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The prevalence of protein-losing nephropathy (PLN) in the general population is much
greater in dogs than cats but is largely unknown and probably higher than currently
recognized.’™® Renal failure is arguably the most common organ failure in dogs and
cats. The prevalence of glomerular lesions, mostly immune-mediated glomerulone-
phritis (IMGN), was found in 43% to 90% of random dogs."3 Increased urine
protein/creatinine ratio (UPC), as an indicator of glomerular disease, is a negative pre-
dictor of outcome.*” Microalbuminuria (MA) is detected in about 25% of all dogs and
cats, increasing with age (36% in dogs 9-11 years, 49% in dogs >12 years, 39% in
cats >12 years, and 65% of cats >16 years),® but its clinical significance is not known.
When the first insult to the nephron is at the glomerulus, proteinuria occurs, which ulti-
mately damages the rest of the nephron. By the time end-stage renal disease (ESRD)
is discovered, the initiating glomerular cause may go undetected. Because proteinuria
decreases with nephron dropout and decreased glomerular filtration, hypoalbumine-
mia may no longer exist or it may be masked by dehydration. Therefore, glomerular
disease as the initiating cause of ESRD may go unrecognized.

Renal biopsy results may not settle the question of chicken-or-egg regarding
whether glomerular versus tubular damage (chronic interstitial nephritis) was the
primary cause, because both are often seen in end-stage kidney samples. Even
when renal biopsies are taken earlier in the disease process, pathologists’ interpreta-
tions using routine histopathology techniques do not necessarily agree.® There is
inherent subjectivity with visual analysis of membrane thickening or mesangial cell
numbers present. Tissue sections traditionally cut at 5 to 6 um for light microscopy
are too thick for careful examination of renal lesions. Therefore, the incidence of
subtypes of glomerulonephritis reported may not be accurate, and treatment proto-
cols that might work for a particular subset (for instance, steroids or cyclosporine)
may not seem beneficial because these cases were not properly identified.
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With the advancement of technology, there are now sensitive and specific methods
to detect and monitor proteinuria and abnormalities can be identified earlier in the
disease process. The source of proteinuria can be localized and the cause character-
ized via diagnostic tests; the trend can be followed and stability or disease progres-
sion can be monitored. Kidney biopsies can be safely taken percutaneously with
ultrasound guidance, sophisticated methodology can be used with light microscopy
(LM) examination of thin (3—4 pum) tissue sections, and the glomerular lesions can be
characterized by transmission electron microscopy (TEM), immunofluorescence (IF),
and immunohistochemistry (IHC). Specific treatments may be recommended for
specific causes, as well as symptomatic and supportive therapies to reduce protein-
uria, hypertension, risk of thromboembolic events, edema/effusions, and progression
of renal failure.

NORMAL GLOMERULAR STRUCTURE AND FUNCTION

The normal glomerulus is a complicated, elegant sieve, filtering 20% of the cardiac
output, producing liters of ultrafiltrate per day, allowing water and small molecules
to cross the fenestrated vascular endothelial barrier by the force of transcapillary pres-
sure, to penetrate the glomerular basement membrane (GBM), traverse the podocyte
slit diaphragm (SD), and enter into the glomerular filtrate while holding back larger
molecules based on their size and electrical charge. The endothelial cell glycocalyx
is negatively charged; the underlying supportive GBM is made up of collagen type
IV, laminins, nidogen, and negatively charged glycosaminoglycans.'® Podocyte foot
processes are attached to the GBM via cell membrane receptors (2381 integrans
linked to talin, vinculin, and paxillin, and o~ and B-dystroglycans linked to utrophin).'®
Recently the structure and function of a myriad of molecules in the glomerular filtration
barrier of the SD (ie, the 25- to 40-nm wide pore between the foot processes) have
been reviewed (Fig. 1)."" Produced by podocytes, these molecules work in concert
to form a dynamic three-dimensional complex at the SD; they translate outside-inside
signaling, control calcium influx, and rearrange the actin cytoskeleton within the podo-
cytes to cause their contraction and modification of their morphology as well as the
intricate architecture of their interdigitating foot processes and SD aperture, thus
sensing and reacting to a changing environment. Normally very few proteins with
molecular weight of albumin (69,000 Da) or higher get passed into glomerular filtrate,
especially if they are negatively charged as is albumin. The few proteins that do pass
through into the glomerular filtrate are normally reabsorbed and degraded by tubular
cells and their lysosomes, but this work can cause tubular cell damage.?

GENETIC ABNORMALITIES ASSOCIATED WITH PLN

Genetic mutations producing 1 or more abnormal molecules at the SD or GBM may
lead to immediate malfunction of the integrity of the permselective barrier, or to
a susceptibility to injury by environmental triggers, or allow increased entrapment of
circulating immune complexes (CIC), which may cause later onset proteinuria.
Although not yet discovered in dogs and cats, more than 100 different mutations
have been identified in NPHS1, the gene for nephrin (the major SD transmembrane
adhesion protein of the immunoglobulin superfamily)'3; more than 40 mutations in
NPHS2, the gene for podocin (a stomatin family member closely associated with
nephrin at the SD); and various mutations in other genes including NPHS3 (phospho-
lipase Ce1), ACTN4 (a-actinin 4), CD2AP (CD-2 associated protein), TRPC6 (transient
receptor potential cation channel 6), WT 1 (WT 1 protein), LAMB2 (laminin B-2), the
NEPH 1-3 complex, several mitochondrial genes, MYH9 (nonmuscle myosin11A
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Fig. 1. The glomerular filtration barrier. (A) Overview of the structural components,
including capillary endothelial cells, GBM, and podocyte foot processes (FP). The SD
connects neighboring foot processes. Blue lines within the podocytes symbolize their actin
cytoskeleton. (B) Molecules related to the nephrin-NEPH-podocin complex at the SD. Green
arrows indicate effector pathways that have been proposed to be involved in the regulation
of actin cytoskeleton reorganization. Only a subset of known molecules and interactions are
shown. (C) Molecules at the podocytes-GBM interface and linkage to the FP actin cytoskel-
eton. Adhesion receptors expressed at the basal site of FP include integrin o381 and dystro-
glycan. Only a subset of known molecules and interactions are shown. DAG, diacylglycerol;
dys, dystroglycan; FAK, focal adhesion kinase; ILK, integrin-linked kinase; IP3, inositol 1,4,5-
triphosphate; pax, paxillin; PI3K, phosphoinositide-3 kinase; pod, podocin; syn, synaptopo-
din. (From Zenker M, Machuca E, Antignac C. Genetics of nephrotic syndrome: new insights
into molecules acting at the glomerular filtration barrier. J Mol Med 2009;87:850; with
permission.)

heavy chain), and many more (too numerous to mention here).'""'* Genetic abnormal-
ities of the SD have been associated with many types of phenotypic expression (ie,
mild to severe proteinuria); histopathology showing minimal change disease to severe
focal segmental glomerulosclerosis (FSGS); onset that is congenital/infantile, child-
hood, or adult onset; inheritance that is autosomal recessive, dominant, possibly
with low, medium, or high penetrance; and some genetic abnormalities include extra-
renal abnormalities (eg, neurologic, orthopedic, or genital).'’-'® At times complex
inheritance such as a triple hit (homozygosity for 1 allele and heterozygosity for
another) or a 4-allelic hit (homozygosity at 2 sites) might be involved for phenotypic
expression.'*15 The expression of the phenotype may not be easily explained by
just the presence of 1 or more genetic mutations but by the interplay of the entire
molecular background.™

Genetic causes of PLN are usually steroid-resistant. Many breeds are predisposed
to PLN (Table 1), and their genetic defects may someday be discovered to involve
podocytopathies that interfere with the normal development and maintenance of the
structure and function of the GBM or SD. Onset of PLN because of genetic causes
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Table 1

Breeds predisposed to glomerular pathogenic proteinuria

Breed

Disease

Characterization

American foxhound'®"®

MPGN secondary to leishmaniasis

Breed is at risk for leishmaniasis

BasenjiZ%2!

