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Abstract

Background: Fanconi syndrome (FS) is defined as multiple defects of the proximal tubules and is diagnosed by clinical
symptoms. However, in dogs with FS, the damage in the proximal tubules that is responsible for the clinical symptoms
has not been evaluated. Among FS cases, tubular damage in acquired FS is reversible following the elimination of a
causative factor. Liver-type fatty acid-binding protein (L-FABP) is a biomarker of tubular damage in various animals
including dogs. Urinary L-FABP measurement may be useful for the diagnosis and follow-up evaluation in canine FS.
Case Description: At the first visit, two Toy Poodles that had no remarkable findings on physical examination
presented with glycosuria without hyperglycemia, hypokalemia, hyperchloremia, increased levels of plasma alkaline
phosphatase, and metabolic acidosis. Considering all the factors involved, the dogs were clinically diagnosed with
acquired FS. The owner reported that they routinely fed the dog with chicken jerky, a recently considered cause
of acquired FS. Following the withdrawal of the jerky, abnormalities including glycosuria improved in both dogs.
Moreover, urinary L-FABP levels, which were high at diagnosis, presented a decreasing trend during the follow-up.
However, in one dog, the elevated urinary L-FABP level did not return to normal.

Conclusion: Although the clinical symptoms of acquired FS in dogs could be improved by the elimination of a
causative factor, the severity of tubular damage described by urinary L-FABP may not be necessarily linked to the
degree of functional deterioration. Therefore, the evaluation of proximal tubular damage by L-FABP may be of clinical

value during the follow-up of acquired FS in canines.
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Introduction

Fanconi syndrome (FS) is defined by multiple defects
of the proximal tubules, which cause impairment in
the reabsorption of molecules, such as glucose, amino
acids, bicarbonate, phosphate, and other electrolytes.
FS in dogs, which has been well documented as
inherited (such as Basenjis) (Noonan and Kay, 1990),
is mostly an acquired state associated with exposure to
heavy metals and drugs (Bergeron ef al., 1995), urinary
infections (Green et al., 2006), and certain diseases
such as primary hypoparathyroidism (Freeman et al.,
1994) and copper-associated hepatopathy (Langlois et
al., 2013). Recently, chicken jerky treats produced in
China and/or containing Chinese ingredients has well
documented to cause acquired FS in dogs, (Thompson
et al., 2013; Igase et al., 2015; Bates et al., 2016;
Yabuki et al., 2017).

Although FS in dogs is diagnosed based on its clinical
symptoms such as glycosuria with euglycemia,

generalized aminoaciduria, and renal tubular acidosis,
the damage in proximal tubules that is responsible for
the clinical symptoms has not been evaluated. Some
dogs with acquired FS have reversible renal damage
following the elimination of a causative factor.

The extent of tubular injury in dogs with FS is currently
assessed by the abnormalities resulting from the injury,
such as diabetes, hypokalemia, and metabolic acidosis.
A more sensitive marker of the degree of tubular
damage might be required for a follow-up assessment
of the reversible renal damage. Renal biopsy is a
method of proving tissue damage to the kidney, but it is
not commonly performed because of its invasive nature
and risk of anesthesia.

Liver-type fatty acid-binding protein (L-FABP) is a 14-
kDa protein found in the liver and kidney in various
animals including dogs (Bass ef al., 1989; Su et al.,
2004; Furuhashi and Hotamisligil, 2008; Takashima
et al., 2021). In human kidneys, L-FABP is found in
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the cytoplasm of proximal tubular cells (Maatman et
al., 1992; Furuhashi and Hotamisligil, 2008), and it
is rapidly released into the tubular lumen in response
to ischemia or oxidative stress (Kamijo et al., 2004;
Yokoyama et al., 2009). Our previous study in dogs
demonstrated that patients with acute kidney injury
and chronic kidney disease exhibited a high urinary
L-FABP level compared with healthy dogs, and urinary
L-FABP had a positive correlation with urinary protein
(protein/creatinine ratio) in evoking tubular damage
(Takashima et al., 2021). Therefore, in dogs, urinary
L-FABP may be used to evaluate tubular damage in
place of renal pathological examination.

