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ABSTRACT: Background: Calcifying pseudoneoplasm of the neuraxis (CAPNON) is a rare tumor-like lesion with unknown
pathogenesis. It is likely under-reported due to diagnostic challenges including the nonspecific radiographic features, lack of diagnostic
markers, and often asymptomatic nature of the lesions. Methods: We performed detailed examination of 11 CAPNON specimens
diagnosed by histopathology, with the help of electron microscopy and immunohistochemistry. Results: Electron microscopy revealed
the presence of fibrillary materials consistent with neurofilaments. In addition to some entrapped axons at the periphery of CAPNONs, we
discovered that all specimens stained positive for neurofilament-light (NF-L) within the granular amorphous cores, but not neurofilament-
phosphorylated (NF-p). CAPNONs also showed variable infiltration of CD8+ T-cells and a decreased ratio of CD4/CD8+ T-cells,
suggesting an immune-mediated process in the pathogenesis of CAPNON. Conclusion: NF-L and CD4/CD8 immunostains may serve as
diagnostic markers for CAPNON and shed light on its pathogenesis.

RÉSUMÉ : Recourir à des marqueurs immunohistochimiques pour le diagnostic de pseudo-tumeurs calcifiantes du névraxe. Contexte : Les
pseudo-tumeurs calcifiantes du névraxe (PTCN) sont des lésions rares ressemblant à des tumeurs dont la pathogénèse reste inconnue. On a probablement
tendance à moins les signaler en raison d’écueils diagnostiques, par exemple des caractéristiques radiographiques non-spécifiques, un manque de
marqueurs diagnostiques et la nature fréquemment asymptomatique de ces lésions. Méthodes : C’est à l’occasion d’un examen histopathologique, plus
précisément au moyen de la microscopie électronique et de marqueurs immunohistochimiques, que nous avons effectué une analyse approfondie de 11
échantillons de PTCN. Résultats : La microscopie électronique a révélé la présence de matériaux fibrillaires (fibrillary materials) compatibles avec des
neurofilaments. Outre certains axones piégés à la périphérie des PTCN, nous avons découvert que tous les échantillons, une fois soumis à la lumière de
neurofilament, se sont déclarés positifs à l’intérieur de noyaux amorphes granulaires, ce qui n’a pas été le cas avec des neurofilaments phosphorylés. Les
PTCN ont également donné à voir des infiltrations variables de lymphocytes T cytotoxiques possédant la protéine CD8 (CD8 + T-cells) et une diminution
du ratio de lymphocytes T cytotoxiques possédant les protéines CD4 et CD8, ce qui suggère un processus d’origine immunitaire dans la pathogénèse des
PTCN. Conclusion : L’immunocoloration des neurofilaments et des lymphocytes T cytotoxiques possédant les protéines CD4 et CD8 pourrait servir de
marqueurs diagnostiques pour les PTCN et permettre ainsi de faire la lumière sur leur pathogénèse.
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INTRODUCTION

Calcifying pseudoneoplasm of the neuraxis (CAPNON) is
thought to be a rare tumor-like lesion that can occur anywhere
in the neuraxis, including the brain, spinal cord, meninges, and
their adjacent tissue. Since CAPNON was first characteristi-
cally described in 1978,1 more than 100 cases have been

reported in the literature.2–4 However, its prevalence is likely
underestimated, since CAPNONs could be an incidental find-
ing in asymptomatic patients.4 In addition, its radiological
features are nonspecific.3–8 CAPNON is diagnosed exclusively
by pathological examination in the form of a fibro-osseous
lesion with the following histopathological features: granular
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amorphous confluent cores with calcification/ossification,
peripheral palisading spindle to epithelioid cells, variable fibrous
stroma, and foreign-body reaction with multinucleated giant
cells.3–6,9,10 However, these histopathological features are
variable and nonspecific as they may overlap with some other
disease entities.3–11 Although a few immunohistochemical
stains have been described in some studies,3,4 none of them
is diagnostic or characteristic of CAPNONs.