Glomerulopathy with SIIPD

DDX, Fanconi syndrome

Beagle??23

Primary glomerulopathy??
Amyloidosis?3

May present up to 8y, at least
5tolly

Bernese mountain dog?+-?’

MPGN

AR + sex-linked modifier gene, FFM~4, 2-5y of age

Boxer?®

Reflux nephropathy with segmental hypoplasia

Onset <5 y of age

Brittany spaniel?®

Primary glomerulopathy

AR, associated with complement deficiency

Bull terrier30-3> Primary glomerulopathy AD model of Alport syndrome, average 3.5y, upto 10y
DDX, polycystic kidney disease (also AD)
Bullmastiff3® FSGS AR, 2.5-11y

Dalmatian3’

Hereditary nephropathy

AD model of Alport syndrome, onset 18 mo (8 moto 7 y)

Doberman pinscher

Primary glomerulopathy383°
Also IMGN caused by sulfa®®42

<3y

English cocker spaniel43-46

Hereditary nephropathy

AR model of Alport syndrome, 10-24 mo
Allele-specific PCR test to identify carrier dogs, OptiGen

English foxhound?’

Amyloidosis

4to8y

French mastiff (Bordeaux)*®

Juvenile glomerulopathy

Cystic glomerular atrophy, glomerular hypercellularity,
<2y

German shepherd*->2

IMGN (MCD) secondary to Ehrlichia canis infection

Cell-mediated immunity abnormality
Experimental Beagle model is not as severely affected

Golden retriever>3->°

IMGN caused by Lyme nephritis
(Borrelia burgdorferi)®>>->7
JRD58'59

Most Lyme-positive dogs, even retrievers, do not get
Lyme nepbhritis; average age 5.6 + 2.6 y

Experimental beagle model does not get Lyme nephritis

JRD, <3y of age, may have proteinuria,
hypoalbuminemia, hypercholesterolemia

Gordon setter®®

Juvenile nephropathy

May have proteinuria, hypoalbuminemia, <3y

Greyhound®'-%4

GN vasculopathy (skin, renal)

6motoby
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Labrador retriever>3->7

IMGN caused by Lyme nephritis (Borrelia burgdorferi)

Most Lyme-positive dogs, even retrievers, do not get
Lyme nephritis; average age 5.6 + 2.6 y
Experimental beagle model does not get Lyme nephritis

Mixed Navasota dog and kindred®>-6¢

Primary glomerulopathy

X-linked dominant Alport syndrome, 6 to 18 mo

Newfoundland®’

Glomerulosclerosis

AR, 210 12 mo
DDX, cystinuria (post-renal proteinuria, AR— DNA
marker available)

Norwegian elkhound®86°

Periglomerular fibrosis plus tubulointerstitial disease

Mode of inheritance not known
3motody

Pembroke Welsh corgi”®

Primary glomerulonephropathy

Littermates presented at 3 and 5 months of age; similar
to Doberman

Rottweiler”’

Primary glomerulopathy

<1y of age, atrophic glomerulopathy, massive
proteinuria

Samoyed and kindred’?78

Primary glomerulopathy

Alport syndrome, X-linked recessive (an allele-specific
PCR test is available for carrier Samoyeds, VetGen)

Males die at 2-15 mo; carrier females: high urinary
protein at 2-3 mo of age but do not progress

179-83

Shar pei

Amyloidosis

Mean 4.1 y; M/F 1:2.5

53-57

Shetland sheepdog

IMGN caused by Lyme nephritis (Borrelia burgdorferi)

Most Lyme-positive dogs do not get Lyme nephritis;
average age 5.6 + 2.6 y
Experimental beagle model does not get Lyme nephritis

Soft-coated wheaten terrier®+°’

FSGS vs IMGN84-89

Unknown inheritance, F/M = 1.6:1

JRD0:1 PLN average 6.3 + 2.0 y; PLE/PLN combined average 5.9
+22y
2/12 dogs with JRD had proteinuria
Abyssinian and Siamese cats®2~%7 Amyloidosis 1-5y

Proteinuria variable (medullary vs glomerular
involvement)

Abbreviations: AD, autosomal dominant; AR, autosomal recessive; DDX, differentiate this from another type of renal proteinuria seen in this breed (as noted);
FSGS, focal segmental glomerulosclerosis; GN, glomerulonephritis; IMGN, immune-mediated glomerulonephritis; JRD, juvenile renal disease (renal dysplasia);
MCD, minimal change disease; MPGN, membranoproliferative glomerulonephritis; PCR, polymerase chain reaction; PLE, protein-losing enteropathy; SIIPD, small
intestinal immunoproliferative disease.

Data from Lees GE. Familial renal disease in dogs. In: Ettinger SJ, Feldman EC, editors. Textbook of veterinary internal medicine. 7th edition. St. Louis (MO):
Saunders (Elsevier); 2010. p. 2058-62.
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is usually young to middle age,®® but variable expression and incomplete penetrance
modes of inheritance may allow for later onset. For most breeds, specific genetic
mutations are yet to be identified. It is hoped that, using DNA saved from animals
with well-characterized phenotypes, future genome-wide association studies
(GWAS) with new SNP chip technology followed by fine mapping (gene sequencing)
of areas of interest that are found, specific markers for these defects will be discov-
ered so that by a simple polymerase chain reaction (PCR) test, carriers of at-risk genes
will be identified and breeding of a dominant individual or 2 at-risk recessive carriers
may be avoided. By identifying genes involved and realizing their function, the under-
lying physiologic defects will be better understood and appropriate therapeutic proto-
cols can be planned.

