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ABSTRACT

Clara cells are non-ctliated one of arway stein cells that ho e been demonstrated in
the bronchioles of most exarnined adult mammallan species. Certain features conceri-
ing the ultrastructural morphology and the way by which their secretory granules are
released from the cytoplasm are stilf a matter of much dispute. The purpose of this
study was to assess (n conducting airways of normal neonatal rabbit lungs: (1) the cel-
hdar mmorphology and ultrastructural peculiarities of Clara cells: and (2) the way by
which their secretory granules are released. Sumples of histologte normal tissue were
{edeen from ten lungs obtained from one-day-old rabblts and were processed according
to standard lechniques of light and transmission electron microscopy. The Clara cells
had well-developed apical protrusions packed with vesiculated smooth endoplasmic re-
ticuhon and numerous electron-dense granules. Cillary body-like structures were ob-
served n some Clara cells. The granules of Clara cells were spiterical or oval and their
malrix was composed of both dense and of less electron-dense matenials. Somwe of them
were encountered to be located immediately below the luminal membrane. Morphologi-
cal cuidence for both merocrine and apocrine mode of secretion was demenstrated. It is
suggested that the neonatal rabbit Clara cells may ploy crucict roles both as secretory
aived progenilor cells in the normal epithelium of the distal conducting airways in neona-
tat robbits,

INTRODUCTION

The Clara cells are non-clliated and non-mucous epltheltal cclls within the lining of distal
conducting alrways. They were first described in the human respiratory epithelium of the periph-
eral conchieting airways (Clara, 1937), and were defined mainly by their distinctive cytoplasmic

granules. indicating a secretory functlon. Numerous clectron microscopic studics performed in
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mamimals have shown considerable interspecies heterogenetey in botli mbrphology-and distribu-
tion ol {hese ¢clls (Plopper et al., 1980; Plopper et al., 1991). An ullrastructural charyctevistic
of Clayn ¢clls is the presence ol clectron-dense membrane-bound granules (Bedetti et al.,
1987), T Clara cell secre(ory ¢ranules fave been shown to vary copsiderably in stzc. shapes
and texture o the contents (Kuhn et al.,, 1979). Several biochemijcal and immunohistochemical
studies (Singh and Katyel, 1884, Singh et al., 1985 a,b; Bedetl] et a}., 1987) have ldentlfied
three rat Clara cell-specillc protcins.

The Clira cells bave beca found (o contribute to cell renewal 11 hanister bronchial cptthelium
in the steady state (Breuer et al., 1990). The proliferative respanse ol the bronchiolar epitheli-
umn after cxposure ol rats (0 NO2 (Evans et al,, 1978} or O3 (Lum et al.. 1978)} gases is pre-
dominantly due to Clara cell division. Gralling jsolate cell fractions of rabbit bronchiolar cpltheli-
um higbly enriched in Clara cels onlo denuvded tracheas results in an epithelium contalning
both Clays cells ang cillated cells, vesembling bronchiolar epithellurn: (Nettesheim et al., 1990).
Thus. the Clara cell is an important cell type regarding cell renewal in conducting airway cpithe-
JJum In Doth heaith and disease (Shami, 1989).

To onr knowledge, few vltrastraciural studies have been devoted to elucidates the utirashrue-
{ura) woyphology of nconata!l rabbit Clara Cells, ‘Thus. the aim of the present study was to study
in normal neonatal rabbil airway epithbellum. the uvltrastructural peculiar)iies of Clara cells.
Such dala might be cruclal for specles comparison, for elucidating developmenial cvents, and (o)
conlivmings thelr suggested functional role such as thcir contribution to the proliferation com-

partment and their role as progenitor cells within thie distal conducting alrtways.

