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Abstract

Injections have been linked to feline sarcoma (feline injection-site sarcoma; FISS)
and to cutaneous lymphoma (cutaneous lymphoma at injection-site; CLIS)
emergence. Both tumors often exhibit lymphoplasmacytic inflammation ascribed to
injected immunogenic material. CLIS is hypothesized to emerge from transformation
and clonal expansion of lymphoid cells following persistent immune stimulation with
FelLV reactivation and transformation. To further study whether the lymphocytic
infiltrate associated with FISS can represent a suitable niche for the development of
CLIS, 34 cases of FISS were examined. Lymphoid cell phenotypes were assessed
using immunohistochemistry for CD3 and CD79. For cases with prominent
inflammation, feline leukemia virus (FeLV) p27 and gp70 immunohistochemistry and
PARR were performed. Male domestic shorthair cats predominated. The mean age
was 12.2 years (range: 5-17 years). FISS developed in thoracic (8/34, 24%), flank
7134 (21%), and interscapular 5/34 (15%) regions. Similar proportions of B and T
lymphocytes were found in 11/34 (32%) cases; T-cells predominated in 12/34 (35%)
cases, and B-cells predominated in 11/34 (32%). At least one FelLV antigen was
expressed in lymphoid infiltrates in 10/18 cases (55%) and in neoplastic fibroblasts in
8/18 cases (44%), while both FeLV proteins were expressed in neoplastic cells in
3/18 cases (17%). One cat had clonal TCR-gamma and was diagnosed with
concurrent FISS and CLIS. This case lacked FelLV expression. FeLV amplification
from formalin-fixed paraffin-embedded material was unsuccessful. The expression of
FelLV p27 and/or gp70 in neoplastic spindle cells and lymphoid infiltrates rases the

possibility of FeLV involvement in the tumorigenesis of FISS and CLISs.
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Introduction

Feline injection site sarcoma (FISS) is an aggressive sarcoma of cats, which
develops at sites of injections of different vaccines or drugs, or following implantation
of medical devices, such as sutures or microchips.*%11.12.17.28 |njections have been
also implicated in the development of feline lymphomas at injection sites (CLIS), a
subset of primary cutaneous feline lymphomas that bear a predominantly large B-cell
phenotype.?’

FISS and CLIS share several clinical features including their development at
injection sites, their locally aggressive behavior, and their tendencies to recur.3237
Pathological aspects common to FISS and CLIS include the frequent finding of a
central cavity, the possible presence of foreign (adjuvant) material, and association
with variably prominent inflammation in and around the main lesion, including
lymphocytes, plasma cells, and macrophages.82437

The pathogenesis of FISS has not yet been fully elucidated, and a multistep
carcinogenesis model has been suggested, implicating genetic factors responsible
for an exaggerated local inflammatory immune response induced by the injection or
local tissue damage.?* In FISS, chronic inflammation may induce fibroblast and
myofibroblast proliferation and transformation through production of cytokines and
growth factors and over-expression or mutations of oncogenes and tumor
suppressor genes.'842 However, FISS development likely involves several other
pathogenic mechanisms, such as activation of the Janus kinase-signal transducer
and activator of transcription 3 (JAK/STAT3)*! and of nuclear factor-kappa B (NF-«kB)
signaling pathways.9-20

Similarities between FISS and CLIS prompted the hypothesis of a role for injections

and other forms of local trauma that lead to persistent inflammation as a potential
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trigger for neoplastic transformation of lymphoid cells, in the context of favoring
events such as feline leukemia virus (FeLV) integration and possible reactivation.3”
FISS and CLIS development seem to share some pathogenic mechanisms, and it is
conceivable that these tumor types can develop not only independently but also
consecutively as previously reported,?® or concurrently.
The aim of this study was to elucidate if the lymphocytic infiltrate that is frequently
associated with FISS can represent a suitable niche for the development of CLIS.
For this purpose, the FISS-associated lymphocytic infiltrates were assessed for:

1) the presence of FelLV proteins; and

2) the presence of a phenotypically uniform, clonal lymphocytic population by

immunohistochemistry and PARR.

