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ABSTRACT

The pituitary gland, or hypophysis, and adjacent structures of the sellar region can be
affected by a wide range of pathologies leading to endocrine and neurological disorders.
These include neoplasms arising from the adenohypophysis, such as pituitary adenomas
associated with distinctive endocrine disorders such as acromegaly or Cushing’s disease;
cysts or neoplasms derived from remnants of Rathke’s pouch (Rathke’s cleft cyst,
craniopharyngioma); tumours of the neurohypophysis and pituitary stalk (pituicytoma,
granular cell tumour) and neoplasms of the parasellar bone (chordoma). Further, conditions
like lymphocytic or granulomatous hypophysitis may mimic pituitary neoplasms. Here, we
provide an overview of the molecular pathogenesis and neuropathological features of these
common lesions. For complete coverage of this and related areas of Endocrinology, please
visit our free web —book, www.endotext.org.

PITUITARY ADENOMAS

Definition
Pituitary adenomas are benign clonal neoplasms of the neuroendocrine epithelial cells of the
adenohypophysis.

General Features

Pituitary adenomas share characteristics with other adenomas of endocrine glands: granular
cytoplasm, round nuclei with finely dispersed chromatin and multiple distinct nucleoli; they
generally also express both markers of neurosecretory granules (synaptophysin,
chromogranin) as well as epithelial differentiation (cytokeratins). However, they may present
with a wide range of morphological features depending on hormonal or genetic subtype, or
as a result of treatment effect. Although called benign, pituitary adenomas can be locally
invasive and destructive, or clinically malignant due to the metabolic consequences of
excess hormone secretion.


http://www.endotext.org

Pituitary adenomas are common intracranial neoplasms and may be clinically silent,
detected incidentally on MRI scans of the brain (~ 22%), or found at autopsy (~ 14%)(1). It
has been estimated that they represent approximately 25% of all clinically manifest

intracranial neoplasms.

WHO Classification

Pituitary adenomas can be classified in various ways, according to size, clinically functional
or silent manifestation, hormone or cytokeratin expression profile, defining somatic
mutations, and histologic features. The 2004 edition of the WHO classification of endocrine
tumours uses markers of cytodifferentiation as the principal classifier. In addition to the
category of ‘typical pituitary adenoma’ and ‘pituitary carcinoma’, it also introduced the
concept of ‘atypical pituitary adenoma’. However, the latter is controversial (2), as the criteria
are to some degree subjective and the clinical significance of ‘atypia’ as currently defined
remains to be determined in longitudinal studies (3). The current classification is

summarised in Table 3b.1

Table 3b.1 Classification of pituitary adenomas (Adapted from reference (4))

Adenoma type Transcription Hormones Cytokeratin
Factors

GH-producing adenomas

Densely granulated somatotroph Pit-1 GH, a-SU diffuse

adenoma

Sparsely granulated somatotroph Pit-1 GH dot-like

adenoma

Mammosomatotroph adenoma Pit-1, ER GH, PRL, a-SU diffuse

Mixed somatotroph and lactotroph Pit-1, ER GH, PRL, a-SU diffuse

andenoma

PRL-producing adenomas

Sparsely granulated lactotroph Pit-1, ER PRL (Golgi) diffuse

adenoma

Densely granulated lactotroph Pit-1, ER PRL (diffuse) diffuse

adenoma

Acidophil stem-cell adenoma Pit-1, ER PRL (diffuse), GH | rare dot-like

TSH-producing adenoma

Thyrotroph adenoma Pit-1, GATA-2 b-TSH, a-SU diffuse

ACTH-producing adenomas

Densely granulated corticotroph Tpit ACTH diffuse

adenoma

Sparsely granulated corticotroph Tpit ACTH diffuse

adenoma




Crooke’s cell adenoma Tpit ACTH ring-like

Gonadotropin-producing adenoma

Gonadotroph adenoma SF-1, GATA-2, b-FSH, b-LH, a- diffuse
ER SuU

Plurihormonal adenomas

Silent type Il adenoma Pit-1 (?), ER multiple diffuse
Unusual plurihormonal adenoma multiple multiple n/a
(NOS)

Hormone negative adenoma

Null cell adenoma none none diffuse

Clinical
endocrinological (functional)
radiological

Pathological
morphological
ultrastructural
histochemical

immunocytochemical

Molecular
genomic
epigenomic
proteomic

Figure 3b-1: Principles of pituitary adenoma classification. Clinical and neuropathological
classification schemes vary in their emphasis. This chapter will use a pathological / cell-
lineage based approach. Compared with other intracranial neoplasms, molecular genetic,
epigenetic or proteomic classification schemes that influence therapeutic decisions are only
beginning to emerge.




Gh-Producing Adenoma

Definition
Benign lesions arising from Pit-1 lineage cells of the anterior pituitary that express, store and
secrete growth hormone. The classical cause of acromegaly or gigantism.

Pathology

Somatotroph adenomas (SA) occur in the anterior pituitary, arising from growth hormone-
producing cells, often in the lateral wings of the gland. They account for 10-15% of pituitary
adenomas. T1-weighted MRI imaging shows a sellar structure that is hypointense relative to
normal gland. Invasion of the sphenoid or cavernous sinus or suprasellar extension to give
the characteristic snowman shape may be seen (5). Lesions are non- or slowly enhancing.
Macroscopically, somatotroph adenomas are soft tan-to-grey lesions. Microscopically,
somatotroph adenomas occur as two major variants: densely and sparsely granulated.

Densely Granulated Somatotroph Adenoma

Densely granulated somatotroph adenomas (DGSAs) are the most common finding and are
composed of large, round, eosinophilic cells with spherical nuclei and prominent nucleoli that
closely resemble somatotroph cells. They are diffusely and strongly immunopositive for
growth hormone and may also variably express prolactin and less frequently, thyroid-
stimulating hormone. Nuclei are strongly immunopositive for Pit1. Ultrastructurally, they
contain a well-developed endoplasmic reticulum, a prominent Golgi complex and numerous,
large (300-600nm) secretory granules containing growth hormone that are distributed
throughout the cytosol. Growth hormone is expressed throughout the lesion. Immunostaining
with CAM5.2 antibody against cytokeratin (predominantly cytokeratin 8) reveals a diffuse
cytosolic pattern.

Figure 3b-2: Normal anterior gland (NG) and somatotroph adenoma (SOMA) interface. This
figure illustrates histological principles of distinction of adenoma from normal gland, which
may be difficult on routine HE stains (top left), but is greatly aided by a reticulin stain (top



and bottom right). The normal adenohypophysis consists of very well demarcated cell nests
separated by dense septa. Bottom left: Serial section to the top row images stained for GH.
Dashed line: Border between normal gland and adenoma.

Figure 3b-3: Densely granulated somatotroph adenoma. Densely granulated adenomas
consist of monomorphic cells that are eosinophilic on HE stain (top left) and intensely
orangeophilic on PAS-OG histochemistry (top right). They show strong, diffuse GH
expression (bottom left) and an evenly distributed, cell-membrane-anchored keratin
cytoskeleton (bottom right).

Sparsely Granulated Somatotroph Adenoma

Sparsely granulated somatotroph adenomas (SGSAs) are less common and are composed
of sheets of poorly cohesive, chromophobic cells often containing eccentric, pleiomorphic
nuclei. SGSAs are weakly and focally immunopositive for growth hormone and nuclei are
immunopositive for Pit1. They may also variably express prolactin and less frequently,
thyroid-stimulating hormone. SGSAs contain dense juxtanuclear deposits of low-molecular
weight cytokeratin, termed fibrous bodies that appear as pale spherical inclusions on H&E
staining and are strongly immunopositive with CAM5.2 antibodies against cytokeratin
(predominantly cytokeratin 8). Ultrastructurally, SGSAs contain few, small (100-250nm)
growth-hormone containing granules that align along the plasma membrane. The distribution
of cytokeratin and growth hormone-containing granules co-segregate with tumour variant
type, so the presence of fibrous bodies is a diagnostic feature of SGSA.

There is a growing body of evidence that DGSAs and SGSAs behave differently with SGSAs
being larger, more common in younger, female patients, more proliferative (higher MIB1
indices) and with a greater capacity to invade surrounding structures (6-11). Some studies



have found that SGSAs are more poorly responsive to somatostatin treatment than DGSAs
(7) although the extent of the impact of tumour subtype on behaviour is unclear.

A Sy
Figure 3b-4: Sparsely granulated somatotroph adenoma. Sparsely granulated somatotroph
adenoma cells are pleomorphic and chromophobe on HE stain (top left) and PAS-OG
histochemistry (top right). Fibrous bodies can be seen as pale discs in the cytoplasm on
routine stains (arrows). As the name implies, sparsely granulated cells show weak, patchy
GH expression (bottom left) and their keratin cytoskeleton is disrupted and condensed into a

paranuclear globular structure — the fibrous body (bottom right).

