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Hormone elaboration by certain mammal- 
ian cells cultured in vitro was first demon- 
strated approximately 30 years ago (1). Re- 
petitive confirmation of these early studies 
has been made with a variety of endocrine 
tissues and cell culture systems (2-10). 

Conventional cell culture systems have 
long been recognized as generally yielding 
dediff erentiated cells despite their mainte- 
nance of one or more of a variety of func- 
tions for a time. Furthermore, it has been 
demonstrated that the ease of establishing 
cultures is directly related to the state of the 
tissue of origin, e.g., the least number of 
difficulties are encountered in the establish- 
ment of cultures from embryonic or malig- 
nant tissues. 

Prior 'reports have stressed the role played 
by cell dissociation ( 1 1 ), culture surface 
(12), kinetics of gas diffusion (13, 14), and 
physiologic steady-state in the successful cul- 
ture of differentiated liver cells (11, 15, 16). 
This preliminary report demonstrates the 
levels of hormone elaboration in thin-film 
culture systems of cells of endocrine origin 
under conditions similar to those employed in 
the cultures of liver cells. 

Materials and Methods. Human fetal pi- 
tuitary glands were obtained aseptically 
within 0.5 to 2 hr of therapeutic abortion 
by hysterotomy. The technique of cell cul- 
tures employed was described in detail pre- 
viously (11). Briefly, the cultures were 
initiated by rinsing in 808-600 salt solu- 
tion and mincing the tissue to provide a 
crudmely dissociated cell suspension. The cell 
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inoculum achieved was of heterogeneous com- 
position, i.e., discrete cells and cell clumps. 
The cells and cell clumps were suspended in 
1 ml of culture media and then implanted in 
T-30 flasks previously coated with calf col- 
lagen (1 1). The culture medium used was 
NCTC 109 containing 10-2076 calf serum. 
The entire tissue preparative procedure was 
performed as quickly as possible (less than 
15-20 min) to avoid the deleterious effects of 
anoxia (13, 14). The culture flasks were 
placed on the rocker tray and were gassed 
while incubated in a horizontal position for 1 
hr. Cell attachment was rapid and secure. 
Following this, the culture media volume was 
adjusted to 8 ml. (only 4 ml in the first four 
cultures) and the tray was inserted in the 
rocker i'mubator system ( 16). It was slowly 
rocked from the stationary home position ( 2  
min, 20 sec) of a 25" angle through a 50" arc 
and back in 40 sec. The pH control was 
achiteved by continuous gassing with 2 o'r 5 %  
C02 in air with the appropriate bicarbonate 
level incorporated in the medium (12). The 
preset pH was 7.4 and the incubation tem- 
perature was 36.5". The media were changed 
twice weekly; and harvested culture medium 
fluid was stored in a freezer at -20". Sam- 
ples were thawed periodically for various as- 
say procedures. Coverslips were embedded in 
the collagen on the bottom of thte flask. At 
various intervals, the coverslips were removed 
and stained for cytological verification ( 11). 

Human growth hormone (HGH) in the 
culture media was assayed by radioimmuno- 
assay using the double antibody system of 
Schalch and Parker ( 17). Growth hormone 
activity was measured by rat tibia1 epiphysis 
bioassay (19) in a limited number of culture 
media. 
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TABTIE I. Tlic Elaboration of Human Growth Hormone (mpg/flask/clny). 

Subgroup : 
Age of fetus 

A : 5% (10, ; 4-ml nirdin vol R : 5 %  CO, ; 8-ml media vol 

Elapsed (weeks): 13  17 18 20 8 9 15 16 22 

(days) Flask no. : 11 12 
time Cultureno.: Hu-3 Hu-10 Hu-2 Hu-4 Hu-17 Hu-21 Hu-24 Hu-15 HU- 18 

0-3 
4-6 
7-9 

10-12 
13-15 
16-18 

19-21 
2 2-2 4 
25-27 

28-30 
31-33 
34-36 

37-39 
40-42 
43-45 

46-48 
49-5 1 
52-54 

55-57 
58-60 
61-63 

64-66 
67-69 
70-72 

73-75 
76-78 
79-81 

148-150 

173 226 a. 25 7627 
260 112 448 
213 a. 3 224 

150 120 
62 197 173 56 2850 
43 150 a.  25 33 

197 70 

46 115 
7 3B0 

68 25 
26 6 

44 
550 

290 

20 

100 

135 

7000 

9850 

6500 
5000 

3200 
1400 

1150 

1000 

500 

667 

10,000 

11,333 

13,250 
10,480 

8900 

7000 
3400 

2500 

1733 

1100 

1067 

Radioimmunoassay methods were u d  for 
the measurement of luteinizing hormone 
(LH) (19) and thyrotropin (TSH) (20) in 
the culture media. 

