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CACC789 and evaluation of their host
response
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Abstract

Background Probiotics are beneficial for animal health and new potential probiotics need to be characterized for
their prospective use in improving animal health. In this study, 32 bacterial strains were isolated from a Norwegian
forest cat (castrated, 12 years old) and a Persian cat (castrated, 10 years old), which were privately owned and had
indoor access.

Results Lactobacillus rhamnosus CACC612 (CACC612) and Bifidobacterium animalis subsp. lactis CACC789 (CACC789)
were selected as potential probiotics; characterization of the two strains showed equivalent acid tolerance, similar
cell adhesion rates on the HT-29 monolayer cell line, and superior bile tolerance compared to Lactobacillus rhamnosus
GG (LGG). Subsequently, they exhibited inhibitory effects against a broad spectrum of pathogenic bacteria, including
E. coli (KCTC 2617), Salmonella Derby (NCCP 12,238), Salmonella Enteritidis (NCCP 14,546), Salmonella Typhimurium
(NCCP 10,328), Clostridium difficile JCM 1296T. From evaluating host effects, the viability of the feline macrophage cell
line (Fcwf-4) increased with the treatment of CACC612 or CACC789 (P< 0.05). The induced expression of immune-
related genes such as IFN-y, IL13, IL2, IL4, and TNF-a by immune stimulation was significantly attenuated by the
treatment of CACC612 or CACC789 (P <0.05). When 52 clinical factors of sera from 21 healthy cats were analyzed using
partial least squares discriminant analysis (PLS-DA), the animals were obviously clustered before and after feeding
with CACC612 or CACC789. In addition, hemoglobin and mean corpuscular hemoglobin concentration (MCHQC)
significantly increased after CACC612 feeding (P<0.05).

Conclusions In this study, feline-originated probiotics were newly characterized and their potentially probiotic
effects were evaluated. These results contribute to our understanding of the functional effects of feline-derived
probiotics and support their industrial applications.
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Background

The World Health Organization (WHO) defined probi-
otics as “live microorganisms that, when administered
in adequate amounts, confer a health benefit on the
host” [1]; this definition has generally been accepted and
adopted in related research and industrial fields [2—4].
Many studies on probiotics have supported their poten-
tially beneficial effects, such as improving human and
animal health, modulating the intestinal microbiome,
and replacing antibiotics [5]. According to this definition,
probiotics are restricted to live microbes, and their num-
ber in a probiotic product is related to their effectiveness.
In this regard, the minimum number of live probiotic
microorganisms was suggested at least 10° colony-form-
ing units (CFUs) per day (Italian Ministry of Health) or
per serving (Health Canada) [6]. Enterococcus spp., Lac-
tobacillus spp., and Bifidobacterium spp., which produce
lactic acid as an end product, are the most common pro-
biotics used in animals [7]. Generally, lactic acid-pro-
ducing bacteria are gram-positive anaerobes, facultative
anaerobes, and non-spore-forming [8]; they can produce
other substances, such as hydrogen peroxide and bacte-
riocins, which affect the host microbiota [9].

Relating to companion animals such as dogs and cats,
the Association of American Feed Control Officials
(AAFCO) announced that 41 non-toxigenic bacterial
species are deemed safe for use in companion animals
[10]. Among them, Lactococcus and Lactobacillus gen-
era are mostly given the GRAS status while some other
genera contain some opportunistic pathogens [11, 12];
Bacillus spp., Lactobacillus spp., Bifidobacterium spp.,
and Enterococcus faecium have been studied as poten-
tial probiotics for companion animals. These probiot-
ics have been reported to have benefits for the host,
such as modulation of the immune system, assistance in
stress maintenance, protection from infections caused
by enteropathogens, increased growth and development,
and control of allergic disorders and obesity [13-21].
However, data from animal clinical trials often arouse
arguments regarding the number of subjects, period,
dosage, and strains used, making comparisons among
studies complex [22].