Mixed Pattern Somatotroph Adenoma

SAs that contain cells of both the densely granulated and sparsely granulated type are not
uncommon and if more than 30% of cells differ from the predominant cell type, a diagnosis
of mixed pattern is required. Very occasionally, SAs that are not immunopositive for low
molecular weight cytokeratin are seen although their clinical significance is not known.
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Figure 3b-5: Mixed densely and sparsely granulated somatotroph adenoma. A proportion of
somatotroph adenomas demonstrate a clearly segregated mixed densely-sparsely
phenotype. The respective cells remain true to their ‘pure’ counterparts: The sparsely
granulated cells can be identified as chromophobe islands amongst orangeophilic densely
granulated cells (left) and their contrasting cytokeratin pattern is absolutely clear following
incubation with Cam5.2 antibody (right).

Somatotroph Adenoma With Neuronal Differentiation

A rare but pathologically intriguing subtype of SA, always associated with acromegaly and
usually presenting as macroadenoma with or without hypothalamic involvement, shows
sparsely granulated GH-producing cells admixed with large atypical ganglion cells. These
resemble tumour cells seen in gangliocytomas and represent truly metaplastic tumour cells,
as they express a mixture of lineage markers that otherwise are virtually never co-expressed
(synaptophysin, neurofilament, cytokeratin and GH). This is of no known clinical relevance
and the mechanisms of transdifferentiation remain unexplored.
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Figure 3b-6: Sparsely granulated somatotroph adenoma with neuronal metaplasia. Atypical
large, neoplastic ganglion cells can be seen in rare sparsely granulated somatotroph
adenomas (long arrows). These cells show true metaplasia, expressing GH (top right),
neurofilament (bottom left) and cytokeratins (bottom right). Note that both types of
intermediate filaments aggregate in fibrous bodies (notched short arrows).

Somatostatin Analogue Effect On Somatotroph Adenomas

Densely granulated somatotroph adenomas tend to respond better to somatostatin analogue
treatment than sparsely granulated tumours. This results in a distinct perivascular hyaline /
fibrous reaction. The reaction of somatotroph adenomas to somatostatin analogues is
morphologically distinct to that of prolactinomas to dopamine agonists (see figure 3b-9 later
in this chapter).



Figure 3b-7: Somatostatin analogue effect in densely granulated somatotroph adenomas.

Densely granulated somatotroph adenomas that have responded to somatostatin analogues
tend to show perivascular hyaline/fibrous degeneration. Left — untreated, right — treated.

Molecular Genetics

G Protein a-Subunit

One of the earliest mutations to be associated with sporadic somatotroph adenomas was at
the GNAS complex locus. This locus contains four alternative promoters and 5’ exons and
has a complex, imprinted expression pattern. Different isoforms of the G protein alpha
subunit arise as a result of alternative splicing. The GNAS gene encodes the G protein alpha
subunit Gsa, which couples seven-transmembrane receptors to adenylyl cyclase (12).
Mutation at either Arg201 or GIn227, destroys GTPase activity (13). Gsa mutation leads to
constitutive activation of adenylyl cyclase (termed the gsp oncogene) resulting in increased
cAMP synthesis. Mutations in GNAS have been identified in 15-58% of somatotroph
adenomas (6,8,11,13-19) (6,8,11,13-19)This mutation may promote tumorigenesis since
cAMP can function as a mitogenic signal.

The functional implications of gsp mutation are not determined. Elevated cAMP may be
countered by increases in the activity of phosphodiesterase enzymes (PDEs) especially
PDE4, which is 7-fold more active in adenomas with a mutation in Gsa. Inhibition of this
enzyme resulted in an increase in cellular cAMP (20). However, the effect of Gsa mutation
on downstream target genes induced by CREB is uncertain and although increases in the
expression of these genes were observed in some cases, they were not consistent (21). No
association was observed between mutation in gsp and the granulation pattern of
somatotroph adenomas (6,8,22)

Ghrelin And Receptor

There is growing evidence to suggest a role for ghrelin in somatotroph adenomas. Ghrelin
(GHS) is a growth hormone secretagogue that acts on the pituitary and has been associated
with increased cell migration and proliferation in certain cancers (23,24). Two forms of the
ghrelin receptor (GHSR) GHSR1a and the non-functional splice-variant GHSR1 which



contains all of exon 1 and some of the following intron are differentially expressed in normal
somatotrophs compared to somatotroph adenomas, although there is disagreement
concerning which isoform mRNA is more abundant in adenomas compared to normal
pituitary (25,26). In different studies, GHSR1a mRNA has been shown to be both reduced
(27) and increased (28) in somatotroph adenomas that have a GNAS mutation compared to
wild type adenomas. It is unclear whether GHS/GHSR1a. expression is related to adenoma
subtype.

Somatostatin receptor

Differing expression of the somatostatin receptor between adenoma subtypes has been
observed and this pattern can be influenced by somatostatin analogue (SSA) treatment. A
positive correlation has been observed between SSTR2 expression and reduction in GH
after SSA treatment (19,29,30). Greater expression of SSTR2 has also been associated with
densely granulated adenomas (31), while SSTRS was associated with sparsely granulated
tumours (15,22,30). One study suggests that the proportion of cells expressing SSTR2 is a
more reliable indicator of response to SSA than overall expression level (7,32)

Aryl hydrocarbon interacting protein
Mutations in AIP associated with FIPA are covered elsewhere (Section 11a1, Stiles and
Korbonits).

Mutations in AIP (aryl hydrocarbon interacting protein) are most frequently associated with
somatotroph adenomas. They are generally truncations or nonsense mutations leading to
loss of function, which has resulted in the classification of AIP as a tumour suppressor gene,
although the mechanism by which it functions is not yet known. Consistent with its purported
tumour suppressor role, multiple different mutations are seen in AIP, with some “hotspots”
(33-41). Among patients with acromegaly, germline mutation in AlP is rare, but is relatively
more common in the young; the reported incidence of AIP mutations in sporadic
somatotroph adenomas varies from 4.2% (patients < 40 years) (42) to 5.5-13% (patients <30
years) (43,44). Mutation in AIP in somatotroph adenomas is associated with larger tumours
and more invasive behaviour and more recurrences (45). Furthermore patients with AIP
mutations are relatively resistant to treatment with somatostatin analogues although the
mechanism of this resistance remains to be clarified (35,39). Treatment with SSAs leads to
and is associated with upregulation of AIP expression, (34,46). The mechanism for this
upregulation is not fully understood, but some authors have proposed that it is ZAC1- (zinc
finger regulator of apoptosis and cell cycle arrest) mediated. ZAC1 induces G1 cell cycle
arrest and apoptosis (47-49). Low levels of AIP expression have been linked to tumour
invasiveness (46) suggesting that patients with AIP mutation require more stringent follow-

up.

Gprl01 Mutations And X-Lag

A study of early childhood onset gigantism with growth hormone hypersecretion found
heritable microduplications on chromosome Xq26.3. The condition was termed X-LAG or x-
linked acrogigantism (50). Analysis of the expression of the genes encoded in this region in
a small number of patients showed that GPR101 mRNA was upregulated by up to 1000-fold.
In a screen of 248 patients with sporadic acromegaly, there were no microduplications at
Xq26.3, but in 11 (4.4%) patients, a mutation in GPR101 (c.924G-C; pE308D) was found
that was not present in control samples. In 3 cases, the mutation was also observed in blood
and presumed to be germline; in one case, it was a somatic mutation. In a screens of 263



patients with gigantism or acromegaly and 579 patients with acromegaly, the incidence of
GPR101 mutation was shown to be 1.1% and 0.69% respectively (51,52)

GPR101 encodes an orphan G-protein-coupled receptor that is predicted to bind the
stimulatory G protein and regulate activation of adenylyl cyclase. Overexpression of this
mutated form of GPR101 in rat GH3 somatotroph cells resulted in increased proliferation
and growth hormone secretion, along with increased cAMP signalling. In rare cases of
sporadic acromegaly, mutation in GPR101 may upregulate cAMP signalling and promote
growth hormone secretion and tumorigenesis.

Micro Rna In Somatotroph Adenomas

Recently, miRNA profiling of pituitary adenomas has shown that miR-23a, miR-23b, and
miR-24-2 expression were increased in these somatotroph adenomas along with
prolactinomas (53). The function of these miRNAs is unknown. Microarray analysis of
somatotroph adenomas and normal pituitary gland showed significant downregulation of
miR-34b, miR-326, miR-432, miR-548c-3p, miR-570 and miR-603 in adenomas. Among the
targets of these miRNAs are high-mobility group A1 (HMGA1), HMGAZ2 and E2F1, genes
whose activation plays a role in pituitary tumorigenesis. Overexpression of these miRNAs
resulted in reduced growth of pituitary adenoma cell lines (54).

Epigenetic Regulators Of Somatotroph Adenoma Progression

A number of studies propose an epigenetic mechanism of pituitary somatotroph
tumorigenesis. The expression of the adherens junction component E-cadherin has been
shown to be significantly lower in sparsely than densely granulated adenomas and lower
levels of E-cadherin correlate with larger tumour size, invasiveness, GH and IGF-1 levels
and poor acute response to SSAs (55). A regulator of alternative splicing that promotes the
epithelial phenotype (ESRP1) was found to be expressed at much lower levels in tumours
that did not express E-cadherin (56). The role of ESRP1 in somatotroph adenomas is yet to
be clarified, but tumours expressing low levels of ESRP1 also expressed low levels of
proteins involved in regulation of the SNARE complex, vesicle trafficking and calcium
signalling (56).

