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Abstract

Background Prostatic carcinoma (PCA) is a rare but severe condition in dogs that is similar to the androgen-
independent form of PCA in men. In contrast to humans, PCA is difficult to diagnose in dogs as reliable biomarkers,
available for PCA screening in human medicine, are currently lacking in small animal oncology. Calprotectin (S100A8/
A9) and S100A12 are Ca?*-binding proteins of the innate immune system with promising potential to distinguish
malignant from benign urogenital tract conditions, similar to the blood neutrophil-to-lymphocyte-ratio (NLR).
However, both have not yet been extensively investigated in dogs with PCA. Thus, this study aimed to evaluate

the expression of the S100/calgranulins (calprotectin, ST00A12, and their ratio [Cal-ratio]) in prostatic biopsies from
nine dogs with PCA and compare them to those in dogs with benign prostatic lesions (eight dogs with prostatitis
and ten dogs with benign prostatic hyperplasia [BPH]) as well as five healthy controls. In addition, blood NLRs were
investigated in twelve dogs with PCA and 22 dogs with benign prostatic conditions.

Results Tissue ST00A8/A9" cell counts did not differ significantly between tissue from PCA and prostatitis cases
(P=0.0659) but were significantly higher in dogs with prostatitis than BPH (P=0.0013) or controls (P=0.0033).
S100A127 cell counts were significantly lower in PCA tissues than in prostatitis tissue (P=0.0458) but did not differ
compared to BPH tissue (P=0.6499) or tissue from controls (P=0.0622). Cal-ratios did not differ significantly among
the groups but were highest in prostatitis tissues and significantly higher in those dogs with poor prostatitis
outcomes than in patients that were still alive at the end of the study (P=0.0455). Blood NLR strongly correlated with
prostatic tissue ST00A8/A9" cell counts in dogs with PCA (p=0.81, P=0.0499) but did not differ among the disease
groups of dogs.

Conclusions This study suggests that the S100/calgranulins play a role in malignant (PCA) and benign (prostatic
inflammation) prostatic conditions and supports previous results in lower urinary tract conditions in dogs. These
molecules might be linked to the inflammatory environment with potential effects on the inflammasome. The
blood NLR does not appear to aid in distinguishing prostatic conditions in dogs. Further investigation of the S100/
calgranulin pathways and their role in modulation of tumor development, progression, and metastasis in PCA is
warranted.
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Background

Prostatic carcinoma (PCA) is the most common non-
skin-associated neoplasia and the second most common
reason for cancer-associated death in the United States
in men [1]. While arising from the epithelium and mostly
growing as adenocarcinoma, ascending urothelial carci-
noma (UC) can also occur. Dogs with PCA have a great
potential to serve as models for human PCA because
they are, in addition to other non-human primates, the
only larger mammal bearing naturally occurring PCA [2,
3]. Men and dogs share similarities in the anatomy and
function of the prostate [4], but some differences exist
in the tumor pathobiology between both species. PCA
can be (i) androgen-dependent, as is mostly the case in
men [5], or (ii) androgen-independent, being the most
common form in dogs and carrying a very poor progno-
sis compared to androgen-dependent PCA, which has
a more favorable disease course in most cases. Hence,
neutered dogs with PCA are the most relevant model for
advanced androgen-independent PCA in men [6].

In dogs, the age of PCA onset is similar to those
affected by UC [7], and neutering appears to be one of
the main risk factors for developing PCA [8-12]. In
affected intact male dogs, however, PCA is often even
more aggressive, with Doberman pinschers and Aire-
dale terriers showing an increased risk for developing
PCA compared to other breeds [7, 12]. More than 40% of
canine PCA patients have metastatic disease at diagnosis,
and this proportion increases to 80% at the time of death.
Typical locations for metastases are the regional lymph
nodes, spleen, liver, and the lungs, but bone metastasis
to the limbs, pelvis, and lumbar spine can also occur and
result in lameness or neurologic signs [4, 9, 13—15]. Clini-
cal signs of PCA are not specific and include tenesmus,
dysuria or stranguria, hematuria, and weight loss, often
mimicking UC or urinary tract infection (UTI). Dys-
chezia is often the main presenting complaint when the
prostate is enlarged enough to compromise large intesti-
nal transit [7, 9].

Diagnosis and treatment of PCA can be challenging.
The diagnostic gold standard is cytology and/or histo-
pathology, both requiring prostate sampling by biopsy,
prostate suction (traumatic catheterization or prostatic
wash), or fine-needle aspirate with the dog under gen-
eral anesthesia or well-sedated [10]. The prostate-specific
antigen (PSA) can be measured in the blood to screen
for PCA and can also be used in immunohistochem-
istry (IHC) to help distinguish between prostatic UC
and PCA and is thus considered a reliable biomarker in
human medicine [16]. However, in dogs, neither canine

prostate-specific esterase (CPSE), PSA, nor the acid
phosphatase (AP) test can help to distinguish BPH from
PCA [17-19]. The detection of BRAF polymorphisms
showed promising diagnostic value as the specificity in
urine samples is 100%, but approximately 20% of PCAs in
dogs are not associated with a BRAF mutation resulting
in a sensitivity of ~80% to detect PCA with urine sam-
ples. Thus, a reliable screening marker for dogs with PCA
is currently lacking [20, 21]. In addition, most medical
treatment options are not sufficiently successful, of which
non-steroidal anti-inflammatory drugs (NSAIDs) present
agents with acceptable side effects [22]. Still, the median
survival time does not exceed 6.9 months [22], and novel
diagnostic and therapeutic targets are urgently needed.

S100A8/A9 (calprotectin or calgranulin A/B complex)
and S100A12 are Ca?"-binding proteins of the innate
immune response [23]. There is increasing interest in the
diagnostic and therapeutic role of these S100/calgranulin
proteins and their downstream pathways in dogs [24—27]
as well as in human medicine [23, 28—-33]. However, their
diagnostic use in veterinary medicine is currently limited
owing to the lack of assays that are widely available. Pre-
vious studies have proposed that the S100/calgranulins
and their ratio are promising urinary biomarkers that can
distinguish inflammatory from neoplastic conditions of
the canine urogenital tract, but expression and localiza-
tion of these molecules in corresponding tissues have not
yet been reported [25].

The neutrophil-to-lymphocyte ratio (NLR) is an eas-
ily available marker requiring a complete blood cell
count (CBC). The diagnostic and/or prognostic poten-
tial of blood NLR has been shown in human patients
with inflammatory and neoplastic diseases [34—37]. The
blood NLR is also considered a useful biomarker in vet-
erinary medicine and shows promise as an indicator of
outcomes in several inflammatory [38—42] and neoplas-
tic conditions [42-45], including chronic inflammatory
enteropathy [40], pneumonia [38], acute diarrhea in pup-
pies [41], soft tissue sarcoma [44], and multicentric lym-
phoma [43]. A recent study compared these findings with
the IHC investigation of the S100/calgranulins in the
urinary bladder and urethral tissues, showing discrepan-
cies between urinary calgranulin levels and the numbers
of S100/calgranulin-expressing cells [42]. In contrast to
urinary specimens, no significant difference in the num-
ber of S100/calgranulin-positive cells was found between
inflammatory and neoplastic diseases, but the blood NLR
differentiated both groups [42].

Based on the hypothesis that the S$100/calgranulins
are also involved in the pathogenesis of PCA, this study
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aimed to compare S1I00A8/A9 and S100A12 immunos-
taining between tissues of prostatic neoplasia, marked
prostatitis, benign prostatic hyperplasia (BPH, in some
cases accompanied by minimal to mild chronic non-
suppurative prostatitis), and a healthy prostate. In dogs
with prostatic neoplasia, the possibility of an association
between tissue $S100/calgranulin expression and indica-
tors of disease severity and outcomes was also tested.
Furthermore, the study examined possible differences in
the blood NLR between these prostatic disease groups.

