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From clinical experience it is known that medroxyprogesterone acetate (MPA) can increase ‘the radio- 
sensitivity of adenocarcinomas of the corpus uteri. This study investigates this phenomenon in vitro. 
Primary explants of highly differentiated adenocarcinomas were irradiated with or without pretreatment 
with MPA and compared with an untreated control group and to a group treated with MPA only. Cell 
culture itself was performed on an agarose medium in order to prevent overgrowth by fibroblasts. Untreated 
samples formed 43 f 5 clones, explants treated with MPA only produced 39 +- 5 clones, a difference 
which was not statistically different; samples irradiated without pretreatment produced 16 k 8 and 
samples after combined treatment 9 f 3 clones (all values 2 f SD). This numeric reduction of cell 
growth through preirradiation treatment with MPA was statistically significant. The effect of MPA as 
a radiosensitizer may be due to its potential to prolong the radiosensitive G1 phase of the cell cycle. 
This effect of MPA may be useful also in other hormone-dependent tumors. 
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HE FACT that hormonal therapy recently has been T included into the oncologic armantarium can be 
considered an important innovation. Clinical experience 
in various types of malignancies has been so convincing 
that today hormonal therapy can already be considered 
an integral part of oncologic treatment. 

In gynecology, progesterone derivatives have been used 
successfully in the treatment of hormone-sensitive tumors. 
Their mechanism of action seems to be based on the 
antiproliferative effect of progesterone, which has been 
demonstrated and described repeatedly. 

Experimental evidence for this effect has been gained 
in rats in whom an adenocarcinoma of the breast was 
implanted followed by application of medroxyprogester- 
one acetate (MPA) as the progestational agent. The treated 
animals showed significant regression of tumor growth 
when compared with controls or animals treated other- 
wise.3 In addition, in vitro experiments showed that ad- 
dition of MPA to cell cultures incubated with labeled 
thymidine led to a reduction of thymidine incorporation 
and thereby to decreased pr~liferation.~ 

However, in addition to this well-established antipro- 
liferative action the suspicion was raised from clinical 
observations that MPA might also serve as a “radiosen- 
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sitizer” for certain  tissue^.^ A group of 20 patients with 
highly differentiated adenocarcinomas of the corpus uteri 
was treated for 5 weeks with MPA before radiotherapy. 
A significantly improved radiation effect after pretreat- 
ment with MPA could be demonstrated in comparison 
to irradiation alone. Since this cylindric epithelium is 
normally poorly sensitive to irradiation6 this constitutes 
a clinically important observation. In the current study 
we have tried to find in vitro evidence to support this 
finding and have, therefore, irradiated cell cultures in 
vitro alone and after treatment with MPA. 

Materials and Methods 

Originally we started our cultures in Falcon tubes with 
Ham F 10. This led to an overgrowth of the cultures by 
fibroblasts. Therefore, tissue cultures were performed ac- 
cording to the “plaque-technique’’ described by Jacoby 
and Pastan.’ This technique not only prevents overgrowth 
by fibroblasts, but also significantly facilitates evaluation 
through counting of the plaques. 

Briefly, a Difco Bacto agarose was mixed with 20 ml 
of calf-serum, 20 ml trytosephosphate, and 80 ml twice- 
concentrated Glasgow MEM medium at 44”C, and was 
applied into an agarose-concentration of 0.5%. Seven 
milliliters of this medium were pipeted into a 5 cm Petri 
dish and formed the “base layer.” Two parts of the 0.5% 
agarose described above were then mixed with a portion 
of the culture medium containing a monocell suspension 
of the cells to be cultured; 1.5 ml was applied as “upper 
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TABLE 1. Number of Clones After in V i m  Culture of Highly 
Differentiated Endometrial Adenocarcinomas 

No. in sample of 
X & SD the population 

Controls 43 2 5 6 
MPA alone 39 * 5 6 
Irradiation alone 16 f 8* 8 
Irradiation f MPA 9 * 31 I 

* P < 0.05; Student’s t-test, t = 2.177. 
X: mean of the sample; SD: standard deviation; MPA: medroxypro- 

gesterone acetate. 

layer” on top of the base layer; for successful growth at 
least lo3 cells had to be dispersed. 

Monocell suspensions were obtained by trypsinization 
of tissue specimens in a magnetic stirrer. First, tissue 
fragments were washed in a 0.25% trypsin solution diluted 
with calcium-free and magnesium-free Balanced salt so- 
lution; the supernatant was decanted and warm trypsin 
in the same concentration was added by means of a mag- 
netic stirrer. This was done four to five times until the 
suspension contained single cells; then the solution was 
immediately incubated with calf-serum to neutralize the 
trypsin effect. After three washings and after counting, 
the monocells were dispersed into the Petri dish as de- 
scribed above. The cultures were incubated for 14 days 
with CO,; at that time colonies measuring approximately 
0.1 to 0.2 mm in diameter were counted under the ste- 
reomicroscope. 

