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Abstract

Thyroid transcription factor 1 (TTF-1) is a nuclear polypeptide and a tissue-restricted
member of the homeobox protein family that, when attached to DNA, plays a crucial role in
regulating the expression of select genes during early embryonic development of the thyroid,
lung, and brain.
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As often happens, the initial enthusiasm for the diagnostic value of TTF-1 as a selective
immunohistochemical marker of lung and thyroid tumors began to dwindle, due to its
detection in tumors arising from other organs.

TTF-1-expressing primary brain tumors arising in the 3" ventricle were first reported in 2004.
More recently, tumors arising from the posterior hypophysis (pituicytomas, granular cell
tumors of the sellar region, and spindle cell oncocytomas of the pituitary gland) as well as
chordoid gliomas of the third ventricle and subependymal giant cell astrocytomas have been
proven to be TTF-1 immunoreactive.

We present for the first time the expression of TTF-1 in two primary embryonal tumors
(PNETs) of the anterior basal brain. One was in a 6)-year-old female and the other in a 36-
year-old female.

General surgical pathologists and neuropathologists should be aware of the potential TTF-1
expression in tumors of the ventral forebrain.

Keywords
Thyroid transcription factor 1 (TTF-1); brain tumor; primitive neuroectodermal tumor (PNET);
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1. Background and Aims

Human thyroid-specific transcription factor-1 (TTF-1), also known as thyroid-specific enhancer-
binding protein (T/EBP or NKX2.1), is a 371 amino acid-long polypeptide (with a molecular weight
of 38 to 40 kDa), and is a homeodomain-containing transcription factor of the NK-2 family [1].
Human TTF-1 is encoded by a single gene located on chromosome 14 and is organized into two or
three exons and one or two introns [1, 2]. The known molecular targets of TTF-1 in the thyroid are
thyroglobulin, thyroid peroxidase, and thyrotropin receptor genes [1, 2].

TTF-1 expression has also been found in the bronchioloalveolar epithelium of the lung, where it
similarly functions as a transcriptional activator of specific genes, such as alveolar type Il cell
surfactant protein genes and the bronchiolar Clara cell secretory protein gene [1, 3-7]. It has also
been observed in the ventral forebrain where the responsive genes are mostly unknown. TTF-1
expression in the central nervous system (CNS) has been documented in the ventral
neuroepithelium of the anterior wall of the third ventricle and hypothalamic areas, including the
infundibulum, which is the site of derivation of the neurohypophysis [1, 3, 4, 8, 9].

TTF-1 plays a fundamental role in organogenesis by regulating the expression of additional
genes that are directly involved in development and differentiation [6, 10-12]. Experimental
studies have demonstrated that in T/EBP knock-out homozygous mice, the embryonic
development of the thyroid, lung, hypothalamus, pituitary, and globus pallidus is dramatically
impaired [1, 3, 10, 13-16]. Limited information exists on the regulation of TTF-1 gene expression
by hormones, cytokines, and other biological agents [2].

For many years, TTF-1 has been extensively used for diagnostic purposes in surgical pathology
as a lineage-specific immunohistochemical marker, most often for primary and secondary tumors
of the lung and thyroid [17-21], and especially of neuroendocrine lineages [22].
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Two monoclonal antibodies to TTF-1 are commercially available: the SPT24 clone (Novocastra
Laboratories, Newcastle Upon Tyne, UK), which is currently known to be more sensitive than the
other [23], and the 8G7G3/1 clone (Dakocytomation, Carpinteria, CA, USA), which conversely, is
considered more specific [21, 24].

Over time, many reports soon documented its sporadic or frequent expression in tumors from
other sites, such as the gastrointestinal tract, breast, urinary bladder, and prostate. The majority
of these tumors are of neuroendocrine nature, mainly small-cell carcinomas [22, 25-29]. In a lesser
proportion, others belong to a wide variety of cell and tissue types [23, 30-35], including
nephroblastomas [29]. Subsequently, nuclear TTF-1 immunostaining was documented in primary
brain tumors as well [36-46].