The pathogenesis of CAPNON also remains unknown.
Several hypotheses have been proposed, including a reactive
process,2–6 degenerative process,10 metabolic dysfunction,11 meta-
plastic transformation,12 and neoplasm.1 The hypothesis of a
reactive process associated with inflammation and/or injury has
been favored,3,4 but there are no observational studies to support
it. The most distinguishing feature of CAPNON is its granular
amorphous cores that represent varying degrees of calcification/
ossification over time. It is unclear what constitutes these cores.
Also, it is unclear why CAPNON is located specifically in the
“neuraxis” despite its predominantly mesenchymal features. The
objectives of our present study were to answer these questions
and identify immunohistochemical markers that could be used to
diagnose CAPNON and examine its pathogenesis.

MATERIALS AND METHODS

Participants

Ethics approval was granted by the Hamilton Integrated
Research Ethics Board. All participants gave informed consent
for the research project. We retrospectively examined CAPNON
specimens of 11 patients (median age: 60 years; 7 women, 4 men)
who were diagnosed in the last 15 years from the hospitals of
McMaster University (Hamilton, Ontario, Canada), University of
Montreal (Montreal, Quebec, Canada), and Western University
(London, Ontario, Canada). The diagnosis of CAPNONs was
made by pathological examination revealing the characteristic
histopathological features (described in Introduction) and exclud-
ing other disease entities by histopathology and immunohis-
tochemistry (IHC).3,4,6,7

For comparison, we also examined the specimens of the
following groups: intervertebral disc disease from 7 patients
(median age: 68 years; 4 women, 3 men), hippocampal sclero-
sis (International League Against Epilepsy or ILAE type 1)
from 16 patients (median age: 28 years; 4 women, 12 men), and
null-cell pituitary adenoma (a neuroendocrine tumor) from 8
patients (median age: 62.5 years; 6 women, 2 men). These
comparison groups were chosen, because the tissue of
intervertebral disc disease and CAPNON shared some similar
histological features such as calcification/ossification;
CAPNONs contained inflammatory cell infiltrates, reminiscent
of the immune cell infiltrates in hippocampal sclerosis the
pathogenesis of which may involve an autoimmune process13;
null-cell pituitary adenomas also contained immune cell infil-
trates,14 and possibly as well neurofilaments that were found in
some other neuroendocrine tumors, which were described and
discussed later in this study.

Histopathology and Immuno Histochemistry

The surgical resection or biopsy specimens were formalin
fixed, routinely processed, paraffin-embedded, sectioned at

5 μm, and stained with hematoxylin and eosin (H&E) and by
IHC. The H&E-stained slides were examined for histopatho-
logical features. Automated IHC was performed on tissue
sections using the Dako Autostainer Link 48 and visualized
with the Dako Envision Flex kit detection system (Dako,
Carpinteria, CA, USA). Antibodies to the following were
used: Neurofilament-light (NF-L; 2F11, Dako), Neurofila-
ment-phosphorylated (NF-p; SMI 31, Covance, Berkeley,
CA, USA), CD68 (KP1, Dako), CD8 (C8/144B, Dako), CD4
(4B12, Dako), glial fibrillary acidic protein (Z0334, Dako),
Vimentin (V9, Dako), Desmin (D33, Dako), epithelial mem-
brane antigen (E29, Dako), and synaptophysin (27G12,
Leica). The antibodies listed here were only those immunos-
tains described later in this study, while a few other immu-
nostains and histological stains were also performed for the
diagnosis of CAPNON in most cases.3,4

Electron Microscopy

In three selected cases of CAPNONs, a small portion of the
tissue was fixed in 2% glutaraldehyde, postfixed in 1% osmium
tetroxide, dehydrated, and embedded in resin. Ultrathin sec-
tions were stained with uranyl acetate followed by lead citrate
and examined with JEOL 1230 Transmission electron micro-
scope (EM).

Immuno Histochemical Assessment

Immunohistochemical features of each case/section were
reviewed and assessed. The positivity of NF-L and NF-p was
scored using the following scheme: -, absent (except linear
positivity of entrapped axons); +, <10%; ++, 10%–50%; +++,
> 50% within the lesion cores. This IHC was not assessed in the
control group of hippocampal sclerosis, ILAE type 1 or the control
group of null-cell pituitary adenoma, due to the innate neurofilament
(NF) positivity in the brain and posterior pituitary.13,14 The numbers
of CD8+ cytotoxic T-cells and CD4+ T-cells were consistently
counted in microscopic high-power fields (HPF, original magnifica-
tion × 400), and the values represented sums of 10 consecutive
HPFs in an area with the most frequent positive cells.