Although it remains unclear, some scientists have con-
tended that commensal microorganisms may exert host-
specific effects; ideally, canine or feline probiotics derived
from the gastrointestinal tract (GIT) of the animal would
be effective in controlling host-specific infection in their
intestines [23]. In addition, cats are obligate carnivores
and require feeding with high protein content, low/mod-
erate fat content, and a minimal amount of carbohydrates
with different microbiome communities and nutrient
metabolism than dogs [24]. Several studies have focused
on isolating, testing, and characterizing feline-specific
probiotics [14, 25].

Page 2 of 10

In this study, we isolated feline-specific probiot-
ics, including Lactobacillus rhamnosus CACC612 and
Bifidobacterium animalis subsp. lactis CACC789, and
confirmed their probiotic characteristics; they showed
superior efficiency in in vitro and in vivo tests. Therefore,
our data contribute to understanding the potential ben-
efits of host-specific probiotics in cats.

Results

Identification of cat-originated probiotics

The 32 bacterial strains were isolated from the feces of
two cats and identified using 16 S rRNA gene sequenc-
ing. From the identified strains, Lactobacillus rham-
nosus CACC612 (CACC612, GeneBank: MZ323890.1)
and Bifidobacterium animalis subsp. lactis CACC789
(CACC789, GeneBank: MZ323908.1), which are accept-
able by “Regulations Concerning Recognition of Func-
tional Ingredients and Standards and Specifications for
Health Functional Foods, South Korea” were further
analyzed as probiotics. As a reference strain, Lactobacil-
lus rhamnosus Gorbach—Goldin ATCC53013 (LGG) was
obtained from Korean Collection for Type Cultures [26]
(Table 1).

Acid and bile tolerance and adhesion to intestinal cell lines
Acid and bile tolerance was tested at pH 2.5 and 0.3% and
1% bile salts. CACC612 and CACC789 showed higher or
equivalent survivability (CACC612, 97.9%, CACC789,
86.35%, and LGG, 44.8% at 0.3% bile salt and CACC612,
98.8%, CACC789, 84.16%, and LGG, 24.4% at 1% bile
salt) at 0.3% and 1% bile salts-treated conditions, but
lower survivability (CACC612, 75.9%, CACC789, 82.92%,
and LGG, 98.8%) at pH 2.5 compared to LGG (P<0.05)
(Table 2). In addition, an assessment of the ability to
adhere to the intestinal lining using the human colonic
carcinoma cell line HT-29 revealed that CACC612 and
CACC789 exhibited activity equivalent to that of LGG
(P<0.05) (Table 3). Therefore, these results suggest that
the bacterial strains were tolerant to the bile salt envi-
ronments and could equivalently attach to the intestinal
lining relative to the reference probiotic strain; however,
they were susceptible to acidic conditions.

Antibacterial activity and antibiotic sensitivity

The antibacterial activity test against various pathogenic
bacteria revealed that CACC612 exhibited antibacterial
activity against all tested pathogenic bacteria, including
Escherichia coli (K99 KCTC 2617), Salmonella Derby
(NCCP 12,238), Salmonella Enteritidis (NCCP 14,546),
Salmonella Typhimurium (NCCP 10,438), and Clostrid-
ium difficile (JCM1296). In addition, CACC789 showed
antibacterial activity against Salmonella Enteritidis
(NCCP 14,546) and Salmonella Typhimurium (NCCP
10,438) (Table 4). Furthermore, based on the assessment
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Table 1 Lists of primers used to perform qRT-PCR
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Target gene NCBIID PCR product size (bp) Sequence (5" — 3’) Cytokine categories [reference]

IFN-y NM_001009873.1 147 F-ATGTAGCAGATGGTGGGTCG Pro-inflammatory [61]
R-TCCTTTGAATGCGCTGGTCA

IL1B NM_001077414.1 161 F-AAGACGGGAAACCCACCCTA Pro-inflammatory [62]
R-TGCTTGAGAGGTGCTGATGT

IL2 XM_023252215.1 270 F-AGAGCTTTCTATCAGCCTCTCT Pro-inflammatory [63]
R-GGCCTTCTTGGGCACGTAAA

