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S U M M A R Y  

Several steroids of the androgen biosynthetic pathway were measured in cell suspensions of two tumor 
variants originating from the gonadotropin-responsive murine M5480 Leydig cell tumor. In M5480A, 
the androgen-producing variant, testosterone and dihydrotestosterone were the main steroids produced 
basally; addition to HCG to the incubation medium resulted in increased testosterone but no change 
in dihydrotestosterone levels and the main steroid accumulating in the medium was progesterone. 
In M5480P, the progesterone-producing variant, progesterone and androstenedione were the main 
steroids produced, while testosterone and dihydrotestosterone production were negligible both basally 
and following stimulation with HCG. Progesterone levels increased more in M5480P than in M5480A 
with HCG stimulation. The steroid profiles observed in the M5480 tumor variants were contrasted 
with that of Leydig cell-enriched suspensions of normal mouse testes. Comparison of the ratios of 
progesterone to 17a-hydroxyprogesterone and of androstenedione to testosterone, in the two tumor 
variants with each other and with normal mouse testes, suggests the following alterations in steroido- 
genic enzymes activities: (a) a partial decrease in 17~-hydroxylase activity more marked in M5480P 
than in M5480A, {b) a decrease in 17/~-hydroxysteroid dehydrogenase activity in M5480P. Finally, 
in the M5480A tumor variant, the absence of an increase in dihydrotestosterone levels with HCG 
stimulation suggests a decrease in 5~t-reductase activity. 

I N T R O D U C T I O N  

The M5480 Leydig cell tumor,  of spontaneous  murine 
origin, was adapted for serial t ransplanta t ion  by Dr. 
W. F. Dunn ing  of the Papanicolau Cancer  Research 
Institute, Miami,  F U  This tumor  was shown to re- 
spond to LH st imulat ion in vitro by increased steroi- 
dogenesis [1]. The original tumors  produced mainly 
testosterone and smaller amount s  of progesterone; 
however, Moyle et al noted that,  after several gener- 
ations, the tumors  produced mainly progesterone and  
20~t-dihydroprogesterone and only small quanti t ies  of 
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The following abbreviations and trivial names have been 
used: pregnenolone = 3fl-hydroxy-5-pregnen-20-one: pro- 
gesterone = 4-pregnen-3,20-dione; 17-bydroxyprogester- 
one = 17-hydroxy-4-pregnen-3-one; androstenedione = 
4-androstene-3,17-dione; testosterone = 17fl-hydroxy- 
4-androsten-3-one; dihydrotestosterone = 17fl-hydroxy- 
5ct-androstan-3-one; 20ct-dihydroprogesterone = 20a-hy- 
droxy-4-pregnen-3-one. 

tes tos terone[2] .  Working  with the same original 
tumor, in in vivo studies, Neaves showed that  tumors  
mainta ined the testosterone levels of castrated reci- 
pient mice within normal  levels, and that  rep,~ated 
injections of H C G  produced a 5- to 6-fold increase 
in plasma testosterone 13]. Recently, we have identi- 
fied two variants  of the original M5480 tumor  which 
differ in their steroid producing properties in vitro [4]. 
M5480A, the androgen-producing  variant, was found 
to produce equal amounts  of progesterone and testo- 

sterone under  basal condi t ions;  H C G  stimulated the 
product ion of bo th  steroids but  relatively more of 
progesterone. M5480P, the progesterone-producing 
variant,  was shown to produce mainly progesterone 
with very little testosterone both  in the presence or 
in the absence of HCG. 