Statistical Analysis

Nonparametric statistical analysis was performed using
GraphPad Prism 8 software. The 2-tailed Mann–Whitney U-test
was used for comparisons between the groups of CAPNONs and
one of the other diseases. P values < 0.05 were regarded as being
statistically significant.

RESULTS

All 11 CAPNONs exhibited the characteristic histopatholog-
ical features (described in Introduction) that were diagnostic of
CAPNON (Figures 1A–C, and 2A). The clinical and pathological
characteristics of these patients were summarized in Table 1.

Ultrastructural Features of CAPNON

EM in three representative cases (Cases 1, 2, and 6 in Table 1)
revealed that the CAPNON cores contained fibrillary materials,
mostly ranging from 8 to 13 nm in diameter with the average of
about 10 nm (Figure 1D), morphologically consistent with NFs.
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Neurofilament Positivity in CAPNON

To investigate the EM finding of fibrillary materials, we
performed IHC with NF and other antibodies. NF-L was positive
in the cores of all 11 CAPNON cases (Figures 1E, and 2A;
Table 1); in comparison, no NF-L positivity was found in seven
cases of intervertebral disc disease tissues (Table 1; Figure 2D).
To further delineate the NF subunit in CAPNONs, we also
examined NF-p IHC in four representative cases (Table 1). There
was no NF-p positivity in the CAPNON cores, but the periphery
of CAPNON lesions exhibited occasional NF-p+ and NF-L+
entrapped axons (Figure 1G versus 1F). The CAPNON cores
stained negative for the other intermediate filaments, including
glial fibrillary acidic protein, vimentin, desmin, and synaptophysin
(not shown) in several representative cases. Epithelial membrane
antigen immunostaining was limited at the periphery (likely due to
the leptomeningeal involvement) or completely negative in these
CAPNONs, consistent with our previous reviews.3,4

T-cell Infiltrates in CAPNON

Given the reported autoimmunity to NF-L15,16 and comor-
bidity of CAPNON and immune-mediated diseases in at least

two patients of this series (Cases 6 and 7 in Table 1), we further
examined immune cell infiltrates in 11 cases of CAPNONs. All
CAPNONs showed some CD68+ macrophages, and variable
infiltration of CD8+ cytotoxic T-cells with rare to no CD4+ T-cells
(Figures 1H–J, 2A–C, and 3).

The amount of CD4+/CD8+ T-cells within CAPNONs was
quantified and compared to that of intervertebral disc, hippocam-
pal sclerosis ILAE type 1, and null-cell pituitary adenoma. The
infiltration of CD8+ T-cells was significantly greater in the group
of 11 CAPNONs than that of 7 intervertebral disc disease tissues
(p< 0.0001; Figure 2D versus 2A, and 2F versus 2C), and that of
8 null-cell pituitary adenomas (p= 0.0002; Figure 2J versus 2A,
and 2L versus 2C), but not significantly different from that of
16 intra-axial lesions of hippocampal sclerosis ILAE type 1
(p= 0.05; Figure 2G versus 2A, and 2I versus 2C). There was
no significant difference (p > 0.05) in the infiltration of CD4+
T-cells between the groups of CAPNONs and any one of the
other diseases (Figure 2E, H, K versus 2B). While the ratio of
CD4+/CD8+ T-cells is normally greater than 1.5 in the blood17

and higher in the brain tissue,18 this ratio in the group of
CAPNONs (median: 0.066) was significantly lower than that in
the group of null-cell pituitary adenomas (median: 3.214;

