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Summary

Feline injection site sarcomas (FISSs) are mesenchymal neoplasms that develop at the sites of delivery of vac-
cines or other injectable products. Vaccine adjuvants can trigger an intense and persistent inflammatory
response that may lead to neoplastic transformation. The proinflammatory role of cyclo-oxygenase (COX)-
2 is well known and its overexpression has prognostic value in multiple neoplastic processes. One hundred
and seventeen FISSs were evaluated for the degree of inflammation and anaplasia. Immunohistochemistry
was used to determine the expression of COX-2 in these sarcomas. There was a significant association between
the degree of inflammation and the expression of COX-2 by neoplastic cells. COX-2 expression was lower in
tumours with higher degrees of anaplasia. These findings may be useful in predicting the sensitivity of FISSs to
treatment with COX-2 inhibitors. The potential therapeutic use of such agents could then be restricted to tu-
mours with lower degrees of anaplasia.

� 2018 Published by Elsevier Ltd.
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Introduction

Feline injection site sarcomas (FISSs) are neoplasms
of mesenchymal origin, which develop at sites of injec-
tion of vaccines or other products (Hendrick et al.,
1992; Hendrick and Brooks, 1994; Goldschmidt and
Hendrick, 2002; Shaw et al., 2009). FISS was first
described in 1991 in the USA by Hendrick and
Goldschmidt (1991) and, subsequently, these tu-
mours were diagnosed in most continents (Hendrick
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and Brooks, 1994; Burton and Mason, 1997; Nieto
et al., 2003; Chang et al., 2006).

There are different types of FISS, the most frequent
being fibrosarcomas (Hendrick et al., 1992;
Goldschmidt and Hendrick, 2002; Wilcock et al.,
2012) (Fig. 1). FISSs are frequently associated with
peritumoural inflammatory cells, mainly lympho-
cytes and macrophages (Hendrick et al., 1992, 1998;
Hendrick and Brooks, 1994; Doddy et al., 1996;
Madewell et al., 2001; Goldschmidt and Hendrick,
2002) (Fig. 2). The diagnosis of FISS depends on its
histological appearance and anatomical location,
� 2018 Published by Elsevier Ltd.
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Fig. 1. Feline fibrosarcoma associated with an injection site. Char-
acteristic pattern of interleaved bundles of fibroblasts are
shown. HE.
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which usually coincides with injection sites (Wilcock
et al., 2012).

FISSs are highly invasive and recurrent neoplasms
that may metastasize (Hendrick and Brooks, 1994;
Hendrick et al., 1994; Hershey et al., 2000, 2005;
Goldschmidt and Hendrick, 2002; Deim et al.,
2008). The incidence is estimated to be somewhere
between 1 in 1,000 and 1 in 10,000 injected cats
(Kass et al., 1993; Goldschmidt and Hendrick, 2002;
Wilcock et al., 2012). The tumours may become
apparent clinically between 3 months and 3 years
after injection (Hendrick et al., 1992); however, this
interval can be as long as 13e15 years (Wilcock
et al., 2012).

There is no sex predisposition for FISS and the
average age of presentation is 8.1 years. Sarcomas
not associated with inoculation sites occur in cats
Fig. 2. Peritumoural inflammatory response in a feline sarcoma
associated with an inoculation site. HE.
with a mean age of 9.2 years (Hendrick and Brooks,
1994; Goldschmidt and Hendrick, 2002).

