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Thyroid Hormone  Inhibits 
Androgen-enhanced DNA Synthesis in 
Shionogi Carcinoma 115 Cells Without 

Affecting Autocrine Growth Factor mRNA 
Expression 
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The growth of  the mouse  m a m m a r y  Shionogi ca rc inoma  115 (SC 115)-derived cell l ine (SC-3) is 
m a r k e d l y  s t imu la t ed  by androgen  th rough  induct ion  of  a hepa r in -b ind ing  growth fac tor  t e r m e d  
and rogen- induced  growth  fac tor  (AIGF). This and rogen- induced  growth  is pa r t ly  blocked by thy ro id  
hormone(s )  such as t r i i odo thyron ine  (T3). T r a n s f o r m i n g  growth fac tor  fl 1 (TGFfl l )  also inhibits  the 
growth  of SC-3 cells. Thus,  we have invest igated the possibil i ty tha t  T3 exerts its inh ib i to ry  effects 
on SC-3 cell growth th rough  an a l te ra t ion  in AIGF or TGF/~ 1 mRNA expression. Unexpectedly,  T3 
fai led to modu la t e  the expression of  AIGF mRNA. T 3 was also unable  to signif icantly affect TGFfl l  
m R N A  levels in a n d r o g e n - s t i m u l a t e d  SC-3 cells. More impor t an t ly ,  a neut ra l iz ing  an t ibody  against  
TGFfl 1 could not  block T3-dependent inhibi t ion of  and rogen- induced  SC-3 cell growth.  However,  the 
inh ib i to ry  abi l i ty  of  T~ was po ten t ia ted  by TGF/~ 1. In addi t ion,  T3 t r e a t m e n t  resul ted  in a significant 
inhibi t ion of AIGF- induced  DNA synthesis.  Thus, T 3 t r e a t m e n t  renders  SC-3 cells somehow 
r e f r ac to ry  to AIGF. The signal pa thway  for T3 to reduce AIGF responsiveness m a y  be shared  by 
TGFfl l .  

J. Steroid Biochem. Molec. Biol., Vol. 50, No. 1/2, pp. 5-11, 1994 

INTRODUCTION 

The growth of Shionogi carcinoma 115 (SC 115), mouse 
mammary carcinoma, is stimulated by androgen in vivo 
[1]. A cell line (SC-3) cloned from an SC 115 tumor is 
also growth-stimulated by androgen in serum-free cul- 
ture [2]. Androgen-induced growth of the SC-3 cells is 
mediated through induction of a heparin-binding 
growth factor. This growth factor has recently been 
purified and cloned [3]. The amino acid sequence de- 
duced from its cDNA clone reveals that this growth 
factor, tentatively termed androgen-induced growth 
factor (AIGF), is composed of 215 amino acids with a 
putative signal sequence and N-glycosylation site and 
has approx. 20 % homology with basic fibroblast growth 
factor (bFGF). AIGF exerts its mitogenic action in an 
autocrine fashion through binding to the FGF receptor 

*Correspondence to B. Sato. 
Received 30 July 1993; accepted 14 Feb. 1994. 

[4]. In line with these observations, only FGFs among 
putative growth factors can stimulate the growth of 
SC-3 cells [5]. 

Recently, evidence has emerged that growth-inhibi- 
tory signal pathways and their disruption play a pivotal 
role in the growth of cancer cells [6]. Among the humoral 
factors examined, thyroid hormone as well as transform- 
ing growth factor (TGF) fl 1 have been shown to inhibit 
the androgen-enhanced growth of SC-3 cells [7, 8]. 
Although the growth inhibitory potency of TGFfl 1 on 
most transformed epithelial cells is widely accepted [9], 
the growth inhibition of the SC-3 cells by thyroid 
hormone seems to be unique. In addition, thyroid hor- 
mone can inhibit androgen-induced, but not bFGF- 
induced, DNA synthesis of the SC-3 cells through a 
thyroid hormone receptor-dependent mechanism [7]. 

Several possible mechanisms may explain the effects 
of thyroid hormone on androgen- or bFGF-stimulated 
SC-3 cells: (i) thyroid hormone could inhibit AIGF 
expression; (ii) thyroid hormone could reduce the 
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sensitivity of  the cells to AIGF ,  but not to bFGF;  (iii) 
thyroid hormone could induce a growth inhibitor such 
as TGF f l  1 which inhibits AIGF- induced  synthesis; or 
(iv) androgen could activate an additional A I G F -  
independent pathway which is blocked by thyroid 
hormone. To  differentiate between these possibilities, 
it is a prerequisite to quantify the A I G F  mRNA 
expression level. 