This case series aimed to evaluate the severity of tubular
damage through urinary L-FABP measurement in the
diagnosis and follow-up assessment of acquired FS. We
hypothesized that urinary L-FABP levels are elevated
in dogs with acquired FS and have a high value as a
clinical marker for the diagnosis and monitoring of FS.

Case Details

Case 1 was a 9-year-old spayed female Toy Poodle,
weighing 5.3 kg (BCS 5/9). Case 2 was a l-year-old
spayed female Toy Poodle, weighing 3.4 kg (BCS
5/9). These dogs visited the Gifu University Animal
Medical Center with a referral from a primary care
clinic because of glycosuria without hyperglycemia.
At the first visit, both dogs had no remarkable findings
on physical examination. Selected laboratory results at

the first visit are presented in Table 1. In both cases,
abnormal results of routine blood tests included
hypokalemia, hyperchloremia, and a moderate increase
in plasma alkaline phosphatase. Other routine test
results including glucose were all within the normal
reference ranges. In the venous blood gas analysis in
both cases, the pH was in the normal range, but the
result of low bicarbonate concentration and low partial
pressure of CO, suggested minor metabolic acidosis and
compensatory respiratory alkalosis, respectively. In the
urinalysis of both cases, dipstick testing revealed only
glycosuria (although there are some differences), but
the specific gravity was within the normal range, and
urinary sediments were undetectable by the microscopic
test. In both cases, the urinary protein/creatinine ratio
was within the normal range, and the urine culture was
negative for bacterial growth. Moreover, abnormalities
in nephrology and urology on imaging tests including
ultrasonography and radiography were not confirmed.

By considering the test results at the first visit, FS was
suspected in both cases. In the medical interview, the
owners reported that their dogs were routinely addicted
to chicken jerky containing Chinese ingredients, had
not been exposed to any possible causes of acquired
FS other than pet jerky treats (no exposure to heavy
metals and several drugs), and had not experienced
other illnesses in the past. Considering all the factors
involved, both dogs were clinically diagnosed with
acquired FS due to the ingestion of chicken jerky treats.

Table 1. Selected laboratory results in Case 1 and Case 2 at the first visit.

Variable Reference range Case 1 Case 2
Protein 5.0-7.2 g/dl 5.7 5.8
Albumin 2.6-4.0 g/dl 3.0 3.6
Alanine aminotransferase 17-78 U/l 52 24
Alkaline phosphatase 16.5-88.9 U/l 102.9 105.4
Creatinine 0.4-1.4 mg/dl 1.3 0.9
. . Urea nitrogen 9.2-29.2 mg/dl 13 22

Blood biochemistry
Glucose 75-128 mg/dl 101 106
Calcium 9.3-12.1 mg/dl 9.5 10
Inorganic phosphate 1.9-5.0 mg/dl 2.2 2.4
Sodium 141-152 mEq/1 150 145
Chloride 102-117 mEq/1 122 118
Potassium 3.8-5.0 mEq/1 34 3.0
pH 7.36-7.44 7.37 7.41

Venous blood gas analysis Partial pressure of CO, 32-49 mmHg 34.0 29.5
Bicarbonate 20-29 mmol/l 19.7 19.1
Specific gravity >1.030 1.041 1.039

. . pH 5.5-7.5 6 7

Urinalysis ..
Glucose (dipstick test) - 3+ 1+
Protein/Creatinine <0.5 0.27 0.25
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However, generalized aminoaciduria analysis to support
the diagnosis of FS was not performed from the lack of
any inspection companies. Thus, on the first visit, the
owners were instructed to completely withdraw chicken
jerky from the diet. At the return visit, glycosuria was
relieved on day 71 in case 1 and day 22 in case 2. Up
until the last follow-up, both cases were found to be in
a good condition without glycosuria.

