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At the time of our first progress report (9/78) , we listed 

the objectives of this research as follows:

1) development of a means of isolating type II cells 
from the mouse lung in a reproductively intact 
condition,

2) growth of these cells in monolayer culture,

3) serial propagation of these cells,

4) production of transformants iri vitro by the 
addition of carcinogens to the cultures,

5') induction of transformation in_ vivo followed by 

assay in_ vitro .

6) verification of the tumorgenic potential of the 
transformants by analysis of their quantitative 
and qualitative characteristics,

7) quantitation of the i_n vivo and in vitro trans
formation process, and

8) comparison of the quantitative aspects of the 
two systems with each other and with i_n vivo 
tumor yield patterns.

Based on our progress during the past year we would like to add 

two additional objectives.

9) extension of #1-4 to include human lung cells, and

10) extension of this approach, on a limited scale to
include iri vitro analysis of : J11 radiation 
carcinogenesis in thyroid cultures.

IVe report below our progress on each of these objectives, including

9 and 10, which has prompted their inclusion in our overall research

plan .



rfl - Cell Isolation - The first method we developed for 

isolating epithelial cells from the mouse lung involved aseptic 

mincing of the lungs, followed by mild trypsini zation , and then 

a series of platings to remove the contaminating fibroblasts. The 

resultant cell suspensions were finally plated in .flasks and 

90-95% of the resultant cultures remained epithelial and useful 

for carcinogenesis experiments.

Although useful as a preliminary method, this use of repeated 

plating was not only removing the contaminating fibroblasts, it 

also was reducing our epithelial cell yield. We therefore 

continued development of this method and studied two biochemical 

means of isolating the epithelial cells. The first was based on 

the fact that fibroblasts lack D-amino acid oxidase. Using as 

before, modified Waymouths medium (Table 1), we replaced the L - 

valine with D-valine, and removed the L-valine from the PCS by 

dialysis. The only type of valine present is, therefore D- 

valine, which can be used by epithelial cells but not by fibroblasts.

The second biochemical approach has involved replacement of 

L-arginine with L-citrulline, again a procedure with s e l e c t i v e l y  

inhibits fibroblastic growth. By either procedure, one obtains 

relatively pure cultures of epithelial cells, and the cell yield 

rises to 2-5 x 10^ cells per mouse lung. During the first week 

after plating relatively rare fibroblasts are observed and those 

which are present slough or remain quiscent.

Figure 1 is a series of phase contrast micrographs of the 

cultures we have been studying. Figure 1A is a view of the 

original cell population plated and Figure IB is a higher power



view of the fibroblastic cells ’’balling-up" just prior to 

sloughing. Figure 1C shows fibroblastic overgrowth in a culture 

containing complete Waymouths medium, i.e., in which neither 

method of biochemical starvation was employed, Figure ID is 

of a culture maintained in L-citrulline supplemented medium, 

and shows a clear epithelial morphology in contrast to Figure 

1C. Figure IE is a photo of murine lung epithelial cells 

maintained in D-valine medium, and Figure IF is of similar cells 

from the human lung. We will return to the human cells in a 

subsequent section, but it should be noted that murine cells 

apparently do not show the same morphology in L-citrulline 

(Figure ID) and D-valine (Figure IE) medium. In fact, the two 

morphologies are observed in both types of medium, but the more 

common appearance in each is as given by the Figure.

At present, we cannot say whether these cultures involve 

only one cell type with physiologic differences in morphology or 

multiple cell types. All attempts to clone these cells have 

been unsuccessful. Biochemical analysis of mass cultures has 

demonstrated two points, however; the LETS (large, external, 

transformation sensitive) protein, which is characteristic of 

fibroblasts, is not present in these cultures (Figure 2), but 

the cultures contain a membrane component identical to that 

observed in the Line 1 lung carcinoma, a highly malignant BALB/c 

tumor derived from the type II alveolar cell.

Attempts to separate the mass cultures by centrifugal 

elutriation in such a way that mass cultures could be established



from each putative sub-population h a v e , thus far, given negative 

results. The cell suspensions have been separated prior to 

plating into at least two fractions, fibroblasts and epithelial 

cells, but we have not yet been able to resolve subpopulations 

within the epithelial fraction.

