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Summary. An immunohistochemical study of the expres- 
sion of  adult T-cell leukaemia-derived factor (ADF), a 
human thioredoxin homologue, was performed in the 
normal human ovary throughout  the menstrual cycle. 
Primordial follicles were negative for ADF.  Both granu- 
losa cells and theca interna cells at the stages of preantral 
and antral follicles contained ADF.  The staining intensi- 
ty of  these cells was very strong in the preovulatory 
dominant  follicle. After ovulation, both granulo-lutein 
and theca-lutein cells were positive for ADF.  During 
pregnancy, the theca-lutein cells revealed very intense 
A D F  staining. The theca interna cells of  the atretic folli- 
cles showed A D F  staining, while the granulosa cells of  
such follicles did not. These results suggest that A D F  
localizes in the ovarian steroidogenic cells which have 
the binding sites of  either luteinizing hormone or follicle- 
stimulating hormone, and that ADF expression is closely 
associated with the activity of  the ovarian steroidogenic 
cells. 
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Introduction 

Human T-lymphotrophic virus type 1 (HTLV-1) trans- 
formed T-cells hOt only express high levels of  interleuk- 
in-2 receptors [IL-2R/p55(Tac)], but also produce an 
IL-2R/Tac inducer, designated adult T-cell leukae- 
mia(ATL)-derived factor (ADF) (Okada et al. 1985; Yo- 
doi et al. 1985; Tagaya et al. 1987). The human A D F  
protein has been purified, and we have cloned A D F  
cDNA (Tagaya et al. 1989). Recombinant ADF  pro- 
duced by E s c h e r i c h i a  col i  is a multi-functional protein 
with many biological activities besides its IL-2R/Tac- 
induced activity, activities such as the promotion of lym- 
phocyte proliferation and synergism with IL-1 or IL-2 
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(Tagaya et al. 1989). A homology search has revealed 
a close relationship between A D F  and a dithiol reducing 
enzyme, thioredoxin (Holmgren 1985; Tagaya et al. 
1989). A D F  is thus considered to be a human homo- 
logue of thioredoxin with strong dithiol-reducing activi- 
ty. 

We recently synthesized a synthetic peptide incorpor- 
ating the C-terminal 29mer of  A D F  (ADF C-peptide), 
and an antibody against the peptide was raised in rab- 
bits. Immunohistochemical study on human fetal tissues 
using this antibody has revealed that A D F  is widely 
distributed in different organs and tissues during the 
fetal period (Fujii et al. 1991). A D F  expression in fetal 
steroidogenic organs in particular, such as its expression 
in adrenal cortex, ovarian interstitial cells, and Leydig 
cells of  the testis, prompted us to study the immunohis- 
tochemical localization of  A D F  in the steroidogenic cells 
of  the human ovary. Moreover, it has been reported 
that both luteinizing hormone(LH) and follicle-stimulat- 
ing hormone(FSH) not only contain a sequence homolo- 
gous to thioredoxin (ADF) ( C y s - G l y - P r o - C y s )  but 
also have thioredoxin-like catalytic activity (Boniface 
and Reichert 1990). Since the ovary is a target organ 
of  LH and FSH, we attempted to gain some new insights 
into the thioredoxin system during ovarian steroidogene- 
sis by studying A D F  expression in the steroidogenic tis- 
sucs of the ovary throughout  the menstrual cycle. 

Materials and methods 

Human ovarian specimens were obtained from 84 women, with 
their informed consent, at laparotomy for medical indications. The 
specimens were either biopsies or totally removed ovaries. The 
donors (32-49 years of age) had regular menstrual cycles (28 30 
days) at surgery, except for 4 women who were pregnant. None 
of the women had received exogenous hormones for at least two 
cycles prior to surgery. The stage of their menstrual cycle at lapa- 
rotomy was determined by a combination of the following: (1) 
days since the onset of the last menstrual period; (2) plasma levels 
of LH, oestradiol and progesterone; and (3) histological examina- 
tion of the endometrium. Endometrial tissues were obtained either 
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from extirpated uteri or from endometrial biopsies, and the day 
of the menstrual cycle was estimated histologicaIly according to 
the method of Noyes et al. (1950). On histological examination, 
individual follicles were categorized as primordial, preantral, an- 
tral, preovulatory, and atretic. Corpora lutea were grouped as of 
the luteal phase, of the previous cycle, of pregnancy, and corpus 
albicans. 

