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1 | INTRODUCTION

Renal diseases are common and chronic kidney disease (CKD) is usu-
ally irreversible in animals.? Indirect glomerular filtration rate (GFR)
markers, such as serum urea nitrogen and creatinine concentrations,
commonly are used as indicators of renal function, but they are rela-
tively insensitive and influenced by extrarenal factors.? Therefore,
more sensitive, reliable, and practical biomarkers that allow better
evaluation of renal disease are warranted.

Hemojuvelin, a glycophoephatidy linositol-linked membrane pro-
tein, plays a key regulatory role in systemic iron homeostasis via the
hemojuvelin-hepcidin-ferroportin axis.®> There are 2 isoforms of
hemojuvelin: the membrane-bound type and the soluble type. Two cellu-
lar proteases are responsible for cleaving membrane-bound hemojuvelin
and producing distinguishable soluble isoforms. Cleavage occurs by the
action of furin, which produces a 40 kDa protein,* and by the action of a
type Il transmembrane serine protease (TMPRSS6), which yields 2 forms
of soluble hemojuvelin, a 15 kDa protein and a 35 kDa protein.> How-
ever, no animal studies have confirmed these metabolites.

Recently, research has determined that expression of hemojuvelin
is significantly increased in the proximal renal tubules when intrinsic
renal injury occurs.® The concentrations of the soluble types of
u-hemojuvelin, when adjusted for using the urine hemojuvelin-to-
creatinine ratio (UHCR), have been shown to be early biomarkers for
the prediction of acute kidney injury (AKI) and also have been able to
predict outcome in human patients after cardiovascular surgery.”
Urine hemojuvelin (u-hemojuvelin) has been reported to have higher
predictive accuracy when detecting early AKI than does neutrophil
gelatinase-associated lipocalin (NGAL).® Additionally, the serum con-
centration of hemojuvelin also has been confirmed to be increased in
human CKD patients who are undergoing hemodialysis, although it
was not increased in nondialysis CKD patients. Furthermore, the
increase in serum hemojuvelin concentration seems to be indepen-
dent of any estimates of patient status based on GFR.2

However, no relevant research has been carried out on
u-hemojuvelin in cats. We hypothesized that urine soluble-type
hemojuvelin also would be able to serve as a diagnostic indicator for
various renal diseases in cats. Our objectives were to identify the
presence of the soluble forms of hemojuvelin in the urine of cats, to
evaluate whether increases in u-hemojuvelin were associated with
various kidney diseases of cats, and, finally, to assess whether there is
a correlation between u-hemojuvelin and other variables associated
with CKD in cats.
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(Hct), red blood cell (RBC) count, and plasma albumin concentration. The UHCR values
were also significantly correlated with white blood cell count in blood.
Conclusion: Both u-hemojuvelin and UHCR potentially can serve as diagnostic indi-

cators for a range of renal diseases in cats.

AKI, azotemia, biomarker, cat, CKD, feline

2 | MATERIALS AND METHODS

2.1 | Patients and sample collection

Urine samples from cats admitted to the National Taiwan University Vet-
erinary Hospital for clinical evaluation were retrospectively evaluated.
The urine samples were stored in a —80°C refrigerator until ELISA analy-
sis. The analysis results, consisting of clinical information, including the
cats' history and physical examination results, as well as each animal's
hematology, plasma biochemistry, plasma electrolyte concentrations, and
urinalysis findings, were recorded. Cats with azotemia (plasma creatinine
concentration = 1.6 mg/dL) or with abnormal urinalysis findings (eg, urine
specific gravity <1.030) were evaluated first. Any cat with a diagnosis of
neoplasia, cardiac disease, increased liver enzyme activity (alkaline phos-
phatase [ALP], alanine transaminase [ALT], and aspartate transaminase
[AST] actvities), infectious disease (eg, pneumonia, pancreatitis, gastroen-
teritis, feline immunodeficiency virus, feline leukemia virus, and feline
infectious peritonitis), neurologic disease, or a lower urinary tract disease,
except those with ureteroliths, were excluded. The remaining cases were
classified into various groups according to the criteria described below.

