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Most investigations on the metabolic action of 
parathyroid hormone have suffered from an im- 
portant  limitation; i.e., the heterogeneity of the 

cell population of the tissue under study. How- 
ever, as it has been reported that parathyroid 
hormone also affects many tissues (1-4), it is 
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possible tha t  the role of the hormone  migh t  not  be 
restricted to the most  often ment ioned  target  
organs;  bone, kidney, or intestine. In  an  a t t empt  
to study para thyro id  hormone  in a homogeneous 
system, we investigated its effects in cultures of 
HeLa  cells. T he  choice of this cell strain was 
main ly  dic ta ted by the fact tha t  it has a h igh 
aerobic glycolysis (5), a characterist ic of bone, 
kidney, and  intestine, and  also by the simplicity 
of its cul ture technique.  This  first report  is con- 
cerned with the morphological  aspects of the 
investigation. 

M A T E R I A L  A N D  M E T H O D S  

HeLa cells, both the wild strain and the S-3 clone of 
Puck, obtaincd from Microbiological Associates, 
Bethcsda, were grown as monolayers in Leighton 
tubes or T flasks, in Eagle basal medium combined 
with Hanks' salt solution and supplemented with 
10 per cent human  serum. No antibiotics were used. 
A Coulter Electronic Cell Counter, Research Model, 
was used for cell count and cell size distribution. 
Polaroid photomicrographs were taken on a Zciss 
microscope with brightfield only. Both Lilly para- 
thyroid extract (PTE), Eli Lilly and Company, 
Indianapolis, Indiana, and the purified hormone 
(PTH), obtained from Dr. H. Rasmussen, were used 
in these experiments. The dosage was 1 uni t /ml  of 
medium, unless stated otherwise. 

R E S U L T S  

Effects of P T E  and P T H  on HeLa cell 

morpholgy 

With  1 uni t  of P T E  or P T H  per ml of medium,  
the following modifications of the morphology of 
the cells and  the colonies were observed:  Instead 
of the classical polygonal,  closed monolayer,  the 
colonies assumed round,  open in spot (cells sepa- 
rated),  and  heaped (cells in several layers) char-  
acteristics (Figs. 1 to 3). T he  cells themselves 
were round  and  their  m e m b r a n e  was irregular, 
presenting m a n y  finger-like projections, blebs, and  
herniat ions (Figs. 3 to 6). In  addit ion,  there was 
an  increased a m o u n t  of mul t inucleated cells, 
sometimes with as m a n y  as 8 nuclei (Figs. 4 and  
5). Whe the r  the lat ter  were the result of the fusion 
of single cells or lack of cell division could not  be 
determined.  All these general  characteristics were 
p redominan t  dur ing  the logari thmic phase of 
growth from the 3rd to the 6th day  after harvest-  
ing and  inoculation.  They  were obta ined  with 
bo th  the crude extract  and  the purified hormone  

and  consequent ly do not  seem to be due  to im- 
purities of the crude extract. 

Effects of P T E  on Growth 

To see whether  the ho rmone  had  any  toxic 
effect on  their  growth, cells were harvested in 
replicate cultures in Leighton tubes wi th  or with- 
out  1 uni t  P T E / m l  of medium.  The  cells were 
counted at  various t ime intervals on a cell counter ,  
after t r ea tment  with 0.025 per  cent  trypsin to pu t  
them in suspension. Fig. 7 a shows tha t  there was 
no difference between the control  and  the t reated 
group. As there was a possibility tha t  the ho rmone  
might  be inact ivated quite rapidly at  37°C, counts 
were made  on cultures fed every day  with fresh 
med ium and  fresh hormone.  Fig. 7 b shows that ,  
despite a greater  spread due to daily feeding, the 
slope of the growth curve is identical  in bo th  
groups. Even when  the original inoculate was 
different, their  rate of growth proved to be the 
same (Fig. 7 c). Fig. 7 d shows tha t  the log phase 
of growth and  the s tat ionary phase are equally 
unaffected. This  seems to be a good evidence tha t  
the hormone  does not  have any  toxic or growth- 
inhibi t ing effect in the concentra t ion  of 1 u n i t / m l  
of medium.  

Effect of P T I I  on Mitosis 

In  observing these colonies, we had  the feeling 
that ,  in the cultures t reated wi th  P T H ,  mitoses 
were more numerous  than  in controls. To try to 
quant i t a te  this impression, four cultures were 
grown on small glass slides fitted in the bo t tom 
of Leighton tubes. After 4 days of growth in con- 
trol medium,  two cultures were exposed for 24 
hours  to 1 un i t  P T H / m l  while the control  cultures 
were fed only fresh medium.  The  5th day, the 
slides were fixed and  stained with hematoxyl in  
and  eosin, (Figs. 8 and  9). Only  clearly visible 
mitotic figures were counted under  magni f ica t ion  
of 400 and  expressed as mitoses per  field. Twen ty  
different fields were counted  in each of the four 
slides. As seen in Table  I, the n u m b e r  of mitoses 
was nearly doubled  in the P T H  group. 

