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Simple Summary: Many studies have analyzed the relationship between the different subtypes
of canine meningiomas and prognostic immunohistochemical markers. However, the expression
of tenascin-C (TN-C), an extracellular matrix glycoprotein, in canine meningiomas has not been
performed. Twenty-one cases of canine meningioma were analyzed. The immunoreactivity of TN-C
was mild in grade I, moderate in grade II, and moderate to severe in grade III neoplasms. Immune
positivity was observed in the stroma and perivascular space in all subtypes. In addition, the con-
centric whorls of neoplastic cells were labeled positive in some psammomatous and transitional
meningiomas. The reaction to TN-C was more significant in grade II and III tumors. The immunohis-
tochemical findings of the current study suggest that TN-C can act as a stromal marker, mainly in
grade II or III meningiomas.

Abstract: In humans, tenascin-C (TN-C) expression has been detected in more aggressive neoplasms
of the central nervous system, such as gliomas and meningiomas. No study has analyzed the
immune expression of TN-C in canine meningioma. The current study aimed to investigate the
immunohistochemical distribution of TN-C in different grades of canine meningiomas. Twenty-one
cases of canine meningioma (12 grade I, 6 grade II, and 3 grade III) were analyzed. All samples
were examined by immunohistochemistry with the following antibodies: TN-C, epithelial membrane
antigen (EMA), Ki-67, pan-cytokeratin (Pan CK), and vimentin. The histopathological diagnosis of
meningioma was reinforced with the positive labeling of vimentin (moderate to strong) and EMA
(mild to moderate) in neoplastic cells in most cases, independently of its grade or subtype. The
immunoreactivity of TN-C was irregular: mild in grade I, moderate in grade II, and moderate to severe
in grade III neoplasms. Usually, immune positivity was observed in the stroma and perivascular
space in all subtypes. In addition, the concentric whorls of neoplastic cells were labeled positive in
some psammomatous and transitional meningiomas. The reaction to TN-C was more significant in
grade II and III tumors. The immunohistochemical findings of the current study suggest that TN-C
can act as a stromal marker, mainly in grade II or III meningiomas.
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1. Introduction

Meningioma is the most commonly diagnosed neoplasm affecting the central nervous
system of dogs [1–4]. It arises from meningothelial cells of the arachnoid layer. This
tumor presents a great diversity of histologic patterns due to a double contribution of
mesodermal and ectodermal neural crest components to developing the leptomeninges [5].
Approximately 82% of meningiomas have an intracranial location, 15% intraspinal, and 2–
3% retrobulbar [1,3,6]. The olfactory bulb and frontal cortex are regions commonly affected
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by this neoplasm, but it can occur anywhere of leptomeninges [1]. In addition, there are
descriptions of paranasal meningiomas affecting dogs [7]. Clinical signs are variable accord-
ing to anatomical localization of the neoplasm and the compressed region of the nervous
system and include conscience changes, seizures, and vestibular dysfunctions [8,9]. Grossly,
meningiomas consist of well-demarcated, usually lobulated, firm nodules or masses that
compress or infiltrate adjacent nervous tissue. Histologically, canine meningioma shows
morphological similarities with its human counterparts. Thus, meningiomas are classified
into grade I, II (atypical), and III (malignant) [1,10].

Although this neoplasm is commonly diagnosed and studied in humans and animals,
many pathogenic details and biological behavior still need better clarification. The knowl-
edge of the responsible mechanisms for the progression of intracranial meningiomas is an
important prerequisite for the development of effective therapeutic strategies, as well as
for estimates of the survival and prognosis of affected animals. Numerous studies have
been performed in recent decades to analyze the relationship between the different gradu-
ations of meningiomas and prognostic immunohistochemical markers [1]. For example,
the proliferative activity by Ki-67 or PCNA has been evaluated in some studies [11–13],
as well as the expression of hormonal receptors, such as progesterone (PR) and estrogen
(ER) receptors [11,14], of growth factors as VEGF [15], enzymes as COX-2 [4,16], and of
telomerase and metalloproteinase activities [12,17].

Tenascin-C (TN-C) is an extracellular matrix (ECM) hexameric glycoprotein composed
of six similar subunits [18]. TN-C is more abundantly present in embryonic tissues, like the
fetal meninges. It decreases in the adult normal tissues but can increase during pathologic
situations, such as wound healing and progression of tumors [19,20]. It is involved in
physiological processes such as cell adhesion, proliferation and migration, embryogenesis
and organogenesis of many organs, wound healing, and also in pathological situations,
as in many neoplasms [18,21]. ECM proteins can act as a substrate for the motility and
attachment of neoplastic cells [22]. In humans, the expression of TN-C has been associated
with the malignancy of brain glial tumors, such as high-grade astrocytomas [23–25]. In this
way, previous studies confirm the positive effect of treatment with radiolabeled monoclonal
anti-TN-C antibodies [26,27]. A recent investigation also demonstrated a positive relation
between human malignant meningiomas and expression of TN-C [28]. Although many
studies have analyzed the distribution of different proteins, growth factors, and enzymes
in canine meningiomas, there is no research detailing the immunohistochemical pattern
of TN-C in this important neoplasm in dogs. The current study aimed to investigate the
immunohistochemical distribution of TN-C in different grades of canine meningiomas.

