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Transcription factor GATA-2 contains two copies of
a highly conserved zinc finger domain and plays
unique roles at an early stage of hematopoietic dif-
ferentiation. In the mouse pituitary gland, Pit-1-
GATA-2 protein–protein interaction has been
shown to lead to gene-specific actions to obtain
cell-specific roles. In this study, we investigated the
expression of GATA-2 and Pit-1 in human pituitary
adenomas using reverse transcription polymerase
chain reaction (RT-PCR) and immunohistochemi-
cal techniques. By immunohistochemical analysis,
GATA-2 was detected in all of the gonadotropin-
subunit (Gn-su)-positive adenomas (n � 8) and in
four of five thyroid-stimulating hormone (TSH)-
secreting adenomas, but its incidencewas low in the
other types of adenomas. Pit-1 protein was detected
in 4 of 5 TSH-secreting adenomas and in 10 of 10
growth hormone (GH)-secreting adenomas. By RT-
PCR analysis, GATA-2 was detected in all Gn-su-
positive adenomas and TSH-secreting adenomas,
and Pit-1 was detected in all TSH-secreting adeno-
mas andGH-secreting adenomas. These results sug-
gested that GATA-2 contributes to the functional
expression and the differentiation of Gn-su-positive
adenomas and the TSH-secreting adenomas and
that the interaction between GATA-2 and Pit-1 can
lead to gene-specific action and differentiation of
TSH-secreting adenomas. It is further speculated
that GATA-2 and transcriptional interaction with
Pit-1 play roles in the functional differentiation of
specific pituitary adenomas.
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The pituitary gland is initially derived from the
Rathke’s pouch, and its primordium appears on
e8.5 in mouse (1). It has been demonstrated that
direct contact of the ventral diencephalons with
Rathke’s pouch is required for pituitary organogen-
esis and that pituitary cell type determination oc-
curs in response to a series of extrinsic and intrinsic
signaling molecules (2–4).
Several transcription factors have been identified

in the adenohypophysis and have been implicated
as key elements in the definition of cell-specific
phenotypes and regulation of hormone gene ex-
pression. For example, the pituitary-specific tran-
scription factor Pit-1, a member of a family of the
POU-domain DNA-binding factors, has been
shown to regulate growth hormone (GH), prolactin
(PRL), and thyroid-stimulating hormone (TSH) cells
during development and differentiation (5–12).
Neuro D1, a basic helix-loop-helix transcription
factor, is expressed in corticotroph cells and con-
tributes to the corticotroph-specific POMC tran-
scription in the pituitary (13, 14). Although the
mechanisms of functional expression toward GH,
PRL, TSH, and ACTH have been investigated in
details with pituitary glands, its mechanisms ac-
counting for gonadotroph differentiation remained
unclear until it was recently demonstrated that
GATA-2, zinc finger transcription factor, is neces-
sary for the differentiation and determination of
gonadotrophs and thyrotrophs in mouse (15). In
addition, GATA-2 has been shown to regulate the
human gonadotropin �-subunit gene in the pla-
centa and pituitary gland (16) and also to have
activated the mouse thyrotropin �-subunit pro-
moter (17). These data have led us to hypothesize
that GATA-2 is another transcription factor in-
volved in cell-specific hormone expression in hu-
man pituitary adenoma. Therefore, to understand
the role of GATA-2 in the functional differentiation
and biological behavior in pituitary adenomas, we
analyzed the expression of GATA-2 in various types
of human pituitary adenomas using the immuno-
histochemical techniques and reverse transcription
polymerase chain reaction (RT-PCR) method.
Moreover, we evaluated the relation between

Copyright © 2002 by The United States and Canadian Academy of
Pathology, Inc.
VOL. 15, NO. 1, P. 11, 2002 Printed in the U.S.A.
Date of acceptance: September 27, 2001.
Address reprint requests to: R. Yoshiyuki Osamura, Department of Pathol-
ogy, Tokai University School of Medicine, Isehara-City, Kanagawa, 259-
1193, Japan; e-mail: osamura@is.icc.u-tokai.ac.jp; fax: 81-463-91-1370.