One of the suggested origins of FISS is the malig-
nant transformation of reactive fibroblasts occurring
within the background of a chronic inflammatory
response at the sites of injection (Wilcock et al.,
2012). The main injectable products that have been
associated with FISS are vaccines, and in particular,
adjuvanted vaccines such as those against rabies and
the feline leukaemia virus (FeLV) (Hendrick et al.,
1992; Deim et al., 2008). Aluminum-based adjuvants
cause foreign body granulomas in man and this reac-
tion is similar to that found at injection sites in cats
(Hendrick and Dunagan, 1991; Hendrick et al.,
1992). The presence of peritumoural aggregates of
macrophages with content corresponding to
aluminum supports the diagnosis of a sarcoma
associated with vaccination (Hendrick et al., 1992;
Goldschmidt and Hendrick, 2002). It is postulated
that aluminum adjuvant generates a persistent
inflammatory response that induces the synthesis of
growth factors and cytokines, which in turn
stimulate the proliferation of fibroblasts and
myofibroblasts. However, FISS is also related to the
injection of vaccines containing other adjuvants and
vaccines without adjuvant (Kass et al., 1993; Deim
et al., 2008), but is always associated with chronic
inflammatory processes. Persistent inflammation at
injection sites would lead to development of a
reparative response that in some cases would lead to
induction of a neoplasm (Hendrick et al., 1992; Kass
et al., 1993; Woodward, 2011). This hypothesis is
based on the finding of microscopical sarcomatous
foci within granulomatous inflammatory responses
at injection sites (Hendrick et al., 1992).

Fibroblasts can undergo neoplastic transformation
through different mechanisms, including the activa-
tion of oncogenes and inactivation of tumour suppres-
sor genes (O’Byrne and Dalgleish, 2001). Chronic
inflammation can induce the production of free radi-
cals and metabolites that cause DNA damage and
mutations, acting as an initiator of carcinogenesis.
The environment provided by chronic inflammation,
coupled with a genetic predisposition, alters the sus-
ceptibility to carcinogenic injuries (O’Byrne and
Dalgleish, 2001; Nieto et al., 2003).

As a result of the inflammatory process, phospholi-
pase A2 induces the release of arachidonic acid, which
in turn may be metabolized following one of the two
well-known pathways: lipoxygenase or cyclo-
oxygenase (COX). The latter pathway involves
COX-1 and COX-2 expression. COX-1 expression
is constitutive in most tissues, while COX-2 expres-
sion is constitutive in the placenta, the macula densa
of the kidney and in the brain, and is inducible in



Table 2

Definition of the degree of anaplasia

Degree of anaplasia Score

I 3e4

II 5e6

III 7e9

After Couto et al. (2002).
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other locations, by different inflammatory cytokines,
such as interleukin (IL)-1, tumour necrosis factor
(TNF)-a, interferon (IFN)-g, and under hypoxic
states (Williams et al., 1999; Araki et al., 2003;
Greenhough et al., 2009).

COX-2 expression is found in mesenchymal neo-
plasms, such as Kaposi’s sarcoma, rhabdomyosar-
coma, osteosarcoma and chondrosarcoma (Xu et al.,
2006; Rodrı́guez et al., 2008; Sharma-Walia et al.,
2010, 2012; Carmody Soni et al., 2011). COX-2
expression has also been reported in FISS (Magi
et al., 2010; Carneiro et al., 2018). Magi et al. (2010)
found no association between the expression of
COX-2 and the histological grade of the sarcomas;
however, neither study evaluated the association be-
tween the degree of inflammation and the expression
of COX-2. The aim of the present study was to deter-
mine the presence of COX-2 in different types of FISS
and to relate its expression to the degree of anaplasia
(DA) and degree of inflammation (DI).
Materials and Methods

One hundred and seventeen samples diagnosed as
FISS between 2011 and 2012 by two experienced pa-
thologists were selected. Four of the 117 lesions were
tumour recurrences.
Histopathology

Tissue samples were fixed in 10% neutral buffered
formalin, processed routinely and embedded in
paraffin wax. Sections (3e5 mm) were stained with
haematoxylin and eosin (HE). Samples were exam-
ined in order to establish the degree of anaplasia
and to evaluate the peritumoural inflammatory
response. The DA was determined using a protocol
proposed by Couto et al. (2002), in which cell differen-
tiation, mitotic index (MI) and degree of necrosis are
considered (Table 1). By combining these character-
Table 1

Criteria for scoring the degree of anaplasia

Criterion Score Description

Differentiation 1 Similar cells to those of the tissue of origin

2 Cells with defined histological phenotype
3 Poorly-differentiated cells

Mitotic index 1 1e9 mitotic figures/10 fields at �400

2 10e19 mitotic figures/10 fields at �400

3 20 or more mitotic figures/10 fields at �400
Necrosis 1 Absence of necrosis

2 Necrosis <50% of the total area

3 Necrosis >50% of the total area

After Couto et al. (2002).
istics, three grades of anaplasia were defined (Table
2).