Alport syndrome (hereditary nephritis) affects the production and maintenance of
the GBM as a result of abnormal collagen IV production and assembly. Normally
collagen IV is made up of heterotrimers of different types of chains, numbered o1-6.
In Alport syndrome, there may be insufficient amounts or abnormalities in subtypes
a3-5 chains produced. Various mutations of the encoding genes (COL4A3,
COL4A4, and COL4A5) lead to nanomechanic GBM failure, and in humans may affect
the inner ear and eye as well. The abnormal GBM thickening or basket weave appear-
ance and ultrastructural splitting of the lamina densa is seen by TEM, often with intra-
membranous electron dense deposits. With light microscopy alone, these cases may
be misinterpreted as a type of glomerulonephritis (eg, membranoproliferative) or renal
cortical hypoplasia. In humans, more than 350 mutations have been found affecting
COL4A5 (coding for a5) on the X-chromosome.® Mutations on the autosomal genes
COL4A3 and COL4A4 are usually recessive. The primary glomerulopathies affecting
bull terrier, Dalmatian, English cocker spaniel, Samoyed and Navasota mixbreed
dogs are types of Alport syndrome and their mode of inheritance has been identified
(see Table 1). By gene sequencing, carrier Samoyeds were found to have a premature
stop codon caused by a single nucleotide substitution in exon 35 on the gene COL4A5
on the X-chromosome that codes for the a5 chain. In X-linked recessive Alport
syndrome in Samoyeds, affected males have proteinuria by 4 months and ESRD at
8 to 10 months; carrier females are proteinuric early but do not progress to renal
failure. In contrast, mixed breed dogs from Navasota, Texas, were found to have an
X-linked dominant COL4A5 defect as a result of a 10-bp deletion on exon 9 that
causes a frame shift and premature stop codon in exon 10; carriers of both sexes
show early onset of proteinuria by 6 months and ESRD at 6 to 18 months.®® There
has been high clinical variability found in autosomal dominant types of Alport
syndrome in humans.®® Treatment is nonspecific (see later discussion). DNA
screening tests exist for Samoyed and English cocker spaniel breeds. Early screening
by MA, and early treatment may slow progression. Progression to renal failure occurs
before age 2 years in affected Samoyed and English cocker spaniel dogs, but is more
variable (up to 10 years) in Dalmatians and bull terriers.

Familial renal amyloidosis in Shar pei, beagles, English foxhounds, and Abyssinian
and Siamese cats is often primarily medullary without gross proteinuria but progresses
to renal failure. Medullary renal biopsies are not recommended because of the risk of
hemorrhage. Familial amyloidosis in Shar pei has earlier onset than reactive amyloid-
osis (mean age 4.1 years, M/F = 1:2.5); only 25% to 43% have proteinuria but 64%
had some glomerular involvement, thus renal cortical biopsies are still helpful (amyloid
stains with Congo Red). Recurrent fever/swollen hock syndrome/increased interleukin
(IL)-6 is seen in Shar pei, similar to familial Mediterranean fever.

Several hereditary types of collagenofibrotic nephropathies (type I, type lll, periodic
acid-Schiff [PAS] negative) and fibronectin glomerulopathies (PAS positive) have been
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described in humans with PLN associated with massive infiltration of collagen or fibro-
nectin fibrils in the mesangium and subendothelium.®® Collagenofibrotic glomerulo-
nephropathy (collagen Ill) has been described in 2 unrelated young dogs with
PLN'9":192 and nonamyloid fibrillary glomerulonephritis in a nephrotic cat and a young
dog.193104 Without special stains and EM, these biopsies would have been misread as
other forms of glomerular disease.

Many dog breeds®® are predisposed to juvenile renal disease (renal dysplasia), poly-
cystic renal disease, Fanconi syndrome, and so forth, which are not primary glomer-
ulopathies but in some dogs cause proteinuria, possibly hypoalbuminemia, and/or
hypercholesterolemia, mimicking changes seen with primary glomerular disease.
Breeds predisposed to primary glomerulopathies as well as other familial renal
diseases that need to be differentiated include the bull terrier, golden retriever, and
soft-coated wheaten terrier (SCWT) (see Table 1). Also listed are breeds with higher
risk for immune-mediated glomerular disease, possibly triggered by infection (eg,
Lyme nephritis in retrievers, leishmaniasis in American foxhounds, ehrlichiosis in
German shepherds), by drugs (eg, sulfa in Doberman pinschers), or by other hyper-
sensitivities (possibly food allergies in SCWT).

ACQUIRED CAUSES OF GLOMERULAR LEAKAGE OF PROTEIN

Acquired PLN is sporadically seen in any breed and is often caused by IMGN, reactive
amyloidosis, or glomerulosclerosis (GS). Comprehensive descriptions (TEM and/or IF
in addition to LM analysis) of renal lesions in several hundred clinical cases of PLN
were described 17 to 40 years ago.'>'95""4 Because newly emerging infectious
diseases (especially tick-borne) and new genetic predispositions may change the
spectrum of disease with time, comprehensive examinations of renal cortical biopsies
on our current patients with PLN need to be done so that predominant types of
glomerular lesions as presented to veterinarians in various locations are known, treat-
ment protocols for properly identified subsets of PLN can be investigated, and individ-
uals treated appropriately.

In general, glomerular lesions are common. In dogs with and without clinical signs of
renal disease, 90% had glomerular lesions in 1 study.’® Among dogs with renal
disease, 52% had glomerular lesions in another study.'® The population at risk for
PLN was middle-aged to older dogs, with slightly more males represented. Glomeru-
lonephritis and amyloidosis were described more often than other types of glomerular
lesions in dogs and cats.’=3195-116 Membranoproliferative glomerulonephritis (MPGN)
was common in dogs (presumably immune-mediated, and possibly postinfectious, as
is seen in people in developing countries). Membranous nephropathy (MN) was the
most common lesion in cats with PLN, but in general, PLN is not common in
Cat3.113‘114

IMGN

Pathologists describe lesions depending on how much of each glomerulus is involved
(eg, segmental, global), how many glomeruli are involved in the sample (eg, focal,
diffuse), and whether there is inflammatory cell infiltration or mesangial cellular prolif-
eration. Immune complex (antigen-antibody) deposits can involve immunoglobulin (Ig)
A, IgG, and/or IgM, with or without complement (C3). The complexes can be CIC or be
formed in situ as antigens are caught and bind antibody secondarily. The antigens
involved are rarely identified but are sought indirectly by history, clinical presentation,
by serologic tests for antibodies, by using culture, cytology, and PCR for antigens
associated with infections, and by searching for inflammatory disease and neoplasia.
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The true cause is often unproved because immunohistochemistry or elution studies on
the glomerular complexes are rarely done. Immune complex deposition causes
inflammation (glomerulonephritis) through a variety of mediators, inflammatory cells,
complement and platelet activation, renin-angiotensin-aldosterone (RAA) system acti-
vation, and numerous humoral and cellular responses that influence the progression
versus resolution by mesangial phagocytosis.™3117

MPGN is the most common form of IMGN in dogs with a mean age of 10.5 years and
no sex predilection.’° It is uncommon in the cat.’'® Most common in dogs is type 1
MPGN with immune complexes seen as lumpy-bumpy deposits by EM and IF on the
subendothelial side of the GBM (mesangiocapillary GN) and/or in the mesangium.
Linear deposits that would indicate true autoimmune disease (systemic lupus erythe-
matosus) have not been described in dogs and cats. The granular deposits of IMGN
may stain positive for complement and IgA, IgG, and/or IgM combinations. By LM,
the complexes make the GBM appear thickened or duplicated (railroad) but if tissue
sections are cut thickly at 5 to 6 um, MPGN may be overdiagnosed.