The aim of the present study was to further charac- 
terize basal and  gonadotropin-s t imula ted  steroid bio- 
synthesis in these two tumor  variants  and compare  
the results with similar studies in normal  mouse Ley- 
dig cells. Several intermediate steroids of the 
androgen biosynthetic  pathway were measured in cell 
suspensions incubated with and without  HCG. Exam- 
inat ion of the steroid profiles suggests decreased 
17ot-hydroxylase activity in bo th  tumor  variants, de- 
creased 17fl-hydroxysteroid dehydrogenase activity in 
M5480P, and  impaired 5~t-reductase activity after 
H C G  st imulat ion in M5480A. 
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EXPERIMENTAL 

Tumors. Generation 120 of M5480P was obtained 
from the Papanicolau Cancer Research Institute 
(Miami, Florida). Generation 176 of M5480A was 
generously provided by Dr. William B. Neaves (Uni- 
versity of Texas Health Science Center at Dallas) who 
previously obtained generation 64 of the M5480 
tumor from Dr. Dunning in 1973, and maintained 
it by serial transplantation every 14 days. In our 
laboratory, the tumors were transplanted either every 
14 days (M5480A) or every 18 days (M5480P) into 
7-9 week-old male C57Bt/6J mice (Jackson Labora- 
tory, Bar Harbor, Maine) by the method of 
Neavesl-5]. 

Cell suspensions from Leydi9 cell tumors. Cell sus- 
pensions were prepared from 12-14 day old M5480A 
or 16-18 day old M5480P tumors as previously de- 
scribed [4]. Briefly, the cells were dispersed by forcing 
the minced tumors through a 30 mesh stainless steel 
grid into a petri dish containing Medium 199. After 
removal of the erythrocytes by hypotonic shock, the 
tumor cells were suspended in Medium 199 at final 
dilution of 2.5 x 10 ° cells/ml. Some tumors from gen- 
eration 5-22 (M5480A) and 5-18 (M5480P) in our 
laboratory were used for the cell suspensions. 

Cell suspensions from normal mouse testes. In each 
experiment, the testes of four adult C57B1/6J mice 
were removed after the animals were sacrificed by cer- 
vical dislocation. The testes were then dispersed as 
described by Van Damme et al.1,6] except that 
Medium 199 was used for the cell suspensions. This 
preparation does not contain a homogeneous Leydig 
cell population, and thus no attempt was made to 
obtain cell numbers. Each ml of medium contained 
the cells dispersed from 50 mg of testicular tissue. In 
all cases, Medium 199 was supplemented with 
1 mg/ml bovine serum albumin and 20pg/ml genta- 
mycin. 

Incubation conditions. Two ml of normal or tumor 
cell suspensions were placed in 20 ml polyethylene 
vials; 100pl of 10mM sodium phosphate buffer, 
0.15 M NaC1, 1 mg/ml bovine serum albumin, pH 7.4, 
was added to duplicate basal samples and 20ng of 
purified H C G  1,7] in 100pl of the same buffer was 
added to duplicate samples (HCG stimulated). This 
final concentration of 10ng/ml of H C G  has pre- 
viously been shown to produce maximal stimulation 
of steroidogenesis in both Leydig cell tumor vari- 
ants 1,4]. Incubations were performed at 37°C, under 
95% 02 -5% CO2, in a shaking water bath (60-80 rev./ 
min), for either 60 or 120 min. At the end of the incu- 
bation, the contents of the vials were centrifuged at 
1200 0 for 10min and the supernatants were stored 
frozen until steroid measurements were performed. 

Steroid measurements. The following steroids were 
measured in the incubation medium using preparative 
chromatography and previously described specific 
radioimmunoassays: pregnenolone1,8], progesterone 
and 17c~-hydroxyprogesterone 1,9], androstene- 
dione 1,10], testosterone and dihydrotestosterone [11]. 

The results reported represent the mean of values 
from duplicate incubation vials and are expressed in 
ng/ml of medium/60 min incubation. The steroid pro- 
duction increases linearly during the periods of incu- 
bations utilized [4], and thus allows this normaliza- 
tion of the data. Values under the sensitivities of the 
assays were assigned the lowest detectable value (0.1 
or 0.2 ng/ml) for purposes of statistical analysis. These 
were performed using Student's paired t-test to com- 
pared steroid levels between basal and HCG stimu- 
lated cell suspensions; Student's t-test was used for 
other analysis. 

