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Human Recombinant Activin Induces Proliferation of Spermatogonia in vitro in the 
Japanese Eel Anguilla japonica
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Activin, a member of the transforming growth factor-ƒÀ superfamily, has recently been isolated 

from eel testicular cDNA library. Using an in vitro testicular organ culture system, we investigated the 

effect of human recombinant activin A and B in eel spermatogenesis. Addition of human recombinant 

activin A and B (10 ng and 100 ng/ml) to the culture medium induced proliferation of spermatogonia 

within 15 days in the same manner as addition of 11-ketotestosterone (10 ng/ml) for positive control . 

In cultured testes without activins, however, the proliferation of spermatogonia was not observed . 

Although it is necessary to investigate the eel's own activin A and B protein, these results suggest the 

possibility that activin induces initiation of spermatogenesis in Japanese eel.

Key words: spermatogenesis, activin, organ culture, Anguilla japonica

The formation of sperm, spermatogenesis, is an ex

tended process that begins with the proliferation of sper

matogonia and proceeds through the extensive morpholog

ical changes that convert the haploid spermatid into a 

mature, functional spermatozone. Although it is generally 

accepted that the principal stimuli for vertebrate spermato

genesis are pituitary gonadotropins and androgens, the 
specific role played by individual hormones has not been 

clarified.1-4) Progress in this field has been hampered by the 

complex organization of the testis of higher vertebrates in 

which seminiferous tubules contain several successive 

generations of germ cells.
Under cultivated conditions, the male Japanese eel, 

Anguilla japonica, has immature testes containing only 
premitotic spermatogonia, type A and early type B sper
matogonia.5) It has been reported that spermatogenesis 
was induced by human chorionic gonadotropin (HCG) in
jection in vivo5) and in vitro organ culture supplement with 
HCG6) or 11-ketotestosterone7) which is a major androgen 
in male eel.5) Using these in vivo and in vitro systems of 
eel, the following control mechanisms of spermatogenesis 
were clarified. Hormonal induction of spermatogenesis in 
eel testes is via gonadotropin stimulation on Leydig cells to 
produce 11-ketotestosterone. In turn, 11-ketotestosterone 
induces complete spermatogenesis from premitotic sper
matogonia to spermatozoa through the activation of 
Sertoli cells.

Recently, activin ƒÀB subunit was isolated from subtrac

tive cDNA library between HCG injected and un-injected 

eel testicular mRNA for up-regulated clone by gonado

tropin stimulation.) Because activin NB subunit mRNA is 

expressed in the Sertoli cells at the initiation of spermato

genesis,8) we estimate that the protein composed of the 

activin ƒÀB subunit is one of the control factors for eel 

spermatogenesis after 11 -ketotestosterone stimulation.

In the present study, we report on the effect of activin B 

which is a homodimer of the activin ƒÀB subunit on sper

matogenesis in vitro using human recombinant instead of 

the eel's own activin B.

Materials and Methods

Materials

Two males of the cultivated eels Anguilla japonica 

(180 g in body weight) were purchased from a commercial 

eel supplier. They were kept in circulating fresh-water 

tanks with a capacity of 500 liters at 20•Ž.

Human activin A and B recombinants were supplied by 
Dr. Y. Eto of Ajinomoto Corporation and were expressed 
and isolated as previously described.9,10)

Organ Culture Techniques

The culture techniques used were a floating method as 

described in previous papers6,7) with minor modifications.

Freshly removed eel testes were cut into 1 •~ 1 •~ 0.5 mm 

pieces, which were placed on floats of elder pith covered 

with a nitrocellulose membrane in 24-well tissue-culture 

dishes (Costar). They were then cultured for 15 days at 

20•Ž in humidified air. The basal culture medium consists 

of Leibovitz L-15 medium supplemented with 1 .7 mm pro

line, 0.1 mlvi aspartic acid, 0.1 mM glutamic acid, 0 .5% 

bovine serum albumin fraction V (Sigma), 1 mg/l bovine 

insulin, and 10 mM Hepes, adjusted to pH 7.4 with 1 N 

NaOH. The medium was changed at 7 days after the start 

of the culture. Recombinant activin A and B were directly 

added to the medium. 11-Ketotestosterone for positive con

trol was first dissolved in ethanol and then diluted with the 

medium. The cultured testis fragments were sampled at 15 

days for light microscopical observations.

Microscopy

Testis fragments before and after culture were fixed in a 
1% (wt/vol) paraformaldehyde/1% glutaraldehyde mix
ture in 0.1 M cacodylate buffer at pH 7.4, postfixed in 1%



Activin Initiates Spermatogenesis in vitro in Eel 435

osmium tetroxide in the same buffer, and embedded in 

epoxy resin according to standard procedures. Sections 

(1ƒÊm in thickness) were stained with toluidine blue for 

light microscopic examination.

The following criterion was used to evaluate the effect of 

various conditions on testicular fragments. Five random 

toluidine blue-stained 1-ƒÊm-thick plastic sections from 

each of five cultured testis fragments originating from 2 

eels were examined, and the number of cysts containing 

pre-proliferated spermatogonia (type A and early-type B 

spermatogonia) or proliferating spermatogonia (late-type 

B spermatogonia) was counted. The results were expressed 

as a percentage of cysts of late type B spermatogonia per 

total cysts observed. Isolated type A spermatogonia, or 

groups of two germ cells surrounded by Sertoli cells, were 

counted as cysts.

