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A Culture Strain (LAC) of Human Epithelial-Like Cells from an

Adenocarcinoma of the Lung.
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A number of tissue culture cell lines de-
rived from human tissues have been reported
(1,4). Only two of these cell lines have been
isolated from patients with carcinoma of the
lung and in neither case was the isolation
made directly from the primary tumor. One,
the “Maben” cell, was derived from pleural
fluid of a patient with an adenocarcinoma of
the lung(3), and the other, the Detroit 6 cell,
originated from the bone marrow of a patient
with lung cancer(5). The purpose of this re-
port is to describe the isolation, maintenance,
morphological characteristics and some of the
viral susceptibilities of a cell line (strain
LAC) derived from a human adenocarcinoma
of the lung.

History of cell strain. A right pneumo-
nectomy was performed on a 55-year-old
white man with an adenocarcinoma of upper
lobe of the right lung on Oct. 19, 1955. His-
tologically the tumor was composed of large
areas of undifferentiated carcinoma (Fig. 1)
as well as areas of well differentiated adeno-
carcinoma (Fig. 2). Mucin secretion by tu-
mor cells was demonstrable with Mucicar-
mine, the Rhinehart stain, and the periodic-
acid Schiff reaction after diastase digestion.

Some of the tumor was treated with trypsin
solution according to the method of Young-
ner(6). Another portion was finely minced
and suspended in Eagle’s basal medium with-
out trypsin digestion. Both cell preparations
were then centrifuged and resuspended in a
medium consisting of 40% human serum and
60% Eagle’s basal medium. Aliquots were
placed in 2-oz. prescription bottles.

Results. Within 2 days, groups of cells
were evident on the glass surfaces in all cul-
tures. The cells were elongated and pleomor-
phic and were fibroblast-like in appearance.
They had elongated nuclei with prominent
nucleoli (Fig. 3). Scattered through the cul-
tures were groups of larger irregularly shaped
cells with nuclei containing coarse chromatin

granules and large nucleoli which frequently
had a peri-nucleolar halo (Fig. 4). Cell
growth was not rapid and only 6 subcultures
were made over an 11-week period. Small
colonies of epithelial-like cells were first noted
in the 6th subculture. These cells rapidly
outgrew the slowly multiplying fibroblast-like
cells. In Fig. 5, a culture of these epithelial-
like cells is seen with a large atypical mitotic
figure in center of field. Nuclear pleomor-
phism and hyperchromatism are evident with
several small irregularly shaped nucleoli pres-
ent. Phagocytosis of degenerating cells by
other cells may be seen.

Four cultures of the epithelial-like cells
were preserved by freezing so that they would
be available if the cell line were lost. Preser-
vation of cell cultures was done using a
modification of established technics(7-9).
Glycerol, USP, (sterilized by autoclaving at
10 1b pressure for 15 minutes) was added to
make a 15% final concentration of glycerol.
The stopper was secured to the 2-oz. culture
bottle with masking tape and the cells under
the glycerol-containing medium were allowed
to freeze slowly in a solid carbon dioxide stor-
age chest at approximately —70°C. For use,
the culture was rapidly thawed in a 37°C
water bath with resulting loss of attachment
of the cells to the glass surface. The cells
were then sedimented at 500 rpm for 10 min-
utes in the International, size 2, centrifuge,
the supernatant decanted, the cells resus-
pended in fresh growth medium in a 2-oz. cul-
ture bottle and incubated at 36°C. Cell mul-
tiplication was evident within 24 hours. It
was estimated that 74 to 1% of the cells sur-
vived such prolonged storage.*  Shortly
thereafter all active cultures of the LAC cell
were lost due to a combination of poor cul-

* Other tissue culture cell lines have been pre-
served in this manner (HeLa (Gey), D189 (Leigh-
ton), J96 (Osgood), monkey kidney) for as long
as 18 months.



516 HumaN ApeENocarciNoma CerL Curture (LAC)

tural conditions and bacterial contamination. tained continuous rapid proliferation for over

A culture which had been stored frozen for 14 months. 0.25% trypsin solution was used
3 months was thawed and cultivation was re- to suspend cells for passage. The human se-
sumed. Subsequently the cell line has main- rum content of the growth medium has been

PLATE 1. All photomicrographs are taken at 420 X magnification.

E FI)G 1. Section of primary carcinoma of Jung in an undiffcrentiated area. (Hematoxylin &
osin).

FIG.:2. Section of primary carcinoma of lung with mucin-secreting columnar cells resembling
bronchial type, epithelium. (H & E).

FIG. 3. Fibroblast-like cells in early tissue culturc passages of carcinoma of lung. (Papanicolau
stain). i

FIG. 4. Large .irregularly shaped cells in early tissue culture passages of carcinoma of lung.
(Papanicolau stain). .

FIG. 5. Epithelial-like cells in later tissue culture passages of carcinoma of lung. Note large
.atypical mitotic figure near center of field. (Papanicolau stain).

FIG. 6. Tumor in subcutaneous tissue of cortisone-treated irradiated rat after injection of LAC
cells. Note resemblance to primary tumor in upper left. (H & E).
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TABLE I. Virus Susceptibility of LAC Cell.

Maintenance Cytopath-
Virus medium* Passages ogenesis$ Remarks
Poliovirus—Typel BMEt+4 10% ES} 5 +
Coxsackie B2 Idem 5 +
tRd Ag ” 1 0

Vaceinia ” 5 +

Herpes simplex ? 3 + Isolated direetly from human
“¢cold sore’’

Sendai ” 5 0 Cytopathogenesis on 1st pas-
sage only

Yellow fever BME + 4% ES 0

* Before maintenance medium was added, tubes were rinsed 3 times with serum-free BME.

t Basal Medium Eagle.
{ Horse serum.