The AKI group included cats that showed relevant clinical signs
that appeared in the 7 days before presentation, as described by the
owner, but without any history of CKD. The relevant clinical history
included lethargy, vomiting, and diarrhea. Cats with either oliguria
(1-2 mL/kg/h) or anuria (<1 mL/kg/h) after correction of hydration by
fluid therapy, also were considered to have AKI.

The CKD group showed at least 1 of the following: a history
including relevant clinical signs (eg, polyuria, polydipsia, vomiting, diar-
rhea), abnormal urinalysis findings (urine specific gravity <1.030, per-
sistent proteinuria based on urine protein-to-creatinine ratio [UPC]
> 0.5 on 3 occasions and more than 2 weeks apart or both), small
irregular sized kidneys (<2.4 x second lumbar vertebra) or some com-
bination of these. These abnormalities must have lasted at least
30 days. All CKD cases were further grouped according to the Inter-
national Renal Interest Society (IRIS) staging system into 4 stages. If a
cat had a history of CKD and had AKI (an increase in plasma creatinine
concentration = 0.5 mg/dL with related clinical signs that had appeared
within 7 days), they were included in the acute on chronic kidney injury
(ACKI) group.

A control group was recruited and defined as cases without any clin-
ical signs and that also had findings in the reference range for CBC,
plasma biochemistry (including AST, ALT, and ALP activities, and plasma
albumin, glucose, and total protein concentrations), as well as having
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blood urea nitrogen (BUN) and plasma creatinine concentrations within
the reference range (BUN concentration < 30 mg/dL and plasma creati-

nine concentration < 1.6 mg/dL).

2.2 | Preparation of recombinant hemojuvelin
protein for antibody (Ab) generation

Sequence alignment indicated the human HFE2 gene (NCBI accession
number: NG_011568.1), the canine HFE2 gene (NCBI accession number:
XP_022260651), and feline HFE2 gene (NCBI accession number:
XP_023114851) showed high sequence homology. Hence, the human
HFE2 gene was selected for expression of recombinant protein because
of the known stability of this protein. The sequences of primers used for
amplification were forward: 5-TTCATATGCAGGAATGCATTGACCAG
and reverse: 5'-TTCTCGAGCTGAATGCAAAGCCACAGAAC. The ampli-
fied gene then was cloned into the vector pET24 (Novagen) for expres-
sion in Escherichia coli. After induction with 0.8 mM of isopropyl
thiogalactoside (IPTG), the recombinant hemojuvelin was purified by
chromatography using Ni-chelating sepharose (GE Healthcare). The puri-
fied recombinant hemojuvelin protein was used to immunize rabbits and
rats to generate rabbit-origin and rat-origin antihemojuvelin polyclonal
antibodies (Abs); Ab production was carried out by a biotechnology com-
pany (Yoa-Hong Biotechnology Inc, Taiwan).

2.3 | Identifying the expression profile of
hemojuvelin in feline urine by Western blot analysis

The proteins present in clinical specimens were separated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) gel
(Bio-Rad Laboratories Inc.), followed by electro-transfer to poly-
vinylidene difluoride (PVDF) membrane (Bio-Rad Laboratories Inc).”
Either rabbit antihemojuvelin serum or rat antihemojuvelin serum,
serving as the detection Ab, was reacted individually with the mem-
branes. Ultimately, the signal on the membrane was developed using
5-bromo-4-chloro-3-indolyl phosphate/nitrotetrazolium blue chloride
(BCIP/NBT) as substrate (AP Conjugate Substrate Kit, Bio-Rad Labo-
ratories Inc). The final images were captured using an ImageQuant
LAS4000 (GE Healthcare, Uppsala, Sweden).