Since we succeeded in cloning cDNA encoding 
A I G F  [3], it is now possible to determine whether or 
not thyroid hormone influences A I G F  mRNA ex- 
pression. In addition, the present experiments were 
also designed to address the possible involvement of 
T G F f l  I in the process of thyroid hormone-dependent  
inhibition of androgen-stimulated SC-3 cells. 

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

Materials 

Eagle's minimum essential medium (MEM) and 
Ham's F-12 were obtained from Nissui Pharmaceutical 
Co., Ltd  (Tokyo,  Japan). Fetal calf serum (FCS) was 
from Cell Culture Labs (Cleveland, OH). Testosterone 
(T), tr i iodothyronine (T3), Norit  A and bovine serum 
albumin (BSA) (essentially fatty acid free) were from 
Sigma Chemical Co. (St Louis, MO). Human TGF f l  1 
and ant i -TGFfl  1 neutralizing antibody were purchased 
from R&D Systems, Inc. (Minneapolis, MN).  
[Methyl -3H]thymidine (sp. act. 70-90 Ci/mmol), 
[125 I ]TGFf l  1 (sp. act. 2000-4500 Ci/ 
mmol) and [32p]dCTP (3000 Ci/mmol) were obtained 
from Amersham Japan (Tokyo, Japan). [125I]bFGF 
(870Ci/mmol) was purchased from New England 
Nuclear (Boston, MA). The  restriction enzymes were 
from Toyobo  Co., L td  (Tokyo, Japan). A I G F  cDNA 
was cloned as described previously [3]. The  cDNAs for 
human TGF f l  1 and T G F f l 2  were kindly provided by 
Drs R. Derynck and R. de Martin,  respectively. 

Cell culture and D N A  synthesis 

The  SC-3 cells were maintained in M E M  sup- 
plemented with 10-SM T and 2% (w/v) dextran- 
coated charcoal (DCC)-treated FCS as described 
previously [7, 10]. To  examine the DNA synthesis, the 
SC-3 cells were plated on a 96-well plate at a cell 
density of 104/well in 0.15 ml of M E M  supplemented 
with 2% DCC-treated FCS. On the following day, the 
cells were washed with and cultured in serum-free 
medium [Ham's F - 1 2 - M E M  (1:1; v/v) containing 
0.1% (w/v) BSA; HMB] without any stimulant for 
24 h, and then exposed to various test compounds. 
After 24-h treatment, the cells were pulsed with 
[3 H]thymidine (0.3 p Ci/well) for 2 h. Radiaoctivity in- 
corporated into the cells was measured [7]. During 
these procedures, the culture conditions were main- 
tained at 37°C in 95% ai r :5% CO2. 

Partial purification of A I G F  from conditioned medium 

A I G F  was partially purified from the conditioned 
medium as described previously [11]. Briefly, the SC-3 
cells were plated at a cell density of 106/100-ram dish. 
After being washed, the cells were stimulated with 
10 -8 M T for 3-4 days and their conditioned medium 
was collected. The  conditioned medium was applied to 
a heparin Sepharose affinity column, from which A I G F  
was eluted with a linear gradient of NaC1. 

Northern blot analysis 

Th e  SC-3 cells were plated at an initial cell density 
of 106/100-mm dish and treated as described above. 
After treatment, the cells were lysed in 5.5 M guanid- 
ium isothiocyanate. The  total RNA was precipitated 
through 5.7 M CsC1 by ultracentrifugation and elec- 
trophoresed (20 pg/lane) in 1% agarose gel containing 
0.66 M formaldehyde. After being transferred onto a 
nitrocellulose filter, hybridization was carried out in a 
stringent condition [12]. The  probes used here were 
human T G F f l l  (0.5kg EcoRI fragment), human 
T G F f l 2  (1.5kb EcoRI fragment) or mouse A I G F  
(1.0 kb BstXI fragment) cDNA. These probes were 
labeled with [32P]dCTP by a random priming method. 
After hybridization, the filter was washed three times 
with 0.2 x SSC, 0.1% (w/v) SDS at 55°C for 20min,  
and autoradiographed at - 7 0 ° C  for appropriate 
periods (2-5 days) of time. T h e  band intensities were 
semiquantified by a densitometer scanning method 
[12]. Th e  filter was always rehybridized with human 
fl-actin (0.4 kb HinfI  fragment) cDNA. 

