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Differentiation of “Normal” and Neoplastic Cells Maintained in Tissue 
Culture by Implantation into Normal Hamsters.* (23044) 

G .  E. FOLEY AND A. H. HANDLER (Introduced by Sidney Farber) 
Laboratories of Micro biology and Tumor Transplantation, Children’s Cancer Research Foundatwn, 
and Department of Pathology, Harvard Medical School, at Children’s Medical Center, Boston, Mass. 

It is generally accepted that cell lines de- 
rived from normal tissue and those derived 
from neoplastic tissue are difficult to distin- 
guish from one another after maintenance in 
tissue culture ( 1 :2 ) . Experiments were there- 
fore designed to ascertain if biological differ- 
ences between such cell lines could be dem- 
onstrated by application of newer methods of 
tissue culture (3-8) and transplantation of 
tissue culture cell lines to a heterologous 
host (9). Delineation of specific amino acid 
and vitamin requirements of a mouse 
fibroblast(3) and a human carcinoma cell 
line(4) has permitted parallel in vitro culti- 
vation of several additional human and ani- 
mal cell lines deriving from normal and neo- 
plastic tissue( 5-8) in media embodying these 
same minimal requirements supplemented 
with 10% whole serum. Studies with these 
cell lines in vitro have failed thus far to re- 
veal significant biochemical or morphological 
differences between those derived from nor- 
mal and from neoplastic tissue. Similarly, 
studies on susceptibility of cell lines originat- 
ing from normal vs. malignant tissue to cer- 
tain carcinolytic agents( 10) resulted in the 
paradoxical observation that either was 
equally susceptible to a given agent, despite 
the fact that these same compounds exhibit 
selective anti-tumor activity in experimental 
animals. Observations during the past 18 
months on quantitative titration of tissue cul- 
ture cell lines in the cheek pouches of golden 
hamsters(9) suggested that all cell lines do 
not behave similarly in this heterologous host. 
The purpose of this report is to record the 
results of experiments which indicate that 
despite the aforementioned in vitro similari- 
ties, there are significant differences in the 
biological behavior of different cell lines 
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maintained in vitra, and that these differences 
may correlate with the source of the culture. 

Methods. The cell lines studied are 
listed in Table I. These strains were main- 
tained in media prepared as described by 
Eagle(3-5) in which the essential serum pro- 
tein was provided by 10% whole, pooled, hu- 
man serum, except for 4 animal cell lines, 
where serum protein was provided by 10% 
whole horse serum. All of these cell lines ex- 
hibit remarkably similar rates of growth in 
these media, and with the exception of Sar- 
coma 180 and L-929, which are of fibroblast- 
like morphology, resemble one another in 
morphologic appearance. They are best de- 
scribed as “epithelial-like” in the sense that 
individual cells are predominantly polygonal, 
with distinct, intensely basophilic nuclei, and 
their characteristic growth in essentially 
monocellular layers directly on glass surfaces 
gives the appearance of “pavement” epithel- 
ium. The layer of cells growing on the sur- 
face of culture flasks was removed for ani- 
mal experiments by replacing the culture 
fluid in 5-7-day-old cultures with fresh me- 
dia containing Difco ‘( 1 : 2 50” trypsin in final 
concentration of 0.1 25% and incubating the 
flask circa 5 min at 37°C. The cells so dis- 
persed were sedimented a t  5-600 rpm, washed 
2-3 times with fresh medium to remove the 
trypsin and redispersed with gentle agitation 
in appropriate volumes of media. After enu- 
meration by haemocytometer counts, the sus- 
pension of cells was diluted so that the de- 
sired inoculum was contained in a volume of 
0.1 ml of medium. Syrian hamsters, 60-80 g 
in wt were prepared under light nembutaI 
anaesthesia and the desired inoculum im- 
planted under the epithelium of the cheek 
pouch with a 24-gauge needle. Both cheek 
pouches of 6 hamsters were implanted with 
each- inoculum of each cell line and in each 
instance, 3 of 6 hamsters were treated with 
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TABLE I. Titration of Tissue Culture Tiiocula in Unconditioned Hamsters. 

Development of tumors’ 
following implantation 

of cells at : 
Cell liiie Tissue of origin age (moj t 1 x lo6 1 X lo6 1 X lo4 

In vitro 

Sarcoma 180 
KBS 
He1,n $ 
5-111: 

Biopsy, 5-180 in  CFW mice (Foley) 
Biopsy, human, epidermoid carci iioiiia (Eagle) 

Peripheral blood, hunian, acute nioiioc?-tic leu- 

Biopsy, Iiuninii, Wilins’ tumor ( F o l c ~ )  
Huiiiaii aiiiiiioii at term (Foley) 

’’ cinhryoiiic intestine (Heillti ) 
Hypertrophic lyi~ipli node, iiio11sc of 1111 kiiown 

strain (Hull) 
Biopsy, hunim, liver (Chnngj 

” thynilis (Folty) 
Sormal, hunia 11, tlierapoutic abortion (Folcy) 
Biopsy, huiiian, hiiiglj (Folry) 
Coniiec tire tissue, C3H iiiouse (Earle 
Sornial Rlwnus iiioiikcy 