The DA was scored following these criteria: 1, tu-
mours comprised of cells that were similar to differen-
tiated cells; 2, tumours with cells having defined
histological phenotype; and 3, tumours with poorly
differentiated cells (Couto et al., 2002).

The MI was established as the average number of
mitosis in 10 high-power (�400) fields. Areas with
extensive areas of inflammation and necrosis were
excluded from the analysis. Scoring of sarcomas for
MI was: 1, MI between 1 and 9; 2, MI between 10
and 19; and 3, MI $20 (Couto et al., 2002).

Scoring for the necrosis was: 1, no necrosis; 2,
<50% necrosis; and 3, >50% necrosis (Couto et al.,
2002).

The sum of the scores obtained for each criterion
constituted the final score, according to which one
of three degrees of anaplasia was assigned to each
tumour (Table 2) (Couto et al., 2002).

The DI was established by evaluating the peritu-
moural lymphoid infiltrate at �40 magnification, ac-
cording to the criteria described by Couto et al.

(2002): 0, absence of peritumoural lymphoid infil-
trate; 1, sparse lymphoid infiltrate (requires careful
searching); 2, diffuse infiltrate or small aggregates in
<50% of the fields; and 3, lymphoid aggregates in
50% of the fields or more. Since one of the samples ob-
tained by incisional biopsy had a non-representative
peritumoural area, it was excluded from this evalua-
tion.

Immunohistochemistry

Sections (3 mm) were mounted on glass slides with a
positive charge (HistoSystem, Rosario, Argentina),
dewaxed, rehydrated and incubated in 3% H2O2 in
methanol to inhibit endogenous peroxidase for
30 min at room temperature. Slides were then washed
with phosphate buffered saline (PBS, pH 7.4). Anti-
gen retrieval was performed with two cycles of micro-
wave heating at 800 W, for 3 min each in citrate
buffer, pH 6.0. Non-specific binding sites were
blocked by incubating sections with 1% bovine serum
albumin (BSA) for 30 min at room temperature in a
humid chamber. The primary antibody was
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incubated overnight at 4�C in a humid chamber. The
COX-2 polyclonal primary antibody (Cayman
Chemical, Ann Arbor, Michigan) was used for the
detection of COX-2 at a dilution of 1 in 200 in
0.1% BSA, followed by anti-rabbit EnVision Sys-
tem� (Dako, Carpinteria, California, USA). This
antibody was previously successfully used in feline tis-
sue (Newman and Mrkonjich, 2006; Bardag et al.,
2012). As a negative control, the antibody was
replaced by PBS. As a negative tissue control,
normal cat skin obtained from animals referred for
necropsy examination was used. In addition, the
internal negative controls were the non-neoplastic tis-
sues of each sample. As a positive control, the macula
densa of sections of dog kidney was used (Khan et al.,
2001). The chromogen was 3, 30-diaminobenzidine
tetrahydrochloride (Dako) and haematoxylin was
used for counterstaining.

In order to determine the susceptibility of the
COX-2 antigen to prolonged exposure to formalin,
immunohistochemistry (IHC) was also tested using
normal dog kidney sections fixed in 10% neutral buff-
ered formalin for 24 h, 1 week or 1 month, with or
without antigenic retrieval.