The urinary L-FABP was evaluated at the first
presentation and follow-up examination (case 1 on days
1, 36, and 71; case 2 on days 1 and 22). The urinary
L-FABP level was measured using a commercial
two-step sandwich enzyme-linked immunosorbent
assay kit (Canine L-FABP ELISA HS kit, CMIC
Holdings, Tokyo, Japan) according to our previous
study (Takashima et al., 2021). Urinary L-FABP levels
were normal relative to urinary creatinine (uCre) levels
to prevent variations caused by the urinary volume.
Then, they were expressed as urinary L-FABP (ug/g
uCre). The urinary L-FABP values in the two cases
at the first visit were higher than the cutoff value for
detecting renal disease in our previous study (26 pg/g
uCre) (Fig. 1) (Takashima et al., 2021). In case 1, the
urinary L-FABP levels during the follow-up declined
over time, but had not been below the cutoff value until
the final examination day (Fig. 1). In case 2, the urinary
L-FABP level at follow-up examination (day 22) was
below the cutoff value (Fig. 1).

Discussion

The two cases presented herein were clinically
diagnosed with FS based on the presence of glycosuria

e —8—Case 1

—O—Case 2
~~~~~~~ Cutoff value: 26 pg/g uCre

100 +

Urinary L-FABP levels (ug/g uCre)
s

1 11 21 31 41 51 61 71
Day

Fig. 1. Urinary L-FABP in dogs with acquired FS. At the first
visit, the urinary L-FABP levels in two cases were higher than
the cutoff value for detecting renal disease in our previous
study (dash line: 26 pg/g uCre). In case 1, the urinary
L-FABP level during the follow-up decline over time, but it is
not below the cutoff value at follow-up examination (days 36
and 71) (closed circle). In case 2, the urinary L-FABP level at
the follow-up examination (day 22) is below the cutoff value
(open circle).

with euglycemia, hypokalemia, and metabolic
acidosis. Clinical symptoms in FS are caused by
proximal tubular damage which has been usually
evaluated by renal pathological examination. In human
L-FABP chromosomal transgenic mouse models,
tubulointerstitial damage increased the expression
of L-FABP in the proximal tubules and the urinary
excretion of L-FABP (Kamijo-lIkemori et al., 2011;
Ichikawa et al., 2015). Previous human reports have
demonstrated that the severity of proximal tubular
damage was related to urinary L-FABP levels (Kamijo
etal.,2004; Yokoyama et al.,2009). The presented cases
demonstrated that urinary L-FABP levels were higher
than the cutoff value of our previous study (Takashima
et al., 2021) on the first visit, which suggested tubular
damage. In dogs with FS, urinary L-FABP may be an
indirect marker used to evaluate tubular damage instead
of renal pathological examination.

After instructing to completely withdraw chicken jerky
treats in both cases, abnormalities including glycosuria,
hypokalemia,  hyperchloremia, and metabolic
acidosis were improved. Therefore, in these cases,
acquired FS might be caused by chicken jerky treats
containing Chinese ingredients as reported previously
(Thompson et al., 2013; Igase et al., 2015; Bates et
al., 2016; Yabuki et al., 2017). In both cases, urinary
L-FABP levels declined over time during the follow-
up period. Therefore, urinary L-FABP might describe
the progressive amelioration of the proximal tubular
damage. However, in case 1, despite the complete
disappearance of glucosuria, the urinary L-FABP level
on day 71 was still higher than the cutoff value in our
previous study (Takashima et al., 2021). In case 1, the
tubular damage might not have been fully improved
on day 71, although the actual state of damage to the
proximal tubules was unknown because pathology with
renal biopsy was not performed. Therefore, in canine
FS, functional recovery of proximal tubules may be
achieved even if the tissues are not completely repaired,
and the degree of proximal tubular dysfunction may not
necessarily be linked to the severity of tissue damage. A
human report of critically ill patients with acute kidney
injury demonstrated that a low urinary L-FABP level
was an independent prognostic factor for weaning from
renal replacement therapy (Pan et al., 2022). Also,
during follow-up of dogs with FS, urinary L-FABP may
be a useful clinical marker to determine remission in
conjunction with tubular function tests.

As anticipated, the urinary L-FABP levels of dogs with
acquired FS were high at diagnosis, with a decreasing
trend during follow-up, which might be changed to
reflect tissue damage in the proximal tubule. Although
the clinical symptoms of acquired FS could be improved
by the elimination of causative factors, the severity of
tubular damage described by urinary L-FABP may
not be necessarily linked to the degree of functional
deterioration. Therefore, the evaluation of proximal
tubular damage by L-FABP may be of clinical value
during the follow-up of acquired FS in canines.
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