Somatotroph Adenomas Are Not Associated With Recurrent Genetic Alterations

Whole genome and exome sequencing of somatotroph adenomas has not identified
recurrent genetic alterations other than those in Gsa. Pathway analysis has suggested that
mutation events were associated with the cAMP pathway and calcium signalling pathway
(57,58).

PRL-PRODUCING ADENOMA

Definition
A Pit-1-lineage derived adenoma expressing mostly prolactin and containing characteristic
ultrastructural secretory granules demonstrating ‘misplaced exocytosis’.



Pathology

Lactotroph adenomas are the most common hormone-secreting pituitary adenomas. Two
types are distinguished according to their granularity — sparsely and densely granulated. A
third, very rare subtype, is the so-called acidophil stem cell adenoma. Prolactinomas in
women are often detected at younger age and smaller size than in men. This has been
attributed to the clinical syndrome associated with these tumours in women, but some
observations suggest that lactotroph macroadenomas in men may be biologically different
and behave more aggressively. The typical functional lactotroph adenoma consists of sheets
of either acidophilic or chromophobe cells, which are smaller than in other adenomas (even
in patients not exposed to dopaminergic agonists). In drug-responders morphological effects
may be striking, resulting in reduced granularity, shrunken cytoplasm and condensed,
hyperchromatic nuclei. Most tumours are of the sparsely granulated subtype characterised
by chromophobe cytoplasm and restriction of prolactin immunohistochemistry to the Golgi
apparatus, resulting in a polarised or cap-like prolactin pattern. Densely granulated tumours
show a diffuse pattern and are acidophil. The sparsely granulated tumour may be associated
with spherical calcifications (psammoma bodies) or amyloid deposition.

The acidophil stem-cell adenoma is rare and its nosological status remains to be further
defined. It shows eosinophilia on H&E due to accumulation of mitochondria (oncocytic
change) and distinct clear cytoplasmic vacuoles may be seen on light microscopy.
Occasional perinuclear dot-like fibrous bodies may be seen with cytokeratin stains. The
acidophil stem-cell adenoma is considered to be more prone to recurrence than other
adenomas.

MIB-1/KI67

Figure 3b-8: Prolactinoma with atypia and resistance to dopamine agonist treatment.
Prolactinomas consist of sheets of relatively small, monomorphic cells (top left) with a cap-
like (‘Golgi-pattern’) staining for prolactin (top right). Most pituitary adenomas of any lineage,
including lactotroph adenomas, do not show any mitotic figure in routine stains. Some



lactotroph adenomas in men can be resistant to dopamine agonists and histologically
atypical, as in this example: Mitotic figures are common, the Ki67/MIB-1 proliferation index is
high (10-20% [usually <3%], bottom left) and nuclear p53 is overexpressed (bottom right).
This indicates a high likelihood of tumour recurrence if incompletely excised (as proved to be
the case in this instance).
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Figure 3b-9: Histology of dopamine agonist response in a prolactinoma. Bromocriptine
treated prolactinomas respond with characteristic dense fibrosis and condensation of the
cytoplasm and nucleus of the neoplastic cells. Left — untreated, right treated.

Molecular Genetics

To date, no mutational events have been unequivocally associated with prolactinomas.
However, management of prolactinomas is predominantly medical, using dopamine
agonists, with a high proportion of patients achieving disease control or remission, so
surgery is not often indicated. Consequently, surgical specimens are few and represent
patients who do not tolerate or respond to medical treatment. These tumours are likely to
have acquired multiple alterations that allow escape from apoptosis or unrestrained
replicative potential which could complicate analysis of mechanisms involved in dopamine
agonist-responsive PRLomas.

Oestrogen Receptor Aibl And Aromatase

A significant correlation between oestrogen receptor ERa mRNA and PRL level, tumour
volume and TGFB1 mRNA was observed in prolactinomas (59), suggesting a role for both
ERa and TGFB1 in prolactinoma tumorigenesis, but the mechanism by which this may occur
is unclear.

AIB1 (Amplified in breast cancer) is a member of the p160/SRC family of nuclear co-
activators and is a co-activator of the oestrogen receptor. It integrates extracellular signals
from growth factors and — through MAPK activation - relays them to the oestrogen receptor,
enhancing its transcriptional activity (60). Overexpression of AIB1 was observed in
prolactinomas and was associated with expression of ERa and aromatase. In addition,
subcellular distribution of AIB1 was linked to cell cycle phase and viability. Nuclear AIB1



expression correlated with nuclear PCNA (a marker of cell proliferation) and cytosolic
expression correlated with caspase-3 activation (a marker of apoptosis) (61).

Increased expression of aromatase cytochrome P450 (an enzyme that converts androgens
to oestrogens) was observed in prolactinoma relative to normal pituitary but its expression
did not correlate with resistance to dopamine agonists or remission (62).

Dopamine Receptor And Downstream Signalling

Dopamine agonists are the first choice of treatment for PRLomas and act by increasing the
inhibition of prolactin release mediated by dopamine signalling. The major dopamine
receptors expressed in pituitary are D1R (adenylyl cyclase-stimulating) and D2R (adenylyl
cyclase- inhibiting). Expression of D2R is more prevalent. The dopamine receptor D2 is
expressed as long (D2L) and short (D2S) isoforms, with D2L being the predominant isoform.
In patients who were poor responders and those with secondary DA resistance, levels of
D2L were significantly reduced (63).

The molecular mechanism of resistance to dopamine agonists is not fully understood. There
have been no reported mutations in dopamine receptors in prolactinoma, however, studies
have been few (64). Downregulation of the dopamine receptor (D2R) and alterations in the
downstream signalling pathway are thought to be involved (65) and binding of PREB
(prolactin regulatory element-binding protein) has been shown to be essential for dopamine-
mediated inhibition of PRL gene expression — mutation of the PREB consensus sequence in
the PRL promoter of GH3 cells prevented cabergoline-induced suppression of PRL
expression (66). Further support for the role of dopamine receptor in DA resistance came
from studies in mice. In xenografts of prolactin-secreting GH3 cells, those overexpressing
the short form of the dopamine receptor (D2S) showed increased sensitivity to bromocriptine
in the form of reduced tumour growth (67).

Filamin —A (FLNA) is a cytoskeletal protein that is widely expressed and associates with
D2R. FLNA is important for D2R signalling and targeting. In PRLomas with differing
responses to DAs, the effect of FLNA on D2R expression and signalling was investigated.
Silencing of FLNA in DA-sensitive PRLoma primary cultures resulted in reduced D2R
expression and signalling, which could be restored by FLNA overexpression, however, in
cells that do not express D2R, overexpression of FLNA did not induce D2R expression,
suggesting a more complex mechanism of regulation of D2R expression and signalling (68).

Nerve Growth Factor

A series of studies of PRLomas that were totally resistant to DA therapy and lacked D2
receptors expressed NGFR (nerve growth factor receptor) and cells from these tumours
could be induced to differentiate and express D2R upon NGF treatment, furthermore, this
expression persisted after cessation of NGF treatment, a feature that was accompanied by
reduced tumour growth (69). In female patients with microprolactinoma, hyperprolactinaemia
correlated with increased serum NGF, suggesting that release of both molecules is
regulated by a D2R-mediated mechanism (70). Further insight into the mechanism of NGF-
mediated suppression of DA-resistant PRLoma growth came from the observation that in
DA-resistant cells, p53 adopted a different conformation that prevented its nuclear
translocation. Treatment with NGF restored p52 conformation and DNA-binding ability, an
effect mediated by trkA through activation of PI-3-K (71).



Egfr Receptor Family

Signalling through ErbB and other EGFR family tyrosine kinase receptors occurs upstream
of PRL synthesis. The subtype and distribution of expression of these receptors was
correlated with therapeutic reduction of prolactin levels in DA resistant prolactinomas in
patients receiving lapatinib treatment. Increased expression of ErbB3 was associated with
optic chiasm compression, suprasellar extension and carotid artery encasement. Higher
ErbB3 expression was also associated with increased response to DA therapy (72)

High mobility group A2 (HMGAZ2) is an abundant, non-histone DNA-binding protein that
mediates the assembly of nucleoprotein complexes involved in the determination of
chromatin architecture, transcriptional regulation and RNA processing. HMGAZ2 is involved in
many aspects of cell function, including proliferation and tumour progression, but the exact
role of HMGAZ is still not understood (reviewed in (50,73)). The HMGAZ2 gene was found to
be amplified and overexpressed in PRLomas, which often have trisomy of chromosome 12
(containing the HMGAZ2 gene) (74,75). HMGAZ is thought to promote the activity of
transcription factor E2F1, which is required for entry of cells into S-phase. In non-
proliferating cells, this activity is repressed by interaction of E2F1 with retinoblastoma protein
(pRB) (67). Expression of HMGA2 and HMGA1B have been shown to correlate with
expression of PIT1, a transcription factor that regulates expression of PRL (along with GH,
GHRHR and Pit1 itself), HMGA2 and HMGA1B bind the Pit1 promoter and enhance Pit1
expression, implicating HMGA2 (and HMGA1B) in pituitary tumorigenesis (76).

