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Some cats live at home with their owners while others live unattended on the streets or
in shelters. One might expect that the owned cats would be better prepared for diseases
with vaccinations, and good care and feeding conditions whereas the stray cats would be
prepated for diseases by constant exposure to microbial factors. However, no study has
investigated which group has the stronger immune response against diseases. Cytotoxic
T cells and NK cells are known to initiate an immune response that causes apoptosis
of the affected cells when stimulated by various factors. This immune response occurs
due to an influx of perforin and granzyme proteins into the affected cell. Accordingly,
this study compared owned and stray cats in terms of perforin and granzymes gene
expression. Blood samples were collected from 30 owned and 30 stray cats, whose
health conditions were checked. The samples were analyzed by qPCR for perforin, and
granzyme A and granzyme B gene expression. All genes were expressed at a higher
level in owned cats, although only the granzyme A gene showed a significant difference
(p<0.05). This indicates that this gene plays a more active and significant role in cats
than perforin and granzyme B, and that owned cats have a stronger immune response
to diseases than stray cats.
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INTRODUCTION

Microbiological infections in pet animals reduce animal welfare and create an
economic burden for animal owners and shelters. In the fight against these infections,
immunology studies are important to minimize the costs of vaccination and treatment.
Cats are one of the most adopted animal species among pet animals. While some cats
live at home with their owners, others live on the streets or in shelters. Owned cats
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generally are vaccinated, and have good care and feeding conditions whereas stray
cats are inevitably more likely to be exposed to infections. Nevertheless, no study has
investigated whether good care and feeding conditions or exposure to diseases create
an immune advantage for cats.

NK cells and Cytotoxic T Lymphocytes (CTL) play an active role in innate immunity
[1-3]. Both cells primarily use proteins called perforin and granzyme in the immune
response. In this pathway, the protein synthesized by the perforin gene (PRF1) creates
pores on the surface of the infected cells that allow granzyme proteins to enter [4].
Granzymes cause the death of the infected cell by activating apoptotic pathways and
degrading both cell and viral DNA inside the cell. Two of the most important of these
granzymes are granzyme A (GZMA) and granzyme B (GZMB) [5-7].

GZMA, which is the most abundant granzyme in cytotoxic granules that enter the
cell, differs from many other granzymes by initiating a caspase-independent apoptosis
mechanism. GZMA accelerates programmed cell death by disrupting chromatin
integrity and nuclear membrane stabilization, which impairs electron transport
mechanisms in mitochondria, oxidative cell repair, and various complexes [3,8,9].
Although some cells may try to resist caspases and GZMB to avoid apoptosis, caspase
and GZMB protease inhibitors are sensitive to GZMA [3]. GZMB, on the other hand,
simulates caspase-dependent apoptosis [1,8]. GZMB can kill cells by activating the
apoptosis pathway and without the need for apoptosis by impairing virus replication
systems [1].

This study compares owned and stray cats in terms of PRF1, GZMA, and GZMB
genes, which play important roles in the immune response, as outlined above. This
study tests the following hypothesis: because of greater exposure to microbiological
agents, the immune systems of stray cats are better prepared against diseases than
those of owned cats.

MATERIALS AND METHODS

The current study research protocol received approval from Erciyes University Ethics
Committee for the Local Use of Animals in Experiments (No. 19/164). Owners wete
tully informed of the study and a written informed consent was obtained. Written
permission letters were obtained from the shelters.

Thirty owned and 30 stray mixed breed female cats, aged 1-3 years, and weighing 3-5
kg were sampled in Izmir Province in Turkey during August 2021. Blood samples from
owned and stray cats were collected at private veterinary clinics and animal shelters,
respectively. Shelters records were checked to confirm that each animal had always
lived as a stray.

Each cat’s health condition was determined by placing a drop of blood on a slide,
which was then covered with a coverslip while creating a smear. Prior to the analysis,
all samples were stored at room temperature. The analysis was conducted at the
Veterinary Faculty Laboratories in Yozgat Bozok University. Each sample was stained
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with Giemsa for light microscope examination. As well as leukocyte typing in each
sample, leukocytes were counted to confirm that the count fell within the reference
range [10,11].

