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Abstract

Distinction of paraganglioma (PGL) from epithelial neuroendocrine tumors (NETS) can be
difficult as they can mimic each other by nested architecture and expression of neuroendocrine
markers. In this study we examined differential diagnostic markers in 262 PGLs (142 adrenal
pheochromocytomas and 120 extra-adrenal PGLSs), 9 duodenal gangliocytic PGLs and 3 cauda
equina PGLs, and 286 NETSs (81 Gl, 78 pancreatic, 42 thoracic, 37 medullary thyroid carcinomas,
and 48 high-grade NETSs including 32 small cell carcinomas of lung). While keratin expression
was nearly uniform in NETs with the exception of few tumors, extensive keratin expression was
seen in only one PGL (<1%), and focal expression in 5% PGLs. GATA 3 was present in >90% of
PGLs but only in 2% of NETS, usually focally. Tyrosine hydroxylase (TH) was expressed in >90%
of adrenal, abdominal, and thoracic PGLs but only in 37% of head and neck PGLs reflecting their
variable catecholamine synthesis. Focal or occasional extensive TH-expression was detected in
10% of NETs. CDX2 was a helpful discriminator seen in 28% of pancreatic and most GI NETs
but in no PGLs. SOX10 detected sustentacular cells in 85% of PGLs and 7% of NETSs, while
GFAP detected sustentacular cells mainly in PGLs of neck and was absent in NETs. Duodenal
gangliocytic PGLs (n = 9) and all cauda equina PGLs (n = 3) expressed keratins, lacked GATAS3,
showed no or minimal TH expression as some NETS, and contained SOX10 and S100 protein-
positive spindle cells negative for GFAP. Ganglion-like epithelioid cells were keratin-positive and
negative for TH and SOX10 differing from true ganglion cells. We conclude that duodenal
gangliocytic and cauda equina PGLs have a NET-like immunoprofile and differ from ordinary
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PGLs. NETS can be distinguished from PGLs by their expression of keratins and general lack of
GATA3, TH, and GFAP-positive sustentacular cells, and sometimes by expression of CDX2 or

TTFL.
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INTRODUCTION

Adrenal pheochromocytoma, the most common paraganglioma, and other paragangliomas
(PGLs) are non-epithelial neuroendocrine neoplasms derived from chromaffin cells of the
adrenal medulla and paraganglia of the sympathetic and parasympathetic nervous systems.
They can occur in locations where paraganglia normally reside and as metastases almost at
any site.12 The histologic diagnosis of PGLs is straightforward when tumor involves a
common site and has a typical histology with a nested architecture. However, epithelial
neuroendocrine tumors (NETS): carcinoids, pancreatic NETS, thyroid medullary carcinoma,
and high-grade neuroendocrine carcinomas, can also have nested patterns and mimic PGLs.
Small specimens can be problematic as architectural landmarks can be limited. In these
instances, immunohistochemistry, is necessary for this clinically important distinction.

Both PGLs and NETSs typically express pan-neuroendocrine markers chromogranin A,
synaptophysin, and insulinoma-associated protein 1 (INSMI).1:34 Therefore, other markers
are necessary for immunohistochemical distinction of PGLs from NETS.

Keratin monoclonal antibody cocktail AE1/AE3 detects nearly all soft epithelial (non-hair)
keratins, except keratins 10, 17, 18.5 It is therefore expected to be positive in all epithelial
NETSs. Keratin antibody CAMS5.2 detects specifically keratin 8. Keratins have been
occasionally reported in conventional paragangliomas (of adrenal, retroperitoneum, urinary
bladder, carotid body, and thorax).”8

GATAS3 (GATA-binding protein 3 and trans-acting T-cell-specific factor), is one of the six
members of dual zinc-finger transcription factors that binds to the DNA sequence GATA. It
is essential in neuronal embryogenesis regulating the expression of the noradrenergic factor
tyrosine hydroxylase and differentiation and survival of neurons and chromaffin cells.®
GATAZ3 has been reported in PGLs and generally absent in NETSs but has not been studied in
gangliocytic and cauda equina PGLs.10-12

Tyrosine hydroxylase, the rate limiting enzyme involved in conversion of L-tyrosine to L-
DOPA has been detected biochemically and immunohistochemically in PGLs and in
sporadic NETS, but it has not been extensively studied in neuroendocrine tumors,13-15

Organ-specific transcription factors, such as TTF1 and CDX2, and hormonal markers, can
be useful in characterization of NETs, but none of them is universal for all subgroups.16:17
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TTF1 has been studied in PGLs of thorax but not at other sites. CDX2 has been detected in
some pancreatic NETs® but has not been studied in PGLs.

