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ABSTRACT. This report describes the morphological and immunohistochemical findings of a case of apparent collagenofibrotic glomeru-
lonephropathy in a 7-month-old dog. Clinical examination showed moderate protenuria with elevated blood urea nitrogen and creatinine.
Histopathological examination of the glomerular capillary walls and mesangial areas revealed diffuse and global accumulation of eosi-
nophilic homogeneous or fine fibrous materials, which were immunohistochemically positive for type III collagen. On electron micros-
copy, the randomly crossed fibrils had transverse bands with a periodicity of approximately 60 nm. The clinical, histopathological,
immunohistochemical and electron microscopic findings of the present dog were consistent with those of the human, childhood form of

collagenofibrotic glomerulonephropathy.
KEY WORDS: canine, collagen, glomerulonephropathy.

Collagenofibrotic glomerulonephropathy (CFGN) is
defined by massive accumulation of atypical type III col-
lagen fibrils within the glomerular extracellular matrix. The
pathogenic mechanisms of CFGN remain elusive and this
idiopathic glomerular disease is extremely rare in both
humans and animals. In humans, the clinical features of
CFGN are highly variable and can be divided into two gen-
eral types based on age at onset of symptoms [6]. The first
type typically comprises sporadic symptoms and is detected
in adulthood by persistent protenuria [8]. The severity of
clinical symptoms increases slowly and onset of renal dys-
function is delayed. As the majority of reported adult
patients have been in Japan, geographic or racial predisposi-
tion may be assumed. The other, more severe type begins
during childhood and an etiology of autosomal recessive
transmission has been suggested [7, 15]. Most patients
exhibit progressive protenuria, eventually leading to neph-
rotic syndrome.

In animals, glomerulonephropathy similar to CFGN has
been reported in dogs [9, 10], a cat [11], pigs [18, 19] and
cynomolgus monkeys [1, 5]. There have been two reports of
canine CFGN. The first detailed CFGN-like glomeruloscle-
rosis in three Newfoundland dog littermates which were not
examined immunohistochemically [10] and the other
described CFGN in a 3-year-old Shiba Inu [9]. A genetic
disorder is indicated in the former cases, but the cause and
pathogenesis of the latter case is unknown.

In this report, we describe the morphological and immu-
nohistochemical characteristics of a juvenile canine case of
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glomerulonephropathy with massive deposition of type III
collagen fibrils in the glomeruli; a pathology which is con-
sistent with CFGN.

A 7-month-old, male, mix breed (Miniature Dachshund
and Chihuahua) dog with growth retardation was referred to
a veterinary hospital with depression and hypothermia.
Blood analysis revealed high levels of blood urea nitrogen
(BUN: >130 mg/d/), creatinine (3.9 mg/d/), phosphate (16.1
mg/dl) and glucose (248 mg/dl), and low levels of calcium
(5.5 mg/d/) and albumin (1.8 g/d/) and a low albumin/glob-
ulin ratio (0.55). Urinalysis showed moderate protenuria
(reagent strip) and a large number of casts with urogravity of
1.016. The animal died on the day of admission. Necropsy
was not permitted, but postmortem nephrectomy was per-
formed for pathological examinations according to the
owner’s opinion.

The renal specimens were fixed in 10% phosphate-buff-
ered formalin, processed routinely and embedded in paraf-
fin. Histologic sections were cut at 4 ym and were stained
with hematoxylin and eosin (HE), periodic acid-Schiff
(PAS), Masson’s trichrome (MTC) and Congo red. For
immunohistochemistry, a-smooth muscle actin (a-SMA;
DAKO, Glostrup, Denmark; 1:50) was used as a primary
antibody and labeled antigens were visualized with peroxi-
dase-conjugated anti-mouse IgG (Histofine Simple Stain
MAX-PO (M); Nichirei, Tokyo, Japan), followed by color
development using 3,3’-diaminobenzedine tetrachloride and
hydrogen peroxide. Sections were counterstained with
Mayer’s hematoxylin. For immunofluorescence, the fol-
lowing primary antibodies were used: fibronectin (DAKO,
1:400); fluorescein isothiocyanate (FITC)-conjugated dog
IgG (Cappel, Ohio; 1:800); FITC-conjugated dog IgM
(BETHYL, Texas; 1:1,000); FITC-conjugated dog IgA
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(BETHYL, 1:500); and dog C3 (BETHYL, 1:1,000).
Labeled antigens were directly observed or detected using
FITC-conjugated goat anti-rabbit IgG (Cappel) or FITC-
conjugated rabbit anti-goat IgG (Cappel) under a fluores-
cence microscope.