Results

Study population

Dogs with prostatic carcinoma — Breeds included Rhode-
sian Ridgeback (n=2), Airedale terrier, Bernese Mountain
dog, Fox terrier, Jack Russel terrier, Labrador retriever,
Maltese (each n=1), and mixed breed (n=6). Most dogs
in this group were neutered (n=10; 71%) (Table 1). PCA
(n=10) or UC (n=4) was histologically confirmed in all
prostatic tissue biopsies obtained via ultrasound-guided
TruCut (USGTC) biopsy using a 16G spring-loaded
instrument (n=11) or laparotomy (n=3). One dog was
diagnosed with secondary peritonitis and lymphangitic
carcinomatosis, and regional lymph node metastasis was
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confirmed or suspected in another four dogs. Five dogs
had ultrasonographic or radiographic lesions suspicious
for distant metastasis to the spleen (n=3), liver (n=1),
and/or lung (n=2); however, these lesions were not
sampled. Bacterial urine culture was performed in seven
dogs, one (14%) being positive for Streptococcus canis,
and in bacterial cultures of prostatic tissue from eight
dogs, one (13%) culture was positive for Enterobacter
cloacae. Treatment at the time of tissue biopsy included
NSAIDs (robenacoxib: n=2; carprofen: n=2, cimicoxib:
n=1, meloxicam: n=1) and/or antimicrobials (amoxicil-
lin: n=1; amoxicillin/clavulanic acid: n=1; enrofloxacin:
n=1; sulfadimidine: n=1; other: n=3). At the conclusion
of the study follow-up time, all dogs in this group had
been euthanized (n=13) or died (n=1) between 0 and
665 days after diagnosis; only four dogs (29%) lived>1
month after diagnosis.

Dogs with prostatitis — Breeds included Beagle (n=2),
German Shorthair pointer, Iceland dog, Lhasa Apso,
Malinois, Miniature schnauzer, Rhodesian Ridgeback,
Tibet terrier (each n=1), and mixed breed (n=5). Four
of the dogs were neutered (29%). Histological diagno-
ses included severe acute suppurative prostatitis (n=4),
chronic suppurative prostatitis with abscessation (n=1)

Table 1 Patient characteristics of all dogs included in the study (n=45)

Parameter Prostatic neoplasia  Prostatitis Benign prostatic Control dogs Pvalue®
hyperplasia

Total number of dogs 14 14 12 5 -
for IHC analyses 9 8 10 5
for NLR analysis 12 13 9 -

Age',in years 103" 10.0" 9.2"8 5.0° 0.0431
median [range] [7.3-12.8] [4.7-13.2] [1.8-12.0] [2.0-10.0]

Weight', in kg 209" 2354 35.3° 21.8" 0.0258
median [range] [4.7-45.0] [7.0-37.0] [19.6-47.0] [5.2-27.0]

Neuter status’, n (%) 4(29%) /10 (71%)* 10 (71%) /4 (29%)*8 10 (83%) /2 (17%)® 5(100%) / 0° 0.0026
intact / neutered male

Breed 8 (57%) 9 (64%) 8 (67%) 4 (80%) 0.8200
pure-bred 6 (43%) 5 (36%) 4 (33%) 1 (20%)
mixed breed

Sample type 11 (79%) 7 (50%) 9 (75%) 0 -
USGTC 3(21%) 7 (50%) 3(25%) 0
surgical biopsy 0 0 0 5 (100%)
post-mortem

NSAID treatment 8 (57%) 7 (50%) 9 (75%) - -
treatment-naive 6 (43%) 7 (50%) 3 (25%)
prior NSAID treatment

Urine culture® 1 (14%) 7 (64%) 4(67%) - -
positive 6 (86%) 4 (36%) 2 (33%)
negative

Prostatic tissue culture® 1(12%) 5 (56%) 0 -
positive 7 (88%) 4 (44%) 2 (100%)
negative

Survival time', in days 144 682° 1,741¢ - <0.0001
median [range] [0-665] [6-2,146] [249-3,230]

USGTC=ultrasound-guided TruCut biopsy; *available from 24 dogs; *available from 19 dogs; bold font indicates significant differences or associations at P<0.05

(values with a different superscript indicate significance at P<0.05)
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or cyst formation (n=8), and paraprostatic cyst with
severe inflammation (n=1). Urine culture, performed
in eleven dogs, was positive for bacterial growth in 7/11
(64%), which grew Escherichia coli (n=>5), Enterobacter
aerogenes (n=1), or Staphylococcus intermedius (n=1).
Prostatic bacterial culture was performed in nine dogs,
revealing five (56%) positive results (E. coli: n=3, E. aero-
genes: n=1, and Staphylococcus aureus: n=1). Five dogs
were treatment-naive while the remaining nine dogs
had received NSAID (meloxicam: n=6; carprofen: n=1)
and/or antimicrobials (amoxicillin/clavulanic acid: n=4;
marbofloxacin: n=2; metronidazole: n=1). Seven tissue
biopsy samples were surgically obtained, and the remain-
ing seven tissues samples were acquired by USGTC
biopsy.

BPH — Breeds included English bulldog (n=2), German
Shepherd dog (n=2), American bulldog, Bernese Moun-
tain dog, Malinois, Weimaraner (each n=1), and mixed
breed (n=4). Most dogs (n=10; 83%) were intact. Three
prostatic tissue samples were obtained during laparot-
omy, and nine prostatic specimens via USGTC biopsy.
Bacterial urine culture was performed in six dogs, four
(67%) being positive (E. coli, Klebsiella ornitholytica, S.
canis, or S. intermedius), and bacterial culture of prostatic
tissue from 2 dogs, both of which were negative for bac-
terial growth. Two dogs were naive to any medical treat-
ment, while the remaining dogs had received an NSAID
(firocoxib: n=1; robenacoxib: n=1, meloxicam: n=1),
minimal-dose prednisolone (1 dog treated for previously
diagnosed hypoadrenocorticism), antimicrobials (amoxi-
cillin/clavulanic acid: n=3; enrofloxacin: n=2; unknown:
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n=1), and/or other medications including ephedrine
(n=1), osaterone (n=1), and buprenorphine (n=1).

Control dogs — Breeds included American Staffordshire
terrier, Collie, Dachshund (each n=1), and mixed breed
(n=2); none of the dogs were neutered. All five dogs had
died or were euthanized for reasons unrelated to the uro-
genital tract, and prostatic tissue specimens were sam-
pled during necropsy. Histopathology of prostatic tissues
was unremarkable in all five dogs; thus, these dogs were
determined to be “healthy controls” Age-related condi-
tions not known or reported to affect the urogenital tract
(e.g., degenerative joint disease) were not considered as
an exclusion criterion.

Dogs with prostatic neoplasia and those diagnosed
with marked prostatitis were significantly older (medians:
10.3 years and 10.0 years) than dogs in the control group
(median: 5.0 years; P=0.0160 and P=0.0233, respec-
tively). Dogs with BPH had significantly higher body
weights than dogs with prostatic neoplasia (P=0.0193),
severe prostatitis (P=0.0155), or controls (P=0.0203).
Dogs with prostatic neoplasia were significantly more
likely to be neutered than dogs with BPH (2=0.0079) or
controls (P=0.0108), but the lower rate of neutered dogs
with severe prostatitis compared to prostatic neoplasia
did not reach statistical significance (P=0.0570). Sur-
vival times were significantly shorter in dogs with pros-
tatic neoplasia compared to dogs with severe prostatitis
(P=0.0001) or BPH (P<0.0001), with a significant differ-
ence also between dogs with prostatitis and those with
BPH (P=0.0039) (Table 1; Fig. 1); no observations were
censored.
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Fig. 1 Kaplan-Meier survival plot for dogs with malignant versus benign prostatic conditions. Survival times (in days) in the dogs with prostatic neoplasia
were significantly shorter (median: 14 days) than in dogs with severe prostatitis (median: 682 days; P=0.0001) or BPH (median: 1,741 days; P<0.0001) and
were also significantly shorter in dogs with prostatitis compared to the BPH group (P=0.0039)
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Table 2 S100A8/A9" cell counts, STO0A12* cell counts, and the STOOA8/A9"-to-ST00A 12" cell counts ratio (Cal-ratio) in canine
prostatic tissue biopsies (n=32) with a diagnosis of prostatic adenocarcinoma or urothelial carcinoma (n=9), marked prostatitis (n=8),
benign prostatic hyperplasia (n=10), and healthy controls (n=5)

