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ABSTRACT. A juvenile nephropathy in a 4-year-old male Boxer dog, closely resembling the Nephronophthisis (NPHP)-Medullary Cystic
Kidney Disease Complex (MCKD) in humans is described.  Gross examination of the kidneys revealed several multiple cysts at the cor-
ticomedullary junction and in the medulla.  Histological examination was characterized by a widespread tubular atrophy and dilatation,
with a marked thickening of the tubular basement membrane, interstitial lymphocytic infiltration and fibrosis.  Ultrastructural studies
revealed dilated tubules with irregular basement membrane thickening and splitting.  Lectin histochemistry investigation revealed that
the cysts originated in the distal convoluted tubule and collecting duct.  Having excluded all other known cystic diseases of the kidney,
and based on the lectin histochemistry results, the macroscopic and histological findings of our case are highly compatible with a diag-
nosis of the NPHP-MCKD complex.  To our knowledge, this is the first report describing this particular lesion.
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Cystic diseases of the kidney are a heterogeneous group
of hereditary, acquired and developmental disorders charac-
terized by the presence of multiple cysts in the kidneys [18].
A number of renal pathologies with a cystic component have
been described in dogs including: Polycystic Kidney Dis-
ease (PKD) [25, 27, 32–34]; juvenile nephropathy (JN) [5,
26, 35]; renal dysplasia [12, 28, 30, 31, 36, 42]; medullary
sponge kidney [2]; glomerulocystic kidney disease
(GCKD)[4, 38, 46]; primary renal neoplasia such as heredi-
tary multifocal renal cystadenocarcinomas and nodular der-
matofibrosis (RCND)[3, 19, 20, 29, 48]; renal cystadenoma
[23], and acquired cysts [37].  PKD is a genetic disorder
characterized by bilateral renal cysts of varying size and
number distributed uniformly in the cortex and medulla [32].
The disease has been documented in Bull Terriers [32–34],
Cairn Terriers [27] and West Highland White Terriers
(WHWT) [25].  In Bull Terriers, PKD is inherited in an auto-
somal dominant manner, similar to human autosomal domi-
nant polycystic kidney disease (ADPKD), whereas in the
other two breeds pedigree analysis suggested an autosomal
recessive mode of inheritance.  Concurrent hereditary
nephritis has been observed in Bull Terriers, whereas hepatic
cysts characterize the disease in West Highland White and
Cairn Terriers.  JN refers to a variety of renal morphological
pictures characterized by a disorganized nephrogenesis
without the typical aspects of renal dysplasia and primary
renal inflammation [24, 36], which induces chronic renal
failure in young and middle-aged dogs.  No gender predis-
position has been reported.  When a familial basis has been

detected, the condition is termed familial nephropathy [5,
35].  Small renal cysts (1 mm diameter) in the renal cortex
are described [35] as a secondary degenerative change into
interstitial fibrosis [5].  JN has been described in many dif-
ferent pure canine breeds [35, 39], boxer dogs, in particular,
have been reported as being affected by either renal dyspla-
sia [12] or JN [5, 15, 21, 35].  Renal dysplasia may be
defined as a disorganized development of the renal paren-
chyma that is caused by the defective interaction of the ure-
teric bud and the metanephric blastema [36].  Renal
dysplasia has been reported to occur infrequently in a large
number of canine breeds [1, 12, 14, 28, 30, 31, 42].  The dis-
ease may be either inherited or acquired and two possible
clinical manifestations [1] could be observed: a benign form
in animals that are clinically well but with polyuria and poly-
dipsia, and a more aggressive form in which polyuria and
polydipsia are associated at a very early stage to signs of
uraemia.  Medullary sponge kidney is a rare, benign cystic
disease affecting adults [18] and has been described in Shih
Tzu dogs [2].  Cysts arise in the medullary collecting ducts
and occupy the medulla of both kidneys like a sponge.
GCKD is a condition characterized by a cystic dilatation of
more than 5% of Bowman’s spaces.  It is described in human
beings as either a primary, isolated form or in association
with renal dysplasia and other malformations or acquired
diseases.  As a primary disorder, sporadic cases have been
reported in canine breeds such as the Shiba [46], Belgian
Malinoise [38] and Collie [4] breeds.  Nothing is known
about the pathogenesis and aetiology of canine primary
GCKD.  Moreover, it represents a secondary lesion in dogs
affected by renal dysplasia, JN, hereditary nephritis and pro-
gressive familial juvenile glomerulopathies (JGN) [17].
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RCND is a naturally occurring, inherited cancer syn-
drome typically found in sporadic cases in German Shep-
herd [20] and Boxer dogs [48].  The disease is characterized
by bilateral, multifocal tumours in the kidneys associated
with nodular dermatofibrosis in both sexes [29] and multiple
uterine leiomyomas in bitches [19, 20].  An autosomal
dominant mode of inheritance has been postulated on the
basis of pedigree analysis.  The putative genetic defect has
been located on exon 7 of a gene on chromosome 5 [19].
Interestingly, some genetic similarities are observed
between RCND and human Birt-Hogg-Dubè syndrome
[19].  Renal cystadenomas have been described in German
shepherd, Golden Retriever and mixed-breed dogs [23, 48].
Multiple acquired renal cysts can develop in pre-existing
normal nephrons and collecting duct systems in the course
of many different conditions such as renal infection, renal
neoplasia, tubule-interstitial nephritis and any chronic
progressive renal disease [22].  The mechanism of
cystogenesis is not completely understood and cysts can
form without tubular obstruction.