COX-2 immunolabelling was evaluated by esti-
mating the percentage of cells with positive cyto-
plasmic labelling by counting 10 fields at �400
magnification. Images were captured using an
analogue video camera (Sony DXC-390, Tokyo,
Japan) mounted on a trinocular microscope (CX31,
Olympus, Japan) and connected to a computer.
Captured images were processed using a digital image
analyzer (ImagePro Plus v6.3, Media Cybernetics,
Rockville, Maryland, USA).
Table 3

Distribution of tumours according to the degree of

anaplasia

Degree of anaplasia Percentage of cases

I 29.91
II 64.1

III 5.98
Statistical Analysis

COX-2 immunolabelling was expressed as a percent-
age. In all cases it was compared with the DI and the
DA by use of analysis of variance (ANOVA) from a
Bayesian perspective. To comply with the theoretical
assumptions of the ANOVA, mandatory transforma-
tion of the data was done. In the case of the percent-
age variables, the chosen transformation was arcsine.
Prior non-informative distributions (PNI) were used
and 20,000 iterations were run, discarding the first
1,000. For analysis, the R software and the free soft-
ware WinBUGS (Campbell and Thompson, 2012;
Risso and Risso, 2017) were used. Significant results
were considered at P <0.05.

We performed a Bayesian correlation test
(Bayesian Correlation Matrix) to evaluate whether
there was an association between DA and DI vari-
ables (Risso and Risso, 2017). Significant results
were considered at P <0.05.
Results

Tumours graded as DA II were the most numerous in
the study (Table 3). Three of the recurrent tumours
had the same DA (DA II) as the primary tumour
and one had a lower DA (DA I) in comparison with
the primary lesion. Most of the tumours had grade 3
inflammation (Table 4). Three of the recurrent tu-
mours had the same DI as the primary tumour (grade
3) and one had a lesser DI (grade 1) than the primary
tumour that was grade 2. There was no significant as-
sociation between DA and DI (r ¼ �0.110, df ¼ 114,
P ¼ 0.203).

The intensity of COX-2 labelling in the macula
densa of samples of kidney subjected to different fixa-
tion times was similar in all cases, both with or
without antigen retrieval (Fig. 3).

COX-2 immunolabelling was positive in 56.4% of
the cases (Fig. 4) and negative in 43.6%. No variation
was observed in the expression of COX-2 within the
tumours in relation to the areas of inflammation,
nor were differences observed in COX-2 expression
in inflammatory infiltrates located at the periphery
or the centre of the tumours (areas free of necrosis).

The percentage of COX-2 immunolabelling
showed significant differences between tumours with
DI 1, 2 and 3 (P <0.05, ANOVA, n ¼ 116). The
expression of COX-2 was highest in tumours of DI
grade 3, followed by those of grade 2 and then grade
1. In contrast, the percentage of COX-2 immunolab-
elling showed no significant difference between DA
groups 1 and 2; however, the lowest expression of
COX-2 was observed in DA group 3 (P <0.05, AN-
OVA, n ¼ 117).

Discussion

It is suggested that FISS originates from the malig-
nant transformation of fibroblasts as a result of
chronic inflammation occurring at sites of injection,
in particular injection with adjuvanted vaccines
(Hendrick and Dunagan, 1991; Hendrick et al.,
1992; Kass et al., 1993; Goldschmidt and Hendrick,
2002; Deim et al., 2008; Wilcock et al., 2012). The
present study reports that COX-2 is expressed within
these tumours, a result that is in accordance with the
investigations of Magi et al. (2010) and Carneiro et al.



Table 4

Distribution of tumours according to the degree of

inflammation

Degree of inflammation Percentage of cases

I 15.52

II 36.21

III 48.27

Fig. 3. Expression of COX-2 in the macula densa of a section of
canine kidney (arrow). IHC.
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(2018), but in contrast to the results of Beam et al.

