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Production of Hormones by Human Anterior Pituitary Cells in Serial 
Culture. (25265) 

K. W. THOMPSON, M. &I. VINCENT, F. C. JENSEN, R. T. PRICE AND E. SCHAPIRO 
Laboratories of Organon, Orange, N .  J .  and Microbiological Assoc., Bethesda, M d .  

The need to develop metholds to supply hu- 
man-type pituitary hormones has been evident 
since the demonstration ( 1-5) of effectiveness 
in humans of growth hormone frolm humans, 
and the realization that specific activity of 
human-derived hormone in man is due to dif- 
ferences in molecular structure of somatotro- 
pins (6-9). Cell culture( 10-16), has been ap- 
plied especially in virus and cancer research, 
but production of specialized secretion prod- 
ucts of cells, such as enzymes or hormones, 
has not heretofore succeeded( 17,18). Ex- 
plants of placental or pituitary tissue, on the 
other hand, have produced detectable amounts 
of hcrmones in tissue, as contrasted with cell 
culture( 19-21). 

Methods.  The “starter” tissues (stage I*) 
comprised portions of 9 anterior pituitary 
glands, 4 from women, 5 from human fetuses 
varying in age, and fragments of an acido- 
philic adenoma from a woman with acro- 
megaly. These tissues were obtained incidental 
to surgical operations for therapeutic pur- 
poses. Immediately after excision, the sterile 
tissue fragments were separated aseptically 
from surrounding membranes, and minced and 
prepared as explant cultures in Eagle’s basal 
inedium ( 11 ) with serum supplements, either 
human, equine or bovine. Serial propagation 
o j  hetcrogcneous cell cultures (stage 11) was 
undertaken after a sufficient outgrowth froin 
tissue fragments had taken place. Then, by 
serial subculture, a considerable number of 
stationary cultures were derived from each 
starter tissue. Whenever practical a t  time of 
transfer, permanently stained coverslip prepa- 
rations of cells were examined. Propagation 
of selected epithelial-like cells in sta- 
tionary culture (Stage 111): Islands of 
epithelial-like cells eventually appeared 
among the fibroblast-like cells olf early 
cultures. These were selected for subculture. 