Human “Nephronophthisis-Medullary Cystic Kidney
Disease complex” (NPHP-MCKD) [10] is a group of human
cystic diseases of the kidneys, defined as hereditary cystic
diseases with interstitial nephritis [47].  Nephronophthisis
(literally ‘the disappearance of nephrons’) was first
described by Smith and Graham in 1945 and by Fanconi,
who introduced the term “familial juvenile nephronoph-
thisis” [45].  NPHP and MCKD share some clinical (poly-
uria, polydipsia and renal failure) and morphologic features
(corticomedullary cysts in kidneys)  but are clearly distinct
as regards numerous other aspects, the first being onset of
renal failure.  NPHP is one of the main genetic causes of
renal failure in children and young adults, while with
MCKD renal failure occurs in adulthood.  The second aspect
concerns genetic transmission.  NPHP is  an  autosomal
recessive disorder,  while MCKD is transmitted in  an auto-
somal dominant pattern.  Thirdly, NPHP is associated with
extra-renal manifestations in 10–15% of patients [44], the
most frequent disease being retinal degeneration.  In the
course of MCKD there is no extra-renal involvement other
than hyperuricemia and gout [11].  The final aspect regards
molecular and genetic pathogenesis.  To date, mutations in
twelve genes have been recognized to cause the different
forms of NPHP[13].  All of these genes encode a group of
proteins termed “nephrocystins”, which have multiple cellu-
lar locations at the level of the collecting duct segment and
are involved in different functions of this tract of the neph-
ron, such as the primary cilia physiology, planar cell polar-
ity, cell-cell contact and cell-matrix adhesion signaling, as
well as cell division [13, 47].  Mutant nephrocystins can
compromise epithelial integrity, in terms of growth, orienta-
tion, maintenance and repair, leading to tubular membrane
disruption and induction of cystogenesis, particularly at the
corticomedullary junction, where there is normally an abun-
dant expression of nephrocystins  [41].  The mutant nephro-
cystins can also alter the expression of the extra-cellular
matrix causing interstitial flogosis and progressive intersti-

tial and periglomerular fibrosis.  The urine-concentrating
defect and associated polyuria are associated with the defec-
tive primary cilia function, which depends on their role as
mechanosensors sensing urinary flow [16].  Meanwhile, the
localization of nephrocystins in the primary cilia, cen-
trosomes and microtubule-based structures accounts for
other extra-renal lesions, such as photoreceptor cilia in
retinitis pigmentosa.  MCKD is an autosomal dominant dis-
order, in which the mutated gene encodes uromodulin, also
known as Tamm-Horsfall protein [47].  At present, the
underlying mechanisms by which uromodulin is involved
both in the tubular functional defect and in the tubular
pathological lesions are not known.

From a clinical point of view, both the diseases are char-
acterized by a decreased urine-concentrating capacity, with
polyuria and polydipsia and progressive renal failure [11].

The present report describes the case of a male middle-
aged Boxer dog with renal failure in which the underlining
disease was diagnosed as JN with a peculiar cystic expres-
sion, a combination not previously reported in dogs, which
shares some clinical and histological features with NPHP-
MCKD.