L4 NM_001043339.1 133 F-GAGAAACGACTCGTGCATGG Anti-inflammatory [62]
R-GGTGGAGCAGTTGTGATGTG

IL8 (CXCL8) NM_001009281.1 172 F-GACCCCAAGCAAAAGTGGGT Pro-inflammatory [64]
R-ACTGCATGAAGTGCTGAAGTG

IL10 NM_001009209.1 156 F-TCAAACCAAGGACGAGCTGC Anti-inflammatory [62]
R-TGTTTGATGTCTGGGTCCTCG

IL12A NM_001009833.1 117 F-CACACCAAGCCCAGGAATGT Pro-inflammatory [65]
R-TCGGAAGTGCAGGGGTAAAA

IL12B NM_001077413.1 185 F-TGTCAAAAGCAGCAGAGGCT Pro-inflammatory [65]
R-GAATAGCGTCCACCACGACT

TNF-a NM_001009835.1 81 F-CCCACATGGCCTGCAACTAA Pro-inflammatory [62]
R-GCTACTGGCTTGTCACTCGG

GAPDH NM_001009307 101 (genomic 173) F-AGTATGATTCCACCCACGGCA Not applicable

R-GATCTCGCTCCTGGAAGATGGT

Table 2 Acid and bile tolerance of feline-originated probiotics

Condition CACC612 CACC789 LGG
Acid pH 2.5 oh 7524002 758+026 7.74+0.15
tolerance 2h 4404011 629+006 7.64+0.13
Survival 759 8292 98.8
rate (%)
Bile 0.3% Oh 7524002 758+026 7.74+0.15
tolerance  oxgall 2h 7364003 655+0.06 347+0.24
Survival 979 86.35 448
rate (%)
1.0% oh 752+002 758+026 7.74+0.15
oxgall 2h 743+002 638+02 1.88+003
Survival 98.8 84.16 244
rate (%)

Unit=Log,,CFU/ml; Survivability (%)=treatment unit/control unit x 100; LGG
(reference strain), Lactobacillus rhamnosus GG (ATCC53103)

Table 3 Cell adhesion activity of feline-originated probiotics on
the intestinal cell line (HT-29)

Strain Oh After2 h Adherence (%)
CACC612 8.75+0.03 6.86+0.05 7840
CACC789 8.06+0.12 6.33+0.25 7843
LGG 7.63+0.23 6.25+0.11 81.93

Unit=Log,,CFU/ml; Adhesion ability (%)=2 h unit/0 hr unit x 100; Reference
strain, Lactobacillus rhamnosus GG (ATCC53103)

Table 4 Antibacterial activity of feline-originated probiotics

of antibiotic sensitivity according to the European Food
Safety Authority (EFSA) [27], CACC612 fulfilled the safe
minimum inhibitory concentration (MIC) for all tested
antibiotics, excluding gentamicin and kanamycin, and
CACC789 fulfilled the safe MIC for antibiotics excluding
gentamicin (Table 5). Therefore, we proposed that these
bacterial strains have a wide range of pathogen-inhibitory
effects and are less susceptible to concerns regarding
antibiotic resistance.

Enhancement of host cell viability by cat-originated
probiotics

When the bacterial culture broths were co-cultured
with feline macrophage cell line (Fcwf-4) to evaluate the
enhancement of host cell viability by the byproducts of
the probiotic bacterial strains (CACC612 and CACC789),
the probiotic strains showed higher cell viability than the
negative control. In addition, LGG treatment did not
affect cell viability (Fig. 1a) (P<0.05). These results indi-
cated that CACC612 and CACC789 promoted feline
immune cells and attenuated cell damage induced by
immune stimulation.

