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Immunohistochemical Expression of PAX8 in Central
Nervous System Hemangioblastomas: A Potential
Diagnostic Pitfall for Neuropathologists
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Abstract: The histologic differential diagnosis between intra-
cranial hemangioblastoma (HB) and metastatic clear cell renal
cell carcinoma may be challenging, especially considering that
both tumors exhibit clear cell morphology and can be associated
with vH L mutation and/or Von Hippel-Lindau syndrome. As the
execution of immunohistochemical analyses is often mandatory,
the expression of PAXS8 has been traditionally considered a re-
liable marker of metastatic clear cell renal cell carcinoma, being
consistently negative in intracranial HB. However, as in recent
years, some cases of PAX8-positive HBs have been reported in
the literature; we studied the expression of this antibody on a
series of 23 intracranial HB, showing that about 40% of these
tumors may express PAX8 and that this immunoreactivity is
often focal and weak. We would like to emphasize that the
possibility of a PAX8-positive intracranial HB does exist and
must be taken into account by neuropathologists to avoid mis-
diagnoses; in this regard, a broader immunohistochemical panel
also including CD10, Inhibin-a, PAX2, S100, and anti-Renal cell
carcinoma (RCC) antibody is highly recommended.
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H emangioblastoma (HB) is a relatively uncommon, slow-
growing, central nervous system tumor of uncertain his-
togenesis, that exhibits a good prognosis, so that the World
Health Organization assigns it a grade 1.1.2 Although HB most
commonly involves the posterior fossa (7% to 12%), with the
cerebellum being the most frequent site, it can also arise in
cerebral hemispheres (1.5% to 2.5%), medulla, spinal cord and
in extracranial sites.3 Despite the majority of HB cases are
associated with sporadic mutations (loss or inactivation) of v L
gene (75%), it can also occur in the setting of Von Hippel-
Lindau (VHL) syndrome (25%).1-3 Radiologically, HB more
often arises as a cystic mass, but it can also show a solid or a
solid-cystic growth pattern.l-3 Although the tumor often ap-
pears as a well circumscribed lesion without true capsule, but a
focal infiltration of the surrounding brain parenchyma may be
occasionally seen.# Histologically, HB typically exhibits 2 main
components: large neoplastic stromal cells with clear/foamy
cytoplasm with lipid-containing vacuoles and abundant re-
active vascular cells forming thin-walled, variable-sized vessels.4
Based on which of the 2 components predominates, 2 histologic
variants are distinguished: (1) reticular HB (vascular cells >
stromal cells) and (2) cellular HB (stromal cells > vascular
cells).4> HB may sometimes show degenerative atypia, but
necrosis is generally absent, and mitoses are absent to rare.
Recently, DNA methylation profiling of central nervous system
HBs identified 2 distinct subgroups® methylation cluster 1 in-
cluded HBs of mainly cerebellar location and exhibiting fre-
quent chromosomal copy-number alterations, and methylation
cluster 2 contained HBs predominantly located in noncerebellar
sites and with low chromosomal copy-number alterations.>
Especially in cellular tumors, the differential diag-
nosis between HB and metastatic clear cell renal cell car-
cinoma (ccRCC) is quite challenging if based solely on
morphology, and it can be even more complex due to the
fact that ccRCC is often associated with vH L mutation and/
or VHL syndrome. The execution of ancillary methods,
such as immunohistochemistry, is often mandatory to guide
the diagnosis. Classically, the immunohistochemical panel
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has comprised at least the following 5 antibodies: PAXS,
CD10, Inhibin-a, S100, and Renal cell carcinoma (RCC).6
Although PAX8 has always been considered the most
useful marker to solve this diagnostic problem, being the
most sensitive and specific marker of renal origin of a
metastatic carcinoma and consistently negative in HBs,
recently, some cases of HBs have been reported as positively
stained with PAX8 by some authors,” suggesting that PAXS
should be used cautiously in this differential diagnostic
context and preferably in association with other antibodies.

The present retrospective study aimed to evaluate
the immunohistochemical expression of PAXS8 on a series
of 23 cases of intracranial HB, emphasizing the potential
diagnostic pitfalls for the pathologist in the differential
diagnosis of metastatic ccRCC.

MATERIALS AND METHODS

The present research was in accordance with the
Declaration of Helsinki and obtained the approval of the
Local Ethics Committee, Catania 1 (CE 165/2015/PO). All
the patients involved gave their written informed consent.

Twenty-three cases of intracranial HB were retrieved
from the pathology archive of the Department of Medical,
Surgical and Advanced Technologies “G.F. Ingrassia,” at
the University of Catania, and from the pathology section of
the Department of Diagnostics and Public Health, at the
University of Verona. Clinical data were obtained from the
original pathology reports. Hematoxylin and eosin—stained
slides and a variable number of immunohistochemical slides
were available for each case. All the hematoxylin and eosin—
stained sections were reviewed by 2 pathologists (G.B. and J.
F.), and the diagnoses of HB were histologically confirmed
using the current well-established morphologic and im-
munohistochemical criteria.