Binding assays for TGFfl 1 and bFGF 

The  T G F f l l  binding assay was carried out by the 
method of Massague et al. [13]. Briefly, the SC-3 cells 
were plated at an initial cell density of 105/well (24-well 
plate) and treated with 10-SM T or 10-SM T plus 
10-VM T 3 for 2 4 h  as described above. After being 
washed four times with PBS containing 0.1% (w/v) 
BSA, the cell monolayers were incubated at 20°C for 
2 h  with various concentrations (6-100pM) of 
[125 I ]TGFf l  1 in the absence (total binding) or presence 
(nonspecific binding) of unlabeled T G F f l l  (10 nM), 
and then washed four times with PBS containing 0.1% 
(w/v) BSA. These treated monolayers were solubilized 
in the solubilization buffer [0.02 M Hepes, pH 7.4 at 
20°C, containing 10% (v/v) glycerol and 1% (v/v) 
Tr i ton  X-100]. The  radioactivity in the cell lysates was 
counted by a Packard gamma counter. Th e  specific 
binding was considered to be the total minus nonspe- 
cific binding. The  binding parameters were calculated 
by a method of Scatchard [14]. 

The  SC-3 cells were also plated and treated as 
described above to perform the b F G F  binding assay. 
The  cells were washed twice with 2 M NaC1 in 20 m M  
sodium acetate (pH 4.0) so as to remove FGF-l ike  
growth factor bound to F G F  receptors. The  cell mono- 
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Fig. 1. T3 -dependen t  i n h i b i t i o n  o f  D N A  s y n t h e s i s  in a n d r o -  
g e n - s t i m u l a t e d  SC-3 cells. The  SC-3 cells w e r e  u n s t i m u l a t e d  
( O - - - O )  o r  s t i m u l a t e d  (© . O)  w i t h l 0  - 8 M T i n t h e p r e s -  
ence o f  v a r i o u s  c o n c e n t r a t i o n s  of  T 3. Af t e r  24-h t r e a t m e n t s ,  
the  D N A  syn thes i s  was  m e a s u r e d .  The  r e p r e s e n t a t i v e  da t a  
o b t a i n e d  f r o m  the  t r ip l i ca t e  a s say  a re  depic ted.  A n  ad-  

d i t iona l  f o u r  e x p e r i m e n t s  gave s i m i l a r  resu l t s .  

layers were incubated at 4°C for 3 h with various 
concentrations (2 .5-500pM) of [12SI]bFGF in the 
presence or absence of unlabeled b F G F  (10nM) 
in M E M  containing 20 m M  Hepes (pH 7.4 at 20°C) 
and 0.15% gelatin. After the cells were washed twice 
with 2 M NaC1 in 20 m M  Hepes to remove [125 I ] b F G F  

bound to low affinity binding sites, [12SI]bFGF 
bound to F G F  receptors was extracted with 2 M  
NaC1 in 2 0 m M  sodium acetate (pH 4.0 at 20°C) 
[15]. 

Statistical analysis 

Th e  data presented here are expressed as mean + SE. 
T h e  paired Student 's  t-test is used to discuss the 
significant (P < 0.05) difference• 

RESULTS 

Effects of Ts on the DN.4 synthesis and .4IGF mRNA 
expression of SC-3  cells 

Th e  SC-3 cells were incubated with various 
concentrations of T 3 alone or in combination with 
10 -s M T.  Th e  D N A  synthesis of androgen-stimulated 
cells was inhibited in a dose-dependent manner by 
T 3 while that of androgen-unstimulated cells was 
not affected by T 3 (Fig. 1). These  results indicate that 
T 3 c a n  partly block androgen-enhanced D N A  syn- 
thesis. 