Therefore, the presence of TTF-1 immunoreactivity in a metastatic small cell (neuroendocrine)
carcinoma cannot by itself be used as a sign of pulmonary or thyroidal origin, and in this situation,
an extrapulmonary source cannot be excluded [21, 23, 29]. Likewise, even when dealing with
metastatic non-small cell carcinoma, the possibility of a remote deposit from other sources (such
as breast, uterus, gastrointestinal tract, and others) cannot be ruled out based on the sole TTF-1
immunopositiviy in tumor cells [21, 23, 29]. This occurs also with the 8G7G3/1 clone, albeit in a
lower percentage of cases, in comparison with the SPT24 clone [21].

In 2011, Galliani and Bisceglia analyzed TTF-1 expression with the 8G7G3/1 clone in a series of
117 varied embryonal tumors [47], excluding nephroblastomas, which represented the subject of
a previous and separate study [29]. This large series of embryonal tumors, both in children and
adults [47], considered 92 tumors from extra-CNS sites and 25 primitive CNS neuroectodermal
tumors (cPNETs, which are currently referred to as CNS-embryonal tumors, according to 2016
WHO classification of tumors of the central nervous system [48]).

Of the extra-CNS embryonal tumors, 28 were peripheral PNETs (i.e., members of the Ewing’s
sarcoma family), 14 were peripheral thoracoabdominal neuroblastomas, 18 were embryonal
rhabdomyosarcomas, 16 were alveolar rhabdomyosarcoma, 5 were desmoplastic small round cell
tumors, 4 were hepatoblastomas, 4 were pleuropulmonary blastomas, 1 was a
paraganglioblastoma, 1 was a pancreatoblastoma, and 1 was an undifferentiated liver sarcoma.
None of these expressed immunoreactivity for TTF-1 [47].

Moreover, the 25 central PNETs of our series included 14 infratentorial PNETs
(medulloblastomas), 4 supratentorial PNETs, 1 inframedullary PNET, 3 supratentorial
neuroblastomas (including 1 olfactory neuroblastoma), 2 pineoblastomas, and 1 retinoblastoma
[47]. Of all these tumors, just one pediatric suprasellar (classic) PNET from 2008 expressed TTF-1,
while all the rest failed to do so.

In the same year, another case of a TTF-1-expressing PNET in a 36-year-old woman was
observed during routine work. This latter case was histologically diagnosed as PNET with
anaplastic features, as previously reported by other authors [49, 50].

We report herein the findings as well as the clinical and morphological features of these two
cases of TTF-1 immunoreactive suprasellar and parasellar PNETs, one in a female child and the
other in a young lady, respectively, taking the opportunity to review the entire rubric of TTF-1
immunopositive primary brain tumors reported in the literature.
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2. Case Reports
2.1 Case 1

Computed tomography (CT) scan and magnetic resonance imaging (MRI) of the head
performed on a 6¥-year-old girl, who was brought in semiconscious state to the emergency
department of the Casa Sollievo della Sofferenza hospital in San Giovanni Rotondo (ltaly) in 2008,
disclosed an 8.0 cm midline, contrast-enhancing, suprasellar tumor that protruded into the 3"
ventricle and encased the intracranial carotid arteries (Figure 1 [A-F]). The suprasellar tumor was
partially resected.

Figure 1 (A-F) MRI study. (A) Spin-echo T1w without contrast: sagittal scan. A huge
isointense ~8.0 cm midline tumor invades the frontal lobe, genu of corpus callosum,
and mesencephalon. (B) Spin-echo T1w with contrast: sagittal scan. Suprasellar tumor
invades the left lateral ventricle. The 3rd ventricle is filled with tumor, thus
unrecognizable. (C) Fast spin-echo T2-w without contrast: axial scan. Large ventral
brain tumor with heterogenous intensity. (D) Spin-echo T1w with contrast: axial scan.
Contrast-enhancing suprasellar tumor invades the 3rd ventricle. (E) T2w: coronal scan.
Dilated lateral ventricles and mid cerebral arteries are elevated by the underlying
tumor. (F) T1-w with contrast: coronal scan. Suprasellar tumor occupying the 3rd
ventricle, partly invading the left lateral ventricle.

Histopathologically, an intraoperative frozen section was interpreted as a small round cell
tumor of unspecified origin (Figure 2A). Permanent sections confirmed a small round blue cell
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neoplasm with perivascular pseudorosettes and Homer Wright rosettes, brisk mitotic and
apoptotic activity, and foci of necrosis (Figure 2 [B-G]).