Prior to application of the double-labeled immunofluo-
rescence technique, paraffin sections were dewaxed and
pretreated with pepsin solution (Nichirei) for 120 min. Sec-
tions were incubated in a mixed solution of mouse anti-type
IIT collagen (Quartett, Berlin, Germany; 1:50) and rabbit
anti-type IV collagen (a gift from Dr. K. Arai, Tokyo Uni-
versity of Agriculture and Technology, Tokyo, Japan) over-
night at 4°C. After washing with PBS, sections were stained
with a mixed solution of FITC-conjugated goat anti-mouse
IgG (EY laboratories, Inc., California) and tetramethyl-
rhodamine isothiocyanate (RITC)-conjugated goat anti-rab-
bit IgG (Gene Tex, Inc., Texas). Normal dog renal

specimens were used as a control.

For electron microscopy, small pieces of formalin fixed
renal cortex were refixed in 2.5% glutaraldehyde, postfixed
in 1% osmium tetraoxide, and embedded in epoxy resin.
Ultrathin sections were double-stained using uranyl acetate
and lead citrate (U/L) or tannic acid and uranyl acetate (T/
U), and were then examined using a JEOL 1210 transmis-
sion electron microscope (TEM; JOEL, Tokyo, Japan) at 80
kV.

Grossly, glomeruli could be identified on the cut surface
of the kidney due to swelling. Microscopically, most glom-
eruli were enlarged, with edematous or reticular mesangial
areas in both kidneys. In addition, diffuse and global accu-
mulation of eosinophilic homogeneous or fine fibrous mate-
rial was observed in the luminal side of the glomerular
capillary walls and mesangial areas (Fig. 1A). This material
was stained deep blue with MTC (Fig. 1B), reacted weakly

Fig. 1.
edematous or reticular appearance. Hematoxylin and eosin (HE) stain. Bar=50 um. (B) Glomerular tufts were diffusely stained deep
blue. Masson’s trichrome stain. Bar=50 um. (C) Homogeneous deposits in glomerular tufts were weakly positive for PAS and accu-
mulated between the glomerular basement membrane and capillary lumen. PAS. Bar=50 um. (D) Type IV collagen (red) was local-
ized in the glomerular basement membrane and type III collagen (green) was localized in the subendothelial spaces and mesangial
areas. Indirect double immunofluorescence. Bar=50 zm.

(A) Global accumulation of eosinophilic homogeneous or fine fibrous materials in the glomerular tufts. Mesangial areas were
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for PAS (Fig. 1C), and was negative for Congo red staining
(data not shown). The capillary lumens were frequently
compressed by massive accumulation of this material. Sub-
endothelial deposits occasionally gave peripheral capillary
walls a double-contour appearance. In the glomeruli, rare
adhesion of glomerular tufts to the Bowman’s capsules, cel-
lular crescent formation and occasional hypercellularity and
karyorrhexis were noted. No inflammation or mild fibrosis
was observed in the interstitium. Some tubular epithelial
cells had enlarged or multiple nuclei. Tubular lumens were
often dilated with proteinaceous casts.
Immunohistochemical examination revealed that homo-
geneous or fine fibrous deposits in the glomerular capillary
walls and mesangial areas were intensely positive for type
IIT collagen. On double immunostaining, these deposits
were found to be localized in the subendothelial spaces and
mesangial areas. Different localizations of type III and type
IV collagen in the glomerular tufts were clearly observed
(Fig. 1D). Localized deposition of fibronectin, IgG and IgM

were occasionally seen at the sites of capsular adhesion with
segmental tuft sclerosis. IgA and C3 were not detected in
the glomeruli. Few mesangial cells were positive for o-
SMA.

