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Short Communication

Expression of Steroidogenic Factor 1 and Pituitary Specific 
Transcription Factor 1 in Rat Pituitary Adenomas
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Abstract: The protein expressions of steroidogenic factor l (SF-l) and pituitary-specific transcription factor 1 (Pit-1) were investigated 
immunohistochemically for 53 spontaneous pituitary adenomas of the pars distalis from male Crl:CD(SD) rats. Luteinizing hormone 
(LH)-positive/prolactin (PRL)-negative and LH-negative/PRL-positive adenomas showed that the expression of SF-1 and Pit-1 was 
exclusively related to the immunoreactivity of LH and PRL, respectively. All double-positive adenomas (positive for both LH and PRL) 
were positive for Pit-1 and were supposed to be derived from PRL cells, although some of them also showed SF-1 immunoreactivity. In 
addition, all null cell adenomas (negative for all anterior pituitary hormones) were positive for SF-1 and negative for Pit-1, indicating 
that they originated from the gonadotroph cell lineage. This is the first report focusing on the application of transcription factors for the 
classification of rat pituitary adenomas. (DOI: 10.1293/tox.26.209; J Toxicol Pathol 2013; 26: 209–213)
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Immunohistochemical staining for pituitary anterior 
hormones is useful for the classification of pituitary tumors 
of the pars distalis1. In Sprague-Dawley (SD) rats, most 
spontaneous pituitary tumors stained positively for prolac-
tin (PRL) or luteinizing hormone (LH) and were classified 
as prolactinomas or gonadotropinomas, respectively2. How-
ever, there are some functionally undifferentiated adenomas 
that do not produce sufficient hormones to be determined. 
Recently, transcription factors in the pituitary gland are be-
ing researched actively, since they are known to be involved 
in the development and differentiation of pituitary cells and 
the production of pituitary hormones. Now they are being 
applied to diagnose human pituitary tumors as new classi-
fication markers3, 4. Steroidogenic factor l (SF-l) is known 
to be a transcriptional factor in the development of steroid 
hormone producing cells and to be expressed in gonado-
trophs (LH/FSH cells) in the pituitary5. Pituitary-specific 
transcription factor 1 (Pit-1) is a prototypic member of the 
family of Pit-Oct-Unc (POU) transcription factors and plays 
a critical role in growth hormone (GH), PRL and thyroid-
stimulating hormone β (TSHβ) expression6, 7. In the present 
study, we investigated SF-1 and Pit-1 expression in spon-

taneous pituitary adenomas of the pars distalis in rats to 
confirm the usability of these transcription factors for their 
classification.

Three normal pituitaries from 7-week-old male 
Crl:CD(SD) rats (Charles River Laboratories Japan, Inc.) 
and fifty three spontaneous pituitary adenomas of the pars 
distalis from 68- to 115-week-old male Crl:CD(SD) rats were 
used in the present study. These tissues were fixed in 10% 
neutral buffered formalin, embedded in paraffin and sec-
tioned at 4 μm. For normal pituitaries, double immunohis-
tochemical staining for LH/SF-1, PRL/Pit-1, LH/Pit-1 and 
PRL/SF-1 was performed, and for adenomas, single immu-
nohistochemical staining for LH, PRL, SF-1 and Pit-1 was 
conducted. Table 1 shows the primary antibodies used in the 
present study. The experiment was conducted in accordance 
with the Animal Care and Use Committee of Bozo Research 
Center or Takeda Pharmaceutical Company Limited.

In the pars distalis from the normal rats, double immu-
nohistochemical staining for LH/SF-1 revealed that most of 
the LH-positive cells were SF-1 positive, while a few cells 
positive for LH only (negative for SF-1) or SF-1 only (nega-
tive for LH) were also observed (Fig. 1a). Expression of Pit-1 
was confirmed in all PRL cells by PRL/Pit-1 double staining 
(Fig. 1b). Numerous cells positive for only Pit-1 (negative for 
PRL) were also observed and were considered to be TSH 
and GH cells, which can differentiate from the Pit-1 cell lin-
eage. No double-positive cells were observed in LH/Pit-1 
(Fig. 1c) or PRL/SF-1 (Fig. 1d) double staining. From these 
results, it was considered that SF-1 and Pit-1 were expressed 
not only during the ontogenic stage but also during the adult 
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stage.
Adenomas of the pars distalis were divided into 4 types 