With several starter cultures, i t  was possible 
to pick out epithelial-like cells from the pro- 
liferating explant. Propagation of selected 
cell lines in a suspension system (stage IV) 
was usually successful with cell concentration 
of 100,000 to 200,000 cells/ml. In  a suspen- 
sion-type of culture the generation time in 
most cell lines was about 24 hours. However, 
2 lines, S-4374-VAM-I and -11 have genera- 
tion times of about 48-72 hours. Cell counts 
of all these cultures were maintained with a 
wide range of from 100,000 to1 nearly a mil- 
lioln cells/rnl. Clones have been developed 
from primary cultures as well as from estab- 
lished hormone-producing cultures. To1 pre- 
pare permanent stained sections of cells of sus- 
pension cultures, cubes of gelatin sponge+ 
( 5 x 5 ~ 5  mm) were introduced into cultures 
from 48-72 hours, and were subsequently fixed 
and stained with acid fuchsin aniline-blue 
or iroin-periodic acid-Schiff (22) methods. 
Frozen-storage of cells and their recultivation 
(stage V) was carried out as follows: Samples 
of line 4374-M from bofth stationary- and 
suspension cultures were frozen and after sev- 
eral months were re-established, employing 
methods of Stullberg ct aZ,(23) with the fol- 
lowing modifications: Suspension cultures in 
the log phase of growth were used, and on day 
before freezing, were fed with nutrient me- 
dium containing 15 % serum. Glycerol was 
added prior to freezing, and they were not 
centrifuged. Assay of hormones in cultures 
(stage VI) employed standard endocrine bio- 
assays.: Somatotropin was tested by meas- 
uring width of tibia1 epiphysis in the female 
rat hypophysectomized a t  30 days of age. 
Subcutaneous injections were started 12 days 
after hypophysectomy and were made once 
daily for 4 days, with autopsy on 5th day. 
Culture medium alone was used as control. A 
reference somatotropin (bovine) was used as 
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standard in doses of 2 5  and 40 pug, 25 p g  being 
smallest dose that caused a clearly positive 
effect. Each hypophysectomized rat  usually 
tolerated doses of about 200 mg of the ace- 
tone-dried preparations, and only about 100 
mg of freeze-dried preparations. Gonadotro- 
pin screening tests were made in 21-day-old 
female mice, each injected subcutaneously 
twice daily for 4 days with total dose of 5 or 
10 mg of crude preparations, sacrificed at  100 
hours then ovaries and uteri were weighed. 
Additional tests were made in 21-day-old fe- 
male rats and in 21- and 26-day-oldQ hypophy- 
sectomized male rats, in which weights oi \'en- 
tral prostate and testis differentiate effects of 
TCSH and FSH(24).  To determine whether 
observed effects were caused by estrogenic 
type of substance present in serum of the me- 
dia, sera and media were tested in castrated 
immature female rats or in castrated immature 
female mice, injecting doses larger than or 
equal to those used in screening tests. Thyyo- 
tropin was tested in 1-day-old chicks11 which 
tolerated closes of 15 mg of acetone-dried har- 
vests. Corticotropin was tested by ascorbic 
acid depletion method in hypophysectomized 
rats.11 In harvesting, to prevent enzymatic 
destruction of hormones, cultures were treated 
immediately as follows: Some were frozen 
and aliquots were freshly thawed for each in- 
jection ; others were frozen, lyophilized anti 
further dried over P20.; : and others were pre- 
cipitated with acetone and precipitates were 
rewashed with acetone, then ether, dried i/z 
vacuo and over P205. The method of choice 
appeared to be an adjustment of pH to 5 with 
HCl, followed by acetone precipitation at 
92%. Large doses of crude materials had the 
disadvantage of causing toxic effects and local 
edema in animals with possibly faulty absorp- 
tion. T o  reduce toxicity some samples were 
extracted (25-2 7 )  but the possibility of losses 
and the cumbersomeness of processing nu- 
merous samples led us to rely on tests of crudc 
material in moderate doses. 

Resul ts .  Hormonal assuys of hcterogentJous 
cell cultures. Assays indicated gonadotropin, 

I\ Rats 26 days old are preferred to 21-day-cld 
rats because more survive hypophysectomy, and yet 
are  bensitive to  gonadotropin. 

/ I  lJSP XV. 

corticotropin and somatotropin activity was 
present in some cultures in amounts greater 
than found in sera contained in the media (Ta- 
ble I>.  In selected epithelial cell cultures, 

TABLE I. Hormones Detected in Heterogeneous 

Culture No. ACTH TSH Gon. STH 

Cultures. 

gonadotropin and trace amounts of somato- 
tropin were detected (Table 11). In  suspen- 
sion s y s t e i m ,  reached thus far with 15 cell 
lines, 2 (S43 74-&I ; 543 74 VAM-I) showed 
production of gonadotropin. The gonado- 
tropic action represented combined effects of 
FSH and TCSH (Tables I11 to I X )  . Sera em- 
ployed in media contained small amounts of 
uterotropic (estrogen-like) substance (Tables 
11, IT ) .  Washing of crude powders with ace- 
tone and ether did not always eliminate this 
estrogen-like contaminant. The amount of 
gonadotropin in harvests such as #051801 was 
considerably greater than would have been 
contributed by serum of the media. Gonado- 
tropin was concentrated by ammonium sulfate 
precipitation followed by ethanol precipita- 
tion (Table TX) . The amount of FSH pres- 
ent 'ml of culture harvest #051801 was ap- 
proximately that contained in 1 mg of a refer- 
ence sample of gonadotropin from human 
menopausal urine (HMG20A). The  amount 
of FSH caused an increase of albout 50% in 
weight of H-rat testes, and this increase we 
have adopted as our criterion of 1 IT of FSH. 
The amount of TCSH in proportion to FSH 
in harvest #051801 was roughly the same as 
as in the menopausal urine preparation, 
HMG20A, but #051801 had considerably 
'I'AELE T I .  Holmones Detectcd in  Selected Cell 

Cul turrs. 