We intend to pursue both the D-valine and L-citrulline 

methods, with the goal being selection of the method which yields 

most consistent results in our carcinogenesis assays.

#2 Growth of Epithelial Lung Cells - Three methods have been 

used to establish that these derived epithelial cultures are in 

fact growing in monolayer: cell counts versus time, DNA

synthesis and time estimations from plating to confluency.

Repeated observations of individual fields readily demon

strate that the derived cells are dividing in culture, but such 

data is difficult to quantitate, and may not be reflective of the 

population average. To provide a better estimate of the growth 

of these cells, we either trypsinized the cultures and counted 

the derived cell suspensions or counted the attached cells in 

randomly selected fields for a period of 14 day's.

The former method produced highly erratic results (Figure 3), 

which although suggestive of an increase in cell number with time 

could hardly be used for quantitative purposes. This was even

tually traced to the fact that mild trypsinization left a 

significant and variable number of cells attached to the plates. 

These studies were repeated with more vigorous procedures, but 

again, the data suffered from high cell losses associated with 

the procedure. This forces us to use the cell, number per field



was chosen to provide exposure as early as possible after explant 

in order to maximize the similarity of the cultured cells and 

the cells in_ v i v o . Alternate protocols are discussed below.

As mentioned in last years progress report piled up foci 

(morphologic transformants, domes, etc) appear within 8 days 

after carcinogen treatment (Figure 5), and these can be scored 

readily, after staining, with the naked eye (Figure 6),

Variation in morphology is apparent but we have not as yet been 

able to verify that these variations represent anything more than 

physiologic differences.

As will be shown below, the system yields quantitative data, 

at least in vitro, provided a rigid set of known variables are 

taken into account, and, the possibility must be entertained that 

unknown factors are also operative. As an example, for a period 

of seven weeks, none of the experiments which were set out (N= 23) 

produced any evidence of morphologic transformation. After re

examining our procedures in detail, we discovered that the trans

formants were indeed being produced, but were floating off the 

monolayers and forming floating multicellular tumor spheroids. 

Reduction of the FCS concentration to 10% corrected this problem.

The fortunate aspect of this system is that failures are 

al1 - or - none and are discovered within 8 days. Due to an error 

on the part of an investigator, who is no longer with the program, 

the carcinogen MCA, was inadvertently inactivated prior to a 

series of experiments, yielding an exceptionally large control 

studv. Biasing against ourselves by counting all suspect control 

transformants as being positive, we observed a maximum of 2



transformants per flask and an average of 0.09+0.02 in a series 

of non - carcinogen treated flasks (N=97) .

In summary, morphologic transformants have been induced in_ 

vitro from both murine epithelial lung tissues and from human 

epithelial lung tissues (see be low) . The relationship of these 

morphologic transformants to cancer is discussed in section #6.

rr 5 - Induction of Trans formants I n Vivo - During the past 

year, we have treated two types of mice, A/J and BALB/c, with 

two types of carcinogens, MCA or D M B A , and harvested the 

epithelial cells from their lungs 1, 7 or 14 days later. With 

the exception of the 1 day time poi n t , morphologic transformants 

have been produced in all cases. We have not yet used variable 

doses for the construction of dose reponse curves, but our 

treated vs. control data are presented in Section 7.

Comparison of the A/J (sensitive to chemical lung carcino

genesis) and BALB/c (moderately resistant to chemical lung car

cinogenesis) has suggested a greater yield of transformants in 

cultures derived from A/J mice than for those from BALB/c. Our 

data are not sufficient as yet to make conclusions, however, 

especially since the two types of cultures differ in plating 

efficiency, morphology, etc.

r6 - Tumorigenic Potential of Morphologic Transformants 

The transformants observed in carcinogen - treated cultures do 

not necessarily persist as discrete foci for prolonged periods 

but can detach and re - seed in other areas or migrate radially 

and form less compact islands. In order to determine the tumor-



igenic potential of these transformants, we have attempted a 

variety of means of isolating them. Clonal isolation techniques, 

including colony picking and micro - rings, have allowed them to 

be isolated but they fail to grow upon cultivation as discrete 

clones in standard tissue culture plates, on feeder layers of 

irradiated fibroblasts, or in immunosuppressed mice. We believe 

that these results are the product of the time dependent acqu

isition of a series of malignant characteristics. This is not 

unexpected from the experience of others, but it does pose a 

problem for establishing that the observed morphologic trans

formants are the precursors of the tumorigenic cells described 

bel o w .