7 9  

” cervical ” (Gey) 

kcmia (Osgoocl) 

9 9  

18 
23 
69.5 
27 

4.5 
3.5 

23 
61 

31 
5.5 
5.5 
5.5 

.5 
194 

+ + + + 
+ + + + 
+ + + + + + 

+ + + + 
+ + + 
0 

0 
0 
0 
0 
0 
0 

+ + + + 
+ 
0 
0 
0 

0 
0 
0 
0 
0 
0 

~ 

* sl?c test. 
t To Dec. 1, 1936. 
% Strains obtained through courtcsp of Dr. €bur? Eaglc, S.I.H., Rethesda, Md. 
S Itireni, Dr. R. X. Hull, Eli Lilly Research Labs., I~~~lianayolis,  Ind. 

C‘hroiiir pieunioiii tis. 
Pi*ini:iry i n  v i iw  cultures. Trypsin-dispersed siisl)(Iiisioiis of 1 X 10j arid 1 X 10” cells implanted 

diwrtl,v also f d e d  to grow iii uiicoiiditioned l i : l~~ i s t (~~~* .  

cortisone acetate in subcutaneous doses of 
2-3 nig, administered simultaneously a t  time 
of implantation and twice weekly post-im- 
plantation. The 3 remaining hamsters in 
each instance were not treated with cortisone. 
At least 2 such experiments were done with 
each cell line, thus the data summarized in 
Tables I and I1 represent observations on 
circa 800 hamsters. Cheek pouches of all 
animals were observed twice-weekly under 
light nembutal anaesthesia for 60 days. De- 
velopment of a nodule which increased pro- 
gressively in size and became vascularized 
within a few days was considered as evidence 
of growth. All cell lines recorded as positive 
in Table I produced such tumors in two or 
more cheek pouches per experiment in more 

TABLE 11. Titration of I’issiir C’ultiirch 111oc.iiln jii 
Hamsters Contlitioiid with (‘ortisolie Ac*etit tv. 

Developnieiit of tuniors“ following im-  
Cell plantatioii of cells a t :  
linet 1 X 10” 1 X 104 1 X 103 1 X lo2  11) 

5-180 + + + + + 
KR + + + + + 
HeT.:t + + + + + 
4Oi + + + 0 0 
1.. + + 0 0 0 

* See t.est. t See Table I. 

than one animal. These tumors may regress 
spontaneously in unconditioned hamsters, but 
are readily transplanted to other hamsters 
within the first 10-14 days. Histological sec- 
tions were prepared from all cheek pouches 
in which such tumors developed. The be- 
havior of cell lines recorded as negative in 
Table I was distinctly different. In most in- 
stances, the original implant disappeared 
completely within 24 hrs, but occasionally 
persisted as a tiny nodule which regressed 
spontaneously within 5-6 days. In no in- 
stance did the original implant develop pro- 
gressively or become vascularized, and they 
were not transplantable to other hamsters. 
Histologically, such nodules consist of a ne- 
crotic focus a t  site of implantation, sur- 
rounded by the usual inflammatory response. 

Results. All cell lines studied, irrespective 
of tissue of origin, grew prolifically in cheek 
pouches of hamsters conditioned with corti- 
sone acetate when the inoculum contained 
1 x 10” or more cells. However, as summar- 
ized in Table I ,  this was not the case with un- 
conditioned hamsters. Although each cell 
line so studied grew when 1 x lo6 cells were 
implanted in cheek pouches of unconditioned 
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hamsters, results with inocula containing 1 x 
lo5 and 1 x 104 cells clearly indicate that all 
strains which can be maintained in vitio do not 
exhibit identical in vivo biological properties. 
Thus far, the failure of 1 x lo5 cells in most 
instances, and the uniform failure of 1 x lo4 
cells to grow in unconditioned hamsters ap- 
pears to be characteristic of those cell lines 
deriving from non-malignant sources. That 
this failure to grow in unconditioned hamsters 
is not entirely due to length of time the cell 
line has been in tissue culture is evident from 
Table I, since long-established (LLC-M- I ,  
L, L-929) as well as more recently isolated 
(Thymus, Endometrium, Lung) cell lines 
failed to grow under these experimental con- 
ditions. 

In sharp contrast, all cell lines deriving 
from neoplastic tissue produced characteristic 
tumors in 33-100% of cheek pouches of un- 
conditioned hamsters implanted with 1 x lo5 
or 1 x lo4 cells, and a number of tumors so 
induced have been maintained through several 
transplants in unconditioned hamsters. The 
uniform ability of such cell lines to grow un- 
der these experimental conditions also is 
noteworthy, since it is conceivable that the 
tumor from which these cells were isolated 
may have contained normal stromal cells. 
Again, this ability to grow in unconditioned 
hamsters is not simply a reflection of length 
of time the cell line has been maintained in 
vitro, as evidenced by comparison of in vitro 
ages of strains KB, HeLa, and J-111 with 
those of S-180 and Wilms’ 6. 