So. of positive tests/No. of 
samples tested 

Ccll li l i t '  Seruiii Goiiudotrupin Soniatotropiii 



inure FSH than did Gonadophysipz, a sheep 
pituitary preparation. Our criterion of a unit 
of ICSH is an increase of 100% in weight of 
the ventral prostate of hypophysectornized 25- 
day-old rats. The apparent lack of ovarian 
stimulation with the immature female test 
animal may be explained by quantities of 
TCSH found, which may act before the ovarian 
follicles have had an opportunity to become 
stimulated by FSH. 

Identifiration of cells (stage VII )  : Cells of 

early cultures resembled fibrohlasts, but in 
later cultures epithelial-like types also ex- 
tended in solme areas from the edge of ex- 
plants, Tn the heterogeneous cell population 
stage, the fibroblast type which appeared pre- 
ponderant showed during early transfers re- 
markable nuclear changes with increased 
chromatic material, and there were numerous 
giant cells and imperfect daughter cells. After 
further transfers, there was less nuclear activ- 
ity; the nucleoli became more regular in size 

TABLE 111. Gonadotropin Tests in  #051801, #708901, and #709901. Test animals : 21-day-old 
fernale mice, 5/group. 

Dose 
total/mouse, Body wt, Ovarian wt Uterine wt 

Preparation *lg g a%, mg avg, mg Vagina 

#051801* 4.8 13.4 4.4 36.0 5 open 

Controls 0 4.9 11.3 All closed 

#708901 t 10 13.2 4.2 35.6 3 open 

(S-4374-V4-6 j 2.4 J 2.4 4.8 21.0 3 ” 

9 

(S-43 74-M-47-53) 

(S-4374-M-45-51) 
#709901$ 10 15.1 4.6 52.1 5 ” 

Controls 0 3 2.6 4.3 12.5 1 ” 

(saline) 

* 1 ml of suspension culturc of S-4374-V4-6 a t  the time of this harvest contained 300,000 

t 1 ml of suspension culture a t  time of this harvest contained 350,000 cells and, when ace- 

$ 1 nil of suspension culture a t  tinit: of this harvest contained 285,000 cells and, when ace- 

cells and, when acetone-dried, weighed 10.5 nig. It contained 10% human serum. 

tone-dried, weighed 9.2 mg. It contained 10% of horse serum (lot #101). 

tone-dried, weighed 9.4 mg. It contained 1070 of horse seruni (lot # l O l ) .  

TABLE IT. Gonadotropin Test in #051801. Test animals : 21-day-old female rats, 5/group. 

Dose 
total/rat, Body wt Ovarian wt Uterine wt 

Preparation mg avg, g avg, mg Ovarian response avg, mg Vagina 

All open 
1 J  11 

#051801 20 64 23.7 A few c.1.” in  all 104.5 
(54374-V-4-6) 10 63  17.4 A few c.1. in  one 83.8 

Controls 0 68 19.9 Follicles in all 31.0 All closed 
__-_________- - __ - - - - ._ 

* Corpora lutea. 

TABLE V. Estrogen (Uterotropic) Test. Test animals : castrated, 21-day-old female mice, 
3 /g r3? .  

Dose 
total/mouse, J3ody nit, Uterine wt 

Preparation mg g avg, ”g Vagina Interpretation 

#051801 (gonadotropin 4.8 13.8 29.7 All open Estrogen $- 
positive j 1.2 14.3 10.9 None ” - 

