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Abstract

Objectives The purpose of this study was to describe the electrophoretic patterns of proteinuria in cats at risk of and
cats with chronic kidney disease (CKD), and to investigate whether the presence of high-molecular-weight (HMW)
and low-molecular-weight (LMW) proteins were associated with CKD, proteinuria and/or disease progression.
Methods Healthy cats at risk of developing renal disease (n = 17) and cats affected with CKD at different stages
(n = 22) were prospectively enrolled and sampled over time. Seventy urine samples were included and assayed
with a commercially available sodium dodecyl sulfate—agarose gel electrophoresis (SDS-AGE) method. Each
sample (gel lane) was inspected to identify aloumin, HMW and LMW proteins, and an electrophoretic pattern
(albuminuria, glomerular, tubular, mixed or negative) was assigned accordingly. Fisher's exact test was used to
assess the distribution of HMW and LMW proteins in cats grouped according to International Renal Interest Society
stage and to the magnitude of proteinuria, and to assess if HMW and LMW proteins at the time of inclusion were
associated with the development and progression of CKD.

Results In samples of cats at risk, the most common pattern was glomerular (84.6%); glomerular pattern was also
common in cats with CKD (54.2%), although mixed proteinuria and tubular proteinuria were also present (29.5%
and 11.4%, respectively). The presence of LMW proteins was associated with CKD (P <0.0001) and to a urine
protein:creatinine ratio >0.2 (P = 0.025). Both HMW and LMW proteins were not associated with progression of
CKD within 6 months (n = 14).

Conclusions and relevance Our results showed that HMW proteinuria is common in healthy cats at risk of developing
CKD, although the pathological significance needs to be confirmed. The detection of LMW proteins in urine of cats
suspected to be affected by CKD, especially in non-azotaemic, non-proteinuric or borderline proteinuric cats,
suggests the presence of kidney damage.
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Introduction

In the diagnostic work-up of feline chronic kidney dis-
ease (CKD), the accurate evaluation of proteinuria is
routinely performed using the urinary protein:creatinine
(UPC) ratio on spot urine samples. This quantitative

identification of proteins on the gel as bands and,
depending on the types of bands identified, renal
proteinuria can be classically subdivided into glomerular,

method provides information about the severity of pro-
teinuria and gives prognostic indications.! Despite these
unquestionable advantages, the UPC ratio does not pro-
vide information about the source of proteinuria and
which part of the nephron is mainly affected.
Qualitative evaluation of proteinuria with one-
dimensional (1D) electrophoresis allows separation and
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tubular or mixed.? Glomerular proteinuria occurs when
the selective permeability of the glomerulus is altered,
leading to overfiltration of albumin and of proteins with
a molecular weight (MW) higher than that of albumin.
Tubular proteinuria is characterised by the presence of
protein with an MW lower than that of albumin: nor-
mally these proteins freely pass the glomerulus and are
reabsorbed in the proximal tubule and, therefore, their
presence is attributed to tubular damage.®> When both
glomerular filtration and tubular reabsorption are dis-
turbed, mixed proteinuria can occur.*

Of the mono-dimensional electrophoretic methods,
sodium dodecyl sulfate (SDS)-agarose gel electrophore-
sis (SDS-AGE) is easier, more rapid and less expensive to
perform than sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE), which is considered to
be the gold standard for qualitative analysis of urinary
proteins. Moreover, in clinical practice it is preferred for
the lower toxicity for laboratory personnel. In dogs
affected with CKD, SDS-AGE was shown to have good
sensitivity for the identification of renal damage.>®
Sensitivity for both glomerular and tubular damage was
100% and 92%, respectively, when compared with histo-
pathology.® In addition, the presence of proteins with a
very low MW (12-15 kDa) was associated with higher
severity of tubular damage on histopathology.® In
another recent study, the sensitivity of SDS-AGE to pre-
dict glomerular damage in Dogue de Bordeaux dogs,
suspected to be affected with glomerulonephropathy on
the basis of persistent proteinuria, was about 90%.”