MATERIAL AND METHODS

Ten onc-day-old apparently healthy New Zealand White rabblis were collecled jrom 2 local
Jarm. Anacsthesta was induced with sodium peniobarbitone (60 myg/kg, IP). Thetr chests were
opened and samples were laken [rom the different regions of the ci:ntal and caudal lung lobes.
For Bghl microscopy. tissues were fixed (n 10% neutral bulfered formalin or Bouin's Nuld. They
were hen dehydrated and embedded in paraffin. Paralfin sections of 5-6um thick were prepared
and stained by Harrds HMematoxylin and Cosin (H&E) lor general studics. the periadic acid /Schilf
(PAS) technique (with and without sallva dlgestion) 0 demonstrate glycogen and ncutral muco-
substancis and Best's carmine for conirming the presence of glycogen. For electron microscopy.
selecled lung pieces were fixed for 12 hours in 2.8% glutaraldehydc in cacoaylate butter adjusted
to pHl 7.4. After rinsing with the same bu(ler. the ssues were potlixed in 1% bullercd osmium
fetroxide fvy 2.5 h at 49C. The specimens were then quiclkly cdnsed in buffer and debydraled in a
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graded scries of ethanol, and were embedded in poly bed 812. Samithin sections were cut and
slalned with an aqueous solution of 1% toluidine blue for light microscopic orientation and se-
lection of terminal bronchioles. Thin sectlions of the terminal bronchioles were mounted on
Formvar-coated copper grids and double stained with urany) acetate and lead citrate and exam-
ined with a JEQL 100c transmission EM at 80 kv.

RESULTS

By lighi microscopy. the Clara cell *vas cuboidal to columnar in appearance witu a spherical
nucleus and a dome-shiaped apical projection {Fig. 1). The cytoplusm of the Clara cells generally
displayed a negative PAS (FFig. 2) and Best's carmine reactivity.

By eleciron microscopy, The Clara cells had a cytoplasm of m»oderate electron densily. 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 invarable projected into the lwinen of the airways
and was packed with numerous vesiculated smooth endoplasmic reticulum (Fig. 4). The gran-
ules of Clara cells were readily identified as electron-dense structures Jocated In the apical cyto-
plasm (FFigs. 4. 5, 6).

The granules of the Clara cells were spherical or oval in shape and membrane-bounded (Fig.
4, 5. 6). Thelr matrix was composed both of dense and of less electron-dense materials. The dis-
tributional pattern of these two materials was variable from one granule to another. The limiling
membrane of the granules showed a regular contour (Fig. 4, 5. 6). Some granules were encoun-
tered (0 be located immediately below the Juminal membrane (Fig. 6). The cluse proximity of
some of these granules to the aplcal membrane might suggest extrusion of these cleetron-dense
vesicles by a merocrine secretory process. In some section, apocrine secretion was indicaled by
extension of the apical cytoplasmic projection of the Clara cell iato the alrway lumen (Fig. 6). The
laminal projection of the cell usually bore numerous short microvilil (Fig. 6). A well developed
Junction complex Joined the Clara cells to thelr neighboring cells (Fig. 4).

In some Clara cells, the cytoplasm contained many free ribosomes. The tuminal surlace of the
cell [nvariably bore microvilli, although the apical projection was not always pronounced (Fig.7).
In these cclls, smooth endoplasmic reticulum was limited. Large areas of rough endoplasmic re-
Veulum were seen, usually In the apical portion ol 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 juncltional complex (Flg. 7).

In somc other sections, the Clara cell besjdes havlog the characteristic aforementioned ultra-

structural morphology. they contained basal bodies-like structures that weve encountered pri-
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marily within the apjcal cytoplasm (Fig. 8, 9). In Lhese cells the smoothy endoplasmic reticulum
seemed to be breaking down to form vesliculated arcas (Fig. 8, 9).