Parameter Prostatic Prostatitis Benign prostatic Control P
neoplasia hyperplasia dogs value®

Total number of dogs 9 8 10 5 -

S100A8/A9 expression

Tissue sections evaluated 6* 6 6 7 -
median [range] [5-7] [6-7] [6-7] [7-71

S100A8/A9" cells/0.01 mm? 1#A8 9" 1° 0¢ 0.0006
median [range] [0-38] [1-22] [0-2] [0]

S100A12 expression

Tissue sections evaluated 6 6 6 7 -
median [range] [5-6] [6-7] [6-7] [6-71

S100A12" cells/0.01 mm? 178 9¢ 14 of 0.0041
median [range] [0-40] [0-17] [0-4] [0]

S100A8/A9-to-S100A12 ratio

Cal-ratio 1.0 13 09 1.0 0.2419
median [range] [0.5-2.9] [0.5-2.0] [04-1.8] [1.0]

bold font indicates significance at P<0.05, and values with a different superscript letter differ significantly at P<0.05; *only available from 8 dogs
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Fig. 2 S100/calgranulin immunohistochemistry (IHC) of prostatic tissue biopsies in dogs with prostatic carcinoma. Upper panel: small numbers of infil-
trating cells staining positive (Fast-red) for (A) ST00A8/A9 or (B) ST00A12 in a 10Y>-year old neutered Jack Russel terrier. Lower panel: moderate numbers
of infiltrating cells staining positive for (C) STO0A8/A9 or (D) ST00A12 (insert at the bottom right image: negative staining control) in a 10%2-year old male
Maltese. Gray scale bars at the top left corners: 100 um

$100/calgranulin immunohistochemistry tissue biopsy samples were evaluated from nine dogs with
Overall comparisons of the numbers of cells staining pos-  prostatic neoplasia (Fig. 2; for one dog, only S100A12*
itive for SI00A8/A9, S100A12, and their ratio (Cal-ratio)  cell counts were evaluated due to insufficient tissue avail-
are summarized in Table 2. A total of 32 sets of prostatic  able for paired evaluation of the SI00A8/A9™ cell counts),
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eight dogs with severe prostatitis (Fig. 3), ten dogs with
BPH (Fig. 4), and five dogs comprising the control group.
Based on the cell morphology, both S100A8/A9* and
S100A12" cells were identified primarily as neutrophils
and macrophages.

Mean S100A8/A9" cell counts were higher (median:
9 cells/0.01 mm?) in dogs with marked prostatitis com-
pared to the other three groups of dogs (medians: 0-1
cell/ 0.01 mm? Table 2). However, statistical significance

— -2 e —
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was reached only for the difference of prostatitis with
BPH (P=0.0013) and controls (P=0.0033) but not when
compared to neoplastic disease (P=0.0659). SI00A8/A9*
cell counts were also significantly higher in neoplastic tis-
sue compared to healthy control tissues (P=0.0210) but
not in comparison to the BPH group (P=0.2612). Mean
numbers of tissue S100A12* cells were significantly
higher in dogs with severe prostatitis (median: 9 cells/0.01
mm?) compared to dogs with prostate neoplasia (median:

Fig. 3 S100/calgranulin immunohistochemistry (IHC) of prostatic tissue biopsies in dogs with prostatitis. Upper and middle panel: large numbers and
nest-like accumulations of infiltrating cells staining positive (Fast Red) for (A, C) STO0A8/A9 or (B, D) ST00A12 in a 9-year-old male German Shorthair
pointer diagnosed with marked suppurative prostatitis. Lower panel: moderate numbers of infiltrating cells staining positive for (E) ST00A8/A9 or (F)
S100A12 (insert at the bottom right image: negative staining control) in a 6-year-old neutered male mixed breed diagnosed with severe chronic fibrosing
prostatitis with cyst formation. Gray scale bars at the top left corners: 100 um
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Fig. 4 S100/calgranulin immunohistochemistry (IHC) of prostatic tissue biopsies in dogs with benign prostatic hyperplasia (BPH). Upper and middle
panel: low numbers of infiltrating cells staining positive (Fast Red) for (A, C) STO0A8/A9 or (B, D) ST00A12 in a 7¥2-year-old male American bulldog (insert
at the top right image: negative staining control). Lower panel: minimal to no staining for (E) STO0A8/A9 and (F) ST00A12 in a 2-year-old male Bernese
Mountain dog. Gray scale bars at the top left corners: 100 um

1 cell/0.01 mm? P=0.0458), BPH (median: 1 cell/0.01
mm? P=0.0163), or controls (median: 0 cells/0.01 mm?;
P=0.0089). No significant differences in tissue SI00A12*
cell counts were detected between dogs with prostatic
neoplasia and dogs with BPH (P=0.6499) or controls
(P=0.0622; Table 2). The ratio between the number
of S100A8/A9" cells and S100A12% cell counts (Cal-
ratio) was also highest in the group of dogs with marked
prostatitis, but the Cal-ratio did not differ significantly
among the four groups of dogs (all P>0.05). However,

significantly higher Cal-ratios were detected in dogs with
marked prostatitis that died or were euthanized (median:
1.56, n=6) than dogs that were still alive at the end of the
study (median: 0.68, n=2; P=0.0455). A possible associa-
tion of metastatic disease with S100A8/A9* cell counts,
S100A12™" cell counts, or Cal-ratios could not be evalu-
ated due to most dogs (8/9, 89%) having suspected or
confirmed metastatic disease at the time when prostatic
neoplasia was diagnosed.
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Evaluating all three disease groups combined, dogs
with a positive urine culture had significantly higher
S100A8/A9* cell counts (median: 6 cells/ 0.01 mm?, n=8)
and S100A12* cell counts (median: 5 cells/0.01 mm?
n=28) than dogs with a negative urine culture (median: 0
cells/0.01 mm?, n=11; P=0.0158 and median: 0 cells/0.01
mm?, n=12; P=0.0065). Similarly, positive prostatic
tissue cultures were linked to significantly higher
S100A8/A9% cell counts (median: 11 cells/0.01 mm?,
n=3) and S100A12*% cell counts (median: 11 cells/0.01
mm? n=3) than negative prostatic culture results
(median: 0 cells/0.01 mm? n=12; P=0.0098 and median:

0 cells/0.01 mm?, n=12; P=0.0152).

Neutrophil-to-lymphocyte ratio (NLR)

Neutrophil counts were highest, and lymphocyte counts
lowest, in dogs with marked prostatitis, but neither the
individual cell counts nor the NLR differed significantly
among the three disease groups of dogs (all P>0.05;
Table 3). The NLR was strongly correlated with the num-
ber of SI00A8/A9* cells in prostatic tissue biopsies from
dogs with prostatic neoplasia (p=0.81, P=0.0499) and
the numbers of prostatic tissue SI00A12* cells in dogs
with BPH (p=0.93, P=0.0025), but not with any S100/
calgranulin-positive cell counts in dogs with marked
prostatitis (all P>0.05). Positive cultures of urine or
prostatic tissue biopsies were not associated with blood
neutrophil counts, lymphocyte counts, or the NLR (all
P>0.05), but this could not be analyzed separately for the
different study groups due to the small sample size.