We are presently attempting to devise methods which would 

stabilize the transformants such that they would persist long 

enough to allow acquisition of those properties which would allow 

clonal isolation. As an example of this approach, w e .are 

currently overlaying the cells, immediately after removal of the 

carcinogen, with agar (0.33-0.501) in the hope of developing 

physically restricted transformants. At present, foci have 

developed which grow into the agar but no data are available on 

their susceptibility to clonal isolation.

Lacking an appropriate method for studying individual trans

formant isolation, we have concentrated on assaying the tumor- 

igcnic potential of the mass culture. Between one and two months 

after treatment, the cultures become overridden with large 

numbers of apparently malignant cells. These cells appear to 

overtake the remaining normal cells and account for > 90% of the



cells by month 2-5, Cultures harvested less than four months 

after exposure have not as yet produced tumors in either nude or 

syngeneic m i c e . They do, however, contain cells which can grow 

in soft agar and which can produce multice1lular tumor spheroids. 

Figure 7 is a plot of the growth of MTS derived from a mass 

culture of A/J cells which had been exposed to 0.1 yg/ml of MCA 

two months earlier. We have established elsewhere that normal 

cells in general do not form spheroids and verified this for 

epithelial cells from the lung and for epithelial lung cell 

cultures. The fact that the MTS derived from treated cultures ■' 

can grow in this system indicates that the cells h a v e , or will 

shortly acquire, tumorigenic potential.

Due to the prolonged periods required to perform these 

experiments, we decided to test the mass cultures for tumor- 

igenic potential as soon after treatment as possible. To date, 

none of the cultures which have been tested 4 months or less 

after treatment have produced tumors (maximum observation period 

of ISO days). Two treated cultures were tested at 6 months, one 

an A/J which was transplanted into nude mice, and the other a 

BALB/c transplanted into syngeneic m i c e . The A/J culture 

produced a poorly differentiated adenocarcinoma in one of the 

nude mice, and the other nude mouse died from a gastrointestinal 

infection. The BALB/c culture produced an adenocarcinoma in 1 of 

5 BALB/c injected, at a relatively low cell dose of 10^ cells.

In summary of this section, early appearing morphologic 

transformants have not yet been shown to possess malignant 

notential in vivo or in vi t r o , but mass cultures after treatment



with carcinogens, do gradually acquire the ability to grow in 

soft agar, to produce multicellular tumor spheroids, and to 

produce tumors in mice, all of which are correlates or direct 

evidence of true malignant transformation.

s 7 - Quantitation of Morphologic Trans formati on <- Following 

development of the methodology for growing epithelial lung cells 

and for inducing morphologic transformation of them, we considered 

it necessary to establish that a dose response curve could be 

constructed relating yield of transformants to carcinogen dose.

In Figure 8 are plotted the yield of transformants or domes per 

treated flask versus the concentration of MCA they were exposed 

to for 48 h o u r s . Three separate experiments are included. Over 

the concentration range studied, the yield per flask is a linear 

function of log MCA concentration. The repeatability of the 

system appears quite good, but it should be noted that the data 

are expressed on a per culture or per 7 x 103 cells exposed 

basis. We cannot estimate cell survival directly, due to the 

density dependency for growth of these cells. From analyses based 

on the relative rates of DMA synthesis, however, we would estimate 

that 83% of the cells survive a 1 pg/ml exposure and 55% survive 

5 pg/ml. Correction for cell death (i.e. , expressing effect in 

terms of transformants per survivor) would increase the slope of 

this curve, making it curvilinear upward.

As mentioned above, we have not performed graded dose studies 

in the in vivo system, but the data available for DMBA and MCA 

suggest (Table 5) that A/J is more sensitive than BALB/c, subject 

to the qualifications noted above. If confirmed this would

- 1 0 -



establish a correlation between in_ situ sensitivity and sensitivity 

in our system.