Immunohistochemically, the tumor cells were focally positive for synaptophysin,
neurofilaments, and glial fibrillary acidic protein (GFAP), and negative for S100 protein, desmin,
myogenin, cytokeratins (wide spectrum), CD45, and CD99. INI-1 was normally expressed.
Proliferation index, as assessed by Ki-67/MIB-1, was 50%.

Since a study of TTF-1 expression in small round cell tumors from any location was in progress,
this case was included as well.

Figure 2 (A-D) Histopathology. (A) Frozen section preparation, Hematoxylin & Eosin
stain. Patternless sheets of monotonous neoplastic small-round-cells of indeterminate
origin. (B) Paraffin embedded permanent section, H&E, low-power view. Embryonal
tumor with early spotty necrosis in the center, and perivascular pseudorosettes narrow
arrows. (C) H&E, higher magnification. Small, undifferentiated tumor cells with
perivascular alignment (not indicated), and Homer Wright rosettes (broad arrow). (D)
Neoplastic cells with cytoplasmic pseudoclearing, pericellular artifact.
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Figure 2 (E-G) Histopathology (cont’d). Paraffin embedded permanent sections,
Hematoxylin & Eosin stain. Embryonal tumor exhibiting perivascular pseudorosettes
(narrow arrows) and Homer Wright rosettes (broad arrows).

TTF-1 was detected according to the following procedure. Antigen retrieval was heat-induced
on deparaffinized 4 um sections for two cycles each of 15 minutes in 10-mM citrate buffer (pH=6)
using a 360 W microwave oven. Immunostaining was performed with the labelled streptavidin-
biotin peroxidase complex system (LSAB2), using the monoclonal 8G7G3/1 (Dako) antibody to TTF-
1 diluted 1:30 in a Dako Autostainer (Dako). Endogenous peroxidase was blocked,
diaminobenzidine was employed as a chromogen, and counter-stain was done with hematoxylin.
The sections were evaluated by two observers and judged to be positive for TTF-1 in at least 50%
of the nuclei of the tumor cells (Figure 3 [A-B]).

Figure 3 (A-B) TTF-1 immunohistochemistry (monoclonal antibody 8G7G3/1). Nuclear
expression in at least 50% of the tumor cells.
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Diagnosis: central PNET with early neuroblastic differentiation and TTF-1 expression.

Follow-up: The patient received craniospinal radiation and chemotherapy, including
temozolamide and VP-16. Imaging performed one year after the partial resection revealed
residual tumor. The patient died of her disease 20 months after the diagnosis.

2.2 Case 2

During CT and MRI investigation for intracranial hypertension, a 36-year-old female who was
admitted in 2011 at the Santa Maria della Misericordia hospital in Udine (Italy) was found to have
a huge ventral brain tumor involving the diencephalon (Figure 4 [A-D]). Subtotal tumor resection
was performed.

Figure 4 (A-D) MRI study. (A) A ~4.0 cm intra-axial, suprasellar, expansile mass
involving the hypothalamus and right thalamus. The tumor is solid with heterogenous
intensity, pseudocystic areas, rounded to infiltrative margins, and exhibits a peripheral
rim of edema. No necrosis is noticed. There is weak contrast enhancement in D. The
right middle cerebral artery is encased by tumor, but retains normal blood flow. The
3rd ventricle is filled with tumor, and there is mass effect with displacement of the
surrounding structures, including the optic chiasm. No intrasellar involvement is seen.
(A) MRI TSE Tiw: axial scan without contrast; (B) MRI FLAIR: axial scan without
contrast; (C) MRI TSE T2w coronal scan without contrast; (D) MRI SE T1w gadolinium
with contrast.

Histopathologically, the tumor was highly cellular and comprised of small round blue cells
sprinkled with large, pleomorphic, hyperchromatic, and anaplastic-appearing nuclei; a high
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mitotic—apoptotic
pseudorosettes were observed (Figure 5 [A-H]).
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Figure 5 (A-D) Histopathology. (A-B) Small round-blue cell tumor, showing micro-
geographical foci of necrosis in A (center towards the top) and B (top right and bottom
left). (C-D) Higher power views. Several mitotic and apoptotic figures are seen.

