867

Human Nasal Cells in Continuous Culture.* I. Establishment of Two Lines

of Epithelial-like Cells.
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The widespread application of tissue culture
techniques to the study of the behavior of
both malignant(1-3) and normal(4,5) human
cells, and the use of such cells for the propa-
gation of viruses(6-8) has resulted in the es-
tablishment of a number of strains of epi-
thelial or epithelial-like cells in continuous
culture. The present report describes the
establishment of 2 lines of such cells from
normal nasal mucosa in the search for tissue
capable of supporting the growth of common
cold viruses.

Material and Methods. The cultivation
procedures were similar to those used by
Chang(4) and to those used in this laboratory
for the growth of HeLa cells(9). Nasal mu-
cosa obtained at the time of elective surgery
was minced and embedded in plasma clots in
18 X 150 mm roller tubes. Media. Homolo-
gous serum obtained from each donor was used
to make growth fluid, as follows: 35% human
serum, 5% chick embryo extract, and 60%
Hanks’ balanced salt solution. Final process-
ing of the chick embryo extract included
freezing and thawing twice followed by cen-
trifugation at 18,000 rpm for 30 minutes. It
had been stored at —20°C for 5 months prior
to use. Penicillin and streptomycin were
added to the growth fluid to give concentra-
tions of 100 units and 0.1 mg per ml, respec-
tively. Later, the media consisted of 40%
of pooled human serum and 60% Hanks’ so-
lution with 5 units of polymixin B plus peni-
cillin and streptomycin. For subcultivation,
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0.1% trypsin was initially used to make cell
suspensions, and 0.1 ml of 1% soya bean
trypsin inhibitor was added per ml of medium.
Following the establishment of sheets of epi-
thelial-like cells in stationary flasks and bot-
tles, 0.5% versene was substituted for the
trypsin(10), and the inhibitor omitted. To
prepare the versene 2.5 g of ethylene diamine
tetra acetic acid was added to 500 ml of NaCl,
the solution alkalinized with 5% NaHCOs,
and autoclaved. Measurements. Certain char-
acteristics of the cells were measured as fol-
lows: Size was determined using stained prep-
arations and living sheets in 24-hour-old
tubes; the dimension of 100 cells in the plane
of the scale was measured with an ocular
screw micrometer. Growth was measured by
adding 25,000 cells to each of 30 tubes and
counting the number of cells in 4 of these
tubes at 24 hour intervals. Details of the
comparison of effect of trypsin and versene
on growth rates constitute part of another
study (10).

Luxuriant outgrowth was obtained with tis-
sues from 2 of 4 donors, a 17-year-old female
(DMB) and a 32-year-old male (DHov), and
the subsequent behavior of these outgrowths
was quite similar.

Experimental. DMB strain (Fig. 1). The
ciia on the mucosal explants continued to
beat actively for 7 days, but no cilia were
observed on the outgrowth of new cells that
became visible in 4 days. Nearly all of the
cells that appeared and spread over the sur-
face of the tube resembled fibroblasts, al-
though occasional round cells and flat cells
were observed in the cultures. After 24 days,
the sheet of cells was trypsinized and new
roller tubes and some small stationary tubes
were made. The small tubes were used for
virus studies(11), and the large tubes sub-
cultured after 8 days. Again, the cells of the
sheets which formed resembled fibroblasts.
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Figs. 1 and 3. Number above the arrow indicates number of days between events; number
below the arrow indicates cumulative number of days since tissue was explanted.

However, 8 days following the third subcul- 2). The cells of this island filled the space
ture and 52 days from the date of the original between the fibroblasts in an additional 14
explant (Fig. 1) an island of epithelial-like days, producing a macroscopically visible mass
cells was noted among the fibroblasts (Fig. of tissue. The island was then dissected from

FIG. 2. A. Island of DMB cells which appeared 52 days after original explant. Photographed
on 56th day. B. 24 hr culture of DMB cells; X 100. C. 4 day eulture of DMB ecells; X 100.
D. DMB cells stained with EA;; X 84.
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the sheet in the roller tubes, trypsinized, and
the cells resuspended in growth fluid contain-
ing chick embryo extract. The sheet of epi-
thelial-like cells which formed within a week
was removed to make 2 roller tubes. Subse-
quently, cells from these tubes were trans-
ferred to T;; flasks, then to Tgo flasks and
small prescription bottles. The DMB strain
has been maintained through more than 50
subcultures for over a year.

DHov strain (Fig. 3). The outgrowth from
these explants also consisted predominantly of
fibroblasts, but more round and polygonal
cells were evident in among the elongated
fibroblasts. In 1 of 6 original tubes, an area,
not a discrete island, of the cellular sheet
seemed to consist predominantly of epithelial
cells. After 23 days, an attempt was made to
remove this area, but the resulting subculture
again consisted predominantly of fibroblasts.
However, following a third subculture in a
different series, islands of epithelial-like cells
(Fig. 4) were noted in 2 different tubes 47
and 50 days from the beginning. These is-
lands filled the gaps between the fibroblasts
in 10 and 12 more days, and were then re-
moved, trypsinized and resuspended in growth
fluid containing embryo extract. Sheets of
epithelial-like cells formed in 11 and 14 days.
Cells of this strain have also been maintained
through more than 50 subcultures for over
a year.