#081801* (gonadotropin 4.8 14.3 31.2 All ” + 
negative j 1.2 13.9 14.1 2 ’ j  + 

Controls (saline only) 0 14.3 10.5 3 closed - 
1 open 

* This acetone-dried harvest of a culture of a cell line which did not produce gonadotropin, 
as shown by tests in  the intact immature rats and mice, is representative of many which con- 
tained small amounts of estrogen-like substance. However, there werc many such harvests which 
did not show positive results in  these tests. 
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and were usually 4 i n  number. Il\’hen these 
cultures were incubated for from 6 to 10 daj-\ 
we usually cvbserved in intercellular sllaceq 
filaments of pale blue staining material which 
resembled collagen with acid fuchsin aniline- 
Mue stain. I n  most cell lines. at  intervals i n  
the heterogeneous stage, MY noted clusters or 
jvhorls of fil)roblast-like cells u.hich tightl!r en- 
closed a clump of nuclear chromatic material. 
the details of which were obscure. I1.e deter- 
mined that these represented nests of epi- 
thelial-like cells, for when these clusters were 
picked out and subcultured. epithelial-like 
cells proliferated. Islands of epithelial-like 
cells which appeared could be easily tlifferenti- 
ated microscopically from the fibroblast type. 
TAI3LE VIT. T h f f  clreiitintioii of Tylw of Goii;itlo 
tiwpiii in 1I:rlvest #051801. T(iht :iiiiin:ils : 11yl)o- 

p l l y ’ c  to111 i u v l ,  2 h l : l y l t l  1lI:ll~~ r: t th ,  l / g  I’Oll] 1 .  

€‘r(y:i I*:I tion total/1xt arg, lllg avg,  111:; 

Ttbll t r:11 
1)0h(>  l)l’ost:lt~~ Tt’ht(’\ 

The cell which appears to be typical of the go- 
nadotropin-secreting line (S43 74-M), when 
stained by the iron-PAS method, contains in 
the cytoplasm oval or round masses which ap- 
pear pink in bright field illumination and pea- 
cock blue in phase. These cells growing on 
glass frequently extend pseudopods, and they 
do not remain as firmly attached as do many 
other types of cells. Under phase microscopy, 
the unstained living cells of the gonadotropin- 
producing line of suspension cultures have nu- 
merous oval or round highly translucent 
masses irregularly placed in their cytoplasm 
which also contains clusters of fine dark gran- 
ules best visualized by a green or blue filter. 
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#7.3 1B 90 1 ;:- 40 0 31.7 473 
130 17.7 383 

76 30.5 3 48 
0 l l . G  280 

#731R901 was prepared as follows: Harvest 
#051801 (Table VI I I )  mas subjected t o  minio- 
ilium m l f  ate precipitation, arid portion which pw- 
vipitfited between 3376 and 75yo saturation TVZIS 
freeii of tiiiinioniiini sulfate by tlialysis. This s o h -  
tioii, clarified, ’ ( v ~ s  precipitated mitlr et1i:inol at 
H O r j , ,  co~ic,mitr:ition. Precipitate  as taken up in 
0.5 \I nminouiuni acet:rtcl solution a t  1)H 5.0 :rnil 
t4h:uiol w:rs ndiled to R concentratioii of 4Ov0. P ~ P -  
cipitate i v a s  removed and ethanol added t o  80% 
cotrcentrntiou. This prccipitnte was freed of ani- 
iironiniti acctatca by dialysis, precipitated with eth- 
anol  at SOf,4 concentration, mashed with ethanol 
:iiid et,h(Jr :mtl dried over P,O,. This was sarnplc 
if73 1 H901. 

The nucleus is a clear area in which the nu- 
cleoli are seen as dark masses, best visualized 
with a red filter. 

R ckromosonze count was made with cells of 
line S43 74-M-32B when serially cultured for 
nearly 8 months. This particular line was 
started on 7/3/58 with a fragment of human 
fetal pituitary gland, and was cultivated for 6 
weeks in the heterogeneous cell stage, and for 
20 weeks in the selected cell stage; thereafter 
it was in suspension culture for 5 weeks, a t  
which time a division of the culture was sub- 
mitted for a chromosome count. Bio-assay a t  
this time showed that gonadotropin produc- 
tion was continuing. The count on the fixed, 
squashed preparation after colchicine treat- 
ment (28) was: 

Cllromosolllc! Chroniosonie 
S O .  No. cells NO. No. cells 

i 6  2 79 11 
77 1 80 5 
7s 3 81 3 

Total 25 

This was interpreted as unmistakably pri- 
mate. The cell strain is heteroploid and the 
presence of a few telocentric or acrocentric 
chromosomes indicates that chromosome rear- 

1 We are indebted to Dr. T. C. Hsu, Univ. of Texas, 
Houston, Texas, for this interpretation of his chro- 
mosome counts. 

rsngement has occurred in the strain’s his- 
tory.‘/ This chromosome count was repeated 3 
months later (after frozen storage and recul- 
tivation), with the finding of a high peak a t  
79-80 chromosomes per cell. 