11



GATA-2 and Pit-1 expression in the functional dif-
ferentiation of the pituitary adenomas.

MATERIALS AND METHODS

Tissues
The tissues from 38 cases of pituitary adenomas

(21 cases from men, 17 cases from women; age
ranged from 19 to 71 y) were obtained at the time of
transsphenoidal surgery. The clinical and endocri-
nological features were as follows: 10 GH-secreting
adenomas with symptoms of acromegaly, 6 PRL-
secreting adenomas in which serum PRL levels
ranged from 150 to 1860 ng/mL, 4 ACTH-secreting
adenomas with typical Cushing’s syndrome, 5 TSH-
secreting adenomas with hyperthyroidism, 5 non-
functioning adenomas without clinical evidence of
anterior pituitary hormone excess or without high
serum concentration of anterior pituitary hormone
except mild hyperprolactinemia (�100 ng/mL), and
8 Gn-su-positive adenomas by immunohistochem-
istry. Serum follicle-stimulating hormone (FSH) of
Gn-su-positive adenomas was elevated in all male

cases. Tumor types were classified based on their
clinical manifestations, biological functions, and
ultrastructures (18). Table 1 indicates the clinical
and biochemical features of 38 pituitary adenomas.
The tissues were submitted to the following RT-PCR
and immunohistochemical studies.

Immunohistochemical Examination
The tissues from pituitary adenomas were rou-

tinely fixed in 10% formalin for 8 to 24 hours and
embedded in paraffin. Five-micrometer serial sec-
tions attached to silane-coated slides were depar-
affinized in xylene and dehydrated in graded eth-
anols to phosphate buffered saline, pH 7.4.
Endogenous peroxidase activity was blocked with
0.3% hydrogen peroxide in methanol for 30 min-
utes. Immunostaining was performed using the
avidin-biotin-peroxidase complex (ABC) technique.
Immunostaining for GATA-2 was detected as fol-
lowed, the sections were treated by autoclave for 3
minutes at 120° C in 0.01 mol/L citrate buffer, pH
6.0, for antigen retrieval, and goat anti-GATA-2

TABLE 1. Clinical and Biochemical Feature in a Total of 38 Pituitary Adenomas

Diagnosis Case No. Age (y)/Sex Biochemical Feature

Acromegaly 1 38/F GH, 5.0 ng/mL; IGF-1, 340 ng/mL
2 59/F GH, 33.8 ng/mL; IGF-1, 960 ng/mL
3 45/F GH, 12.4 ng/mL; IGF-1, 110 ng/mL
4 46/M GH, 24.4 ng/mL; IGF-1, 1340 ng/mL
5 48/F GH, 40.6 ng/mL; IGF-1, 12500 ng/mL
6 30/M GH, 17.2 ng/mL; IGF-1, 680 ng/mL
7 52/M GH, 10.3 ng/mL; IGF-1, 890 ng/mL
8 35/F GH, 9.5 ng/mL; IGF-1, 770 ng/mL
9 55/M GH, 15.7 ng/mL; IGF-1, 320 ng/mL

10 51/M GH, 22.2 ng/mL; IGF-1, 750 ng/mL
PRL-secreting adenomas 1 20/F PRL, 369.6 ng/mL

2 19/M PRL, 770.8 ng/mL
3 23/F PRL, 175.8 ng/mL
4 31/M PRL, 3788.2 ng/mL
5 24/F PRL, 2135.9 ng/mL
6 37/F PRL, 422.4 ng/mL

Cushing’s 1 55/M ACTH, 130 pg/mL; UFC, 1852 �g/day
2 28/F ACTH, 2600 pg/mL; UFC, 952 �g/day
3 44/F ACTH, 130 pg/mL; UFC, 1115 �g/day
4 29/M ACTH, 630 pg/mL; UFC, 897 �g/day