E-Cadherin, o, B and y Catenins and p120

An immunohistochemical comparison of the expression of E-cadherin, a, B and y catenins
and p120 in normal pituitary, indolent and invasive prolactinomas showed that expression of
these proteins was membranous and strong in normal pituitary, decreased in prolactinoma
and markedly decreased or absent in invasive prolactinoma, with the exception of y-catenin,
which was expressed more highly in invasive prolactinoma (77). The expression of E-
cadherin was inversely proportional to invasiveness, proliferation index (Ki67) and tumour
size in prolactinoma. E-cadherin is a suppressor of invasion and participates in the formation
of adherens junctions and a decrease in its expression is often seen associated with tumour
invasiveness (reviewed in (78,79)).

Micro Rna In Prolactinomas

Little is known about the involvement of miRNAs in prolactinoma pathogenesis. A study
examining the expression profiles of miRNAs in prolactinomas that had been treated with
bromocriptine or were treatment naive showed upregulation of miR-206, miR-516b and miR-
550 and downregulation of miR-671-5p was shown to be associated with bromocriptine
treatment (80). A study examining miRNA expression profiles in bromocriptine-resistant and
bromocriptine-sensitive prolactinomas showed that resistance was associated with
increased expression of Hsa-mir-93, hsa-mir-17, hsa-mir-22*, hsa-mir-126*, hsa-mir-142-3p,
hsa-mir-144*, hsa-mir-486-5p, hsa-mir-451, and hsa-mir-92a and decreased expression of
hsa-mir-30a, hsa-mir-382, and hsa-mir-136 (81). The functional significance of this change
in expression pattern is not understood, but silencing of mir-93 was shown to suppress p21
expression.



THS-PRODUCING ADENOMA

Definition
A Pit-1-lineage derived neoplasm that mostly expresses TSH and contains typical TSH-type
granules on electron microscopy.

Pathology

Thyrotroph adenomas are rare (~1% of all pituitary adenomas). They arise usually in the 5
decade and present as functional macroadenomas resulting in diffuse goitre and
hyperthyroidism. Longstanding primary hypothyroidism may lead to thyrotroph adenomas via
thyrotroph hyperplasia. Histologically they comprise sheets of angulated or elongated,
chromophobe cells, often accompanied by fibrosis. Staining for beta-TSH is usually patchy;
tumour cells also express GATA-2 and Pit-1.

Figure 3b-10: Histology of thyrotroph adenoma. These rare tumours contain interlacing,
relatively plump spindle cells (left) with strong, patchy TSH expression (right).

Molecular Genetics

The pathogenetic mechanisms of thyroid-hormone-producing adenomas (TSHomas) are not
well understood. This may be in part due to the rarity of the lesion (thyrotroph adenomas are
estimated to represent 1-3% of pituitary adenomas (82)). No mutations have so far been
associated with TSHomas. Experiments that sequenced TSHomas show no mutations in G-
protein subunits or the TRH receptor (83) . Pit 1 is overexpressed in these tumours, but not
mutated. Expression of somatostatin receptors SSTR2A and SSTR5 was found in TSHomas
(31). A high ratio of expression of SSTR5 to SSTR2 might indicate a better response to long-
term treatment with somatostatin analogues in TSHomas (84,85) but this is not a consistent
finding (86).



ACTH-PRODUCING ADENOMA

Definition
Corticotroph pituitary adenomas are Tpit-lineage derived tumours producing ACTH stored in

ultrastructurally typical ACTH granules. They are the defining neoplasms of Cushing’s
disease.

Pathology

Corticotroph adenomas associated with manifest Cushing’s disease are composed of deeply
basophilic (PAS-positive) cells with granular cytoplasm and round nuclei; these comprise the
densely granulated subtype of ACTH adenoma. Most tumours arise in women in the 4™ or
5" decade (F:M = 8:1); prepubertal tumours are rare and equally distributed between the
sexes, with a slight male predominance. Sparsely granulated tumours are weakly basophilic
or chromophobe, and individuals may lack an overt Cushing’s phenotype (‘silent corticotroph
adenomas’). The cytokeratin pattern in typical Cushing’s adenomas is diffuse. However, rare
neoplasms may display ‘Crooke’s hyaline change’, classically interpreted as a morphological
manifestation of intact feedback inhibition by excess systemic cortisol on non-neoplastic
corticotrophs. This change is therefore seen in intact acini adjacent to a typical corticotroph
adenoma and results in a ring-like accumulation of cytokeratins. If present in many adenoma
cells, these tumours are called ‘Crooke’s cell adenomas’, possibly representing a subgroup
with an adverse outcome and silent presentation. Immunohistochemistry of all corticotroph
adenomas shows strong nuclear T-pit positivity. Densely granulated tumours show strong
diffuse cytoplasmic ACTH expression, whilst chromophobe tumours show only patchy
positivity. Following detection of somatic Usp8 mutations in a subgroup of ACTH-producing
adenomas (see below), it has been suggested that nuclear translocation of Usp8 may
represent an immunohistochemically detectable surrogate marker of these mutations (87).
USP8-mutated corticotroph adenomas are more commonly microadenomas compared to
USP8-wild-type Cushing’s adenomas. The ‘minimal pathological unit’ of Cushing’s disease is
corticotroph hyperplasia. This is defined as a distention of normal adenohypophyseal acini
by a homogeneous population of corticotrophs that does not lead to complete breakdown of
the acinar reticulin border. The described morphological entities associated with Cushing’s
disease are illustrated below in figures 3b-11 to 3b-14.




Figure 3b-11: Histology of corticotroph hyperplasia causing Cushing’s disease. Note
distended but still intact reticulin network of hyperplastic pituitary acini (left) populated by a
homogeneous population of deeply basophilic cells (center) expressing ACTH (right).
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Figure 3b-12: Histology of a corticotroph microadenoma. These (often USP8-mutated)
Cushing’s adenomas represent microscopic nodules well-demarcated from normal gland
(NG). Reticulin stain is often essential for their detection (top left) and discrimination from
corticotroph hyperplasia: a corticotroph adenoma results in completed destruction of the
reticulin network as seen here (right side of the dashed line in top left image). Typical
Cushing’s adenomas are deeply basophilic (top right) and show strong diffuse ACTH
positivity (bottom left) and an intact keratin cytoskeleton (bottom right).



Figure 3b-13: Crooke’s hyaline change in non-neoplastic corticotroph cells in response to
hypercortisolaemia. The physiological response of normal corticotrophs to exposure of
excess cortisol (of any source, neoplastic or iatrogenic) is downregulation of ACTH synthesis
and development of hyaline, cytokeratin-rich perinuclear rings: Crooke’s hyaline
degeneration (named after the English endocrinologist Arthur Carleton Crooke).

Figure 3b-14: Histology of Crooke’s cell adenoma. In these corticotroph adenomas Crooke’s
cell change is seen in the tumour cells, rather than non-neoplastic corticotrophs. This is
clearly evident in PAS-OG histochemistry, where the hyaline ring displaces the deeply
basophilic granules (left). It is also reflected in the dense ring-like cytokeratin pattern (right).



Molecular Genetics

ACTH-producing adenomas causing Cushing’s disease are associated with both an excess
of corticotroph releasing hormone (CRH) and a loss of negative feedback inhibition by
glucocorticoids. However, no mutations in either the CRH receptor or the glucocorticoid
receptor have been reported.

usP8

Exome sequencing of corticotroph adenomas from patients with Cushing’s disease revealed
recurrent heterozygous somatic mutations in the deubiquitinase USP8 in one third of cases
(87,88), although one study has estimated the prevalence to be 62% (89). Mutations were
clustered within the 14-3-3 binding motif of USP8: a highly evolutionarily conserved region
that is rarely mutated in other human cancers. Mutations in USP8 were found to be more
common in adult than paediatric cases and more common in females than males (ratio 5:2).
Patients with a USP8 mutation were less likely to develop postoperative adrenal
insufficiency (88). Tumours with a mutation in USP8 were also found to be smaller and to
produce more ACTH than their wild-type counterparts (89)

USP8 is a ubiquitin-specific protease that regulates the fate of numerous cellular proteins.
Conjugated ubiquitin molecules target a protein for degradation and these modifications are
removed by deubiquitinases (DUBs). USP8 specifically targets the pathway whereby
activated EGFR is targeted for lysosomal degradation and leads to increased cellular
concentrations of EGFR and sustained levels of EGFR signalling. However, one study of 60
corticotroph adenomas did not find any association between USP8 mutation and EGFR
expression; there was, however significantly higher expression of POMC, SSTR5 and
MGMT (90). Binding of 14-3-3 proteins to Usp8 has a suppressive effect and so mutations in
the 14-3-3 binding motif of USP8 that perturb this interaction lead to a gain of function of
USP8 and increased EGFR signalling. Additionally, mutations in the 14-3-3 binding motif
that abrogate 14-3-3 binding result in exposure of a cleavage site and an increase in
proteolytic cleavage of USP8 between Lys714 and Arg715. This results in a shorter 40kDa
C-terminal fragment of USP8 with increased deubiquitinase activity. Mutant USP8 also
results in increased activation of the POMC promoter in the AtT-20 corticotroph adenoma
mouse cell line.

