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Explanted Nasal Mucosa: Growth Patterns of Cystic Fibrosis and
Control.* (30210)

RoBerT C. RosaNn,t WiLLiam F. McNAry, Jr. aND JupiTH A. KERRIGAN
(Introduced by Alvin J. Cox, Jr.)
Departments of Pathology, Anatomy and Biochemistry, Boston University Medical Center,

Boston,

While studying nasal mucosa from patients
with cystic fibrosis of the pancreas (CF), we
observed an organoid appearance in the pri-
mary and reaggregated tissue cultures. This
report summarizes our observations.

Methods. We obtained nasal polyps(1)
directly at elective surgery. The resected
polyps were skinned by forcing the mucosa
flat against a pair of microdissecting scissors
and then snipping the translucent mucosal
swatch. Those swatches were cut into 1 mm
squares, washed 5 times with Hanks’ solu-
tion plus antibiotics, and divided into groups
of 3-4 squares. The antibiotics included poly-
myxin, neomycin, streptomycin, and penicil-
lin and mycostatin. Each group of squares
was briefly dried in a dish of a 2-piece Carrel
flask (Bellco #15-031) and then gently
squashed with a coverslip. The coverslip re-
mained in the flask thereafter. The dish was
flooded with Parker’s CMRL-1066 medium
(Microbiological Associates) supplemented
with 10% calf serum (Colorado Serum Co.).
The lid was sealed with a sterile Dow Sili-
cone High Vacuum Grease and the sidearm
was capped with a rubber serum stopper(2).
All culture procedures were subsequently car-
ried out in the closed containers, by means

* This project was supported by the National
Cystic Fibrosis Research Foundation.

t Supported in part by USPHS Training Grant in
Experimental Pathology 2G-267. Present address:
Division of Histochemistry, Dept. of Pathology,
Stanford Univ. School of Med., Palo Alto, Calif.

Mass.

of disposable plastic syringes. We maintained
an approximate pH 6.9 with CO,.

Results. Explants were taken from 11 pa-
tients. Explants from 4 patients yielded good
growth in multiple flasks. Explants from 5
patients yielded unsatisfactory growth due
to infection with Candida, Staphylococcus or
Pseudomonas, which was harbored in the
thick mucus of these chronically infected
children. Explants from 2 patients were dis-
carded without further culture when no cili-
ated epithelium was found on any of the
1 mm squares in the first 3 days. Routine
histopathological examination of multiple sec-
tions of every polyp disclosed no malignant
changes. None of the patients was sympto-
matic for a viral disease within 2 weeks of
surgery. All patients had a positive sweat
electrolyte test(3) and complete exocrine pan-
creatic insufficiency. In addition to these
studies, a control polyp from a non-cystic
fibrosis patient was cultured.

Dissections carried out by micromanipula-
tion during the first 3 days in vitro demon-
strated an easily identifiable mucosal layer;
this consisted mostly of ciliated cells and
interspersed nonsecreting crescentic cells.
Pavement-like outgrowths of compact cells
occurred in 5-8 days from areas where ciliary
activity had spontaneously ceased. We did
not follow the growth unless it rose from
previously ciliated areas. For a given area,
outgrowth did not begin until ciliary activity
stopped. In other portions of the same speci-
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FIG. 1. Edge of fenestrated membrane, with
layer of radially oriented elongate cells lining the
interior. Occasionally, a similar appearance was
noted at the growing edge, so that the most distal
cells were oriented along the axis of growth and
parallel to each other, but at right angles to the
cells packed behind them.

