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TABLE 11. Hypoglycemic Convulsions Produced with Insulin Eluted from Powdered Glass. 

with glass saline wash 10 nil 5% U.S.P. gelatin gelatin 

Cone., nil re- pg left in1 re- pg left draining, Mice in Mice in 
pg/ml covered on glass covered on glass pg/ml in1 convulsions pg/nil i d  convulsions 

10 ml insulin sol. in contact 10 ml acidified Control insulin in  5% 

xax not Gelatin from glass 

30 9.4 18 10.2 1 0.1 1.0 3/3 4 1.0 0/3 
.3 1/3 

35 9.0 35 10.2 2.5 0.25 .25 15/17 4.5 2 5  10/10 
s o  2/10 4.5 . lo  3/10 

.5 .25 0/17 

did not cause convulsions. Evidence that the 
convulsions were hypoglycemic was obtained 
by administering 10% glucose intraperitone- 
ally to mice in convulsions and terminating the 
convulsions. Three mice bled during convul- 
sions had blood sugar values below 45 mg %. 
To obtain some idea of quantity of insulin 
eluted from the glass by the gelatin, a solution 
of 4.5 pg/ml insulin diluted with 5% U.S.P. 
gelatin in acidified saline was administered in 
the same dose ratio as the gelatin from glass 
in the second experiment of Table 11. The re- 
sults are similar to those obtained when gela- 
tin from the glass was used. This suggests 
that the gelatin from the glass contained 
several pg/ml. The difference in insulin sen- 

never been dissociated from the intact mole- 
cule, i t  is safe to assume that insulin is ad- 
sorbed to glass and may be eluted from it. 
Under proper conditions a 5% solution of 
gelatin will inhibit adsorption of insulin to 
glass. 

By elution with gelatin solu- 
tions a material having hypoglycemic activity 
in mice can be recovered from laboratory 
glassware which has previously been exposed 
to insulin. Gelatin solutions can prevent ad- 
sorption of insulin to glass. 
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Choriocarcinoma of Women Maintained in Serial Passage in Hamster 
and Rat. (25149) 

ROY HERTZ 
Natl. Cancer Inst., Bethesda, M d .  

The heterologous transplantation of malig- grafts through prior suppression of the im- 
nant tumors of man was initially reported by mune response of the animal host by x-irradia- 
Greene( 1). Toolan( 2 )  and Sominers c t  al. tion and by cortisone administration. Pierce 
(3) described methods for increasing the fre- e t  al. described the biological behavior of hu- 
quency of success of such heterologous tumor man testicular tumors carried in the hamster 
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cheek-pouch (4.5).  We employed similar pro- 
cedures in the adaptation of 3 choriocarcino- 
inata of women to serial transplantation in  
the hamster. One of these tumors has now 
also been maintained in serial transfer in the 
rat. This report will describe the biological 
and hormonal features of these tumor strains. 
\Ire named our  tumors the Erwin-Turner 
C‘horiocarcinoma.“ Strains IYO. BO. and 31AA. 

Materials und ~ i z  cthods.  Tun1 or tissues used 
were derived from 3 women with a histo- 
pathologically established diagnosis of chorio- 
carcinoma according to niorphological criteria 
of Novak and Seah ( 6 ) .  The original tissues 
for strains 11-0 and M A  were ol)tained a t  au- 
topsy from cerebral metastases. Strain K O  
was derived from a nodular metastasis which 
had been surgically resected from patien t*s 
right breast. All 3 patients had shown an  ini-  
tial therapeutic response to methotresate( T.8 1 .  
However, patients who provided tissue for 
strains IT0 and 3IA had previously become 
methotresate-resistant. The patient who  
provided the tissue for strain BO contin- 
ued to show a limited degree of response 
to methotrexate. Female golden hamsters 
of KIH strain varying from 1-3 month5 
in age were employed. Tntact and hy- 
pophysectomized female Sprague-Tkiwle!. rats 
weighing 45-55 g were also used. -411 animal\ 
were maintained a t  room temperature between 
76” and 80°F. I’urina checker5 were fed a. 
l~asal diet. H?.l~oph!.sectonlize~~ rat5 receivetl 
eround-meat supplement dailj- a n d  hamster, 
received daily ration of kale. carrots. and ail- 
ples. Starting with original human tissue, 
transfers have been made by inoculation into 
the hamster cheek-pouch by means of freshlj- 
excised piece of tissue about .05 cu cm in vol- 
ume. Ra t  transfers have all been made suL- 
cutaneouslj. in the right flank area. Aseptic 
precautions have been applied throughout. 
Nembutal anesthesia was employed. Keci1,i- 
eiit hamsters were given 3 mg of cortisone ace- 
tate in ayueous susixmion at  time of inocul:t- 