Immunohistochemical analyses were performed as
previously described3; sections cut from paraffin-embedded

blocks were deparaffinized in xylene for 15 minutes, rehy-
drated, and treated with 3% H>O, for 10 minutes to block
endogenous peroxidase activity, followed by extensive
rinsing in double-distilled water and further rinsing for
15 minutes in 0.01 M phosphate-buffered saline, pH 7.4.
After the deparaffinization, the slides from each case were
incubated with a standard immunohistochemical panel,
including a rabbit monoclonal antibody anti-PAXS
(EP331; ready-to-use; 1.25 g/mL; Cell Marque), a rabbit
monoclonal antibody anti-CD10 (SP67; ready-to-use; 4.9 g/
mL; Roche), a rabbit monoclonal antibody anti-Inhibin-a
(MRQ-63; ready-to-use; 2.7 g/mL; Cell Marque), a poly-
clonal antibody anti-S100 protein (10 g/mL; Roche), and a
mouse monoclonal antibody anti-RCC (PN-15; ready-to-
use; 14.4 g/mL; Cell Marque), was applied to each case; if
any of these antibodies had not been tested at the time of the
original diagnosis, they were added for the current study.
The immunohistochemistry for CD10, Inhibin-a, and RCC
was assessed as positive if cytoplasmic staining was found,
while neoplastic cells were considered immunoreactive for
PAXS8 and S100 if brown chromogen was found at nuclear
and nuclear/cytoplasmic level, respectively.

A semiquantitative optical evaluation of the
immunohistochemistry, based on the intensity and the
extension of staining, was performed; the former was
graded into absent, weak, moderate, or strong intensity,
while the latter on 4-tiered system (< 1% positive cells =
negative staining; 1% to 10% positive cells = focal
staining; 11% to 50% positive cells = heterogeneous
staining; > 50% positive cells = diffuse staining).

RESULTS

Clinico-pathologic Features
Table 1 summarizes the clinico-pathologic features
of HB from our cohort.

TABLE 1. Clinico-pathologic and Immunohistochemical Features of Our Series

Case Age (y) Sex Anatomic site PAXS Extension Intensity
1 57 Female Cerebellum - 0 0

2 19 Male Cerebellum + Focal Weak
3 36 Male Cerebellum + Heterogeneous Weak
4 55 Male Cerebellum + Heterogeneous Moderate
5 46 Male Cerebellum + Focal Weak
6 23 Male Cerebellum - 0 0

7 39 Female Cerebellum 0 0

8 53 Male Cerebellum 0 0

9 49 Female Cerebellum + Focal Weak
10 72 Female Cerebellum 0 0
11 60 Male Cerebellar - 0 0
12 38 Male Medulla oblongata + Focal Weak
13 59 Female Medulla oblongata - 0 0
14 87 Male Cerebellum - 0 0
15 76 Male Cerebellum + Focal Weak
16 58 Male Cerebellum 0 0
17 58 Female Not available 0 0
18 69 Male Cerebellum + Focal Weak
19 29 Male Cerebellum 0 0
20 55 Female Cerebellum - 0 0
21 65 Female Medulla oblongata - 0 0
22 46 Female Cerebellum 0 0
23 73 Female Cerebellum + Focal Weak
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Our study included 23 patients (13 males and 10
females) with a mean age of 53.13 years (median age: 55 y;
age range: 19 to 87 y) affected by HBs located at the
cerebellum (19 out of 23 cases; 82.6%) and medulla ob-
longata (3 out of 23 cases; 13%). The exact anatomic site
was not available in one case (4.4%). According to the
clinical data from the original pathology reports, the as-
sociation with VHL syndrome was documented in 6 out of
23 cases (26.1%), whereas the remaining tumors (17 out of
23; 73.9%) were sporadic.

Histologically, 17 out of 23 cases (73.9%) exhibited a
prevalence of the vascular component and were classified
as reticular HB subtype (Fig. 1A); 6 out of 23 cases
(26.1%) showed a prevalence of stromal cells and were
assigned to the cellular subtype (Fig. 1B), accordingly.

Immunohistochemical Findings

All HBs (23 out of 23; 100%) from our cohort ex-
hibited strong and diffuse immunoreactivity with Inhibin-
a, while neoplastic cells were at least focally stained with

S100 in 18 out of 23 cases (80%). Conversely, all cases
were consistently negative for CD10 and RCC.
Regarding PAX immunoreactivity, it was found as
positive in 9 out of 23 cases (39.1%; Fig. 1C, D), while the
remaining tumors showed no expression of this protein (14
out of 23; 60.9%). Among the 9 PAX8-positive HBs, the
intensity of staining was weak in almost all cases (8 out of
9; 88.9%) and moderate in one case (11.1%), whereas the
extension of staining was focal in 7 out of 9 cases (77.8%)
and heterogeneous in the remaining 2 tumors (22.2%).