:8 - Comparison of Systerns - Since it would serve no useful 

purpose to set out long term intact animal experiments for 

comparison with a system which did not w o r k , we have postponed 

these studies until n o w , i.e., we now know that such a comparison 

would prove useful, since the In vitro and the hybrid in. vivo/ 

in vitro system do w o r k . We intend to do two types of studies in 

the intact animal, 6 -month sacrifice studies and limited lifespan 

studies. These experiments are detailed in the proposal.

H9 - Extension Of These Studies To Human Lung Tissue - 

During the past year we have been receiving surgically derived 

samples of lung tissue for studies on metabolism of radioprotective 

drugs and for establishment of human tumors as multicellular 

tumor spheroids. Two of the samples received were from patients 

who had suspect tumors which turned out to be granulomas. Both 

of these were handled as above, except the enzyme used for dis

sociation was dispase or neutral protease. This enzyme is far 

less cytotoxic than trypsin in this system but lacks the mitogenic 

activity of trypsin. This enzyme is being studied further under 

section 1.

As shown in Figure IF, we were able to establish monolayer 

cultures from both of these samples, and exposed each to graded 

doses of M C A . No morphologic transformants had appeared in the 

first sample when it was lost to a massive contamination at 3 

months. The second sample has been retained in our laboratory, 

at the time of writing for 10 months. Control cultures

- 1 1  -



degenerated between 4 and 5 months after plating and resisted 

all attempts to rejuvenate them. The treated cultures, however, 

took on a pre-malignant appearance at 5 months and eventually 

developed foci. Between the 6th and 8th months after treatment, 

we harvested the cultures and demonstrated that the derived cells 

could grow in soft agar and form multicellular tumor spheroids. 

These spheroids failed to grow, however. Likewise, none of the 

nude mice transplanted with those cells have developed tumors as 

yet. Based on our experience in mouse systems, we are now 

maintaining these cultures and expanding them, in the hope of 

eventually being able to establish their malignant potential,

#10 - Effects of Radioiodine on Thyroid Gland Tissue and 

Cells

The effects of radioiodine on the transformation of thyroid cells 

in vivo and in vitro are under investigation. a mixed beta,

gamma emitting isotope, is being used. Thyroid gland cells have 

the capacity to accumulate ■'-*^1 thus the resulting radiation is 

produced internally.

In preliminary studies the dose in rads to the thyroid 

gland of Fischer rats resulting from the injection of various 

amounts of has been determined. The time course of ac

cumulations by the thyroid glands of various amounts of injected 
1 51 I is shown in Figure 9. The total dose to the thyroid gland 

in each case over the total time period was calculated from the 

areas under each curve and ranged from 55 rads to 20,291 rads 

(Figure 9).



Two weeks after radioiodine injection groups of animals 

treated as those in Figure A were given methylthiouracil in their 

drinking water for a period of three months to stimulate 

secretion of thyroid-stimulating hormone. Six months after the 

start of the experiment the animals were sacrificed, their 

thyroid glands were removed, weighed and dispersed into cell 

suspensions and cultured iii vitro. These cells will eventually 

be implanted into Fischer rats to check for tumor production,

A gradual reduction in thyroid gland weight was observed with 

increasing dose of radioiodine (Table 4).

A second aspect of the project involves attempts to produce 

cell transformation by adding radioiodine to Fischer rat thyroid 

gland cells cultured in vitro. The uptake of radioiodine by 

these cells with time is shown in Figure 10. The total dose in 

rads to the cells was calculated and ranged from 652 rads to 

50,624 rads (Figure 10). These cells were maintained in culture 

for fixre months. Thyroid-s timulating hormone was added to the 

culture medium throughout this time period. The cells were 

harvested after five months and injected subcutaneously into 

weanling-age Fischer rats. These implanted rats will be checked 

periodically for evidence of tumor production.