2. Materials and Methods

Twenty-one cases of canine meningioma diagnosed by Unitat de Patologia Murina i
Comparada (UPMiC) of Universitat Autònoma de Barcelona, Spain, between 2011 and 2020
were analyzed and included in this study. Samples obtained in necropsies and surgical
biopsies were included. All cases were evaluated and classified by two neuropathologists
(MP and FJFS; MP is board-certified by European College of Veterinary Pathology [ECVP]),
according to the WHO’s domestic animal classification [1,10]. All samples were fixed in
10% buffered formalin, processed routinely, and stained with hematoxylin and eosin (HE).
In addition, clinical data of each dog, such as sex, breed, age, and anatomical location of
the neoplasm, were obtained.

Additional slides were submitted to immunohistochemistry (IHC) using a biotin–
peroxidase system and diaminobenzidine as the chromogen. Antigen retrieval was per-
formed with citrate buffer pH 6.0 for 50 min. The slides were incubated in a solution
of H2O2 (3%) in distilled water for 30 min to block the endogenous peroxidase activity.
The reagents were applied manually, with an overnight incubation at 4 ◦C for the mon-
oclonal primary antibodies and a 40 min incubation for the secondary antibodies (Dako,
Glostrup, Denmark). The diaminobenzidine chromogen (Dako, Glostrup, Denmark) was
applied for 10 min. The IHC antibody panel is described in Table 1. The IHC sections
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were counterstained using Harris hematoxylin. A sample of the canine normal mammary
gland and small intestine was used as the positive control to TN-C and Ki-67, respectively,
whereas the skin was used as the control to Pan CK and vimentin. A sample of a canine
pulmonary adenocarcinoma was used as a positive control of EMA. For the negative control,
an isotype-specific immunoglobulin was used as a substitute for the primary antibody. All
IHC protocols were performed on the same day in all cases.

Table 1. Panel of the antibodies used in the current study.

Antibody Clone Manufacter Dilution

Tenascin-C 4F10TT IBL, Fujioka, Japan 1:100

EMA E29 Dako, Glostrup, Denmark 1:40

Ki-67 B56 BD Pharmingen, Franklin Lakes, NJ, USA 1:100

Pan CK MNF116 Dako, Glostrup, Denmark 1:100

Vimentin V9 Dako, Glostrup, Denmark 1:200

The pattern of the immunohistochemical reaction was graded using a semiquantitative
score for the intensity of immunostaining and location of deposits. All samples were
evaluated under 20× power magnification (Microscope Nikon, model Eclipse E200 MV
R); the deposition of TN-C was graded as follows: score -, no staining; score +, mild
(pale immune positivity affecting less than 5% of neoplastic cells area) staining; score ++,
moderate (evident immune affecting 5.1–30% of neoplastic cells area) staining; and score
+++, severe (strong immune positivity affecting more than 30% of neoplastic cells area)
staining. For the other antibodies (EMA, Ki-67, Pan CK, and vimentin), the number of
immunolabeled cells was scored based on another study [2]. The images were captured
using the NDP.View 2.7.43 software (Hamamatsu Protonics K.K., Shizuoka, Japan)

3. Results

Fourteen meningiomas were diagnosed in males and seven in female dogs (Table 2).
Mixed breed dogs were the most affected (5/12), followed by the other twelve breeds show-
ing similar distribution. Most cases affected the brain (18/21), and pulmonary metastasis
was confirmed only in one case. Adult dogs were predominantly injured, with a median
age of 9.75 years.

Table 2. Clinical data, anatomical sites, and immunohistochemical pattern in 21 cases of canine
meningioma.