A 4-year-old male Boxer was presented with a 5-day his-
tory of persistent vomiting.  The clinical history excluded
any exposure to toxic substances.  The owner also reported
polyuria, polydipsia and weight loss over a period of 8
months.  On physical examination, the dog was under-
weight, body temperature and blood pressure were normal.
No nodular lesions were detected on the skin of the dog.
Serum biochemical tests and haematology revealed mark-
edly elevated serum creatinine (12 mg/dl, normal range 0.5–
1.2 mg/dl), serum urea nitrogen (276 mg/dl, normal range
15–30 mg/dl), hyperphosphatemia (9.8 mg/dl, normal range
3.5–5.5 mg/dl) and non-regenerative, normochromic, nor-
mocytic anaemia (RBC 2.34  1012/l, normal range 5.5–7.9
 1012/l).  Urinalysis indicated isosthenuria (specific gravity
1.012), proteinuria (dipstick 4+), microscopic haematuria
(10 RBC  high power field), leucocyturia (20–30 white
blood cells  high power field) without bacteriuria.  The
urine protein:creatinine (UPC) ratio was high at 7.7 (refer-
ence range <0.5).  An aerobic bacterial culture of the urine
yielded no growth.  Ultrasonographic examination showed
hypoecogenic rounded formations in both kidneys, mainly
along the corticomedullary junction.  Proximal ureters
showed absence of dilatation.  No others lesions were
detected in the remaining abdominal organs.  A clinical
diagnosis of acute-on-chronic renal failure associated with a
bilateral cystic nephropathy was formulated.  Based on the
IRIS system [37], the dog was classified as stage 4, P, AP0.
Due to the poor prognosis, the dog was humanely destroyed.
Macroscopic examination at necropsy revealed pathological
changes limited exclusively to the kidneys, which however
did not appear to be significantly enlarged.

The kidneys were fixed in 10% neutral buffered formalin
and sectioned mid-sagittally; the long axis of the fixed kid-
neys was around 7 cm and the width was about 3.5 cm.  On
the cut surface, the renal cortex (0.5 cm in width) was char-
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acterized by the presence of small cysts, ranging from 1 to 3
mm in diameter.  The medulla and the corticomedullary
junction revealed several cysts, from 4 to 7 mm in diameter
(Fig. 1), containing a colourless to reddish fluid.  In addi-
tion, a larger cyst (2.2 cm) occupied the caudal pole of the
left kidney, extending from the capsule to the inner medulla.
Both the pelvis and ureters appeared normal.  Sampling was
performed in selected areas of the cortex, medulla and corti-
comedullary junction area of both kidneys; renal tissue
specimens were processed by routine methods for histologi-
cal examination and stained with haematoxylin and eosin
(HE), Periodic Acid-Schiff (PAS) and Masson Trichrome
stains.  Identification of the nephron segment from which
the cysts originated was performed by lectin histochemistry
using peroxidase-labelled lectins from Arachis Hypogaea
(Peanut lectin, PNA) and Lotus tetragonolobus (Tet-
ragonolobus purpureas, TP) (Sigma Chemical Company,
Milan, Italy).  PNA, a binding terminal non-reducing D-
galactose, is a marker for distal convoluted tubules (DCT)
and collecting ducts (CD), while TP has a high affinity for
α-L-fucose, and stains the brush border of the proximal
tubule [7,  40].  Type IV collagen was used to study the
tubular basement membrane.  Additional renal specimens
were postfixed in 1% osmium tetroxide and embedded in
Epon for ultrastructural examination.  Thin sections (700 A)

were stained with uranyl acetate and lead citrate and
observed under a transmission electron microscope (Philips
CM 10).  The macroscopic and microscopic features are
summarized in Table 1.

Under light microscopy, the tubular-interstitial compart-
ment showed: a) tubular dilatation and atrophy with a
marked disruption of the  normal aspect of the tubular base-
ment membrane (TBM) characterized by irregular thicken-
ing as well  as attenuation; b) diffuse intersti t ial
lymphocytic-plasmacellular infiltrate; c) interstitial fibrosis
(Fig. 2).  The glomerular compartment showed cystic dilata-
tions of Bowman’s space with marked atrophy of the tufts
and pericapsular fibrosis (Fig. 3).  The average density of
the atrophic glomeruli was roughly 15% at high power mag-
nification.  Multiple cysts of varying diameters were found
at the corticomedullary junction and in the medulla (Fig. 4).
The cysts were lined by cubic or flattened epithelium lying
on a thickened tubular basement membrane.  The connec-
tive tissue, just beneath the urothelium of the renal pelvis,
was diffusely infiltrated by lymphocytes, plasma cells and
many neutrophils, the latter forming numerous micro-
abscesses in the urothelium.