DISCUSSION

[n the present study, the cytoplasm of the neonatal rabbit Clara cells generally displayed a
negative PAS and Best's carminc reactivity. There Is much disagreement in the literatuce 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,
19889; Roth, 1973) or Its electron mlcroscople equivalent PATO (Cutz and Conen, 1971). Based
on PAS and Best's carmine reactivity as well as the ultrastructure criterfa. the present study
provided histochemical and ultrastructural confirmation for the lack of glycogen In the Clara
cells of the neonatal rabblt. In contrasl to our findings, Massaro and Massaro (1986) provided a
histochemical evidence of the presence of glycogen In Clara cells ol 1-day-old rats. Glycogen has
been reporied also In the dog (Plopper et al., 1980). neonata! pigs (Baskerville, 1970}. in 3-
and 12-month-old calves (Smith et al., 1979). and In neonatal 2-day-old cull (El-Gawad aod
Westfall, 1987). The abundant amount ol glycogen is considered a s!gn of hpmaturity In Clara
culls of the rat (Massaro and Massaro, 1986; Ji et al.,, 1995}, mouse (Ten-Have-Opbrock and
De Vries, 1993), rabbit (Plopper ¢t al., 1883), and human (Jeffery et al., 1992). The lack of
glycogen In the Clara cells of the neonatal rabblt that has been revealed (n the present study
might suggest that the neonatal rabbit Clara cells are probably more differentinted and more ma-

tured {n compartson to other anlmal species,

Based on thelr ultrastructural features (the presence of apical pratrusions, basal bodfes, 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 apjcal protrusion filled with a
significant number of SER and a considerable number of electron-dense granules were observed.
Other cclls have no apical protrusions and thelr apical cytoplasm contalns elther no or very few
sER tubules. very few numbers of ¢lectron-dense granules and large areas of rough endoplasmic
reticuluni. Still other Clara cells appeared to have features intermediate between the two afore-
mentioned extremes and are malnly recognized through the preserice of basal body-like struc-
tures within thelr aplcal cytoplasm. Our subclasslficatlon of Clara cell, though arbilrary. is
based on definltive 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 litevature for the classification of Clara cells. In the neonatal calf, only one type of Clara
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cell, with a centrally located {undented nucleus has laleral and apical strands of tER and a promt-
nent apical aggregation of large, pale granules was tdentifled (El-Gawad and Westfall, 1997).

The guestion of whether these imorphologically distinct forms of Clara cells ace considered as
specific ccl) types or as different functional phases of the same cell type has not been clucldated
yet. In onre oplnlon. the three morphologically disunct Clara cell tvpes in neona(al rabbit that
have been cemonstrated In the present slucdy couict be interpreted as different developmental
nhases lor one cell type. The rER (ubules seem Lo be involved in the formation of ¢lectron-dense
granules (hat accumulate in the apical cytoplasm. These {indings were in accord with Uose of
Kuhn et al..(1979) who clarified that the differentiation of protein synthesizing rER suggested
an earller stage of developmenl Jeading (o formatlon of secretory granules by the Golgt complex
(n Clara cells of the rat. The ultrastructural pecaliarities of the Clara cells presented here fil well
with those reported for the Clara cells of many other species In thls respect. bumcrous avold se-
cretory granules and an abundance ol agranular ER (sER) have been reporied in most Clara
cells (Reid and Jones, 1879; Plopper et al., 1083, Brecze and Turk, 1984; Christensen ct al,
1887).

There Is a considerable varation in the ultrastructural features aof Clara cells among d({lerent
animal species. In contrast to the present results tha( have demonstrated the existence of a con-
siderable amount of sER In the apfcal region of neonatal vabbil Clara cells, El-Gawad and West-
fall (1897) have obiserved a minimal amount of SER in Clara ceils of neonalal calves. Sparse
amounts ol SER also were demonstrated in Clara cells of adult cattle, dog (Plopper et al., 1980)
and human (Jeffery et al., 1982).

The ccllular morphology of the neonatal rabbit Clara cells (abundant sER and nuinerous elec-
tron dense granules) revealed in the present study might suggest active detoxiflcation and secre-
tory roles of these cells. The lack of signiflcant amounts of sER {n Clara cells of neonatal calves
suggested (hat these cclls do nol play an itmporiant role (n detoxtication In this species {El-
Gawad and Westfall, 1997). It has been suggested Lhat the Clara cells are secrclory cells and
nroduce surfactant (Niden, 1967), or that they produce hypophasc {Petrlk and Collet, 1974).