2.4 | Establishing an in-house sandwich ELISA to
measure feline u-hemojuvelin concentrations

The ELISA for detecting and measuring u-hemojuvelin was based on a
protocol that has been described previously.” Briefly, 100 pL/well of
the rabbit-origin antihemojuvelin serum, which acted as the capture
Ab, was diluted 1:30 in coating buffer (0.035 M NaHCO; and 0.015 M
Na,COs, pH 9.6) and added to the wells of a 96-well ELISA plate
(Nunc). The plate then was incubated at 4°C for 16 hours, followed by
thorough washing with phosphate-buffered saline with Tween (PBST)
buffer (Medicago; 100 pL per well) 3 times. Each plate then was blocked

with PBST buffer containing 5% skimmed milk (100 uL per well) at 37°C
for 1 hour. Next, diluted urine samples, as well as serially diluted calibrator
samples (recombinant hemojuvelin protein), were individually added to
each well (100 pL per well) and the plate incubated at 4°C for 16 hours. All
samples were analyzed in duplicate. After washing the plate with PBST
buffer 3 times, each well was loaded with 100 pL of the 3000-fold diluted
detector Ab (rat-origin antihemojuvelin serum). Next, the plate was incu-
bated at 37°C for 2 hours after which the above washing procedure was
carried out again. After this washing, diluted horseradish peroxidase conju-
gated goat-origin ant-rat secondary Ab was added to each well (100 pL
per well) and the plate incubated for 1 hour at 37°C. Signal was developed
after addition of tetramethylbenzidine (TMB; 100 pL per well; BD Biosci-
ences) for 30 minutes at room temperature in the dark. At this point, the
reaction was stopped by adding 2 N H,SO, (50 uL per well). The optical
density (OD) 450, of each well was measured immediately using a micro-
plate ELISA reader (TECAN). The concentration of hemojuvelin was
expressed as picograms per milliliter (pg/mL). Three individual calibrator
samples containing known concentrations of hemojuvelin with low, mid-
dle and high OD values were measured 4 times on the same day on the
same plate and these results were used to assess intra-assay precision. At
the same time, the OD values of the same 3 calibrators were measured on
4 different plates to assess interassay precision. The coefficient of varia-
tion (CV, %) for each calibrator was calculated as the ratio of the SD of the
means. The average values of the respective CVs represented the intra-
assay CV and the interassay CV.

2.5 | Statistical analyses

The statistical software Statistical Product and Service Solutions
(SPSS 20 for Windows) was used in this study. Initially, the Shapiro-
Wilk test was used to determine normality. Normally distributed data

sets are presented as mean with SD, and then 1-way analysis of

IRIS stage 1
n=3

IRIS stage 2

‘ Control ’ CKD n=24
s ki IRIS stage 3
‘ Renal diseases V] AKI il
g=is b IRIS stage 4
ACKI i
n=21
FIGURE 1 The case groupings used in our study. The renal

disease cats were the cases with azotemia (creatinine 21.6 mg/dL) or
with an abnormal urinalysis (eg, urine specific gravity < 1.030) and
excluded any cases with a diagnosis of neoplasm, cardiac disease, an
increase in ALP, ALT, and AST, an infectious disease, a neurological
disease, or a lower urinary tract diseases. The control cases were
recruited with healthy cats
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variance (ANOVA) with post hoc Bonferroni test or Student's t test
was applied to compare the difference among groups or between
groups. The Mann-Whitney U test or Kruskal-Wallis test with post
hoc Dunn test and Bonferroni error correction were used for nonpara-
metric analysis, and the nonparametric data are presented as medians
with interquartile ranges (IQRs). Categorical data are presented as
proportions; they were tested using the )(2 test or Fisher's exact test
when comparing the data sets. Receiver operating characteristic
(ROC) curves were used to assess the ability of variables to differenti-
ate the different renal diseases or different IRIS stages of CKD. Fur-
thermore, the best cutoff values, which were defined as the maximum
sum of sensitivity and specificity, also were determined to identify
values that had the best specificities and sensitivities. Spearman cor-
relation was used to analyze the correlation between different vari-
ables. A P value < .05 was used to identify results that were

significantly different.

3 | RESULTS

Ninety-four cats were enrolled in the study. There were 18 cats in
control group. Forty-four cats were assigned to the CKD group, which
was further subclassified into stage 1 (3 cats), stage 2 (24 cats), stage
3 (11 cats), and stage 4 (7 cats) groups. The AKI group consisted of
10 cats, whereas the ACKI group consisted of 21 cats (Figure 1).

