17000).

Fig 5 : Nconaial rabbit Clara cell at a higher magnilication. Note Clara cell granule (A}, (X 28000).
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Fig. 6 : Nconatal rabbit Clara cell. Note the close proximity between Clara cell granules (a) and
(he luminal plasma membrane. Note also mitochondria (ni) and bleh-like apical protru-
sion (arrow) (X 22000).

Fig. 7 : Nconalal rabbit Clara cell (). Nole nucleus (N}, only one dense granules (G). rER (E) and
juniclional comples (J) (X 22000).
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Fig. 8 : General view for neonainl rabbit Clara cell [C). Note nucleus (N}, and basal bodie-like
striictures (b) in the apiecal cytoplasm {X 13000).

Fig. 9 : A higer magnificantian for neonatal ralibit Clarva cell {C). Nole nucteus {(N), sER (8), dense
granules [(3) and basal bodie-like strurtures () (X 28000).
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