Discussion

The present study followed previous investigations by our
group [46] and further evaluated the source and cellular
distribution of S100/calgranulin secretion into urine and
a possible association with systemic leukocyte responses
reflected by NLR changes. To the authors’ knowledge,
this is the first study evaluating SI00A8/A9 and S100A12
in canine prostate tissues and the blood NLR in com-
mon prostatic diseases in dogs. In the previous study,
urinary concentrations of SI00A8/A9 and S100A12 were
significantly increased in dogs with UC, PCA, or UTI
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compared to healthy control dogs. Furthermore, the uri-
nary Cal-ratio was significantly lower in dogs with UTI
than in the other two disease groups of dogs, suggest-
ing its potential as a screening test [25, 46]. In line with
the present study, our previous evaluation of tissue sam-
ples from dogs revealed no significant difference in the
numbers of S100/calgranulin-expressing cells between
inflammatory and neoplastic lower urinary tract condi-
tions. However, tissue S100A12" cell counts were signifi-
cantly higher in both disease groups compared to healthy
controls, resulting in significantly lower Cal-ratios in
dogs with UC or non-neoplastic urinary tract diseases
(NNUTD) compared to normal lower urinary tract tis-
sues [42]. The present study identified significantly higher
S100A8/A9* cell counts in tissue samples from dogs
with prostatitis compared to BPH and healthy controls,
and dogs with PCA had significantly higher numbers of
S100A8/A9* cells compared to healthy controls but not
in comparison to the other disease groups. In contrast,
BPH produced significantly higher S100A12" cell counts
than healthy controls but significantly lower numbers
than in dogs with prostatitis. This could be explained by
the presence of minimal to mild non-suppurative pros-
tatic inflammation in some BPH cases. Prostatitis was
associated with significantly higher tissue S100A12% cell
counts compared to all other groups, with no significant
difference between dogs with PCA, BPH, or controls.
Finding significantly more cells that stained positive for
S100A8/A9 and S100A12 in dogs with an inflammatory
condition than in control tissues resembles, to some
extent, the results of the previous study on urine sam-
ples [46]. The findings are consistent with higher urinary
S100/calgranulin concentrations in dogs with UTI [25]
and higher tissue S100/calgranulin-positive cell counts
in NNUTD cases than in healthy controls [42]. Similar to
our previous investigation, increased numbers of tissue
S100/calgranulin-expressing cells were also detected in
dogs with confirmed UTL

In contrast to the previous study on canine urine
samples [46], tissue S100/calgranulin-positive cell
counts were not significantly higher in dogs with PCA
than in those with prostatitis. This agrees with tissue

Table 3 Neutrophil and lymphocyte counts and the neutrophil-to-lymphocyte ratio (NLR) in dogs with neoplastic or non-neoplastic

prostatic diseases (n=234)

Parameter Prostatic neoplasia Prostatitis Benign prostatic hyperplasia P-value

Total number of dogs 12 13 9 -

Neutrophil count, in 10%/L 6.90 7.71 8.77 0.6784
median [range] [3.83-37.88] [0.26-23.40] [5.22-16.66]

Lymphocyte count, in 10%/L 162 130 129 0.5705
median [range] [0.96-2.99] [0.77-3.27] [0.91-3.08]

NLR 4.8 6.5 55 0.9085
median [range] [1.9-23.0] [0.2-13.3] [2.9-15.2]

NLR increase, n (%) 6 (50%) 10 (77%) 6 (67%) 0.3659

*defined as an NLR>4.1 [40]
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S100A8/A9* cell counts not differing between cases of
UC, NNUTD, and controls, and urinary S100A12 con-
centrations and tissue S100A12% cell counts being
increased compared to healthy controls [25, 42]. This
again suggests that the number of S100/calgranulin-
expressing cells does not reflect the amount of $100/
calgranulins released from affected tissues and into the
urine. An alternative explanation for the discrepancy
between these studies might be an effect of pre-treat-
ment (particularly NSAIDs), which differed between the
study populations with fewer treatment-naive dogs eval-
uated for tissue S100/calgranulin expression. Similar to
cyclooxygenase (COX)-2 being overexpressed in canine
UC cells [47], most canine prostatic carcinomas also
express COX-2, whereas this enzyme is not expressed in
normal prostatic tissue [22, 48, 49], and COX-2 inhibitors
(NSAIDs) are used for PCA treatment with acceptable
side effects [22]. Further research is necessary to clarify
the possible role of COX-inhibitor treatment on S100/
calgranulin expression in canine PCA. Furthermore, the
study on urinary S100/calgranulin concentrations evalu-
ated cases of UC and PCA combined in one group [25],
and tissue S100A12* cell counts were higher in the UC
group than in NNUTD cases [42], which might have con-
tributed to higher urinary S100A12 concentrations in
dogs with urogenital neoplasia irrespective of the contri-
bution of prostatic cancer cases.

The results for the Cal-ratio differed between all three
studies in dogs. There was no significant difference in the
Cal-ratio among the four groups of dogs in this study,
whereas tissue Cal-ratios were significantly lower in UC
and NNUTD compared to healthy controls [42], and the
urinary Cal-ratios were even significantly lower with UTI
compared to neoplastic conditions and controls [25]. A
likely explanation is that the amounts of S100/calgranu-
lin proteins produced and released by these cells vary
and do not resemble the number of infiltrating $100/
calgranulin-positive cells. However, further research is
needed to confirm this assumption. Furthermore, the
urinary results might have been affected by the com-
bined analysis of urogenital neoplasia cases [25], and
distinct molecular pathways might be involved in the
tumorigenesis of these neoplastic conditions and/or in
the different tumor stages [50]. S100/calgranulin expres-
sion might also vary among the different organ systems
or segments within the same organ system, accounting
for potential differences in prostatic vs. urinary bladder/
urethral UC. Prostatic carcinoma and UC cases were
included and evaluated together in this study, reflecting
the clinical scenario of both being challenging to distin-
guish and the focus on improving the non-invasive dif-
ferentiation of neoplastic from benign lesions in a grossly
(e.g., ultrasonographically) altered prostate. Another pos-
sible explanation for the discrepancies between different
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studies could be the inherent difficulty in documenting
high-grade prostatic intraepithelial neoplasia (PIN) as
a potential precursor to canine PCA [7, 51, 52]. With a
total of four core biopsies routinely obtained (1 biopsy
from each quadrant of the prostate), there remains a risk
that high-grade PIN (or even PCA) could be missed in
the remaining prostatic tissue, which in turn might affect
S100/calgranulin synthesis and release.

Tissue Cal-ratios were significantly higher in non-sur-
vivors compared to survivors in the prostatitis group.
This leads us to suspect that S100/calgranulin (particu-
larly S100A8/A9) expression, may have prognostic value
in canine prostatic inflammation as has been shown for
prostatic cancer in men [53] and could result from exac-
erbated inflammation through pathways down-stream
from S100A8/A9 [54]. Further evaluation of this hypoth-
esis and the potential prognostic value of the S$100/
calgranulins and/or their potential role in targeted thera-
peutics in canine prostatitis are thus warranted.

Dogs in the PCA and prostatitis groups were signifi-
cantly older than those dogs in the healthy control group,
and dogs with prostatitis were significantly older than the
BPH group. This agrees with the literature showing that
PCA is diagnosed in older dogs, whereas BPH is detected
in a slightly younger population with >80% of intact male
dogs>5 years of age having BPH [10], and that there is
no age predisposition for prostatitis. Lack of an age dif-
ference between PCA and prostatitis cases is important,
given the primary interest in distinguishing malignant
from benign prostatic conditions in elderly dogs. To the
authors’ knowledge, there are no studies evaluating age-
dependent prostatic S100/calgranulin expression, but the
possibility of an effect of the different age distribution
between BPH and prostatitis cases on tissue S100/cal-
granulin expression cannot be excluded.

Dogs with PCA were more likely to be neutered than
controls, which is consistent with neutered dogs having a
higher risk of developing PCA than intact dogs [8, 11, 12].
An interesting finding is that intact dogs did not show a
higher risk of developing prostatitis. However, given the
retrospective nature of the study, it remains unknown at
which age the dogs were neutered, and it is possible that
individual dogs were neutered because of a prostatic con-
dition not long before being referred for biopsy sampling
rather than developing prostatitis or BPH absent any
androgen effects (i.e., under early-neuter status). In addi-
tion to age affecting prostatic S100/calgranulin expres-
sion as shown in men [55], an effect of the reproductive
status cannot be excluded in our study population. A
recent study evaluating possible associations of several
patient characteristics and lifestyle factors with S100/cal-
granulin concentrations in feces from healthy dogs estab-
lished a link with the reproductive status in female dogs
but no correlation with sex or reproductive status in male
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dogs [56]. However, the possibility of sex and reproduc-
tive status affecting urogenital S100/calgranulin expres-
sion or urine S100/calgranulin concentrations has not
been investigated.