Little information is available about the electropho-
retic patterns and their clinical relevance in feline CKD.
Recently, a study evaluated SDS-AGE in cats affected
with familiar renal amyloidosis revealed a mixed pat-
tern, consistent with the pattern of amyloid deposition
histologically.® To date, no information is available about
the electrophoretic protein patterns in healthy cats at risk
of developing CKD and in cats affected with naturally
occurring CKD.

The aims of this study were: (1) to describe the elec-
trophoretic patterns of proteinuria in healthy cats at risk
of developing CKD and in cats affected with CKD at
different stages, using a commercially available SDS-
AGE method; (2) to investigate the possible association
between glomerular or tubular proteinuria and CKD;
(3) to assess whether the type of proteinuria may predict
the development of CKD in healthy cats at risk and the
progression of disease in cats with CKD over 6 months
of age.

Materials and methods

Patients

Urine samples were collected from 39 client-owned cats
presented for routine health screening at the Veterinary

Teaching Hospital of University of Milan from September
2014 to April 2017. Informed consent was signed by the
owners and, according to the ethical committee state-
ments of the University of Milan (decision number
2/2016), biological samples collected in this setting could
be used also for research purposes.

Samples included in this study were part of a pro-
spective study in which healthy cats at risk of develop-
ing CKD and cats affected by CKD at any stage of disease
were enrolled and monitored over a period of 18 months.

Cats were included in the “at-risk” group based on the
following criteria: (1) age >8 years; or (2) cats of any age
belonging to breeds predisposed to CKD. Included
breeds were Persian, Abyssinian and Maine Coon, which
have a predisposition to renal amyloidosis,® a predispo-
sition to polycystic kidney disease!® and an increased
prevalence of CKD,!! respectively. All cats included in
the at-risk group were clinically healthy and did not
have laboratory abnormalities consistent with CKD or
any other systemic disease.

Cats of any age and breed with a diagnosis of CKD
were included in ‘CKD’ groups. Diagnosis of CKD was
made on the basis of clinical and laboratory results.
Specifically, azotaemic CKD was diagnosed in the case
of increased serum creatinine (laboratory reference inter-
val [RI] <1.6 mg/dl) and concurrent inadequate urinary
concentration ability. Non-azotaemic CKD was diag-
nosed in cases of serum creatinine <1.6 mg/dl and one
of the following abnormalities: (1) inadequate urinary
concentration ability (persistent urine specific gravity
[USG] <1.035); (2) abnormal renal imaging findings; or
(3) increasing serum creatinine concentration (>0.3 mg/
dl)? in samples collected serially, not exceeding the RI.13
These cats were staged in accordance with the Inter-
national Renal Interest Society (IRIS) staging guide-
lines.#All the cats diagnosed with non-azotaemic CKD
were IRIS stage 1.14

Patients were excluded from both groups in the case
of systemic infectious, endocrine or cardiovascular dis-
eases, or malignant tumours. Additional exclusion crite-
ria were the administration of drugs affecting systolic
blood pressure (SBP; eg, corticosteroids, calcium-chan-
nel blockers, angiotensin-converting enzyme inhibitors,
angiotensin-receptor blockers, aldosterone inhibitors,
opioids), diuretics or anti-inflammatory drugs in the 4
weeks before inclusion. Moreover, cats with urinary tract
infections, haematuria, active sediment or acute kidney
injury were excluded.

Cats at risk and cats affected by CKD at IRIS stage 1
were checked every 6 months, whereas cats with CKD at
IRIS stages 2—4 were checked every 3 months.

Progressive CKD was identified in case of progres-
sion to a higher IRIS stage (eg, from at risk to IRIS 2 or
from IRIS stage 3 to IRIS stage 4) within 6 months.
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Sample collection

SBP measurement, blood and urine collection were
performed at the time of inclusion (T;) and at each
checkpoint clinical visit.