The dose in rads to the thyroid glands in vivo or to the 

thyroid cells in culture is linearly related to the amount of 

radioiodine administered (Figure 11), Since the data points 

for the in vivo and in_ vitro systems fall on the same line it is 

hoped that the effects of the radiation dose will be comparable 

in the two systems. If this is the case then the in_ vitro system



may be a good model for further studies of radiat ion - induced 

transformation of cells,



I

Table 2. Indicators of Growth of Epithelial Lung Cells in Mono

layer Culture.

Cells Plated 24-hr "’H -TdR Incorporation
45 x 104 1000+20 cpm

1.5 x 105 24,200+501 cpm

2.4 x 105 43,200 +540 cpm

Cel Is Plated Time To Confluency3

1 - 3 x 105 3-4 weeks

4 - 6 x 105 2-3 weeks

7 - 9 x 105 1-2 weeks

4
a - based on once weekly observations; saturation density 'c 10

4 7to 5 x 10 /cm".

-lb-



Table 5. Yield of morphologic transformants in vitro following 

in vivo injection of MCA or D M B A .

Strain

A/J

Carcinogen*

None

MCA

DMBA

Yield

4x10

5.9x10

2.8x10

, Morphologic 
P . E . Transformants

7%

4

5

None

MCA

DMBA

7

7

7

4-7x10

2-6x10

4-5x10

j ~ 'O

1-7%

5-7%

0

8-17

10-31

BALB/c None

MCA

DMBA

0 . 9x10'

1 . 4x10'

0.7x10

2 %
5%

3%

0

0

0

None

MCA

DMBA

7 1.1-2.5x10

7 3-4.1x10 6

7 1.9-5.6x10

4-5%

1-5%

0-1

3-7

a - MCA = .2 mg/mouse and DMBA = .15 mg/mouse,

h - days post-treatment at which lungs were harvested

c - cells/1ung

d - plating efficiency

c - range of means for three experiments



TABLE 4

E f f e c t  o f  i n c r e a s i n g  d o s e s  o f  r a d i o i o d i n e  o n  t h y r o i d  g l a n d  w e i g h t  i n f i s c h e r  r a t s

M a l e s  F e m a l e s
u C i D o s e  t o  g l a n d  W e i g h t  o f  t h y r o i d  D e c r e a s e  r e l a t i v e  W e i g h t  o f  t h y r o i d  D e c r e a s e  r e l a t i v e
i n j e c t e d  i n Ra d s  g l a n d  i n m g  t o  c o n t r o l s  g l a n d  i n m g  t o  c o n t r o l s

0 0 45.25 ('I) 32.00 (9)

0.2 53 46.20 (7) 31.76 (15)

10 2,539 33.46 (7) 23% 24.41 (15) 23%

25

50

100

5,789 13.99 (7)

11,291 14,13 (7)

20,291 10,63 (7)

59%

69%

711

12.35 (15)

9.01 (15)

9.31 (15)

61%

72%

71%

T h e  n u m b e r  o f  a n i m a l s  i n e a c h  g r o u p  is s h o w n  in p a r e n t h e s e s

18



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Fi gure 

Figure

1. See text.

2. Lactoperoxidase - catalyzed iodination profile for 

three types of cells. A. normal lung epithelial 

cells. B. the Line 1 lung carcinoma (type II 

alveolar cell origin). C. 3T3 fibroblasts.

3. Growth of murine epithelial cells in culture as

estimated by the trypsinization/cell count method.

4. Growth of murine epithelial cells in culture as

estimated by the random field method.

5. Two typical morphologic transformants as they appear

under phase optics.

6. Comparison of treated (2) and control (1) culture

flasks, 8 days after treatment with 0.1 pl/ml of 

MCA.

7. Growth of multicellular tumor spheroids (MTS)

derived from an A/J epithelial lung culture 

which had been treated 46 days earlier with 0.1 

pg/ml of MCA.

8. Yield of morphologic transformants or domes as a

function of the MCA concentration the cells were 

exposed to for 48 hours.

1319. I uptake by thyroid glands in̂  v i v o .

10. uptake by thyroid cells vn v i t r o .
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Figure 11. Radiation dose versus 131I injected or added to

culture.
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Figure 9 THYROID GLANDS IN VIVO

TI HE AFTER I In j e c t i o n
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