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Abstract. Background/Aim: The aim of this study was to
evaluate SOX2 expression in pituitary adenomas and its
correlation to their secretory state and clinicopathological
parameters. Patients and Methods: Thirty-four patients were
clinically evaluated and surgery was recommended for tumor
removal. Histopathological diagnosis by hematoxylin eosin
staining was followed by immunohistochemistry for pituitary
hormones and SOX2 co-expression. Results: Fourteen of the
34 cases were GH-secreting adenomas, 10 were prolactinomas
and 10 non-functioning pituitary adenomas. SOX2-positive
expression was detected in 47.05% of total cases: 8§ GH-
secreting adenomas (57.14%), 6 prolactinomas (60%) and 2
non-functioning adenomas (20%). SOX2 positivity was
significantly higher amongst secreting adenomas (p=0.041).
SOX2-negative tumors were significantly associated with
corticotrophin deficiency (p=0.047) and gonadotrophin
deficiency (p=0.041). No correlation with tumor size or
extrasellar extension was detected. Conclusion: SOX2 is
differentially expressed in pituitary adenomas and influences
the secretory state or clinical behavior of pituitary adenomas.

Pituitary adenomas (PA) represent at least 10% of all
intracranial tumors. Despite their benign microscopic

appearance, they are associated with an increased
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morbidity due to both compression and/or abnormal
hormonal secretion. Most cases are diagnosed as
macroadenomas and may be either non-functioning or
associated with hormone hypersecretion, classified as
secreting adenomas frequently prolactin (PRL), growth
hormone (GH) or adrenocorticotropic hormone (ACTH),
rarely thyroid stimulating hormone (TSH), luteinizing
hormone (LH), follicle stimulating hormone (FSH),
occasionally co-secreting two or more hormones (1, 2).

Despite of their high prevalence, the mechanisms leading
to PA are still elusive. This is partly due to the difficulty in
sampling and culturing human pituitary tissue and the need
to rely on animal models. To date, several mechanisms have
been proposed including the involvement of various
oncogenes, tumor suppressor genes and growth factors
leading to PA development (3).

In the last decade, a growing number of research studies
have focused on the presence of stem-like cells inside the
normal pituitary gland and its corresponding tumors. SOX2, a
member of the SOX family (SRY-related high mobility group
(HMG) box), is a widely expressed marker of progenitor cells
and stem cells in various organs, and functions as a
transcription factor. The SOX2 gene is strongly expressed
within the Rathke’s pouch as well as in the neural ectoderm
and exerts a critical role in the early stages of pituitary
development (4). However, few SOX2-expressing cells are
also present in normal human pituitary gland (5). The
influence of these cells with a certified progenitor potential on
pituitary neoplastic transformation has not yet been
established. Also, an interrelation between the presence of
these cells and the pituitary’s functional state has not been
evaluated. It has been that SOX2
haploinsufficiency is associated with various degrees of
hypopituitarism and anterior pituitary hypoplasia (4).

SOX2 expression in pituitary adenomas and its correlation
with clinicopathological (such as tumor

demonstrated

parameters
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aggressiveness or hypopituitarism) have not been investigated
so far. Therefore, we aimed to evaluate SOX?2 expression in
pituitary adenomas related to their secretory state, in relation
to clinicopathological parameters.

Patients and Methods

Patients selection and clinical evaluation. We retrospectively
selected 34 patients diagnosed and followed-up in the
Endocrinology Department of CI Parhon National Institute of
Endocrinology, Bucharest, Romania. All these patients were
recommended surgery for tumor removal. Tumors were harvested
during surgical procedures. The pituitary function at the time of
pituitary adenoma primary diagnosis was evaluated. We used the
currently recommended criteria for the diagnosis of hypopituitarism
(6). Based on published data, subjects with multiple pituitary
hormone deficiencies were classified as GH deficient without the
need of a GH-stimulation test (7). An informed consent was
obtained from all patients before surgery.

Primary processing of collected tissues. Tumor samples were fixed
in 10% buffered formalin for 24 h and paraffin embedded according
to routine procedures. Three pum serial sections were performed and
10 slides were obtained from each case. Initial histopathologic
diagnosis of pituitary adenomas was performed using hematoxylin
and eosin staining followed by immunohistochemistry to classify
pituitary adenomas according to hormone expression and assess
SOX2 expression.

Immunohistochemistry. The slides were selected according to widely
accepted rules of pre-analytical steps of immunohistochemistry.
Quality control of the specimens was performed using
immunostaining with vimentin, clone V9 (DAKO Cytomation,
Carpinteria, CA, USA). A panel of six anti-pituitary hormone
antibodies was used including: growth hormone (GH), PRL, ACTH,
thyroid-stimulating hormone (TSH), follicle-stimulating hormone
(FSH), and luteinizing hormone (LH) (DAKO).