Statistics

The results were expressed as means and SEMs. Differ

ences in means within each group were measured by Dun

can's multiple range test.

Results

Before cultivation, most of the germ-cells in the eel tes
tis were type A and early type B spermatogonia (99.2%) 
(Fig. 1A). These testes were cultured for 15 days in 
medium with or without human recombinant activin A 
(10 ng/ml and 100 ng/ml), activin B (10 ng/m/ and 100 
ng/ml) or 11-ketotestosterone (10 ng/ml). After cultiva
tion, late type B spermatogonia appeared in cultured testis 
with 11-ketotestosterone, activin A and activin B (Fig. 1C 
and Fig. 2A, B) in both fish. Late type B spermatogonia 
had dense and heterogeneous nuclei. The appearance of 
late-type B spermatogonia indicates that spermatogonia 
are proliferating, so the appearance of late-type B sper
matogonia in cysts was used as the criterion of prolifera
tion of spermatogonia. The activin B recombinants (10 
ng/ml and 100 ng/ml) and 10 ng/m/ of 11-ketotestoster
one (for positive control) were almost equally effective; 
mitosis occurred in 30 to 50% of cysts (Fig. 3A, B). Fur
thermore, mitotic figures were observed frequently in the 
medium with activin B (Fig. 2B). There was no significant

Fig. 2. Light micrographs of toluidine blue-stained 1-ƒÊm sections of 

testes cultured with human recombinant activin A (A) and human 

recombinant activin B (B) at 10 ng/ml for 15 days.

Arrowheads indicate late type B spermatogonia. (Bar= 10ƒÊm)

difference between the effect of activin A and activin B in 
the appearance of cysts containing late-type B spermatogo
nia (Fig. 3A, B), but treatment with activin B was more 
effective than that with activin A in increasing the number 
of late-type B spermatogonia in one cyst (Fig. 2A, B). On 
the other hand, testicular cultures without activin recom
binants or 11-ketotestosterone still had only type A and 
early-type B spermatogonia which were premitotic (Fig. 
1B and Fig. 3A, B).

Discussion

Activin ƒÀB subunit is one of the components of dimeric 

growth factors which belong to the transforming growth 
factor-ƒÀs (TGF-ƒÀs) family.11) In teleost, activin ƒÀA and ƒÀB 

had been sequenced from the goldfish genomic DNA par

tially.12) It is possible that the activin ƒÀB subunit from eel 

testis was estimated to be a component of activin B, ac

tivin AB and/or inhibin B protein. Activin (especially ac

tivin A) and inhibin are developmentally and physiological

ly important factors.13) In spermatogenesis, activin A also 

induce DNA synthesis of rat spermatogonia and prelepto

tene spermatocyte,14,15) whereas the detailed action of ac

tivin B and AB have not been clarified yet. In this study,

Fig. 1. Light micrographs of toluidine blue-stained 1ƒÊm sections of testes before culture (A), cultured in medium without hormones (B) and 

cultured in medium with 11-ketotestosterone (C) at 10 ng/ml for 15 days.

Arrowheads indicate late type B spermatogonia. (Bar= 10ƒÊm)
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Fig. 3. Effect of human recombinant activin A and B on induction of 

proliferation of spermatogonia in vitro.
Five testis fragments from each eel were cultured in the medium 

with human recombinant activin A (10 and 100 ng/ml), activin B 

(10 and 100 ng/ml) and 11-ketotestosterone (10 ng/ml; for positive 

control) for 15 days. Graphs A and B indicate the data from individ

ual fish respectively. IC, initial control; C, control; KT, 11

-ketotestosterone. Five testicular fragments from each fish were meas

ured (n=5), except for treatment with 100 ng/ml of activin A in fish 

B (n = 1). The vertical bars represent the mean •} SEM.

we focused on the function of activin B protein on sper

matogenesis, because activin ƒÀB subunit was the only up

regulated cDNA clone coded subunit of the TGF ƒÀ family 

in our subtractive cDNA library between HCG stimulated 

and un-stimulated testicular mRNA.8) However, this prob

lem must be resolved using biochemical methods. In this 

study, recombinant human activin B was used instead of 

eel activin B, because eel activin B has not been purified 

yet. Since human activin ƒÀB subunit has a high homology 

(90%) with eel activin ƒÀB subunit,8) human recombinant 

may mimic the action of the eel's own activin B protein.

In this study, human recombinant activin B induced 

proliferation of spermatogonia, which was almost the 

same effect as that observed by the addition of 11-

ketotestosterone. Our recent studies have revealed that 

activin ƒÀB subunit mRNA transcripts were found in eel

testis at the initiation of spermatogenesis after HCG stimu
lation, and the transcription site was restricted in the Serto
li cells which had an important role for germ cell develop
ment.8) Furthermore, testicular activin B was induced by 
11-ketotestosterone stimulation in both of transcription 
and translation in vitro (unpublished). Taken together, it 
is possible that activin B is one of the initiators of sper
matogenesis after 11-ketotestosterone stimulation in eel.

Human recombinant activin A also induced prolifera

tion of spermatogonia, however, this effect was not equal 

to that of activin B histologically. Since we do not have 

any information on eel activin A, it is unclear whether the 

effect of human recombinant activin A mimics the action 

of the eel's own activin A. However, this result indicates 

that activin A may also be related to the control of eel sper

matogenesis.
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