Cyclins And Cyclin-Dependent Kinases

A study investigating the role of cell-cycle regulators and related transcription factors in
ACTH-secreting and silent corticotroph adenomas found that CDKN2A expression was four
times greater in ACTH-expressing than silent corticotroph adenomas, while cyclins D1, E1
and B1 were suppressed. It is suggested that the upregulation of a cell-cycle inhibitor
combined with the downregulation of cyclins may restrict growth of ACTH-producing
adenomas compared to their silent counterparts (91).

11B-Hydroxysteroid Dehydrogenase

Cortisol and inactive cortisone are interconverted by 11p-hydroxysteroid dehydrogenase.
This enzyme exists as two isoforms: 11-HSD1 and 113-HSD2. Studies investigating the
expression ratio of these two isoforms in ACTH-expressing adenomas found that Isoform 1
is downregulated in ACTHomas and 2 is upregulated compared to normal pituitary (92). The



role of increased expression of 113-HSD2 in ACTHoma tumorigenesis is unclear and
findings are inconsistent (93).

Somatostatin Receptors

A comparison of the expression of somatostatin receptor subtypes SSTR2 and SSTR5 in
silent corticotroph adenomas and adenomas responsible for Cushing’s disease showed that
mRNA encoding SSTR1 and 2 was expressed in greater quantities in silent corticotrophs
(SSTR2 5-fold increase), whereas in Cushing’s disease, SSTR5 was expressed more highly
(14-fold increase) (94). Although the implications of this difference in expression are not fully
understood, it may be that treatments that selectively target SSTR5 could be useful for
ACTHoma treatment.

In a series of ACTH-secreting pituitary adenomas, levels of miR-26a were assessed by RT-
gPCR. This micro-RNA was upregulated in all ACTHomas compared to normal pituitary. The
putative target of this miRNA, PRKCD, was downregulated in tumours with elevated miR-
26a (95). PRKCD encodes protein kinase C delta, a serine/threonine kinase involved in a
diverse range of signalling pathways including regulation of growth, apoptosis and
differentiation.

GONADOTROPHIN-PRODUCING ADENOMA

Definition
Pituitary adenomas derived from SF-1 expressing adenohypophyseal cells producing mainly
FSH or LH and typical secretory granules.

Pathology

Classic gonadotroph adenomas are chromophobe adenomas with a growth pattern that may
include papillae and perivascular pseudorosettes. Although all tumour cells express nuclear
SF-1, FSH and LH are restricted to clusters of cells often demonstrating striking polarisation
towards vascular lumina in well-differentiated examples. Gonadotroph adenomas are usually
endocrinologically silent and therefore present as macroadenomas with compression of the
optic chiasm or invasion of the cavernous sinus. They are often called non-functioning
adenomas (NFAs) but it should be noted that adenomas of other lineages may also be
clinically ‘non-functional’ (e.g. silent corticotroph or somatotroph adenomas). Rare
functionally active tumours in females of reproductive age may be associated with ovarian
hyperstimulation syndrome.
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Figure 3b-15.1+15.2: MRI and macroscopic pathology of gonadotroph pituitary
macroadenomas. Gonadotroph adenomas are usually clinically silent and thus tend to
present as space occupying lesions compressing the optic chiasm, pituitary stalk or
hypothalamus. 3b-15.1: Sagittal MRI (left) and post-mortem view of the same tumour. Note
the suprasellar extension and compression of the hypothalamus. 3b-15.2: Two further
gonadotroph macroadenomas seen in situ in the skull base (left) and the base of the brain
(right) compressing the optic chiasm. Note in the left image the anatomical relationship to
the sphenoid wings, right optic nerve and basal vessels of the brain (one of which is stuck to
the rostral surface of the macroadenoma). The adenoma (asterisk) in the right image has
grown through the diaphragma sellae and therefore is attached to dura mater — which is
used to pull the adenoma away from the chiasmatic cistern to reveal the chiasm (arrow) and
optic nerves.
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Figure 3b-16: Histology of a gonadotroph (non-functioning) adenoma. In their typical form
these adenomas have a distinct architecture comprising perivascular rosettes of
neuroendocrine cells with a distinct polarity of their processes towards the vascular lumen
(left) and always patchy and focal, rather than diffuse expression of FSH and LH (right).
Note a rare mitosis in the HE image (left, arrow).

Molecular Genetics

Micorarray studies comparing functional gonadotroph tumours to normal post mortem
pituitary found that downstream p53 target genes RPRM, p21/CDKN1A and PMAIP1 were
consistently downregulated (96). These genes are mediators of cell cycle arrest and
apoptosis. Members of the GADD45 family were differentially expressed, with GADD453
downregulated in gonadotroph adenomas compared to normal gland. Overexpression of
GADD458 in gonadotroph cells inhibited proliferation and activated apoptosis in the absence
of growth factor, however, the authors found no evidence of hypermethylation of GADD45(
(96) and so the mechanism of downregulation remains unknown.

A whole-exome sequencing study of histologically typical, clinically non-functioning
gonadotroph adenomas revealed 24 somatic variants in independent genes, none of which
were recurrent. There were no mutations that had been previously associated with pituitary
tumorigenesis and the authors conclude that mechanisms other than somatic mutation may
be involved in sporadic NFPA tumorigenesis (74).



NULL CELL ADENOMA

Definition

Null cell adenomas are neoplasms derived from adenohypophyseal endocrine cells that
cannot be assigned to any specific subtype based on transcription factor, hormone or
ultrastructural features.

Pathology

These tumours are chromophobe and show usually a diffuse growth pattern. Increasing
sensitivity and specificity of immunohistochemical techniques for detection of pituitary
transcription factors and hormones make this a shrinking diagnostic subgroup. Distinction of
this subtype from rare endocrine tumours not derived from adenohypophyseal cells
(paraganglioma, metastatic endocrine carcinoma) is important but can be difficult.

Molecular Genetics

As tumours previously designated ‘null-cell’ or ‘non-functioning’ may actually represent SF-1
lineage tumours, interpretation of molecular studies is difficult. A study examining the
expression of E-cadherin (CDH1), slug (SNAI2) and oestrogen receptor ERa and ERf in
invasive compared to non-invasive non-functioning pituitary adenomas (NFPAs) showed that
E-cadherin is downregulated in more invasive tumours, while its repressor, slug, is
upregulated. Expression of slug was positively correlated with ERa expression, while E-
cadherin was positively correlated with ER[3 expression. The relevance of these findings for
patient prognosis and treatment has yet to be determined (75). MicroRNA profiling of NFPAs
compared to normal pituitary showed that miRNAs predicted to target components of the
TGFp signalling pathway and result in their downregulation are overexpressed. This
pathway is known to have a role in tumorigenesis, but the nature of its role in the
pathogenesis of NFPAs is not well understood (97). Another pathway commonly disrupted in
tumorigenesis, the Notch signalling pathway was investigated in NFPAs. Upregulation of
Notch3 (a regulator of cell proliferation and apoptosis) and its ligand, Jagged1, was
observed in NFPAs compared to normal gland. Owing to the complexity of Notch pathway
regulation, the consequence of this upregulation is not yet clear (98,99). The pathogenic
mechanisms of NFPAs are largely unclear and targeted treatments are not available.

PITUITARY CARCINOMA

Definition
Pituitary carcinoma is defined as a neoplasm of adenohypophyseal endocrine cells with
cerebrospinal or systemic dissemination.

Pathology

Pituitary carcinoma is very rare, comprising approximately ~0.2% of operated pituitary
neoplasms. Most pituitary carcinomas develop from recurrent endocrinologically functioning,
invasive macroadenomas with a highly variable lag period. The majority represents
corticotroph or lactotroph neoplasms. Bilateral adrenalectomy in the setting of Cushing’s
syndrome with an undetected pituitary microadenoma may predispose to pituitary carcinoma



(Nelson’s syndrome). It has also been suggested that silent corticotroph adenomas or
Crooke’s cell adenomas may pose a risk, but data are scant. Histologically, pituitary
carcinomas may show remarkably little pleomorphism; however, an increased MIB-1 index
and p53 overexpression are usually present. Despite the introduction of the ‘atypical pituitary
adenoma’ category, no reliable diagnostic markers are available that allow prediction of
carcinomatous behaviour before dissemination has occurred. The prognosis is poor once
systemic metastases are present. Treatment with temozolomide should be considered.