Sustentacular cells, elongated, slender spindle cells variably outlining the cell nests of PGLSs,
have also been detected in some NETSs. They can be highlighted by immunostains for S100
protein, GFAP, and SOX10.18-21 However, these have not been systematically studied in
large sets of NETs and PGLs of various sites.

Gangliocytic paraganglioma is a rare neuroendocrine tumor containing ganglion-like cells
and typically occurring in the 2" part of duodenum. It differs from conventional
paraganglioma by common keratin expression.22:23 Neither it nor cauda equina
paraganglioma, another rare type of keratin-expressing paraganglioma occurring in the
caudal neural tube?4, has been studied for GATA3 and tyrosine hydroxylase.

In this study, we examined the expression 5 groups of markers comparatively in >500 PGLs
and NETS of various sites in special groups of rare PGLs: gangliocytic PGL of duodenum
and cauda equina PGL.

MATERIALS AND METHODS

A large group (n = 560) of neuroendocrine tumors was examined histologically to confirm
the diagnosis and arranged in manually prepared multitumor blocks as described before.25 A
small number cases were studied using whole sections. The cases originated from 1970-
2019 and were de-identified having sparse annotations for tumor site, size, patient age, sex,
and a possible germline tumor syndrome. These tumors included 262 paragangliomas
(PGLs): 142 adrenal and 120 extra-adrenal examples including 54 cervical, 49
retroperitoneal, 9 thoracic, and 8 urinary bladder PGLs. Approximately 40% of PGLs were
germline syndrome-associated tumors (RET, VHL, SDH subunits, and NF1). There were
also 9 duodenal gangliocytic PGLs and 3 cauda equina PGLs. The 286 epithelial
neuroendocrine tumors (NETS) included 81 grade 1-2 intestinal and 42 pulmonary NETs/
carcinoids, 78 pancreatic NETs, and 37 medullary carcinomas of thyroid. High-grade (Grade
3) NETs included 32 small cell carcinomas of lung and 16 high-grade neuroendocrine
carcinomas of various sites (4 pulmonary large cell, 4 gastrointestinal, 2 endometrial, 1
sinonasal, 1 urinary bladder, and 4 metastatic tumors of unknown origin).

Immunohistochemical studies were performed by automated systems (Ventana Benchmark
Ultra or Leica Bond). Antibodies and protocols are listed in Table 1. All tumors were
confirmed immunopositive for at least one, usually all 3 neuroendocrine markers,
chromogranin A, synaptophysin and INSM1.24 There was a slightly lower positivity for
INSML in all tumor categories.

Immunohistochemical studies for keratins (AE1/AE3 cocktail, keratin 8: CAM5.2),
transcription factors (GATA3 CDX2, and TTF1), tyrosine hydroxylase were tabulated in
detail for estimated percentage of positive tumor cells. Expression of markers for
sustentacular cells (S100 protein, GFAP, and SOX10) were evaluated in a 0-3 scale for the
area of 40x magnification richest on these cells as follows: 0 = no positive cells, 1 = 1-10
cells, 2 = 11-49, 3 =50 cells. As the results from S100 protein expression in sustentacular
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cells were generally similar to those of SOX10 and there was variable labeling of chief cells/
neuroendo-crine cells for S100 protein, results of only SOX10 were tabulated. Expression of
phenyl-ethanolamine N-methyltransferase (PNMT) was also studied in >500 PGLs and
NETSs. While the results were partly similar to those of TH, they were more difficult to
interpret as many NETSs showed diffuse weak expression and PGLs showed variable and
unpredictable expression. Therefore, this marker was not examined further.

The immunohistochemical results have been summarized in Table 2.

Conventional paragangliomas

These tumors included pheochromocytomas, retroperitoneal (usually paraaortic or
aortocaval), thoracic/aorticopulmonary, urinary bladder, and neck PGLs (most from the
carotid body, one from larynx, and one from the higher neck).

