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Abstract
The modern classification of pituitary neuroendocrine tumors relies mainly on immunohistochemistry for pituitary
transcription factors, hormones, and other biomarkers, including low molecular weight cytokeratins. The transcription factor
GATA2 is required for development of gonadotrophs and thyrotrophs but has not been used for classification of pituitary
tumors. Because of genomic paralogy of GATA2 and GATA3, we postulated that GATA3 immunohistochemistry may
detect GATA2 in the adenohypophysis. We examined 151 tumors originating from Ondokuz Mayis University, Turkey (n=
83) and University Health Network, Canada (n= 68). Initially, 83 tumors (26 gonadotroph, 24 somatotroph, 17 corticotroph,
12 lactotroph, 2 poorly differentiated Pit-1 lineage tumors that expressed TSH and 2 null cell tumors) from Ondokuz Mayis
University were investigated with the GATA3 monoclonal antibody L50-823. Retrospective review of the files of University
Health Network identified 68 tumors (43 gonadotroph, 3 somatotroph, 2 lactotroph, 1 mammosomatotroph, 9 corticotroph, 7
poorly differentiated Pit-1 lineage tumors with TSH expression, 2 plurihormonal tumors with TSH expression and 1 null cell
tumor) that were examined with the same GATA3 antibody and served as a validation cohort. All somatotroph, lactotroph
and mammosomatotroph tumors and the null cell tumors were negative for GATA3. Sixty-eight (98.5%) gonadotroph
tumors were positive for GATA3; 64 had diffuse reactivity. Two plurihormonal tumors with TSH expression and eight
(88.8%) poorly differentiated Pit-1 lineage tumors with variable TSH expression were positive for GATA3. One of 26
(3.8%) corticotroph tumors was diffusely positive for GATA3. This study shows that GATA3 immunoreactivity is
characteristic of pituitary gonadotroph and TSH-producing tumors. This finding expands the pattern of transcription factors
that are used to classify adenohypophysial tumors and is important in the differential diagnosis of sellar tumors, as GATA3
expression is also a feature of primary sellar paragangliomas as well as carcinomas that may metastasize to the sella.

Introduction

The classification of pituitary cells and pituitary neu-
roendocrine tumors [1] has evolved with the identification
of transcription factors that play a role in adenohypophysial
cell differentiation. Initial progress was made when the

pituitary transcription factor-1 (Pit-1) was identified and
found to regulate expression of the growth hormone (GH)
and prolactin (PRL) genes [2–5]; subsequent studies iden-
tified a role for Pit-1 in regulation of the beta-thyrotropin
(thyroid stimulating hormone, TSH) gene [6, 7]. Similarly,
the transcription factor steroidogenic factor-1 (SF-1) was
implicated in pituitary gonadotroph development and
function in addition to its critical role in steroidogenic tis-
sues [8, 9]. These biomarkers provided reliable identifica-
tion of pituitary tumor cytogenesis [10, 11] and paved the
way for a more reliable classification of adenohypophysial
tumors [12, 13], while also explaining the frequent plur-
ihormonality of tumors of Pit-1 lineage. The discovery of
Tpit as the nuclear driver of corticotroph tumors [14, 15]
provided the nuclear hallmark of the trilineage pattern of
adenohypophysial development and tumorigenesis [16].

The common expression of alpha-subunit by both thyr-
otrophs and gonadotrophs as well as somatotrophs has been
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ascribed to activation of cyclic AMP pathways. However,
another transcription factor implicated in the development
and function of both cell lineages that produce glycoprotein
hormones, thyrotrophs, and gonadotrophs, is GATA2
[9, 17]. To date, there has been limited application of this
information to the diagnosis of pituitary tumors [18].

Because of the genomic paralogy of GATA2 and
GATA3 [19], and the widespread use of antibodies to
GATA3 in human pathology [20–25], we hypothesized that
application of GATA3 immunohistochemistry may play a
role in the accurate classification of pituitary neuroendo-
crine tumors. Moreover, the expression of GATA3 could
potentially lead to misdiagnosis in the case of metastatic
tumors to the pituitary as well as in the setting of sellar
paragangliomas.

Materials and methods

A total of 151 adenohypophysial tumors originating from
the Ondokuz Mayis University, Turkey (n= 83) and Uni-
versity Health Network, Canada (n= 68) were included in
this study. Institutional Research Ethics Board approvals
were obtained from both institutions.

The initial series was composed of 83 tumors diagnosed
at the Ondokuz Mayis University. These included 26
gonadotroph, 24 somatotroph, 17 corticotroph, 12 lacto-
troph, 2 poorly differentiated plurihormonal Pit-1 lineage
tumors that expressed beta-TSH, and 2 null cell tumors.