MPGN has been associated with sulfa drugs (mostly in Dobermans*®=4?), neoplasia,
inflammatory diseases, and with many types of infectious diseases, such as chronic
bacterial infection (endocarditis, bartonellosis,’™® brucellosis'??), arthropod-borne
(anaplasmosis [suspected],’®! babesiosis,’?>'26 Lyme borreliosis,>*%” ehrlichio-
sis,*®"%2 hepatozoonosis, 2”128 |eishmaniasis,’®'® Rocky Mountain spotted fever
(RMSF)'2°), viral diseases (canine adenovirus 1,'30 feline leukemia virus,®' feline
immunodeficiency virus [suspected],'®27134 feline infectious peritonitis [FIP]'3%) or
parasitic diseases (Dirofilaria/Wolbachia,'®¢14° heterobilharziasis [schistosomi-
asis],’" trypanosomiasis’-®) in which carrier status and chronic immune stimulation
from antigenic variation occurs. In leishmaniasis, high antihistone antibodies are
present and associated with MPGN'#2; histones are cationic and are implicated in
binding the CIC to the GBM, perhaps as a planted antigen. Some diseases may cause
proteinuria as a result of vasculitis (RMSF, anaplasmosis, bartonellosis, ehrlichiosis,
greyhound vasculopathy, leptospirosis, FIP) or renal infiltration (toxoplasmosis, cryp-
tococcosis, systemic fungal infections, neoplasia), and not necessarily IMGN.

Although dogs seropositive for leptospirosis were described as having IMGN, 43
coinfections (eg, heartworms, leishmaniasis, and so forth) may have played a role;
leptospirosis is generally considered to cause tubular rather than glomerular protein-
uria, or vasculitis.'*#-14® Another spirochetal disease, Lyme borreliosis, has been
associated with MPGN involving Lyme-specific immune complexes, accompanied
by tubular necrosis/regeneration and interstitial nephritis, sometimes with glycosuria
caused by tubular disease.?356 Lyme nephritis may be seen in any breed but mostly
in Labrador and golden retrievers and Shetland sheepdogs, and has a younger onset
at 5.6 + 2.6 years compared with other dogs with PLN at 7.1 &+ 3.6 years. There may
be specific Borrelia strains or genetic predispositions for this form of Lyme disease
because most Lyme-positive dogs (even retrievers) remain asymptomatic and do
not show proteinuria or PLN.57 Thus, when a dog with PLN happens to be Lyme posi-
tive, it should be checked for coinfections and other causes of PLN, because Lyme
seropositivity indicates tick exposure and not necessarily a diagnosis of Lyme
nephritis.%*

Bernese mountain dogs have a genetic predisposition (see Table 1) for MPGN that
is no longer believed to be associated with Lyme seropositivity. The mode of inheri-
tance is autosomal recessive, possibly with an X-linked modifier (M/F ratio =
1:4).24-27 Another type of MPGN is seen in congenital complement deficiency in Brit-
tany spaniels®®; normal complement levels were found in 49 other dogs with acquired
PLN.147
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Treatment of type | MPGN involves treating the underlying infectious, inflammatory,
or neoplastic disease process. Antiplatelet drugs may also be tried to decrease
platelet activation, which seems to be involved in the inflammatory cascade. Some-
times IMGN is also treated with immunosuppressive protocols (see later discussion).

Membranous nephropathy (MN) is a form of IMGN characterized by severe protein-
uria (similar to that seen with reactive amyloidosis) and seen more often in males. The
glomerular damage is caused by complement-dependent mechanisms and not inflam-
matory cell infiltration because the immune complexes are found on the subepithelial
(podocyte) side of the GBM, away from the capillaries. Unbound circulating antibody
may react to antigens that are fixed on the urinary side of the GBM. It may be a true
autoimmune disease; in humans it is associated with underlying immunologic defects.
Itis the second most common lesion in dogs (M/F = 1.75:1, mean age 8 years, range 1-
14 years). Because of the severe proteinuria, it is often accompanied by the nephrotic
syndrome, identified in 14 (30%) of 46 proteinuric dogs (mean 6.5 years). Survival times
for dogs with MN ranged from 4 days to 3 years. In cats with PLN, MN is the most
common lesion (M/F = 6:1, mean age 3.6 years, range 1-7 years). In a study of 24
cats with MN, 46% died or were euthanized shortly after diagnosis; 17% survived 4
to 10 months, 33% survived 2.5 to 6 years (3/8 of the long-term survivors were given
steroids). Cats with only IgG and/or C3 deposits had longer survival than those that
had IgA or IgM deposits. Spontaneous remissions have been reported but more study
needs to be done to validate treatment regimes and prognostic factors. In MN in
human patients, immunosuppressive treatment with pulse or alternate-day steroids
and alkylating agents (cyclophosphamide, chlorambucil) for 6 months helps, although
relapses are common. Cyclosporine also helps in two-thirds of cases.™112-114

Familial MN is seen in Doberman pinschers (<3 years old). By LM the GBM looks
thickened, possibly showing spikes on the epithelial side that do not take up silver
stain. Deposits are seen by IF and TEM and the granularity may be so intense that
the beaded pattern almost seems linear. Mesangia may also stain for IgG and C3,
which are more common than IgM and/or IgA in dogs. TEM can stage the engulfment
and resolution process.

Proliferative glomerulonephritis (PGN), also known as endocapillary or mesangial
PGN, has been described in 2% to 16% of dogs with PLN (mean 7-9 years)." It is
seen in humans with lupus, IgA nephropathy, or as a postinfectious GN (eg, after
streptococcal or staphylococcal infection) in which GN follows an infection without
a carrier status, which may be why there is no membranous component. The mesan-
gial proliferation is defined as 4 or more mesangial or mononuclear cells per area,
often with increased mesangial matrix seen. By IF and TEM there are fine granular
deposits of IgG and/or IgM, subepithelial in the BM and in the mesangium. Treatment
is to remove the source antigen.

IgA nephropathy may appear just as mesangial proliferative GN by LM but the
immune deposits are seen by TEM and stain for IgA (more than for IgG or IgM) by
IF."48 Because IgA is dimeric in dogs, it may be trapped nonspecifically in the mesan-
gium in 47% to 85% of normal dogs.'%9:149:150 |gA nephropathy may be associated
with hepatic and gastrointestinal disease'®; treatment may depend on removing
the underlying cause. IgA positivity (and less so IgM) was seen in some glomeruli in
SCWT with protein-losing enteropathy (PLE)/PLN and food allergies,®” but it is not
yet proved whether the glomerular lesions in that breed are primarily immune medi-
ated or sclerotic (FSGS) with secondary deposition of immune complexes.

Minimal change disease (MCD) is common in children (often steroid responsive but
relapses are common) but rarely described in veterinary literature.'' Ehrlichiosis and
the drug masitinib were shown to cause MCD.*®'%2 This nil disease shows no
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morphologic lesions by LM, but there is foot process effacement seen by TEM exam-
ination, and increased vimentin staining by IF. Loss of the anionic charge at the GBM
causes massive proteinuria and often nephrotic syndrome.