by immunohistochemical staining for LH and PRL as fol-
lows: PRL-positive/LH-negative, LH-positive/PRL-nega-
tive, LH/PRL double-positive and LH/PRL double-negative 
adenomas. Table 2 shows SF-1 and Pit-1 expression in each 
type of adenoma. All PRL-positive/LH-negative adenomas, 

the most common adenoma in this study, were positive 
for Pit-1 and negative for SF-1 (Fig. 2a–d) with 1 excep-
tion, which was positive for both Pit-1 and SF-1. Nine of 10 
LH-positive/PRL-negative adenomas were positive for SF-1 
and negative for Pit-1 (Fig. 2e–h). These results suggested 
that the expression of Pit-1 and SF-1 mostly corresponds 
to the immunoreactivity of PRL and LH, respectively. For 

Table 1. Antibodies Used in the Study

Antibodya Host Dilution Antigen retrievalb Sourcec

LH Rabbit 1: 2000 Trypsin Accurate Chemical & Scientific Corp.
PRL Rabbit 1: 8000 or 4000 Trypsin AbD Serotec
PRL Mouse 1: 1000 Trypsin AbD Serotec
FSH Rabbit 1: 4000 Trypsin AbD Serotec
GH Mouse 1: 200 Trypsin R&D Systems, Inc.
TSH Rabbit 1: 2500 Trypsin AbD Serotec
ACTH Mouse 1: 100 Trypsin Novocastra Laboratories Ltd.
SF-1 Mouse 1: 1000 Citric acid Perseus Proteomics Inc.
Pit-1 Mouse 1: 100 Citric acid BD Biosciences
a LH, luteinizing hormone; PRL, prolactin; FSH, follicle-stimulating hormone; GH, growth hormone; TSH, thyroid-
stimulating hormone; ACTH, adrenocorticotropic hormone. b Trypsin, 0.1% trypsin for 37 °C at 30 minutes; citric acid, 
10 mmol/L citrate buffer for 121 °C at 15 minutes. c Accurate Chemical & Scientific Corporation, Westbury, NY, USA; 
AbD Serotec, Oxford, UK; R&D Systems, Inc., Minneapolis, MN, USA; Novocastra Laboratories Ltd., Wetzlar, Ger-
many; Perseus Proteomics Inc., Tokyo, Japan; BD Biosciences, Franklin Lakes, NJ, USA.

Fig. 1. Double immunohistochemical staining for LH/SF-1 (a), PRL/Pit-1 (b), LH/Pit-1 (c) and PRL/SF-1 (d) in the 
pars distalis from a normal rat. Red cytoplasm indicates positive for LH or PRL. Brown nuclei indicates 
positive for Pit-1 or SF-1. a) A number of LH-positive cells were SF-1 positive (arrows), while a few cells 
positive for LH only (negative for SF-1) (arrowhead) or SF-1 only (negative for LH) (small arrow) were also 
observed. b) Expression of Pit-1 was confirmed in all PRL cells. Numerous cells positive for Pit-1 only 
(negative for PRL) were also observed. c, d) No double-positive cells were observed in LH/Pit-1 and PRL/
SF-1 double staining. Bar = 50 μm.
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Table 2. SF-1 and Pit-1 Expression of Pituitary Adenomas with LH and/or PRL Immunoreactivity

SF-1/Pit-1  
immunoreactivity

LH/PRL immunoreactivity

LH(−)/PRL(+) LH(+)/PRL(−) LH(+)/PRL(+) LH(−)/PRL(−)
SF-1(−)/Pit-1(+) 25 0 5 0
SF-1(+)/Pit-1(−) 0 9 0 9
SF-1(+)/Pit-1(+) 1 0 3 0
SF-1(−)/Pit-1(−) 0 1 0 0