For Peripheral Blood Mononuclear Cell (PBMC) extraction, tubes of ethylenediamine
tetraacetic acid (EDTA) were used with at least 3 ml of blood. After centrifugation at
4,000 rpm for 15 minutes at 4 °C, the middle layer of the blood samples between the
plasma and red blood cells, which includes both platelets and leukocytes, was added to
140 mM NH4Cl (Ammonium Chloride), 10 mM Tris (Hydroxymethyl) Aminomethane,
and 10 ml of RBC Lysis Buffer (Red Blood Cell Lysis Buffer). Following incubation
in a shaker for 15 min at room temperature, the samples were centrifuged at 4,000
rpm for 10 minutes at 4 °C. Immediately after extracting the supernatant, the PMBC-
containing pellet was frozen in liquid nitrogen. The PMBC pellets were packed in
dry ice at -80 °C before being sent to the Genetics Department Laboratories at the
Veterinary Faculty in Selcuk University, and stored under the same conditions ready
for the RNA isolation procedures described below.

To isolate the RNA, the TRI Reagent Kit (Sigma, Chicago, USA) protocol and
Trizol method [12] were used with monophasic solutions of phenol and guanidine
isothiocyanate. To eliminate potential contamination with gDNA, the recovered
total RNA was treated with DNase I (Thermo Scientific, Germany) following the
manufacturer’s protocol. Total RNA quantity and quality were assessed through 1%
agarose gel inspection and spectrophotometric analysis (NanoDrop NID2000). The
latter used wavelength ratios ranging from 1.8 to 2.0 for A260/A230 and A260/A280.
After equalizing the RNA concentrations to 1 pg/2.5 pl with nuclease-free water
(NFW), cDNA was synthesized from the recovered RNA in a MyCycler-Thermal
Cycler (BioRad, Hercules, Calif) with an iScript™ ¢cDNA Synthesis Kit (BioRad, USA)
according to manufacturer’s protocol.

The National Center for Biotechnology Information (NCBI) GenBank provided
the mRNA sequence information while the NCBI Primer Blast and primer design
programs IDTDNA and Oligo 7 were used to design the primers. None of the
primers formed self- nor hetero-dimers [13]. The NCBI BLAST program was used to
test the primers’ accuracy and which sequences to amplify. The primers were based on
sequences containing exon linkages that did not amplify any other feline genes (Table
1). The tryptophan 5-monooxygenase activation protein, zeta polypeptide (YWHAZ)
gene, is the most suitable gene for blood studies in cats [14-16], was chosen as the
internal control gene.

For qPCR, a Light Cycler Nano System (Roche Diagnostics, Germany) using
iTaq Universal SYBR Green qPCR Kit (BioRad, USA) was used according to the
manufacturer’s protocol, and prepared with the following reaction mix: 5 pL. master
mix, 50 pMol forward primer, 50 pMol reverse primer, 2 pL. cDNA in a total volume
of 10 pLL with NFW. The qPCR steps were as follows: 98 °C for 3 min, 35 cycles of 95
°C for 15's, 56—63 °C for 30 s, 72 °C for 30 s, and a melting program that ranged from
60 to 95 °C at a heating rate of 0.1 °C /10 s. Continuous fluorescence measurement
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was conducted to confirm that the amplification was specific. All reactions were carried
out in triplicate for each sample. The amplicons obtained in qPCR were confirmed to
be the target sequence by observing the band sizes on 1% agarose gel.

Table 1. Primer sequences and informations

. . NCBI
Gene Primer sequence Amplicon  Annealing GeneBank
length temperature
Number
PRF1 - F TGGTGGAATGTCGCTTCTACAG o
PRF1-R GGTGCCGTAGTTGGAGATGAG 146 orec R
GZMA-F  AACGTCCCAGGTCATTCITG o
GZMA -R TGGTTCCTGGTTTCACATCA 218 S6°C XM_043060721
GZMB -F  CTCTGGTGGGAGCTAAAAGAGA
O
GZMB -R  ATCAGGAACCCACCACACTTAC 232 62.6°C XM_006932823
YWHAZ —F GATGGCTCGAGAATACAGAGAGA 167 560C XM 006943327

YWHAZ — R CAACCTCAGCCAAGTAACGATAG

The relative gene expression fold changes of the studied genes between groups were
calculated using the criteria of Livak and Schmittengen [17] with the 222Ct method. As
mentioned earlier, the internal control gene was YWHAZ while the control group was
the stray cats group. The significance of the differences in gene expression between the
two groups was tested with independent T-Tests with p<0.05 representing statistical
significance [18].