Urine samples (8-10 ml) were collected from each cat
by ultrasonographically-guided cystocentesis and were
sent within the syringe to the internal clinical pathology
laboratory. Complete urinalysis (including USG, dip-
stick analysis and sediment evaluation) was carried out
on each sample as previously reported,!> whereas urine
culture was performed whenever infection was sus-
pected. Urinary tract infection was suspected whenever
compatible clinical signs and/or detection of pyuria at
the microscopic sediment evaluation (ie, >5 urinary
white blood cells per high power field, X400 were
detected. Urinary protein (UP) and urinary creatinine
(UC) were measured on urine supernatant. The UP was
measured with pyrogallol red molybdate method on
undiluted supernatant and the UC with modified Jaffe
method diluting supernatants 1:20 with distilled water.
Both these tests were run with an automated biochemi-
cal analyser (Cobas Mira; Roche Diagnostics). The
remaining supernatant was aliquoted (400 pl) and stored
at —20°C within 4 h of collection.

Urinalysis

All available urine samples collected from cats (irrespec-
tive of time of collection) were selected and used for
analysis. Samples were analysed after a maximum of
12 months of storage. The day before analysis, aliquots
were gently thawed overnight at +4°C and were warmed
at room temperature 1 h before the run.

SDS-AGE was performed using commercially available
electrophoretic gels (Hydragel 5 Proteinuria; Sebia Italia)
applied to a semi-automated analyser (Hydrasis; Sebia
Italia). Electrophoretic gels are made by agarose buffered
at pH 7 * 0.5 and held five wells. Sample preparation and
migration procedure were performed according to the
manufacturer’s instruction. Specifically, after a brief vor-
texing of the supernatant, 80 ul of each sample were mixed
with 20 pl of the supplied diluents (containing SDS to
denature and negatively charge all the proteins, and
bromophenol blue to mark migration). Control material
(Molecular Mass Control; Sebia Italia) containing proteins
with known molecular weight (ie, lysoxyme, 14.3 kDa;
triosephosphate isomerase, 26.6 kDa; bovine albumin,
66 kDa; human IgG, 150 kDa) was included in each run,
after treatment with SDS as described above for samples.
Five microlitres of treated supernatants and control mate-
rial were applied in the wells and gel was loaded in the
analyser. Migration was carried out under a condition of
constant power (10 W) at 20°C controlled by Peltier effect
to accumulate 60 Volts per hour (V/h) for about 15 mins.
After migration, electrophoretic gels were manually
transferred to the staining module of the instrument and
automatically stained with acid violet. Gels were then

fixed with glycerin solution (1:8 in distilled water) and
then dried.

Gels were visually inspected to identify the presence
and types of electrophoretic bands. Bands of the samples
were compared with the bands of the control lane and
three possible types of bands were assigned to each sam-
ple: albumin, glomerular (high-molecular-weight [HMW]
proteins) and tubular (low-molecular-weight [LMW] pro-
teins) bands. According to the types of bands identified,
one of the following patterns was assigned for each sam-
ple: negative (lack of bands); albuminuria; glomerular;
tubular; or mixed (Figure 1). To the study aims, two differ-
ent classifications of samples were applied: one on the
basis of the presence or absence of glomerular proteins, on
which samples with glomerular bands (ie, samples with
glomerular or mixed pattern) were compared with sam-
ples without glomerular bands (ie, negative samples and
samples with albuminuria or ‘pure’ tubular pattern); and
one on the basis of the presence or absence of tubular pro-
teins, on which samples with tubular bands (ie, samples
with tubular or mixed pattern) were compared with sam-
ples without tubular bands (ie, negative samples and
samples with albuminuria or ‘pure’ glomerular patterns).