The ways by which the electron dense granules are released frony the cells have not been de-
termined yct. Most of the clectron-dense granules of the neonalal rabblt Clara cells were locai-
fzed elther in a supranuclear positlon or lying immediately below the luminal cell memirane. (n
some cells, apocrine secreton was also jndlcated by ¢xtension of the apical cytoplasmic projec-
tion of the Clara cell into the afrway lumen. Such (indings might indicate (he releasc of these
granules both by merocrine and apocrine mode ol sceretion. Some morphological studies have

Indlcatec (hat these electron-dense granuies may be lost {rom the ¢cell by microcrine secretion
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(Stinson and Loosli, 1878; Al-Ugally et al., 1980; Pack et al., 1981; Yoneda and Birk,
1981). El-Gawad and Westfall (1997) suggested (hat the presence of aplcal granules In Clara
cells of the neonatal calf suggest a secretory function, which is presumably merocrine at this
carly slage 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 preservalion techniques Indlcate that this is not the case, and that these
profiles may genuinely represenl apocrine secretion (Etherton et al., 1979). Some authors sug-
gest that both apocrine and merocrine secretions oceur 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 (he present
study were similar o those described by Stinson and Loosli {1978) i1 the Clara cells of the ter-
minal bronchioles of mice. Many auvthors (Etherton et al., 1879; Evans et al.,, 1975) consider
the Clara cell granules to be mitochondria and il has been suggested on the basis of autoradlo-
firaphic cvidence (Etherton et al., 1979) that these "mnitochondria of an unusual structure” pro-

duce long chain [atty aclds,

Our vbservations Indicate that Clara cells may develop cllla whilst in the process of secretion.
[t Is. therelore, conceivable that both Clara and cillated cells are progressive stages in epithelial
tumover in addition Lo a secretory role, l{ has also been proposed that the Clara cell is a precur-
sor of the olher types of epithellal cell (Evans et al., 1978). Cells with Clara ccll-like cytoplasmic
inclusions bearing cilla were seen (Pack et al., 1880}, Thus Clara cells may undergo metamor-
phosis to become clliated cells. A clear progenitor relationship between the bronchiolar Clara
cells and rillaied cells has previously been demonstrated in the Lerminal bronehioles of neonatal
calves (Marei and El-Gawad, 2001).
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Fig 1 : Lichi photomicrograph of nesmatal rabbit bronchlolar epithelium showing Clara cell (C)
(FH&E X 1000].
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Fig 2 : Light photomicrograph of neonatal rabbil bronchiolar epithelium showing negative PAS re-
action In the cytoplasm of Clara cell (arrow] (PASX 1000)

Fig 3 : Gencral view for neonatal abhbit Clara cell (C). Note nucleus |IN) and apical protruslon (A) (X
36001.
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Fig 4 : Nuonalal rabbit Clara cell, Neic nuclens (M) Clara cell granules (A), sER (S} and junction-
al comaplex (jl. [X 17000)

Fig 6 : Neonalal rabbit Clara cell at a higher magnification. Note Clara cell granule (AL (X 2B000).
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Flg. 6 : Neonatal rabbit Clara cell. Note the close proximity between Clara cell granules (a) and
{he luminal plasma membranc. Note also mitochondria {m} and bleb-like apical protru-
sion (arcow) (X 22000).

Fig. 7 : Neonatal rabbit Clara cell [C). Note nucleus (N), only one dense granules (G). vER (E) and
Junctional comples (J) (X 22000).
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Fig. 8 : General view lor neonatal vabli! Clora cell (U} Nole nuclens (N, amd basal hodie-like
shrnetures (b ln the apnecal oylopliam [ 12000),

Flg. 9 : A luger magnilicantion lor neonatal rabbit Clara cell {CL iote nucleus [N), sER 1S), donge
prinules (G) nnd basal bodie-like stroe lures (h) (X 2H0000
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