RESULTS 

Steroid levels in cell suspensions o f  M5480 tumor 
variants 

A total of 7 experiments were performed using the 
M5480A tumors. The steroid levels in the cell suspen- 
sion medium after incubation with or without HCG 
are given for each individual experiment in Table 1. 
When the M5480A cells were incubated under basal 
conditions, the steroid present in larger amount in 
the medium was testosterone; smaller amounts of 
dihydrotestosterone and progesterone were also 
present. Stimulation of the cells with HCG produced 
a significant increase in all steroids measured except 
pregnenolone and dihydrotestosterone. However, the 
main steroid measured in the medium after HCG 
stimulation was progesterone which increased 13-fold 
(mean), while testosterone increased only 2-fold 
(mean). 

A total of 6 experiments were performed using the 
M5480P tumors and the results are presented in 
Table 2. After incubation in the basal state, the main 
steroids measured in M5480P were progesterone and 
androstenedione. The levels of testosterone and 
dihydrotestosterone were generally very low. Stimu- 
lation of the cells with HCG produced a significant 
increase of all steroids measured except 177-hydroxy- 
progesterone. The main steroid accumulating in the 
medium with HCG stimulation was progesterone 
which increased about 50-fold (mean). 

The mean level of each of the steroids measured 
in the M5480A and in the M5480P cell suspensions 
are compared in Fig. 1. It can be seen that progester- 
one levels were significantly higher after H C G  stimu- 
lation in M5480P than in M5480A. Mean androstene- 
dione levels were higher in M5480P than in M5480A, 
both basally and with H C G  stimulation. Finally, 
testosterone and dihydrotestosterone levels were 
higher in M5480A than in M5480P under basal con- 
ditions and when stimulated by HCG. 

Steroid levels in normal mouse testes cell suspensions 

The steroid profile observed in the M5480 tumors 
was compared with that of normal mouse testes to 
ascertain if qualitative differences existed. The results 
of four different experiments with normal mouse 
testes are summarized in Table 3. Basally, testoster- 
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Fig. 1. Comparison of steroid levels (mean + S.E.M.) in 
the androgen-producing variant (M5480A) versus in the 
progesterone-producing variant (M5480P) Leydig cell 
tumor; cell suspensions were incubated either in the 
absence (basal) or in the presence of HCG, 10 ng/ml. The 
results are expressed in ng of steroids/ml of medium/60 min 
incubation. N indicates the number of experiments in each 

group. 

one was measured in small quanti t ies in the cell sus- 
pension medium and the precursor levels were low. 
The addit ion of H C G  during the incubat ion led to 
an accumulat ion mainly of testosterone, but  also of 
andros tenedione  and dihydrotestosterone.  In contras t  
with the tumor  cells, H C G  stimulation did not  pro- 
duce an accumulat ion of progesterone in the cell sus- 
pension medium of normal  mouse testes. 

Since no  a t tempt  was made to quant i ta te  the 
number  of Leydig cells in the suspensions of normal  
mouse testes, quanti tat ive compar isons  cannot  be 
made with the steroid levels measured in the tumor 
cell suspensions. Quali ta t ive comparisons can be 
made however by examinat ion of the rat ios between 
the steroids of the biosynthetic  pathway in the three 
different cell preparations.  