Ctr A G T M

14.3 kDa =—>
26.6 kDa —»

66.0 kDa —>

150 kDa —>

Figure 1 Sodium dodecyl sulfate—agarose gel
electrophoresis patterns. The first lane shows the control (Ctr)
sample having a marker with known molecular weight (MW),
corresponding to lysozyme (14.3 kDa), triose phosphate
isomerase (26.6 kDa), aloumin (66 kDa) and 1gG (150 kDa).
Samples with bands of MW equal to that of albumin were
considered albumininuric (A). Glomerular pattern (G) was
identified when bands corresponding to proteins with MW
higher than albumin were present. Tubular pattern (T) was
identified when bands corresponding to proteins with MW
lower than albumin were present. Mixed pattern (G) was
identified when bands corresponding to proteins with MW
higher and lower than albumin were present
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Statistical analysis

Statistical analysis and descriptive statistics of continu-
ous variables were performed with a commercially
available software (GraphPad Prism 5.0; GraphPad
Software). A P value <0.05 was considered statistically
significant. Normality distribution of continuous varia-
bles was assessed by the Kolmogorov-Smirnov test.

Fisher’s exact test was used to verify the null hypothesis
that the glomerular bands and tubular bands were equally
distributed in samples grouped according to the health sta-
tus or grouped according to the magnitude of proteinuria.
Specifically, cats at risk were compared with cats with CKD
and samples with UPC <0.2, corresponding to IRIS sub-
stage ‘non-proteinuric’ (NP), were compared with samples
having a UPC =0.2, corresponding to IRIS substage ‘bor-
derline proteinuric” (BP) and “proteinuric’.

The non-parametric Mann-Whitney U-test was used
to compare serum creatinine concentration, UP, UC and
UPC between cats with and without glomerular protein-
uria and between cats with and without tubular
proteinuria.

Fisher’s exact test was also used to verify whether the
presence of glomerular or tubular bands at the time of
inclusion (T;) were associated with progression of CKD.
To this aim, the number of samples with glomerular bands
and tubular bands were compared between the group of
cats that remained at the same IRIS stage (including cats
at risk) within 6 months (‘stable” group) and the group of
cats with progressive CKD (‘progressive’ group).

Results

Samples

Thirty-nine cats fulfilled the inclusion criteria, 17 of
which were classified as at risk and 22 were affected by

CKD. Of the cats at risk, eight were male (all neutered
except one) and nine were female (all neutered); 15 were
domestic shorthairs; there was one Persian and one
Maine Coon cat. Mean *+ SD age was 132 * 33.8 months
(11 + 2.8 years) and ranged from 67 to 169 months
(5.6-14.1 years). Of the cats affected by CKD (four IRIS
stage 1, 13 IRIS stage 2, three IRIS stage 3 and two IRIS
stage 4 at the time of inclusion), nine were male (all
neutered) and 13 were female (all neutered); 12 were
domestic shorthairs and there were two each of Siamese,
Exotic Shorthair, Siberian and Norwegian Forest Cats;
there was one Persian and one Chartreux. Mean * SD
age was 140 = 49.7 months (11.6 = 4.1 years) and ranged
from 72 to 226 months (6.0-18.8 years).

Seventy urine samples, collected either at the time of
inclusion or during follow-up, were available for
analysis. The median and range of UP, UC and UPC in
the different IRIS stages and the frequency of cats
grouped according to the IRIS substage of proteinuria in
each IRIS stage are shown in Table 1.

Electrophoretic patterns, glomerular bands and

tubular bands

The electrophoretic patterns in samples grouped
according to health status (at risk vs CKD) and according
to IRIS substage of proteinuria are shown in Table 2. All
the scanned lanes are shown in Figures 1-3 in the sup-
plementary material.