Most PGLs were negative for keratins AE1/AE3 and keratin 8 (CAMS5.2). Exceptional,
extensive AE1/AE3 and keratin 8-positivity was seen in one pheochromocytoma in
approximately 80% of tumor cells, while this tumor was positive for GATA3 and tyrosine
hydroxylase typical of PGLs (Fig. 1). Focal keratin expression with both antibodies was
detected in <5% of tumor cells in 12 conventional PGLs, 0-7% in various subgroups, and
these cells had a thin, slender morphology, consistent with sustentacular cells (Table 2).

GATAZ3 nuclear expression was seen in most pheochromocytomas PGLs of abdomen,
thorax, and head and neck, usually extensively. Some cases showed zonal expression
patterns probably associated with suboptimal antigen preservation. The negative cases
included a small subset PGLs of different sites (Table 2).

Tyrosine hydroxylase was nearly always extensively expressed in the cytoplasm of adrenal,
retroperitoneal, thoracic, and urinary bladder PGLs (88-98%). However, PGLs of the neck
were heterogeneous showing positivity in only 20/54 cases (37%). Nerves and ganglion cells
were also positive. CDX2 was expressed in none of the conventional PGLs. TTF1 was
focally expressed of 2 adrenal PGLs in <5% of tumor cells.

SOX10-positive sustentacular cells were variably present in PGLs. They were numerous in
most PGLs of the neck and thorax, and scant or absent in adrenal, urinary bladder, and
retroperitoneal PGLs (Table 2). GFAP-positive sustentacular cells were predominantly
detected in PGLs of the head and neck, and thorax. In adrenal, urinary bladder, and
retroperitoneal PGLs they were usually absent or present only in small numbers (Table 2).
SOX10 or GFAP did not label chief cells in any PGLs or NETS.

While S100 protein and SOX10 showed identical distribution in sustentacular cells, S100
protein also labeled chief cells in 50-70% PGLs of different sites, 65% of pancreatic NETS,
10% of pulmonary NETS, but only 2% of GI NETS.
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Gangliocytic and cauda equina paragangliomas

The 9 gangliocytic PGLs occurred in 4 females and 4 males of ages 42—74 years (median, 65
years). Demographic information was unavailable in 1 case. All tumors were duodenal
submucosal polypoid masses measuring 1.5 -5 cm.

These tumors contained neuroendocrine nests containing scattered ganglion-like cells.
Mitotic activity was <2/10 HPFs in all cases, equivalent to NET grade 1. The nests were
surrounded by a variably prominent spindle cell component. The nests of epithelioid
neuroendocrine cells, including ganglion-like cells with abundant cytoplasm and angulated
outlines, were also positive for keratins AE1/AE3 and more extensively positive for keratin 8
(CAM5.2), which also highlighted delicate cell processes of the epithelial cells (Fig. 2). All
tumors were negative for GATA3, CDX2, and TTF1. Only minimal tyrosine hydroxylase-
positivity (<2% of tumor cells) was detected in 2 cases, while the remaining cases were
negative. The ganglion-like cells were negative for tyrosine hydroxylase, GATA3, and
SOX10, thus differing from ordinary ganglion cells. The spindle cells between the
neuroendocrine nests were positive for S100 protein and SOX10, consistent with their
Schwannian nature (Fig. 2), and were negative for GFAP.

The 3 cauda equina PGLs, were diffusely positive for keratins AE1/AE3 and negative for
GATA3. Two the cases studied for keratin 8 were also positive. Focal tyrosine hydroxylase-
positivity was seen in 2 cases (Fig. 3). A small number of SOX10-positive cells were present
with no GFAP-positive cells in the 2 cases tested that were also negative for CDX2 and
TTF1.

Epithelial neuroendocrine tumors (NETS)

All gastrointestinal, pancreatic, and pulmonary/mediastinal NETs and medullary thyroid
carcinomas were extensively positive for keratins AE1/AE3 and keratin 8 (CAM5.2). Only
3% of NETs showed significantly higher labeling for keratin 8 than the AE1/AE3 cocktail.
While most high-grade neuroendocrine carcinomas showed uniform keratin-positivity, 2
small cell carcinomas of lung were negative for both keratin antibodies (Table 2).

All gastrointestinal NETs were negative for GATA3, but 5 NETSs of pancreas and 1
pulmonary carcinoid focally expressed GATA3 (Tables 2 and 3). Focal tyrosine hydroxylase
positivity was detected in gastrointestinal (6/81), pancreatic (7/77) and thoracic nets (11/42),
usually in <5% of tumor cells (Fig 4). Occasional pancreatic NETs and pulmonary
carcinoids showed more extensive tyrosine hydroxylase-positivity (Fig. 4, Table 3). In some
cases, pancreatic NETs with aberrant immunophenotypes, such as lack of keratins and
strong tyrosine hydroxylase expression, were CDX2-positive supporting the diagnosis of a
pancreatic NET (Fig. 5).