Two subtypes of soluble hemojuvelin were detected in the feline
urine samples. One subtype had a molecular weight between 25 and
35 kDa and was designated the large subtype, and the other had a
molecular weight between 15 and 25 kDa and was designated the

small subtype. Furthermore, 3 concentrations of soluble hemojuvelin

were used as calibrators, namely 438.5, 109.7, and 13.7 pg/mL) to
evaluate the precision of the in-house sandwich ELISA established in
the study. The average intra-assay CV was 4.7%, and the average
interassay CV was 3.4%. These findings indicate that this procedure
performs well and that the internal controls were adequate.

Statistically, cats in both the CKD and ACKI groups were signifi-
cantly older than the control group (P < .05; Table 1), but no significant
difference was found in the sex distributions among the various groups.
The AKI group had significantly higher white blood cells count than the
other groups. The case group, including CKD, AKI, and ACKI, had signifi-
cantly higher medians for BUN and plasma phosphate concentration, as
well as lower medians for hematocrit (Hct), red blood cells (RBC) and
urine specific gravity, compared to the control group. The CKD and ACKI
groups also had significantly lower urine pH than the control group.

When we compared all of the renal disease groups together with
the control group, the former had significantly higher concentration of
u-hemojuvelin and UHCR (median [IQR], 33.37 [31.11, 36.67] pg/mL and
0.096 [0.065, 0.127]) x 1077, respectively; Table 1). However, no signifi-
cant differences were found in u-hemojuvelin and UHCR values among
the CKD (41.71 [37.6, 54.9] pg/mL and 0.664 [0.256, 1.102] x 1077
AKI (39.74 [38.07, 76.81] pg/mL and 0.765 [0.385, 1.246] x 10~7) and
ACKI (50.08 [39.43, 62.95] pg/mL, and 0.895 [0.543, 1.571] x 107
groups.

Both u-hemojuvelin and UHCR showed no significant differences
when these values were compared individually across the 4 IRIS stages
of CKD (data not shown). However, when stages 1 and 2 were combined
and defined as early stage CKD, and stages 3 and 4 were combined as
late stage CKD, significant differences for both u-hemojuvelin and UHCR
were found between these 2 combination groups (u-hemojuvelin, 38.4
[35.7, 44.9] pg/mL of the early stage vs 55.3 [42.6, 106.3] pg/mL of the

TABLE 2  Clinical characteristics and biochemical variables of the control group and of the early and late stage CKD groups

Variables Control Early stage Late stage P
u-Hemojuvelin (pg/mL) 33.37%(31.11, 36.67) n=18 38.44° (35.65, 44.94) n=27 55.33°(42.6, 106.30) n=18 <.001*
u-UHCR (1077) 0.096? (0.065, 0.127) n=17 0.355° (0.207, 0.668) n=27 1.102° (0.698, 2.703) n=18 <.001*
Age (year-old) 3.5%(1.0,9.0) n=18 8.0% (4.0, 13.0) n=27 13.5°(10.8, 15.0) n=18 <.001*
Hct (%) 43.607 (42.20, 46.10) n=15 37.00P (26.90, 41.10) n=23 28.60° (22.25, 34.10) n=17 <.001*
RBC counts (x10%/pL) 9.91° (8.70, 10.29) n=11 8.43" (6.30, 9.43) n=23 6.36° (4.54,7.35) n=17  <.001*
Albumin (g/dL) 3.50° (3.20, 3.60) n=13 3.20% (3.05, 3.50) n=17 3.20° (2.70, 3.43) n=14 .049
BUN (mg/dL) 20.5%(19.0, 21.3) n=18 28.0% (21.0, 36.0) n=27 64.0° (43.8,115.3) n=18 <.001*
Creatinine (mg/dL) 1.55% (1.30, 1.70) n=18 2.10° (1.80, 2.30) n=27 4.80° (3.45, 8.55) n=18 <.001*
Phosphate (mg/dL) 4.75% (4.30, 4.88) n=8 4.30% (3.95, 4.95) n=25 6.00° (4.75, 11.20) n=17 .001*
Potassium (mmol/L) 3.447(3.27,3.79) n=5 3.837(3.62, 4.16) n=25 3.777 (349, 4.41) n=18 167
UsG 1.057% (1.035, 1.062) n=18 1.017° (1.010, 1.024) n=27 1.010" (1.007, 1.013) n=18 <.001*
Urine pH value 6.48%(6.01, 6.61) n=18 5.94% (5.64, 6.79) n=27 5.58" (5.43, 5.87) n=18 .001*
Urine protein-creatinine ratio 0.06% (0.00, 0.19) n=4 0.122* (0.09, 0.30) n=13 0.82°(0.65, 1.18) n=7 .028*