Reactive Amyloidosis

Reactive amyloidosis may be seen in any breed (dog > cat) and is often associated with
glomerular deposition and severe proteinuria caused by extracellular deposition of
polymerized serum amyloid A protein (SAA, an acute phase reactant made by the liver)
into B-pleated sheets, seen as homogeneous eosinophilic thickening at the GBM and
mesangium, staining red with Congo Red stain. This is 1 subset of PLN that can be
diagnosed by LM. Other organs may be affected (eg, liver and spleen), becoming
friable and hemorrhage easily (biopsy is not recommended). Among dogs with PLN,
23% had amyloidosis in 1 study.''® Chronic infectious, inflammatory, or neoplastic
disease was found in 32% to 53% of cases (mean age 9.2 years, M/F = 1:1.7) with
beagles, collies, and Walker hounds predisposed. %3 Nephrotic syndrome is common
because proteinuria is severe. Prognosis is poor; 58% of dogs were euthanized or died
soon after diagnosis and only 8.5% survived for 1 year or more.’® Colchicine
(0.01-0.08 mg/kg by mouth every 24 hours) may help decrease hepatic production
of SAA but may cause gastrointestinal upset. Dimethylsulfoxide (DMSO, 90 mg/kg
by mouth 3 times a week or subcutaneous injections diluted 1:4 with sterile water) is
antiinflammatory, decreases interstitial fibrosis, and may improve renal function and
decrease proteinuria, but it causes garlic breath and may cause nausea/anorexia.®®

The odorless and tasteless metabolite of DMSO, methylsulfonylmethane (MSM),
may be used in place of DMSO.

Glomerulosclerosis

The prevalence of glomerulosclerosis (GS) increases with age." It may be a primary
(genetic) disease as in some forms of FSGS or it may be secondary to hypertension
(eg, as a result of hyperadrenocorticism or steroid use) or any glomerular injury,
such as an end-stage lesion. It may be underdiagnosed and misdiagnosed as
MPGN. Nonspecific trapping of complexes in sclerotic/fibrotic areas may be seen
by IF. In humans there are 5 subtypes, each with different prognoses, but these are
poorly characterized in dogs and cats. Genetic structural defects of the SD or circu-
lating permeability factors may functionally alter the permselectivity of the GBM,
and predispose for indolent immune complex deposition, damage, and sclerosis. Glo-
merulosclerosis secondary to hyperadrenocorticism or hypertension rarely causes
severe enough proteinuria to cause hypoalbuminemia.

DETECTING PROTEINURIA, THE HALLMARK OF PLN

Annual screening for proteinuria is recommended in healthy dogs as part of annual
health care.” In particular, breeds with genetic risks for PLN should be screened early
and often, especially if used for breeding. The earliest warning of glomerular disease is
microalbuminuria (MA), defined as 1 to 30 mg albumin/dL, which can be detected by
species-specific enzyme-linked immunosorbent assays for albuminuria such as the
in-house semi-quantitative E.R.D. (HESKA) test or by quantitative MA by a reference
laboratory. The sensitive MA test is useful as a first-line screening agent for genetic
PLN (eg, SCWT,?® Samoyeds’) or acquired glomerular damage (eg, in Lyme- or
heartworm-positive dogs®”-139),

Microalbuminuria is often associated with age and with systemic diseases.
older dogs, MA may be too sensitive to be helpful compared with the UPC test.

156,157 In
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Looking for persistence as well as trend of progression or stability is important before
assigning clinical significance to MA, because many if not most older dogs have low to
moderate positive MA, possibly as a result of normal aging of the kidney or infectious/
inflammatory/neoplastic/vascular insults.

Urinary dipstick tests for protein are less sensitive than MA, picking up more than
30 mg/dL, and are less specific for albuminuria, showing false-negative and false-
positive results compared with MA. Dipstick false-positive readings may occur with
high pH, hematuria, pyuria, and/or bacteriuria, and more often with feline than canine
samples.’®® In 1 study, when dipstick and urine specific gravity (USG) were used
together, dogs with a USG greater than 1.012 and +1 by dipstick were likely nonpro-
teinuric; but for those with +1 dipstick and USG less than or equal to 1.012, proteinuria
should be further assessed by use of the UPC ratio.®® Both dipstick and urine turbidity
with sulfasalicylic acid (SSA) testing for proteinuria were less specific and gave false-
positive results, whereas UPC testing showed higher specificity but less sensitivity,
with some false-negative results.’®® Multistix PRO dipsticks, read by a Clinitek 50
analyzer (Bayer Corporation), were more sensitive but less specific than SSA testing
for proteinuria in dogs (but not a good alternative for cats); manual calculation of the
UPC is done with the dipstick’s estimated urinary creatinine level.'®" Another in-house
analyzer, the IDEXX VetTest, showed strong association for UPC results with the refer-
ence Vitros 50 instrument,’®2 however not all laboratories use similar methodology,
and inter-laboratory comparisons may be difficult.’®® Any UPC test may be increased
by Bence Jones and other nonalbumin proteins in the urine. A urine albumin/creatinine
ratio can also be done.'®*

Macroproteinuria is generally defined using UPC measurements. Borderline UPC
values in nonazotemic animals (0.5-1.0 in dogs and 0.4-1.0 in cats) should be moni-
tored for persistence and trend of progression. Larger amounts (UPC of >1.0) should
be investigated and localized as to the source (prerenal, renal, or postrenal); renal
proteinuria is then categorized as functional or pathologic (glomerular, tubular, or
interstitial).>” Investigation of macroproteinuria is always recommended if azotemia
exists. Therapeutic intervention is recommended for nonazotemic animals at UPC
greater than or equal to 2.0, but is often started at lower values if a breed-associated
cause is suspected and progression is expected without early intervention. For
azotemic animals, intervention is recommended at UPC greater than or equal to
0.5 (dogs) and UPC greater than or equal to 0.4 (cats).

Once macroproteinuria is found, UPC is the standard test for quantitation, moni-
toring, and for comparisons. There was no statistical difference found in the measure-
ment of UPC between free-catch and cystocentesis samples.'®® Day-to-day variation
of the UPC was seen in female dogs with stable glomerular proteinuria caused by
X-linked hereditary nephropathy.'® This study showed that significant differences in
UPC to indicate progression of disease or failure of intervention would have to be
greater than 35% variance at high UPC near 12, and greater than 80% variance at
alow UPC near 0.5. This may be true for other forms of PLN (not just mosaics). To mini-
mize costs of averaging results from 3 samples, equal pooling of 3 urine samples for 1
determination was found to be as valid as averaging results from 3 samples (+ 20%).1”

Moderate exercise does not cause MA to increase.®® Contrary to what was seen
with another inflammatory marker (C-reactive protein), degree of MA showed no
correlation with degree of periodontal disease, and there was no change in USG,
MA, or UPC before and after dental treatment'%%; positive MA in 12.4% of dogs
needing dental work may be related to their age.

Because whole ejaculate (not just sperm) physically added to urine may increase
dipstick proteinuria,’”? it is not recommended to collect urine samples for MA testing
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immediately after collecting semen. In 1 study, whole blood physically added to urine
did not cause UPC greater than 0.4, and abnormal MA greater than 1 mg/dL did not
occur until the urine was grossly pink.'”" In experimental dogs, UPC was less than
2.0 even on days 1 to 2 after cystotomy.’”2 In dogs with induced bacterial cystitis,
UPC ranged from 1.5 to 40.8 but did not correlate with sediment findings."”? In
dogs with spontaneous pyuria, 67% had normal MA and 81% had normal UPC;
abnormal MA (but not UPC) was more often seen if pyuria was accompanied by hema-
turia and bacteriuria.”