Serial cultivation of cells ob- 
tained from the human pituitary is described. 
Somatotropin, corticotropin, and gonadotro- 
pin have been detected in these cultures. Two 
of the cell lines have produced gonadotropin, 
both FSH and ICSH, when in suspension cul- 
ture, and one, S4374-M, has been frozen and 
recultivated in both stationary- and suspen- 
sion types of culture with media containing 
10% of human, equine or bovine serum, with 
resumption of production of hormone. The 
gonadotropin-producing cells have the micro- 
scopical appearance of a chroinophobe type of 
pituitary cell and have a characteristic appear- 
ance when stained by the iron-PAS method. 
These cells are heterorploid with a chromosome 
count in narrow range with modality a t  79. 
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Mechanism of Tunior Inhibition by Estrogen."t (25266) 

MORTON F. GOLDBERG, ABRAM TREGIEK AND A ~ I L T O N  S. GROSSMAN 
(Introduced by F. Homburger) 

Bio-Research Zizst  ., Znc., Cambridge, Mass. 

I t  has been shown that estrogen enhances 
the development of immunity against trans- 
plantable tumors in mice( 1) and the postu- 
late has been advanced that inhibition of 
growth of transplantable tumors during preg- 
nancy might be due to hyperestrogenemia ( 2 ) .  
The administration of estrogen also increases 
production of endometrial secretions (uter- 
one) (3,4) and enhances biosynthesis in the 
endometrium ( 5 ) .  Since endometrial secre- 
tions were shown to inhibit growth of trans- 
planted tumors in mice under certain condi- 
tions(6), it  was logical to hypothesize that 
some of the tumor-inhibiting effects observed 
during induced or physiological hyperestroge- 
nemia might be mediated through the uterus 
(6).  The present paper deals with a study to 
determine the possible role of the uterus in 
tumor inhibition by estrogens. 

Materials and methods. Forty immature 
AKD2F1 (AKS x DBA/2) female mice, ob- 
tained from the Jackson hlemorial Labora- 
tory, housed in air-conditioned animal rooms 
throughout the experiment, were fed Purina 
Laboratory Chow Checkers and tap water ad 

~- 
*Supported in part by grant from Nat. Cancer 

Inst., U. S. Public Health Service, and Sciences and 
Arts Fn., Dedham, Mass. 

t Achromycin was supplied through courtesy of 
Lederle Labs. Division, Am. Cyanamid Co., N. Y. 

libitum. The animals were divided into 4 
groups of 10 individuals, and surgery was per- 
formed on all 4 groups (under nembutal anes- 
thesia) according to the protocol shown in 
Table I. At operation, estradiol benzoate 
pellets of known weight were implanted sub- 
cutaneously in Groups I1 and IV. All animals 
were given achromycin in their drinking water 
for 5 days following surgery, and on the 
eleventh postoperative day tumor transplants 
were made. Sarcoma 1 cells from an AKS 
female host (obtained from Jackson Memorial 
Lab .) were suspended in chilled Ringer's solu- 
tion according to the cytosieve method of 
Snell(7) and adjusted to a high cell concen- 
tration (17yo) as measured by means of a 
IVintrobe hematocrit tube. All animals were 
injected subcutaneously with 0.2 cc of the 
same tumor suspension. The order of the in- 
jections was arranged so that an identical num- 

TABLE: 1. 

( + l~Oll1)S of 
10 inice Surgical condition Treatment 

I In tac t  (sham operation) 
I T  Idem Subcut. estradiol 

benzoate pellet 
111 Hysterectomy & cas- 

I V  Idem Idem 
tration 