* These tumors  arc. named in gra te iu l  dm)\\ Iv ( l , c r  
ment of efiorts of Mr. H c n a r d  L. Er\\rin :ml 51 I  

(’harks K. Turnvr \L i t h u t  wlimr c l i 1 i ~ r . n ~ ~ ~  . ~ i i i I  

technical skill thia v,tluitl)lr rni i tc .1  ial  \ \~oultl  1 1 :  I 
have I)ccomc available. 

tion and every third day subsequently during 
ensuing 2 weeks. Recipient rats received the 
same dosage schedule of cortisone for a 3 week 
period and were also exposed to general body 
irradiation just prior to inoculation, as recom- 
mended by Toolan ( 2  ) . Repeated appraisal 
of qualitative and quantitative development of 
tumor inocula were made by direct inspection 
and by free-hand sketch of size and shape of 
enlarging tumor inass. Histological studies 
were performed on selected specimens by fixa- 
tion in Bouin’s solution, paraffin sectioning 
and staining with hematoxylin and eosin. At 
autopsy, careful evaluation of quantitative 
and qualitative hormonal effects of tumor 

(’oitisoiiizwl 
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I1 : l lnst t~i~s (110 
1)rior treat- 
ment) 
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tranqdanl u ~ w i  various endocriiw organs were 
recorded. 

Rcszrlts. There arc listed in Table I the ar-  
tual transfer generations of t of the tumor 
strains (WO).  Time intervals may be cal- 
culated from dates of respective transfers. 
The almost immediate adaptation of this 
strain to the heterologous host may be noted. 
Transfers were usually made when the tumor 
had reached an estimated volume of 1-1.5 cc. 

Growth of each tumor strain has assumed a 
characteristic course. The WO strain has 
proven to be the most readily adaptable strain 
in both hamster and rat. It quickly exhibited 
a high percentage of takes and a very rapid 
course. Transfers are now readily made at 
weekly intervals and the tumor runs its full 
course to spontaneous necrosis and liquefac- 
tion in 15-20 days. Moreover, it has now been 
carried in serial transfer for 12 generations in 
the hamster without use of cortisone. This 
makes the strain especially useful in studies of 
endocrinological relationships. In  the rat, 
however, the WO strain still failed to grow 
unless the host had been irradiated and had 
also been treated with cortisone. In addition, 
tumor growth in the rat was considerably 
slower and spontaneous necrosis occurred be- 
tween 10-1 5 days following inoculation. 

In the WO strain the initial phase of host 
response is noted in hamster cheek-pouch 
within 2-3 days. This consists of formation 
of a turbid exudate about the tissue inoculum. 
In the following 3 days this is rapidly re- 
placed by highly vascularized, bluish-purple 
tissue which then extends and rapidly fills the 
cheek-pouch. Maximum size of 1-1.5 cc is 
usually reached by about 10 days and during 
ensuing 5-10 days the tumor loses its bluish 
color and becomes successively pink, grey, and 
finally greenish yellow. At this point, the ne- 
crotizing mass may slough and drain and by 
30 days following inoculation, only a small 
residual scar may be found in the cheek-pouch. 
Less frequently the liquefied tumor mass is 
indefinitely retained. In  this strain 60-80% 
takes are regularly noted a t  one week follow- 
ing inoculation and an  additional 10-15% of 
inoculated animals will develop a growing tu- 
mor during second week. 