TABLE I 

Mitoses per Field 

Control 4.97 -4- 1.11 
PTE 8.80 -4- 1.81 

Increase, per cent 77 p <0.001 
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Effect of P T H  on Cell Attachment 

At tha t  point, we were facing the paradox oi 
similar growth curves with different mitotic rates. 
We  had  noticed, however, that ,  besides morpho-  
logical changes, the cells t reated with P T H  seemed 
to show a decreased adhesiveness to glass, while 
c lumping together  to a greater extent  (Figs. 2 and  
9). We repeated the cell counts, this t ime count ing 
separately the cells in suspension in the med ium 
and  the cells a t tached to the glass. Fig. l0  shows 
tha t  the growth curve of a t tached cells is again 
identical in bo th  groups but ,  as the PTH- t rea ted  
cultures had  more cells in suspension, the total  
n u m b e r  of cells is increased by tha t  amount .  
This  seems to reconcile the two previous observa- 
tions of identical  growth curves with different 
mitotic indices. 

Cell Size 

I t  was difficult to assess whe ther  there was any  
difference in size between the t reated and  un-  
t reated cells because of their  morphological  differ- 
ences. Cell size dis t r ibut ion obta ined  on the 
Coulter  counter  showed tha t  there  was no change 
between the two groups, (Fig. l 1). T he  two curves 
were obta ined  on the two cultures shown in Figs. 
1 and  2. Al though the mul t inuclea ted  cells were 
definitely larger than  the other  cells and  more 
numerous  in PTE- t rea ted  cultures, their  n u m b e r  
was p robab ly  too small as compared  with other  
cells to be detected by the counter.  

"Bone Resorption" 

Final ly  we decided to test the behavior  of these 
cells grown in monolayer  in presence of bone 
powder. The  cells were grown for 2 days in Leigh- 
ton tubes and  in control  medium.  O n  day  2, the 
cells were fed fresh m e d i u m  conta in ing  a few 
crystals of autoclaved veal bone powder. The  

cultures were divided into three groups. The  first 
one had  fresh med ium and  bone powder  alone. 
The  second had,  in addit ion,  1 uni t  P T E / m l  of 
m e d i u m  and  the third 2 uni t s /ml .  Each  group 
consisted of 4 Leighton tubes. Pictures were taken 
on the 3rd day  (Figs. 12, 14, and  16). I t  is clear 
tha t  the cultures accepted the bone powder  quite 
well. The  cells sur rounded the crystals and  at-  
tached to them. The  PTE- t rea ted  colonies showed 
the same round  and  heaped  characterist ics a 
ment ioned  before (Figs. 14 and  16). Wi th in  2 
u n i t s / m l  some cells were de tached  and  some of 
them were loaded with microcrystals (Fig. 16). 
Pictures were taken again  on day  6 (Figs. 13, 15, 
and  17). The  control  colonies seemed to have 
grown and  spread normally.  The  cells were still 
a t tached to the bone particles. They  even seemed 
to c l imb on the sides of them (Fig. 13). No signifi- 
can t  reduct ion in the size and  n u m b e r  of bone 
powder  particles was noticeable. Occasionally, a 
few cells were loaded with crystals. The  cultures 
t reated with 1 un i t  P T E / m l  also seemed healthy.  
There  was, however,  a significant reduct ion in the 
size and  n u m b e r  of bone particles (Fig. 15). Wi th  
2 units P T E / m l  the colonies seemed healthy,  bu t  
not  a single bone particle was present. Lacunae,  
with t iny crystals, were sometimes present in the 
center  of some colonies, and  m a n y  cells were 
loaded with microcrystals (Fig. 17). 

D I S C U S S I O N  

It  has never  been de termined  whether  the role of 
para thyroid  ho rmone  stops with the main tenance  
of a constant  serum calcium level or whe ther  it is 
fur ther  involved in ca lc ium-dependent  physio- 
logical activities such as, for instance, cell adhesion 
and  m e m b r a n e  structure and  properties. Fur ther -  
more, i t  is still difficult at  the present t ime to 
envision a common  mechan ism account ing for the 
effects of the hormone  on the m e m b r a n e  per- 

Magnification of all figures approximately ~00. 

FIGVRE 1 HeLa cells, control culture, 3rd day. 

FmURE ~ HeLa cells, culture with 1 unit PTE (Eli Lilly and Company)/ml of medium, 
8rd day. 

FIGWtE 8 HeLa cells, culture with 1 unit PTH (purified hormone)/ml medium, 3rd day. 

