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ABSTRACT. The testes from 15 adult male Hokkaido Sika deer (Cervus nippon yesoensis) were collected during the rutting season (October
and November).  We investigated the localization of 4 kinds of steroidogenic enzymes (P450scc, 3βHSD, P450c17 and P450arom)
immunohistochemically in these testicular samples.  The specific immunoreactivities to these enzymes were detected only in the cyto-
plasm of Leydig cells.  This differs to the enzyme distributions reported previously in Japanese black bear, Japanese raccoon dog, Hok-
kaido brown bear and American black bear, in which the same immunoreactivities were detected in Leydig cells, Sertoli cells and/or
spermatogenic cells.  The current study suggests that in the testes of the Hokkaido Sika deer, testosterone and estradiol-17 β may be syn-
thesized in the Leydig cells only.
KEY WORDS: Hokkaido Sika deer (Cervus nippon yesoensis), immunohistochemistry, steroidogenic enzyme.

J. Vet. Med. Sci. 66(11): 1463–1466, 2004

The Sika deer (Cervus nippon) is one of Japan’s largest
terrestrial mammals and its management, together with that
of its principal predator the Japanese brown bear (Ursus
arctos yesonensis), is extremely important.  Of the Sika
deer, the sub-species living on Hokkaido island, the Hok-
kaido Sika deer (Cervus nippon yesoensis), is the largest.
They are seasonal breeders with their rut occurring from
October to December [22].  The histology of the postnatal
testicular development and seasonal changes of the testes of
Honsyu Sika deer (Cervus nippon centralis) in Nara Park
(34°40’ N, 135°50’ E; Nara, Japan) were reported [26].  In a
later study of the annual changes in the testis size, normal
histology of seminiferous tubules and changes in plasma
testosterone levels of wild Hokkaido Sika deer were
reported by Suzuki et al. [22].

Seasonal changes in wild of testicular steroidogenesis and
spermatogenesis have been reported in the following spe-
cies; American black bear [23], Northern fur seal [24], Jap-
anese raccoon dog [21] and Japanese black bear [14].  In
these wild animals, the immunohistochemical studies on the
testis demonstrated different distributions of immunoreac-
tivities for steroidogenic enzymes in cellular elements in
and around the seminiferous tubules associated with seasons
and the species examined.

For their long-term conservation and management a bet-
ter understanding of reproductive strategies of male Sika
deer, in particular knowledge of testicular steroidogenesis is
critically important.  However no immunohistochemical
studies on the testicular steroidogenic enzymes have been
conducted to date on Cervidae.  Consequently when the

opportunity arose to obtain appropriate samples we under-
took the present study to identify the sites of steroidogenic
enzymes in the testes of male Hokkaido Sika deer.

To do this a total of 15 adult males of Hokkaido Sika deer
were sacrificed in the autumn (October and November) of
2003.  Five deer (more than 4-year-old) which were kept at
a deer farm (Ashoro; 43°15’N, 143°33’E; Eastern Hok-
kaido, Japan), were obtained in early October with the offi-
cial permission from Ashoro Town.  Two wild deer (more
than 3-year-old) were sacrificed in late October for scien-
tific research with the government permission in Nishi-Oko-
ppe (44°20’N, 142°55’E; Northern Hokkaido, Japan) and 8
wild deer (more than 3-year-old) were sacrificed in Novem-
ber by hunting in Nishi-Okoppe and Ohmu (44°35’N,
142°56’E; Northern Hokkaido).  The estimated age of each
animal was determined by assessing the branching of it’s
antler, as well as it’s dentition [18].  The present study was
approved by the Animal Research Committee of Obihiro
University of Agriculture and Veterinary Medicine (Obi-
hiro, Japan).