On electron microscopy, subendothelial spaces and
mesangial areas were expanded with electron-lucent fibrils
in U/L stained section (Fig. 2). T/U staining revealed that
the fibrils had transverse bands with a periodicity of approx-
imately 60 nm, indicative of collagen fibrils (Fig. 2, inset).
These fibrils crossed randomly and appeared frayed or
curved. Width of these fibrils was varied.

The clinical, histopathological, immunohistochemical
and electron microscopic findings of the glomerular lesions
in the present case were consistent with those of CFGN in
both humans [2, 6] and animals [1, 5, 9, 11, 19]. On light
microscopy, adhesion of glomerular tufts to the Bowman’s
capsules and cellular crescent formation indicated severe
injury of the glomerular basement membrane (GBM) and
podocytes, as seen in the Shiba Inu dog case [9]. Focal dep-

Fig. 2.

Subendothelial spaces and mesangial areas were expanded with electron-
lucent fibrils (CL, capillary lumen; Pd, podocyte; Me, mesangial cell). U/L stain-
ing. TEM. x 2,500. Bar=2 gm. (Inset) The fibrils crossed randomly and appeared
frayed or curved and had transverse bands with a periodicity of 60 nm. Width of
these fibrils was varied. T/U staining. TEM. x 20,000. Bar=200 nm.
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osition of IgG and IgM may be non-specific and non-indic-
ative of immunomediated processes in these glomerular
lesions. In humans, focal segmental deposition of IgG, IgM
and C3 may be observed, and this probably represents insu-
dation of plasma proteins [2]. This indicates that abnormal
type III collagen deposition induces injury of the GBM and
podocytes. Electron microscopy also revealed an unusual
array of accumulated fibrils with the characteristics of col-
lagen fibrils as seen in other reports on CFGN [2, 18]. Clin-
ically acute, progressive disease manifested by protenuria
and young age at onset might be comparable to the human
childhood type of CFGN. Childhood CFGN is suspected to
be an autosomal recessive disorder [7, 15]; however, we
were unable to investigate family history to ascertain
whether this was implied in the present case. Except for
family history, clinical and histopathological findings of the
present dog were similar to CFGN-like glomerulosclerosis
in three Newfoundland dog littermates [10].

There remains some debate over whether type III col-
lagen is formed within the glomeruli or whether it is derived
from an extrarenal source. Although synthesis of type III
collagen by glomerular epithelial cells has been demon-
strated by in situ hybridization [13], it is not clear whether
epithelial cells or endothelial cells are responsible for the
production of type III collagen in subendothelial spaces.
Using cell culture [4, 16] and in situ hybridization tech-
niques [14, 17], type III collagen synthesis by mesangial
cells has been also confirmed. In humans, mesangial cells
positive for a-SMA, which are thought to be activated cells,
may produce type III collagen in CFGN [12]. Although few
mesangial cells were positive for a-SMA in the present
case, it still possible that mesangial cells had been activated
and produced type III collagen in the course of disease.

In humans, elevated serum procollagen type III peptide
(PIIINP) is a good marker for CFGN [2]; however, serum
levels of PITINP were not examined in the present case. In
a human CFGN autopsy case, massive accumulation of
atypical collagen fibers was seen both in the kidneys and in
systemic organs, including the spleen, liver, heart and thy-
roid glands [20]. In addition, high levels of serum PIIINP in
human CFGN indicate the systemic nature of this condition.
However, there have been no reports on systemic abnormal-
ities associated with CFGN in animals, except in a congeni-
tal swine case [18]. In contrast, nail-patella syndrome
(NPS) is a known systemic disease with abnormal type III
collagen deposition. In NPS, type III collagen is distributed
within a thickened GBM [3] and no specific glomerular
changes are observed on light microscopy, in contrast to the
diffuse glomerular changes seen in CFGN. Thus, we
excluded a diagnosis of NPS based on these light and elec-
tron microscopic observations.
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