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Apoplectic pituitary adenomas cause significant morbidity and even mortality. The
pituitary apoplexy denotes a pituitary adenoma presenting with hemorrhage and/or
infarction, implementation in remedial effects of various of drugs in pituitary apoplexy is
a promising pharmacogenomic field in the near future adenoma treatment. Indisputably,
this is an important horizon for complicated pituitary adenomas. In a pituitary adenoma,
the interplay between genetic, cytokine, and growth factors promotes the pathogenic
transformation into an apoplectic formation. However, till date, little is known about how
all these factors together lead to the pathogenesis of apoplectic pituitary. The vascular
endothelial growth factor, tumor necrosis factor-a (TNF-a), pituitary tumor-transforming
gene (PTTG), matrix metalloproteinase-2/9 (MMP-2/9), proliferating marker (Ki-67), as
well as hypoxia-inducing factor are the major contributing factors involved in pituitary
apoplexy. The molecular mechanism involved in pituitary apoplexy has never been
described so far. In this review, we discuss the various proteins/cytokines/growth factors
and signaling molecules which are involved in the pathogenesis of pituitary apoplexy and
their potential role as biomarkers or as therapeutic targets.

Keywords: cytokines, growth factors, hypoxia-inducing factor, matrix metalloproteinase-2/9, pituitary apoplexy,
tumor necrosis factor-a, vascular endothelial growth factor

INTRODUCTION

Pituitary apoplexy occurs due to hemorrhage or ischemic infarction of the pituitary gland. It is often
associated with the sudden-onset of a headache, visual deterioration, vomiting, altered sensorium,
ophthalmoplegia, fever, signs of meningeal irritation, and sometimes with pituitary hormones defi-
ciency (1, 2). The life-threatening condition possesses significantly high morbidity and even mortal-
ity. The apoplectic tumor exhibits a wide range of clinical behavior: some are small, non-invasive and
some are giant and aggressive, infiltrating into the cavernous sinus. The non-functioning pituitary
adenomas are most commonly associated with pituitary apoplexy (3). Moreover, silent corticotroph
adenomas are prone to hemorrhage than any other subtype (3). In an adenomatous pituitary, it is
postulated that the growing tumor outstrips its blood supply causing ischemic necrosis. However,
it is difficult to explain the mechanism in a non-adenomatous pituitary. Henceforth, it is speculated
that the involvement of extrinsic factors, such as medication and/or systemic diseases, might also
trigger changes leading to necrosis or hemorrhage of the pituitary. Till date, several predisposing fac-
tors were described, however, the common precipitating factors in the majority of patients include:
medications (Antithrombotic therapy, Dopamine agonists), associated medical conditions (Diabetes
mellitus, Arterial hypertension), surgery (Cardiac surgery), head trauma, endocrinological testing
[GHRH, TRH, corticotropin releasing hormone (CRH) stimulation test], anticoagulants, and/or
snakebite (4, 5).
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In this review, we discuss how these precipitating factors trig-
gering the downstream molecular pathways which are responsi-
ble for the development of pituitary apoplexy. Despite emerging
evidences, there is scanty literature about how these precipitating
factors contribute to haemorrhagic and/or infarction of the
pituitary adenoma. Although many underlying molecular events
in an apoplectic pituitary were discovered, a reliable prognostic
marker still remains to be identified. The vascular endothelial
growth factor (VEGEF), tumor necrosis factor-a (TNF-«), HIF-1a
(hypoxia-inducing factor-1 ), pituitary tumor-transforming
gene (PTTG), and matrix metalloproteinase-2/9 (MMP-2/9) cur-
rently represent promising candidates with the potential to guide
the management of patients with apoplectic pituitary. Knowing
more about these molecular pathways might help to identifying
the susceptible genetic variants and facilitate the development of
medications to prevent the formation in a known case or oblit-
erate a formed apoplectic adenoma.