A synthetic peptide incorporating the C-terminal 29mer of 
ADF (ADF C-peptide) was synthesized using an automatic peptide 
synthesizer (Applied Biosystems, Foster Calif), and an anti-ADF 
antibody was then raised agaiust this peptide conjugated with bo- 
vine serum albumin (BSA). The conjugate was injected subcutane- 
ously into rabbits, together with Freund's complete adjuvant. After 
three immunizations, serum from the rabbits was purified by satu- 
rated ammonium sulphate precipitation and this was followed by 
application to a BSA-sepharose cotumn to remove anti-BSA com- 
ponents. The serum was further purified using an immobilized 
ADF column. The specific antibody solution was dialysed against 
phosphate-buffered saline and stored frozen at - 20  ~ C. The speci- 
ficity of the antibodies was tested by the Western blotting method 
using recombinant ADF, ADF C-peptide, and purified ADF ob- 
tained from the conditioned medium of ATL-2 cells (Maeda et al. 
1985). 

Tissues were fixed in either formalin or Bouin's solution and 
embedded in paraffin. Thin sections were deparaffinized in toluene 
and immunohistochemical staining was then performed as follows. 
Deparaffinized sections were treated with 3% hydrogen peroxide 
in methanol to inhibit endogenous peroxidase activity and were 
then incubated with normal goat serum to block non-specific anti- 
body binding. The sections were then incubated with the primary 
antibody (rabbit anti-ADF IgG, 2.0 gg/ml) at 37~ for 60 min 
or with normal rabbit serum for the negative controls. The sections 
were then treated with anti-rabbit IgG-biotin complex and stained 
with 3-amino-9-ethylcarbazole solution plus 0.15% hydrogen per- 
oxide. Reagents, except for the primary antibody, were obtained 
from the Universal Rabbit Kit System (Biomeda Corp., Foster, 
Calif). Counterstaining was performed with haematoxylin. ATL-2 
cells served as the positive controls (Maeda et al. 1985). The intensi- 
ty of staining was evaluated by staining the same specimens several 
times and observations were performed by more than two observ- 
ers. Intensity was graded as ( - )  for no staining, (+)  for weak 
staining, ( + + )  for moderate staining, and (+ + +) for strong 
staining. Histological observation of the specimens was performed 
using routinely processed sections stained with haematoxylin- and 
eosin. 

Results 

A large number  o f  A T L - 2  cells ( H T L V - l - t r a n s f o r m e d  
cells) had  the cy toplasm stained red, indicating positivity 
for  A D F .  Tables 1 and 2 show the immunohis tochemica l  
localization o f  A D F  in the h u m a n  ovary.  

In the pr imordia l  follicles, neither follicular cells nor  
oocytes showed specific staining for  A D F .  Both the 
granulosa  and the theca interna cells o f  the preantral  
follicle showed weak staining for A D F .  In  the antral  
follicle, bo th  granulosa  and  theca interna cells showed 
positivity for  A D F  (Fig. 1 A, B). The granulosa  cells and 
the theca interna cells o f  the p reovu la to ry  dominan t  fol- 
licle showed very s trong staining for  A D F  (Fig. 2A,  B). 
A D F  staining was usually localized in the cytoptasm,  
but  the granulosa  cells often showed immunos ta in ing  
in the cell membranes  and /o r  intercellular spaces 
(Fig. 2A).  A D F  staining was also detected in non-domi-  
nant  follicles o f  the p reovula tory  and luteal phase, but  
the staining in the granulosa  cells was weaker  than that  
in the d o m i n a n t  follicle. The granulosa  cells o f  the atretic 