(Hematoxylin & Eosin stain on paraffin embedded tissue sections).
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Figure 5 (E-H) Histopathology (cont’d). This tumor also showed throughout a variable
range of anaplastic features with “bizarre giant cells”, apoptotic bodies, necrosis, and
atypical mitoses, similar to the description made in the literature in two PNETs of

adults (the reader is advised to see panels 5 and 8 of Figure 5 in ref. 50).
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Immunohistochemically, the tumor cells showed diffuse cytoplasmic immunoreactivity for
synaptophysin and NSE. Focal immunopositivity in a certain percentage of cells was observed for
nestin, Neu-N, and neurofilament proteins with mean values of 30%, 15%, and 30%, respectively
(Figure 6 [A-D]). Conversely, CD45, CD99, S100 protein, GFAP, chromogranin A, cytokeratin 7,
cytokeratin 8 (CAMS5.2), desmin, and myogenin were all negative. p53 was diffusely expressed in
the nuclei of tumor cells. The Ki67 tumor proliferation fraction assessed with the MIB-1 antibody
was very high (over 90%).

TTF-1 nuclear expression was detected with immunostaining using the monoclonal 8G7G3/1
antibody diluted 1:50 in the EnVision FLEX discovery system (Dako, Glostrup, Denmark) after heat-
induced pretreatment of deparaffinized 4 um tissue sections in citrate buffer (pH=6.1) for antigen
retrieval. Endogenous peroxidase activity was blocked, diaminobenzidine was used as a
chromogen, and hematoxylin as a counterstain. Then, the immunoreactivity was evaluated by two
observers, and judged to be positive in the nuclei of 50% of tumor cells (Figure 6 [E-F]).
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Figure 6 (A-F) Immunohistochemistry. (A) [Neu N] Nuclear immunoreactivity in 50% of
tumor cells. (B) [Neurofilament proteins] Cytoplasmic immunostaining with perinuclear
crescentic positivity in 50% of tumor cells. (C) [Synaptophysin]. Diffuse cytoplasmic
immunopositivity. (D) [Nestin] Cytoplasmic immunoreactivity in over 50% of tumor
cells. (E) [p53] Variably strong nuclear expression. (F) [TTF-1] Intranuclear expression in
over 50% of nuclei of tumor cells (monoclonal antibody 8G7G3/1). Inset: detail of
immunoreactivity. Note: The estimated percentage of positive cells for panels A-D, and
panel F, is displayed on the pictured tumor fields: the mean value for each marker is
given in the text.
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For the sake of completeness, Wilms' tumor 1 protein (WT1), which is a transcriptional
activator or repressor factor that controls genes that mediate the epithelial-to-mesenchymal
transition and shuttles between the nucleus and cytoplasm, was also included in this extensive
immunohistochemical analysis, revealing focal cytoplasmic positivity (40% of tumor cells) with a
partial crescentic perinuclear pattern.

Diagnosis: central PNET with early neuroblastic differentiation and TTF-1 expression.

Follow-up: follow-up was lost on the patient. It is presumed that she received radiation
treatment in another institution. The patient died of tumor-related causes 2 years and 10 months
after diagnosis.

3. Discussion

In the experimental rodent CNS model, TTF-1 expression was detected in the ependymal and
subependymal cells of the ventral neuroepithelium of the 3" ventricle, including neurons of select
hypothalamic nuclei, astrocytes of the median eminence, pituicytes of the infundibular stalk and
neurohypophysis, and in the adjacent extrahypothalamic (rat) suprachiasmatic nucleus and
subfornical organ [3, 12, 15, 51, 52].

In 2004, Zamecnik et al. used monoclonal antibodies against TTF-1 (using the 8G7G3/1 clone)
and documented TTF-1 expression in two cases of ependymomas (one grade Il and one grade llI,
both localized in the 3™ cerebral ventricle in a 5-year old boy and in a 12-year old girl, respectively)
out of 73 primary brain tumors investigated, including 33 astrocytic tumors of various grades, 27
classic ependymomas (11 grade Il and 16 grade Ill), 7 medulloblastomas, and 3 gangliogliomas
[36].