Most dogs in this study had confirmed or suspected
metastatic disease, which agrees with the literature
reporting an >40% rate of metastasis at the time of diag-
nosis (>80% at the time of death), and common meta-
static sites include the spleen, liver, and lymph nodes [4,
9, 13]. Testicular neoplasia was suspected in one dog,
presenting either a concurrent primary testicular neo-
plasm or (less likely) an unusual metastatic process. PCA
with a concurrent Sertoli cell tumor has been described
[57].

Blood NLR could not differentiate among the disease
groups in this study and does not appear to be a clinically
useful marker to distinguish neoplastic from non-neo-
plastic prostatic diseases. This result contrasts with the
findings in dogs with lower urinary tract disease in our
previous study [42], but blood neutrophil counts might
have been generally lower in the inflammatory group in
this study as some dogs were clinically severely affected
(e.g., one dog underwent laparotomy due to septic peri-
tonitis and sepsis). However, blood NLRs strongly corre-
lated with S100A8/A9" cell counts in neoplastic tissues
and S100A12* cell counts in tissues from dogs with BPH.
This is consistent with a systemic response induced by
inflammatory processes (tumor inflammation, chronic
inflammation with or without infection) and with sys-
temic inflammation that extends from the inflammatory
tumor microenvironment which plays an important (e.g.,
prognostic) role [58].

S100A8/A9 is primarily expressed in neutrophils and
activated (tissue-infiltrating) macrophages but can also
be induced in epithelial cells (e.g., with infection or neo-
plastic transformation) and can have pleiotropic roles
[29, 59, 60]. The production of SI00A12 appears to be
more specific to innate inflammatory cells [28, 61]. Thus,
it can be presumed that the S100/calgranulins are linked
to the inflammatory environment, potentially affecting
the inflammasome [32, 62—64] that can modulate tumor
development, progression, and metastasis [65, 66]. Fur-
ther investigation of the S100/calgranulin pathways in
PCA is warranted.

We acknowledge the limitation of the present study
to include retrospective cases, small numbers of dogs in
each group, and not exclusively treatment-naive canine
patients. Also, samples were not all obtained using a stan-
dard approach to tissue biopsy collection, with tissues
obtained via USGTC, surgically, or during a necropsy,
but the effect on the results of this study is regarded as
negligible. Further, given our aim to include histologically
normal prostatic tissues as an additional control group
to BPH cases and the strict inclusion criteria applied for
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this group, significantly younger animals were included
in the healthy control group compared to the remaining
groups of dogs. Lastly, several pathologists were involved
in the routine histologic evaluation of the tissues, poten-
tially causing inter-observer variation. However, a single
pathologist not involved in the routine diagnostic evalu-
ation (CQ) re-examined all tissue specimens at the time
of IHC analysis without differing interpretations or
diagnoses.

Conclusions

Tissue expression of the $100/calgranulins varied among
malignant and benign conditions of the prostate in dogs,
but did not differ significantly between PCA and pros-
tatitis, with similar patterns as in canine lower urinary
tract diseases. However, there are discrepancies when
concentrations in urine samples of dogs diagnosed with
these conditions are compared. Presumably, the $100/
calgranulins have varying roles in these diseases and
might be linked to the inflammatory microenvironment,
potentially affecting the inflammasome in dogs with
prostatic neoplasia. Thus, S100/calgranulin pathways and
their possible role in modulating tumor development,
progression, and metastasis warrant further study. The
blood NLR does not appear to serve as a useful marker
to distinguish malignant from benign diseases of the
prostate. However, similarly to tissue S100A8/A9" cell
counts, the NLR might be of value for further stratifica-
tion of the population of dogs with prostatic cancer. The
possibility of an effect of pre-treatment and individual
patient characteristics on tissue S100/calgranulin expres-
sion and their release into the urine also requires further
investigation.

Methods

Ethics approval

All methods were carried out following the relevant
guidelines and EU regulations and are reported in
accordance with the ARRIVE guidelines (www.arrive-
guidelines.org). The protocol for the collection of tis-
sue samples from dogs with urogenital tract disease and
healthy dogs (institutional animal use protocol) was
independently reviewed and approved by the Regional
Veterinary Council (Animal Experimentation/Ethics
Committee, acc. § 15 EU/German Animal Welfare Law)
of the Free State of Saxony, Leipzig/Chemnitz, SN, Ger-
many (TVA# 23/18, approved 11-28-2018), and written
consent was obtained from the owners of all dogs that
were prospectively enrolled into the study. For surplus
specimens and medical records data of dogs that were
retrospectively included in the study, written owner con-
sent for the use of surplus samples and patient data was
obtained on the small animal clinic’s standard patient
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admission form at the time of the first presentation of the
dog for routine diagnostic evaluation.

Sampling population

Canine patients (n=45) for the case-control study were
recruited at the Department for Small Animals and the
Institute of Veterinary Pathology, University of Leipzig
College of Veterinary Medicine. Inclusion criteria were
histopathology-confirmed PCA (n=14), marked pros-
tatitis (n=14), BPH (n=12), or a histologically normal
prostate (controls; n=5), and sufficient archived tissue
material to perform IHC. Of those, ten dogs were pro-
spectively enrolled, and archived tissue biopsy specimens
and/or patient medical records data were retrospectively
included from the remaining 35 animals; all control tis-
sues were obtained during a necropsy after the death due
to an unrelated cause (Table 1). Pre-treatment was not an
exclusion criterion except for chemotherapy. Complete
patient information was extracted from the electronic
medical records (for retrospectively enrolled cases) and/
or a standard study questionnaire completed by the
owner and/or the attending veterinarian at patient enrol-
ment (for all prospectively enrolled cases). The referring
veterinarian, the dog owners, or both were consulted via
telephone to obtain follow-up information using a stan-
dardized study questionnaire.

Tissue sample analyses

Prostatic tissue specimens from dogs with PCA (n=9),
marked prostatitis (n=8), BPH with or without minimal
to mild prostatitis (n=10), and controls (n=>5) were used
for the tissue S100/calgranulin expression study (Table 2).
These tissue samples were obtained via minimally inva-
sive TruCut biopsy (n=27) or surgical wedge biopsy with
a laparotomy approach to the prostate (n=13) or during
autopsy (n=5). Of the 27 patients with prostatic disease,
five dogs were treatment-naive (19%), whereas 22 dogs
(81%) had received an NSAID (n=15), antimicrobial
(n=18), and/or other treatment (n=7) prior to biopsy
sampling.

After sampling, the tissue specimens were fixed in neu-
tral-buffered formaldehyde (4%), paraffin-embedded, cut
into 3-um slices, and placed on microscopy slides. Rou-
tine histopathology of the urinary tract tissues was per-
formed on hematoxylin/eosin-stained slides by one of six
board-certified and/or nationally accredited veterinary
anatomic pathologists. After obtaining a histologic diag-
nosis, 3-pum tissue re-cuts were prepared for IHC.

Immunohistochemistry

The specimens (three slides of tissue samples from each
dog and tissue) were deparaffinized in xylene and rehy-
drated in an ethanol series, followed by S100/calgranulin-
IHC as previously described [42]. Briefly, after washing
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the slides in phosphate-buffered saline (PBS) with Tween
20 (0.025% v/v; PBST), heat-induced antibody retrieval
was performed in 0.01 M citrate buffer (pH 6.0) at 95 °C
for 45 min followed by cooling at room temperature
(approximately 20 °C) for 20 min. Slides were washed
twice in PBST and were incubated for 25 min with 4%
bovine serum albumin (BSA) in PBS to prevent non-spe-
cific binding. Samples were then incubated overnight at
4 °C with the primary antibody (rabbit polyclonal anti-
canine S100A8/A9 at 0.2 pug/mL or rabbit polyclonal anti-
canine S100A12 at 0.25 pg/mL) [67, 68]; normal rabbit
serum (0.2 pg/mL) served as a negative staining control.
Slides were washed twice in PBST and incubated with the
secondary antibody' (1.0 pg/mL) for 60 min at room tem-
perature. After two PBST washes, the slides were incu-
bated with Fast Red” for 30 min, followed by sequential
washing in PBST and ddH,O after optimal color devel-
opment. Mayer’s hematoxylin was used to counterstain
the nuclei, and the slides were mounted®. After cursory
assessment by light microscopy, the slides were digitized
using the Pannoramic Scan II* with a 20x objective lens.
The digital images were then examined by a board-cer-
tified veterinary pathologist (CG) in a blinded fashion
using the CaseViewer digital microscopy application®.