Strain E. coli (KCTC 2617) Salmonella Derby Salmonella Enteritidis Salmonella Typhimurium Clostridium difficile
(NCCP 12,238) (NCCP 14,546) (NCCP 10,328) (JCM 1296T)

CACC612 ++ + ++ + +

CACC789 - - + ++ -

The inhibition zone (mm) around the paper disc containing the microbial cell-free supernatant was classified as ++, > 12~ 14 mm; +, > 11 mm; -, no inhibition zone
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Table 5 Antibiotic resistance of feline-originated probiotics
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Strain

Minimal inhibition concentration (MIC, pg/mL)

Ampicillin  Vancomycin Gentamicin Kanamycin Erythromycin Clindamycin Tetracycline
CACC612 2 > 256" 48 > 256" 1 0.094 8
CACC789 0.064 0.75 192 > 256" 0.047 <0016° 8
EFSA guideline for Lactobacillus 4 nr. 16 64 1 1 8
rhamnosus
EFSA guideline for Bifidobacterium 2 2 64 n.r. 1 1 8

Quantitative antibiotic sensitivity is expressed as the minimum inhibitory concentration against the microbial strains and classified as R, resistant (=32 or 256 pug/ml),
S, sensitive (<0.016 ug/ml), and n.r,, not required in European food safety authority (EFSA)
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Fig. 1 Cell viability was determined by WST-1 assay. Probiotics treatment in Fcwf-4 cells (@) and probiotics treatment in immune-stimulated Fcwf-4 cells
(b). LGG (Reference strain), Lactobacillus rhamnosus GG (ATCC53103); NC, only bacterial broth media; p, 100 ng/ml poly(l:C) treatment

Attenuation of immune stimulation by cat-originated
probiotics

When immune responses were stimulated in Fcwf-4
cells using poly(I:C), cell viability was rapidly reduced;
however, treatment with CACC612, CACC789, or LGG
increased cell viability compared to only poly(I:C) treat-
ment (P<0.05) (Fig. 1b). Subsequently, the expression
of immune-related genes, such as IFN-y, IL1B, IL2, 114,
IL8, IL10, IL12A, IL12B, and TNF-y, was analyzed in
each treatment group; the expression of all analyzed
genes was significantly increased only in the poly(I:C)
treatment compared to the negative control (P<0.05).
In addition, treatment with CACC612, CACC789,
or LGG decreased the expression of immune-related
genes compared to poly(l:C) treatment alone. Notably,
CACC612 significantly reduced the expression of IFN-y,
ILB1, IL2, IL4, and TNEF-y, and CACC789 decreased the
expression of IFN-y (P<0.05). Additionally, LGG sig-
nificantly decreased the expression of ILB1, IL2, and IL8
(P<0.05) (Fig. 2). These results suggest that CACC612
and CACC789 attenuate cell damage mediated by rapid
immune stimulation.

Feeding effects of cat-originated probiotics in cats

To evaluate the physiological effects of probiotic bacterial
strains in cats, each probiotic bacterial strain (CACC612
and CACC789) and a commercial probiotic product were
fed to seven cats per experimental group for 45 days.
Blood from individual cats was sampled before and after
probiotic feeding. Subsequently, 52 blood parameters
were examined using a complete blood count (CBC)
and electrolyte tests. The examined data were collec-
tively integrated and analyzed using principal compo-
nent analysis (PLS-DA); PLS-DA results showed that
individual cats were clustered before and after probiotic
feeding. However, it was not separated among experi-
mental groups (Fig. 3). These results implicated that the
applied probiotics including the commercial product
could contribute to the changes in blood parameters
and the effects on the blood parameters might be similar
among the applied probiotics including the commercial
product. Sunsequently, analysis of detailed blood param-
eters showed that hemoglobin and mean corpuscular
hemoglobin concentrations (MCHC) increased after
CACC612 feeding (P<0.05). Additionally, MCHC and
mean platelet volume (MPV) increased after commercial
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Fig. 2 Relative expression of immune-related genes. Only Pfoldchange (FC)=Log2 (p/NT) and the other FCs=Log?2 (each treatment/p). LGG (Reference
strain), Lactobacillus rhamnosus GG (ATCC53103); NC, only bacterial broth media; p, 100 ng/ml poly(l:C) treatment; *, P<0.05; **, P<0.01; ***, P<0.001