Figure 1: CAPNON magnetic resonance imaging and pathology. Head T1-weighted image with
contrast shows a hypointense, focally calcified, enhancing lesion in the right cerebellopontine angle
(A). The lesion exhibits amorphous to fibrillary cores, peripheral palisading cells, calcification/
ossification (B), and multinucleated giant cells (C, arrows). Electron microscopy reveals the lesion
cores containing fibrillary materials consistent with neurofilaments (D). The lesion cores demon-
strate positive neurofilament-light (NF-L) immunostaining (E, F, with an inset of higher magnifi-
cation) and negative neurofilament-phosphorylated (NF-p) immunostaining except occasional
peripherally-located entrapped axons (G, arrows, versus F, arrows). The lesion contains focally
scattered CD68+ macrophages (H), rare CD4+ T-cells (I), and focally frequent CD8+ T-cells (J).
Original magnification, ×100 (B), ×200 (C, E, H–J), ×400 (F, G), and ×50,000 (D).
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p< 0.0001), but not significantly different from that in the group
of hippocampal sclerosis ILAE type 1 (median: 0.085; p= 0.584;
Figure 3). This suggests that CAPNON, like hippocampal
sclerosis ILAE type 1, may be an immune-mediated process.13

DISCUSSION

Our present work is one of the largest CAPNON case series
published to date, and the first case–control/observational study
to examine biomarkers in the diagnosis and pathogenesis of
CAPNON. This study provides several novel observations, in-
cluding the aggregation of NF-L in the CAPNON granular
amorphous cores, entrapment of the axons at the CAPNON
periphery, and the infiltration of CD8+ cytotoxic T-cells with
a decreased ratio of CD4/CD8+ T-cells in CAPNONs. Our
findings suggest that IHC of NF-L and CD4/CD8+ may serve
as the markers to diagnose CAPNON in clinical/pathological
practice and investigate the pathogenesis of CAPNON.

NF is a neuronal cytoplasmic protein highly expressed in
axons, where they contribute to the cytoskeleton and facilitate

axonal transport.15,16,19,20 Mammalian NF is composed of
three major subunits based on their molecular weight: NF-light
(NF-L, ∼70 kDa), medium (NF-M, ∼160 kDa), and heavy (NF-H,
∼200 kDa, or NF-p). The levels of NF-L increase in cerebro-
spinal fluid and blood proportionally to the degree of axonal
damage in a variety of neurological disorders, including
inflammatory, neurodegenerative, traumatic, and cerebrovas-
cular diseases. Therefore, NF-L has been considered as a
promising diagnostic and prognostic biomarker of axonal
damage in these neurological diseases.19,20 NF-L corresponds
to the IHC 2F11 antibody, directed against ~70 kDa pro-
tein.21,22 In our present study, the finding of NF-L (rather
than NF-p) in all CAPNON cores indicates that CAPNONs
contain NF-L, and suggests that IHC with NF-L can aid the
diagnosis of CAPNONs, along with histological examination.

The IHC positivity of NF-L is also seen in neuroendocrine
tumors in a few sites including cutaneous tissue, gastrointestinal
tract, breast, lung, and mediastinum,23–25 as well as the testis and
testicular germ-cell tumors.22 The presence of NF-L in the testis
and testicular germ-cell tumors has been attributed to the

Figure 2: T-cells in CAPNON and other diseases. CAPNON (A) with positive neurofilament-
light immunostaining (inset in A) shows no to rare CD4+ T-cells (B) and focally frequent CD8+
T-cells (C). IVDT (D) with negative neurofilament-light immunostaining (inset in D) exhibits rare
CD4+ T-cells (E) and no CD8+ T-cells (F). HS-I (G) with Neu-N immunostain demonstrating
neuronal loss in the hippocampus CA1 subfield (arrows; inset in G) demonstrates rare CD4+
T-cells (H) and focally frequent CD8+ T-cells (I). PA-N (J) shows rare CD4+ T-cells (K) and
CD8+ T-cells (L). Original magnification, ×15 (G), ×100 (D), ×200 (A), and ×400 (B, C, E, F,
H, I, J–L). CAPNON, calcifying pseudoneoplasm of the neuraxis; HS-I, hippocampal sclerosis
ILAE type 1; IVDT, intervertebral disc disease tissue; PA-N, null-cell pituitary adenoma.
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Table 1: Clinical and pathological characteristics of participants