KEY FACTORS INVOLVED IN PITUITARY
APOPLEXY AND THE PATHWAYS
INVOLVED

Vascular Endothelial Growth Factor
Angiogenesis is a complex process that is tightly regulated
by pro-angiogenic and anti-angiogenic factors. These factors
communicate via autocrine and paracrine signaling. Until now,
several studies have shown a strong correlation between intra-
tumoral hemorrhage and VEGF overexpression (6, 7). Though
VEGF is expressed in both normal and adenomatous pituitary,
some reported higher VEGF expression in normal pituitary
glands compared to adenomatous pituitary, while the reverse
has also been published (8). Moreover, a third report showed no
significant difference in VEGF immunostaining between normal
and adenomatous pituitary glands (9). A study by Lee et al. has
even shown that plasma VEGF levels are significantly elevated as
compared to healthy controls and decreased within 1 month after
stereotactic radiosurgery (10). VEGE a homodimeric mitogenic
glycoprotein, is the most potent inducer of angiogenesis, vasculo-
genesis, and vascular permeability. Although the human VEGF is
encoded by a single gene, VEGF exists in four different isoforms
(121, 165, 189, 206 kDa). VEGF-A is the best characterized and
commonly referred as VEGF (11). This 21- to 46-kDa protein
was reported to be responsible for intratumoral hemorrhage of
pituitary adenomas (6, 12). The activated VEGF triggers a broad
spectrum of signaling cascades such as the PI3K/AKT pathway.
The stimulated VEGF promotes endothelial cell survival, pro-
liferation, and angiogenesis, thereby predisposing for haemor-
rhagic events (13-15). New drugs such as temozolomide and
anti-VEGF monoclonal antibody play an important role in the
management of aggressive pituitary adenoma (16-18). However,
the anti-VEGF therapy may act as a supplementary therapy for
conservative management of pituitary apoplexy.

The biological activities of VEGFs are mediated by two unique
tyrosine kinase receptors: VEGFRI [or fms-like tyrosine kinase]
and VEGFR?2 [or fetal liver kinase 1/kinase insert domain-con-
taining receptor (Flk-1/KDR)]. These two receptors are involved

in angiogenesis and signal transduction pathways. The Flk-1/KDR
(VEGFR?2) is now believed to specifically bind to VEGF in vascu-
lar endothelial cells. The Neuropilin 1, another neuronal receptor
that mediates the repulsive growth cone guidance, was recently
shown in vitro to function in endothelial cells as an isoform-
specific VEGF receptor as well as a VEGF receptor 2 co-receptor.
The microvessel density represents a measure of angiogenesis
and may be used as an indicator of neoplastic aggressiveness. The
growing and metastatic solid neoplasms develop high microvas-
cular density (19). However, in case of pituitary adenomas, lower
vascularity is observed as compared to normal pituitary tissue,
thus suggesting role of angiogenic inhibitors in the pathologic
processes associated with these lesions (20, 21). It may be specu-
lated that the lower angiogenesis may, therefore, contribute to the
slow pace of growth characteristic of most pituitary adenomas
and explain the relative rarity of metastases. The microvascular
density of apoplectic pituitary assessed using different vascular
endothelial markers, including platelet endothelial cell adhe-
sion molecule (CD31) and endoglin (CD105) showed a strong
correlation with the VEGF expression in apoplectic pituitary.
However, no association was observed with apoplectic pituitary
adenomas (22). Despite extensive research on angiogenesis, the
exact relationship between angiogenesis, microvascular density,
tumor bleed, or infarction and the clinical behavior of pituitary
adenomas still remain undeciphered.

The increased vascular permeability is possibly induced by
VEGF overexpression which may results in fluid exudation and/
or cyst formation. This may lead to surge in the tissue pressure
in the adenoma (23, 24). The pituitary adenomas are partially
irrigated through the pituitary portal system. Thus, even a mild
increase in tissue pressure within the adenomas may suffice to
overwhelm the low perfusion pressure and results in pituitary
adenoma tissue necrosis and thus intratumoral hemorrhage.
The proteins/genes/growth factors that participate in pituitary
apoplexy are enlisted in Table 1 and Figure 1.