Next,  we examined the effect of T3 on A I G F  m R NA 
expression. Nor thern  blot analyses revealed that T 
markedly induced A I G F  m RN A  expression but  T 3 
failed to significantly modulate this androgen-induced 
expression (Fig. 2). These  results eliminate the possi- 
bility that T3 exerts its inhibitory action via the sup- 
pression of A I G F  mRNA expression. Thus ,  we 
examined the effects of T3 and/or T on the TGF/3 
mRNA expression. 
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Fig. 2. Effects  o f  T a n d  T 3 on  A I F G  m R N A  expres s ion .  The  SC-3 cells w e r e  s t i m u l a t e d  w i th  10 -s  M T, 10 -7 M 
T 3 o r  10 -s  M T p lus  10 -7 M T 3 fo r  24 h. As a con t ro l ,  the  u n s t i m u l a t e d  cells w e r e  also included• The  to ta l  R N A s  
e x t r a c t e d  f r o m  these  cells w e r e  s u b j e c t e d  to N o r t h e r n  b lo t  ana lys i s  u s ing  A I G F  cDNA as a p r o b e  (left  u p p e r  
panel ) .  The  f i l ter  w a s  r e h y b r i d i z e d  wi th  # - a c t i n  cDNA (left  l ower  panel)•  The  in t ens i ty  o f  the  A I G F  b a n d  was  
d iv ided  by  t h a t  o f  the  p - a c t i n  b a n d .  These  va lues  w e r e  used  to ca lcu la te  the  h o r m o n e - i n d u c e d  fold i n d u c t i o n  

of  A I G F  m R N A  e x p r e s s i o n  ( r i gh t  panel ) .  These  va lues  w e r e  o b t a i n e d  by  t h r e e  s e p a r a t e  e x p e r i m e n t s .  
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Fig. 3. Effect o f  T a n d  T 3 on TGF/~I a n d  TGFfl2 m R N A  e x p r e s s i o n .  T h e  SC-3 ceils w e r e  t r e a t e d  a n d  a n a l y z e d  
as d e s c r i b e d  in  t h e  l e g e n d  of  Fig. 2 except  t h a t  TGF/~ 1 o r  TGF/~2 cDNA w e r e  u s e d  i n s t e a d  of  A I G F  cDNA (left  
panel ) .  T h e  i n d u c t i o n  of  TGF/~I m R N A  was  also ca lcu la ted  as  desc r ibed  in the  l e g e n d  of  Fig. 2 ( r igh t  panel ) .  

TGF~ I mRNA expression and its receptor of T3-treated 
SC-3  cells 

SC-3 cells were treated with T,  T 3 or T plus T3 for 
24 h, and their total RNA was isolated to examine 
whether or not the mRNA expression of TGFf l ,  known 
as a growth inhibitor against androgen-stimulated 
SC-3 cell growth [8], is modulated in response to these 
treatments. As shown in Fig. 3, stimulation with T 
alone resulted in some reduction of the TGFf l  1 mRNA 
level when compared with that in the untreated cells. 
When T G F f l 2  cDNA was used as a probe, no activity 
was detected. Exposure of the cells to both T and T 3 

appeared to further decrease rather than increase 
T G F f l l  mRNA levels. Although densitometric 
analysis failed to show a significant difference in 
mRNA level between T and T plus T3 treatments, 
these results suggest that TGFf l  1 does not play a role 
in T3-dependent inhibition of the DNA synthesis in the 
SC-3 cells. 

The  presence of cell-surface receptors is obligatory 
for T G F f l l  to exert its biological action. Thus,  the 
effect of T 3 o n  T G F f l l  receptor was examined. 
Scatchard analysis of binding data obtained under  
equilibrium conditions revealed that the androgen- 
stimulated SC-cells contain high affinity TGFf l  1 bind- 
ing sites (Fig. 4). T 3 treatment did not affect these 
binding parameters (Table 1), indicating that the 
growth inhibitory effect of T 3 could not be explained by 
effecting T G F f l l  receptors. 

Confirmatory results were obtained in experiments 
using the TGF f l  1 antibody. This  antibody could partly 
but significantly block the TGFf l  1 (40 pM)-induced 
inhibition of the DNA synthesis (Table 2). In contrast, 
T3-dependent inhibition of the DNA synthesis in an- 
drogen-stimulated cells was not reversed by anti- 
T G F f l l  antibody, indicating that T G F f l l  does not 

play a role in T3-dependent inhibition of the DNA 
synthesis. 