Molecular Genetics

Molecular studies of pituitary carcinomas are scant, presumably due to the rarity of the
lesion. One study has observed a mutation in H-ras in a PRL-producing carcinoma. Unlike
other pituitary tumours, pituitary carcinomas show aggressive tendencies and metastasise
(100). A microarray study comparing expression levels in pituitary adenomas relative to an
ACTH pituitary carcnioma identified the LGALS3 (galactin 3) gene as being upregulated in
pituitary carcinomas (101)

PITUITARY BLASTOMA

Definition

Pituitary blastoma is a rare pediatric neoplasm of the anterior gland composed of primitive
follicular structures of endocrine cells admixed with folliculo-stellate cells. It is
pathognomonic of germline DICER1 syndrome or pleuropulmonary blastoma-familial tumor
and dysplasia syndrome [online Mendelian inheritance in man (OMIM) #601200] (102)

Pathology

Tumours are variably cellular, likely reflecting different degrees of maturation, and consist of
cells arranged in rosettes and glandular structures reminiscent of Rathke’s epithelium,
undifferentiated cells (blastema) and larger granular (secretory cells) (103). Ultrastructurally
FS-like cells may also be seen. There is usually ACTH-positivity in a few cells and GH may
also be seen.

Mitoses are present but the MIB-1 index may be very variable. The designation as
‘blastoma’ reflects the original view that these tumours are highly malignant with a natural
history similar to other embryonal neoplasms; however, more recent evidence suggests that
the prognosis is not uniformly poor (102).
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Figure 3b-17: Histology of a pituitary blastoma. These are primitive tumours resembling
‘small-blue round-cell’ neoplasms.

Reproduced from Acta Neuropathologica "Pituitary blastoma: a pathognomonic feature of
germ-line DICER1 mutations” volume 128, 2014 pages 111-122 de Kock L, et al. (102) with
permission of Springer. Fig. 3a case 13, T1-weighted post-contrast midline sagittal MR
image showing pituitary region mass (red arrow). b case 4, hematoxylin and eosin (H&E)
staining x250: three enlarged follicles lined by stem cells. ¢ Immunohistochemical staining /
case 10, growth hormone (GH) immunostaining x400: enlarged GH/alpha subunit cells
immunopositive for GH. Il case 10, ACTH immunostaining x400: small vessel surrounded by
stem cells. Some cells display ACTH immunoreactivity

Molecular Genetics

The precise mechanisms driving tumorigenesis remain to be defined. The morphological
evidence of stem-cell-like features of pituitary blastoma cells and known roles of micro RNAs
in regulation of stem cell differentiation make it plausible that profound abnormalities in micro
RNA profiles following mutations of Dicer, a key regulator of micro RNA maturation, are
causative. Mutations occur in highly conserved regions of DICER1, particularly the RNase
Illb domain, resulting in predicted loss of function, following Knudson’s dual hit model.



CRANIOPHARYNGIOMA

Definition

Usually benign, but invasive epithelial lesions of the supra-sellar region or third ventricle that
exist as two variants: adamantinomatous and papillary. The variants have distinct
clinicopatholoigcal and genetic features which may represent different pathogenic
mechanisms.

Pathology

Craniopharyngiomas occur with an incidence of 0.13 per 100 000 person years. There are
two variants: adamantinomatous (aCP) and papillary (pCP) that occur in the ratio ~9:1 with
no sex differences. aCP usually occurs in childhood (mean age 5-14 years) while the pCP is
almost exclusively seen in adults (mean age 65-74 years). Craniopharyngiomas are
complex, epithelial neoplasms that arise in the sellar region along the vestigial
craniopharyngeal tract. Although some overlapping features have been observed, the two
variants represent clinicopathologically distinct lesions.

Adamantinomatous Craniopharyngioma

aCPs are located predominantly in the suprasellar region although infrequently they have an
intrasellar component. Rare locations include the sphenoid sinus and cerebello-pontine
angle. They are multi-lobulated and often multi-cystic masses. On T1 weighted MRI imaging
they are hypo- or iso-intense with areas of hyperintensity, corresponding to the cystic
components. Enhancement is strong and heterogeneous.

Macroscopically, aCP are firm, lobular lesions with an irregular, but sharp interface strongly
adherent to and invading surrounding structures. Cyst contents are variable and may contain
necrotic or inflammatory debris or a dark, cholesterol-rich fluid resembling motor oil.
Calcification is often present.

Microscopically, the architecture of aCP shows a well circumscribed, multicystic lesion with
finger-like protrusions into surrounding brain parenchyma (Figure 3.b.18). The lesion is
composed of a peripheral palisading epithelium surrounding a loose core of stellate
reticulum. Nodules of anuclear “ghost cells” containing wet keratin are commonly found and
are pathognomonic for this tumour type. Near the tumour invading edge, epithelial whorls of
cells that often show translocation of beta-catenin from membrane to cytosol/nucleus are
common. Degenerative changes include intra-cystic squamous debris, chronic inflammation
and the appearance of cholesterol clefts and extensive calcification. These changes can
elicit a granulomatous inflammatory response and brain invasion may cause Rosenthal fibre
gliosis.
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Figure 3b-18: Histology of adamantinomatous craniopharyngioma. This highly distinctive
neoplasm consists of loosely arranged ‘stellate’ reticular stroma, palisading peripheral
epithelium and nodules of ‘ghost’ cells (degenerated keratinocytes, arrow in the left image).
Finger-like protrusions of neoplastic epithelium commonly invade the hypothalamic brain
parenchyma resulting in a dense, hypereosinophilic Rosenthal fibre gliosis (arrow and
bottom half of right image).

Figure 3b-19: Histology of adamantinomatous craniopharyngioma — beta-catenin. Nodules
or whorls of tinctorially distinct epithelium is often seen in the invading edge of the
adamantinomatous subtype (left, black arrow). The cells in these nests demonstrate nuclear
translocation of beta-catenin (right, white arrow), indicating activated WNT signalling.



Papillary Craniopharyngioma

pCPs are located in the suprasellar region or within the third ventricle. They are usually more
solid than aCPs but may have a cystic component. On T1-weighted MRI imaging, they
appear hypointense with enhancement of the cyst wall.

Macroscopically, pCP are discrete, well circumscribed and often solid lesions with little
adherence to surrounding structures. When cystic, the cyst contents are clear without
cholesterol crystals. Clacification is not seen.

Microscopically, pCPs are composed of squamous, well differentiated, non-keratinizing
epithelium. There is no stellate reticulum; these lesions have a fibrovascular stroma without
a palisading layer. The lesions form pseudopapillae as a result of epithelial dehiscence and
do not contain wet keratin. In these lesions, beta-catenin retains its membranous location.
There may be scant foci of goblet or ciliated cells that resemble Rathke’s cleft cyst

Figure 3b-20: Histology of papillary craniopharyngioma. Papillary craniopharyngiomas lack
‘stellate reticular’ stroma and keratin ‘ghost’ cell nests and nodules or whorls in the
advancing edge. They have a more solid growth pattern prone to artifactual ‘cracking’
(arrow, left) giving it a (pseudo-) papillary appearance.
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Figure 3b-21: Histology of papillary craniopharyngioma — beta-catenin and BRAFVGO0OE.
Papillary craniopharyngiomas lack any nuclear translocation of beta-catenin; it remains
restricted to the adherens junction (left). Instead, the tumours are always positive for

mutated BRAFVG600E protein (right).

Molecular Genetics

Two alternate theories have been proposed to explain the pathogenesis of
craniopharyngiomas. The embryogenetic theory states that CPs arise from neoplastic
transformation of ectopic embryonic remnants of Rathke’s pouch. The metaplastic theory
states that differentiated squamous epithelium that forms part of the anterior pituitary or
pituitary stalk undergoes metaplastic transformation. In addition, a dual theory has also been
proposed that the adamantinomatous type is formed via the embryogenetic mechanism
while the papillary type follows the metaplastic route.

Mutations have been found in craniopharyngiomas that may co-segregate with subtype.
Mutations in exon 3 of CTNNB1, the gene encoding B-catenin have been observed in
around 70% of aCP cases, although estimates of frequency vary (104-106). B-catenin is a
mediator of the Wnt signaling pathway and exon 3 of CTNNB1 contains critical Ser and Thr
residues S33, S37, T41 and S45 (107) that are phosphorylated during formation of the [3-
catenin degradation complex. This complex regulates Wnt signalling by targeting (3-catenin
for ubiquitination and degradation in the absence of receptor-bound Wnt ligand. Mutations in
these critical Ser and Thr residues prevent formation of the B-catenin destruction complex,
leading to a constitutively active Wnt signal and accumulation of B-catenin in the cytosol and
nucleus. Nuclear and cytosolic 3-catenin was observed in 90-100% of adamantinomatous
craniopharyngiomas, but never in papillary craniopharyngiomas or other tumours of the
sellar region (pituitary adenomas, arachnoid cysts, Rathke’s cleft cysts and
xanthogranulomas), (104,108-110). A study that selectively expressed mutant CTNNB1 in
developing mouse pituitary showed disrupted Pit1 lineage differentiation, hypopituitarism
and large, cystic tumours resembling adamantinomatous craniopharyngiomas (111,112),
suggesting that CTNNB1 mutation may be sufficient for aCP formation.