Pituitary Tumor-Transforming Gene
The PTTG is located on chromosome 5933 and is abundantly
expressed in most human pituitary tumors (25). PTTG plays

TABLE 1 | Summary of proteins/genes/cytokines/growth factors that participate
in pituitary apoplexy.

Pathway Role in pituitary apoplexy Reference
VEGF Tumor angiogenesis 6-8, 12)
Endoglin (CD105,  Microvascular density (22)
CD31)
PTTG and FGF Pituitary tumorigenesis and growth (14, 27, 28)
Ki-67 Cell proliferation (29, 31-34)
TNF-a Angiogenesis, vascular hyperpermeability, (7)

and destruction of vascular integrity
HIF-1o Hypoxia, activates VEGF (87, 38)
MMP-2/9 Degradation of extracellular matrix, (7, 43, 46, 47)

vascular permeability

FGF, fibroblast growth factor; HIF-1a, hypoxia-inducing factor-1a; MMP-2/9, matrix
metalloproteinase-2/9; PTTG, pituitary tumor-transforming gene; Ki-67, proliferation
marker; TNF- o, tumor necrosis factor-alpha; VEGF, vascular endothelial growth factor.
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FIGURE 1 | Schematic diagram showing molecular events in pituitary apoplexy. HIF-1a, hypoxia-inducing factor-1a; Ki-67, proliferation marker; MAPKs, mitogen-
activated protein kinases; MMP-2/9, matrix metalloproteinase-2/9; TNF- «, tumor necrosis factor-alpha; VEGF, vascular endothelial growth factor.

MAPK Pathway Endocrine

Stimulation testing

an important role in pituitary cell transformation and tumor
formation (26). The PTTG is abundantly expressed in pituitary
adenomas and various other tumors types and is known to stimu-
late fibroblast growth factor-2 (FGF-2) (27). The activated FGF-2
further regulates endothelial expression of VEGE Thus, FGF-2 is
involved in the angiogenesis and thus the development of pituitary
tumors through autocrine and paracrine mechanisms. The tumor
cell proliferation then regulates the expression of PTTG (14, 28).

Ki-67

According to the recent WHO classification, Ki-67 or MIB-1 is
one of the most reliable and widely used cell proliferation marker
(29, 30). A number of studies have found correlation between
higher Ki-67 values and invasion, aggressiveness, and recur-
rence of pituitary adenomas (29, 31). Despite extensive research
of Ki-67 on pituitary adenomas, there are only a few studies
on Ki-67 labeling index in pituitary apoplexy, and the findings
have been inconsistent. The expression pattern differed between
the pituitary adenoma subtypes. Ki-67 is significantly high in
invasive, aggressive pituitary adenomas as compared to non
apoplectic adenomas (32-34). Moreover, a study by Cinar et al.
found that Ki-67 labeling index, p53 positivity, antithrombotic
therapy, and somatostatin analog do not predispose to pituitary
apoplexy (3). Emerging studies using deoxyribonucleic acid and
microribonucleic acid microarray analyses will aid researchers
in gaining a deeper understanding of exact mechanism of Ki-67
induced pituitary apoplexy.

Inflammation and TNF-a

Tumor necrosis factor-a is a well-known cytokine which is
involved in multiple pathological processes such as inflamma-
tion, angiogenesis, vascular hyperpermeability, and destruction
of vascular integrity. TNF-a is amplifying several signaling path-
ways leading to inflammation or apoptosis/survival by recruiting

different adaptor proteins. In the study by Xiao et al. using mice
model of pituitary tumor cell xenografts, it was observed that
TNF-a promoted haemorrhagic transformation of the pituitary
via upregulating VEGF and MMP-9 (7). However, it is not clear
if TNF-a acts alone or in combination with other risk factors,
environmental exposures, or underlying disease conditions. The
study has also demonstrated that administration of both VEGF
and MMP-9 inhibitors attenuated but not abrogated TNF-a
mediated hemorrhagic transformation. The inability of VEGF
inhibitors averting the TNF-a mediated MMP-9 expression
excludes the possibility of direct effects of VEGF on MMP-9
expression. Thus suggesting, other targets may also contribute to
hemorrhagic transformation, besides VEGF and MMP-9. Apart
from TNF-a, other mechanisms might be involved in haemor-
rhagic transformation of pituitary adenomas. However, further
investigations are required to validate the results.