Sustentacular cells with SOX10-positivity were rarely detected in NETS, essentially limited
to thoracic and pancreatic NETs. GFAP-positive sustentacular cells were absent in all NETs
(Table 2).
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DISCUSSION

Paragangliomas (PGLs) and epithelial neuroendocrine tumors (NETS) from various organs
can mimic each other due to their shared nested architecture and expression of pan-
neuroendocrine markers chromogranin A, synaptophysin, and INSM1. Small specimens can
be more challenging and require immunohistochemical support for diagnosis.

In this study we examined >500 PGLs and NETs with a panel of 8 markers to evaluate their
power in the distinction between these groups of NETs: 1) Keratins AE1/AE3 and CAMS5.2
(keratin 8), 2) transcription factors GATA3, CDX2, and TTF1, 3) tyrosine hydroxylase, and
4) sustentacular cell markers S100 protein, SOX10 and GFAP.

Keratin-negativity of conventional PGL (excluding gangliocytic and cauda equina
paragangliomas) is a useful parameter separating it from most NETs. However, 7% of PGLs
did express keratins, but most of this expression was focal limited to sustentacular cells, and
only 1 pheochromocytoma was extensively positive. Previous studies have also detected
keratins in a small percentage of conventional PGLs.”-

Tyrosine hydroxylase, an enzyme involved in the biosynthesis of catecholamines, is
expressed in neural tissue including paraganglia and has been detected especially in
catecholamine synthesizing PGLs and some carcinoids.141> We confirmed nearly consistent
tyrosine hydroxylase expression in pheochromocytoma and abdominal and thoracic PGLs,
whereas expression was far less common in neck/carotid body PGLs (32%); in a previous
study 27%.14 We also found some tyrosine hydroxylase expression in NETSs, but this was
usually focal and limited to scattered tumor cells. However, exceptions were noted with
some NETS, especially pancreatic ones, being extensively TH-positive. TH has some value
in distinguishing PGLs from NETSs, but lack of its expression in most head and neck PGLs
and extensive expression in some NETSs are limitations.

Most PGLs including nearly all adrenal, retroperitoneal, thoracic, and neck/carotid body
PGLs expressed GATA3, while NETs were negative making GATA3 a valuable marker in
discrimination of PGLs from NETS as previously suggested.19-12 However, our study
reveals exceptions such as extensive GATA3 expression in 2% pancreatic and thoracic
NETSs, so that additional markers, such as tyrosine hydroxylase and transcription factors
TTF1 and CDX2 could be used as further discriminators between NETs and PGLs. It should
be considered in the differential diagnosis of neuroendocrine tumors of head and neck that
GATA3 is also expressed in parathyroid and pituitary adenomas.26:27 Despite recently
expressed concern about weaker GATA3-labeling of PGLs with immunohistochemistry
protocols without robust epitope retrieval?8, we found that our 64-minute epitope retrieval
with Roche CC1 reagent and 60 minute primary antibody incubation, and Ultraview
detection gave a sufficient detection of GATA3 in PGLs (positivity >90% in all main
subgroups).

While S100 protein-positive sustentacular cells are known in paragangliomas!-20-21, they can
also occur in some NETs.18:21 We found that SOX10 is superior to S100 protein in
enumerating sustentacular cells, because it does not label the chief cells, as often seen in
pulmonary and pancreatic NETs and PGLs of different sites. The common S100 protein-
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positivity in both PGLs and NETS should not lead to confusion with S100 positive neural or
epithelial tumors.

The limitation in sustentacular cell evaluation is that they are abundant in only PGLs of head
and neck and only variably present in adrenal and retroperitoneal PGLs. However, their
presence in NETSs is essentially limited to small subsets of pulmonary and pancreatic NETS.
GFAP-positive sustentacular cells are restricted to PGLs of neck and thorax, which confirms
a previous observation in a smaller number of PGLs.20 The assessment of sustentacular cell
populations has a limited value in the diagnosis of PGLs, although their absence has been
suggested a possible but weak marker of malignancy (reviewed in referencel).