Sections were incubated with polyclonal anti-SOX2 antibody
(dilution 1:100, Abcam, Cambridge, MA, USA) for 2 h at room
temperature. Colocalization of SOX2 with each of the six pituitary
hormones was done by using a double immunostaining method based
on combined Advance-Horseradish (HRP)/avidin-biotin/alkaline
phosphatase (AP) (DAKO) technique using two different chromogens:
3, 3’ diaminobenzidine for Advance-HRP method highlighting SOX2
as a brown staining restricted to nuclei and nitro-blue tetrazolium for
avidin-biotin/AP highlighting cytoplasmic expression of pituitary
hormones as dark blue staining with a granular pattern.

Microscopic evaluation and image acquisition. Microscopic
examination was performed with Nikon Eclipse E 600 microscope
(Nikon Corporation, Tokyo, Japan) and captured images were
analyzed with Lucia G software system (Nikon Corporation).

Statistical analysis. Statistical analysis was performed using SPSS
for Windows version 17.0 (SPSS Inc., Chicago, IL, USA). The Chi-
square-test was applied for the comparisons of categories variables
between the two subgroups of cases (SOX2 positive versus SOX2
negative tumors). p-Values below 0.05 were considered statistically
significant.
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Results

Cases included 14 GH-secreting tumors, 10 prolactin-secreting
tumors (aggressive tumors, resistant to dopamine agonists, for
which surgery had to be considered) and 10 non-functioning
pituitary adenomas (NFPA). Three out of 14 GH-secreting
tumors were microadenomas at the time of surgical resection,
while all other studied tumors were macroadenomas (mean
craniocaudal diameter 3.12 cm, range=0.5-5.4 cm).

Surgery was recommended as initial treatment in the GH-
secreting and NFPA while the 10 prolactinomas were large
tumors (diameter 2.6-4 cm, man diameter 3.38+0.52 cm),
resistant to dopamine agonists (defined as failure to normalize
prolactin secretion and/or to decrease tumor size by at least
50%, as in (8).

SOX2 positive expression was detected in 16 patients
(47.05 % out of total cases). GH-secreting tumors were
immuno-positive for SOX2 in 57.14% of cases,
prolactinomas in 60% and non-functioning pituitary
adenomas in only 20% of cases. Co-localization of SOX2
with pituitary hormones was mainly found in GH and PRL
secreting adenomas (Figure la and b).

The comparison between secreting and non-secreting
tumors revealed a significantly higher percentage of SOX2
positivity amongst secreting tumors (Table I).

Among the 8 GH-secreting tumors expressing SOX2, 3
cases also expressed PRL and one case expressed also PRL
and FSH. Six prolactinomas expressed only prolactin (4
cases) or associated synthesis of GH (without clinical
expression) in 1 case and LH (in another) were also immune-
positive for SOX2 protein. Both non-functioning adenomas
expressing SOX2 were null-cell adenomas.

The comparison between SOX2 positive and negative
tumor groups revealed no significant differences with respect
to tumor volume or extrasellar extension at diagnosis (data
not shown).

A percent of 58.82% of all patients (20 cases) had
pituitary insufficiency at the time of initial diagnosis (5 cases
with acromegaly, 7 prolactinomas and 8 NFPA). Most
frequently affected was the gonadotrophic axis (52.94% of
all cases were deficient), followed by the thyrotrophic axis
(47% of cases had TSH deficiency) and corticotrophic
(32.35% of cases had ACTH deficiency). There was no
difference in the percentages of cases with pituitary
deficiency among the different subgroups of PA.

At the time of primary diagnosis, the percentage of
corticotrophin and gonadotrophin deficiency was significantly
higher in patients with SOX2 negative tumors compared to
those with SOX2-positive tumors, while for thyrotropin
deficiency reached no statistical significance (Table II).

In cases with associated hypopituitarism, the number of
endocrine pituitary axes affected was not significantly
different compared to SOX2 positive tumors (Table III).
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Figure 1. Double stain of tumor cells for SOX2 (brown, nuclear staining with 3,3’ diaminobenzidine) and prolactin (blue, cytoplasmic staining with
nitro-blue tetrazolium, (a). SOX2 expression in GH-secreting adenoma showing cells with SOX2-positive nuclei (yellow arrowheads), and with no
GH expression (red arrowhead) suggesting that they may be cells at an incomplete differentiation state (b).