After re-evaluating the histopathologic diagnosis, dis-
tribution of positive staining, and the absence of stain-
ing in the corresponding negative control, 5-7 regions
of 0.01 mm? were randomly selected based on optimal
tissue integrity and orientation for evaluation. In these
regions, all S100A8/A9-positive (S100A8/A9*%) and
S100A12-positive (S100A12%) staining cells were identi-
fied and were counted if yielding a cytoplasmic and/or
membranous IHC signal. For data analysis, the average
numbers of S100A8/A9* cells and S100A12" cells were
calculated for all regions evaluated from the same dog,
and the S100A8/A9-to-S100A12 ratio (Cal-ratio) was
determined as [(average number of S100A8/A9" cells) /
(average number of S100A127 cells)].

Blood leukocyte analysis

Complete blood cell counts (CBC) were performed using
an automated blood cell analyzer. Neutrophil counts and
lymphocyte counts were measured in x10° cells/L (ref-
erence intervals: 3.0-11.6x10°/L and 1.0-5.1x10°/L),
and the neutrophil-to-lymphocyte ratio (NLR; reference

!Goat anti-rabbit alkaline phosphatase-labeled immunoglobulin, Dianova,
Hamburg, Germany.

2SigmaFast™ Fast Red TR/Naphthol AS, Merck, Darmstadt, Germany.
3 Fluoromount-G™ Mounting Medium, Thermo Fisher, Dreieich, Germany.
*Pannoramic Scan II, 3D-Histech Ltd., Budapest, Hungary.

®CaseViewer digital microscopy application, Slides.3D-Histech Ltd., Buda-
pest, Hungary.
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interval: 1.0-4.1) was calculated as [(neutrophil count) /
(lymphocyte count)] [40].

Data analyses

A commercially available statistical software package
was used for all statistical analyses. Data were tested for
the assumption of normality using a Shapiro-Wilk test.
Summary statistics are reported as medians and ranges
(continuous data) or counts and percentages (categorical
data). Continuous data (age, body weight, SI00A8/A9*
and S100A12* cell counts, Cal-ratio, neutrophil and lym-
phocyte counts, NLR) were compared among or between
the three or four different groups of dogs using non-
parametric multiple- (Kruskal-Wallis test) or two-group
(Mann-Whitney U test) comparisons. Categorical data
(neuter status) were compared using a likelihood ratio or
Fisher’s exact test. A non-parametric Spearman correla-
tion coefficient (p) served to test the relationship between
continuous variables. Survival curves were plotted using
the Kaplan-Meier method, and the log-rank test was used
for survival analysis between groups. Statistical signifi-
cance was set at P<0.05.
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BSA Bovine serum albumin

BPH Benign prostatic hyperplasia

Cal-ratio S100A8/A9-to-S100A12 ratio

COX-2 Cyclooxygenase-2
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ROC Receiver operating characteristic curve
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uc Urothelial carcinoma
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Acknowledgements

Part of the data was presented at the 31st Annual Meeting of the German
Veterinary Society (DVG) Specialty Group Internal Medicine and Laboratory
Diagnostics (InnLab), Gottingen, NI, Germany (Feb 2-3, 2023).

Authors’ contributions

JW, CG, IK, and RMH designed the study and enrolled patients in the study.
JW, CG, WvB, DB, IK, and RMH analyzed and interpreted the patient data. JW,
CG, MP, GA, JMS, JS, and RMH analyzed the specimens and IHC data from dogs
enrolled in the study. All authors read and approved the final manuscript.

Funding

Open Access funding enabled and organized by Projekt DEAL. This study was
not supported by a grant or otherwise.

Open Access funding enabled and organized by Projekt DEAL.

Data Availability
The datasets used and/or analyzed during the current study are available from
the corresponding author upon reasonable request.

6JMP v13.0, SAS Institute Inc., Cary, NC, USA.

Page 12 of 14

Declarations

Ethics approval and consent to participate

All methods were carried out following relevant guidelines and regulations
and are reported in accordance with the ARRIVE guidelines. The study was
independently reviewed and approved by the Regional Veterinary Council
(Animal Experimentation/Ethics Committee, acc. § 15 EU/German Animal
Welfare Law) of the Free State of Saxony, Leipzig/Chemnitz, SN, Germany
(TVA# 23/18). Written informed consent was obtained from the owners of all
dogs that were prospectively enrolled into the study. For surplus specimens
and medical records data of dogs that were retrospectively included in the
study, written owner informed consent for the use of surplus samples and
patient data had been obtained on the small animal clinic’s patient admission
form at the time of the diagnostic evaluation.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department for Small Animals, College of Veterinary Medicine, Leipzig
University, An den Tierkliniken 23, DE-04103 Leipzig, SN, Germany
ZInstitute of Animal Pathology, Department of Infectious Diseases and
Pathobiology, Vetsuisse Faculty, University of Bern, Ldnggassstrasse 122,
Bern, BE CH-3001, Switzerland

3Institute of Immunology, College of Veterinary Medicine,
Biotechnological-Biomedical Center, Leipzig University, Deutscher Platz
05, DE-04103 Leipzig, SN, Germany

“Synlab Specialty Center for Veterinary Pathology, Hartelstrasse 30,
DE-80689 Munich, BY, Germany

*Institut for Veterinary Pathology, College of Veterinary Medicine, Leipzig
University, An den Tierkliniken 33, DE-04103 Leipzig, SN, Germany
5Gastrointestinal Laboratory, Department of Small Animal Clinical
Sciences, School of Veterinary Medicine and Biomedical Sciences, Texas
A&M University, TAMU, College Station, TX 4474, 77843-4474, USA
“Institute of Anatomy, Histology and Embryology, College of Veterinary
Medicine, Leipzig University, An den Tierkliniken 43, DE-04103 Leipzig, SN,
Germany

Received: 23 May 2023 / Accepted: 26 October 2023
Published online: 09 November 2023

References

1. Siegel R, Ward E, Brawley O, Jemal A. Cancer statistics, 2011: the impact
of eliminating socioeconomic and racial disparities on premature cancer
deaths. CA Cancer J Clin. 2011;61(4):212-36.

2. Leavl, Ling GV. Adenocarcinoma of the canine prostate. Cancer.
1968;22(6):1329-45.

3. Coffey DS. Similarities of prostate and breast cancer: evolution, diet, and
estrogens. Urology. 2001;57(4 Suppl 1):31-8.

4. Waters DJ, Sakr WA, Hayden DW, Lang CM, McKinney L, Murphy GP, et al.
Workgroup 4: Spontaneous prostate carcinoma in dogs and nonhuman
primates. Prostate. 1998;36(1):64-7.

5. Klotz L. Active surveillance for prostate cancer: for whom? J Clin Oncol.
2005;23(32):8165-9.

6. Anidjar M, Scarlata E, Cury FL, Rocha J, Hamel L, Luz M, et al. Refining the
orthotopic dog prostate cancer (DPC)-1 model to better bridge the gap
between rodents and men. Prostate. 2012;72(7):752-61.

7. Cornell KK, Bostwick DG, Cooley DM, Hall G, Harvey HJ, Hendrick MJ, et al.
Clinical and pathologic aspects of spontaneous canine prostate carcinoma: a
retrospective analysis of 76 cases. Prostate. 2000;45(2):173-83.

8. Obradovich J, Walshaw R, Goullaud E. The influence of castration on the
development of prostatic carcinoma in the dog: 43 cases (1978-1985). J Vet
Intern Med. 1987;1(4):183-7.