Characteristics of cells. As cultivation of
the DMB and DHov strains continued, the
interval between subcultures could be short-
ened because of the rapid formation of com-
plete sheets. Chick embryo extract was omit-
ted from the feeding fluid, but rapid growth
rates continued, and were similar to those for
HeLa and Detroit 6 cells in the same medium
(10). At 2 days, the number of cells had in-
creased 2X; at 3 days, 4X; at 4 days, 6X;
at 6 days, 10X. As with the cells of malig-
nant origin, tubes ready for use in 24 hours
can be produced by adding 60,000 cells per
tube. Both strains are quite active metabolic-
ally, and require daily growth fluid changes.
Mechanical disruption alone, satisfactory in
the case of HeLa cells, did not produce good
cell suspensions because of the tendency of the
nasal cells, particularly the DMB strain, to
clump. A § minute exposure to versene effec-
tively removed the sheets and separated the
cells(10). With versene, 98% of the cells
observed in the hemocytometer were single
cells. A maintenance fluid(12) used for HeLa
cells has been satisfactory for the propagation
of viruses in these nasal cells. The DMB
strain holds better than the DHov strain and
even better than Hela cells. No truly satis-
factory maintenance medium for DHov cells
has been found. The titers of viruses, includ-
ing poliomyelitis viruses, grown in HeLa cells
are essentially the same in DMB, DHov, and
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FIG. 4. A. Island of DHov cells which appeared 50 days after original explant. B. 24 hr cul-
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tures of DHov cells; X 50. C. 4 day culture of DHov cells; X 100. D. DHov cells stained
with EA;; X 84.

HelLa cells(11).

Although both strains were derived from
nasal mucosa, the cells of the two lines differ
morphologically. DMB cells (Fig. 2) are
broad, flat, pavement-like cells. DHov cells
(Fig. 4) are narrower, more elongated, angu-
lar and pointed, and a number of small round
cells are persistently present. These differ-
ences in shape were readily apparent on in-
spection of the cultures although the cell sizes
were similar, DMB cells measured as fol-
lows: Stained, 16 to 105 u with average di-
ameter of 36 u; living, 16 to 88 u with average
diameter of 44 u. DHov cells measured:
stained, 13 to 101 px with average diameter of
36 p; living, 16 to 135 u with average of 41 u.
As would be expected from the growth rates,
many mitotic figures are seen in active cul-
tures.

Cover slip preparations stained with EAj,
a polychrome stain used to bring out nuclear

detail, were examined by Dr. James W.
Reagan,t a cytologist who has studied the
morphology of malignant cells for a number
of years. He reports that both DMB and
DHov cells exhibit the following character-
istics: cellular pleomorphism and gigantism,
multinucleated cells, nuclear enlargement,
variation in nuclear size and shape, altered
chromatin patterns, large chromocenters, mul-
tiple nucleoli, macronucleoli, variation in nu-
cleolar shapes, and abnormal mitoses. Dr.
Reagan states that these are the morphologic
features of malignant cells.

Cell suspensions therefore were injected into
the anterior chamber of guinea pig eyes(13)
and into the cheek pouches of cortisonized
hamsters(14,15). No growth of tumor oc-
curred in the guinea pig eyes, but since HeLa
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cells similarly inoculated failed to grow, these
results are of no significance. The hamsters
have been followed for 7 weeks without the
appearance of tumor nodules. No human
transplantation studies have been done.

Discussion. The delayed appearances and
subsequent rapid growth of epithelial-like cells
in roller tube cultures of nasal mucosa have
also been observed by Feller(16). The most
logical explanation would seem to be that
these cells were always present in the cultures,
and eventually, for reasons unknown, were
able to outgrow the fibroblasts and establish
themselves. Subcultivation of the fibroblasts
was continued in the same 40% human serum
medium, but the fibroblasts of both lines
failed rapidly after 60 days, and could not be
maintained in continuous cultures. Chang(4)
has discussed the possibility of chick embryo
extract being the source of epithelial-like cells.
The 2 cycles of freezing and thawing followed
by ultra-centrifugation and storage make the
presence of viable cells in the extract ex-
tremely unlikely. Further, as pointed out by
Chang(4), the susceptibility of the cells to
poliomyelitis virus indicated that they are of
human and not of chick origin.

The emergence from normal tissue of cells
with the cytologic characteristics of malignant
cells has been reported in the past, and the
implications of such an observation are many.
Since normal mouse or rat fibroblasts can be
transformed in tissue culture into malignant
cells capable of producing sarcomas in the
animals of origin(17-19), it is reasonable to
assume that cells of human origin are capable
of such transformation. Indeed, a recent re-
port describes the transformation of normal
human fibroblasts into bistologically malig-
nant tissue in vitro(20). Tt is believed that
the DMB and DHov strains are epithelial, or
certainly epithelial-like, cells, but at present
the only evidence that these cells are malig-
nant is their morphologic characteristics. The
behavior of other epithelial cells(4,5) derived
from normal tissue suggests that they may
have similar properties. If malignant trans-
formation of these and other strains can be
demonstrated-—and this will require the estab-
lishment of new criteria for malignancy—
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tissue culture will become an increasingly im-
portant tool for studying the origin and me-
tabolism of cancer cells(21,22).

Summary. Two strains of epithelial-like
cells derived from normal nasal mucosa have
been maintained through more than 50 con-
tinuous subcultures for over a year. Both of
these strains now have rapid growth rates,
and exhibit the morphologic characteristics of
malignant cells.
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