HMW proteins (glomerular and mixed pattern) were
present in 49/70 samples, whereas LMW (tubular and
mixed pattern) were present in 19/70. The presence of
glomerular bands was not significantly different (P = 0.723)
between the at-risk and CKD groups (Figure 2a). Conversely,
tubular bands were significantly more frequent (P = 0.0006)

Table 1 Descriptive statistic of serum creatinine and urea, urine specific gravity (USG), urinary protein (UP), urinary
creatinine (UC) and urinary protein:creatinine (UPC) ratio at the different International Renal Interest Society (IRIS)

stages

At risk IRIS stage 1
(n = 26) (n=12)

Serum creatinine (mg/dl)  1.29 1.26
(0.79-1.54) (0.89-1.58)

Urea (mg/dl) 60.0 52.5
(33-107) (31-151)

USG 1050 1040
(1022-1086) (1020-1050)

UP (mg/dl) 24.7 35.7
(1.0-97.6) (5.2-61.4)

UC (mg/dl) 189.5 229.1
(50.4-401.4) (132.6-510.8)

UPC 0.15 0.13
(0.01-0.50) (0.04-0.34)

NP 17 8

BP 9 4

P — —

IRIS stage 2 IRIS stage 3 IRIS stage 4
(n = 23) (n=17) (n=2)

1.97 3.56 6.19
(1.63-2.56) (3.18-4.85) (5.31-7.07)
70.5 137.0 157.5
(46-171) (106-221) (154-161)
1034 1013 1011

(1016-1046)
28.0

(1010-1025)
18.5

(1009-1013)
7.7

(6.1-171.3) (2.8-39.1) (4.4-11.0)
174.2 174.2 36.6
(61.4-564.4) (37-163.2) (45.7-47.6)
0.17 0.17 0.20
(0.03-0.78) (0.02-0.71) (0.16-0.24)
15 4 1

3 1 1

5 3 -

Data are median (range). The number of cats grouped according to the IRIS substage of proteinuria in each IRIS stage is also reported
NP = non-proteinuric; BP = borderline proteinuric; P = proteinuric
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Table 2 Number (%) of the electrophoretic patterns in samples grouped according to the health status (at risk vs
chronic kidney disease) and according to International Renal Interest Society substage of proteinuria

Atrisk (n = 26)  CKD (n = 44) NP (n = 45) BP (n = 17) P(n=28)
Glomerular 22 (84.6) 24 (54.5) 34 (75.6) 10 (58.9) 2(25.0)
Tubular 1(3.8) 5(11.4) 2(4.4) 2(11.8) 2(25.0)
Mixed = 13 (29.5) 6(13.3) 4 (23.5) 3(37.5)
Negative 3(11.6) 2(4.5) 3(6.7) 1(5.9) 1(12.5)
CKD = chronic kidney disease; NP = non-proteinuric; BP = borderline proteinuric; P = proteinuric
a B Glomerular bands a EE2 Glomerular bands

No glomerular bands

N° samples

P=0.723
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Figure 2 Distribution of (a) samples with or without
glomerular bands and (b) samples with or without tubular
bands in the group of cats at risk and in the group of cats
affected by chronic kidney disease (CKD)

in cats with CKD than in cats at risk (Figure 2b). The num-
ber of samples with glomerular and tubular bands in the
different groups divided according to IRIS staging (includ-
ing only cats with CKD) is displayed in Figure 3.

Cats with proteinuria (UPC =0.2) were more likely to
have tubular bands than cats without proteinuria.

Figure 3 Distribution of (a) samples with or without
glomerular bands and (b) samples with or without tubular
bands at the different International Renal Interest Society
(IRIS) stages (ie, stage 1, stage 2, stage 3 and stage 4)

However, there was no difference in the prevalence of
glomerular bands between cats with and without pro-
teinuria (P = 0.183; Figure 4a). The association between
proteinuria and the presence of tubular bands was found
in all cats (P = 0.025; Figure 4b) and among CKD-only
cats (P = 0.0003). The number of samples with glomeru-
lar and tubular bands in the different groups divided
according to IRIS substaging of proteinuria (including
only cats with CKD) is displayed in Figure 5.
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Figure 4 Distribution of (a) samples with or without
glomerular bands and (b) samples with or without tubular
bands in non-proteinuric (NP) cats (urinary protein:creatinine
[UPC] ratio <0.2) and cats with UPC =0.2 (borderline
proteinuric [BP] + proteinuric [P])

Descriptive statistics of serum creatinine, UP, UC and
UPC in samples with glomerular bands vs samples with-
out and samples with tubular bands vs samples without,
and the statistical comparison between groups, are
shown in Table 3.