Cushing’s disease,’® 7% exogenous steroids”>'76177 and hypertension'”® are
associated with increased proteinuria. Glomerular damage (glomerulosclerosis) may
eventually occur if exposure is severe or prolonged, but the proteinuria is usually
mild (UPC <2) and generally not accompanied by hypoalbuminemia. Blood pressure
measurements and MA or UPC should be monitored when giving steroids or phenyl-
propanolamine. Dogs with diabetes mellitus'”>17® may also have proteinuria but these
are often accompanied by Cushing’s disease and/or hypertension.

Once pre- and postrenal causes for proteinuria are ruled out, renal proteinuria can
be further differentiated (glomerular and/or tubular) with the help of sodium dodecyl
sulfate-agarose gel electrophoresis (SDS-PAGE) methodology applied to urine
samples. High molecular weight proteins (such as albumin at 69,000 Da) indicate
glomerular leakage, whereas lower molecular weight proteins are found in
urine when tubular cells are not working properly.’7:144.180
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CLINICAL PRESENTATIONS OF PLN: DIAGNOSTIC CLUES

History, physical examination, laboratory tests, imaging, and renal cortical biopsy are
used to identify pathologic glomerular proteinuria, search for underlying causes,
stage PLN, and classify the subtype of PLN to select specific, supportive, and symp-
tomatic treatments (Box 1). The clinicopathologic signs of PLN are initially different
from those of whole nephron or primary tubular (interstitial nephritis) causes of renal
failure. The mean age at presentation is 5 to 8 years with no sex or slight male
predominance.88%% Classic signs include proteinuria, hypoalbuminemia and
hypercholesterolemia. '-3-84.105.110-112,116
The author proposes the following 4 stages of PLN progression.

Stage 1

Persistent glomerular proteinuria (microalbuminuria progressing to macroalbuminuria)
begins without other renal signs, but there may be signs from an underlying infectious,
inflammatory, immune-mediated, neoplastic, endocrine, or hypertensive disease. For
instance, fever, polyarthropathy, vasculitis, uveitis, cytopenias (commonly thrombocy-
topenia), and/or allergies/hypersensitivities suggest an infectious or immune-medi-
ated cause. Diagnostic clues to identify causes and complications of PLN in the
author’s geographic area are given in Box 1. Because many healthy dogs are
Lyme seropositive, finding Lyme seropositivity is not necessarily diagnostic for
Lyme nephropathy and a thorough work-up is recommended lest a coinfection go
unrecognized (eg, with babesiosis).'?® Depending on geographic area and travel
history, tests for additional agents that affect the kidney via vasculitis, immune-medi-
ated mechanisms, or renal invasion may be warranted.'®"

Stage 2

UPC is persistently increased causing serum albumin level to drop. Serum cholesterol
level increases as a result of urinary loss of lecithin-cholesterol acyltransferase.
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Box 1
Clues to find causes and complications for a dog with PLN in a Lyme-endemic area; treatment
ideas

History should include

Physical examination should include

Clinical pathology, microbiology, parasitology, immunology samples

Signalment, pedigree, family history, coat or color type (eg, coloring for Labradors: black,
yellow, chocolate)

Travel history, tick exposure

History of prior treatment of tick-borne disease such as Lyme disease
Medication exposure (sulfa, masitinib), vaccination exposure
Polyuria/polydypsia? Vomiting? Appetite? Weight loss?

History of lower urinary tract signs (pollakiuria, stranguria, accidents)
History of lameness, dyspnea, blindness, effusions/edema, neurologic events

History of allergies, inflammatory bowel disease, PLE, Addison disease (SCWT)

Body weight, body condition score, hydration status
Temperature, femoral pulses, respiration

Mucous membranes: check for anemia, petechiation
Ophthalmologic examination including fundic examination
Peripheral edema? Ascites?

Ausculation for murmur, dyspnea, muffling
Lymphadenopathy?

Abdominal palpation, organomegaly?

Neurologic examination

If lameness: joint swelling/effusion? Which joints? Pulses?

Blood pressure measurements (multiple)

Blood samples for
Complete blood count (CBC)
Biochemical profile
Coagulation profile, thromboelastography
Blood cultures if indicated

SNAP-4Dx (IDEXX) for heartworm antigen and antibodies against Borrelia burgdorferi
(C6 quantitation if positive), Ehrlichia canis/chaffeensis, Anaplasma phagocytophilum/
platys; do additional SNAP test (convalescent) 2 weeks into the illness if the history is
acute; get quantitative titers if positive (0 and 6 months after treatment)

Ehrlichia PCR to check for Ehrlichia ewingii antigen, if indicated
Bartonella Western blot, culture/PCR, titers

Babesia spp PCR (for novel spp), titers (B canis, B gibsoni, B microti); get additional titers
(convalescent) 2 weeks into the illness if the history is acute

Rocky Mountain spotted fever acute/convalescent titers (if the history is acute; RMSF

does not cause a carrier status)

43



44

Littman

Leptospira titers (get additional titer [convalescent] 2 weeks into the illness if the history
is acute)

Brucella, Leishmania, Trypanosoma tests, and so forth as indicated

Coombs, antinuclear antibody titer, rheumatoid factor, perinuclear antineutrophil
cytoplasmic antibody, and so forth as indicated.

Save additional EDTA whole blood for future PCR testing and for DNA banking or DNA
test, if available

Consider samples for antithrombin 1lI, C3, CIC levels, and so forth
Urine samples for
Urinalysis
Urine culture
Urine protein/creatinine ratio (UPC)
Urine SDS-PAGE
Cytology of
Joint fluid cytology/culture
Lymph node aspirate
Bone marrow aspirate
Effusions
Imaging studies
Chest radiographs
Abdominal ultrasound
Echocardiogram if indicated
Radiographs of joints if lameness present

Renal cortical biopsy for TEM, IF, and thin-section LM (via percutaneous ultrasound-guided Tru-
cut needle)

Control hypertension if present; discontinue antithrombotics 3-7 days before biopsy

Contact Dr George Lees (email glees@cvm.tamu.edu, tel. 979-845-2351, fax 979-845-6978)
at the Texas Veterinary Renal Pathology Service before planning sample collection to get
the renal biopsy kit with its special fixatives, tools, and shipment label (if you already have
a kit, check that the fixatives are still in date), packing and return shipping instructions, and
to coordinate the best date for the procedure to be done because the samples must be
received on ice by overnight shipment. Dr George Lees, Building 508, Room 120, Veterinary
Teaching Hospital, Texas A&M University, College Station, TX 77843

Consider saving a frozen kidney sample for future elution studies
Therapeutic considerations
Standard therapy

Doxycycline 10 mg/kg/d, pending infectious disease results (1 month; longer for Lyme
nephritis)

Angiotensin-converting enzyme (ACE) inhibition: enalapril (Enacard) 0.5-1.0 mg/kg
every 12 to 24 hours, or benazepril (Lotensin) 0.25-0.5 mg/kg every 12 to 24 hours

Low antithrombotic dose of aspirin if albumin <2.5 g/dL, 1.0 mg/kg every 24 hours
Omega-3 fatty acid supplement
Antihypertensives are added to ACE inhibitor if dog is still hypertensive (eg, amlodipine

[Norvasc] 0.2-0.4 mg/kg every 12 hours)
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Other therapies for renal disease (eg, dietary modification, phosphate binder,
gastroprotectant, antiemetic, and so forth)