Note: The variables were analyzed by Kruskal-Wallis test and Dunn test and are shown as medians with the IQR in brackets. Sex was analyzed by y? square
test. The different superscripts (a, b, c) indicated various levels of significant difference. Early stage CKD includes IRIS CKD stages 1 and 2, while late stage

CKD includes IRIS CKD stages 3 and 4.

Abbreviations: BUN, blood urea nitrogen; CKD, chronic kidney disease; Hct, hematocrit; IRIS, International Renal Interest Society; RBC, red blood cells;
UHCR, urine hemojuvelin-to-creatinine ratio; u-hemojuvelin, urine hemojuvelin; USG, urine specific gravity.

*P < .05.
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FIGURE 2 Receiver operator characteristic (ROC) curves for u-hemojuvelin and UHCR when the diagnosis is CKD. A, AUROC of u-
hemojuvelin: 0.863, 95% Cl: 0.758-0.967, the best cutoff of 34.84; AUROC of UHCR: 0959, 95% Cl: 0.915-1.000, the best cutoff of 0.224,

AKI. B, AUROC of u-hemojuvelin: 0.885, 95% Cl: 0.813-1.000, the best cutoff of 36.4; AUROC of UHCR: 0885, 95% Cl: 0.954-1.000, the best
cutoff of 0.286, and ACKI. C, AUROC of u-hemojuvelin: 0.91, 95% Cl: 0.823-0.998, the best cutoff of 44.82; AUROC of UHCR: 1.0 95% CI: 1-1,
the best cutoff of 0.272; when differentiating between early and late stage CKD. D, AUROC of u-hemojuvelin: 0.895, % Cl: 0.821-0.975, the best
cutoff of 38.96; AUROC of UHCR: 0.899, 95% Cl: 0.820-0.978, the best cutoff of 0.440. ACKI, acute-on-chronic kidney injury; AKI, acute kidney
injury; AUROC, area under ROC; CKD, chronic kidney disease; UHCR, urine hemojuvelin-to-creatinine ratio; u-hemojuvelin, urine hemojuvelin

TABLE 3  Correlations between u-hemojuvelin, UHCR, and various variables for all enrolled cases

u-Hemojuvelin Spearman correlation P UHCR Spearman correlation P
Body weight -0.126 253 Body weight -0.259 .017*
Hct -0.375 <.001* Hct —-0.564 <.001*
RBC count -0.337 .003* RBC count -0.512 <.001*
WBC count —-0.009 .935 WBC count 0.174 114
Neutrophils 0.174 115 Neutrophils 0.354 0.001*
Albumin -0.271 .020* Albumin -0.291 .013*
BUN 0.390 <.001* BUN 0.566 <.001*
Creatinine 0.494 <.001* Creatinine 0.685 <.001*
Phosphate 0.286 .011* Phosphate 0.480 <.001*
Sodium 0.015 .895 Sodium —-0.087 451
Potassium 0.184 .107 Potassium 0.256 .024*
Chloride 0.160 162 Chloride —-0.016 .886

(Continues)
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TABLE 3 (Continued)
u-Hemojuvelin Spearman correlation P UHCR Spearman correlation P
USG -0.478 <.001* USsG -0.848 <.001*
Urine pH -0.328 .001* Urine pH -0.392 <.001*

Abbreviations: ACKI, acute-on-chronic kidney injury; AKI, acute kidney injury; BUN, blood urea nitrogen; CKD, chronic kidney disease; Hct, hematocrit;
RBC, red blood cells; UHCR, urine hemojuvelin-to-creatinine ratio; u-hemojuvelin, urine hemojuvelin; USG, urine speficic gravity; WBC, white blood cells.