Follow-up

Twenty-one cats had two urine samples available
6 months apart. The mean * SD length of follow-up was
11.6 * 5.0 months. Of the 21 cats included in this analysis,
six patients completed the 18 month period of monitor-
ing, three were excluded after 6 months owing to the
onset of other diseases, and six, four and two were lost
after 6, 12 and 15 months, respectively. Fourteen were
cats at risk at T, nine of which remained stable for
6 months, whereas five cats progressed to CKD (three to
IRIS stage 1 and two to IRIS stage 2). Seven had a
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Figure 5 Distribution of (a) samples with or without glomerular
bands and (b) samples with or without tubular bands in
non-proteinuric (NP), borderline proteinuric (BP) and
proteinuric (P) cats

diagnosis of CKD at T, six of which remained stable (one
at stage 1 and five at stage 2), whereas one progressed
(from stage 2 to stage 3). Neither the presence of
glomerular nor tubular bands at T, were associated with
progression of CKD over 6 months (P = 0.1).

Discussion

This study evaluated the electrophoretic pattern of pro-
teinuria in cats at risk of, and cats with, CKD, using a
commercially available SDS-AGE method.

The presence of proteins with an MW equal to or
higher than albumin and, in turn, the presence of a glo-
merular pattern, were a frequent finding in healthy cats
atrisk of developing CKD. It is possible that some healthy
cats at risk of developing CKD have early slow progres-
sive glomerular damage or diseases other than CKD
that also affect older cats. However, glomerular damage
was reported to be mild and uncommon in cats with
CKD, especially in the early stages of CKD.!¢ Therefore it
is possible that the presence of HMW proteins in healthy
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Table 3 Descriptive statistics of serum creatinine, urinary protein (UP), urinary creatinine (UC) and urine
protein:creatinine (UPC) ratio in samples with glomerular bands (n = 59), samples without glomerular bands (n = 11),
samples with tubular bands (n = 19) and samples without tubular bands (n = 51)

With glomerular

bands bands
Serum creatinine (mg/dl) 1.54 1.80
(1.24-1.97) (1.22-3.86)
UP (mg/dl) 28.00 25.00
(15.00-45.70) (12.60-38.80)
UC (mg/dl) 186.4 149.4
(132.6-318.9) (50.4-305.2)
UPC 0.15 0.24
(0.07-0.23) (0.05-0.50)

Without glomerular

Pvalue  With tubular ~ Without tubular P value
bands bands

0.309 1.99 1.50 0.055
(1.24-117)  (1.17-1.87)

0.383 39.10 22.80 0.024
(25.00-61.40) (12.40-38.80)

0.110 174.2 183.8 0.439
(69.2-271.0) (132.6-313.4)

0.309 0.22 0.12 0.003
(0.15-0.56) (0.06-0.20)

Data are median (interquartile range). The P values of the comparison between groups for each parameter are also shown (significant

differences are shown in bold)

non-proteinuric cats is not pathological. In line with this
hypothesis, the majority of at-risk cats with this pattern
remained healthy for months after urine collection (data
not shown). The glomerular pattern was also common in
samples without proteinuria (ie, UPC <0.2). The use of
SDS-AGE to determine the nature of proteinuria in non-
proteinuric cats at risk of developing CKD may identify
glomerular proteinuria in many cats is of unknown, and
potentially minimal, clinical significance. Similar results
were found in a previous study in dogs, reporting that
about 20% of samples with a UPC <0.2 yielded different
patterns (ie, glomerular, tubular or mixed pattern) and
showing that SDS-AGE in non-proteinuric samples
had low specificity in detecting samples that actually
are proteinuric.”” The presence of HMW proteins has
already been described in healthy non-proteinuric cats.!8
Specifically, using two-dimensional protein electrophore-
sis followed by mass spectrometry, it was demonstrated
that, besides albumin, cauxin (70 kDa) was the most
abundant protein, and uromodulin (95 kDa) and other
HMW proteins were also present.!8 Therefore, it could be
speculated that the glomerular bands found in our
healthy population could represent these physiological
proteins. However, further longitudinal studies with
longer follow-up and additional assessment of protein-
uria (quantitative and qualitative), combined with renal
histopathological evaluation, are required to confirm this
hypothesis.