Potentiation of growth-inhibitory activity of 7"3 by 
TGFfl l 

Although T G F f l l  seemed not to be an autocrine 
growth inhibitor in the process of T3-dependent 
growth inhibition, the possibility was addressed of 
whether or not exogenously added TG F f l  1 could po- 
tentiate the inhibitory ability of T 3 (Fig. 5). At low 
concentrations, TGFf l  1 alone did not affect the DNA 
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Fig. 4. High  affinity b ind ing  site for  TGFf l l  on a n d r o g e n -  
s t i m u l a t e d  SC-3 cells. T h e  a n d r o g e n - s t i m u l a t e d  SC-3 cells 
w e r e  i n c u b a t e d  w i t h  v a r i o u s  c o n c e n t r a t i o n s  of  [x2s I ]TGFfl  I in 
the  p r e s e n c e  o r  a b s e n c e  o f  u n l a b e l e d  TGF//1 as  d e s c r i b e d  in 
M a t e r i a l s  a n d  M e t h o d s .  T h e  spec i f ic  b i n d i n g  d a t a  w e r e  plot -  
ted. T h e  S c a t c h a r d  a n a l y s i s  o n  the  spec i f i c  b i n d i n g  da ta  was  

also  d e p i c t e d  in  the  in ser t .  
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Table 1. Lack of effect of T 3 on TGFfl high 
a~nity binding sites on androgen-stimulated 

S C - 3  cells 

T G F f l  1 high affinity b inding sites 

Dissociation N u m b e r  of 
constant  m a x i m u m  binding 

(pM) site (site/cell) 

T alone 110 _ 25 1340 + 210 
T and T 3 136 + 29 1580 _+ 500 

The SC-3 cells were treated with 10 -8 M T alone 
or in combination with 10-7M T 3 and then 
subjected to the TGFfl  1 binding assay as 
described in Materials and Methods.  The data 
were obtained from 3 separate experiments. 

synthesis of androgen-stimulated cells. However,  
these concentrations of T G F f l l  did significantly 
potentiate the inhibitory effect of T 3. At high 
concentrations, T G F f l l  alone inhibited the D N A  
synthesis. However,  it seems to be noteworthy 
that the degree of the inhibition induced by 
T G F f l l  plus T 3 w a s  more profound than that by 
T G F f l  1 alone. 

Effects of T3 on AIGF-induced D N A  synthesis and the 
FGF receptor 

A I G F  was partially purified from the conditioned 
medium and its growth-promoting activity was 
examined using the untreated or T3-treated SC-3 
as a target cell. As shown in Fig. 6, T3 inhibited 
the AIGF- induced  DNA synthesis in a dose- 
dependent  manner.  Since A I G F  has been shown 
to exert its effect via binding to F G F  receptors [4], 
we examined the effect of T 3 o n  F G F  receptor binding 
in SC-3 cells. Scatchard plot analysis, however, 
indicated that T 3 did not significantly modulate 
the binding parameters of b F G F  to the F G F  
receptor (Ka, 77pM;  the binding site, 4000/cell for 
the cells stimulated with T alone: Ka, 83pM;  the 
binding site, 5600/cell for the cells stimulated with T 
and T 3 ) .  

Table 2. Effect of ant i -TGFfl l  antibody on T 3 or TGFf l l -  
dependent inhibition of androgen-enhanced D N A  synthesis 

D N A  synthesis  
(cpm/well) 

No  addition 415 _+ 100 
T (10 -8 M) alone 4141 + 314 

+ T G F f l  1 (40 pM) 846 + 112 
+ T G F f l l  (40 pM) + an t i -TGFf l  1 antibody 2414 _+ 133 

(10 #g /ml)  
-t-T 3 (10 7M) 2541 _+ 165 
-I- T 3 (10 -7 M) + an t i -TGFf l  1 antibody 3205 _+ 650 

(10/~g/ml) 3205 -I- 650 

The D N A  synthesis was examined in the presence of  various test 
compounds  as described in Materials and Methods.  The data were 
obtained by triplicate assays. 
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Fig.  5. Ef fec t  o f  TGF~ffl a n d  T 3 on  t h e i r  i n h i b i t o r y  a c t i v i t y  
a g a i n s t  a n d r o g e n - s t i m u l a t e d  D N A  s y n t h e s i s .  T h e  a n d r o g e n -  
s t i m u l a t e d  S C - 3  ce l l s  w e r e  e x p o s e d  to v a r i o u s  c o n c e n t r a t i o n s  
o f  TGF~ffl a l o n e  ( O )  o r  in  c o m b i n a t i o n  w i t h  10 -7 M T 3 ( O )  f o r  
24 h, a n d  t h e n  t h e i r  ab i l i t y  to s y n t h e s i z e  D N A  w a s  m e a s u r e d .  