Weinekotter et al. BVIC Veterinary Research

20.

21

22.

23.

24.

25,

26.

27.

28.

29.

30.

32.

33.

(2023) 19:234

Bell FW, Klausner JS, Hayden DW, Feeney DA, Johnston SD. Clinical and patho-
logic features of prostatic adenocarcinoma in sexually intact and castrated
dogs: 31 cases (1970-1987). J Am Vet Med Assoc. 1991;199(11):1623-30.
Johnston SD, Kamolpatana K, Root-Kustritz MV, Johnston GR. Prostatic disor-
ders in the dog. Anim Reprod Sci. 2000,60-61:405-15.

Teske E, Naan EC, van Dijk EM, van Garderen E, Schalken JA. Canine prostate
carcinoma: epidemiological evidence of an increased risk in castrated dogs.
Mol Cell Endocrinol. 2002;197(1-2):251-5.

Bryan JN, Keeler MR, Henry CJ, Bryan ME, Hahn AW, Caldwell CW. A popula-
tion study of neutering status as a risk factor for canine prostate cancer.
Prostate. 2007;67(11):1174-81.

Taylor PA. Prostatic adenocarcinoma in a dog and a summary of ten cases.
Can Vet J. 1973;14(7):162-6.

Cooley DM, Waters DJ. Skeletal metastasis as the initial clinical manifestation
of metastatic carcinoma in 19 dogs. J Vet Intern Med. 1998;12(4):288-93.
Jennings K, Watts J. Hypertrophic osteopathy in a castrated dog with pros-
tatic carcinoma and prostatitis. J Small Anim Pract. 2018;59(11):719.

Genega EM, Hutchinson B, Reuter VE, Gaudin PB. Immunophenotype of
high-grade prostatic adenocarcinoma and urothelial carcinoma. Mod Pathol.
2000;13(11):1186-91.

McEntee M, Isaacs W, Smith C. Adenocarcinoma of the canine prostate:
immunohistochemical examination for secretory antigens. Prostate.
1987;11(2):163-70.

Bell FW, Klausner JS, Hayden DW, Lund EM, Liebenstein BB, Feeney DA, et al.
Evaluation of serum and seminal plasma markers in the diagnosis of canine
prostatic disorders. J Vet Intern Med. 1995;9(3):149-53.

LeRoy BE, Nadella MVP, Toribio RE, Leav |, Rosol TJ. Canine prostate carcino-
mas express markers of urothelial and prostatic differentiation. Vet Pathol.
2004,41(2):131-40.

Mochizuki H, Kennedy K, Shapiro SG, Breen M. BRAF mutations in canine
cancers. PLoS One. 2015;10(6):e0129534.

Mochizuki H, Shapiro SG, Breen M. Detection of BRAF mutation in urine DNA
as a molecular diagnostic for canine urothelial and prostatic carcinoma. PLoS
One. 2015;10(12):e0144170.

Sorenmo KU, Goldschmidt MH, Shofer FS, Goldkamp C, Ferracone J. Evalua-
tion of cyclooxygenase-1 and cyclooxygenase-2 expression and the effect
of cyclooxygenase inhibitors in canine prostatic carcinoma. Vet Comp Oncol.
2004,2(1):13-23.

Ehrchen JM, Sunderkétter C, Foell D, Vogl T, Roth J. The endogenous Toll-like
receptor 4 agonist ST00A8/S100A9 (calprotectin) as innate amplifier of infec-
tion, autoimmunity, and cancer. J Leukoc Biol. 2009;86(3):557-66.

Chung TH, Oh JS, Lee YS, Kang KS, Jung JW, Youn HY, et al. Elevated serum
levels of S100 calcium binding protein A8 (S100A8) reflect disease severity in
canine atopic dermatitis. J Vet Med Sci. 2010;72(6):693-700.

Heilmann RM, McNiel EA, Gritzner N, Lanerie DJ, Suchodolski JS, Steiner

JM. Diagnostic performance of the urinary canine calgranulins in dogs with
lower urinary or urogenital tract carcinoma. BMC Vet Res. 2017;13(1):112.
Hanifeh M, Sankari S, Rajamaki MM, Syrja P, Kilpinen S, Suchodolski JS, et

al. ST00A12 concentrations and myeloperoxidase activities are increased

in the intestinal mucosa of dogs with chronic enteropathies. BMC Vet Res.
2018;14(1):125.

Thames BE, Barr JW, Suchodolski JS, Steiner JM, Heilmann RM. Prospective
evaluation of ST00A12 and ST00A8/A9 (calprotectin) in dogs with sepsis

or the systemic inflammatory response syndrome. J Vet Diagn Invest.
2019;31(4):645-51.

Lorenz E, Muhlebach MS, Tessier PA, Alexis NE, Duncan Hite R, Seeds MC, et
al. Different expression ratio of ST00A8/A9 and ST00A12 in acute and chronic
lung diseases. Respir Med. 2008;102(4):567-73.

Hermani A, Hess J, De Servi B, Medunjanin S, Grobholz R, Trojan L, et al.
Calcium-binding proteins STO0A8 and ST00A9 as novel diagnostic markers in
human prostate cancer. Clin Cancer Res. 2005;11(14):5146-52.

Cai H, Ye BG, Ao JY, Zhu XD, Zhang YY, Chai ZT, et al. High expression of
S100A12 on intratumoral stroma cells indicates poor prognosis following sur-
gical resection of hepatocellular carcinoma. Oncol Lett. 2018;6(4):5398-404.
Kim SK, Kim EJ, Leem SH, Ha YS, Kim YJ, Kim WJ. Identification of ST00A8-
correlated genes for prediction of disease progression in non-muscle invasive
bladder cancer. BMC Cancer. 2010;10:21.

Kim WJ, Kim SK, Jeong P, Yun SJ, Cho IC, Kim 1Y, et al. A four-gene signature
predicts disease progression in muscle invasive bladder cancer. Mol Med.
2011;17(5-6):478-85.

Nicklas AP, Kramer MW, Serth J, Hennenlotter J, Hupe MC, Reimer DU, et

al. Calgranulin A (S100A8) immunostaining: a future candidate for risk

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5T

52.

53.

54.

Page 13 of 14

assessment in patients with non-muscle-invasive bladder cancer (NMIBQ).
Adv Ther. 2018;35(11):2054-68.

Li DX, Wang XM, Tang Y, Yang YB, Feng DC, Li A, et al. Prognostic value of
preoperative neutrophil-to-lymphocyte ratio in histological variants of non-
muscle-invasive bladder cancer. Investig Clin Urol. 2021;62(6):641-9.

Mijaess G, Chebel R, Karam A, Moussa |, Pretot D, Abi Tayeh G, et al. Prognostic
role of neutrophil-to-lymphocyte ratio (NLR) in urological tumors: an
umbrella review of evidence from systematic reviews and meta-analyses.
Acta Oncol. 2021,60(6):704-13.

Wang Y, Wang K, Ni J, Zhang H, Yin L, Zhang Y, et al. Combination of
C-reactive protein and neutrophil-to-lymphocyte ratio as a novel prognostic
index in patients with bladder cancer after radical cystectomy. Front Oncol.
2021;11:762470.

Kool R, Marcq G, Shinde-Jadhav S, Mansure JJ, Saleh R, Rajan R, et al. Role of
serum lymphocyte-derived biomarkers in nonmetastatic muscle-invasive
bladder cancer patients treated with trimodal therapy. Eur Urol Open Sci.
2022;36:26-33.

Conway EA, Pizarro Del Valle C, Waugh EM, French A, Ridyard AE. Retro-
spective investigation of the neutrophil-to-lymphocyte ratio in dogs with
pneumonia: 49 cases (2011-2016). J Vet Emerg Crit Care. 2021;31(4):490-7.
Pierini A, Gori E, Lippi |, Ceccherini G, Lubas G, Marchetti V. Neutrophil-
to-lymphocyte ratio, nucleated red blood cells and erythrocyte abnor-
malities in canine systemic inflammatory response syndrome. Res Vet Sci.
2019;126:150-4.