.J Before probiotics feeding @ CACC612
@ After probiotics feeding @ CACC789
@® Commercial product

Fig. 3 Partial Least-Squares Discriminant Analysis (PLS-DA) based on 52 parameters from analysis of whole blood and electrolyte tests before and after
application of CACC612, CACC789, and the commercial product. all individuals were distributed before and after the application (left panel) and distrib-
uted before and after the application according to the application group (right panel)



Jang et al. BMC Veterinary Research (2024) 20:128

product feeding; however, Mg>* and nMG decreased
(P<0.05) (Table 6). Collectively, these results indicate
that CACC612, CACC789, and the commercial probiotic
product could affect the physiological status of cats and
that CACC612 and the commercial product could alter
blood parameters.

Discussion
Lactobacillus rhamnosus, recently classified as Lacti-
caseibacillus rhamnosus, is a representative lactic acid
bacterium with ideal probiotic characteristics [28, 29].
Notably, LGG isolated from fecal samples of healthy
human adults is resistant to gastric acid and bile; there-
fore, it survives and persists within the gastrointestinal
tract, adheres to the intestinal surface, and inhibits sev-
eral pathogens [30-33]. In addition, the Association
of American Feed Control Officials (AAFCO) and the
European Food Safety Authority (EFSA) have suggested
commercially available probiotic bacteria from the Lac-
tobacillus, Bifidobacterium, Streptococcus, and Enterococ-
cus genera [10, 34]; the qualified presumption of safety
(QPS) recommended by the EFSA includes Lactobacillus
and Bifidobacterium as representative probiotics because
no harmful effects have been reported following the
extensive record of safe use [24, 35]. In this study, Lac-
tobacillus rhamnosus CACC612 (CACC612) and Bifido-
bacterium animalis CACC789 (CACC789) were isolated
from feline feces. Their probiotic attributes, such as toler-
ance to bile and cell adhesion activity, were superior or
equivalent to LGG. Therefore, CACC612 and CACC789
could be considered as potential probiotics in cats.
Numerous studies have reported that probiotics are
potential immune modulators [36]. Cytokines play key
roles in the regulation of the immune response. They
regulate inflammatory responses to pathogens and
injury by mediating intercellular signaling. Cytokines
related to inflammatory responses are largely divided
into proinflammatory cytokines which are involved in the
up-regulation of inflammatory reactions and anti-inflam-
matory cytokines which control the pro-inflammatory
cytokine response. In previous studies, a single applica-
tion or mixture of probiotics has shown the reduction of
proinflammatory cytokines including IFN-y IL1B, IL2,
IL8, and TNF-« in various animal species and cell lines
after pathogen-induced infection [37-47]. In this study,
CACC612 significantly reduced the expression of IFN-
v, IL1B, IL2, IL4, and TNF-«a in the immune-stimulated
Fcwf-4 and CACC789 only reduced IFN-y. These results
suggested that CACC612 can attenuate more variety of
proinflammatory cytokines in the immune-stimulated
Fcwf-4 cell line compared to CACC789. Additionally,
although both CACC612 and LGG belong to Lacto-
bacillus rhamnosus species, CACC612 decreased 114,
known as an anti-inflammatory cytokine with other

Table 6 Values of blood parameters before and after probiotics feeding

Blood parameter

Commercial

CACC789

CACC612

P value
0.019

After feeding

0.46

Before feeding
0.53

P value
0.880

After feeding

0.53

Pvalue Before feeding
0.50

0.288

After feeding

046

Before feeding

0.51

0.04

+

0.03

+

0.02

+

0.03

+

0.04

+

0.03

+

Mg2+

(mmol/L)
nMg

0.030
0.904

0.03

1.

+

0.44

0.04
1.70
0.95

+

0.50

0.554
1.000
0614

0.04

+H

0.52

0.04
0.81
0.59
0.80

+H

0814 0.49

0.04
4.57

+H

045

0.02
1.