Despite the presence of a -catenin mutation in all cells, nuclear and cytosolic accumulation
of B-catenin is found only in small clusters of cells near the infiltrating edge of the tumour
(104,108,109,113-115). It has been shown that these cells possess stem-cell-like properties
and may perform a paracrine function by secretion of members of the SHH, BMP and FGF
family that promote division of the surrounding tumour cells (113,116) These cells also show
reduced expression of fascin and increased phosphorylation and activation of EGFR,
suggesting increased capacity for migration (117-119).

Mutations in the protein kinase BRAF (V600E) have been shown to be associated with pCPs
in 81-95% of cases (106,110). BRAF is a component of the MAP kinase signalling cascade
and mutations in this pathway are associated with numerous neoplasms including
melanoma, for which treatment with BRAF inhibitors is common. There have been two
reports of targeted treatment of pCP. Dabrafenib (150mg, orally twice daily) and trametinib
(2mg, orally twice daily), resulted in 85% reduction in tumour volume after 35 days (120).
Vemurafenib (960mg twice daily) for three months resulted in significant reduction in tumour
volume, but the tumour recurred within 6 weeks upon cessation of treatment (121).

The two subtypes of craniopharyngiomas are clinicopathologically distinct, but do have some
overlapping features. This observation has led to the hypothesis that craniopharyngiomas
fall on a histopathological continuum with other cystic epithelial sellar lesions (109,122-124).
It has been suggested that papillary craniopharyngiomas represent an intermediate entity
between Rathke’s cleft cysts and adamantinomatous craniopharyngiomas, as they have
been found to contain ciliated epithelial cells and goblet cells characteristic of Rathke’s cleft
cysts (122,125-127). Craniopharyngiomas, particularly the papillary form, can arise after
treatment for Rathke’s cleft cysts although the possibility of coexisting lesions cannot be
excluded (128,129).

RATHKE’S CLEFT CYST

Definition
A benign, non-neoplastic epithelial cyst arising from accumulation of mucinous material in
remnants of Rathke’s pouch.

Pathology

Classical Rathke’s cleft cysts consist of a monolayer of cuboidal cells on with microvilli and
scattered columnar and goblet cells. Cyst contents consist usually of amorphous
eosinophilic material. Squamous metaplasia of the lining epithelium is common and may
result in the differential diagnosis of craniopharyngioma. Xanthogranulomas with chronic
inflammation and cholesterol crystals may also occur. Rathke’s cleft cysts have no
neoplastic potential but may recur following incomplete excision.
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Figure 3b-22: Histology of Rathke’s cleft cyst. Symptomatic Rathke’s cleft cysts are lined by
a ciliated epithelium (top left) that is cytokeratin-positive (top right) and often contains PAS-
positive vacuoles (bottom left). It often undergoes attenuation or squamous metaplasia
(bottom right).

DIFFERENTIAL DIAGNOSIS OF CYSTIC LESIONS

A series of observations that note similarities between cystic sellar lesions has led to the
hypothesis that there exists a histopathological continuum that includes epithelial,
epidermoid and dermoid cysts, Rathke’s cleft cysts and both papillary and
adamantinomatous craniopharyngiomas (109,122,125,130,131). Although experimental
evidence is lacking there are reports of transitional lesions that lend support to this idea. Due
to the rarity of these lesions and the paucity of material available for study, so far no genetic
event has been unequivocally associated with the development of non-neoplastic cystic
lesions arising in the sellar region. Immunohistochemistry and sequencing for BRAFVG00E
mutations in Rathke’s cleft cysts was negative (132).



TUMOURS OF THE NEUROHYPOPYSIS

GRANULAR CELL TUMOUR, PITUICYTOMA, SPINDLE CELL
ONCOCYTOMA: TTF-1 FAMILY OF PITUITARY NEOPLASMS

Definition
Rare endocrinologically silent neoplasms of the posterior pituitary or infundibulum that share
the expression of thyroid-transcription factor 1 (TTF-1).

Pathology

The neurohypophysis is derived from the floor of the diencephalon. The development of its
specialised glial cells, termed pituicytes, is controlled in part by the expression of TTF-1,
which is maintained throughout adulthood. Pituicytes are thought to provide structural and
functional support for the axonal processes and neurosecretory terminals of oxytocin and
vasopressin producing cells whose cell bodies are located in the hypothalamus. Electron
microscopic studies have suggested that there are five different types of pituicytes, which
(simplified) can be described as: light, dark, granular, ependymal and oncocytic (133).
Neoplastic transformation of these cells is thought to give rise to three distinct neoplasms,
termed granular cell tumour, pituicytoma and spindle cell oncocytoma. However, the precise
relationship of these lesions remains to be defined, as some studies suggest that the spindle
cell oncocytoma is arising from folliculo-stellate cells of the adenohypophysis.

Granular Cell Tumour

These lesions may be found incidentally at autopsy as microscopic nodules along the
pituitary stalk. Clinically relevant lesions present as slow-growing, solid space-occupying
tumours that mimic pituitary macroadenomas on preoperative imaging. Microscopically they
are characterised by sheets of relatively large cells with eosinophilic, granular cytoplasm.
Nuclei are round, sometimes eccentric and contain inconspicuous nucleoli. There are
generally no mitoses. The cytoplasmic granules remain periodic-acid-Schiff (PAS) positive
after diastase treatment. Ultrastructurally, the granules correspond to membrane-bound
lysosomal organelles. This is reflected in patchy immunostaining with PGM-1 antibody
against CD68, a membrane epitope belonging to the lysosomal/endosomal-associated
membrane glycoprotein (LAMP) family. Tumour cells are also usually S100-positive but
negative for cytokeratins, synaptophysin and pituitary hormones. In our experience granular
cell tumours of the sellar region consistently show strong nuclear TTF-1 expression. The
proliferation fraction is low (<5%) but tumours with mitoses and multiple recurrences have
been described. Surgery is the preferred treatment modality.

Pituicytoma

This variant of posterior pituitary or infundibular TTF-1-positive neoplasm consists of
fascicles of elongated yet plump bipolar cells that are pale eosinophilic and usually lack
granularity (134). There may be moderate nuclear hyperchromasia but mitoses are
generally absent. Electron microscopy demonstrates intermediate filaments and no
secretory granules. Tumour cells express vimentin and S100 and show variable GFAP
positivity. Proliferation is low. Again, surgery is the main treatment



Spindle Cell Oncocytoma

Spindle cell oncocytoma may share light-microscopic appearances with pituicytoma,
particularly if accumulation of mitochondria, a defining feature, is not fully developed.
Tumour cells are elongated, spindle-shaped, sometimes arranged in fascicles or epithelioid.
Nuclei may be moderately pleomorphic and hyperchromatic but mitoses are again rare,
although a few reports documented atypical variants with an increased recurrence rate.
Scattered lymphocytic infiltration may be seen. Apart from abundant mitochondria,
ultrastructural features that help to distinguish these tumours morphologically are well-
formed desmosomes (135). Tumours show strong nuclear TTF-1 positivity and cytoplasmic
annexin-1 expression. The latter is shared with folliculo-stellate cells of the adenohypophysis
(but may also be seen in pituicytes). EMA may be expressed and is usually absent from
pituicytomas and granular cell tumours. GFAP, cytokeratins and neuroendocrine markers
are generally negative. The proliferation fraction is usually low but may reach 25% in
recurrent tumours.
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Figure 3b-23: Histology of TTF-1 positive neoplasms of the neurohypophysis. Granular cell
tumour (left) and pituicytoma (right) are morphologically distinct but share nuclear TTF-1
expression, confirming their origin from specialised glial cells of the posterior gland or
infundibulum. Both entities are S100 positive but only the pituicytoma expresses GFAP.

Molecular Genetics

No pathognomonic molecular genetic features have been identified for these neoplasms.
Comparative genomic hybridization on one case demonstrated losses on chr 1p, 14q and
22q and gains on 5p (136). Presumed glial origin prompted examination of the IDH1 R132H
and BRAF V600E mutations and BRAF-KIAA fusion gene in a recent study of 14 cases
comprising all three pathologies (137). Systematic genomic and epigenomic analysis may
clarify the aetiologic relationship of these tumours.



PRIMARY NEOPLASMS OF THE SELLAR REGION THAT MAY MIMIC
PITUITARY ADENOMAS

Germinoma

Intracranial germ cell neoplasms have a predilection for midline structures and commonly
involve the infundibular region. The most common form of this rare tumour is germinoma.

Definition
An extragonadal germ cell tumour arising in or above the pituitary fossa with histological
features resembling gonadal seminoma.