In 2006, Prok and Prayson used the same 8G7G3/1 clone and studied 50 cases of glioblastomas
but did not prove immunopositivity in any [37]. In 2007, Galloway and Sim investigated TTF-1
expression in 28 cases of glioblastomas using both clones currently available (the 8G7G3/1 and
SPT24): 14 glioblastomas proved positive when SPT24 clone was used, while no case was
immunopositive with the 8G7G3/1 clone [38]. Galloway and Sim first questioned the specificity of
TTF-1 immunopositivity in their 14 glioblastomas [38].

In 2009, Lee et al., using the 8G7G3/1 clone, studied a series of five pituicytomas and four
granular cell tumors arising from the posterior lobe of the pituitary, all of which expressed TTF-1
[39].

Again in 2011, Kristensen et al. used the SPT24 clone and demonstrated TTF-1
immunoreactivity in approximately 18% of high-grade astrocytic and oligodendrocytic gliomas (10
immunopositive cases out of 56 grade Ill to grade IV tumors), and no immunoreactivity in all 47
low-grade astrocytic and oligodendrocytic tumors [40]. Additionally, they also found TTF-1
immunopositivity in one of three central neurocytomas, one of 18 ependymal tumors, and one of
five choroid plexus tumors, but no positivity was observed in any of four pineal tumors, 11
meningiomas, eight PNETs, or four mixed glio-neuronal tumors [40]. However, Kristensen et al.
could not document any immunoreactivity in any of the above brain tumors when the clone used
was 8G7G3/1 [40].

In 2014, similar results to Kristensen’s study were experienced by Unal et al., who analyzed 45
primary brain tumors (one grade |, seven grade Il, four grade Ill, 20 grade IV astrocytic tumors, 9
meningiomas, two oligodendrogliomas, one schwannoma, and one medulloblastoma) with both
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monoclonal antibodies. These authors found four high-grade astrocytic tumors to be TTF-1
immunopositive when using the SPT24 clone, while no case was positive using the other clone
[41].

All the above brain tumors investigated for TTF-1 expression were from several various areas
and sites of the encephalon. Therefore, based on our own and others’ experiences [21, 24], it must
be said that the SPT24 clone is more sensitive but less specific than the 8G7G3/1 clone, even in
brain tumors pathology [36-38, 40, 41].

During the last decade, nuclear TTF-1 immunostaining has been specifically documented in
most (if not all) sellar/suprasellar neurohypophyseal tumors studied.

In 2009, Lee et al. used the 8G7G3/1 clone and studied a series of five pituicytomas and four
granular cell tumors arising from the posterior lobe of the pituitary gland: all of these
neurohypophyseal tumors expressed TTF-1 [39].

In 2010, Bisceglia and Galliani also investigated seven differentiated brain tumors (two central
neurocytomas, three pineocytomas, and four subependymomas located either in a lateral or the
4t ventricle), but did not observe any immunostaining in any of them [53].

In 2013, Mete et al.investigated seven spindle cell oncocytomas, four pituicytomas, and three
granular cell tumors, all of which showed nuclear positivity for TTF-1 (using the SPT24 clone). On
the basis of the same immunohistochemical profile, including several other markers, these
authors also concluded that these three groups of tumors likely share a common histogenesis, and
all are variants of pituicytoma [54]. This interpretation was already anticipated [55], concordant
with reviews of the subject [56-58], which proposed nomenclature of spindle cell oncocytoma as
oncocytic pituicytoma, granular cell tumor as granular cell pituicytoma, and sellar ependymoma as
ependymal pituicytoma [56].

TTF-1 is considered to be an excellent marker of (both fetal and adult) pituicytes, the
specialized glial cells of the neurohypophysis [39], although the matter of a common histogenesis
for the entire group of TTF-1 immunopositive sellar/parasellar tumors (i.e., pituicytomas, granular
cell tumors of the sellar region, spindle cell oncocytomas, and sellar ependymomas) is still not
definitely settled [59-63].

Three separate cases of TTF-1 immunopositive mixed pituicytoma, one with classic pituicytoma,
spindle cell oncocytoma, and an ependymal component [56], a second with epithelioid oncocytic,
follicle formation, and ependymal differentiation [61], and a third with spindle cell oncocytoma
and (pituicytic) ependymal differentiation [64], point to unify their derivation. Nuclear TTF-1
expression was documented in the ependymal component [64] (also called “follicle
formation/ependymal differentiation” or “follicle-like organotypic differentiation”) in the classical
pituicytomatous [56,61] and in the spindle cell oncocytomatous component [64]. TTF-1 expression
was detected using the monoclonal SPT24 antibody in two different cases [61, 64]. In a third case,
the antibody used was not specified by the authors (presumably SPT24) [56].