TSH-secreting adenomas 1 53/F fT3, 3.6 pg/mL; fT4, 1.54 pg/mL, TSH, 11.3 �U/mL
2 41/M fT3, 6.2 pg/mL; fT4, 2.19 pg/mL, TSH, 1.8 �U/mL
3 35/F fT3, 3.8 pg/mL; fT4, 1.48 pg/mL, TSH, 5.05 �U/mL
4 28/F fT3, 8.62 pg/mL; fT4, 3.15 pg/mL, TSH, 3.21 �U/mL
5 40/M fT3, 6.0 pg/mL; fT4, 1.4 pg/mL, TSH, 6.34 �U/mL

Gonadotropin-subunit–positive adenoma 1 69/M FSH, 10.6 mIU/mL
2 60/M FSH, 15.9 mIU/mL
3 29/M FSH, 15.5 mIU/mL
4 61/F FSH, 34.9 mIU/mL
5 37/M FSH, 15.7 mIU/mL
6 48/F FSH, 12.6 mIU/mL
7 53/M FSH, 32.8 mIU/mL
8 51/M FSH, 11.5 mIU/mL

Null cell adenoma 1 59/M FSH, 2.3 mIU/mL
2 62/M FSH, 6.4 mIU/mL
3 60/M FSH, 10.0 mIU/mL
4 71/F FSH, 3.5 mIU/mL
5 57/M FSH, 2.5 mIU/mL

Normal plasma levels: GH, � 5 ng/mL; IGF-1, 106–398 ng/mL; PRL � 20 ng/mL; ACTH, 7–60 pg/mL at 9:00 a.m.; UFC (urinary free cortisol), 34–208
�g/day; fT3 (free T3), 2.4–4.3 pg/mL; fT4 (free T4), 0.74–1.8 ng/mL; TSH, � 5 �U/mL; �-subunit, 0.1–1.3 mg/L; FSH, (male), 1–11 mI/mL.
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polyclonal antibody (Santa Cruz, CA) was applied at
dilution 1:100 for 60 minutes. To detect the expres-
sion of Pit-1, microwave was introduced for 10 min-
utes at 100° C in 0.01 mol/L citrate buffer, pH 6.0,
for antigen retrieval, and goat polyclonal antibody
against Pit-1 (Santa Cruz, CA) was applied at dilu-
tion 1:100 for 60 minutes. The section was rinsed in
phosphate buffered saline and incubated with
biotinylated anti-goat immunoglobulin (Vector
Laboratories, UK). After incubation with ABC, the
reaction was visualized by incubation with 3,3'-
diaminobenzidine tetrahydrochloride for 3 min-
utes, which resulted in a brown color.

Reverse Transcription Polymerase Chain
Reaction

Total RNA extraction was performed by the
single-step method (TRIzol reagent kit, Life Tech-
nologies, Gaithersburg, MD) from 38 pituitary
adenomas, and total RNA was treated by Deoxyri-
bonuclease I (Life Technologies). First-standard
complementary DNA (cDNA) was prepared from
total RNA with Deoxyribonuclease I treatment us-
ing a T-Primed First-Stand kit (Pharmacia Biotech
Inc, USA). The RT reaction was performed at 37° C
for 60 minutes in a final volume of 50 �L, with 5 �g
total RNA.

For PCR, the following oligonucleotide primers
were used to identify human GATA-2: upstream,
5'-CCC TAA GCA GCG CAG CAA GAC-3', and down-
stream, 5'-GAT GAG TGG TCG GTT CTG GCC–3'.
This generated an RT-PCR product of 163 bp. These
primers were previously reported by Dorfman et al.
(19). We also examined the expression of Pit-1, us-
ing oligonucleotide primers as follows: upstream,
5'-ACA GCT GCT GAT TTC AAG CA-3', and down-
stream, 5'-ACA AAG CTC CTA CTT GCT CA-3'. This
generated an RT-PCR product of 304 bp. The PCR
was carried out in 100-�L final reaction volumes
containing 1 �L of RT reaction products as template
DNA, corresponding to cDNA synthesized from 500
ng of total RNA, 1� PCR buffer II, 1.0 mmol/L of
MgCl2,, 0.2 mmol/L of each deoxynucleotide, 0.4
�mol/L of each upstream and downstream primer,
and 2.5 U of AmpliTaq Gold (Perkin-Elmer). Pro-
grammable temperature cycling (Perkin-Elmer/Ge-
neAmp PCR System 9700, Norwalk, CT) was per-
formed with the following cycle profile: 95° C for 10
minutes as an initial denaturing step, followed by
95° C for 1 minute as an amplification step and by
61° C for 1 minute as an annealing and extension
(40 cycles) for human GATA-2 or by 56° C for 1
minute as an annealing and extension (40 cycles)
for human Pit-1. After the last cycle, the elongation
step was done at 72° C for 10 minutes. The samples
of the reaction products (8 �L each) were subjected
to electrophoresis in 2% agarose gels with ethidium

bromide and were photographed under ultraviolet
light.