Aberrations in the main patterns of expression of keratins AE1/AE3, GATA3 and tyrosine
hydroxylase occurred mainly in pancreatic and pulmonary NETs (Table 3). The marker
profile of one pancreatic NET indicated PGL-like differentiation: keratin and CDX2-
negative and positive for GATA3 and tyrosine hydroxylase, supporting the diagnosis of a
(peri)pancreatic PGL described in isolated reports.2%:30 However, there were also cases that
in addition to keratin expression, had strong expression of either GATAS or tyrosine
hydroxylase raising the question whether there are pancreatic NETs with hybrid features of
NET and PGL. Extensive genomic comparison could be useful to definitively determine the
type of these tumors.

Our findings indicate that duodenal gangliocytic paraganglioma and cauda equina PGLs
align better with NETs than ordinary PGLs by their immunophenotype and should be
classified as separate groups, perhaps termed as gangliocytic NET and cauda equina NET. In
this study, all gangliocytic PGLs and cauda equina PGLs were extensively keratin-positive,
negative for GATA3, and negative or minimally positive for tyrosine hydroxylase, thus
having an immunohistochemical profile similar to NETS, rather than conventional PGLs. A
caveat is that there may be true spinal paragangliomas with classic paraganglioma features
different from cauda equina paragangliomas.3!

Ganglion-like cells in the epithelial islands of gangliocytic paraganglioma seem to be
keratin-positive and SOX10-negative epithelial neuroendocrine cells and not true ganglion
cells. However, occurrence of entrapped normal ganglion cells in these tumors is possible.

Additional studies, such as extensive genomic sequencing and assessment of genomic
methylation profiles, as now available for the diagnosis of brain tumors and sarcomas, 32
might prove useful in determining the taxonomic status of gangliocytic and cauda equina
PGLs among the neuroendocrine tumors.
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. Keratins, GATA3, CDX2, TTF1, and tyrosine hydroxylase are useful in
distinguishing paraganglioma from NETS.

. Gangliocytic paraganglioma of duodenum and cauda equina paraganglioma
have NET-like immunoprolifes.

. SOX10 is superior to S100 protein to evaluate sustentacular cells as is does
not label the chief cells in paraganglioma and NETSs.

. Occasional pancreatic NETs mimic paragangliomas by their antigenic
patterns.
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Fig 1.

A.gParaortic paraganglioma is composed of clear or eosinophilic epithelioid cells. B. Most
tumor cells in this case show exceptional positivity for keratin cocktail AE1/AE3. C. Tumor
cells have nuclear positivity for GATA3. D. Tumor is strongly positive for tyrosine
hydroxylase.
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Fig. 2.
Gangliocytic paraganglioma of duodenum is composed of nests of epithelioid cells

containing ganglion like cells and Schwannian stroma between nests. B. The epithelioid
cells including the ganglion-like cells are positive for keratin 8 (CAM5.2), which also
highlights thin cell processes. C. The Schwannian stromal cells are positive for SOX10,
while the epithelioid cells are negative. D. Only few tumor cells are tyrosine hydroxylase
positive.
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Fig. 3.

A.gCauda equina paraganglioma is a highly vascular tumor composed of epithelioid cells
with perivascular arrangements. B. Tumor is positive for keratins AE1/AE3. C. Few
scattered tumor cells are positive for tyrosine hydroxylase. D. Like most neuroendocrine
tumors, this one shows nuclear positivity for INSM1.
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Fig. 4.

E)?amples of tyrosine hydroxylase expression in epithelial neuroendocrine tumors. A. lleal
well-differentiated NET (carcinoid) shows a 1% cell population positive. B. Duodenal well-
differentiated NET shows a small number of cells strongly positive and a larger proportion
cells weakly positive. C. Well-differentiated NET (carcinoid) of lung contains 50% of
positive cells. D. All tumor cells are positive for tyrosine hydroxylase in this unusual
pancreatic NET.

Hum Pathol. Author manuscript; available in PMC 2021 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Mamilla et al.

Fig. 5.

Pa%creatic NET mimicking paraganglioma A. The tumor is composed of sheets of
neuroendocrine cells between ductal elements. B. Tumor cells are negative for keratins
AE1/AE3 (also negative for keratin 8/CAM5.2). C. Most tumor cells are positive for
tyrosine hydroxylase. D. Tumor cells show nuclear positivity for CDX2 supporting the
diagnosis of NET.
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