Total 26 10 8 9

Fig. 2. Immunohistochemical staining for LH (a, e), PRL (b, f), SF-1 (c, g) and Pit-1 (d, h) in PRL-positive/LH-negative (a–d) and LH-
positive/PRL-negative (e–h) adenomas. c, d) Most of the tumor cells that were PRL-positive/LH-negative were positive for Pit-1 and 
negative for SF-1. g, h) Most of the tumor cells that were LH-positive/PRL-negative were positive for SF-1 and negative for Pit-1. Bar 
= 50 μm.
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one LH-positive/PRL-negative (SF-1/Pit-1 double negative) 
adenoma, further examination for other LH-inducible tran-
scription factors such as early growth response protein 1, 
pituitary homeobox 1, gonadotropin-releasing hormone and 
DAX-1 might be necessary8, 9. Eight of 53 adenomas con-
sisted of both LH-positive regions and PRL-positive regions 
and were classified as LH/PRL double-positive adenomas. 
Additional double immunohistochemical staining for LH/
PRL revealed that 7 of them had LH/PRL double-positive 
cells (data not shown). All these adenomas were positive for 
Pit-1, indicating that they were derived from PRL cells, al-
though 3 of these adenomas also showed SF-1 expression. It 
was reported that LH/FSH cells could transdifferentiate into 
PRL cells with Pit-1 expression under pregnancy or estrogen 
treatment10, 11. Therefore, some LH/PRL double-positive ad-

enomas might be plurihormonal adenomas originating from 
LH/FSH cells. Among the 53 adenomas, nine were nega-
tive for both LH and PRL (Fig 3a–b) and were diagnosed as 
null cell adenomas because additional immunostaining for 
other pituitary hormones, FSH, GH, TSH and ACTH, also 
gave negative results (Fig 3c–f). Interestingly, all null cell 
adenomas were positive for SF-1 and negative for Pit-1 (Fig. 
3g–h). In humans, a large number of null cell adenomas are 
recognized as being of gonadotroph origin because they fre-
quently express SF-1 and gonadotropin subunit genes, and 
βLH and βFSH production were confirmed in vitro4, 12, 13, 

14. It is quite likely that null cell adenomas in rats originate 
from the gonadotroph cell lineage as well.

From the above, we conclude that the expressions of 
SF-1 and Pit-1 were exclusively related to the immunoreac-

Fig. 3. Immunohistochemical staining for LH (a), PRL (b), FSH (c), GH (d), TSH (e), ACTH (f), SF-1 (g) and Pit-1 
(h) in null cell adenomas. Null cell adenomas, which were negative for all anterior hormones, were positive 
for SF-1 and negative for Pit-1. Bar = 50 μm.
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tivity of LH and PRL in rat pituitary adenomas, respective-
ly. In addition, the null cell tumors examined in this study 
were considered to have originated from the gonadotroph 
cell lineage. This is the first report focusing on the usability 
of transcription factors in the classification of rat pituitary 
adenomas.

Acknowledgment: We would like to thank Dr. Eric Spicer 
for help in preparing the manuscript. Also, we wish to thank 
Drs. Yoshimasa Ishimura and Hisashi Anayama for their 
support during this work and Dr. Kazushi Okazaki for pro-
viding tumor samples.

References

 1. Bannasch P, and Gossner W. Pathology of Neoplasia and 
Preneoplasia in Rodents Volume 2. EULEP Color Atlas 
Shattauer, New York. 1997.

 2. McComb DJ, Kovacs K, Beri J, and Zak F. Pituitary adeno-
mas in old Sprague-Dawley rats: a histologic, ultrastructur-
al, and immunocytochemical study. J Natl Cancer Inst. 73: 
1143–1166. 1984. [Medline]

 3. Zhu X, Gleiberman AS, and Rosenfeld MG. Molecular 
physiology of pituitary development: signaling and tran-
scriptional networks. Physiol Rev. 87: 933–963. 2007. 
[Medline]  [CrossRef]

 4. Osamura RY, Kajiya H, Takei M, Egashira N, Tobita M, 
Takekoshi S, and Teramoto A. Pathology of the human pitu-
itary adenomas. Histochem Cell Biol. 130: 495–507. 2008. 
[Medline]  [CrossRef]

 5. Hoivik EA, Lewis AE, Aumo L, and Bakke M. Molecular 
aspects of steroidogenic factor 1 (SF-1). Mol Cell Endocri-
nol. 315: 27–39. 2010. [Medline]  [CrossRef]

 6. Dollé P, Castrillo JL, Theill LE, Deerinck T, Ellisman M, 
and Karin M. Expression of GHF-1 protein in mouse pi-
tuitaries correlates both temporally and spatially with the 
onset of growth hormone gene activity. Cell. 60: 809–820. 
1990. [Medline]  [CrossRef]

 7. Simmons DM, Voss JW, Ingraham HA, Holloway JM, 

Broide RS, Rosenfeld MG, and Swanson LW. Pituitary 
cell phenotypes involve cell-specific Pit-1 mRNA transla-
tion and synergistic interactions with other classes of tran-
scription factors. Genes Dev. 4: 695–711. 1990. [Medline]  
[CrossRef]