T h e  da ta  w e r e  o b t a i n e d  f r o m  f o u r  s e p a r a t e  e x p e r i m e n t s .  

D I S C U S S I O N  

Th e  present results indicate that T 3 inhibits andro- 
gen-enhanced D N A  synthesis of the SC-3 cells without 
affecting A I G F  mRNA expression. T3 also fails to 
modulate the expression of T G F f l l  and its receptor 
characteristics, suggesting that T G F f l  1 is unable to act 
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Fig.  6. I n h i b i t i o n  o f  A I G F - i n d u c e d  D N A  s y n t h e s i s  by  T 3. T h e  
S C - 3  cel ls  w e r e  e x p o s e d  to p a r t i a l l y  p u r i f i e d  A I G F  w i t h  
v a r i o u s  c o n c e n t r a t i o n s  o f  T 3 fo r  2 4 h ,  a n d  t h e i r  a b i l i t y  to 
s y n t h e s i z e  D N A  w a s  m e a s u r e d .  A I G F  a l o n e  e n h a n c e d  D N A  
s y n t h e s i s  at  l eve l s  s i m i l a r  to t h o s e  i n d u c e d  by  10 -~ M T ( d a t a  
n o t  s h o w n ) .  T h e  va lue s ,  o b t a i n e d  b y  t h r e e  d i f f e r e n t  A I G F  
p r e p a r a t i o n s ,  w e r e  e x p r e s s e d  as p e r c e n t s ,  t a k i n g  t h e  a m o u n t  

o f  D N A  s y n t h e s i s  w i t h o u t  T 3 as  100%. 
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as an au toc r ine  r egu la to r  in the  process  o f  T 3 - d e p e n -  
den t  g r o w t h  inh ib i t ion .  O u r  p rev ious  s t u d y  showed  
tha t  b F G F - i n d u c e d  D N A  synthes is  canno t  be  b locked  
by  T 3 [7], sugges t ing  tha t  T 3 exer ts  its i nh ib i t o ry  
ac t iv i ty  t h r o u g h  an inh ib i t i on  o f  A I G F  m R N A  ex-  
press ion .  T h u s ,  the  p r e sen t  da ta  showing  the lack of  T 3 
effect on A I G F  m R N A  express ion  is qu i te  unexpec t ed .  
T w o  poss ib i l i t i es  are taken  into  cons ide ra t ion  to ex- 
p la in  these  a p p a r e n t l y  con t r ad i c to ry  observa t ions :  (i) 
T3 render s  the  cell r e f r ac to ry  to A I G F ;  and (ii) the  
s ignal  t r a n s d u c t i o n  o f  A I G F  somehow differs f rom tha t  
of  b F G F .  T r e a t m e n t  o f  the  cells wi th  T 3 was found  to 
resul t  in a r e d u c e d  response  to A I G F  pa r t i a l ly  pur i f ied  
f rom a n d r o g e n - s t i m u l a t e d  SC-3  cells. Since  bo th  
A I G F  and  b F G F  are associa ted  wi th  the  same recep-  
tor ,  T 3 - d e p e n d e n t  i nh ib i t i on  o f  a n d r o g e n - s t i m u l a t e d  
D N A  synthes is  cou ld  not  be exp la ined  at the  F G F  
receptor .  I n  this  regard ,  T 3 d id  no t  affect the  k ine t ic  
p a r a m e t e r s  o f  F G F  recep to r s  on SC-3  cells. 