Materials and Methods
Case Selection and Histology

Cases of FISS with associated lymphoplasmacytic inflammation were retrospectively
selected by searching the electronic archives of the histopathology service of the University
of Bologna from January 2014 to December 2018 by utilizing the keywords "feline" and
"sarcoma" and “lymphocytes” and/or “plasma cells”. Caseload was then restricted to
cutaneous and subcutaneous sarcomas with availability of paraffin-embedded material and
with a confirmed history of injection at site of tumor development by retrieving the clinical
history or by enquiring the referring veterinarian. Multiple 4-um-thick sections were obtained
from archival paraffin blocks and were stained with hematoxylin and eosin for histological
review to confirm the diagnosis by a single, board-certified pathologist (GA).
Cases were then microscopically reviewed to confirm the diagnosis by the observation of the
following histopathological features considered supportive of FISS:2538

1) Perilesional scarring,

2) perilesional inflammation,
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3) predominant fibrous differentiation,
4) evidence of additional differentiations (osseous, cartilaginous, muscular etc.) with
fibrous still predominating,
5) central area(s) of cavitation, necrosis, or hypocellularity with variably hyalinized
collagen,
6) evidence of vaccine adjuvant as globular, amphiphilic to basophilic material
distending the cytoplasm of macrophages or extracellularly,
7) scattered multinucleated neoplastic cells (consistent with undifferentiated
pleomorphic sarcoma).
Not all the microscopical features were deemed necessary for FISS diagnosis. Minimum
criteria for this study encompassed the combination of history of injection, presence of
lymphoplasmacytic inflammation, that represented the selection criteria, and microscopic
evidence of predominant fibrous differentiation, cellular pleomorphism and presence of either
cavitation and/or necrosis, or central hypocellularity with variable presence of collagen.
Specific histotypes were then determined based on the most represented differentiation,
according to the recent classification system.3®
Inflammation was semi-quantitatively assessed and classified as mild, moderate, and
severe, based on the number of inflammatory cells, by consensus of two board certified
pathologist (GA and BB) and one resident (SD). When evident, the presence of
macrophages was also recorded. Then, cases with scarce lymphocytes and/or plasma cells
(scored as minimal inflammation) were excluded (2 cases) from further assessments.

Immunohistochemistry

Phenotypes of lymphoid cells and FeLV-protein expression were assessed by

immunohistochemical analysis utilizing the primary antibodies listed in Table 1.
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Table |. Panel of primary antibodies

Antibody (Clone,
Species Specificity) Dilution Source Vendor Main Reactivity Antigen Retrieval
CD3-s 1:10 Rat monoclonal Abcam Inc T-cells Heat Induced, pHé
(CD3-12, Human®) citrate buffer
CD79a (HMS7, 1:100 Mouse monocional Santa Cruz Biotechnology B-cells Heat Induced, pH8
Human®) Inc. EDTA buffer
FelV gp70 (C11D8, 1:200 Mouse monocional Custom Monocionals Int., FelV capsid Heat Induced, pHé
Feline) Sacramento, CA, US.A. glycoproteins 85/70 citrate buffer
FelV p27 (PFI12)-10A, 1:100 Mouse monocional Custom Monocionals Int., FelV core protein 27 Heat Induced, pHé

Feline)

Sacramento, CA, US.A.

citrate buffer

Abbreviation: FelV, feline leukemia virus
*Cross reactive with feline tissues

For anti-human CD3-¢ and CD79a antibodies, cross-reactivity with feline tissues
have been previously established.! 19152133 Immunolabelling was performed on 4 um
thick paraffin sections mounted on poly-L-lysine-coated slides, as previously
described.?”

Positive controls consisted of sections of a feline reactive lymph node to assess
correct labelling and distribution of CD3-positive T-cells and CD79a-positive B-cells.
FelLV antigen expression was assessed in cases with moderate to severe
inflammation. For FeLV p27 and gp70 antibodies, controls consisted of sections of a
FelLV-positive lymph nodal lymphoma from a serologically positive cat. Substitution
of specific antibodies with an isotype-matched, irrelevant monoclonal antibody (anti-
canine CD11b) were used as the negative control. T- and B-cells were semi-
quantitatively assessed as T-cell prevalent, B-cell prevalent, or roughly equal
proportions of B- and T-cells.