Immediately following the death of each animal its testes
were removed and fixed in Bouin’s fluid or phosphate buff-
ered (pH 7.4) 10% formalin.  Tissue samples were embed-
ded in paraffin using routine techniques and cut serially at 4
µm.  After deparaffinization, testicular tissue sections were
stained with hematoxylin and eosin (HE) for the investiga-
tions of general structure and spermatogenesis.  To detect
the localization of steroidogenic enzymes, a separate series
of sections were stained immunohistochemically using the
avidin-biotin peroxidase complex (ABC) method [10].  This
entailed using biotinylated anti-rabbit IgG (1:200 dilution,
BA-1000, Vector Laboratories, Burlingame, CA, U.S.A.)
and Vectastain Elite ABC Kit (1:2 dilution, PK-6100, Vec-

* CORRESPONDENCE TO: SASAKI, M., Laboratory of Anatomy,
Department of Basic Veterinary Sciences, Obihiro University of
Agriculture and Veterinary Medicine, Obihiro 080–8555, Japan.



D. HAYAKAWA ET AL.1464
tor Laboratories) according to the manufacture’s protocols.
First layer specific antibodies were raised in rabbits against
bovine adrenal cholesterol side-chain cleavage cytochrome
P450 (P450scc) [1], human placental 3β-hydroxysteroid
dehydrogenase (3βHSD) [4], porcine testicular 17α-
hydroxylase cytochrome P450 (P450c17) [7] and human
placental aromatase cytochrome P450 (P450arom) [13].
These antibodies were the same as those used in the previ-
ous study [16, 21, 23, 25].  The specific first layer antibodies
were used at a 1:500 dilution.  Controls were treated with
normal rabbit serum instead of the primary antisera.

Testes of adult Sika deer in this study had active sper-
matogenesis with all types of germ cells from spermatogo-
nia to spermatozoa being present.  The interstitium
contained numerous Leydig cells (Fig. 1).  The interstitial
area was wider and contained more numerous large Leydig
cells in samples taken in early October than in the late Octo-
ber and November (Fig. 1).  Immunoreactivities for the ste-
roidogenic enzymes, P450scc, P450c17, 3βHSD and
P450arom were detected only in the cytoplasm of Leydig
cells of all Sika deer (Fig. 2).  Immunoreactivities were not
detected in other testicular cells.  The intensity levels of
immunoreactivities for P450scc and P450c17 were high, but
those of 3βHSD and P450arom were low.  There was no
detectable difference in the immunohistochemical charac-
teristics of Leydig cells for each enzyme in the testes sam-
pled in October or in November.  All controls were negative.

An earlier study by Suzuki et al. [22] reported that in
Hokkaido Sika deer on Nakanosima Island of Lake Toya
(42°36’N, 140°51’E; Hokkaido, Japan) the onset of sper-
matogenesis occurred in July and/or August, and spermato-
genic activity had already reached its peak in late October,
at the beginning of the rutting season.  According to the farm
keepers in Ashoro (personal communication), rutting had
not begun on the deer farm when we took the samples in
early October of 2003.  Consequently the testes used in this

study should be representative of the early (early October)
and full (late October and November) rutting period.  Kam-
eyama et al. [12] examined serum testosterone concentra-
tion in captured male Hokkaido Sika deer kept at Abashiri
(44°01’N, 144°16’E; Northeastern Hokkaido, Japan), and
reported that there was a peak of testosterone concentration
between September and October, and that it had decreased
significantly in November.  In the present study the intersti-
tial area occupied by Leydig cells was wider in testes col-
lected in early October than in those from November.  This
could be reflected in changing testosterone concentrations
of the deer.