Experiments in which tissue culture inocula 
were titrated further in cheek pouches of 
hamsters conditioned with cortisone acetate 
give further evidence of differences in bio- 
logical behavior of cell lines derived from dif- 
ferent sources. Thus far (Table 11) cell lines 
isolated from neoplastic tissue produce tu- 
mors following implantation of as few as 
circa 10 cells, whereas cell lines derived from 
adult non-malignant tissue fail to produce 
tumors, even in conditioned hamsters, when 
inocula of 1 x lo3 or fewer cells are used. 
The strain of normal embryonic cells so 
studied (407, Table 11) exhibits a growth po- 
tential intermediate between that of cell lines 

derived from malignant and adult non-malig- 
nant tissue. Further studies on the titration 
of these and additional cell lines, including a 
number isolated from aspirated bone marrow 
of patients with and without neoplasm(6), in 
conditioned and unconditioned hamsters are 
in progress. 

Discussion. The factors of adaptation and/ 
or selection determining successful isolation 
of mammalian cells in vitro have not yet been 
fully delineated. Cell lines exhibiting differ- 
ent growth potentials have been isolated from 
cultures derived from malignant ( 1 1 ) , and 
non-malignant sources( 12-14). Thus, it is 
of considerable interest that morphologically 
similar tissue culture cell lines exhibit dis- 
tinctly different biological properties when ex- 
posed to physiological influences of an intact 
heterologous host. Differences in behavior in 
unconditioned hamster cheek pouches of cell 
lines used in studies on cytotoxic activity of 
carcinolytic agents in tissue culture( 10) sug- 
gest that despite the similarity in response to 
such agents in vitro, significant biological dif- 
ferences between these cell lines indeed exist, 
and that further in vitro study of such cell 
lines may reveal biochemical attributes re- 
lated to these differences in growth potential. 

It is perhaps more than coincidence that 
cell lines derived from neoplastic tissue ex- 
hibit a greater growth potential than those 
derived from non-malignant sources when 
titrated in unconditioned hamsters. Moore et 
al. ( 1 5 )  mentioned that cell lines derived from 
normal sources failed to grow in uncondi- 
tioned rats, while previous experience in these 
laboratories with neoplastic or embryonic and 
heterologous adult normal tissue implanted 
directly into the hamster cheek pouch by tro- 
car or as trypsin-dispersed cell suspensions in- 
dicates that under these conditions, adult nor- 
mal tissue fails to grow. These observations 
are in accord with Greene’s suggestion( 16) 
of heterotransplantability as a criterion for 
distinguishing between neoplastic (or embry- 
onic) and adult normal tissue. The present 
studies, however, must be extended to addi- 
tional cell lines and the results correlated with 
behavior of tissue cells under other biological 
conditions both in vivo and in vitro before 
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differences in growth potential exhibited in 
the unconditioned hamster can be evaluated 
as differential evidence of malignancy in gen- 
eral. However, the present data can be inter- 
preted as representing distinct biological dif- 
ferences among those cell lines derived from 
normal and neoplastic tissues which can be 
maintained in tissue culture. 

Quantitated inocula of 14 tis- 
sue culture cell lines which are remarkably 
similar in d r o  were implanted into cheek 
pouches of unconditioned Svrian hamsters. 
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Antagonism of Insulin-Induced Gastrointestinal Hypermotility in the Rat.* 
( 23045 
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Depart rriviit of Yharniiu-dog!, ,If eiid Jokrisoi? Research Laboratories, Evansville, Ind .  

Antispasmodic potencies of many drugs 
have been expressed in terms of relative de- 
gree oi antipropulsive action shown in the 
Macht and Barba-Gose charcoal meal test ( 1 ) . 
The results of this test are informative. but 
effects of drugs on normal propulsive motility 
may not redect useful effects expected in 
treatment of gastrointestinal malfunctions as- 
sociated with smooth muscle spasm and hy- 
permotility. Some clinically useful agents. 
such as adiphenine hydrochloride (Trasen- 
tine) and dicyclomine hydrochloride (Ben- 

* W e  wish to express our sincere thanks to Dr. 
Marshall R.  Warren and Dr. J.  P. Quigley for advice 
concerning preparation of manuscript. 

tyl) .  which exert their smooth muscle inhib- 
iting effect in “musculotropic” or “papaver- 
ine-like” fashion, are without significant in- 
hibitory effect in the charcoal meal test ex- 
cept in doses which produce pronounced cen- 
tral nervous system effects. Atropine sulfate 
and methantheline bromide (Banthine) re- 
quire subcutaneous doses of 2 mg/kg and 15 
mg kg respectively to produce a 50% de- 
crease in normal propulsion. Such high doses 
of these agents might be expected to be re- 
sponsible for extraneous effects which could 
be antagonistic or synergistic with peripheral 
antipropulsive action of the compound. The 
charcoal meal test alone fails to indicate ex- 