Case
Age (yrs),

Sex
Clinical presentation History/ Comorbidity Location Imaging

Surgery/
Treatment

Pathology
Diagnosis

IHC NF-L IHC NF-p Follow-up

1 57, M Hoarseness, dysphagia,
Ataxia × 2 mos

Diffuse right mastoid
effusion

Right cerebello
pontine
angle

CT: heavily calcified lesion; MRI; a
3.5 × 2.1 × 2.0 cm lesion,
hypointense on T1WI, isointense
on T2WI, with avid contrast
enhancement

STR CAPNON +++ - Stable at 15 mos

2 70, M Headache, cognitive
Impairment × 4 yrs

Remote West Nile virus
encephalitis, seizures,
hypertension, obstructive
sleep apnea

Right anterior skull
base

CT: a 2.4 × 2.6 × 1.8 cm well-
circumscribed, lobulated, densely
calcified lesion; MRI: hypointense
on both T1WI and T2WI, with
patchy central T2 hyperintensity,
and peripheral contrast
enhancement

Near-total
resection

CAPNON +++ - No lesion
progression on
imaging at 7 yrs;
progressive global
neurological
decline, but
without focal
neurologic deficits

3 64, F Incidental finding at surgery
for other medical
conditions

Ruptured aneurysm with
recurrent subarachnoid
hemorrhage and
intraventricular
hemorrhage,
hypothyroidism

Inner aspect of the
dura covering the
right cerebrum,
numerous
nodules

CT: calcified nodules; 2–4 mm in
maximal dimension; MRI:
centrally hypointense and
peripherally hyperintense on
T2WI

GTA CAPNON ++ ND No recurrence of
resected lesion at
2 mos; stable other
lesions

4 64, F Left-sided neck
pain × 2 yrs, following a
fall and C2-C5 fracture

Arthritis, cervical cancer C2-4 epidural CT+MRI: destructive expansile and
sclerotic lesion with a cystic area,
calcification, and heterogeneous
contrast enhancement

Resection, not
specified

CAPNON +++ ND Stable at 2 yrs,
despite another
operation of C2-C5
posterior
instrumented
fusion and
resection of lateral
mass at 14 mos

5 60, M Progressive cervical
myelopathy × 3 weeks to
few mos

Hypertension, cataract
extraction, kidney stone
removal

C7 epidural MRI: a large compressive lesion,
measuring 13.9 × 9.5 × 6.18 mm,
isointense on T1WI and T2WI;
another hypointense, calcified
mass, measuring
17.3 × 10.9 × 8.5 mm

Resection, not
specified

CAPNON +++ ND Stable at 7 mos;
improved
myelopathy

6 51, F Lower back pain × 2 yrs Systemic lupus
erythematous, end-stage
renal disease on dialysis,
scleroderma with
associated interstitial lung
disease, hypertension,
glomerulonepharitis,
anemia

L3-4 epidural to
paraspinal

MRI: midline mass,
5.9 × 3.6 × 5 cm, centered in the
deep subcutaneous tissue/fascia at
L3-L4, with extensive
calcification, and invasion into the
spinous process at the level of L3
and left paravertebral muscle

Biopsy CAPNON +++ ND Stable at 2 mos

7 64, F left lower back pain × 6
mos

Autoimmune hepatitis,
type 2 diabetes mellitus,
hypertension,
osteoporosis

L5-S1 epidural CT: a lobulated, calcified mass,
3.8 × 1.3 × 2.2 cm, along the left
side of the L5-S1 spinal canal.
MRI: signal void on T2WI, and
hypointense
on T1WI

Resection, not
specified

CAPNON ++ - Complete resolution
of neurologic
symptoms, and
MRI showing no
recurrence at 6 mos
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Table 1. Continued

Case
Age (yrs),

Sex
Clinical presentation History/ Comorbidity Location Imaging

Surgery/
Treatment

Pathology
Diagnosis

IHC NF-L IHC NF-p Follow-up

8 42, M Episodes of right lower
limb weakness and right
leg clonus × 1 yr;
constant vertex
headache × 2 mos

Agenesis of corpus
callosum on imaging

Cingulate gyri and
corpus callosum

MRI: large midline fronto-parietal
heavily calcified heterogenous
lesion with cystic and fat
components with contrast
enhanced areas; hyperintensity on
T2WI and FLAIR of the right and
left fronto-parietal surrounding
white matter suggestive of gliosis
or vasogenic edema