Studies of steroidogenesis in seasonal breeding wild Jap-
anese black bear [14], Hokkaido brown bear [25], American
black bear [23], Northern fur seal [24] and Japanese raccoon
dog [21] reported that the same enzymes P450scc, P450c17,
3βHSD and P450arom, were localized not only in the Ley-
dig cells but also in the Sertoli cells and/or spermatogenic
cells.  Moreover, in Japanese black bear [14], American
black bear [23] and Japanese raccoon dog [21], there were
seasonal changes in the localization of these enzymes.  In
the present study on the testes of Hokkaido Sika deer taken
over the rutting period, immunoreactivities for these same
enzymes were detected only in the Leydig cells.  Because
the same antisera were used in all of these studies the differ-
ences of immunohistochemical localization are valid.  The
present results also suggest wide cross reactivity among the
mammal species studied so far.

The essential enzymes in synthesis of androgen, P450scc,
3βHSD and P450c17, are recognized in not only the Leydig
cells but also other testicular cells in various mammals [8].
In rat [20], however, these enzymes were detected only in
the Leydig cells, and this is compatible with the present
result.

Differing roles of estrogen in the testis are necessary for
male reproduction and in fertility.  In some mammals,

Fig. 1. a: Tissue section of testes sampled in early October was stained with HE. Spermatogenesis is very active. All types of sper-
matogenic cells and Sertoli cells are visible in the seminiferous tubules. The wide interstitial space is occupied with numerous  and
large Leydig cells.  b: In testes sampled in November, spermatogenesis is very active, but the inter-tubular area is not so wide  as
that of testes sampled at early October (a). Bar: 100 µm.
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P450arom which converts testosterone to estradiol-17β, was
localized in the Leydig cells, the Sertoli cells [14, 17, 19, 21]
and spermatogenic cells [14, 15, 17, 19, 21, 23–25].  How-
ever, in ram [2], stallion [5, 9], human [3, 11], and boar [6],
P450arom was localized only in the Leydig cells.  The
present study adds the Hokkaido Sika deer (Cervus Nippon
yesoensis) to this list.  In the present study, aromatization of
testosterone in the testis of Hokkaido Sika deer was con-
firmed by immunohistochemical localization of P450arom.

The present results suggest that synthesis of testosterone
and estradiol-17β in the testes of Hokkaido Sika deer might
occur only in the Leydig cells.  However, the staining inten-
sity for 3βHSD and P450arom immunoreactivities was
week, so further detailed studies of localization for these
enzymes are needed.  Since this study used only samples
from rutting period, annual seasonal changes of steroido-
genesis coupled with simultaneous hormonal investigations
in wild deer need to be undertaken.

The present study was supported by a Grant-in-Aid for
Scientific Research (The 21st Century Center-of-Excellence
Program) from the Ministry of Education, Culture, Sports,
Science and Technology of Japan (E-1).  The authors would

like to thank the Deer Farming Group and the Village Office
of Nishi-Okoppe, the Yezo Deer Association, the Hunter’s
Association of Hokkaido and the members of the Deer sam-
pling team of Hokkaido University for kind support for sam-
pling.  The authors also would like to thank Dr. Ken C.
Richardson, Division of Veterinary and Biomedical Sci-
ences, Murdoch University for helping with the English lan-
guage editing.

REFERENCES

  1. Anakwe, O. O. and Payne, A. H. 1987. Mol. Endocrinol. 1:
596–603.

  2. Bilnska, B., Lesniak, M. and Schmalz, B. 1997. Reprod. Fertil.
Dev. 9: 193–199.

  3. Brodie, A., Inkster S. and Yue, W. 2001. Mol. Cell Endocrinol.
178: 23–28.

  4. Doody, K. M., Carr, B. R., Reiney, W. E., Byrd, W., Murry, B.
A., Strickler, R. C., Thomas, J. L. and Mason, J. I. 1990. Endo-
crinology 126: 2487–2492.

  5. Eisenhauer, K. M., McCue, P. M., Nayden, D. K., Osawa, Y.
and Roser, J. F. 1994. Domest. Anim. Endocrinol. 11: 291–298.