(2003). A possible explanation for the discrepancy
may be the use of different immunohistochemical pro-
tocols in the separate studies. The immunohistochem-
ical technique (i.e. biotineavidin immunoperoxi-
dase) used in previous investigations was different
from that use in the present work; the primary anti-
Fig. 4. Expression of COX-2 in a feline sarcoma associatedwith an
injection site. Inset: cytoplasmic expression of COX-2 by
tumour cells. IHC.
body used was also different. Although antigen
retrieval was also done in a microwave oven, the pre-
vious studies used two high-power cycles of 10 min
instead of the 3 min used herein.

Beam et al. (2003) suggested that fixation time was
one of the possible causes of the absence of COX-2 im-
munolabelling in their study and different
antigens, or the same antigen located in different com-
partments, are known to have different susceptibilities
to fixation (Nieto et al., 2003; Ramos-Vara, 2005;
Ramos-Vara and Miller, 2014). However, in the
present work we demonstrated that COX-2 expres-
sion was not susceptible to prolonged fixation time
of up to 1 month.

COX-2 is a proinflammatory molecule (Williams
et al., 1999; Cha and DuBois, 2007) and in the
present study we showed that there is a close
relationship between COX-2 expression and inflam-
mation. From our results, we concluded that the
expression of COX-2 is directly proportional to the
DI, as it was greater in the samples with the highest
DI.

Most of the FISSs reported here were associated
with abundant inflammation (grade 3) and three of
the four samples of tumour recurrence showed the
same DI as the primary tumours (grade 3). This
observation is in accordance with the findings of
Couto et al. (2002). Overexpression of COX-2 is re-
ported to be associated with tumour proliferation
and invasion, inhibition of apoptosis, suppression of
immune surveillance and angiogenesis (Williams
et al., 1999; Costa et al., 2002; Rodrı́guez et al.,
2008). This enzyme participates in the synthesis of
multiple arachidonic acid derivatives, including
prostaglandin E2, which is related to carcinogenic
processes (Williams et al., 1999; O’Byrne and
Dalgleish, 2001; Nieto et al., 2003; Cha and DuBois,
2007; Rodrı́guez et al., 2008).

The chronic inflammation present in human Ka-
posi’s sarcoma is also associated with COX-2 expres-
sion, which participates in tumour progression
(Sharma-Walia et al., 2010). COX-2 expression has
a prognostic value in numerous neoplastic processes,
including colorectal cancer and human and canine
mammary tumours (Couto et al., 2002; Lavalle
et al., 2009; Wang and DuBois, 2010). In the present
study, highly undifferentiated tumors (DA III)
showed lower COX-2 expression, which may reflect
a loss of the capacity for synthesis of such substances
in highly anaplastic cells (Cullen et al., 2002).

One of the possible treatments for FISS is therapy
with COX-2 inhibitors. This therapy has shown fa-
vourable results in human and veterinary oncology
(Cha and DuBois, 2007; Wang and DuBois, 2010;
Nardi et al., 2011). In veterinary medicine, COX-2
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inhibitors have shown antineoplastic effects in canine
tumours including bladder transitional cell carci-
nomas and oral squamous cell carcinomas. In addi-
tion, favourable results were observed after their use
in the treatment of dogs with rectal polyps and in-
flammatory mammary carcinomas (Nardi et al.,
2011). Magi et al. (2010) found no association be-
tween the expression of COX-2 and the DA; however,
in the present study we found that sarcomas of higher
DA showed a lower expression of the enzyme. This
could make them less susceptible to therapy with
COX-2 inhibitors.

In the future, it will be necessary to evaluate the
prognostic value of COX-2 expression and the thera-
peutic value of the use of its inhibitors in FISS. If the
usefulness of these inhibitors is verified, the DA and
DI would have a predictive value regarding suscepti-
bility to this type of treatment for FISS. Although the
primary treatment of choice in these cases is surgery
with a wide excisional margin, protocols that include
COX-2 inhibitors could contribute to reduction in
tumour size before surgery, to extend the survival
period in unresectable tumours and to extend the
tumour-free period (between recurrences) when
radical surgery is not feasible.
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