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Preparation of
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Enzymatic treatment of cells, developed (1)
for routine passage of cells in continuous cul-
ture, has been employed widely for primary
dispersion of cells from tissue. While parts
of some tissues, notably renal cortex, are dis-
persed readily by application of trypsin, other
tissues are more or less refractory. Conse-
quent restriction of cell types that can be dis-
persed efficiently by trypsin from tissue ham-
pers in vitro study of some viruses, compari-
son of virus susceptibility of cells in vivo and
in primary culture, and direct clonal deriva-
tion of cell lines from tissue. This paper de-
scribes the use of collagenase for preparation
of primary monolayer cultures of lung, a tis-
sue usually poorly dispersed by trypsin, for
study of influenza viruses.

Materials and methods. Solutions included
a) GKN (solution of glucose, potassium
chloride and sodium chloride in concentrations
appropriate to Hanks’ solution)(2); b)
Hanks’ balanced salt solution brought to pH
7.4-7.6 with sodium bicarbonate; and c¢) nu-
trient medium containing 20% serum of the
same species as the tissue cultivated in YEM
(3) with penicillin and streptomycin added to
final concentrations of 50 units and 100 pug
per ml. Tissues were obtained as a) human
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and swine lungs from fetuses aged approxi-
mately 80 (14 cm) and 70 days respectively,
and b) lung from an adult American Dutch
rabbit about 250 days of age. Fetal swine
lungs were obtained from miniature swine de-
veloped for research(4), and from sows ran-
domly selected at an abattoir (by kind coop-
eration of Dr. Eldon G. Hill of the Hormel
Institute, Univ. of Minnesota). Animals
were opened aseptically and lung or other tis-
sue removed to sterile Petri dishes containing
about 2 ml of Hanks’ solution. Enzymes in
GKN were sterilized by passage through Selas
#02 filters. Collagenase (Worthington Bio-
chemical Corp., Freehold, N. J.) was prepared
in stock concentration of 0.1% for use as 100
pg per mi (0.01%); trypsin as Difco Yeasto-
late was prepared in stock concentration of
20 mg per ml (2.0%) for use as 2 mg per ml
(0.2%). Preparation of dispersed cell sus-
pensions. Lung tissue was minced into 1-2
mm fragments cut by crossed scalpel blades
handled like scissors; portions of bronchial
tree separable from parenchyma were dis-
carded. Fragments were rinsed repeatedly
with Hanks’ solution to remove erythrocytes,
transferred to a screw-capped flask containing
a Teflon-covered magnetic stirring bar, cov-
ered to an approximate depth of 30 mm with
collagenase solution, and incubated for 10 min
in a water bath at 37°C. Flask contents then
were agitated by magnetic stirring for 2 hours
in a 37°C incubator. An essential precau-
tionary measure to prevent cell damage from
heat was the insertion of an inverted Petri
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TG, 1. Seven-day primary eulture of poreine lung digested with trypsin; outgrowth exten
ing from tissue fre
LG, 2. Four-day primary ewlture of porcine lung dispersed with collagenase. X120,
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plate between flask and the Magnestir plate
(Labline Tnc., Chicago). After this treatment,
usually sufficient to disperse the fragments,
the resulting cell suspension was filtered
through 4 layers of sterile gauze, sedimented
at 20 x g for 6 minutes, separated from super-
natant fluid and resuspended directly in nu-
trient medium. Fetal kidney cell suspensions
were prepared similarly; collagenase dis-
persed both cortical and medullary tissue.
With blood-engorged tissue, collagenase treat-
ment was preceded by agitation of tissue frag-
ments with trypsin for 2-10 hours at 5°C.
After trypsin treatment, supernatant tluid was
discarded from settled fragments and collage-
nase treatment carried out as previously de-
scribed. Initial trypsinization reduced con-
centration of erythrocytes in the cell suspen-
sion, and reduced fragment size to facilitate
more efficient collagenase action. Monolaver
primary cell cultures were prepared from cell
suspension in nutrient medium diluted to con-
tain 10% cells per ml according to hemocy-
tometer count(5) or diluted 1:150 according
to packed cell volume(6). Screw-capped 16 x
125 mm culture tubes or 200 ml rectangular
bottles were seeded with 1.0 ml or 10 ml
amounts of suspension, respectively. After
preliminary incubation at 37°C for 24-48 hrs,
cultures were rinsed and the nutrient medium
completely renewed. After 1-4 days of addi-
tional incubation, cell monolayers were ready
for use. Subsequent dispersal of cells for
transier was accomplished by trypsin treat-
ment. "
Results.  Adult or fetal lung tissue was
found refractory to treatment with 0.2% tryp-
sin in GKN or Hanks' solution. Agitation
with trypsin at 37°C or overnight at 5°C,
commonly sufficient to disperse monkey kid-
ney tissue efficiently, produced fragments of
lung about 0.2-2.0 mm in size. These course
dispersions  yielded short-lived outgrowth