Clonality Assessment

PARR for B-cell and T-cell receptors was performed in cases with moderate to
severe lymphocytic inflammation to assess the lymphocyte antigen receptor gene
rearrangement repertoire. DNA was automatically extracted (Maxwell RSC 48
Instrument, Promega) from 25-micron sections of each case by using a commercial

extraction kit specific for formalin-fixed paraffin-.embedded samples (Maxwell RSC
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DNA FFPE kit, Promega) and following manufacturer’s instructions. T-cell receptor
(TCR) and immunoglobulin heavy chain (IgH) genes were PCR-amplified in duplicate
using previously described primers.34-36:39 PCR products underwent GeneScanning
analysis on an automated sequencer ABI Prism 310 Genetic Analyzer (Applied
Biosystems). GeneScanning electrophoretic pattern were interpreted according to
Keller et al. (2016)?? integrated with our internal method. Samples originating from
one or two sharp and reproducible peaks, or more distinct peaks for multi-cassette
loci as TCR, were classified as clonal. Samples exhibiting three to five reproducible
peaks were classified as oligoclonal, whereas samples presenting a normally
distributed (Gaussian) curve were classified as polyclonal. Emergence of clonal
peaks were interpreted as most indicative of clonal selection, whereas oligoclonal
and polyclonal results were considered consistent with a reactive population.

FelLV Amplification by PCR

Paraffin-embedded samples from cases expressing one or both investigated FelLV
antigens in neoplastic spindle cells were retrieved for FeLV-proviral DNA detection by
using a TagMan Reat time-PCR including primers and PCR conditions as previously
described.*4

The paraffin-embedded neoplastic tissues were sampled based on the identification
of areas where immunolabelling for FeLV by neoplastic cells was diffuse and intense
in the corresponding sections. For each case, the selected area of the tissue biopsy
was sampled from the paraffin block with a sterile 3.5 mm diameter biopsy punch
(GIMA S.P.A.). For every case, a new sterile 3.5 mm punch was utilized. Biopsies
were put onto sterile Eppendorf tubes. DNA purification was purified from each
punch biopsy by using Maxwell RSC DNA FFPE Kit following the manufacturer’s

instructions. DNA was then PCR amplified on a CFX Thermal Cycler (Bio-Rad).
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Statistical Analysis

A Chi-square test was used to assess the association of the immunophenotype of
lymphoid infiltrates with the FISS histotype and FelLV protein expression. Results
were considered significant at a threshold of p < 0.05. Statistical analysis was
conducted using Jamovi (version 2.4.12.0).

Results

Signalment and Clinical History

A total of 34 FISSs were included in the study. The signalment, tumor location, and
size for each case are summarized in Supplemental Table 1. Seventeen (50%) of
the cats were castrated males, and 13 (38%) were spayed females. The sex of four
cats was not available. Breed distribution included 29 (85%) domestic shorthair, two
(6%) Siamese, two (6%) Maine coon, and one (3%) Norwegian forest cat. The mean
age was 12.2 years (range 5-17 years). Common sites of FISS development were
the thorax (8/34; 24%), flank (7/34; 21%), and interscapular region (5/34; 15%).
Other sites included the back, shoulder, and hindlimb with 2/34 cases (6%) each,
and one of each of the following locations: dorsal neck, dorsal tail, right scapula, and
axillary regions (3% each). In four cases, the site of FISS development was not
reported. At presentation, the greatest dimension of nodules excised ranged from 1
to 8 cm, with a mean of 3 cm.

Histology

The diagnosis of FISS was confirmed in all cases. Twenty were classified as
fibrosarcoma, 12 as undifferentiated pleomorphic sarcoma, one as osteosarcoma,
and one as liposarcoma. Inflammatory cellular infiltrates included lymphocytes and

plasma cells in all cases. Admixed macrophages were present in 13/34 cases (38%).
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Lymphoid infiltration was mild in 16/34 cases (47%), moderate in 14/34 (41%), and
severe in 4/34 (12%) (Supplemental Table 2).

In one case (case 34, Fig. 1a), the lymphoid infiltrate included a locally extensive
area of predominantly monomorphic, small to medium-sized lymphoid cells.