Case Classification Age
(Years) Breed Sex Location TN-C EMA Ki-67 PanCK Vimentin

1 Meningothelial—I 8 Maltese M B + +++ + + +++

2 Meningothelial—I 11 West Highland
White Terrier F B + + ++ - +++

3 Meningothelial—I 10 Mixed breed M B + +++ ++ + +++

4 Transitional—I 3 Maltese M SC + +++ + - +++

5 Transitional—I 11 Belgian
Shepherd F B + +++ + - +++

6 Psammomatous–I 11 Cocker Spaniel F B + +++ + - +++

7 Psammomatous–I 7 German
Shepherd F B - +++ + - +++

8 Psammomatous–I 7 Mixed breed M B + +++ + - +++

9 Fibrous—I 14 Poodle F B + +++ + - +++

10 Microcystic—I 9 Mixed breed F SC + + + - +
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Table 2. Cont.

Case Classification Age
(Years) Breed Sex Location TN-C EMA Ki-67 PanCK Vimentin

11 Microcystic—I 6 Rhodesian
Ridgeback M SC + +++ ++ + ++

12 Microcystic—I 10 Golden
Retriever M B + +++ + + ++

13 Atypical—II 8 German
Shepherd M SC ++ +++ + - +++

14 Atypical—II 12 Miniature
Schnauzer M B ++ +++ ++ - +++

15 Atypical—II n.i. Mixed breed F B + +++ + + +++

16 Atypical—II 12 Golden
Retriever M B ++ +++ + - +++

17 Atypical—II 12 Boxer M B - +++ + - +++

18 Atypical—II 11 Golden
Retriever M B ++ + +++ - ++

19 Papillary—III 8 Mixed breed M B ++ +++ + - +++

20 Papillary—III 12 Labrador
Retriever M B ++ +++ +++ + +++

21 Papillary—III 13 Spanish Breton M B, L +++ +++ ++ - +

M—male, F—female, TN-C—tenascin C, EMA—epithelial membrane antigen, Pan CK—pan cytokeratin, SC—
spinal cord, B—brain, L—lung.

Seven different types and subtypes of meningioma were evaluated in this study:
12 grade I (3 meningothelial, 2 transitional, 3 psammomatous, 1 fibrous, and 3 microcystic),
6 grade II (atypical), and 3 grade III (papillary) (Table 2).

The immunohistochemical pattern of TN-C was irregular with mild reaction (+) in
grade I (Figure 1A–D), predominantly moderate (++) in grade II, and moderate to severe
(++–+++) in grade III neoplasms (Figure 2A–D). Usually, immune positivity was observed
mainly in the stroma (extracellular space) and perivascular spaces in all grades and sub-
types. In addition, the concentric whorls of neoplastic cells were labeled clearly positive in
a few psammomatous (Figure 1A) and transitional meningiomas (Figure 1B). In grade I
cases, the neoplastic cell areas were rarely immunolabeled to TN-C, with the exception of
one fibrous subtype that presented score II of stromal and cellular reactivity. The reaction
to TN-C was more significant in grade II and III tumors, mainly in the stroma, perivascular
spaces, and necrotic areas (Figure 2A–D). Due to the abnormally high expression of TN-C
observed in one case initially morphologically classified as a fibrous meningioma, this case
was considered a grade II atypical meningioma (Figure 2A).

Histopathological diagnosis of meningioma was reinforced with the immune positivity
to vimentin (moderate to strong) and EMA (mild to moderate) in neoplastic cells in most
cases, independently of its grade or subtype. Immune positivity for Ki-67 was observed in
1 to 5% of neoplastic cells (+) in most grade I cases, between 15 and 40% neoplastic cells
(++) in three grade II cases, and 50–70% neoplastic cells (+++) in two grade III cases. Pan
CK reactivity was predominantly negative (14/21) or mild (6/21) in the neoplastic cells.
Only one grade II case showed approximately 85% positivity to Pan CK.
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Figure 1. Meningioma grade I, brain, dog. Immunolabeling to tenascin-C (TN-C). (A) A 
psammomatous meningioma shows positive immune reaction in many rounded and concentric 
whorls of meningothelial cells. (B) A transitional subtype with occasional area containing positive 
extracellular matrix. (C) Multifocal stromal areas are mildly positive in meningothelial meningioma. 
(D) A microcystic subtype shows on top a mild immunoreactivity in stroma cells. 

 
Figure 2. Meningioma grade II (brain) and III (lung [C], brain [D]) dog. Immunolabeling to tenascin-
C (TN-C). Two cases of atypical subtype (grade II) present moderate diffuse (A) and strong focal (B) 
immunoreactivity in the neoplastic stroma. (C) Subgross view of a metastatic meningioma (grade 
III) affecting the lung with extensive and strong reaction. (D) Details of the primary neoplasm show 
strong immunolabeling in the neoplastic stroma. 