Partial
resection

CAPNON +++ ND Partial seizures 1 yr
later; gradual slow
cognitive
deterioration at
10 yrs

9 56, F Simple partial seizure of left
upper limb × 1 mo; mild
weakness of left upper
limb

Not documented Right fronto-
parietal lobe

MRI: 2 cm fronto-parietal calcified
lesion, hypointense on T1WI and
T2WI, with contrast enhancement;
hyperintense on T2WI of the
surrounding white matter
suggestive of vasogenic edema

Partial
resection

CAPNON +++ ND No weakness at 1 yr;
no lesion
recurrence at 2 yrs

10 48, F Worsening headache × yrs,
especially right frontal
region

Migraines × yrs Right frontal lobe MRI: 9 × 10 mm right frontal
subcortical, centrally calcified
lesion with peripheral contrast
enhancement; hyperintensity on
T2WI of the surrounding tissue
extending to the frontal horn
suggestive of vasogenic edema;
mild increase in size from 6.5 mm
to 10 mm in 2 yrs

Partial
resection

CAPNON ++ ND No post-operative
deficit; no lesion
recurrence at 8 yrs

11 70, F Migraines × yrs Two motor vehicles
accidents 28 yrs and 6 yrs
earlier, with no
recognized crainocerebral
injury on either occasion

Right frontal lobe MRI: a heterogeneous intra-axial
mass with central cystic areas,
hypointensities on T1WI and
T2WI, central calcification,
peri-lesional edema, intense
heterogeneous ring and intra-
lesional contrast enhancement;
3 × 2 × 2 cm at operation

Resection, not
specified

CAPNON +++ - Stable at 2 yrs

12–19 Age: range, 53–75 yrs; median, 68 yrs; 4 F, and 3 M IVDT - ND

20–35 Age: range, 4–59 yrs; median, 28 yrs; 4 F, and 12 M (Reference, 13) HS-I N/A N/A

36–43 Age: range, 34–77 yrs; median, 62.5 yrs; 6 F, and 2 M (Reference, 14) PA-N N/A N/A

Abbreviations: CAPNON, Calcifying pseudoneoplasm of the neuraxis; CT, computed tomography; F, female; HS-I, hippocampal sclerosis, type I; GTR, gross total resection; IHC,
immunohistochemistry; IVDT, intervertebral disc disease tissue; M, male; mos, months; MRI, magnetic resonance imaging; ND, not done; N/A, not applicable; PA-N, pituitary adenomas,
null cell; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging; yrs, years.
IHC NF-L/NF-p: -, absent (except linear positivity of peripherally-located entrapped axons); +, < 10%; ++, 10–50%; +++, > 50% of the lesion cores.

T
H
E
C
A
N
A
D
IA

N
JO

U
R
N
A
L
O
F
N
E
U
R
O
L
O
G
IC
A
L
S
C
IE
N
C
E
S

264

https://doi.org/10.1017/cjn.2020.175 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/cjn.2020.175


involvement of neural tissue.22 Our present study has identified
NF-L+ (and NF-p+) entrapped axons at the periphery of CAP-
NONs, in addition to the aggregation of NF-L in the CAPNON
cores, which supports the involvement of neural tissue in the
formation of CAPNONs. In the neuraxis, CAPNONs can occur
either in the central nervous system (intra-axial, brain, or spinal
cord parenchymal tissue) or peripheral nervous system (extra-
axial, nerves), and their occurrence may be associated with
preferential entrapment of the adjacent neural tissue that is
presumably the source of NF-L in CAPNONs. In extra-axial
CAPNONs, there are NF-L debris and fragmented axons that may
be identified at the lesion periphery (as demonstrated in
Figure 1F). The CAPNON cores could be formed with the
aggregation of tissue debris containing NF-L from the damaged
axons, which then calcify or ossify over time; and the surround-
ing tissue components of CAPNONs are likely reactive in nature.
This hypothesis of CAPNON formation due to axonal entrapment
from the adjacent neural tissue may explain the specific location
of “neuraxis” for CAPNON.