The remaining 2 strains, RC) and MA, con- 

linue to rcqtiil-c c*ortisone for survival. They 
also have a smaller percentage of takes axid 
their growth progress i s  al)out T <  as rapid as 
that observed in the IVCJ strain. Nevertheless, 
their qualitative behavior is quite comparable 
in all respects to that already described for 
the WO strain. I t  seems that heterologous 
adaptation of these 2 strains is not yet as 
complete as is that of the WO strain. The 
BO strain has been transferred 28 times in 
2 2  months and the MA strain has been trans- 
ferred 12 times in 7 months. 

Histological study of all 3 strains reveals a 
close identity of the morphology of the he- 
terologous transplant with that of the original 
patient material. The rich vascularization of 
tissue is its most noteworthy feature. The  
marked tendency to hemorrhagic necrosis of 
extensive areas of the tumor is consistently ob- 
served. Cytotrophoblast and syncitial tro- 
phoblast are formed into broad sheets and 
abundant mitoses are olbserved throughout. 
Marked cellular pleomorphism is character- 
ized by very frequently occurring bizarre, 
mu1 tinuclea t ed cellular and acellular masses. 
On the whole, the picture represents one of 
rapid, disorganized growth with extensive 
hemorrhage and necrosis. 

Nevertheless, in no instance have we ob- 
served microscopic evidence of actual cellular 
infiltration into the wall of the hamster cheek- 
pouch, Moreover, no instance of distant me- 
tastasis has been observed. It is especially 
noteworthy that this, highly proliferative and 
densely vascularized tumor tissue readily peels 
away from the surrounding host tissues with 
practically no hemorrhage a t  points of separa- 
tion. 

The peripheral endocrinological effects of 
the 3 tumor strains in the hamster are quite 
comparable (Table 11). The  ovaries of recipi- 
ent animals show extreme gonadotropic stimu- 
lation characterized by 3-5 fold enlargement 
consisting of marked follicular and luteal 
stimulation. Their uteri, Fallopian tubes, and 
vaginae are extremely hyperemic and grossly 
enlarged. That this effect is secondary to the 
ovarian stimulation is shown by total absence 
of such effect in the previously ovariectomized 
recipient. Hence i t  may be inferred that these 
tumor strains are not directly productive of 
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estrogenic steroids in the heterologous host 
(Table I I ) . The tumor-bearing hamster also 
exhibits no gross or microscopic evidence of 
thyrotropic. lactogenic or adrenotropic effect. 

Similarly, the M'O tumor strain exhibits 
only gonadotropic action in either the hypo- 
physectoniized or intact rat. Lactogenic. 
adrenotropic, or somatotropic potentialities 
cannot be readily evaluated in the rat because 
of complicating peripheral action of high doses 
of cortisone given these tumor recipients. Thy- 
rotropic effect is entirely lacking. The marked 
quantitative and qualitative difference in 
gonadotropic effect in the hypophysectomized 
rat versus the intact rat indicates that the 
gonadotropic action of this tumor is entirely 
comparable with that considered to be charac- 
teristic for human chorionic gonadotropic hor- 
mone ( 9)  (Table 11). 

Gonadotropic potency can be demon- 
strated in homogenates of heterologously 
maintained tumor tissue as well as in the peri- 
pheral blood of the tumor-bearing hamster by 
the use of infantile mice as test animals. As 
little as 2 mg of fresh tumor tissue or 1 cc of 
peripheral blood will induce maximum u ter- 
ine enlargement and ovarian stimulation in an 
infantile mouse. Further studies will be re- 
quired for a more detailed quantitative esti- 
mate of the actual hormonal output of these 
several tumor strains. 

The growth pattern of each respective tu- 
mor strain has proven to be highly repro- 
ducible from generation to generation. Our 
method of recording of these growth processes 
by the use of free-hand, life-size, sketches of 
the tumors a t  various time intervals is admit- 

tedly crude. Nevertheless, these growth- 
records are sufficiently quantitative to permit 
gross evaluation of the effect of various in- 
hibitory agents upon the course of tumor 
growth . 