Immunosuppressive therapy

If biopsy results (TEM, IF, thin-section LM) show compelling evidence of active immune
complex deposition and inflammation, then immunosuppressive medications should be
considered

As a rule-of-thumb, if <50% of the glomeruli are open and/or >50% show glomerular
obsolescence, and if the tubulointerstitial lesion is characterized by diffuse fibrotic
changes (as opposed to cellular inflammatory changes), immunosuppressive protocols
may be ineffective and possibly contraindicated

If the patient is decompensating rapidly, consider starting a protocol while renal biopsy
results are pending

There are no blinded treatment studies; the following protocols are offered anecdotally
depending on owner considerations, patient tolerance, and so forth. Continue to
monitor blood pressure, UPC, CBC, chemistry panel, and so forth. every 1-4 weeks,
depending on the severity/stability of clinical signs, and continue to look for an
underlying cause that may present itself with time or as a result of immunosuppression

Protocol 1: Methylprednisolone sodium succinate (Solu-Medrol) 5 mg/kg
intravenously every 24 hours x 2 days; cyclophosphamide (Cytoxan) 200 mg/m?
intravenous bolus first day. Check white blood cells in 1 week; cyclophosphamide is
repeated every 2 weeks for a maximum of 6 cycles; Solu-Medrol is only used when
the first cycle of cyclophosphamide is given

Protocol 2 (barring financial constraints): Methylprednisolone sodium succinate as
protocol 1; mycophenolate mofetil (CellCept) 10 mg/kg intravenously or by mouth
every 12 hours long-term

Protocol 3: Methylprednisolone sodium succinate as protocols 1 and 2; azathioprine
(Imuran) 2 mg/kg by mouth every 24 hours x 7 days, then every 48 hours long-term

With thanks, Box 1 is derived from discussions with Drs Nicola Mason, Reid Groman, and Tabi-
tha Hutton at the University of Pennsylvania School of Veterinary Medicine.

The dyslipidemia occurring with hypoalbuminemia also includes increased hepatic
activity of several enzymes leading to decreased high-density lipoprotein and
increased low-density lipoprotein and triglycerides.'® Serious events caused by
complications of PLN can occur before azotemia or polyuria/polydipsia exist and
are more common in Stage 2 than Stage 1 PLN (eg, hypertension, thromboembolic
events, and/or nephrotic syndrome with ascites/edema).

Causes of hypertension are multifactorial and include activation of the RAA system,
abnormal salt and water handling, decreased renal production of vasodilatory prosta-
glandins and kinins, and increased arteriolar sensitivity to circulating vasoconstric-
tors."®3 Hypertensive target organ damage may be the reason for presentation to
the veterinarian. Damage includes blindness caused by retinal hemorrhage/detach-
ment, cardiovascular disease (left ventricular hypertrophy, epistaxis, arterioscle-
rosis/atherosclerosis), neurologic abnormalities (cerebrovascular accidents or
stroke), and renal changes (glomerulosclerosis, proteinuria, pressure diuresis). Self-
perpetuation of hypertension is caused by glomerulosclerosis and increased total
peripheral resistance as a result of vascular damage (arteriosclerosis/atherosclerosis).
Risk for hypertensive target organ damage increases as blood pressure increases;
severe risk is seen at blood pressure measurements (BPM) greater than or equal to
180/120 mm Hg, moderate risk at 160 to 179/100 to 119 mmHg, mild risk at 150 to
159/95 to 99 mm Hg, and minimal risk at less than 150/95 mm Hg."®® Roughly 60%
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to 90% of dogs and cats with renal disease are hypertensive and it is associated with
poor outcome, 5183184

The risk for thromboembolic events in patients with PLN is well recognized.™-384116
Mechanisms causing hypercoagulability in patients with PLN include urinary loss of
antithrombin (AT, which has similar size and charge as albumin) and platelet hypersen-
sitivity as a result of hypoalbuminemia.®-18 Spontaneous vascular damage caused
by hypertension or vasculitis and iatrogenic damage caused by venipuncture and
catheter placement may initiate thrombus formation. Both arterial and venous throm-
boembolic (TE) events have been associated with PLN. Life-threatening TE events
may affect the heart, central nervous system, lung, aortic bifurcation (saddle
thrombus), portal/mesenteric/splenic veins, and so forth, causing dyspnea, lameness,
abdominal distress, collapse, or sudden death. One report found 22% of dogs with
PLN had TE events.''® In SCWT, 10/84 dogs (12%) with PLN and 11/62 dogs (18%)
with combined PLE/PLN were believed to have TE events.?*

The drop in plasma colloid oncotic pressure caused by hypoalbuminemia allows
vascular fluid to be lost to the interstitium (as a result of Starling forces), perhaps
leading to peripheral edema and signs of third spacing (dyspnea from pleural effusion;
ascites from abdominal effusion; tamponade from pericardial effusion). Arterial hyper-
tension and/or vasculitis from associated infectious, inflammatory, or immune-medi-
ated disease may increase the risk for edema/effusions. Nephrotic syndrome
(proteinuria, hypoalbuminemia, hypercholesterolemia, and edema/effusions)-3105.112
may be seen in cases of Stage 2 PLN, and although dramatic, has not been associated
with decreased survival compared with cases of non-nephrotic canine PLN."®° In
SCWT, 9/67 dogs (13%) with PLN and 23/58 (40%) of dogs with PLE/PLN had
effusions.®

Stage 3

Risks continue as in Stage 2, but now azotemia begins. As a result of glomerulotubular
imbalance, there may be little or no concentrating defect and therefore no perceived
polyuria/polydipsia (PU/PD). In SCWT dogs with PLN (or PLE/PLN), average biochem-
ical findings were serum creatinine = 5.4 + 4.1 mg/dL (4.6 + 3.3), BUN =95 4+ 73 mg/dL
(86 £ 61), albumin = 2.2 + 0.4 g/dL (1.8 + 0.4), cholesterol = 399 + 126 mg/dL (311 +
128), phosphorus = 8.9 + 6.3 mg/dL (8.4 &+ 4.6), UPC = 5.3 + 3.1 (7.1 £ 4.7), and the
average USG was 1.023 +.011 (1.022 + 0.012).8* The UPC may decrease with
increasing azotemia, but this is not necessarily a good sign, because there are fewer
working nephrons leaking protein.

Stage 4

ESRD now includes isosthenuria and PU/PD, vomiting, weight loss, and other signs of
chronic renal failure, or in some acute cases (eg, Lyme nephritis), possibly oliguria/
anuria. The UPC may drop further because of fewer working nephrons. Serum albumin
may normalize or hypoalbuminemia may be masked by dehydration. There may be
glycosuria and/or renal tubular acidosis as a result of tubular damage and decreased
reabsorption of glucose and bicarbonate from the glomerular filtrate.