Discussion

After several attempts to identify pituitary stem or progenitor
cells, some strong candidates have emerged (9). Among
various cellular markers for pluripotency in the pituitary
gland, the transcription factor SOX2 has an important role
(10). SOX2 expression is maintained throughout the
development of the anterior pituitary, but also in the adult
gland. SOX2-positive stem cells were shown to contribute to
pituitary ontogenesis as well as to growth and differentiation
of the pituitary gland in the first weeks after birth, but later
become dormant (11). In the adult, the expression of SOX2
is still detected in small populations of cells in the pituitary
region and these cells retain the ability to differentiate into
typical pituitary cells (12). When cultured in adequate
culture media they demonstrate self-renewal and clonal
expansion (13) and eventually differentiate into hormone-
producing cells (GH-, ACTH-, PRL-, gonadotropins-, and
TSH), as well as follicle-stellate cells (12). However, most
adult pituitary cells are not derived from SOX2-positive cells
(14) and it is not established what drives the differentiation
of the progenitor cells during late postnatal life.

It is possible that this ability to grow and differentiate
explains, at least in part, the remarkable plasticity of the
human adult pituitary gland- a tissue with the well-known
ability to vary the proportion of various cell populations
according to certain physiological demands (e.g. pregnancy,
lactation or growth) (5). Experimental data suggest that cell
differentiation from uncommitted progenitors explains this
plasticity as well as cell repopulation following various types
of damage to the pituitary gland (15). Our data suggest that

Table 1. Percentage of SOX2-positive cells in secreting versus non-
secreting pituitary adenomas.

Tumor type SOX2- SOX2- p-Value
positive negative (Chi-square test)
Secreting
GH-secreting 57.14 42.85 0.489
PRL-secreting 60 40
All secreting tumors 58.33 41.66 0.041*
Non-secreting 20 80

Table 1I. Percentage of SOX2-positive and SOX2-negative tumors
associated with pituitary deficiency at diagnosis.

SOX2- SOX2- p-Value
positive negative
Any degree of hypopituitarism
Present 43.7 72.2 0.039*
Absent 56.2 27.7
Corticotrophin deficiency
Present 375 55.5 0.047*
Absent 62.5 44.5
Thyrotropin deficiency
Present 18.75 44.5 0.24
Absent 81.25 55.5
Gonadotrophin deficiency
Present 375 66.6 0.041*
Absent 62.5 333
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Table III. Percentage of Sox2-positive and Sox2-negative tumors associated with pituitary deficiency.

No One deficient Two deficient Three or more deficient p-Value
hypopituitarism pituitary axis pituitary axes pituitary axes
SOX2-positive 56.2 12.5 6.25 25 0.404
SOX2-negative 27.7 11.1 222 38.8
it is possible that under certain conditions (for example in the ~ Conclusion

case of compression of the normal pituitary and/or pituitary
stalk in a patient with pituitary macroadenoma) these cells
regain their ability to multiply and differentiate, protecting
from pituitary insufficiency. The results of our study suggest
the plausibility of such a mechanism. The small number of
cases in our study also limits the power of our results and
therefore this observation deserves further investigation.

The correlation between SOX2 positive status and
gonadotrophic function is not surprising. In fact, SOX2
haploinsufficiency has been associated with various degrees
of hypopituitarism and anterior pituitary hypoplasia, in both
rodents and humans and in all cases the deficiency was
restricted to the gonadotropins (4). Heterozygous de novo
mutations in humans are also associated with gonadotrophin
insufficiency together with severe ocular malformations and
various other abnormalities (4). To our knowledge, no data
are available related to the possible connection with
corticotrophic function. It is possible that the prenatal
expression of SOX2 (restricted to certain anatomical
structures and time intervals) differs from the postnatal
behavior of stimulated SOX2 positive cells.

The possible role of SOX2 expression in tumorigenesis
has no convincing arguments yet. Generally speaking,
somatic stem cells are present in various organs and have
been putatively involved in tumorigenesis (16). Studies on
human biopsies have demonstrated the presence of stem-like
cells in pituitary tumors, as well as in mice (5, 17). In a
previous study of our group, co-localization of SOX2 and
prolactin was described in human prolactinomas (18).
However, to our knowledge, there are no published data to
support a possible role in pituitary tumor development. In
contrast, in studies on craniopharyngioma, tumor-initiating
mutations have been found in SOX2-positive pituitary cells.
These cells are responsible for driving tumorigenesis in adult
life, but are not the cells-of-origin of pituitary tumors (13).
Our results did not reveal a difference in tumor
characteristics (e.g. size, invasion at the time of diagnosis)
related to SOX2 immunopositivity (as might intuitively be
expected if such a role was significant). Also, our finding
that secreting tumors are significantly more frequently
SOX2-positive cannot be readily explained and its relevance
should be further explored in larger studies.
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SOX2-positive expression is frequent in pituitary adenomas
(especially in secreting tumors), but is not correlated with
tumor size or invasiveness. Lack of SOX2 expression is
associated with a high percentage of pituitary insufficiency
affecting several axes.
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