*P < .05.

late stage; UHCR, 0.4 [0.2, 0.7] pg/mL of the early stage vs 1.1 [0.7,
2.7] x 1077 of the late stage, respectively; Table 2).

The ROC curve analysis of both u-hemojuvelin and UHCR for the
diagnosis of CKD, AKI and ACKI gave significant results (P < .001) and
there was a high areas under the receiver operator curve (AUROC)
when differentiating the control group from the CKD group (AUROC,
0.868 for u-hemojuvelin and 0.959 for UHCR) from the AKI group
(AUROC, 0.885 for u-hemojuvelin and 0.982 for UHCR) and from the
ACKI group (AUROC, 0.910 for u-hemojuvelin and 1 for UHCR). This
was also true when differentiating early stage CKD from late stage
CKD (AUROC, 0.898 for u-hemojuvelin and 0.899 for UHCR,;
Figure 2). The best cutoff values also were predicted.

Both u-hemojuvelin and UHCR were significantly and negatively
correlated with Hct, RBC count, plasma albumin concentration, urine
specific gravity, and urine pH, whereas they were positively correlated
with plasma BUN, plasma creatinine, and plasma phosphate concen-
tration, and UPC. The UHCR also was significantly negatively corre-
lated with body weight, neutrophil count, and plasma potassium
concentration. However, the positive correlation between UHCR and
plasma potassium concentration existed only in the acute azotemia
group (AKI and ACKI; Spearman correlation, 0.374; P = .042; Table 3).

4 | DISCUSSION

To our knowledge, ours is the first study to identify urinary
hemojuvelin in cats and also to investigate the role in cats of urinary
hemojuvelin in the presence of naturally occurring renal disease.

Cats with AKI or ACKI had significantly higher concentrations of
u-hemojuvelin and higher UHCR compared to control cats, which is
similar to humans with AKI.” The common causes of intrinsic AKI in
cats include nephrotoxins and ischemia’® and these also are common
causes of AKI in humans.!! An increase in u-hemojuvelin has been
reported to result from abnormal iron homeostasis,* and it has been
shown that in humans that hemojuvelin is upregulated markedly in
the proximal renal tubules in response to injuries.” These include cast
formation, tubular dilatation and tubular necrosis,®” and consequently
can result in iron deposition and further damage to the renal tubules.®
Considering that the previous results for humans and our present
results for cats are very similar, it seems likely that the increase in u-
hemojuvelin found in cats with AKI originates from injured renal
tubules. Because tubulointerstitial lesions are common in cats with
CKD,* the increase of u-hemojuvelin and UHCR in CKD cats also may

originate from the renal tubules.

Although in our study, using the Spearman test, u-hemojuvelin,
and UHCR in cats were found to be significantly correlated with
plasma creatinine concentration, which is an indirect GFR indicator,*?
they did not show a linear relationship. Specifically, no significant
result was found when linear regression between u-hemojuvelin or
UHCR and plasma creatinine concentration was carried out (see sup-
plementary information), even after log transformation analysis (data
not shown). Furthermore, it would seem that u-hemojuvelin and
UHCR cannot be used together to differentiate AKI from CKD, and
therefore more research is needed on these variables as potential
markers of renal injury.