+H

048

71

13.79
32.24
10.60

12.03
30.16

1.73
2.64
032

13.19
34.10

13.74
3293
10.94

0.018

+

Hemoglobin [Hb] (g/dl) 1223  + 87 16.64
29.73 31.70

MCHC (g/dL)
MPV (fL)

0.026

0.82

0.044
0.988

0.53

0.75

0.001

0.40

0.49

+

9.43

1.000

10.86

+

1 10.50 + 014

03

10.23

Bold values indicate significantly different values before and after probiotics feeding (P<0.5)
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proinflammatory cytokines while LGG showed a sig-
nificant reduction of proinflammatory cytokines such as
IL1B, IL2, and IL8. Recent studies have suggested that
IL4 has diverse roles besides its well-known function in
immune responses [48]. Therefore, our research find-
ings indicated that Lactobacillus rhamnosus CACC612
was more effective in cats compared to Bifidobacterium
animalis subsp. lactis CACC789. Furthermore, the probi-
otic effects of CACC612 differed from those exhibited by
LGG, suggesting potential host- or strain-specific effects.

Host specificity has been a suggested criterion for
selecting effective probiotic candidates because of the
differences in physiological structure, immune systems,
and microbial composition [49, 50]. However, the effi-
cacy of commercial probiotics has been primarily studied
using human-derived probiotics based on human-opti-
mized criteria [51]. In clinical studies, LGG may not be
suitable for canine application because of its temporary
persistence [52]. Additionally, canine-derived probiotics
inhibit the adhesion of intestinal pathogenic bacteria to
canine jejunal chyme more efficiently than non-canine
strains [53]. Another study reported that Bifidobacte-
rium might not play an essential role in cats compared
to humans [54]. In our study, Lactobacillus rhamno-
sus (CACC612) significantly improved the hemoglobin
(Hb) and mean corpuscular hemoglobin concentration
(MCHC) values whereas Bifidobacterium animalis subsp.
lactis CACC789 did not change blood parameter values.
Hb serves as a crucial respiratory transporter, convey-
ing oxygen from the lungs to tissues and aiding in the
removal of carbon dioxide in tissues. MCHC indicates
the quantity of Hb present in red blood cells. Maintain-
ing adequate levels of Hb within red blood cells can help
prevent anemia [55]. Accordingly, we proposed that
Lactobacillus rhamnosus (CACC612) is more suitable
probiotics than Bifidobacterium animalis subsp. lactis
CACC?789 .In conclusion, we isolated feline-derived pro-
biotics and demonstrated their desirable characteristics.
This study indicates that CACC612 and CACC789 may
exhibit host- or strain-specific effects in cats, contrib-
uting to understanding the effects of probiotics and the
selection of optimal probiotics for cats.

Methods

Recruitment of Animal Subjects’The Institutional Animal
Care and Use Committee of the Institution approved all
animal procedures (CIALM 2020-01). All the methods
were performed per the guidelines and regulations out-
lined in the protocol. In addition, informed consent was
obtained from the owners of all subjects involved in the
study.
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Isolation of bacterial strains from feline feces

Feces were collected from Norwegian forest cats (cas-
trated, 12 years old) and Persian cats (castrated, 10 years
old) that were privately owned and had indoor access.
Feces were collected from Norwegian forest cats (cas-
trated, 12 years old) and Persian cats (castrated, 10 years
old) that were privately owned and had indoor access.
From the fecal samples, each colony was isolated and sub-
jected to 16 S rRNA sequencing as previously described
[56, 57]. From the 16 S rRNA sequencing data, Lacto-
bacillus rhamnosus CACC612 (CACC612) and Bifido-
bacterium animalis subsp. lactis CACC789 (CACC789)
were newly annotated and they acquired GenBank IDs in
NCBIL