RESULTS

Our results show that in owned cats PRF1 was expressed 2.20 times more, GZMA
2.67 times more, and GZMB 1.68 times more. However, while the difference in gene
expression between owned and stray cats was statistically significant for the GZMA
gene (p < 0.05), it was not for the PRF1 and GZMB genes (Figure 1; Table 2).
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Figure 1. Relative Gene Expression Differences; *: p<0.05
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Table 2. Relative Gene Expression Differences

Gene Group 2-AACt Standard Error p value
Owned cats 2.2077 0.158986628

PRF1 0.1592
Stray cats 1 0.178989151
Owned cats 2.6754 0.192615590

GZMA 0.0276*
Stray cats 1 0.187892422
Owned cats 1.6879 0.155766898

GZMB 0.3131
Stray cats 1 0.174038369

* p<0.05
DISCUSSION

Studies of the feline PRF1 gene have shown that PRF1 expression is increased in
vaccinated cats [19,20]. Feline Immunodeficiency Virus (FIV), one of the most
common diseases in both owned and stray cats worldwide [21], was the subject of a
study by Simoes et al. [22] which showed that in vitro stimulation of pathogen-free cats
and cats previously infected with FIV increases PREF1 gene expression in pathogen-free
cats. However, they found no difference in PREF1 gene expression of NK cells in cats
treated with Listeria monocytogenes compared to untreated cats. Similarly, PRF1 gene
expression did not change after NK cells were stimulated with Interleukin-15 (1L-15)
[23]. In a case report, PRF1 proteins were found to be concentrated in tumoral regions
[24]. This indicates that PRF1 expression is greater in regions induced by the tumoral
factor. Previous studies indicate that PRF1 gene expression increases after vaccination,
infection, or in tumoral conditions, but not with patasitic infections. The cats used in
our study were found to have no infections, parasites, or tumoral conditions while the
owned cats had definitely been vaccinated. Although the difference was not statistically
significant, PREF1 gene expression was higher in owned, vaccinated cats than stray cats.
Thus, our results are at least consistent with those of previous studies.

PRF1 and GZMB are generally examined together in studies of cats [2,15,16,23,25,20]
because GZMB needs PRF1 to operate apoptotic pathways inside the cell [27,28]. In
addition, GZMB, which enters the cell without pores, can be effective in the presence
of PRF1 [20]. Stimulation of NK cells with IL.-15 increases PRF1 and GZMB gene
expression [2,15,23], and expression of both genes increases in allergic reactions [25].
Spiri et al. [16], examined immune gene expression in cats vaccinated against Feline
Calicivirus Virus (FCV) and cats infected with FCV. GZMB was expressed at a higher
level than PRF1 in both groups. Studies of the GZMB gene suggest that it plays a more
active role in the immune system than PRF1. Although neither PRF1 nor GZMB gene
expression was statistically significant in our study, PRF1 expression was 2.20 times
higher and GZMB was 1.68 times higher in owned cats. This is consistent with most
previous studies but inconsistent with Spiri et al. [16], who reported that PRF1 gene
expression was higher than GZMB in both FCV-vaccinated and FCV-treated cats. The
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reason for the difference in our study could be that the owned cats were sampled a
long time after vaccination while the stray cats were healthy at the time of sampling.

In cells that are resistant to GZMB, GZMA affects caspases and various 1L pathways
[3,8]. Simoes et al. [22] showed that the application of Listeria monocytogenes to cats
does not affect GZMA gene expression. Additionally, Simoes et al. [22] found no
difference in GZMA gene expression following in vitro stimulation of pathogen-free
cats and cats previously infected with FIV. In another study, GZMA gene expression
increased significantly in FIV-positive cats. Following continuous stimulation with
lipopolysaccharide, GZMA expression was suppressed, although it remained at a
higher level than in the control group [29]. In our study, it is noteworthy that GZMA
gene expression was 2.67 times higher (p < 0.05) in owned than stray cats. These
results suggest that owned cats gain a significant immunological advantage over stray
cats regarding GZMA gene expression.