Results. Table I presents the daily rates of 
human growth hormone (HGH) released 
into the culture media duriag the course of 
incubation of cultures initiated from 16 hu- 
man fetuses. The data were arranged in order 
of the age of the fetus into three subgroups. 
The culture conditions in these subgroups 
differed in two ,respects. The first variable 
was the use of 5 or 2% COz in air in gassing 
the media. The second variable was the use 

of 4 ml of culture medidflask in the first 
four pituitary cultures and 8 ml of culture 
medium in the rest. The medium was 
changed twice weekly. 

Certain trends can be appreciated even in 
these limited data. Four ml of culture media 
appear to be severely limiting, as reflected in 
the very low daily rates of HGH release. It 
also appears evident that the daily rate of 
HGH produced by the anterior pituitary cells 
in vitro is related to the age of the donor. 
High rates of HGH-3500 mpg, or more 
-are not observed in any instance of 
cultures initiated from fetal tissue of 14 
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C: 2% CO,; 8-1111 media vol 

12-14 12 12-14 1 4  1 4  20 24 
HU-25 HU-31 1311-28 HU-33 HU-32 HU-26 HU - 3.0 

1 2 1 2 1 2 11 12 1 2 

2347 2400 2133 3195 1893 
10 0 379 1024 7200 10,200 

98 990 996 200 592 1030 1100 800 7467 6133 

72 547 667 1200 374 747 533 453 5240 3680 
200 300 80 232 560 340 390 4080 3200 
245 368 600 565 400 980 640 

216 184 110 173 440 340 340 533 
133 173 426 339 387 
174 134 630 

149 165 450 444 640 112 
333 379 540 900 

387 

90 10,600 
53 

200 
227 
533 

276 
290 
233 

220 
216 

100 
47 

17,600 8880 
13,333 5280 

7400 3200 
5866 3280 
3800 1640 

3040 2213 
1573 746 

493 

464 
458 
320 

293 

344 

587 
240 

weeks of age or less. Maximum daily 
rates-7000 mpg, or more-are observed only 
in cultures derived from fetal pituitaries of 
16 weeks or older when 5 %  COB is employed, 
and 20 weeks in the instance of 2% COZ. 
The significance of the role of COa remains 
to be elucidated. 

In  each human rocker culture established, 
the daily rate of elaboration of HGH was 
reduced after a variable period of time. I n  
some instances, the initial rate of production 
appeared to be maintained for nearly 3 weeks 
(Hu-18-F-11, F-12) before thte level began 
to fall. In  others (Hu-26, Hu-30, Hu-15), 
the reduction in rate appeared to begin more 

promptly-within 1 week. In  some instances 
the rate of elaboration of HGH dropped to a 
stable level which was maintained for periods 
of from 2 to 3 months (Hu-30, Hu-18). 

Measurement of the cumulative total 
amount of growth hormone released into the 
media during a prolonged period of observa- 
tion was attempted on cultures Hu-26 and 
Hu-30. In  the two flasks from Hu-26, 201 pg 
of HGH was present over a period of 35 days 
(Flask l ) ,  and 72 days (Flask 2), and in 
the two flasks of Hu-30, 295 pg in 29 days 
(Flask 1 ) , and 94 ,pg in 5 7 days (Flask 2). 

Growth hormone was not detected in con- 
trol culture media or in culture media har- 
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vested from liver, thyroid, or adrenal cell 
cultures initiated from the same fetuses as 
were the pituitaries. 

The biological activity of growth hormone 
released in the culture media was assessed by 
the rat tibial epiphysis bioassay (18). Cul- 
ture media with growth hormone activity 
ranging from 7 to 11.33 pg/ml were pooled 
and were injected intraperitoneally daily for 4 
days into hypophysectomized immature fe- 
male rats. One, 3, 5 ml of fresh culture media 
were injected in a similar fashion as a con- 
trol. A definite increase in tibial epiphyseal 
width (more than 40 p )  was observed in the 
groups receivi-ng the higher doses of the 
pooled culture media (Table 11). 

Leuteinizing and thyrotropic hormones 
were tested for and were found in the culture 
media from Hu-30. As in the case of growth 
hormone, there was a progressive decline in 
the level of these two hormones (Fig. 1 ) . 

Generally, there appeared to be an uncer- 
tain correlation between the rates of cellular 
growth, morphologic appearance, and level of 
hormone elaboration. Cellular growth resem- 
bled explant outgrowth from the larger 
clumps of cells and tissue since only on occa- 
sion did i t  appear that isolated cells formed 
true colonies. The cells contained in the 
sheets appeared to be of several types, the 
majority being both granular and pleomorph- 
ic. Periodic acid Schiff (PAS) positive granu- 
lar cells as well as extensive mitotic figures 
were identified during the active phase 
of growth. The growth appeared to be rapid 
initially, and then to reach a plateau wherein 
further sheeting and mitosis did not occur. 