In the 4™ edition of the 2017 World Health Organization classification of pituitary tumors [65],
all TTF-1 positive, non-neuroendocrine, low-grade (WHO grade 1) sellar/suprasellar tumors of the
posterior hypophysis (and infundibular stalk) are included and discussed, and subsequently
reiterated and emphasized [66-68].

Parenthetically, on reviewing this subject, we found that approximately 70 cases of (classic)
pituicytomas [46, 57], 25 cases of spindle cell oncocytomas [62], approximately 100 cases of sellar
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granular cell tumors [58], and 9 cases of intrasellar ependymomas [69, 70] have been recorded in
literature thus far.

Furthermore, in 2014, Michotte et al. reported for the first time TTF-1 expression (with the
8G7G3/1 clone) in a chordoid glioma, a low-grade tumor (WHO grade 1) with selective predilection
for the 3™ ventricle, thus expanding the group of TTF-1 immunoreactive sellar/parasellar tumors
[42].

Using both monoclonal antibodies, Bielle et al. reported in 2015 on 17 cases of such tumors
assembled from a multi-institutional study. They found universal immunoreactivity in all of them
(17 out of 17) using the SPT24 clone with a 60 to 100% positive index of tumor cells. When the
8G7G3/1 clone was employed, less intense and variable immunoreactivity was detected in 15 of 17
cases as follows: 5 to 20% positive cells were observed in 11 cases, 30 to 70% in 3 cases, and no
significant reactivity in 1 [43]. These investigators also demonstrated TTF-1 expression in both the
embryonal and adult lamina terminalis of the rat, giving support to the hypothesis of the origin of
the chordoid glioma from ependymal cells or tanycytes of the circumventricular vascular organs of
the lamina terminalis, including the subfornical organ and the subcommissural organ [43, 71]. In
other terms, the so-called chordoid glioma is not a real glioma, and its originary cells are almost
always located in the anterior wall of the 3rd ventricle, indicating that its origin is almost always
the same.

Almost contemporarily, Hewer et al. reported another case of a TTF-1 immunopositive
chordoid glioma, using both the 8G7G3/1 and SPT24 clones. These authors included in the study
three new cases of spindle cell oncocytomas, all of which were immunoreactive for TTF-1 with
both monoclonal antibodies [44]. In their experience, the immunoreactivity was of variable
intensity with the 8G7G3 clone and diffusely strong with the SPT24 clone.

Again, Hewer et al. analyzed seven cases of subependymal giant cell astrocytomas of the
tuberous sclerosis complex, which are tumors almost consistently located along the caudate nuclei
in the lateral ventricles. They documented diffuse TTF-1 immunoreactivity in these tumors using
both monoclonal antibodies. Based on these findings, they proposed a lineage-committed
derivation from regional-specific cells related to the medial ganglionic eminence, the ventral
septal region, and from the anterior wall of the 3rd ventricle of the developing basal brain, under
the regulatory influence of TTF-1 [45].

In 2016, Wang et al. analyzed TTF-1 expression (with the 8G7G3/1 clone) in 3 chordoid gliomas,
and included 11 cases of pituicytoma and 23 low-grade astrocytomas (16 pilocytic, 4 diffuse, and 3
pilomyxoid astrocytomas): all chordoid gliomas and all pituicytomas in this series were
immunopositive, while all cases of astrocytomas were negative [46].

In 2017, Tauziede-Espariat et al. reported one additional case of a TTF-1 immunoreactive
chordoid glioma [72] (the clone used was not available to us), and Garcia-Garcia et al. also
reported another case which was TTF-1 immunonegative; again, the clone used was not stated by
the reporting authors [73].

Additionally, based on our own (PubMed) and others’ computerized search [74, 75] and review
of the literature, about 104 cases of chordoid gliomas have been recorded thus far, excluding the
series of 16 cases of Rosenberg et al. [76] included in a molecular study, which, at least in part,
may have been included in the other cited series of Bielle et al. [43].