men, ciliary activity might continue to be
manifest for days or weeks, however. The
outgrowths themselves never contained beat-
ing cilia. The compact pavement contained
little mucus when tested by a sensitive peri-
odic acid Schiff method(4). In about a week,
before the cell sheet covered the coverslip, the
outgrowths organized into fenestrated mem-
branes. The fenestra were incompletely lined
by a single layer of radially oriented, elon-
gate cells (Fig. 1). Such membranes fixed
briefly in cold buffered formalin and then
examined by conventional paraffin technic
consisted of 3 lamina: 2 outer layers of cells
with some hairy excrescences sandwiching an
inner layer of more spindly or plate-like cells.
The fenestrated appearance and the lamin-
ated appearance, 2 aspects of the same cul-
tures, reappeared after cells had been dis-
aggregated in 0.25% trypsin in 0.2 ml Hanks’
solution for 20 minutes at 37°C., It took
about 3-5 days for the reaggregation to be
fully effective. Indeed, Fig. 1 is a culture
5 weeks old, after transfer followed by one
disaggregation.
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Cell sheets from the 4 patients were studied
cytochemically; and from one patient’s ex-
plant, specimens were prepared for electron
microscopy. Modest amounts of formazan-
precipitating succinic dehydrogenase were
demonstrable(5), corresponding to an ultra-
structure in which mitochondria were sparsely
distributed. Copious amounts of diphospho-
pyridine nucleotide (DPN) diaphorase were
present. Acid phosphatase stains of cold-
formalin fixed cells by a naphthol ester tech-
nic(6) showed intracellular variegation of the
enzyme without much correlation to electron
microscopy. Stains with naphthol yellow S
for protein(7) and an oversight solochrome
cyanin R-200 stain(8) showed similar varie-
gation without much correlation to ultrastruc-
ture. Feulgen stains of osmium-fixed, epoxy-
embedded, thin-sectioned nuclei using a fluo-
rescent Feulgen technic(9) demonstrated uni-
formly fine chromatin patterns with little sig-
nificant difference between cells. Such epi-
thelial-like features as a prominent nucleolus
were not particularly evident. The nuclear
ultrastructure was nicely correlative, likewise
not typical for the nuclei of epithelial cells.
Alterations (transformations) of the cultures
apparently did not occur; however, a cyto-
pathogenic change may have occurred in one
series of flasks, marked by the agglomeration
of cells into clusters without rounding up or
detachment. This series was discarded.

Various controls were utilized during these
studies. The observed membrane formation
did not occur in control cultures of primary
human amnion(10), hamster myxosarcoma
(11), Chang liver(12) (Microbiological Asso-
ciates), embryonic lung(13) (Flow Labora-
tories), or fibroblasts derived from the paren-
chyma of the polyps discussed in this paper.
These controls were carried with the same
technic and media, and at the same time, as
the polyp studies. Further, none of the above
controls showed immediate reactions to vit A
in CMRL-1066; but at a dose of 10 u/ml,
cells of the pavement-like plate showed rec-
tangularization, and intense activity in the
Golgi region. This appearance persisted after
a single pulse of vit A(14). A control polyp
from a patient without cystic fibrosis gave
an in vivo appearance indistinguishable in
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morphology and histochemistry from that
outlined for the test polyps.

Discussion. The remarkable growth poten-
tial of nasal mucosa in vive was known 30
years ago when destructive sinusitis was a
frequent disease. The regrowth potential was
studied by tissue culture then(15). The ques-
tions of-what happens to mucosal outgrowths,
and what is the origin of the outgrowing
cells—these have not been answered satis-
factorily by ourselves or others(16). The
simple system outlined may provide evidence
on how epithelial cells persist in culture.
Though the results from preliminary electron
microscopy and cytochemistry are not help-
ful, some kind of influence seems to be pres-
ent which makes for primitive reaggregation
and an organoid appearance. This is uncom-
mon enough in non-embryonic human tissue
culture to merit further study. By identify-
ing the mucosal border of the explant with
the ciliated marked cells and by time lapse
studies, it may become possible to see which
cells are orienting which way in the forma-
tion of the fenestrated, laminated membrane.
We agree that cystic fibrosis cells probably
do not show different tissue culture charac-
teristics from similarly derived non-CF cells
(17). Yet, we are intrigued by the notion
that the CF defect, which has so far been
noted only in epithelial cells and not fibro-
blasts in vivo, may be studied some day in
tissue culture,

Summary. Explants derived from the mu-
cosa of benign nasal polyps were cultured in
closed vessels by a coverslip technic. The
polyps had previously been resected from
children with cystic fibrosis of the pancreas
and a control. The explants grew as fenes-
trated, multilayered membranes with an ap-
pearance suggesting primitive aggregation.
The pattern occurred again when the original

GrowTH PATTERNS OF Cystic FiBrosis 1N NasAaL Mucosa

cell sheets were disaggregated and allowed to
grow. Perhaps the mucosal layer was the
origin of some of the cells. Use of electron
microscopy and cytochemistry was not help-
ful in differentiating possible cell types.

We wish to thank Dr., Harry Shwachman for his
generous help, and Dr. F. M. Sinex for encourage-
ment.
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