Subsequently, a retrospective review of the files of Uni-
versity Health Network identified 68 adenohypophysial
tumors that had been stained for GATA3 and served as the
validation cohort for this study. These included 43 gona-
dotroph, 3 somatotroph, 2 lactotroph (including one acid-
ophil stem cell), 1 mammosomatotroph, 9 corticotroph, 7
poorly differentiated plurihormonal Pit-1 lineage tumors
with variable beta-TSH expression, 2 plurihormonal tumors
with focal beta-TSH expression and 1 null cell tumor.

All tumors were investigated with a monoclonal antibody
to GATA3 (Clone L50-823) using a Benchmark XT auto-
mated stainer (Ventana Medical Systems, Inc. Tucson, AZ).
The L50-823 monoclonal antibody was raised against
peptide between the trans-activation and DNA-binding
domains of GATA3. The GATA proteins have highly
conserved sequences in their binding domains, the type IV
zinc fingers, referred to as N-finger (N-terminal zinc finger)
and C-finger (C-terminal zinc finger). The sequences
immediately following the two zinc fingers are also con-
served, whereas other sequence motifs, such as the putative
trans-activation domains including the region used to create
this antibody, are less conserved in the GATA family
[26, 27]. Because, GATA2 and GATA3 are highly homo-
logous in the region identified by this antibody, the results
that we report may represent expression of GATA3 or may
represent cross-reactivity of GATA2.

GATA3 nuclear reactivity was recorded as positive when
≥5% of the cells were positive. Positivity for GATA3 was
recorded as focal or diffuse.

Table 1 Summary of GATA3
expression profile in pituitary
neuroendocrine tumors:
discovery and validation series

GATA3 negative
(n)

GATA3 focally
positive (n)

GATA3 diffusely
positive (n)

Discovery series (n:83)

Gonadotroph tumors (n:26) 0 0 26

Somatotroph tumors (n:24) 24 0 0

Lactotroph tumors (n:12) 12 0 0

Poorly differentiated Pit-1 lineage tumor
(n: 2)

0 2 0

Corticotroph tumors (n:17) 17 0 0

Null cell tumors (n:2) 2 0 0

Validation series (n:68)

Gonadotroph tumors (n:43) 1 4 38

Somatotroph tumors (n:3) 3 0 0

Mammosomatotroph tumors (n:1) 1 0 0

Lactotroph tumors (n:2) 2 0 0

Poorly differentiated Pit-1 lineage tumor
(n:7)

1 3 3

Corticotroph tumors (n:9) 8 0 1

Plurihormonal tumor with beta-TSH
expression (n:2)

0 2 0

Null cell tumors (n:1) 1 0 0
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Results

The results of both series are summarized in Table 1. All
somatotroph (n= 28) and lactotroph (n= 14) tumors, the
mammosomatotroph tumor, and the null cell tumors (n= 3)
lacked reactivity for GATA3.

Sixty-eight of 69 (98.5%) gonadotroph tumors were
positive for GATA3. Diffuse nuclear reactivity was seen in
64 gonadotroph tumors (Fig. 1); whereas, the remaining 4
tumors had variable nuclear reactivity for GATA3.

Eight of nine (88.8%) poorly differentiated plur-
ihormonal Pit-1 lineage tumors with variable beta-TSH
expression were positive for GATA3 (Fig. 2). While 3 of
these were diffusely positive, the remaining six tumors had
focal nuclear reactivity.

Two plurihormonal tumors with focal beta-TSH expres-
sion also showed focal GATA3 reactivity.

One of 26 (3.8%) corticotroph tumors was positive for
GATA3. This tumor was a sparsely granulated corticotroph
tumor. The extent of nuclear GATA3 reactivity was diffuse
(Fig. 3). This particular tumor also displayed alpha-subunit
expression (Fig. 3) in the absence of Pit-1 and SF-1.

The non-tumorous pituitary adjacent to tumors contained
scattered cells that were positive for GATA3; the pattern of
staining in serial sections indicated that the GATA3-
immunoreactive cells were consistent with gonadotrophs,
and thyrotrophs, as they were positive for SF-1 or for Pit-1
and beta-TSH.

In addition, the files of the University Health Network
identified a metastatic breast carcinoma that presented as a
pituitary mass; this tumor was strongly positive for GATA3
and had a distinct appearance from the surrounding non-
tumorous adenohypophysis that also contained scattered
positive cells (Fig. 4).

Fig. 1 Immunoreactivity for GATA3 in gonadotroph tumors. Of 69
gonadotroph tumors examined, 64 exhibited strong and diffuse nuclear
reactivity for GATA3 a; note the lack of staining in vascular channels.