Discussion. This study was carried out as 
part of an overall program to study the 
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FIG. 1 .  Levels of HGH, leuteinizing hormone and 
thyrotropin in the two flasks of Hu-30. 

physiology and growth in vitro of differenti- 
ated mammalian cells which are representa- 
tive of the cells in their tissue of origin. 
Pituitary cells are especially suitable for such 
a study because of their ability to produce 
hormones which may be used as metabolic or 
functional tags and because of the availabili- 
ty of extremely sensitive and precise radioim- 
munoassay methods for quantitative assess- 
ment. Our initial experience, reported herein, 
was limited to human pituitaries because of 

TABLE 11. Rat Tibia1 Epiphysis Bioassay of Growth Hormone in  Pooled Pituitary Culture 
Media. 

Av width of tibial epiphysis ( p )  

( 2  tibias/animal) 
Culture madia 

Range No. of animals Group (ml/inj ec t,ioii) Mean 

Control 1 ,3 ,  and 5 135 119-154 6 

I1 3 175 164-1 9 0 3 
I11 5 195 168-205 3 

Group I 1 153 142-170 3 
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the availability of radioimmunoassay to mea- 
sure human growth hormone. Two unsuccess- 
ful attempts were made to grow pituitary 
cells from adult pituitaries obtained at  ne- 
cropsy. Subsequently, only pituitaries ob- 
tained from fetuses delivered by hysterotomy 
were used. 

One of the cell cultures described in this 
study (Hu-4) continued to produce growth 
hormone for 150 days before the culture was 
discontinued. Many of the other cultures 
were lost through contamination or laborato- 
ry accident while they were still actively 
growing and producing hormones. With the 
exception of culture Hu-4, there was a prog- 
ressive decline in the level of hormones in the 
culture media. A possible contributing factor 
to this decline is the lack of stimuli for 
hormone production similar to those which 
take place in vivo. There is abundant experi- 
mental evidence demonstrating that the hy- 
pophysis can function normally in vivo only 
if its anatomical connections are intact (2 1). 
Another interpretation is that the decline in 
hormone level in the culture media reflects a 
decline in functional capacity of the cultured 
cells because of failure to supply them with 
essential nutritional and environmental needs. 
Except for two brief reports ( 2 2 ,  23) 
and the present communication, cell and tis- 
sue cultures of nonneoplastic pituitary cells 
produced growth hormone for brief periods of 
3-33 days only. Conventional cell culture 
systems display varying degrees of anoxia 
(13, 14). The role of pH and pCO2, nutri- 
tional factors, the role of serum components 
and the incorporation of hormones into the 
culture environment may be equally vital to 
the role of oxygen ( 11 ) . Thus, it seems im- 
perative to establish optimum physiologic 
conditions prior to final assessment of the 
role of hypothalamic releasing factors and 
other hormones. 

The emphasis in this investigation has 
been to study the morphologic and functional 
changes that occur in sustained primary cul- 
tures rather than to attempt, at this time, to 
establish cell lines via continuous subcul- 
ures. A seriously limiting aspect has been 
the difficulty of obtaining fresh human fetal 
tissue. This, in turn, has limited the number 

of cultures that could be established. We 
have since initiated studies employing calf 
pituitary tissues on organs wherein replicate 
cultures are readily attained, thus permitting 
the establishment of more definite experimen- 
tal protocols for critical analysis. 

This study confirmed the work of others in 
demo'nstrating the capacity of human fetal 
pituitaries to produce hormones. There was 
unequivocal demonstration of the presence of 
growth hormone, thyrotropin, and luteiniz- 
ing hormolnes. Tests for production of other 
hormones have not yet been made. Pituitary 
cells from 8- to 9-week-old fetuses produced 
small amounts of growth hormone, which is 
in accord with the data of Kaplan and Grum- 
bach (24) who found growth hormone on 
direct assay of extracts of human pituitaries 
as early as the 7 1st day of pregnancy. 

Summary. Growth hormone (HGH) elabo- 
ration in culture media of 16 human fetal 
anterior pituitary cell cultures was studied 
using the rocker incubator system. HGH was 
measured by radioimmunoassay technique. 
HGH was demonstrated in all culture media 
from human fetal pituitaries but no such ac- 
tivity could be demonstrated from media ob- 
tained from other tissue cultures. There was 
a general correlation between the age of the 
fetus and the amount of HGH elaborated. In  
each of the cultures established, the daily 
elaboration of HGH was reduced after a peri- 
od of time ranging from l to 4 weeks. The 
biologic activity of the hormone was 
confirmed in one sample by bioassay. Gener- 
ally, there appeared to be no correlation be- 
tween the rate of cellular growth, morpholog- 
ic appearance, and level of hormone elabora- 
tion. The growth appeared to be rapid initial- 
ly and then to reach a plateau. Luteinizing 
hormone and thyrotropic hormone were 
tested for and were found in the culture 
media of one pituitary. 

The authors express their appreciation 'to the Na- 
tional Pituitary Agency, Endocrinol'ogy Study Section, 
and to the National Institute of Arthritis and 
Metabolic Diseases for providing the purified human 
growth hormone, the antihuman growth hormone 
serum, the purified human thyrotropic hormone 
(TSH) and anti-TSH serum. 
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