The tubular proteins were significantly more frequent
in our population of cats with CKD compared with
healthy cats at risk. This result supports the fact that the
main pathological feature of feline (idiopathic) CKD
consists in chronic tubular interstitial nephritis.! In this
setting, proteinuria is mainly secondary to tubular dam-
age, increases as the CKD progresses® and correlates
with interstitial fibrosis.?! In our study, tubular proteins
were identified at all stages of CKD, consistent with the
occurrence of tubular damage occurring in the early

stages of CKD.?! Similar results were found in cats
affected with renal amyloidosis, where LMW proteins
(highlighted as mixed pattern) were frequently found at
early stages of CKD.

The association between proteinuria and the presence
of tubular bands was demonstrated in this study. Given
that the severity of proteinuria increases as the CKD pro-
gress,? this finding could further support the theory that
a higher UPC ratio corresponds to more severe tubulo-
interstitial damage.?! Since UP was significantly higher in
samples with tubular bands compared with those with-
out, it could be possible that, given the higher urine dilu-
tion in cats with CKD, in some samples the protein
concentration may not have been high enough to yield
visible bands of tubular proteins on the gel using SDS-
AGE. Therefore, using a more sensitive method such as
SDS-PAGE, different stains or methods for concentration
of proteins, the detection of tubular proteins could be
enhanced. It is also worth noting that the frequency of
tubular bands and therefore, presumably, of tubular dam-
age, was similar in cats with borderline and overt protein-
uria (Figure 5b). Currently, borderline proteinuria needs
to be closely monitored and treatment is indicated only
when it progresses to the proteinuric range (UPC >0.4).22
Our results suggest that BP in cats with CKD could be
considered pathological and that the diagnostic and ther-
apeutic recommendation for cats with a UPC >0.4 should
be transferred to cats with UPC >0.2. In accordance with
this assumption, in cats with CKD the hazard ratio (HR)
of death or euthanasia was 2.9 for borderline proteinuria
(UPC 0.2-0.4) vs cats with a UPC <0.2, which is slightly
lower than that found for a UPC >0.4 (HR 4.0).20

Neither glomerular bands nor tubular bands were
predictive of development or progression of CKD.
Although few samples were included in this analysis,
SDS-AGE appears more useful to qualitatively describe
abnormal proteinuria (UPC >0.2) than to predict devel-
opment and progression of azotaemia or proteinuria.
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Conclusions

HMW proteins were frequently found in urine samples
of cats at risk of developing CKD and were not associated
with progression to CKD or proteinuria (UPC). Although
the pathological significance of these findings needs to
be confirmed, it is possible that these proteins could be
physiologically present in urine and could be considered
normal in this population of cats. Conversely, the pres-
ence of LMW proteins was associated with CKD and
proteinuria, supporting the presence of tubulointerstitial
damage in our population of affected cats. From a clinical
point of view, the detection of LMW proteins in non-
azotaemic cats or in cats with UPC <0.4 is potentially
consistent with the presence of kidney damage and
should be the subject of further diagnostic investigation.
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Sodium dodecyl sulfate-agarose gel electrophoresis lanes of
samples included in the study:

Figure 1: Samples (n = 46) with glomerular pattern. The lane of
the control material is indicated as ‘C".

Figure 2: Samples (n = 6) with tubular pattern. The lane of the
control material is indicated as ‘C’".

Figure 3: Samples (n = 13) with mixed pattern. The lane of the
control material is indicated as ‘C’.
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