Probiotics screening

To evaluate the tolerance of bacterial strains under low
pH and high bile salt concentration, the stimulation of
GIT was determined in the present study using a previ-
ously described procedure with modifications [58]. For
assessing the tolerance of microbial strains to acidic
conditions, mMRS, BL (Bifidobacterium spp. culture
medium) broth media was adjusted to pH 2.5 (treatment)
and 6.5 (control) using 1 M HCI. Next, overnight cultured
isolates (approximately 1x10” CFU/mL) were added to
each pH-adjusted medium and incubated for 2 h at 37 °C
(CACC612, and CACC789) without shaking, respec-
tively. Bile tolerance of the strains was determined on the
basis of growth in mMRS and BL broth media with 0.3%
and 1% oxgall (Difco, United States) for 2 h, using the
same incubation temperatures and conditions described
earlier for acid tolerance. All experiments were carried
out under anaerobic conditions. After incubation, 10 x
serial dilutions of the cultures were spread on agar plates,
followed by 24 h of incubation at 37 °C. The tolerance
of acid and bile for the bacterial strains was evaluated
by enumerating the viable colonies and the survivabil-
ity was calculated; Strains were evaluated for inhibitory
effects against economically important enteropathogenic
microorganisms, using a previously described disk diffu-
sion method [59] with slight modifications. The following
seven enteropathogenic bacteria were used as indicators
of antibacterial activity: Escherichia coli K99 KCTC 2617,
Salmonella Derby NCCP 12,238, Salmonella Enteritidis
NCCP 14,546, Salmonella Typhimurium NCCP 10,438,
and Clostridium difficile JCM1296. In brief, pathogenic
strains were initially grown on appropriate media: E. coli
was grown on Luria Bertani agar (LB), Salmonella spp.
on Salmonella and Shigella agar (SSA), and Clostridium
difficile on EG medium (KCTC Media No. 293, https://
kctc.kribb.re.kr/en/) at 37 °C for 20 h. Diffusion disks of
8 mm diameter were appropriately overlaid on the agar
and 1x10° CFU/mL of the culture suspensions were dis-
pensed onto the disks. The plates were incubated at 30
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and 37 °C for 24 h and the diameters of the inhibition
zones around each disk were measured; the sensitivity of
the isolated microbial strains to 7 antibiotics including
ampicillin, vancomycin, gentamicin, kanamycin, eryth-
romycin, clindamycin, and tetracycline was assessed
using the E-test MIC method (E-test bio rieux BIODISK,
France); and the host cell adhesion ability of the isolated
microbial strains was determined using HT-29, human
intestinal cell line. Above all procedures were previously
described in detail [56, 57].

Test for host cell viability

Fcwf-4 cells (CRL-2787, ATCC, feline macrophage) were
cultured per well in 6-well culture plates with 2 mL of
DMEM (Gibco) with 10% FBS (Hyclone), and 1% antibi-
otics (1 x Antibiotic-Antimycotic, Gibco) at 37 °C, with
5% CO,. For testing host cell viability, Fcwf-4 cells were
seeded at a density of 5x 10° cells/well in separate 96 well
plates with 100 pl and incubated for 42 h and the cell
confluency was reached at 80%. Cell viability was deter-
mined using the WST-1 Assay Kit (Enzo, United States).
The bacterial strains were cultured for 20 h at 37 °C and
then adjusted the number of cells (approximately 1x10%
CFU/mL). Each bacterial culture broth was filtered using
0.2 um sterile membrane filter ( MilliporeSigma, USA).
10 ul of the filtered broth was added to the cells and fur-
ther incubated for 4 h at 37 °C with 5% CO,. After that,
the cells were incubated with 10 ul WST-1 reagent for
3 h. Absorbance was measured at both 450 and 650 nm
(as a reference) using a UV-spectrophotometer (Tecan,
Swiss) according to the manufacturer’s instructions.

Polyinosinic: polycytidylic acid (poly(l:C)) treatment
Fcwf-4 cells were prepared at 70-80% confluency per
well in 6-well culture plates for each experimental group
before poly(I:C) treatment exposure. To induce immune
responses, poly(L:C) (Poly(IC) HMW, InvivoGen, USA)
was transfected into the prepared cells at a concentra-
tion of 0.1 pg/mL using lipofectamine (Lipofectamine
3000 Transfection Reagent, Invitrogen, Thermo Fisher
Scientific). Subsequently, 200 ul (1/10 volume of cul-
ture media) of each filtered bacterial culture broth was
added per well and incubated for 24 h. Next, each well
was substituted with 1 ml of fresh culture media, and cell
viability for each well was obtained using 100 ul WST-1
treatment.