Pathology

Tumours may present as large compressive lesions or subtle thickening of the (posterior)
pituitary stalk. Diabetes insipidus is a classic presentation but delayed puberty due to
hypopituitarism is also seen. Pituitary germinomas commonly manifest in children or young
adults, mostly males. Historically, the incidence is far higher in East Asia than Western
countries. CSF/blood tumour markers (alpha-fetoprotein and human chorionic
gonadotrophin) that can be diagnostic in germ cell tumours with yolk-sac or choriocarcinoma
components may not be helpful in pure germinoma, resulting in biopsy. Histological
diagnosis may be difficult because some germinomas elicit a profound inflammatory or even
granulomatous reaction that can obscure the neoplastic cells. Typical examples show a
biphasic architecture of large tumour cells with vesicular nuclei, prominent nucleoli and
mitoses accompanied by reactive lymphocytes.

Tumour cells express placental alkaline phosphatase (PLAP), CD117 (KIT) and the
transcription factor POU5SF1 (Oct3/4).




Figure 3b-24: Histology of germinoma of the pituitary gland. Pituitary germinomas share their
morphological phenotype with gonadal seminomas. They consist of large anaplastic cells
accompanied by a dense lymphocytic infiltrate (left). The tumour cells strongly express c-kit,
PLAP (right) and Oct3/4 transcription factors.

Molecular Genetics

Intracranial germinomas are thought to arise from displaced primordial germ cells. Until
recently, little was known about the molecular pathogenesis of these rare tumours.
Comprehensive genomic and transcriptomic analyses revealed that pure germinomas are
associated with mutually exclusive mutations in KIT and RAS in the majority of cases (138).
These mutations result in the constitutive activation of the KIT-driven MAPK pathway,
consistent with the observation of strong KIT expression by these tumours. Another study,
employing next-generation sequencing, found additional somatic mutations in CBL, a
negative regulator of KIT, as well as copy number gains at the AKT1 locus resulting in
mTOR pathway activation (139) This study also found germ line variants in JMJD1C among
Japanese patients, a possible explanation for the skewed incidence rates described above
(139). Treatment for localised pure germinoma consists of radiotherapy; chemotherapy is an
effective strategy to reduce the radiation dose (140).

CHORDOMA OF THE CLIVUS

Definition
A slow-growing but highly destructive neoplasm arising from remnants of the rostral
notochord.

Pathology

Intracranial chordomas are almost exclusively located at the dorsum sellae. They may result
in compression of the pituitary and destruction of the pituitary fossa. Tumours are soft,
gelatinous lesions with a striking cytopathology. Typical tumours contain large, vacuolated
(‘physaliphorous’) cells surrounded by a mucinous matrix. They are arranged in
anastomosing cords or sheets. Occasional mitoses are found. Tumours express S100 and
low-molecular weight keratins and epithelial membrane antigen (EMA). Brachyury, or
transcription factor T, serves as a highly sensitive and specific marker for the diagnosis of
chordoma, facilitating distinction from chondrosarcomas, (chordoid) meningiomas or
metastases. It is physiologically expressed in undifferentiated notochord of the axial
skeleton. The neoplasm slowly invades along neurovascular bundles and may be surgically
incurable. Proton beam therapy is commonly applied in order to preserve neurological
function (141). Dedifferentiation upon recurrence may rarely occur, resulting in a poor
prognosis.



Figure 3b-25: Histology of sellar chordoma. These tumours arise from remnants of the
notochord and are highly characteristic in appearance, comprising pleomorphic cells with
very large vacuoles and intracellular PAS-positive mucin, floating in an alcian blue-positive
matrix.

Molecular Genetics

The discovery of gene duplications involving the transcription factor T gene (brachyury) in
familial chordoma strongly supported the idea of notochordal origin of these tumours (142).
However, no recurrent somatic mutations in T or its promotor have been described that
could explain the consistently high expression of brachyury by tumour cells. More recent
analysis has revealed that a common single nucleotide variant in T (SNP rs2305089) is
strongly associated with chordomas in apparently non-mendelian cases (143). The risk allele
variant leads to increased expression of T, providing a plausible pathogenetic link and target
for future molecular therapies.

SECONDARY NEOPLASMS OF THE SELLAR REGION THAT MAY
MIMIC PITUITARY ADENOMAS

Definition
These lesions are here defined as neoplasms that arise at extracranial sites and colonise
the pituitary, usually via haematogenous spread; i.e. pituitary metastases.

Pathology

The rich vascularity of the pituitary gland facilitates haematogenous seeding of
micrometastases. Deposits from breast, lung and gastrointestinal carcinomas are most
common. Autopsy series have suggested a relatively high incidence of between 3-27% in
the setting of disseminated malignancy. However, many may represent asymptomatic
micrometastases. In clinically manifest examples neuroimaging features can be very similar
to pituitary adenomas. Even biopsy appearances can be deceptive, particularly in the setting



of TTF-1-positive neuroendocrine carcinomas of the lung. However, the degree of
cytological atypia and mitoses usually point to the right diagnosis. Judicial use of
immunohistochemistry helps to narrow down the possible site of origin if the pituitary
metastasis is the first manifestation of an occult malignancy.

NON-NEOPLASTIC LESIONSOF THE PITUITARY THAT MAY MIMIC
ADENOMAS

LYMPHOCYTIC HYPOPHYSITIS

Definition
A rare lymphocytic inflammatory disorder of the pituitary gland of autoimmune aetiology.

Pathology

Classic lymphocytic hypophysitis consists of a dense, sometimes follicular,
lymphoplasmacytoid infiltrate of the gland that in some cases may result in fibrosis and
permanent hypopituitarism. All parts of the gland may be affected to variable degrees,
resulting in distinction of adenohypophysitis, infundibuloneurohypophysitis or
panhypophysitis. In the acute phase symmetrical swelling of the gland may lead to
headaches or diabetes insipidus, a presenting symptom often associated with radiologically
detectable swelling of the pituitary stalk. Hypogonadotropic hypogonadism represents a
common deficit of anterior pituitary function. The inflammatory infiltrate consists
predominantly of T-cells with a CD4/CD8 ratio of 2:1 or more. Lymphoid follicles may
occasionally be observed.
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Figure 3b-26: MRI and histology of lymphocytic hypophysitis. The MRI appearances may be
mistaken for a non-functioning adenoma; however, there are distinctive features, including
homogeneous enhancement with extension posteriorly and rostrally via the infundibulum
(‘infundibulohypophysitis’). There is a dense, destructive lymphocytic infiltrate, leaving
islands of residual anterior gland (eosinophilic cells, top right) that in this instance are
lactotrophs (bottom left; serial section to top right). The lymphocytes are predominantly T-
cells (CD3-positive, bottom left).

Pathogenesis

It is likely that different immunopathogenic mechanisms result in lymphocytic hypophysitis as
the common endpoint. Historically, the disease was thought to be largely restricted to young
females, temporally related to the late stages of pregnancy or early post-partum period.
Shared placental and pituitary antigens have been implicated in these cases. An association
with other autoimmune diseases has been reported in up to 50% of cases. Numerous
studies have tried to pinpoint specific autoantibodies against pituitary or hypothalamic
antigens (summarised in (144)). However, these assays are at present not as robust as
those for other autoimmune diseases. Recent associations of lymphocytic hypophysitis with
IgG4 disease and immune modulatory cancer therapies have led to novel insights.
Hypophysitis in IgG4-related, multifocal systemic autoimmune disease is characterised by a
relative increase of the plasma-cell population in the inflammatory infiltrate (145). These
plasma cells are polyclonal and a significant proportion can be stained by monoclonal
antibodies against IgG4. Patients may have raised serum IgG4 levels and coexistent lesions
in other organs. The hypophysitis is exquisitely sensitive to steroids and surgery should be
avoided (145). The administration of Ipilimumab, a blocker of T cell inhibitory molecule
CTLA-4 that is successfully used in immunomodulatory therapy of advanced malignancies



such as melanoma, induces lymphocytic hypophysitis in up to 4% of patients. Direct study of
human pituitary tissue and experimental CTLA-4 blockade in mice suggested that off-target
blockade of CTLA-4 expressed by pituitary endocrine cells, mostly lactotrophs and
thyrotrophs, triggers inflammation (146). Specifically, binding of Ipilimumab to endocrine
cells resulted in deposition of complement components, triggering a type Il hypersensitivity
reaction. In patients this was followed by production of anti-pituitary serum antibodies (146).

GRANULOMATOUS HYPOPHYSITIS

Definition
Inflammation of the pituitary gland characterised by the presence of well-formed granulomas
with giant cells.

Pathology

The gland may be friable and swollen. Microscopically lymphoplasmacytic inflammation is
associated with epithelioid histiocytes and multinucleated giant cells. Necrosis may or may
not be present.

Pathogenesis

Granulomatous hypophysitis represents not a single entity and is even less common than
lymphocytic hypophysitis. It may be idiopathic (primary), or a (secondary) manifestation of a
systemic granulomatous disorder such as sarcoidosis or Wegener’s granulomatosis.
Infectious aetiologies include tuberculosis, syphilis and fungal disease. The relationship of
the idiopathic form to lymphocytic hypophysitis remains unclear. A recent review of 82
published cases noted a female sex bias but significantly later age at presentation than for
lymphocytic hypophysitis (147). The authors speculate that idiopathic granulomatous
hypophysitis may represent a chronic or late-stage manifestation of (initially subclinical)
lymphocytic hypophysitis.
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