Table 1. Expression of adult T-cell leukaemia-derived factor (ADF) 
in follicular cells 

Follicular state Granulosa Theca 
cells interna 

cells 

Primordial - - 
Preantral + + 
Antral + + + 
Preovulatory + + + + + 

(dominant follicle) 
Preovulatory + + + 

(non-ovulatory follicle) 
Atretic - + + 

Grading by intensity: - ,  not detectable; +,  weak staining; + +,  
moderate staining; + + +,  strong staining 

Table 2. ADF expression in luteal cells 

Luteal state Granulo-lutein Theca-lutein 
cells cells 

Corpus luteum + + + + 
(luteal phase) 
(n=31) 

Corpus luteum + + + + + 
(pregnancy) 
(n =4) 

Corpus luteum + / +  + + + 
(previous cycle) 
(n =4) 

Corpus albicans - - 

Footnotes as in Table 1 

follicle showed no staining for  A D F ,  but  the theca inter- 
na  cells were positive (Fig. 3). 

A D F  staining was observed in the corpus  luteum 
th roughou t  the luteal phase (Fig. 4A,  B). Both granulo-  
lutein and theca-lutein cells showed h o m o l o g o u s  staining 
for  A D F  in the cytoplasm.  The corpus  luteum o f  the 
previous cycle also showed A D F  staining; however,  the 
staining intensity was weaker  than  that  o f  the current  
corpus luteum. The theca-lutein cells which sur rounded 
the degenerated corpus lu teum also showed modera te  
A D F  staining. The corpus  albicans showed no A D F  
staining. The corpus luteum o f  pregnancy  was also posi- 
tive for  A D F ,  but  the theca-lutein cells and /o r  gonado-  
t ropin-s t imulated s t romal  cells showed more  intense 
A D F  staining than that  in the granulo-lutein cells 
(Fig. 5). 

Discussion 

This study describes the immunohis tochemica l  localiza- 
t ion o f  A D F ,  a h u m a n  thioredoxin homologue ,  in the 
h u m a n  ovary  at different stages o f  the menstrual  cycle, 
using an an t ibody  against  the C-terminal  peptides o f  
A D F  protein. A D F  was no t  expressed in the pr imordia l  
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Fig. 1 A, B. Sections of antral fol- 
licles. Both granulosa cells (G) 
and theca interna cells (7) 
showed adult T-cell leukaemia-de- 
rived factor (ADF) staining A. B 
Negative control, x 200 

Fig. 2A, B. Sections of preovulatory 
dominant follicles. Both granulosa cells 
(G) and theca interna cells (7) showed 
very strong ADF staining A. In the fol- 
licle of this stage, ADF staining was de- 
tected not only in cytoplasm but also in 
cell membrane and/or intercellular 
spaces. B Negative control, x 200 

follicles. Depending on the growth stage of the follicles, 
A D F  was detected in both granulosa and theca interna 
cells. Preovulatory dominant  follicles showed strong 
positivity for ADF in both types of  follicular cells which 
developed into steroid hormone-producing cells (Ryan 
et al. 1968; McNat ty  et al. 1976). During the preovula- 
tory phase, follicles other than the dominant follicle, 
which can also produce steroids (Goodman et al. 1977), 
showed ADF staining in the granulosa and theca interna 
cells. However, the staining intensity was weaker than 
that in the dominant  follicle. 