T h e  de ta i l ed  m o l e c u l a r  m e c h a n i s m  l ink ing  a n d r o g e n  
and  t h y r o i d  h o r m o n e  act ions  r emains  to be d e t e r m i n e d .  
H o w e v e r ,  the  p re sen t  da ta  c o m b i n e d  wi th  our  p rev ious  
obse rva t ions  m a y  p rov ide  some clues.  U p o n  secre t ion  
f rom a n d r o g e n - s t i m u l a t e d  SC-3  cells,  the  mi togen i c  
ac t iv i ty  o f  A I G F  has been  found  to be ex t race l lu la r ly  
m odu la t ed .  F o r  ins tance ,  hepa r in ,  which  po ten t ia tes  
the  mi togen i c  ac t iv i ty  o f  b F G F  on the S C - 3  cells,  can 
inh ib i t  the  A I G F - m e d i a t e d  D N A  synthes is  of  the  SC-3  
cells [16]. H e p a r a n  sulfate local ized on the ce l l - sur face  
p lays  a more  cr i t ical  role in m e d i a t i n g  A I G F  biologica l  
ac t iv i ty  than  b F G F  [17]. F u r t h e r m o r e ,  A I G F  is m u c h  
m o r e  sensi t ive  to su r amin  (a k n o w n  g rowth  factor  
i nh ib i t o r  [18]) t han  b F G F  in t e rms  of  b lock ing  D N A  
synthes is  [15]. T h e s e  resul ts  sugges t  tha t  m o d u l a t i o n  o f  
the  ex t race l lu la r  ma t r i x  a n d / o r  ce l l - sur face  p r o t e o -  
g lycan  resul ts  in a m a r k e d  effect on A I G F - m e d i a t e d  
D N A  synthes is  whi le  b F G F  is affected by  the ex t ra -  
ce l lu lar  e n v i r o n m e n t  to a lesser  degree .  T h y r o i d  ho r -  
m o n e  has been  shown to regula te  c o m p o n e n t s  o f  the  
ex t race l lu la r  ma t r ix ,  for ins tance ,  f ib ronec t in  m R N A  
express ion  in the  rat  l iver  is r egu la t ed  by  t h y r o i d  
h o r m o n e  [19]. P ro t eog lycan  synthes i s  in f ib roblas t s  has 
also been  k n o w n  to be  m o d u l a t e d  b y  t h y r o i d  h o r m o n e  
[20]. T G F f l  1 is also k n o w n  as a r egu la to r  o f  p r o t e o g l y -  
can synthes i s  in a wide  var ie ty  of  cells.  T h e  a m o u n t  of  
sulfate i n c o r p o r a t e d  into p ro t eog lycans ,  especia l ly  
c h o n d r o i t i n  sulfate,  has been  obse rved  to be a u g m e n t e d  
in the  rat  hepa t i c  l ipocyte  by  T G F f l l  [21]. T h i s  
cy tok ine  also enhances  the  b iosyn thes i s  o f  col lagen and  
p ro t eog lycans  in cu l tu r ed  r abb i t  a r t i cu la r  chondrocy te s  
[22]. T h u s ,  bo th  t h y r o i d  h o r m o n e  and  T G F f l  1 appea r  
to m o d u l a t e  the  ce l l - sur face  p r o t e o g l y c a n  and ex t ra -  
ce l lu lar  m a t r i x  c o m p o n e n t s  a l though  each molecu le  
be longs  to en t i re ly  di f ferent  class o f  cell func t ion  
regula tors .  T h e s e  events  m a y  expla in  why  T 3 - d e p e n -  
den t  i nh ib i t i on  o f  a n d r o g e n - s t i m u l a t e d  D N A  synthes is  
is p o t e n t i a t e d  by  T G F f l  1. H o w e v e r ,  the  de ta i l ed  m e c h -  
an i sm is cu r r en t l y  u n k n o w n  since the  na tu re  o f  the  

na tu ra l ly  occu r r i ng  molecule(s )  i m p o r t a n t  for  "ac t i -  
va t i on"  o f  A I G F  or  b F G F  is not  known.  

T h e  p re sen t  s tudy  indica tes  tha t  SC-3  cells are 
unab le  to synthes ize  a sufficient a m o u n t  o f  T G F f l  1 to 
m o d u l a t e  D N A  synthesis .  I n  in v ivo  cond i t ions ,  how-  
ever,  T G F f l  1 is cons ide red  to p l ay  some role. T G F f l  1 
is k n o w n  to be syn thes ized  b y  a wide  var ie ty  o f  cells. 
The re fo re ,  it  s e e m s  poss ib le  tha t  the  SC-3  cells are 
exposed  to T G F f l l ,  wh ich  is syn thes ized  by  ad jacen t  
cells,  at concen t ra t ions  sufficient for  po t e n t i a t i on  o f  
T3 - inh ib i t o ry  ac t ion  agains t  the  a n d r o g e n - s t i m u l a t e d  
D N A  synthesis .  T h i s  in te rac t ion  is an in t e re s t ing  re-  
search ta rge t  in t e rms  o f  the  signal  t r a n s d u c t i o n  m e c h -  
an i sm of  A I G F  as well  as the  in v ivo  t u m o r  growth .  
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