Becher A, Suchodolski JS, Steiner JM, Heilmann RM. Blood neutrophil-to-lym-
phocyte ratio (NLR) as a diagnostic marker in dogs with chronic enteropathy.
J Vet Diagn Invest. 2021;33(3):516-27.

Dinler Ay C. Neutrophil to lymphocyte ratio as a prognostic biomarker in
puppies with acute diarrhea. J Vet Emerg Crit Care. 2022;32(1):83-9.
Weinekotter J, Gurtner C, Protschka M, von Bomhard W, Bottcher D, Schlinke
A, et al. Tissue S100/calgranulin expression and blood neutrophil-to-lympho-
cyte ratio (NLR) in dogs with lower urinary tract urothelial carcinoma. BMC
Vet Res. 2022;18(1):412.

Mutz M, Boudreaux B, Kearney M, Stroda K, Gaunt S, Shiomitsu K. Prognostic
value of baseline absolute lymphocyte concentration and neutrophil/lym-
phocyte ratio in dogs with newly diagnosed multi-centric lymphoma. Vet
Comp Oncol. 2015;13(4):337-47.

Macfarlane L, Morris J, Pratschke K, Mellor D, Scase T, Macfarlane M, et al.
Diagnostic value of neutrophil-lymphocyte and albumin-globulin ratios in
canine soft tissue sarcoma. J Small Anim Pract. 2016;57(3):135-41.

Tanigawa K, Tsukamoto S, Koma Y-, Kitamura Y, Urakami S, Shimizu M, et al.
S100A8/A9 induced by interaction with macrophages in esophageal squa-
mous cell carcinoma promotes the migration and invasion of cancer cells via
Akt and p38 MAPK pathways. Am J Pathol. 2022;192(3):536-52.

Heilmann RM, Wright ZM, Lanerie DJ, Suchodolski JS, Steiner JM. Measure-
ment of urinary canine ST00A8/A9 and S100A12 concentrations as candidate
biomarkers of lower urinary tract neoplasia in dogs. J Vet Diagn Invest.
2014;26(1):104-12.

Lee JY, Tanabe S, Shimohira H, Kobayashi Y, Oomachi T, Azuma S, et al.
Expression of cyclooxygenase-2, P-glycoprotein and multi-drug resistance-
associated protein in canine transitional cell carcinoma. Res Vet Sci.
2007,83(2):210-6.

Mohammed SI, Coffman K, Glickman NW, Hayek MG, Waters DJ, Schlittler D,
et al. Prostaglandin E2 concentrations in naturally occurring canine cancer.
Prostaglandins Leukot Essent Fatty Acids. 2001;64(1):1-4.

LEplattenier HF, Li Lai C, van den Ham R, Mol J, van Sluijs F, Teske E. Regulation
of COX-2 expression in canine prostate carcinoma: increased COX-2 expres-
sion is not related to inflammation. J Vet Intern Med. 2007;21(4):776-82.
Castillo-Martin M, Domingo-Domenech J, Karni-Schmidt O, Matos T,
Cordon-Cardo C. Molecular pathways of urothelial development and bladder
tumorigenesis. Urol Oncol. 2010,28(4):401-8.

Aquilina JW, McKinney L, Pacelli A, Richman LK, Waters DJ, Thompson |, et al.
High grade prostatic intraepithelial neoplasia in military working dogs with
and without prostate cancer. Prostate. 1998,36(3):189-93.

Madewell BR, Gandour-Edwards R, DeVere White RW. Canine prostatic
intraepithelial neoplasia: is the comparative model relevant? Prostate.
2004;58(3):314-7.

Tidehag V, Hammarsten P, Egevad L, Granfors T, Stattin P, Leanderson T, et al.
High density of STO0A9 positive inflammatory cells in prostate cancer stroma
is associated with poor outcome. Eur J Cancer. 2014;50(10):1829-35.
Hermani A, de Servi B, Medunjanin S, Tessier PA, Mayer D. ST00A8 and
S100A9 activate MAP kinase and NF-kappaB signaling pathways and



Weinekotter et al. BVIC Veterinary Research

55.

56.

57.
58.

59.

60.

62.

(2023) 19:234

trigger translocation of RAGE in human prostate cancer cells. Exp Cell Res.
2006;312(2):184-97.

Yanamandra K, Alexeyev O, Zamotin V, Srivastava V, Shchukarev A, Brorsson
AC, et al. Amyloid formation by the pro-inflammatory ST00A8/A9 proteins in
the ageing prostate. PLoS One. 2009;4(5):e5562.

Heilmann RM, Guard MM, Toresson L, Unterer S, Grellet A, Griitzner N, et al.
Association of clinical characteristics and lifestyle factors with fecal S100/
calgranulin concentrations in healthy dogs. Vet Med Sci. 2021;7(4):1131-43.
Gill CW. Prostatic adenocarcinoma with concurrent sertoli cell tumor in a
dog. Can Vet J. 1981,22(7):230-3.

Jang JH, Kim DH, Surh YJ. Dynamic roles of inflammasomes in inflammatory
tumor microenvironment. NPJ Precis Oncol. 2021;5(1):18.

Brandtzaeg P, Dale |, Fagerhol MK. Distribution of a formalin-resistant myelo-
monocytic antigen (L1) in human tissues. Il. Normal and aberrant occurrence
in various epithelia. Am J Clin Pathol. 1987,87(6):700-7.

Wilkinson MM, Busuttil A, Hayward C, Brock DJ, Dorin JR, van Heyningen V.
Expression pattern of two related cystic fibrosis-associated calcium-binding
proteins in normal and abnormal tissues. J Cell Sci. 1988,91(Pt2):221-30.

Hsu K, Champaiboon C, Guenther BD, Sorenson BS, Khammanivong A, Ross
KF, et al. Anti-infective protective properties of S100 calgranulins. Antiin-
flamm Antiallergy Agents Med Chem. 2009;8(4):290-305.

Kong JP, Ding F, Zhou CN, Wang XQ, Miao XP, Wu M, et al. Loss of myeloid-
related proteins 8 and myeloid-related proteins 14 expression in human

63.

64.

65.

66.

67.

68.

Page 14 of 14

esophageal squamous cell carcinoma correlates with poor differentiation.
World J Gastroenterol. 2004;10(8):1093-7.

Rafii S, Lyden D. S100 chemokines mediate bookmarking of premetastatic
niches. Nat Cell Biol. 2006;8(12):1321-3.

Ghavami S, Rashedi |, Dattilo BM, Eshraghi M, Chazin WJ, Hashemi M, et al.
S100A8/A9 at low concentration promotes tumor cell growth via RAGE liga-
tion and MAP kinase-dependent pathway. J Leukoc Biol. 2008;83(6):1484-92.
Allavena P, Sica A, Solinas G, Porta C, Mantovani A. The inflammatory micro-
environment in tumor progression: the role of tumor-associated macro-
phages. Crit Rev Oncol Hematol. 2008,66(1):1-9.

Qian B-Z, Pollard JW. Macrophage diversity enhances tumor progression and
metastasis. Cell. 2010;141(1):39-51.

Heilmann RM, Suchodolski JS, Steiner JM. Purification and partial character-
ization of canine calprotectin. Biochimie. 2008;90(9):1306-15.

Heilmann RM, Cranford SM, Ambrus A, Gritzner N, Schellenberg S, Ruaux CG,
et al. Validation of an enzyme-linked immunosorbent assay (ELISA) for the
measurement of canine ST00A12. Vet Clin Pathol. 2016;45(1):135-47.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Tissue S100/calgranulin expression and blood neutrophil-to-lymphocyte ratio (NLR) in prostatic disorders in dogs
	﻿Abstract
	﻿Background
	﻿Results
	﻿Study population
	﻿S100/calgranulin immunohistochemistry
	﻿Neutrophil-to-lymphocyte ratio (NLR)

	﻿Discussion
	﻿Conclusions
	﻿Methods
	﻿Ethics approval
	﻿Sampling population
	﻿Tissue sample analyses
	﻿Immunohistochemistry
	﻿Blood leukocyte analysis
	﻿Data analyses

	﻿References