These cells had high N/C ratio, incomplete rims of eosinophilic cytoplasm, and round
nuclei with coarsely granular to dense chromatin (Fig. 1b).

CD79 and CD3 Immunohistochemistry

Immunohistochemical results are listed in Supplemental Table 3. A predominance of
CD79-positive B-cells was recorded in 11/34 cases (32%), a predominance of CD3-
positive T-cells was observed in 12/34 (35%) (Fig. 1c) with a minority of B-cells
(Figure 1d), and roughly equal proportions of B-and T-cells were observed in 11/34
cases (32%).

Predominance of T-cells was more frequent in undifferentiated pleomorphic
sarcomas than in fibrosarcomas, while B-cell predominance and equal B- and T-cells
were more frequent in fibrosarcomas compared with undifferentiated pleomorphic
sarcomas. This difference was statistically significant (Chi square=6.75; p=0.034).
Clonal Assessment

Results for all tested cases are detailed in Supplemental Table 3. Histograms are
available as Supplemental File 1 PARR histograms.

Clonal TCR-gamma rearrangement, consistent with emergence of a T-cell clonal
population, was observed in one case (case 34; 6%) of the 18 tested cases. Thus,
the diagnosis of simultaneous FISS and T-cell-CLIS was supported for this case.
The morphology of the lymphoid cells in this case was reviewed following this result,
and a predominance of small to medium-sized T-cells was observed in the

background, supporting the diagnosis of lymphoma. The TCR was polyclonal in the
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remaining 17 cases (94%). Oligoclonal /gH rearrangement was detected in 6/18
cases (33.3%), while IgH was polyclonal in 12/18 cases (66.7%).

FelLV Antigens Immunohistochemistry

FelLV antigens were expressed in 10/18 cases (55.6%). Of these, five cases had a
predominance of B-cells, two had equal proportions of B- and T-cells, and three a
predominance of T-cells. A statistically significant association between the
expression of FeLV antigens in the lymphoid infiltrates and the three phenotype
groups was not found. (Chi square=1.95, p=0.376).

FelLV antigen expression was observed in neoplastic spindle cells in 8/18 FISSs
(44%). Specifically, FeLV Gp70 was expressed in the cytoplasm of neoplastic
spindle cells in 5/18 cases (Figs. 2a, b) and FeLV p27 in 6/18 cases (Figs. 2c2c, d).
Of these, 3 cases expressed both FeLV proteins. In 6 cases, FelLV proteins were
observed in neoplastic spindle cells and lymphoid cells concurrently (cases 1, 14, 15,
18, 24 and, 26). In 2 cases, FeLV Gp70 was expressed in neoplastic spindle cells
and not in lymphoid cells. Case 34 was negative for FeLV p27 and FeLV Gp70 in
both the lymphoid and spindle cell component.

FelLV PCR

The 8 cases expressing FelLV antigens in spindle neoplastic cells were selected for
FeLV nested-PCR on formalin-fixed paraffin-embedded tissues as fresh specimens
were not available. FeLV amplification was not obtained in any of the cases tested
(personal observation data not shown).

Discussion

In this study, the degree, immunophenotype, clonal status and FelLV expression of

FISS-associated lymphoid infiltrates were investigated.
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Cases with mild or moderate quantities of lymphoid infiltrates were equally
represented (approximately 50% and 40%, respectively), whilst a minority
(approximately 10%) were associated with more severe lymphoid infiltration.
Furthermore, these cases were equally represented within the three phenotypic
groups observed (predominance of B-cells, of T-cells, and equal amount of B- and T-
cells). This data implies that the immune response to each individual FISS varies in
the degree of severity and the immunophenotype of lymphoid cells involved,
suggesting different mechanisms can potentially contribute to the elicitation and
maintenance of this immune response. These may include the injection/trauma, the
action of the vaccine adjuvant, and the immunogenic stimulus of the neoplastic
mesenchymal cells.'®

The heterogeneity of the inflammatory infiltrates may be related to the prevalent
sarcoma type developing in the context of the FISS as FISS may develop various
differentiations.3 This hypothesis is partially supported by the higher frequency of T-
cell-predominant infiltrates in undifferentiated pleomorphic sarcoma cases compared
to fibrosarcomas in our study. This result is not surprising since, both in human
beings and in dogs, it has been shown that different sarcoma histotypes are reported
to stimulate different immune responses.?? Nevertheless, this hypothesis should be
investigated in more depth by expanding the antibody panel and applying a more
precise quantification method.