Four of these tumors had focal staining b and only one was negative
for this transcription factor

Fig. 2 Immunoreactivity for
GATA3 in a poorly
differentiated Pit-1 lineage
tumor. These tumors are
composed of polygonal cells that
can exhibit focal cytoplasmic
positivity for growth hormone
a and TSH b as well as prolactin
c; they have diffuse strong
nuclear staining for Pit-1 d. This
example with TSH positivity
exhibits diffuse strong nuclear
reactivity for GATA3
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Discussion

The application of GATA3 immunohistochemistry to the
diagnosis of pituitary adenohypophysial tumors adds yet
another dimension to this biomarker that has proven to be
useful in the diagnosis of urothelial lesions, breast carci-
nomas, parathyroid tumors, and paragangliomas [20–25]. It
is important to be aware of the presence of

immunoreactivity for GATA3 in lesions that can mimic
adenohypophysial tumors. We also report here a case of
metastatic breast carcinoma that stained for GATA3 but the
morphology and other breast-specific biomarkers can be
used to make this distinction.

An important differential diagnosis is paraganglioma.
Sellar and parasellar paragangliomas can mimic pituitary
adenohypophysial tumors [16]; whereas tyrosine hydro-
xylase, when positive, can establish that diagnosis, this
biomarker is not always positive in parasympathetic para-
gangliomas located in the head and neck [28]. The presence
of S100-positive sustentacular cells is also found in both
paragangliomas and adenohypophysial tumors. Keratin
positivity is helpful to exclude paraganglioma, but negativity
for keratins can be found in a subset of adenohypophysial
tumors, especially in gonadotroph and null cell tumors [29].
In the past, most diagnosticians tended to rely on hormone
immunohistochemistry, however, lack of hormone reactivity
in many adenohypophysial tumors, including a large per-
centage of gonadotroph tumors [29], and the distinctly more
aggressive behavior of true null cell tumors [30] argues for
the importance of the appropriate identification of cell line-
age of these hormonally inactive but differentiated tumors.
The application of stains for other pituitary cell-lineage-
specific transcription factors, such as Pit-1 for thyrotrophs,
lactotrophs and somatotrophs, SF-1/ER-alpha for gonado-
trophs, and Tpit for corticotrophs is required to accurately
diagnose the differentiation of an adenohyophysial tumor.
This is particularly important in parasellar lesions of the
sinuses, as adenohypophysial tumors can arise ectopically
[16, 31] or can present as nasal masses [32].

A curious finding of this series is the identification of
GATA3 immunoreactivity in a single-corticotroph tumor
with focal alpha-subunit expression. While the development
and differentiation of POMC-producing corticotroph cell-
lineage requires interactions of specific transcription factors,

Fig. 3 Immunoreactivity for GATA3 in a corticotroph tumor. This
unusual tumor was the only one of 26 corticotroph tumors that was
positive for GATA3. It has weak staining with the PAS stain a, con-
sistent with a sparsely granulated phenotype, and there is focal
expression of alpha-subunit b, which is unusual in corticotroph
tumors. It exhibits diffuse GATA3 nuclear staining

Fig. 4 Immunoreactivity for GATA3 in a metastatic breast carcinoma
and surrounding non-tumorous adenohypophysis. This sellar tumor
represents metastatic breast carcinoma that is positive for GATA3.
Note the surrounding adenohypophysial cells that are much smaller
and are composed of a mix of cells that are positive and negative for
GATA3
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including Tpit, NeuroD1, PTX1, and LIF [14, 15], GATA
factors have not been reported to play an essential role in this
pathway. There are reports of rare corticotroph tumors that
express alpha-subunit [33, 34] and some of those express
GATA2 [34]. It has been proposed that these tumors may
originate from ACTH-committed progenitor cells, however,
during human embryogenesis, ACTH-positive corticotrophs
mature long before the onset of alpha-subunit expression
[35], therefore this may also represent transdifferentiation.

The identification of nuclear GATA3 immunoreactivity
in pituitary gonadotroph tumors and in tumors that express
beta-TSH provides additional support to the classification of
adenohypophysial neoplasms based on the transcription
factors that determine embryological development. GATA2
is well-known to determine the differentiation of gonado-
trophs and thyrotrophs; the identification of GATA3
immunoireactivity in gonadotroph tumors and tumors with
beta-TSH expression may be related to the genomic paral-
ogy of or cross-reactivity between GATA2 and GATA3
[19]. Another hypothesis is that a GATA-switch occurs
during the cellular differentiation of the adenohypophysial
tumor cells [36]; this switch is typically characterized by a
change in GATA factor binding to a GATA motif that can
potentially host more than one GATA factor, an event that
has been reported to occur in both pathological conditions
as well as in normal development [36].

Conclusion

This study shows that the commercially available antibody
against GATA3 identifies positivity in adenohypophysial
tumors, mainly in gonadotroph tumors and in tumors that
express TSH, including poorly differentiated Pit-1 lineage
tumors. In addition, we identified GATA3 positivity in one
of 26 corticotroph tumors; the significance of this rare event
remains to be understood. These results expand the tran-
scription factor expression profiles of pituitary neuroendo-
crine tumors, and are important in the differential diagnosis
of sellar tumors, since GATA3 expression can be identified
in primary sellar paragangliomas as well as in other carci-
nomas that may metastasize to the pituitary.
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