Progesterone/17-hydroxyprogesterone ratios in M5480 

tumor variants and in normal mouse testes 

The individual ratios of progesterone/17ct-hydroxy- 
progesterone are shown in Fig. 2 for each experiment 
in the three different grroups of cell suspensions. 
Basally, the rat ios are similar in the two tumor  vari- 
ants  being greater t han  1 ; in the normal  mouse testes. 
the steroid levels were detectable only in one experi- 
ment  with a ratio of 1. Following H C G  stimulation, 
the progesterone/17~-hydroxyprogesterone ratios in- 
creased further in both  tumor  variants  but more in 
M5480P tumor  cells than in the M5480A tumor  cells 
(mean ratios are 104.8 vs 8.1). In contrast,  in the nor- 
mal mouse testes, the progesterone/17~-hydroxypro- 
gesterone rat io fell to less than 1 after H C G  stimu- 
lation. Thus, qualitatively, the conversion of pro- 
gesterone to 17~-hydroxyprogesterone is impaired in 
bo th  M5480 tumor  variants. 

Androstenedione/testosterone .ratios in M5480 tumor 

variants and in normal mouse testes 

The ratios of androstenedione/ testosterone,  bo th  
basally and with H C G  stimulation, were less than 
1 in M5480A and in the normal  mouse testes 

• (Fig. 3). In contrast,  in M5480P, bo th  with and with- 
out  HCG,  the androstenedione/ tes tos terone mean 
ratios were approximately 10. Thus, qualitatively, the 

3OO 

I00  

a. 
> 

n :  
o o  

I <  

r,- 

o f  

BASAL 

M 5 4 8 0 A  M 5 4 8 0 P  

N O R M A L  

M O U S E  

T E S T E S  

M 5 4 8 0 A  

o 
I 

• + 

- i -  : • 

HCG 

NORMAL 

M 5 4 8 0 P  MOUSE 

T E S T E S  

l 

_ - o  . . . . . . . . . .  • . . . . . . . . .  • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.,.~_o 

I' " 'I [ NS. p<O.O2 p(0.025 

p<O.05 

Fig. 2. Ratios of progesterone/17-hydroxyprogesterone in cell suspension medium of M5480A, of 
M5480P and of normal mouse testes incubated either with or without (basal) HCG, 10ng/ml. The 
closed circles represent the ratios from individual experiments; the open circles indicate the minimum 
ratio calculated from experiments where the 17-hydroxyprogesterone level was <0.2 ng/ml. The bars 

indicate the mean ratios for each group. Note the semilogarithmic scale. 
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Fig. 3. Ratios of androstenedione/testosterone in cell suspension medium of M5480A, of M5480P, 
and of normal mouse testes incubated either with or without (basal) HCG, 10 ng/ml. The closed circles 
represent the ratios from individual experiments; the open circles indicate the minimum ratios calculated 
from experiments where the testosterone levels were <0.1 ng/ml. The bars indicate the mean ratios 

for each group. Note the semilogarithmic scale. 

conversion of androstenedione to testosterone 
appears to be impaired in M5480P as compared  to 
normal  mouse testes and to M5480A tumors.  

DISCUSSION 

Our  studies clearly show that  the steroids produced 
by the two tumor  variants of the same original M5480 
Leydig cell tumor  differ considerably. Using prepara- 
tive chromatography  and  specific radioimmunoas-  
says, this study confirms our previous report  concern- 
ing the product ion of progesterone and testosterone 
in the M5480 tumor  variants  [4]. The most  striking 
difference in the basal state is that  the M5480P 
tumors  produce mainly androstenedione while the 
M5480A tumors  produce mainly testosterone. Dihy- 
drotestosterone levels in the two tumor  variants  were 
found to parallel the testosterone levels in the basal 
state. 

The tumors  have been shown to contain specific 
LH and H C G  receptors and to respond by increased 
steroidogenesis following gonadot rop in  stimu- 
lation [4, 12]. We have confirmed this s t imulatory 
effect on progesterone and testosterone product ion 
and have extended it to other  intermediates in the 
androgen biosynthetic  pathway. The H C G  stimu- 
lation accentuated further the differences in andros- 
tenedione and testosterone product ion observed 
between thc tumor variants  in the basal state; further- 
more, following H C G  stimulation, progesterone pro- 
duction predominated in both  tumor  variants, but  
was quanti tat ively greater in M5480P than in 
M5480A. Our  findings in normal  mouse testes were 
very similar to those of de la Torre  e t  a/ . r l3]  as testo- 
sterone was the main steroid secreted both  basally 
and with H C G  stimulation, whereas progesterone 
Icvcls remained low. 