RESULTS

Immunohistochemical Analysis
The clinical profiles of each patient with pituitary

tumor were as summarized in Table 1. Immuno-
staining of GATA-2 and Pit-1 protein were per-
formed in all pituitary tumors. Immunohistochem-
ical detection of GATA-2 protein was detected in 12
of 38 cases (31.6%) of human pituitary adenomas
and was expressed in the nuclei of the adenoma
cells. The results of the immunohistochemical ex-
amination of the different types of adenoma are
summarized in Table 2. GATA-2 protein was de-
tected in eight of eight cases (100%) with Gn-su-
positive adenomas and in four of five cases (80%)
with TSH-secreting adenomas, but its incidence
was null in the other types of adenomas. Pit-1 pro-
tein was detected in 4 of 5 TSH-secreting adeno-
mas, in 10 of 10 GH-secreting adenomas, and in 6 of
6 PRL-secreting adenomas.

RT-PCR Analysis
RT-PCR analysis of GATA-2 and Pit-1 was also

performed in all 38 pituitary adenomas. The results
of RT-PCR are shown in Figure 1. The GATA-2 PCR
products were detected at 163 bp, and Pit-1 PCR
products were detected at 304 bp by ethidium bro-
mide staining. The results of the RT-PCR analysis of
the different types of adenoma are summarized in
Table 3. GATA-2 was detected all of Gn-su-positive
adenomas and in four of five TSH-secreting adeno-
mas (Fig. 2, A–B). Pit-1 was detected in all of the
GH-secreting adenomas (n � 10), in five of six
PRL-secreting adenomas, and in four of five TSH-
secreting adenomas. Three GH-secreting adenomas
and two nonfunctioning adenomas that were neg-
ative for GATA-2 protein by immunohistochemistry
expressed GATA-2 mRNA by RT-PCR, and two Gn-
su-positive adenomas that were negative for Pit-1
protein expressed Pit-1 mRNA by RT-PCR.

We performed the sequence analysis of RT-PCR
products amplified from two Gn-su-positive adeno-
mas (Cases 7 and 8) and two TSH-secreting adeno-
mas (Cases 1 and 4). These sequencing data re-
vealed no mutation in all cases, and the detected
sequences were identical to those of GATA-2 and
Pit-1 (data not shown).

DISCUSSION

Several transcription-regulating proteins have
been identified in the adenohypophysis and have
been implicated as key elements in the definition of
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cell-specific phenotypes and the regulation of hor-
mone gene expression. In pituitary adenomas, tran-
scription factors also regulate various genes that
play important roles in functional differentiation.
For example, Pit-1, a 291-amino acid protein that
belongs to the homeobox family of developmental
regulatory proteins, was detected in GH-, PRL- (5–
11), and TSH-producing adenomas (12, 20). Syner-
gic interaction involving Pit-1 with other transcrip-
tion factors on a variety of pituitary hormone genes
has been reported. For example, cooperation of
Pit-1 with Oct-1 (21) and estrogen receptor (22, 23)
activates the PRL promoter, and on the growth hor-
mone gene promoter, Pit-1 synergizes with Zn-15
(24) and thyroid hormone receptor (25).