However, no TTF-1-expressing CNS embryonal tumor had been reported until now.
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Case 1 of this report, concerning the PNET in a 6)-year-old girl, is the only one among 24
embryonal CNS neoplasms analyzed in a study to exhibit TTF-1 immunoreactivity, this was
prompted by the unexpected expression of TTF-1 in a unique case of monophasic stromal Wilms’
tumor metastasis to the lung, which was paradoxically TTF-1°/WT1 [29]. This TTF-1
immunopositive PNET was the only suprasellar tumor in our series as well.

In case 2, the embryonal neoplasm in a 36-year-old female was incidentally found, and was also
located in the ventral brain at the level of the diencephalon. This TTF-1-expressing embryonal
tumor in an adult should alert neurosurgical pathologists about the risk of misdiagnosis, that is,
misinterpreting a TTF-1 immunopositive PNET as a metastasis to the brain from any site, especially
the lung. As a matter of fact, caution should be taken by the pathologist, especially when dealing
with small biopsies, the expression of TTF-1 in a malignant small round cell tumor may obscure the
correct diagnosis of an embryonal tumor, primarily in favor of a small-cell (neuroendocrine)
carcinoma; this can occur with the auxiliary support of other immunopositive markers of both
neuroendocrine nature (such as synaptophysin [77], NSE [78], and neurofilament proteins [79])
and a stem cell marker (such as nestin [80]), which are well-known to be expressed in pulmonary
as well as extrapulmonary small cell carcinomas, as they were actually expressed in this case.

Furthermore, in regard to the cytoplasmic reactivity for WT1 as seen in case 2, we would like to
remark herein that a cytoplasmic reactivity was repeatedly seen by Bisceglia and Galliani when
analyzing this expression in a large series of 100 cases of embryonal soft tissue, visceral (other
than nephroblastomas), and CNS tumors. This WT1 cytoplasmic reactivity was observed in 53.8%
of peripheral neuroblastomas, 19.2% of peripheral PNETs, 35.7% of medulloblastomas, 50% of
pleuropulmonary blastomas, 60% of desmoplastic small round cell tumors, 50% of central PNETSs,
40% of hepatoblastomas, and even (out of the rubric of embryonal tumors) in 22.2% of synovial
sarcomas, with the conclusion in favor of interpreting such a finding as non-specific [53].

The expression of TTF-1 in both these cases was evaluated with the 8G7G3/1 clone.

In summary, as far as primary conventional brain tumors are concerned (Table 1), TTF-1
expression is often seen in high-grade (astrocytic or oligodendrocytic) gliomas when detected with
the monoclonal SPT24 antibody, while low-grade astrocytomas and oligodendrogliomas do not
express TTF-1 regardless of the antibody clone used.
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Table 1 Primary Brain Tumors investigated for TTF-1 (from the Literature”)

Authors Zamecnik Prok Galloway Bisceglia “et al [53] Kristensen Unal
and Reference et al [36] and Prayson [37] and Sim [38] & Galliani et al [47] et al [40] et al [41]
Year 2004 2006 2007 2010; 2011 2011 2014
Monoclonal Ab 8G7G3/1 8G7G3/1 SPT24 8G7G3/1 8G7G3/1 SPT24 8G7G3/1 SPT24 8G7G3/1
gii Cﬁ;:;?j?:c';:‘c 0/33 0/50 14'/28 | 0/28 10°/56 0/56 4'/24 0/24
Glial Tumors (g. V) (g. V) (8. 1V) (g. V) (g. & 1V) (g. N & 1V) (g. & 1V) (g. N & 1V)
l.g. Astrocytic &
Oligodendrocytic 0/47 0/47 0/10 0/10
Glial Tumors
Ependymomas 27*/27 1'/18 0/18
Subependymomas
1%#* /25
(CEP%Z??:;;;?:;:S) (?]f;) (14 mb; 4 s.t. & 1i.m. PNET; 3 0/8 0/8 0/1 (mb) 0/1
s.t. nb; 2 pb; 1 rb)
Central neurocytomas 0/2 1'/3 0/3
Pineocytomas 0/3 0/4 0/4
l.g. Mixed Tumors 0/3 0/4 0/4
(g.8. & g.n. t.) (g.8.) (g.n.t) (g.n.t.)
Meningiomas 0/11 0/11 0/9 0/0
Schwannomas 0/1 0/1

Abbreviations: Ab= Antibody; h.g.= high grade; I.g.= low grade; cPNET= central PNET (primitive neuroectodermal tumor, currently CNS embryonal tumors); g.g.=
ganglioglioma; g.n. t.= glioneuronal tumor; mb= medulloblastoma; s.t.= supratentorial; i.m= inframedullary; s.t. nb= supratentorial neuroblastoma; pb=

pineoblastoma; rb= retinoblastoma; CNS: central nervous system.