Histopathological diagnosis of meningioma was reinforced with the immune 
positivity to vimentin (moderate to strong) and EMA (mild to moderate) in neoplastic 
cells in most cases, independently of its grade or subtype. Immune positivity for Ki-67 
was observed in 1 to 5% of neoplastic cells (+) in most grade I cases, between 15 and 40% 
neoplastic cells (++) in three grade II cases, and 50–70% neoplastic cells (+++) in two grade 

Figure 1. Meningioma grade I, brain, dog. Immunolabeling to tenascin-C (TN-C). (A) A psammo-
matous meningioma shows positive immune reaction in many rounded and concentric whorls of
meningothelial cells. (B) A transitional subtype with occasional area containing positive extracellular
matrix. (C) Multifocal stromal areas are mildly positive in meningothelial meningioma. (D) A
microcystic subtype shows on top a mild immunoreactivity in stroma cells.
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Figure 2. Meningioma grade II (brain) and III (lung [C], brain [D]) dog. Immunolabeling to tenascin-
C (TN-C). Two cases of atypical subtype (grade II) present moderate diffuse (A) and strong focal
(B) immunoreactivity in the neoplastic stroma. (C) Subgross view of a metastatic meningioma
(grade III) affecting the lung with extensive and strong reaction. (D) Details of the primary neoplasm
show strong immunolabeling in the neoplastic stroma.

4. Discussion

Meningioma is frequently diagnosed in the brain of adult dogs with a median age of
9–10 years [1,2,6]. Similar data were observed in the current study. Some breeds, such as
Boxer, Golden Retriever, and German Shepherd, seem to be more predisposed to menin-
gioma [2,6,8]. In the present study, dogs of mixed breeds were more affected. Apparently,
there is no sex predisposition to meningioma in animals, unlike what occurs in humans,
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where women are more affected by this neoplasm [1,2,6]. Although surgical removal is the
primary therapeutic option in canine meningiomas, sometimes associated with chemother-
apy and radiotherapy, corticosteroids and antiepileptic drugs can also be used [3]. These
therapeutic options can improve the clinical signs of affected dogs. Differential diagnoses of
meningioma in dogs include other neoplasms with extra-axial locations, such as histiocytic
sarcoma, metastatic carcinomatosis, and granular cell tumor [1].

Although some studies have investigated the expression of TN-C in human brain
neoplasms, there are no similar studies in canine neoplasms affecting the central nervous
system (CNS). For the first time, a study analyzed the immunohistochemical expression
of TN-C in canine meningioma and compared it with those previously evaluated in hu-
mans [19,28–30]. The current study demonstrated that TN-C reactivity is strongly expressed
mainly in more aggressive meningiomas (grade II and III cases), as similarly visualized
in anaplastic forms of human meningiomas [19,29]. However, it would be necessary to
evaluate a larger number of grade II and III meningiomas to associate the positive immune
expression of TN-C with its biological behavior. In humans, TN-C is considered to be a
stromal marker in perivascular spaces and mechanically resistant areas of meningiomas. In
the current study, the reaction was mild and restricted to stroma and perivascular space in
grade I tumors, independently of its histopathological subclassification. Very similar data
were detected in an immunohistochemical study that analyzed 69 human meningiomas [19].
Another study analyzing human meningiomas concluded that TN-C expression is corre-
lated with anaplasia, tumor-associated edema, and VEGF expression but not with tumor
border shape in meningiomas [29]. In the other hand, immune-positive reactivity to TN-C
was also observed in the stroma and less commonly in neoplastic cells of other human brain
neoplasms, such as gliomas [19,25,28]. In a study of canine mammary neoplasia, immunore-
activity to TN-C was also observed in malignant neoplastic epithelial cells, suggesting that
these cells can synthesize ECM components [31]. Another previous study analyzed TN-C
expression in the cartilaginous tissue of canine mammary mixed tumors [32]. In addition,
tenascin has been expressed intensively in the capillary basement membranes and stroma
of other human anaplastic neoplasms, such as melanomas, fibrosarcoma, and mammary
carcinoma [18,23]. Based on these findings observed on human meningiomas, in the present
study, one case morphologically classified as grade I meningioma, fibrous subtype, was
reclassified as atypical meningioma (grade II) due to its moderate immunoreactivity to
TN-C. The current study’s immunohistochemical findings indicate no direct relation of
TN-C reactivity compared to other antibodies (vimentin, EMA, Pan CK, Ki-67).

More information is still needed about the exact mechanism of the role of TN-C in
the progression of neoplasia. However, the pattern of immunohistochemical reactivity
suggests that TN-C can act as a poor prognostic factor to aggressive human meningiomas.
Although the results of the current study showed stronger immunoreaction in grade II
and III neoplasms, this analysis would be reinforced with more tested cases. The findings
of the present study indicate that TN-C is a good stromal marker in canine meningioma,
but its real biological role in dogs needs to be further investigated. Furthermore, more
studies in dogs could evaluate if this ECM glycoprotein would be considered a potential
target for meningioma therapy, as previously speculated in humans [29]. It is possible that
TN-C can be involved in an anti-adhesion mechanism that can help the neoplastic cells
proliferate in the adjacent CNS [30]. Studies indicate that TN-C seems to be modulated
similarly in human and canine neoplasms [20]. Future studies are necessary to determine
other possible pathogenic mechanisms related to the action of TN-C in the tumoral biology
of canine meningioma.
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