§ Titrations of infeetivity were not performed.

decreased to 10% with undiminished rapid-
ity of growth.

Transplantation to rats. It has been pos-
sible to transplant the cell line to cortisone-
treated irradiated rats both subcutaneously
and intraperitoneally with production of tu-
mor nodules(11,12). In the sections of these
nodules in the rat, collections of epithelial
cells with morphologic features of an undif-
ferentiated carcinoma are seen (Fig. 6).
These are similar to the undifferentiated areas
in the primary tumor (Fig. 1). In this re-
gard it is of interest that intracellular mucin
has been found in these tumor nodules in the
rat, and the mucin has the same staining re-
actions as mucin found in the well-differen-
tiated portions of the original tumor from
which the cell line has been derived. It
should be noted that tumor nodules with a
similar histologic appearance and with intra-
cellular mucin-like material have been pro-
duced in rats after injection of HeLa cells.

Susceptibility to viruses. Cultivation of a
number of viruses on the LAC cells was at-
tempted. The viruses used included Mahoney
strain of Type I poliovirus, Coxsackie A9 and
B2t, monkey kidney adapted vaccinia virus,
Sendai virus, and the yellow fever virus (17D
vaccine strain). Since this part of the study
is continuing, a preliminary summary is pre-
sented in Table I.

t Coxsackie A9 and B2 viruses were obtained from
Dr. Alexis I. Shelokov, monkey kidney adapted vac-
cinia virus was obtained from Dr. Joel Warren, and

Discussion. The histogenetic concepts of
the derivation of epithelial-like cell strains
and transformations of fibroblast-like cells to
epithelial-like cells in tissue culture have been
discussed in considerable detail recently (1,10,
13) and will not be considered in this report.

A new tissue culture cell line is in some
ways analogous to a new bacteriologic medium
used for the study of previously uncultured
microorganisms. Such cell strains might sup-
port and indicate the growth of as yet unde-
tected viruses. The use of a tissue culture
cell derived from bronchial type epithelium
would seem to be of special value in attempts
to isolate agents from respiratory diseases.
The viral spectrum of the LAC cell (Table I)
is as yet not sufficiently complete to allow
final evaluation of the usefulness of the cell;
however, further viral studies are now in
progress. - :

Summary. 1) Isolation, maintenance, and
morphological features of a cell strain (LAC)
derived from a human adenocarcinoma of the
lung are described. 2) Preliminary viral
studies indicate that the LAC cell is suscep-
tible to poliovirus, Coxsackie B2 virus, vac-
cinia virus and herpes simplex virus.

The authors would like to acknowledge the tech-
nical assistance of Mr. George D. Gardner and Mr.
Richard J. Low.
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Zollinger and Ellison(1) recently have de-
scribed a group of patients with progressive
recurrent benign peptic ulcerations of the
duodenum and upper jejunum associated with
non-beta cell (presumably alpha cell) adeno-
mas of the pancreas. These patients charac-
teristically have a very high rate of gastric
secretion and resistance to medical and surgi-
cal therapy. Although some of these patients
have coexisting multiple adenomatosis of
other endocrine glands(2) there is no clinical
or laboratory evidence of hyperinsulinism.
Since glucagon is secreted by pancreatic islet
alpha cells which resemble the tumor cell
type, Zollinger and Ellison suggested that glu-
cagon might be the ulcerogenic factor. This
study was designed to determine the effect of
glucagon on gastric motility and secretion
and thus to investigate(3) the likelihood of
this substance being of pathogenic significance
in the peptic ulceration associated with these
bizarre pancreatic tumors.

Materials and methods. Gastric secretion:
Nine adult males (age 29 to 59 years) were
used; 4 of these patients had proven duodenal
ulcer; 3 were diagnosed as psychophysiologic
gastrointestinal reactions; and the remaining
2 patients were hospitalized for minor surgical
problems unrelated to the gastrointestinal
tract. Soon after awakening in the morning
after a 12-hour fast, the patient was placed at
bed rest for approximately 30 minutes before
the experiment was begun. A No. 16 Levine

tube was placed in the stomach and connected
to a constant source of suction (100 mm Hg)
with an intervening trap for collection of gas-
tric secretions. The stomach was emptied and
the initial specimen discarded. Gastric aspir-
ation specimens were collected at 15-minute
intervals during a one-hour control period, at
the conclusion of which 1.5 mg of glucagon*
in 10 cc of saline was rapidly injected by way
of a previously established intravenous saline
infusion in the forearm, and collections con-
tinued as before. The test period was con-
tinued for a maximum of 2 hours longer, or
until the post glucagon infusion secretory rate
approached the pre-infusion control. Venous
blood samples were drawn without stasis from
an indwelling needle in the antecubital vein
and analyzed in duplicate. Capillary blood
was drawn from a finger puncture. Glucose
concentrations were determined by the Nel-
son-Somogyi method(4). The volume and
free hydrochloric acid content was determined
on each 15-minute sample(5). Gastric mo-
tility studies were performed on a series of 8
patients, 4 of whom had proven duodenal ul-
cers, the other 4 serving as normal controls.
Motility was measured by an intragastric bal-
loon attached to a recording device as de-
signed by Hlad. As with the secretory studies,
a one-hour pre-glucagon injection period was

* Kindly supplied by Eli Lilly Co., Indianapolis,
Ind.