 8. Jiang Q, Jeong KH, Horton CD, and Halvorson LM. Pitu-
itary homeobox 1 (Pitx1) stimulates rat LHbeta gene ex-
pression via two functional DNA-regulatory regions. J Mol 
Endocrinol. 35: 145–158. 2005. [Medline]  [CrossRef]

 9. Ikeda Y, Swain A, Weber TJ, Hentges KE, Zanaria E, Lalli 
E, Tamai KT, Sassone-Corsi P, Lovell-Badge R, Camerino 
G, and Parker KL. Steroidogenic factor 1 and Dax-1 colo-
calize in multiple cell lineages: potential links in endocrine 
development. Mol Endocrinol. 10: 1261–1272. 1996. [Med-
line]  [CrossRef]

 10. Mukdsi JH, De Paul AL, Muñoz S, Aoki A, and Torres 
AI. Immunolocalization of Pit-1 in gonadotroph nuclei is 
indicative of the transdifferentiation of gonadotroph to lac-
totroph cells in prolactinomas induced by estrogen. Histo-
chem Cell Biol. 121: 453–462. 2004. [Medline]  [CrossRef]

 11. Vidal S, Román A, Oliveira MC, De La Cruz LF, and Moya 
L. Simultaneous localization of Pit-1 protein and gonado-
tropins on the same cell type in the anterior pituitary glands 
of the rat. Histochem Cell Biol. 110: 183–188. 1998. [Med-
line]  [CrossRef]

 12. Asa SL, Gerrie BM, Singer W, Horvath E, Kovacs K, and 
Smyth HS. Gonadotropin secretion in vitro by human pitu-
itary null cell adenomas and oncocytomas. J Clin Endocri-
nol Metab. 62: 1011–1019. 1986. [Medline]  [CrossRef]

 13. Asa SL, Cheng Z, Ramyar L, Singer W, Kovacs K, Smyth 
HS, and Muller P. Human pituitary null cell adenomas and 
oncocytomas in vitro: effects of adenohypophysiotropic 
hormones and gonadal steroids on hormone secretion and 
tumor cell morphology. J Clin Endocrinol Metab. 74: 1128–
1134. 1992. [Medline]  [CrossRef]

 14. Asa SL, Bamberger AM, Cao B, Wong M, Parker KL, and 
Ezzat S. The transcription activator steroidogenic factor 1 
is preferentially expressed in the human pituitary gonado-
troph. J Clin Endocrinol Metab. 81: 2165–2170. 1996. [Med-
line]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/6092768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17615393?dopt=Abstract
http://dx.doi.org/10.1152/physrev.00006.2006
http://www.ncbi.nlm.nih.gov/pubmed/18688636?dopt=Abstract
http://dx.doi.org/10.1007/s00418-008-0472-1
http://www.ncbi.nlm.nih.gov/pubmed/19616058?dopt=Abstract
http://dx.doi.org/10.1016/j.mce.2009.07.003
http://www.ncbi.nlm.nih.gov/pubmed/1690079?dopt=Abstract
http://dx.doi.org/10.1016/0092-8674(90)90095-V
http://www.ncbi.nlm.nih.gov/pubmed/2379827?dopt=Abstract
http://dx.doi.org/10.1101/gad.4.5.695
http://www.ncbi.nlm.nih.gov/pubmed/16087728?dopt=Abstract
http://dx.doi.org/10.1677/jme.1.01754
http://www.ncbi.nlm.nih.gov/pubmed/9121493?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9121493?dopt=Abstract
http://dx.doi.org/10.1210/me.10.10.1261
http://www.ncbi.nlm.nih.gov/pubmed/15221415?dopt=Abstract
http://dx.doi.org/10.1007/s00418-004-0661-5
http://www.ncbi.nlm.nih.gov/pubmed/9720991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9720991?dopt=Abstract
http://dx.doi.org/10.1007/s004180050280
http://www.ncbi.nlm.nih.gov/pubmed/2420815?dopt=Abstract
http://dx.doi.org/10.1210/jcem-62-5-1011
http://www.ncbi.nlm.nih.gov/pubmed/1569159?dopt=Abstract
http://dx.doi.org/10.1210/jc.74.5.1128
http://www.ncbi.nlm.nih.gov/pubmed/8964846?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8964846?dopt=Abstract
http://dx.doi.org/10.1210/jc.81.6.2165