FlovaES 4 to 6 HeLa cells, cultures with 1 unit PTE/ml  of medium, 3rd day. 
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FIGURE 7 Effect of 1 unit /ml of PTE 
on growth rate of HeLa cells. 

meabi l i ty  of the renal  tubule  and  on bone resorp- 
tion. I t  is, therefore, of interest to see in our model  
system two effects of P T H :  an  effect on the cell 
m e m b r a n e  and  wha t  we would like to call " b o n e  
resorption." Induc t ion  of bone resorption by P T H  
in vitro has already been reported by Gail lard (6) 
and  Goldhaber  (7), in organ cultures of mouse 
radii  or calvaria. The  interest of our  observations 
is tha t  P T H  affects as well a cell strain seemingly 
unre la ted  to para thyroid  function. 

Decreased adhesiveness to glass and  c lumping of 
cells have already been studied in cell cultures. 
T h e  mechanisms involved, however, are still un -  
clear and  controverisal.  Adhesiveness to a foreign 
substrate and  mutua l  adhesiveness between cells 
have been shown by Coman  and  coworkers (8, 9) 
to be two different properties of the cell membrane  
which can vary independent ly  from one another  
as seen, for instance, in our experiments.  In  a paper  
on the role of calcium in cellular a t t a c h m e n t  to a 

FIGURE 8 

FIGURE 9 
and eosin. 

HeLa cells, control culture, 4th day, hematoxylin and eosin. 

HeLa cells, culture exposed for ~4 hours to 1 unit PTH/ml  of medium, 4th day, hematoxylin 
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glass surface, Weiss (10) has shown that there is an 
optimal calcium concentration favoring cell ad- 
hesion at about 3 m g / l O 0  ml, below and above 
which glass adhesiveness is decreased. If calcium 
was involved in our experiments, we could not 
decide, by this parameter alone, whether the de- 
creased adhesiveness of PTE-treated cells is due to 
a higher or lower calcium concentration at the cell 
surface, because both could have the same effect. 
However, we observed also that the treated cells 
were clumping together, suggesting an increased 
adhesion between them. Coman (8), noting that 
calcium is essential for cell adhesion, reports that 
cancer cells are deficient in adhesiveness to each 
other and at the same time seem to be incapable 
of binding an adequate amount of calcium at their 
surface (11). Our results, if comparable, would 
then suggest a higher calcium binding capacity in 
the PTE-treated cells. But, without speculating on 
mechanism, it might be worthwhile to mention 
the many  other factors, reviewed by Taylor (12), 
Weiss (13), and Curtis (14), which could be im- 
plicated in cellular adhesion: calcium, proteins, 
mucopolysaccharides, surface charges, surface pro- 
jections and microvilli, pH, and, of course, several 
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combinations of those. Which of these factors was 
or were affected by P T H  is presently under study. 
Whatever  the mechanism, it is worth mentioning 
now that our cells did show surface projections 
and microvilli, bringing further evidence that 
P T H  affects the cell membrane.  It  has already 
been reported by Roth and Munger  (15) that the 
chief cells of human parathyroid adenoma pre- 
sented marked interdigitation of cell membranes 
and folds of microvilli. This observation has been 
further substantiated by Roth  and Raisz (16) with 
rat parathyroid glands cultivated in vitro: electron- 
rnicrographs show tortuous cell membranes with 
numerous microvilli interdigitating between adja- 
cent cells in a state of hyperfunction, while the 
cell membranes are straight, parallel, and with 
fewer microvilli in cells in a state of hypofunction. 
In  further support of the role of P T H  on cell 
membrane and adhesion is a report by Roizman 
(17) that P T H  decreases adsorption of herpes 
simplex virus on HEp-2 cells in tissue cultures, and 
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slows down the "transport"  of the virus through 
the cell membrane. 

The increased mitotic rate observed in our 
treated cultures would suggest that P T H  belongs to 
the group of hormones stimulating mitotic activity, 
as reviewed by Bullough (18). I t  is of further inter- 
est to note with Abercrombie (19) that during 
mitosis of fibroblasts there is a decrease in ad- 
hesiveness to the culture flask. 

Finally the presence of multinucleated cells in 
one set of experiments and dissolution of bone 
crystals after exposure to PTE suggest that our 
artificial model system might not be irrelevant to 
the problem of bone resorption. We think it might 
be suitable to help further clarify the mode of 
action of P T H  in later investigations. 
This paper is based on work performed under con- 
tract with the United States Atomic Energy Com- 
mission at the University of Rochester Atomic Energy 
Project, Rochester, New York. 
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FmunE 12 Control culture + bone, day 8. 

FIGURE 13 Control culture + bone, day 6. 

FIGURE 14 Culture with 1 unit PTE -{- bone, day 3. 

FIGURE 15 Culture with 1 unit PTE + bone, day 6. 

FtGunE 16 Culture with ~ units PTE + bone, day 3. 

FIGURE 17 Culture with ¢ units PTE -4- bone, day 6. 
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