The GATA families of transcription factors are
also tissue specific in their expressions. Six mem-
bers of the GATA family have been identified in

vertebrates (26, 27). These factors bind to a DNA
consensus sequence, (T/A)GATA(A/G), using a
highly conserved DNA-binding domain composed
of amino- and carboxy-terminal zinc fingers (28,
29). During the functional differentiation of adeno-
hypophysis, functional interaction between Pit-1
and zinc finger protein has been reported. In trans-
genic mouse pituitary, zinc finger protein 15 binds
to the element located between two Pit-1 response
elements and constitutes an important component
of the combination code that underlies the effective
expression of the GH gene (24). Transcription factor
GATA-2 contains two copies of a highly conserved
zinc finger domain and plays unique roles at an
early stage of hematopoietic differentiation (26, 30–
32). Recently, Steger et al. (16) have demonstrated
that GATA transcription factor plays a role in pitu-
itary �-subunit expression. They have demon-

TABLE 2. Results of Immunohistochemical Analysis for Anterior Pituitary Hormones and Expression of GATA-2 and

Pit-1 in 38 Pituitary Adenomas

Case
No.

Age (y)/Sex
Immunohistochemistry RT-PCR

GH PRL ACTH FSH� LH� TSH� �-SU GATA-2 Pit-1 GATA-2 Pit-1

Acromegaly
1 38/F ��� ��� � � � � � � �� � �
2 59/F �� � � � � � � � � � �
3 45/F ��� ��� � � � � � � ��� � �
4 46/M ��� ��� � � � � � � �� � �
5 48/F ��� ��� � � � � �� � ��� � �
6 30/M ��� ��� � � � � � � � � �
7 52/M ��� �� � � � � � � �� � �
8 35/M ��� ��� � � � � � � � � �
9 55/M ��� ��� � � � � � � � � �
10 51/M ��� ��� � � � � �� � �� � �

PRL-secreting adenoma
1 20/F � ��� � � � � � � �� � �
2 19/F � �� � � � � � � � � �
3 23/F � ��� � � � � � � �� � �
4 31/M � ��� � � � � � � ��� � �
5 24/F � ��� � � � � � � ��� � �
6 37/F � ��� � � � � � � �� � �

Cushing’s disease
1 55/M � � ��� � � � � � � � �
2 28/F � � ��� � � � � � � � �
3 44/F � � ��� � � � � � � � �
4 29/M � � ��� � � � � � � � �

TSH-secreting adenoma
1 53/F � � � � � � � ��� �� � �
2 41/M � � � � � � � � ��� � �
3 35/F � � � � � �� �� �� �� � �
4 28/F � � � � � ��� � �� �� � �
5 40/M � � � � � ��� ��� ��� � � �

Gonadotropin-subunit–positive adenomas
1 69/M � � � � � � � �� � � �
2 60/M � � �� � � � ��� � � �
3 29/M � � � � � � �� �� � � �
4 61/F � � � �� � � � �� � � �
5 37/M � � � �� � � � � � � �
6 48/F � � � �� � � �� ��� � � �
7 53/M � � � �� � � � �� � � �
8 51/M � � � ��� � � � �� � � �

Null cell adenoma
1 59/M � � � � � � � � � � �
2 62/M � � � � � � � � � �
3 60/M � � � � � � � � � � �
4 71/F � � � � � � � � � � �
5 57/M � � � � � � � � � � �
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strated that both GATA-2 and GATA-3 are present
in placental trophoblasts, whereas both GATA-2
and a GATA-4-related factor are present in pituitary
gonadotropes. David et al. (17) have reported func-
tional synergic and physical interaction between
GATA-2 and Pit-1 in pituitary thyrotropes. They
demonstrated that both GATA-2 and Pit-1 could
bind independently to the P1 region of the mouse
TSH� promoter in thyrotrope cells and could func-
tionally synergize to activate TSH� promoter activ-
ity. Jermy et al. (15) have also reported the recipro-

cal interactions of Pit-1 and GATA-2 in mouse
anterior pituitary. Their data suggested that ventral
expression of GATA-2 directly or indirectly sup-
presses Pit-1 gene expression and induces the en-
tire set of transcription factors that are typical of the
gonadotrope cell type differentiation. Conversely,
the absence of GATA-2 dorsally, Pit-1 was induced,
and cell types were converted to somatotrope/lac-
totrope. In the differentiation of thyrotrope, they
hypothesized that the level of GATA-2 expression is
below to inhibit the activation of the Pit-1 gene and