Symbols: : Excluded from the Table are the TTF-17 primary brain tumors of uncertain histogenesis (i.e., chordoid glioma and subependymal giant cell astrocytoma of
tuberous sclerosis complex) as well as the TTF-1" tumors of the posterior hypophysis; += immunopositive; *= intra(3'd)ventricular ependymoma; **= suprasellar
embryonal tumor (PNET); ©= this study aimed to investigate TTF-1 and WT1 in 100 central and peripheral PNET (from soft tissue, visceral [other than
nephroblastoma], and CNS cases) [53]; “°= this study, including the previous one, and extended to 117 surry embryonal tumors, analyzed the results restricted to

TTF1 only. [47]

Parenthetically: In the cited study by Galliani et al. [47] of 92 embryonal tumors from extra-CNS sites (from soft tissue, visceral [other than nephroblastoma]) and 25
primitive neuroectodermal tumors of the CNS (cPNET / CNS embryonal tumors) none was TTF-1 immunoreactive, except for case 1, herein reported, with suprasellar
location. Instead, of the 48 cases of nephroblastoma (Wilms tumor) studied for TTF-1 expression, 8 (16.6%) of them were positive. [29]
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Ependymomas demonstrate occasional immunoreactivity when tested with the SPT24 clone,
while no immunostaining is observed with the other clone.

Based on very limited data, subependymomas are negative for TTF-1 (0" of four investigated
with the 8G7G3/1 clone).

Meningiomas are usually negative with either clone.

Embryonal tumors of the brain (central PNETs, including medulloblastomas) do not express
TTF-1 with either clone (nine cases studied with the SPT24 clone and 40 cases studied with the
8G7G3/1 clone), except for those arising in the diencephalic region as attested by the two cases
presented herein.

Differentiated tumors of neuronal lineage (central neurocytomas and pineocytomas) can
occasionally express TTF-1 immunopositivity with the SPT24 clone (1* of 7), while they are
negative with the 8G7G3/1 clone (0" of 12).

Low-grade mixed glioneuronal or ganglioglial brain tumors do not express TTF-1 (0" of 4 studied
with the SPT24 clone and 0° of 11 with the other clone).

Instead, regarding the entire spectrum of TTF-1 immunopositive retrohypophyseal (and
infundibular) tumors as well as the so-called chordoid glioma of the 3rd ventricle and SEGAs of the
tuberous sclerosis complex, we assert that TTF-1 is consistently detected with both SPT24 and
8G7G3/1 clones, and stronger and more diffuse immunoreactivity is observed with the former
clone.

Notably, the notion of TTF-1 immunopositive sellar tumors is not widespread. Several recent
such cases have not been so tested [63, 69, 70, 81, 82].

We categorically agree with the concept [36] that expression of TTF-1 in brain tumours appears
to be a site-specific biomarker, rather than a non-specific tumor marker associated with tumor
dedifferentiation.

4, Conclusions

Brain tumors (both low-grade and high-grade) of either astrocytic or oligodendrocytic lineage
fail to express nuclear TTF-1 immunoreactivity as detected by the 8G7G3/1 clone.

Primary tumors of the posterior pituitary and infundibulum consistently express TTF-1 with
both clones.

The so-called chordoid glioma of the 3" ventricle as well as the SEGA of the tuberous sclerosis
complex (notably with limited data for the latter tumor) constantly express TTF-1 with both
clones.

TTF-1 expression in suprasellar or periventricular diencephalic embryonal tumors (PNET) is a
novelty.

TTF-1 immunopositivity in both primary brain and posterior hypophyseal tumors likely reflects a
lineage marker.

TTF-1 expression in a suprasellar, parasellar, diencephalic, or circumventricular (3) primary
brain tumors should be taken into consideration when interpreting metastatic (brain) tumors of
uncertain origin.
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