  6. Fraczek, B., Kotula-Balak, M., Wojtusiak, A., Pierscinski, A.

Fig. 2. Immunohistochemical staining for P450scc, P450c17, 3βHSD and P450arom (a, b, c and d, respectively) (early October).
Immunoreactivities for these steroidogenic enzymes are detected in Leydig cells, but not in any cells in the seminiferous tubule .
Staining intensity levels for P450scc and P450c17 are high, while those of 3βHSD and P450arom are low. Bar: 100 µm.



D. HAYAKAWA ET AL.1466
and Bilinska, B. 2001. Reprod. Biol. 1: 51–59.
  7. Hales, D. B., Sha, L. and Payne, A. H. 1987. J. Biol. Chem.

262: 11200–11206.
  8. Hall, P. F. 1994. pp. 1335–1362. In: Physiology of Reproduc-

tion (Knobil, E and Neill, J. eds.), Raven Press, New York.
  9. Hess, M. F. and Roser, J. F. 2004. Theriogenology 61: 293–

299.
10. Hsu, S. M., Raine, L. and Fanger, H. 1981. J. Histochem.

Cytochem. 29: 577–580.
11. Inkster, S., Yue, W. and Brodie A. 1995. J. Clin. Endoclinol.

Metab. 80: 1941–1947.
12. Kameyama, Y., Miyamoto, A., Kobayashi, S., Kuwayama, T.

and Ishijima, Y. 2002. J. Reprod. Dev. 48: 613–617.
13. Kitawaki, J., Yoshida, N. and Osawa, Y. 1989. Endocrinology

124: 1417–1423.
14. Komatsu, T., Tsubota, T., Yamamoto, Y., Atoji, Y. and Suzuki,

Y. 1997. J. Vet. Med. Sci. 59: 521–529.
15. Levallet, J., Bilinska, B., Mittre, H., Genissel, C., Fresnel, J.

and Carreau, S. 1998. Biol. Reprod. 58: 919–926.
16. Matsuura, Y., Suzuki, M., Hayakawa, D., Asano, M., Sasaki,

M., Kitamura, N., Yamada, J., Tsubota, T. and Ohtaishi, N.
2004. Jpn. J. Vet. Res. 51: 167–172.

17. Nitta, H., Bunick, D., Hess, R. A., Janulis, L., Newton, S. C.,

Millette, C. F., Osawa, Y., Shizuta, Y., Toda, K. and Bahr, J.
M. 1993. Endocrinology 132: 1396–1401

18. Ohtaishi, N. 1980. Archaeol. Nat. Sci. 13: 51–74 (in Japanese
with English summary).

19. Okano, T., Murase, T. and Tsubota, T. 2003. J. Vet. Med. Sci.
65: 1093–1099.

20. Pelletier, G., Li, S., Luu-The, V., Tremblay, Y., Belanger, A.
and Labrie, F. 2001. J. Endocrinol. 171: 373–383.

21. Qiang, W., Murase, T. and Tsubota, T. 2003. J. Vet. Med. Sci.
65: 1087–1092.

22. Suzuki, M., Kaji, K. and Nigi, H. 1992. J. Vet. Med. Sci. 54:
551–556.

23. Tsubota, T., Howell-Skalla, L., Nitta, H., Osawa, Y., Mason, J.
I., Meiers, P. G., Nelson, R. A. and Bahr, J. M.  1997. J.
Reprod. Fertil. 109: 21–27.

24. Tsubota, T., Nagashima, T., Kohyama, K., Murase, T. and
Kita, I. 2001. J. Reprod. Dev. 47: 415–420.

25. Tsubota, T., Nitta, H., Osawa, Y., Mason, J. I., Kita, I., Tiba, T.
and Bahr, J. M. 1993. Gen. Comp. Endocrinol. 92: 439–444.  

26. Yamauchi, S., Murai, T., Tanaka, H., Yamamoto, T. and Nishi-
tani, Y. 1982. Jpn. J. Anim. Reprod.  28: 81–88 (in Japanese
with English summary).