PRF1, GZMA, and GZMB genes are highly effective in primary defense [5]. The results
of a study on owned and stray dogs reveal that GZMB gene expression is significantly
higher in stray dogs whereas there are no significant differences for PRF1 and GZMA
gene expression [30]. In another study examining 17 different felid species, nucleotide
sequences of PRF1, GZMA and GZMB showed high similarities. All trees derived
from coding sequences expressed phylogenetic relationships corresponding to the
zoological taxonomy of the Felidae, except GZMA [6]. Bubenikova et al. [31] found
no significant differences between different cat breeds for PRF1, GZMA, and GZMB
genes. Li et al. [7] reported significant differences in NK cells across 12 different
species, including pet animals like cats and dogs. More specifically, GZMB genes are
expressed more than any other genes in NK cells in dogs, so this gene can act as a
marker. Similarly, GZMA genes are expressed more than any other genes in NK cells
in cats, so can also act as a marker. Our study also cleatly demonstrated the importance
of the GZMA gene for cats. Taken together, our study and previous studies [6,7,30,31]
indicate that there are important immune system differences between pet cats and dog
species, although not between breeds and related species. While stray dogs gain an
immunological advantage in the fight against diseases [30], the opposite is true for cats:
owned cats gain an immunological advantage compared to stray cats.

Our findings do not imply that PRF1 and GZMB gene expression is unimportant.
Rather, it suggests that GZMA expression is more important than the other two
genes in cats. Therefore, immune system research on cat species will provide more
meaningful results by focusing on the GZMA gene and its protein. Evaluated together
with other studies, granzymes are more important for immunity than perforin. That is,
owned cats, which have been vaccinated, and have better care and feeding conditions,
have a stronger immune response than stray cats.
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PREDNOSTI IMUNSKOG ODGOVORA VLASNICKIH MACAKA
U ODNOSU NA ULICNE MACKE: UPOREDNA STUDIJA
EKSPRESIJE GENA ZA PERFORIN I GRANZIME

Mehmet Cevat TEMIZKAN, Gonca SONMEYZ, Secil SEVINC TEMIZKAN, Elmas
ULUTAS, Muhammed Hudai CULHA

Neke macke zive kod kuce sa svojim vlasnicima, dok druge Zive bez nadzora na ulici ili
u sklonistima. Moglo bi da se ocekuje da ¢e macke u vlasnistvu biti bolje pripremljene
za bolesti, a kao posledice vakcinacije, dobrim uslovima nege i ishrane, dok bi macke
lutalice bile pripremljene za bolesti stalnim izlaganjem mikrobnim faktorima. Medu-
tim, nijedna studija nije istrazivala koja grupa ima ja¢i imunski odgovor na bolesti.
Poznato je da citotoksi¢ne T ¢elije i NK ¢elije (¢elije prirodne ubice) iniciraju imunski
odgovor koji izaziva apoptozu inficiranih, ¢elija kada su stimulisane razlicitim faktori-
ma. Ovaj imunski odgovor nastaje kao posledica ulaska perforina i proteina granzima
u inficiranu Celiju. Shodno tome, ova studija je uporedivala macke u vlasnistvu i macke
lutalice u smislu ekspresije gena za perforin i granzime. Uzeti su uzorci krvi od 30
vlasnickih i 30 macaka lutalica, ¢ije je zdravstveno stanje prethodno provereno. Uzorci
su analizirani gPCR metodom na perforin i ekspresiju gena granzima A i granzima B.
Ekspresija svih gena bila je na visem nivou kod vlasnickih macaka, iako je samo gen
granzima A pokazao znacajnu razliku (p < 0,05). Ovo ukazuje da ovaj gen igra aktiv-
niju i znacajniju ulogu kod macaka od perforina i granzima B, i da macke u vlasnistvu
imaju jac¢i imunski odgovor na bolesti od macaka lutalica.
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