The clinical manifestations of CAPNONs may be highly
variable, ranging from a subclinical lesion found incidentally
on pathological examination to marked tumor-like mass effect,
mainly depending on the lesion location, size, and comorbidity
(Table 1).1–9 Intracranial CAPNONs most commonly manifest
with headaches and/or seizures (in approximately 1/3 of the
cases) due to the localized mass effect.2 Incidental CAPNONs
are not very uncommon, especially when they occur in associa-
tion with other lesions including tumors.1,4 CAPNONs have been
also occasionally reported in collision with tumors such as
dysembryoplastic neuroepithelial tumor, low-grade gliomas,
meningioma, and lipomas, as well as rheumatoid nodules.28 In
these cases of CAPNONs with coexisting or collision lesions,
the presentation of CAPNONs may be overwhelmed by that of
the other lesions.

Although the pathogenesis of CAPNON needs further inves-
tigation, we propose an autoimmune-mediated process in the

pathogenesis of CAPNONs, based on the following observations:
(i) our findings of CD8+ cytotoxic T-cell infiltration with a
decreased ratio of CD4/CD8+ T-cells;17,18 (ii) no difference in
the infiltration of CD8+ cytotoxic T-cells or the CD4/CD8+ ratio
between the specimens of CAPNONs and hippocampal sclerosis
ILAE type 1, likely an autoimmune process13; (iii) CAPNONs
containing NF-L, an autoimmune target identified in several
neurological diseases, and the aggregation of NF-L likely asso-
ciated with an autoimmune process in CAPNONs.15,16 A recent
case report showed a high ratio of infiltrating M2 (CD163+,
alternatively activated)/M1 (CD68+/IBA1+, classically activat-
ed) macrophages and a high uptake of 11C-methionine positron
emission tomography in an intra-axial CAPNON associated with
an adjacent lipoma and agenesis of the corpus callosum, sup-
portive of an activated immune response.26 We also reported a
similar case (case 8 in Table 1) with immune cell infiltrates and
inflammatory response.27 Another recent case report from our
team demonstrated collision lesions of CAPNON and rheumatoid
nodules in a patient with systemic lupus erythematous (an
autoimmune disease; case 6 in Table 1) as well as transitional
lesions from rheumatoid nodules to CAPNON lesions.28 These
case reports further support our hypothesis of an immune-medi-
ated process in CAPNONs.

The limitations of our present study include the lack of
molecular studies such as the western blotting to confirm the
presence of NF-L corresponding to IHC in CAPNONs. As the
preoperative diagnosis of CAPNONs was challenging, no fresh
or frozen tissue had been collected from our cases of CAPNONs.
Nevertheless, IHC positivity of NF-L can help with the diagnosis
of CAPNON. Another limitation is the relatively small number of
cases presented here partially due to the rarity and diagnostic
challenges of CAPNONs. Future studies in a larger number of
cases may be needed to verify our present findings in this study.

CONCLUSION

The expression of NF-L and a decreased ratio of CD4/CD8+
T-cells can aid the diagnosis of CAPNON. We propose that the
pathogenesis of CAPNON is likely immune-mediated, with the
aggregation of NF-L and immune cell infiltrates. Since both NF
and T-cells have been considered for the therapeutic tar-
gets,19,20,29 these immunohistochemical markers may not only
be diagnostic but also potentially therapeutic.
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Figure 3: T-cells in CAPNON compared with other diseases. CAPNONs
(n= 11) show significantly more CD8+ T-cells with less CD4+ T-cells
and a decreased CD4/CD8+ ratio, compared with IVDT (intervertebral
disc disease tissue; n= 7), HS-I (hippocampal sclerosis, ILAE type 1;
n= 16) and PA-N (null-cell pituitary adenoma; n= 8). In the box graphs,
values represent the median and 25/75 percentile, with the horizontal
lines inside each box indicating the median and whiskers demonstrating
5/95 percentile, from the patients in each group. ***, p< 0.001 (versus
CAPNONs) by the 2-tailed Mann–Whitney U-test; ns, not significant
(versus CAPNONs); n/a, not applicable (because of 0 in some IVDT
cases).
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