Sirmi1zary. 1 ) Three choriocarcinomata 
from women have been successfully adapted 
t I serial transplantation in cheek-pouch of the 
cortisonized hamster and one of these can be 
carried in previously untreated hamster. This 
latter strain has also been adapted to subcu- 
taneous growth in the cortisonized, irradiated, 
hypophysectomized or intact female rat. 2 )  
These heterologously maintained tumors pro- 
duce in the host gonadotropic effects charac- 
teristic of human chorionic gonadotropic hor- 
mone. Biologically detectable amounts of hor- 
mone are readily demonstrable in homogenates 
of the growing tumor tissue and in peripheral 
blood of tumor-bearing hamster. The  tumors 
exhibit no estrogenic, adrenotropic, or thyro- 
tropic effect in the hamster. 3 )  Each tumor 
strain presents a quantitatively reproducible 
growth pattern which renders i t  adaptable to 
studies of the effect of chemotherapeutic and 
other inhibitory agents. 
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Sensitivity of Populations of Clonal Lines of HeLa Cells to Polioviruses.* 
(25150) 

GRACE LEIDY, KATHERINE SPXUNT, WINIFRED REDNAN AND HATTIE E. ALEXANDER 
Babies Hospital (Presbyterian Hospital) and Dept. of Pediatrics, C o h n b i a  University, College of 

Physicians and Surgeons, N .  Y .  

Fluctuations in growth potential and sus- 
ceptibility to invasion by a given virus in He- 
La cell “farm” populations have been a com- 
mon experience. In addition to these changes, 
we have also experienced emergence of cells 
which had a rapid growth potential and which 
failed to take up neutral red adequately for 
the detection of plaques. Our own experi- 
ence with these periodic changes suggests that 
they occur without any known alterations in 
environment which might select certain types; 
the degree of change a t  times necessitated in- 
terruption of our studies. In  an attempt to 
obtain HeLa cell lines which exhibit greater 
stability of growth potential and virus suscep- 
tibility, populations were propagated from 
single clones isolated by the method of Puck 
(1 ) .  Six presumably clonal lines and a num- 
ber of subclonal lines were isolated from a 
“farm” population of HeLa cells and exam- 
ined for their sensitivity to types I and I1 
polioviruses. The cell lines were found to dif- 
fer in their sensitivity; two of the most sensi- 
tive have been maintained for two years and 
the above fluctuations have not recurred to an 
appreciable degree. Variation in susceptibility 
to poliovirus among clonal strains of HeLa 
cells has been reported and the variation ap- 
pears to be a stable character ( 2 ) .  

Materials and methods.  “Farm” popula- 
t ion.  The “farm” HeLa cell population, ori- 
ginally obtained from Dr. Scherer, has been 
carried with weekly passage in a variety of 
media. The medium used for the present 
study is that modified by Puck, et al. (3) .  It 

*This work was supported by grants from Natl. 
Inst. of Health. 

was sterilized by Seitz filtration. Isolation of 
clonal lines. The technic of isolation of sin- 
gle clones was that described by Puck, et al. 
24-hour old subcultures of the cells were tryp- 
sinized for 10 or more minutes (until popula- 
tions were comprised mostly of single cells) 
and, after appropriate dilution in the growth 
medium, were plated in 60 x 15 mm Petri 
dishes. The plate preparations, placed in con- 
tainers that could be made air-tight, were 
gassed for a few minutes with 5 per cent COY 
in air and then incubated at  3 7°C for 9 to 11 
days, In estimating the percent of single cells 
in trypsinized suspensions, clumps of no more 
than 2 cells were considered to be incom- 
pletely divided cells and were grouped as sin- 
gle cells. On this basis, 90 per cent or more 
of the populations plated were single cells. 
Some of the trypsinized parental clonal popu- 
lations used for the isolation of subclonal lines 
were virtually 100 per cent true single cells. 
The plating efficiency of all but one of the 
parental clonal lines a t  the time of subclonal 
isolation was between 30 and 65 per cent. 
Plating efficiency per se was not explored for 
the different clolnal populations. Colonies of 
cells were selected for isolation on the basis of 
gross microscopic morphology and adequate 
separation from adjacent colonies. Selected 
clones were ringed by cylinders as described 
by Puck et al., trypsinized, and then trans- 
ferred to 16 x 150 mm test tubes containing 1 
ml of growth medium. After adequate growth 
on the glass, the cells were transferred to 2-oz 
bottles in 3 ml of medium and subsequently to 
5-oz bottles in 10 ml of medium. In general, 
single clone populations were first tested for 