T-cell clonal expansion was detected by PARR analysis in one case. The
morphology and phenotype of the lymphoid cells were then reviewed, prompting a
diagnosis of simultaneous FISS and T-cell-CLIS. According to the World Health
Organization criteria for classification of lymphomas,*® this case was consistent with

peripheral T-cell lymphoma. Although CLISs are more frequently large B-cell

11



273 lymphomas, cases of T-cell tumors have also been reported.®” Interestingly, a T-cell
274  lymphoma developing 45 months after excision and radiation therapy of a FISS has
275  been described.?® In that case, lymphomagenesis was ascribed to the mutagenic
276  action of radiation.?® Considering that the development time of CLISs after injection
277  has been reported to vary from 15 days to nine years, it cannot be excluded that

278  neoplastic transformation following injection may have played a role in the

279  development of the case reported by Madewell et al.?®

280 In CLISs, neoplastic transformation of lymphocytes has been hypothesized to derive
281  from persistent inflammation in some cases favored by reactivation of latent FeLV
282  cell infection.®” Inflammation has been implicated in the reactivation and proliferation
283  of human Epstein-Barr virus-transformed B-cells and seems to be the most

284  accredited pathogenesis for diffuse large B-cell lymphoma associated with chronic
285  inflammation.37-1446 A similar mechanism has been suggested in CLISs, with chronic
286 immune stimulation causing FeLV viral reactivation and transcription.?” This

287  hypothesis is supported by the identification of FeLV protein expression by CLIS

288  neoplastic cells.?”

289 In this case series, FeLV antigens were detected in the lymphoid cells in more than
290 half of the tested cases (10/18) without evident associations with lymphocyte

291 phenotype. Surprisingly, the lymphocytes of the case characterized by clonal TCR-
292  gamma rearrangement and diagnosed as a T-cell lymphoma did not express FeLV
293  antigens. This finding does not support the hypothesis of a FeLV induced

294  carcinogenesis in this case. Nevertheless, considering this is the single case of

295  simultaneous lymphoma and FISS in our case series, further investigations are

296  warranted, possibly including also purely inflammatory lesions for comparison.
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For FISS, a multistep carcinogenesis model has been suggested,?* with chronic
inflammation inducing fibroblastic and myofibroblastic proliferation and
transformation through cytokine and growth factor production. Three studies have
reported COX-2 expression by neoplastic cells supporting the hypothesis that
prostaglandins play a role in FISS carcinogenesis.531:40

To date, neither FeLV nor its mutant feline sarcoma virus derivate have been clearly
demonstrated to have a role in the pathogenesis of FISS development. Therefore,
the finding of FeLV protein expression by neoplastic spindle cells in our caseload
was unexpected. FeLV gp70 envelope protein expression, that was found in five of
the eight FeLV-positive FISSs, denotes viral assembly, confirming viral replication
and productive infection.'2643 One previous large study failed to identify FeLV gp70
by immunohistochemistry or long terminal repeat sequence by PCR in 130 formalin-
fixed, paraffin-embedded FISS samples.’®

Whereas, p27 capsid protein expression, which was found in six of the eight FISSs
(33% of tested cases), does not imply productive and pathogenic viral assembly, it
indicates that viral infection has occurred previously.'®43 This result is consistent with
a recent study that detected the expression of FeLV p27 antigen in 42.9% of the
analyzed FISSs and speculated about the potential impact of endogenous FelLV on
FISS development.® However, the amount of endogenous FeLV RNA within the long
terminal repeat and env gene was not increased in FISSs as compared with feline
nonvaccine site-associated sarcomas, suggesting that endogenous FelLV sequences
are unlikely to be involved in the pathogenesis of FISS.23

Following the finding of FeLV proteins in neoplastic spindle cells, selected

homogenous areas of FISSs devoid of inflammatory cells and expressing FeLV

13



321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

protein were sampled for FeLV amplification but gave negative results, as FeLV DNA
was not amplified.