(Figs. 1, 3). In contrast, collagenase digested
lung completely to liberate cell suspensions
generating healthy monolayers in primary cul-
ture. After 3-4 days of incubation, monolay-
ers were confluent and ready for use in virus
studies (Figs. 2, 4). Unlike primary cultures
prepared from trypsinized tissue, cells from
collagenase-dispersed suspensions were readily
passed by conventional trypsinization. Con-
tinuous cultures are shown in the 5th to 9th
passages (Figs. 5, 6, 7). Cells in continuous
swine lung cultures have the morphological
appearance of mesothelial cells, while those of
rabbit lung cultures appear more fibroblastic.
Human lung in primary culture appeared to
contain a mixture of fibroblastic and epi-
thelial cell types; after 9 serial passages, cells
appear uniformly epithelial. Effectiveness of
trypsin and collagenase for dispersion was
compared also with adult and fetal kidney tis-
sue. Medullary tissue proved refractory to
trypsin digestion but not to collagenase treat-
ment.

Discussion.  Commercially prepared col-
lagenase was found an effective dispersing
agent for preparation of monolayer primary
cultures from lung and renal medulla, as ex-
amples of tissue difficult to disperse efficiently
with trypsin. Cultures of lung tissue were of
particular interest for study of influenza vi-
ruses.

Methods for dispersal of cells from tissue
or culture monolayers have been instrumental
in advancement of cell culture technics for
study of viruses. Trypsin and versene have
been widely and successfully employed for dis-
persion of embryonic or adult soft tissue, or
cultures(1.7). Tissues relatively rich in con-
nective tissue, however, have been difficult to
disperse with trypsin(8). Since collagen
fibers are basic elements of most types of con-
nective tissue, collagenase was attractive as a
dispersing agent. Lasfargues(9,10) obtained

FI1G. 3. Two-day enlture of trypsin-digested poreine lung. X40.
FIG. 4. One-day culture of collagenase-dispersed porcine lung. X 40,

FIG.

5. Yive-day culture of porcine lung cclls in 5th serial passage by frypsin dispersal,

from primary culture prepared from collagenase-treated lung., X120,

FLG. 6. Six-day culture of human lung ecells in 9th serial passage by frypsin dispersal, from
primary culture of collagenase-treated lung. X120,

FIG. 7. Six-day culture of rabbit lung cells in Gth serial passage by trypsin dispersal, from
primary culture of collagenase-treated lung. X120,
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short-lived cultures fromy parenchymal frag-
ments of mouse mammary gland released by
exposure to collagenase. The present studies
employed glucose-potassium chloride-sodium
chloride solution as diluent for collagenase
rather than Hanks" or other such phosphate-
buffered solutions, because the enzyme has
been reported unstable in phosphate buffer
(11). Present experience indicates that the
commercial enzyme in stock solution is stored
better at 5°C than frozen, and that best re-
sults are obtained when enzyme solutions in
GKN are prepared shortly before use. Al-
though prior digestion of lung tissue with
trypsin often was advantageous to reduce
erythrocyte contamination, well dispersed cell
suspensions were prepared with collagenase
alone. The purified bacterial enzyme as com-
mercially prepared may include sufficient pro-
teolytic enzyme, in addition to collagenase, to
separate cells released from collagen-contain-
ing stroma. Use of collacenase(12) to re-
lease cells in quantity from tissue parenchyma
extensively interlaced with connective tissue
can be expected to make available new cell
types for diagnosis of viral infection, for wider
study of virus-host cell relationships, and for
new sources of virus vaccine. Use of the en-
zyme makes available a convenient system for
study of swine influenza virus, in particular,

Mammalian Cell Cultures for Study of Influenza Virus.
Propagation.*

IN Lung CULTURES

since porcine fetal lung together with a sup-
ply of serum can be obtained from local abat-
toirs.

Summary. Primary monolayer cultures of
human, rabbit and porcine fetal and adult
lung were prepared conveniently by dispersion
of tissue with commercially available collage-
nase in phosphate-free salt solution.
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Cells easily dispersed from continuous cul-
tures or from particular tissue sources such as
kidney and amnion are the mainstay of cell
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culture procedures for detection and assay of
viruses and antibodies. For specific study of
host-cell relationships, however, it is desirable
to work with primary and/or continuous cul-
tures of cell types known to be affected in
vivo. This paper describes susceptibility to
human and swine influenza viruses of primary
cultures of cells released from lung paren-
chyma by treatment with collagenase.
Materials and methods. Cultures of hu-
man, rabbit and porcine lung, and whole por-