Lectin histochemistry showed that, the apical membrane
of the epithelial cells lining the cysts was neatly labelled by
PNA (Fig. 5a), and was consistently negative with TP (Fig.
5b), identifying their origin from DCT and CD.  Moreover,
collagen IV immunostaining displayed a diffuse positivity
along the tubular basement membrane, confirming the
integrity of the collagen structure in this dog (Fig. 6).  Ultra-
structural examination revealed that the basement mem-
brane of the dilated tubules was greatly thickened and
laminated.  Fibrillary collagen was also present, intermin-
gled with the non-fibrillary amorphous and homogenous
matrix (Fig. 7).  The basement membrane of Bowman’s cap-
sule appeared normal.  The morphological features, age,
breed and clinical history of the animal were compatible
with both congenital and acquired nephropathy, with cyst
formation [5].

The differential diagnosis of our case included PKD,
renal dysplasia, medullary sponge kidney, GCKD, RCND,
acquired cyst disease and JN.  PKD, either autosomal reces-

Fig. 1. Left kidney: sagittal section view. Numerous large
and small cysts occupy the corticomedullary junction
and the medulla.

Table 1. Summary of macroscopic and microscopic findings in both kidneys

Macroscopic Corticomedullary and  Medullary Cysts
Light Microscopy Tubuli Dilatation and Atrophy

Irregular thickening and attenuation of TBM 
Cysts lined by flattened ephitelium

Interstitium Lymphocytic-plasmacellular infiltrate
Fibrosis

Glomeruli Cystic dilatation of Bowman’s space with atrophy
of glomerular tuft
Pericapsular fibrosis

Lectin Histochemistry Ephitelium lining the cysts positive bounded by TP 
(origin from DCT and CD)

Electron Microscopy Lamina densa thickened and laminated 
(limited to cysts) Non-fibrillar amorphous matrix intermingled

between collagen fibers

Abbreviations: TBM tubular basement membrane; TP Tetragonolobus purpureas; DCT distal
convoluted tubule; CD collecting duct.
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sive or dominant, is characterized by cysts distributed uni-
formly over the entire organ and the kidneys are enlarged.
[32].  The more recent papers [47] indicate that even if bilat-
eral renal cysts are located at any point along the length of
the nephron, at early stages, the majority of cysts derive
from the distal nephron and the collecting duct, whereas the
other segments of the nephron are involved in cystic dilata-

Fig. 2. Kidney: light microscopy shows atrophic, dilated
tubules with irregular thickening of the basement mem-
brane (asterisks) and areas of interstitial fibrosis and lym-
phocytic infiltrate (arrows) (PAS;   100. Bar: 100 m ). 

Fig. 3. Kidney: light microscopy showing cystic dilata-
tions of Bowman’s space with ischemic, atrophic glom-
erular tuft (arrows) and fibrotic Bowman’s capsule
(arrowheads) with pericapsular fibrosis (HE;   400. Bar:
50 m).

Fig. 4. Kidney: light microscopy shows cysts of different
sizes at the corticomedullary junction lined by cuboidal
or flattened epithelium (PAS;  250.  Bar: 1 mm).

Fig. 5. Kidney. Lectin histochemistry: renal medulla.
a) PNA lectin. The luminal surface of the epithelial lin-
ing of the dilated ducts shows positive staining (arrows),
thus demonstrating its origin from distal ducts (PAP-
DAB;  650.  Bar: 10 m). b) TP lectin. The luminal sur-
face of the cells lining the cysts is constantly negative
(arrowheads) (PAP-DAB;  400. Bar: 50 m).

Fig. 6. Kidney. Immunostaining for collagen IV: diffuse
intense positivity along the thickened basement membrane
of cystic tubules (arrows) (PAP-DAB;   200. Bar: 75
m).

Fig. 7. Kidney. Ultrastructural appearance of the cyst wall.
The basement membrane of the epithelial lining (TBM) is
markedly thickened due to accumulation of fibrillary col-
lagen (arrowheads) and amorphous, non-fibrillary matrix
(astericks) (insert). (Uranyl acetate-lead  citrate;  10,000.
Bar: 1m) (Insert:  75,000).
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tion only at later stages of the disease.
Renal dysplasia has been reported in Boxer dogs [12, 21]

and cyst formation is possible as a result of intra-renal
obstruction due to interstitial fibrosis.  This diagnosis was
excluded by the absence of the typical morphologic fea-
tures, i.e. the presence of metanephric ducts surrounded by
primitive mesenchyme and fetal or immature glomeruli and
tubules [36].  Medullary sponge kidney was excluded sim-
ply by the typical localization of the cysts in this rare dis-
ease.  In the course of GCKD and JGN [17] minimal or
small cysts are bilaterally and uniformly distributed
throughout the cortex of normal-sized kidneys.  The cysts
originate from the dilatation of Bowman’s space and proxi-
mal tubule with mild interstitial fibrosis and the condition is
considered primary when the prominent features are the cys-
tic dilatation of the urinary space and poor development of
the glomerulus.  A glomerulocystic component, however,
can be associated with other cystic conditions such as PKD
or secondary to interstitial fibrosis or tubular atrophy.