In our study, u-hemojuvelin and UHCR were significantly and
negatively correlated with a range of common indicators of anemia,
including Hct and RBC count. In CKD, the etiology of anemia includes
inflammation, which causes shortened RBC survival, and impaired iron
metabolism because of deficiencies in hepcidin and erythropoietin.*®
In other studies, hemojuvelin in blood has been shown to be related
to iron metabolism by its influence on the hepcidin-ferroportin axis®*

and modulation of various cytokines.'>'® Some evidence suggests
that soluble hemojuvelin is increased by iron deficiency and is
decreased during iron overload.'” Thus, it is possible that these
effects might be associated with the demand for iron in anemic CKD
cats. However, additional variables related to iron metabolism during
CKD, such as serum ferritin, transferrin saturation, and total iron bind-
ing capacity,'® need to be investigated simultaneously in future stud-
ies to understand the cross-talk among the above variables in cats.

If we examine the role of hemojuvelin in immunity, the protein's
presence has been shown to influence the level of interleukin-6
expression,'® and thus hemojuvelin likely would be able to modulate
the production of various cytokines, including interferon (IFN)-y by
macrophages.*® A previous study found that interleukin-6 and IFN-y
together have an influence on leukocyte trafficking during inflamma-
tion.2? Such involvement might help to explain the finding that UHCR
has a significant positive correlation with neutrophil count.

Urine pH also was found to be negatively correlated with
u-hemojuvelin. Renal dysfunction often leads to metabolic acidosis,®
which likely is the cause of the acidic urine.? Thus, this negative correla-
tion might be an effect of impaired renal function. Nevertheless, the mech-
anism behind the acidification of the urine still is worthy of further study.

The UHCR was found to have a significant positive correlation
with plasma potassium concentration. This correlation was found in
the AKI and ACKI groups. Hyperkalemia is a common clinical finding
in AKl and ACKI in humans'! and cats,?? and it is a result of decreased

renal excretion.'* This correlation implies that UHCR may be an
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indicator of an acute episode of renal impairment, which is similar to
the findings in humans.®”

Our study shows that u-hemojuvelin and UHCR were significantly
increased when various renal diseases were present in cats. Neverthe-
less, they have not been compared to other renal biomarkers for CKD
in cats. These include serum symmetric dimethylarginine, which has
been reported be a more sensitive GFR marker than serum creatinine
concentration,?® NGAL, which has been shown to be a tubular injury
biomarker,” and fibroblast growth factor 23, which has been shown to
be related to hyperphosphatemia.?* A comparison of these bio-
markers with u-hemojuvelin and UHCR is warranted in the future to
understand their various roles in the range of different renal diseases
that affect cats.

Our study had some limitations. First, the low number of AKI cases
and the timing of urine collection might have weakened the significance of
the findings in this group. In studies of humans, the timing of sample col-
lection after renal or cardiac surgery was within 24 hours,®” and signifi-
cant increases in hemojuvelin could be detected as early as 3 hours after
surgery.” Thus, it is possible that we missed the peak of u-hemojuvelin in
our cats with AKI, which would have resulted in decreased sensitivity. Sec-
ond, some of the control cats in our study had slightly higher plasma creati-
nine concentrations than typically used for IRIS CKD staging. However,
they were all healthy and <2 years-old, as well as having normal results for
their urinary examinations. Their muscle mass was good, which might be
the reason behind the increase in creatinine concentration in both plasma
and urine.?* Nonetheless, without a direct measure of GFR, renal function
cannot be directly assessed to confirm that the control cats were healthy.

In our study, many factors may have affected the results because
they cannot be excluded. First, because the number of control cases
was not large enough to establish a normal reference range for u-
hemojuvelin and UHCR, the influence of age on our findings cannot
be evaluated. Additionally, because the expression and release of sol-
uble hemojuvelin seems to occur in different organs independently?®
and seems to occur during inflammation,* diseases other than renal
disease, such as hyperthyroidism, neoplasia, and cardiovascular dis-
ease, also may have influenced u-hemojuvelin and UHCR. In addition,
hydration status could not be assessed for the cats in our study, and
thus prerenal factors cannot be excluded. Finally, biopsies to evaluate
pathological diagnoses were not performed in our study, and thus the
specific causes of renal disease in the individual cats could not be

determined.

5 | CONCLUSIONS

Urine hemojuvelin and UHCR are potential renal biomarkers for cats
when assessing different kidney diseases. These markers also can be
correlated with the severity of CKD.
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