FIGURE 1. Immunohistochemical detection of GATA-2 (A–D) and Pit-1 (E–H) protein. Gonadotropin-subunit-positive (Gn-su-positive) adenoma
(A) and thyroid-stimulating hormone (TSH)-secreting adenoma (B) have diffuse and strong nuclear reactivity for GATA-2 protein. Pit-1 protein is also
detected in the nuclei of TSH-secreting adenoma (F), growth hormone (GH)-secreting adenoma (G), and prolactin (PRL)-secreting adenoma (H). On
the other hand, no GATA-2 protein was detected in GH-secreting (C) and PRL-secreting (D) adenomas. No Pit-1 protein was detected in Gn-su-
positive adenoma (E) for Pit-1.
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that coexpression of GATA-2 and Pit-1 can induce
the entire set of transcription factors that are typical
of thyrotrope cell type differentiation.

In our studies of human pituitary adenomas,
most of the Gn-su-positive adenomas and TSH-
secreting adenomas were positive for GATA-2, and
most of TSH, PRL, and GH-secreting adenomas
were positive for Pit-1. These results suggested that
GATA-2 contributes to the functional expression
and the differentiation of Gn-su-positive adenomas
and TSH-secreting adenomas. In the situation with
high expression of GATA-2, Pit-1 gene expression is
suppressed, and cell types are terminally differen-
tiated to Gn-su-positive adenomas. And the inter-
action between GATA-2 and Pit-1 can lead to gene-

specific action and differentiation of TSH-secreting
adenomas. Thus, GATA-2, which earlier in develop-
ment is required for the expansion of hematopoi-
etic precursors (33) and the development of the
placental trophoblast (34) and urogenital system
(35), also plays a critical role in pituitary cell type
determination (15).

In summary, GATA-2 is mainly expressed in Gn-
su-secreting adenomas and in TSH-secreting ade-
nomas, whereas Pit-1 is expressed mainly in GH,
PRL, and TSH-secreting adenomas. Our results sug-
gest that GATA-2 contributes to the functional ex-
pression and the differentiation of the Gn-su-
secreting adenomas and that interaction with
GATA-2 and Pit-1 can lead to gene-specific action

TABLE 3. Immunohistochemical Detection and RT-PCR Analysis of GATA-2 and Pit-1 in Human Pituitary Adenomas

Diagnosis
Number
Studied

GATA-2, n (% positive) Pit-1, n (% positive)

Protein mRNA Protein mRNA

GH-secreting adenomas 10 0 (0) 3 (30) 10 (100) 10 (100)
PRL-secreting adenomas 6 0 (0) 0 (0) 5 (83.7) 5 (83.7)
ACTH-secreting adenomas 4 0 (0) 0 (0) 0 (0) 0 (0)
TSH-secreting adenomas 5 4 (80) 5 (100) 4 (80) 5 (100)
Nonfunctioning adenomas 5 0 (0) 2 (40) 1 (20) 1 (20)
Gonadotropin-subunit–positive adenomas 8 8 (100) 8 (100) 0 (0) 2 (25)

Total 38 12 (31.6) 18 (47.4) 20 (52.6) 23 (60.5)

FIGURE 2. Reverse transcription polymerase chain reaction (PCR) of human pituitary adenomas for GATA-2 and Pit-1 mRNA. All of the
gonadotropin-subunit-positive (Gn-su-positive) adenomas (n � 8) and thyroid-stimulating hormone (TSH)-secreting adenomas (n � 5) have high-
level expression of GATA-2 mRNA. Pit-1 mRNA was detected in all of the growth hormone (GH)-secreting adenomas (n � 10) and TSH-secreting
adenomas (n � 5) and in five of six prolactin (PRL)-secreting adenomas. A, PCR amplification of GATA-2 and Pit-1 of Gn-su-positive adenomas. B,
TSH-secreting adenomas. C, GH-secreting adenomas. D, PRL-secreting adenomas.
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and differentiation to TSH-secreting adenomas. We
suspected that these transcriptional factors as well
as transcriptional interaction would prove to be
prototype-specific action in the development of pi-
tuitaries and pituitary adenomas.
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