In the course of RCND both kidneys are usually enlarged
due to the presence of numerous cortical cysts.  The cysts
are believed to originate from renal tubules occluded by
hyperplastic-to-dysplastic and neoplastic epithelium.  Small
renal macroscopically-visible cysts could be observed in
affected dogs as early as 6–8 weeks of age [3].  This partic-
ular disease has been described in a Boxer dog [48] but in
our case neither nodular dermatofibrosis nor neoplastic
signs were seen.  Nodular dermatofibrosis is considered a
marker for RCND, even if it has been described either in the
absence of RCND [9] or associated with renal cystadenomas
in Golden Retrievers [23] and mixed-breed dogs [48].
Acquired cysts as a consequence of chronic renal failure
could also be excluded.  Cysts may have a similar distribu-
tion to that in PKD in the parenchyma of both kidneys.
Unlike PKD, the kidneys tend to be either of normal size or
slightly smaller [18].  Acquired cysts originate from proxi-
mal and distal tubules and are lined by cuboidal or flat epi-
thelium.  The main histopathological findings of all the JN
cases reported in veterinary literature [5, 15, 26, 35, 39]
could be summarized in: pericapsular and interstitial fibro-
sis, interstitial round-cell infiltrate, tubular dilatation with
thickening of the TBM and a marked dilatation of Bow-
man’s space with atrophy of the glomerular tuft, without
evidence of either fetal glomeruli or persistent primitive
tubules.  The presence of renal cysts were cited only in the
ultrasonographic findings but neither their localization
inside the kidney nor their detailed histopathologic descrip-
tion were given.  Moreover, there is no ultrastructural or
immunoistochemical description of JN.  Our dog shares his-
tory, clinical signs and histopathological features with JN.
Unlike classic JN, the gross anatomy and light microscopic
pictures of the boxer dog reported in our paper are domi-
nated by the presence of multiple cysts localized at the cor-
ticomedullary junction.  This histological finding closely
resembles the NPH-MCKD complex.

As far as the macroscopic pathology features are con-
cerned, the NPH-MCKD complex is characterized by small-

to-normal-sized kidneys with cysts typically localized at the
corticomedullary junction of the kidney and in the renal
medulla.  Under light microscopy the histological features
occur mainly in the tubular compartment and are character-
ized by disruption of the tubular basement membrane with
irregular thickening and attenuation and later on, tubular
atrophy with the development of cysts, occurring primarily
at the corticomedullary junction [10].  At the interstitium,
the signs consist of round cell infiltration and marked fibro-
sis.  The only significant glomerular lesion involves peri-
glomerular fibrosis in the early stages and secondary
glomerulocystic degeneration with atrophy of the tufts, later
[10].  Microdissection and histochemical studies have
shown that the cysts arise from the distal convoluted and
collecting tubules [8, 18, 43].  In particular, lectin his-
tochemistry has demonstrated that cysts originate from the
distal convoluted tubules and collecting ducts [8, 43].  No
abnormalities were found staining with antibodies to lami-
nin and type IV collagen [6].  Electron microscopy showed
dilated tubules with characteristic tubular basement mem-
brane (TBM) changes [6, 18]: thickening, splitting and lam-
ination, alternating with thin or  absent  segments.

In conclusion, both macroscopic appearance and micro-
scopic findings, including light microscopy, lectin his-
tochemistry, immunohistochemistry and an ultrastructural
study of our dog are very similar to those observed in the
human NPHP-MCKD complex.  Unfortunately, we were
unable to demonstrate a hereditary or familial condition in
this case due to the absence of any data regarding the pedi-
gree of the dog.

The onset of chronic renal failure in juvenile, adolescent
or young adult Boxer dogs could have a pathological back-
ground in both renal dysplasia [12, 21] and JN [5, 15, 35]
with some peculiar patterns of expression.  Further investi-
gation is required to verify whether NPHP might represent
another potential cause.
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