Examinat ion of the progesterone/17~-hydroxypro- 
gesterone ratios in the two tumor  variants  and in the 
normal  mouse testes is compatible  with a partial defi- 
ciency in 17:t-hydroxylase activity in both  tumor  vari- 
ants as compared to the normal  mouse testes: this 
defect appears  to be more severe in M5480P than 
in M5480A. Addit ional  alterations in enzyme activity 
are also suggested by comparison of the androstene- 
dione/ testosterone ratios in the three cell prep- 
arations. The rat io of androstenedione to testosterone 
was equal or greater than 1 in M5480P whereas, in 
M5480A and normal  mouse testes, it was smaller than 
1. In M5480A as in the normal  mouse testes, the con- 

version of androstenedione to testosterone appears  to 
occur readily. In contrast,  in M5480P, the accumu- 
lation of androstenedione,  both  basally and with 
HCG, suggests a decrease in 17fl-hydroxysteroid de- 
hydrogenase activity. 

It is also of interest that  dihydrotestosterone levels 
did not consistently increase after HCG stimulation 
in the tumor variants whereas it did in normal  mouse 
testes in this study as well as in that  of de la Torre 
e t  al.[13]. This finding suggests decreased 5~-reduc- 
tase enzyme activity in the tumor  cells following 
H C G  stimulation. It is noteworthy that  following 
H C G  stimulation the progesterone levels increased to 
mean levels of 26.4 and l l l . 7 n g / m l  respectively in 
M5480A and in M5480P but only to a mean level 
of 0.4 ng/ml in the normal  mouse testes (Tables I and 
3): since progesterone inhibits 5~-reductase ac- 
tivity [14], it is possible that  following H C G  stimu- 
lation the accumulat ion of progesterone inhibits 
5~-reductase activity. In M5480P the limited substrate 
(testosterone) availability for the 5~-reductase could 
be responsible for the low dihydrotestosterone levels. 

Alterat ions of the activity of steroidogenic enzymes 
have previously been observed in several steroid sec- 
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reting tumors. Accumulation of progesterone was 
noted in mouse interstitial cell tumors in tissue cul- 
ture [15] and in cell suspensions [16]; accumulation 
of precursor steroids has also been documented com- 
monly in adrenocortical cancer in mice [17] and in 
man [18, 19]. Accumulation of androstenedione with 
less testosterone production was noted in a transplant- 
able mouse luteoma, but this pattern is normally 
found in ovarian stroma [20]. The loss in certain 
enzymes activity is often accompanied by a gain in 
others as recently reviewed [21]. The appearance of 
two variants which originate from the same initial 
tumor but differ by their steroid secretion is interest- 
ing, and similar observations were previously made 
in a mouse adrenal tumor after several transplan- 
tations [22]. The growth rate of the M5480 tumors 
also appears to have changed: initially Moyle et al.[2] 
reported that the tumors weighed 0 .~4 .0gm within 
2-6 months of transplantation, whereas in our labora- 
tory the tumors weighed 2 g m  by 14 days (M5480A) 
and 1.4 gm by 18 days (M5480P)[4]. 

In summary, the steroid producing characteristics 
of two variants of M5480 Leydig cell tumors have 
been examined further. These studies suggest that in 
the androgen-producing variant 17~-hydroxylase ac- 

tivity is decreased, while in the progesterone-produc- 
ing variant both 17ct-hydroxylase and 17fl-hydroxy- 
steroid dehydrogenase activities are decreased. Also 
a functional decrease of 5ct-reductase activity appears 
to be present in the androgen-producing variant 
under HCG stimulation. 
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