DISCUSSION

The immunophenotype of HB is frequently charac-
terized by immunoreactivity for S100, Inhibin-a, and vi-
mentin. Because of its clear cell morphology, the abundant
vascular component and its association with vHL muta-
tions and/or VHL syndrome, intracranial HBs must be
frequently distinguished by metastatic ccRCCs; accord-
ingly, additional immunohistochemical antibodies includ-
ing PAX8, CD10 and RCC?:10 are often required to avoid a

FIGURE 1. Histologic and immunohistochemical features of the reticular (A) and cellular (B) HB samples on H&E (A and B), and
immunoperoxidase staining (C and D). A, Reticular subtype is predominantly composed of variable-sized capillary vessels, while
neoplastic stromal cells are poorly recognizable. B, Cellular HB exhibits a striking prevalence of large stromal cells with clear/foamy
cytoplasm; note the focal degenerative nuclear atypia. C and D, Neoplastic cells are weakly to moderately and focally to heter-
ogeneously stained with PAX8 at medium (C) and high (D) magnification. Scale bars: 100 pm (A-C), 50 pm (D). HB indicates

hemangioblastoma; H&E, hematoxylin and eosin.
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misdiagnosis that would be extremely deleterious for the
patient as HBs are low-grade and slow-growing lesions,
successfully treated with surgical resection, while surgery
plus adjuvant radiotherapy are required for metastatic
ccRCC. Although in the past it has been shown that
metastatic ccRCC markers were all consistently negative in
HB, in the last decade some authors reported that PAXS
which still represents the most sensitive marker of renal
origin of a metastatic carcinoma, may be expressed by both
lesions.” PAXS is one of the 9 members of the mammalian
paired box family of transcription factors (PAX), and it is
involved not only in crucial steps of fetal development of
kidney, thyroid, and Miillerian organs, but also in neo-
plastic growth.”!! Since PAX8 has been reported as con-
sistently negative in all HB cases, it has always been
considered one of the most reliable markers of metastatic
ccRCC. Carney et al® reviewed 20 HBs and 16 ccRCCs,
testing all of them for PAX2, PAXS, and Inhibin-a: all 20
HBs were positively stained with Inhibin-a, PAX2 was
positive in 1 case, wherecas PAX8 was consistently negative
in all HBs. According to these results, combined use of
PAX2, PAXS, and Inhibin-o seemed to be sufficient to rule
out metastatic ccRCC in the differential diagnosis with HB,
with a sensitivity of 95% and a specificity of 100% in the
presence of a PAX2-negative, PAX8-negative and Inhibin-
a-positive tumor.6 Conversely, PAX8 immunoreactivity
was first reported on a series of 11 cerebellar HB samples by
Eichberg et al’: in more detail, they found an alarming
positivity for PAX8 in 7 out of 11 lesions (63.6%), em-
phasizing that great caution must be taken by pathologists
when using PAXS alone in the differential diagnosis be-
tween HB and metastatic ccRCC. Other studies have also
shown that some extra-cranial HBs did express PAXS8.12-14
Rivera et all> claimed that PAX2 is just as effective as
CD10 in differentiating HB from ccRCC and did not test
their cases for PAX8. In line with the latter, Carney et alé
emphasized that PAX2 and Inhibin-o were the best markers
for this differential diagnostic purpose and that PAX8 had
to be used as the second ccRCC marker, as its use increased
the diagnostic sensitivity for metastatic ccRCC from 88% to
94%, without changing the specificity and the positive pre-
dictive value.6 Other authors reported that CD10 is a good
marker for distinguishing between HB and metastatic
ccRCC, being consistently negative in all HB cases.!6

The findings of this study align with those of
Eichberg et al,” confirming that intracranial HBs can
express PAXS8. However, our larger cohort revealed a
lower percentage of PAXS8-positive tumors compared
with the previous study (~40% vs 60%).7 In addition, in
most cases, PAX8 immunoreactivity was focal and weak.
Thus, while the proportion of PAXS8-positive HBs ap-
pears to be lower than previously reported, it is im-
portant to acknowledge that HBs exhibiting PAXS
immunoreactivity can still occur. As previously
hypothesized,” we also believe that the underestimation
of PAXS expression in HBs is unlikely to be due to poor
reagent quality or antibody variability. Instead, it is
more likely attributable to the omission of PAXS8 from
the standard HB immunohistochemical panel.

Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

CONCLUSION

Although PAXS has always been considered a reliable
marker for distinguishing HB (PAX8-negative) from
metastatic ccRCC (PAX8-positive), in the present study,
about 40% of intracranial HBs from our series (9 out of 23)
were stained, at least focally and weakly, with this antibody.
Accordingly, although we strongly emphasize that only a
minority of intracranial HBs are stained with PAXS8 and
that this staining is often just weak and focal, neuro-
pathologists must be aware of this unusual and unexpected
staining to avoid misdiagnosis with metastatic ccRCC, es-
pecially on small biopsies. In this regard, we recommend
that PAXS is never used alone but that it is included in a
broader immunohistochemistry panel, also including other
markers such as CD10, Inhibin-a, PAX2, S100, and RCC.
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