After ovulation, the granulo-lutein and theca-lutein 
cells, both of  which produce amounts of progesterone, 
oestrogen and other steroid hormones, showed moderate 

to strong positivity for ADF.  In the atretic follicles, the 
granulosa cells, which are believed to produce no oestro- 
gen, stained negatively for ADF,  but the theca interna 
cells, which are believed to produce small amounts of  
androgen, showed positive ADF staining as long as the 
cell structures were light microscopically preserved. 
Thus, it can be seen that ADF expression is very closely 
associated with the activity of  steroid-producing cells 
in the human ovary. In addition, ADF localization in 
the ovary corresponds to the distribution of  gonadotro- 
pin-binding sites (Tsang et al. 1979, 1980; Yamoto et al. 
1986; Ohara et al. 1987; Shima et al. 1987) and with 
the distribution of  oestrogen receptors and progesterone 
receptors (Iwai et al. 1990). Moreover, the localization 
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Fig. 3. Sections of atretic follicles. Granulosa cells (G) showed no 
ADF staining, but theca interna cells (7) were positive for ADF. 
x 200 

Fig. 5. Sections of the corpus luteum of pregnancy (8 weeks' gesta- 
tion). Thecaqutein cells (7) and/or gonadotropin-stimulated stro- 
mal cells showed more intense ADF staining than that seen in 
granulo-lutein cells (G), x 200 

of ADF in the human ovary resembles the localization 
of  thioredoxin and thioredoxin reductase in rat ovary 
(Hannson et al. 1986). 

In general, it bas been reported that growing or prolif- 
erating cells contain thioredoxin at some level and that 
the variations which exist in the immunoreactive thiore- 
doxin content of  non-proliferating, differentiated cells 
are related to their metabolic activity, secretory activity 
and their accumulation of  cell products (Holmgren 1985; 
Rozell et al. 1985). In the human fetus, some cellular 

function(s) acquired by differentiation during the fetal 
period seemed to be necessary for the expression of  ADF 
(Fujii et al. 1991). Of the hormone-producing cells in 
the human fetus, steroid-producing cells in the adrenal 
cortex, the ovary (interstitial cells) and the testis (Leydig 
cells), all of  which are functionally active during the 
fetal period, showed strong reactivity for ADF (Fujii 
et al. 1991). 

It is well known that aromatase cytochrome P-450, 
17-hydroxysteroidodehydrogenase cytochrome P-450, 

Fig. 4A, B. Sections of corpus luteum. Both 
granulo-lutein (G) and theca-lutein (7) cells 
showed homologous ADF staining in the 
cytoplasm (A). B Negative control, x 200 
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and cholesterol side-chain cleavage cy toch rome  P-450 
are all impor tan t  regula tory  enzymes o f  steroidogenesis 
in the overy,  and the localization o f  P-450 corresponds  
to the site o f  steroidogenesis (Sasano et al. 1989). The 
catalytic act ion o f  cy toch rome  P-450, as well as that  
o f  thioredoxin,  is one kind o f  N A D P H - d e p e n d e n t  oxida- 
t ion-reduct ion reaction. It  has been p roposed  that  dith- 
iol-disulphide interchange and oxidat ion-reduct ion  reac- 
t ions m a y  play a role in ho rmone- induced  receptor  acti- 
va t ion (Gr ippo  et al. 1983). Recently,  inspection o f  the 
sequences o f  the gonado t rop ic  ho rmones  has revealed 
a h o m o l o g o u s  tetrapeptide ( C y s - G l y - P r o - G y s )  be- 
tween the beta-subuni t  o f  L H  and the active site o f  thior- 
edoxin (Boniface and  Reichert  1990). In addit ion,  bovine 
L H  prepara t ion  was found  to be more  than 300 rimes 
as active as thioredoxin,  as a catalytic agent, on  a mola r  
basis, and it is suggested that  this catalytic p roper ty  o f  
L H  may  be impor t an t  in unders tand ing  the mechan i sm 
of  receptor  act ivat ion and  signal t ransduct ion.  Therfore,  
the A D F  expression in gona do t rop i n  target  cells which 
also have catalytic propert ies  is interesting to note. 

In this communica t ion ,  we have described the distri- 
but ion  o f  A D F  in the follicular cells o f  the h u m a n  ovary  
and have suggested a close relationship between A D F  
expression and the activity o f  s teroidogenic cells. Work  
is now in progress to clarify whether  or no t  A D F  has 
a critical regula tory  role in s teroid-producing cells. 
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