There could be multiple and possibly concurrent reasons for these results.

First, these might represent false negative results related to extended fixation and
paraffin embedding time causing deterioration of viral nucleic acids.®® An Agilent blot
run to assess DNA quality (personal data, not shown) can result in fragmentation of
DNA into pieces less than 400 bp reducing the likelihood of DNA amplification. To
test this hypothesis, fresh tissue from FISSs expressing FelLV proteins should be
tested for DNA FeLV amplification. Another possible cause for the lack of
amplification may be related to the high rate of mutations of retroviruses leading to
high frequency of primer mispairing. Thus, primers may not amplify the retroviral
sequences even if their DNA is present in the cells. Additionally, FeLV p27 and gp70
expressions could be derived from reactivation of endogenous but defective FelV,
with lack of amplification of the specific DNA sequence recognized by the primers.
As a matter of fact, the PCR primers utilized for this work targets the unique region
(U3) of the long terminal repeat of FeLV that does not include gp70 nor p27 proteins
and thus might not identify the sequence present in neoplastic cells’ DNA. A last
possibility regarding the lack of FeLV DNA amplification for those cats that could
have been vaccinated lies in the vaccine itself as many FelLV vaccines are
recombinant products of canarypox DNA with insertion of FeLV proteins. Although
highly unlikely, FeLV proteins may be expressed upon vaccination with reactivation
of DNA transcription despite lack of pathogenic FeLV DNA sequences being
integrated into the cat’'s DNA. However, against this hypothesis, inflammatory and

reactive proliferating cells should also bear FeLV protein expression.
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The major limitation of this study is the lack of information regarding the FelLV
vaccination or serological status of the cats; as the work was performed
retrospectively, clinical data were fragmented. However, it seems unlikely that
expression of FeLV proteins in neoplastic spindle cells and not in other cells,
including for some cases, the inflammatory lymphoid component, could be related to
vaccines. Therefore, the reactivation of FeLV could be associated with a generalized
increased transcription activated by the inflammation elicited by the injection.
Another limitation of this work is the lack of fresh frozen tissues, hampering FeLV
amplification, together with the lack of serological testing for FeLV in the cats
included.

In conclusion, this study reports one case of FISS with concurrent clonal T-cell CLIS.
This has not been previously reported but, in our view, is not unexpected as they
share the association with injections and several morphological characteristics.
Furthermore, six cases were characterized by expression of either or both FelLV p27
and gp70 in neoplastic spindle cells and lymphoid infiltrates, raising the possibility of
involvement of FeLV in the tumorigenesis of selected FISS and CLISs. The role of
FeLV in neoplastic transformation in FISSs should be further investigated and
supported by its amplification in fresh neoplastic tissues in association with

demonstration of its expression.
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529

530 Figures and Figure Legends

531

532  Figure 1. Histology, immunohistochemistry, and clonality of feline injection site

533 sarcoma and cutaneous lymphoma at injections site, case 34. a) Extensive, densely
534  cellular, multinodular feline injection site sarcoma replacing the subcutaneous fat.
535 The periphery of the neoplasm has many nodular often perivascular to diffuse

536 aggregates of lymphoid cells. Hematoxylin and eosin (HE). b) Locally extensive,

537  perivascular nodular accumulation of monomorphic small lymphoid cells with high

538 nuclear to cytoplasmic ratios, incomplete rims of eosinophilic cytoplasm, and round
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539

540

541

542

543

544

545

546

547

548

549

nuclei with coarsely granular to dense chromatin. Admixed with the lymphoid cells,
numerous hyperemic capillaries are present. HE. c¢) At the periphery of the tumor
CD3-positive T-cells are present. CD3 IHC. d) At the periphery of the tumor, ismall
aggregates of CD79-positive reactive B cells are present. CD79

immunohistochemistry (IHC).

Figure 2. Feline leukemia virus (FeLV) immunolabeling of feline injection site

sarcomas. a) Case 24. Neoplastic spindle cells with diffuse cytoplasmic FeLV Gp70
protein in neoplastic spindle cells. b) Case 14. Diffuse, variably intense cytoplasmic

expression of FeLV p27 protein in neoplastic spindle cells.
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