Twenty-four explants of highly differentiated adeno- 
carcinomas from six different patients (from two to six 
explants per patient) were cultured according to the 
method described above. The tissue was obtained by di- 
latation and curretage in all instances. Each piece of tissue 
was divided into two parts; one was used for histology 
and the other for in vitro cultures. The explants were 
equally distributed at random to the different treatment 
groups. Six explants were given MPA in crystalline form 
into their culture medium in a concentration of 10 mcg 
per ml and were not irradiated later on. Fifty percent of 
the remaining explants were offered MPA in the same 
concentration, and were irradiated with 200 rad on the 
third day  after initiation of cell culture together with those 
explants not receiving MPA. 

Six additional tissue samples from two patients were 
cultivated as controls according to the same technique 
and using the same cell concentration but without ad- 
dition of MPA and without irradiation. 

Results 

The overall results are shown in Table 1. Cell cultures 
of the control group produced 43 f 5 clones, the low 
variability confirming the reproducibility of the method. 

The six explants not irradiated but treated with MPA 
revealed 39 k 5 clones per explant, which is not statistically 
different from the control group. 

Of the nine cell cultures irradiated without addition 
of MPA, one culture revealed only two clones. This sample 
was excluded since we assumed a primary defect of cell 
growth already after dissemination of the cells. The re- 
maining eight samples produced 16 f 8 colonies each. 

FIGS. IA-IC. Individual clones of adenocarcinomas of the endo- 
metrium cultured in Agarose-gel in v i m .  (A, top) no treatment, (B, 
center) irradiation with 200 rad, (C, bottom) irradiation with 200 rad 
after pretreatment with MPA (10 pg/ml). 
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Since this amounts to approximately 37% of the 43 clones 
of the samples not irradiated, irradiation with 200 rad 
was more or less equivalent to the average lethal radiation 
dose.’ 

Of the nine samples irradiated after addition of MPA, 
two samples failed to grow; we did, however, not consider 
this as a radical cytotoxic effect of the combined treatment 
but rather assumed that unknown factors may have in- 
hibited cell growth primarily when the cultures were im- 
planted. Therefore, the two samples were excluded from 
our results. In the seven remaining cultures 9 f 3 clones 
were found, which is significantly different from the 16 
-t 8 colonies of the irradiation alone (Table 1). 

Apart from this reduction in numeric growth the col- 
onies were also growing with reduced speed, e g .  the 
diameter of the clones was smaller in the combined treat- 
ment group, a parameter which, however, still needs con- 
firmation (Fig. 1). 

The tissue cultures of fibroblasts in the Falcon tubes 
did not show any “radiosensitizing” effect of MPA. 

Discussion 

The current study demonstrated that the addition of 
MPA to tissue cultures of adenocarcinomas of the corpus 
uteri increases their susceptibility to irradiation in vitro; 
significantly less clones were found in the group where 
MPA preceded irradiation when compared with irradia- 
tion alone. Although in vitro studies have to be interpreted 
cautiously, the fact that clinical observation of this ra- 
diosensitizing effect of MPA preceded our experimental 
confirmation indicates that radiosensitization seems to 
be a true phenomena. 

That this effect seems to be receptor mediated is in- 
dicated by the fact that it could not be observed in fi- 
broblast cultures that lack progesterone receptors and 
therefore are no target organ for MPA. 

According to Hustin, progesterone and its derivatives 

interfere with the cell cycle by prolonging the late G2 
phase2; since the results of Karcher’ show that the G2 
phase is the phase of the cell cycle which is specifically 
sensitive to irradiation, this could explain the improved 
irradiation effect of pretreatment with MPA. 

In summary, the results of the current study constitute 
in vitro evidence to substantiate the observation of Bonte 
and  coworker^,^ who in 1970 showed that MPA can act 
as a radiosensitizer of adenocarcinomas of the corpus 
uteri in v i v a  Since various other cancerous tissues are 
hormone responsive, it may be conceivable that MPA 
pretreatment could be useful in other tumors as well. 
Since increased susceptibility of surrounding tissues, e.g., 
skin, is unlikely because of the lack of progesterone re- 
ceptors the observed improved radiation effect after pre- 
treatment with MPA should be considered for clini- 
cal use. 
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