Hypoxia-Inducing Factor-1a (HIF-1a)

Decreased oxygen supply is a critical factor in the angiogenesis
of tumor growth. The hypoxia-inducing factors (HIF) are tran-
scription factors that respond to changes in available oxygen in
cellular environment, especially to decrease in oxygen or hypoxia
(35). The HIF expression is downregulated via proteosomal
degradation (36). However, in an advent of reduced oxygen
supply, the proteasome-mediated degradation of HIF is blocked
thus increasing the HIF expression. The HIF-1 heterodimer binds
to the hypoxia response element, thereby activating VEGEF. The
recently cloned small RWD-domain containing protein sumoyla-
tion enhancer (RSUME) was shown to increase protein levels of
HIF-1a. Indeed, RSUME plays an important role in initiating
pituitary tumor neovascularization through regulating HIF-1a
levels and subsequently VEGF-A production and may, therefore,
be involved in pituitary adenoma progression (37, 38). A recent
study by Li et al. has shown that the tyrosine kinase receptor
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discoidin domain receptor 1 (DDR1) is overexpressed in hypoxic
pituitary adenoma. The overexpressed DDRI1 protein further
increased the expression of MMP-2/9 which caused haemor-
rhagic/infarction of the pituitary adenoma. From the above stud-
ies, it can be deduced that the fast growing tumor cells tend to
outnumber their blood supply, thereby predisposing themselves
to sublethal hypoxia which in turn activates HIF-1a activity lead-
ing to hemorrhagic transformation in pituitary adenomas. Thus,
the HIF-1 or its downstream signaling molecules may be an use-
ful adjunct in the clinical management of pituitary tumors (39).

Matrix Metalloproteinase-2/9 (MMP-2/9)

Matrix metalloproteinase (MMPs) are proteolytic enzymes
involved in the degradation of extracellular matrix thus causing
vascular permeability. MMP-9, a member of the MMP protein
family, is associated with intracerebral hemorrhage such as
aneurysmal diseases (40-42). Moreover, elevated expression
of MMP-9 is observed in haemorrhagic pituitary adenomas as
compared to non-haemorrhagic tumors (43). These findings sug-
gest that an overexpression of either VEGF or MMP-9 can cause
instability of the vessels, thereby predisposing to haemorrhagic
events. A recent study by Chen et al. has shown an important
role of MMP-2/9 in the development of pituitary adenoma
and the mechanism of immune escape in pituitary adenoma.
They showed that activated NF-kB upregulates the expression
of MHC class I polypeptide-related sequence A (MICA) and
thereby induces the expression of MMP-9 (44). This could be
used as a new target for inhibiting tumor cell immune escape.
A study by Paez Pereda et al. showed that the tumor cells secrete
MMPs which in turn control the hormone secretion and cell
proliferation (45). The MMP-9 and tissue inhibitor of matrix
metalloproteinase-2 (TIMP) are potential prognostic biological
markers in invasive prolactinomas (46). In addition to VEGE,
TNF-a also regulates the functioning of MMP-9 and thus has
been implicated in hemorrhagic transformation (47). Moreover,
high levels of MMP-9 are observed in hemorrhagic pituitary
adenomas (43), thereby suggesting a possible role of MMP-9 in
the development of hemorrhage within the pituitary adenomas.
A study by Xiao et al. demonstrated that TNF-o upregulates the
VEGF and MMP-9 in prolactin secreting rat cell line (MMQ cells)
(7). These observations are consistent with previous studies about
TNF-a function in other human cells (48-50).

MITOGEN-ACTIVATED PROTEIN
KINASES (MAPKSs)

Mitogen-activated protein kinases are a family of intracellular
signaling proteins consisting of JNKs, p38 MAPKSs, and extra-
cellular signal-regulated kinases (ERKs). The MAPK pathway
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