Expression analysis of immune-related genes in Fcwf-4
cells

RNAs were isolated from the Fcwf-4 cells in each experi-
mental group using an RNA extraction kit (Invitrogen).
For quantitative reverse transcription-polymerase chain
reaction (qQRT-PCR), 1 pg of total RNA was used for
c¢DNA synthesis with Rever Tra Ace-a- first strand cDNA
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Synthesis Kit (Toyobo, Osaka, Japan). Sequence-specific
primers (Table 1) were designed using Primer-BLAST
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.
cgi?LINK_LOC=BlastHome). qRT-PCR was performed
using an iCycler Real-Time PCR Detection System (Bio-
Rad, Hercules, CA, USA) and SYBR Green (Bio-Rad).
Non-template wells without cDNA were used as negative
controls. Each sample was tested in triplicates. The PCR
conditions were 95 C for 3 min, followed by 40 cycles at
95 C for 10 s and 60 C for 30 s, using a melting curve
program (increasing temperature from 65 ‘C to 95 C
at a rate of 0.5 C per 5 s) and continuous fluorescence
measurement. The qRT-PCR data were normalized rela-
tive to the expression of GAPDH and calculated using
the 2 AACt method, where AACt = (Ct of the target gene
— Ct of GAPDH),,.eatment — (Ct of the target gene — Ct of
GAPDH), 1o [60].

Clinical trial
When a total of 21 cats that were privately owned and
had indoor access were recruited for the clinical trial,
they ranged from kittens at 6 months old to adult cats
at 6 years old and had a ratio of male to female, 1 : 1.1.
Subsequently, they were randomly and evenly grouped
into three experimental groups (CACC612-feeding,
CACC789-feeding, and commercial product-feeding).
Clinical data were collected and analyzed at the MAY
Animal Medical Center, Jeonju, Korea. The commercial
product (Real bifidus cat™, Estien Corp, South Korea) was
chosen among probiotic products for cats; CACC612 and
CACC789 were cultured in mMRS broth (DifcoTM Lac-
tobacilli MRS broth, BD Company, USA) and BL broth
(Bifidobacterium Selective broth, MB cell, South Korea)
under anaerobic conditions (5% hydrogen, 5% carbon
dioxide, and 90% nitrogen) at 37 °C for 48 h, respec-
tively and then lyophilized. The probiotic products con-
sisted of 5% fructooligosaccharide, 10% skimmed milk,
15% trehalose, 0.5% glycerin, 1% NaCl, and one of the
following bacterial strains: CACC612 and CACC789.
Each experimental group was administered 0.2 g of
probiotic product, including 10® bacteria, daily for 45
days. The powdered probiotic product (0.2 g) was indi-
vidually sealed in plastic medicine bags. The powder was
dissolved in 1 ml water and fed into a 1 ml syringe. No
significant adverse symptoms were reported during clini-
cal trials. Serum samples were collected from cats before
feeding the probiotic products and 45 days after feeding
with the probiotic products. Serum samples were ana-
lyzed using a complete blood count (CBC) and electro-
lyte tests according to standard protocols.

Statistical analysis
Statistical evaluation of the data was performed using
analysis of variance (ANOVA) with a general linear
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model for a randomized complete block design. All treat-
ments were performed in triplicate, and Tukey’s HSD test
was used to define the mean differences between specific
treatments. The statistical significance (P<0.05, P<0.01,
or P<0.001) of the differences was determined. All analy-
ses were conducted using JMP 14.3.0 (SAS Institute Inc.
software (NC, United States)).

Abbreviations
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IFN-y interferon gamma

IL1B interleukin 1 beta
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IL4 interleukin 4
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