RENAL CORTICAL BIOPSY

To characterize the type of glomerular damage causing PLN, it is recommended to
take renal cortical samples early in the process, before fibrosis or end-stage changes
obscure the original lesion. By TEM examination, glomerular basement membrane
ultrastructural (hereditary) defects can be seen and not misdiagnosed as acquired
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MN or MPGN. With TEM, immune complex deposits can be seen and localized as sub-
endothelial versus subepithelial versus mesangial. With IF and special stains,
complexes can be associated with C3 or immunoglobulin subtypes IgA, IgG, and/or
IgM. Without knowing what types of subsets are being treated, which protocols
work for which disease cannot be studied. Perhaps various subtypes of glomerular
disease can be associated with specific prognoses and response to treatments; for
example, IMGN and MCD may respond to steroids and/or immunosuppressives,
whereas hereditary nephritis and FSGS may not. In human adults, although complete
and partial remissions were seen with advocated alternate-day steroid/alkylating
agents, a Cochrane systematic review of 18 randomized trials with 1025 patients
showed no long-term benefit for the use of immunosuppressives for idiopathic
MN'® but found that immunosuppressives (especially steroids) helped decrease
progression to renal failure in 13 studies with 623 people with IgA nephropathy.'®’
Such information is not yet available in veterinary medicine. Only 1 controlled study
(with cyclosporine) has been done, and the statistics were unable to show a response
in dogs with PLN to cyclosporine probably because subtypes were not differentiated
adequately or in high enough numbers.® Pathologists often disagree about light micro-
scopic evaluations, especially when sections are cut too thickly as they are for other
routine histopathology. For breeds with inherited forms of PLN, characterization of
phenotype subtype is important to decrease the risk that sporadic (nongenetic) PLN
cases are admixed into genome-wide association studies. The challenge for progress
in veterinary medicine demands that comprehensive diagnostic testing is done to fully
characterize and classify PLN subtypes, and to validate or negate the use of specific
treatment protocols for specific entities.?92

The when, why, and how of procuring renal cortical biopsies are described in detail
elsewhere.'93-19% The procedure involves planning several days beforehand. Hyper-
tension should be controlled and antithrombotics should be stopped at least a few
days, preferably a week, before to avoid hemorrhage. Contact the Texas Veterinary
Renal Pathology Service (glees@cvm.tamu.edu, tel 979-845-2351, fax 979-845-
6978) to receive instructions and special materials (see Box 1). With anesthesia and
ultrasound guidance, 2 to 4 Tru-cut renal cortical biopsies are taken percutaneously,
checked by magnification for evidence of glomeruli, and prepared properly for TEM
(1-mm cubes in chilled 3% glutaraldehyde), IF (1-mm cubes in chilled Michel transport
medium), and for thin-section LM (longer core in 10% formalin). As more information is
obtained and shared, more will be learned about PLN subtypes and their response to
various treatment protocols. Until then, results will help us make logical choices based
on what is known in other species.

MANAGEMENT OF PLN

Specific therapy may include antibiotics for bacterial or rickettsial infections, antipro-
tozoals for babesiosis, treatment of heartworm infection, chemotherapy or debulking
for neoplasia, and so forth (if the underlying cause of PLN is known), and avoidance of
possible trigger antigens (eg, sulfa in Dobes, food allergies in SCWT) (see Box 1). In
our area, doxycycline 10 mg/kg/d is often given for 1 month even without firm cause;
Lyme-positive dogs may be given doxycycline much longer (because only 85%-90%
are cleared in 1 month).

Nonspecific but standard of care for all patients with PLN includes use of an ACE
inhibitor to decrease proteinuria’”?%%2%4 and a low antithrombotic dose of
aspirin°572% to help lower the risk of serious TE events and perhaps decrease inflam-
mation and progression to renal failure.
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An ACE inhibitor such as enalapril (Enacard) or benazepril (Lotensin) decreases
proteinuria by dilating both the efferent as well as afferent arterioles at the glomerulus,
thereby lowering the glomerular filtration pressure. The ACE inhibitor therapy should
be given to all cases of PLN, whether they are hypertensive or not. If the animal is
also hypertensive, the ACE inhibitor may also help decrease the blood pressure
a bit, but if needed, a calcium channel blocker (eg, amlodipine [Norvasc]) may be
added to further lower BPM. When ACE inhibitors are used for cardiac patients, there
is concern that increased azotemia may occur; this is because cardiac patients often
have low cardiac output and poor renal perfusion, which can drop further with ACE
inhibitor drugs. However, in cases of PLN, when cardiac output is normal and blood
pressure is normal or often high, the use of ACE inhibitors is actually renoprotective,
and even higher doses of ACE inhibitors can be used without impairing GFR. Another
past question was whether to avoid enalapril in cases of azotemic PLN because it is
cleared by the kidney, and whether to use benazepril instead which is cleared by
the liver. There seems to be no clinical advantage; having an increased blood level
and activity of enalapril may be a good thing for these cases. Other drugs that might
be added if proteinuria is not responding include angiotensin Il receptor blockers
(ARB) such as losartan (Cozaar) or telmisartan (Micardis), an aldosterone receptor
antagonist such as spironolactone (Aldactone), or a renin inhibitor such as aliskiren
(Tekturna).2%4 Although these inhibitors of the RAA system may help the kidney by
decreasing proteinuria as well as by decreasing inflammation and fibrosis,>2%* they
may increase the serum potassium level, which in 50% of renal cases may already
be increased when eating renal diets. If potassium levels do not lower after changing
to another renal diet formulation then a home-prepared reduced-potassium diet may
be useful, especially for patients needing these drugs.2%®

An antithrombotic dose of aspirin is important for all animals with hypoalbuminemia
because of the risk for thromboembolism. Aspirin decreases production of throm-
boxane A2, which not only helps inhibit platelet aggregation to decrease the risk of
thromboembolism?°6-2%8 but because platelet activation is part of the inflammatory
process that increases renal damage, aspirin may help decrease proteinuria and
fibrosis, as did a thromboxane synthase inhibitor in studies of heartworm-induced
PLN.299-211 The Jowest dose for inhibition of platelet function in dogs seems to be
1.0 mg/kg/d.2%7298 The recommended dose for cats is 5 mg per cat every 72 hours.?'?
Other TE preventive drugs to be studied include clopidogrel (Plavix) and the anticoag-
ulant warfarin (Coumadin). Heparin (fractionated or unfractionated) is less useful in
patients with PLN because heparin works by binding to AT, which is low in cases of
PLN because of urinary loss. Thrombolytics that have been used when TE events
occur include streptokinase (Streptase)?’® and tissue plasminogen activator.?'4

Samoyed dogs with X-linked hereditary PLN lived 53% longer when fed a diet
restricted in protein, lipid, calcium, and phosphorus.” Sodium restriction is recom-
mended because dogs with PLN are at risk for hypertension and may be salt sensi-
tive.®> Omega-3 fatty acids are antiinflammatory and were found to be
renoprotective, decreasing the progression of renal failure.?'® Anecdotally, the immu-
nomodulating Chinese herb Astragalus membranaceus (Astragalus propinquus or
huang qi) helped 2 people with idiopathic MN and nephrotic syndrome achieve
complete remission, after little or no response for years trying more standard treat-
ments (ACE inhibitors, ARB, spironolactone, aliskiren, prednisone, cyclosporine,
mycophenolate).2'®217 In 1 patient, nephrosis returned on stopping the herb, and
complete remission was achieved again on its reintroduction.?'® She took the herb
for 1 year and has remained in remission for 4 years. This herb warrants further
investigation.
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Especially before and during intravenous therapy and anesthesia to get renal
cortical biopsy samples, an animal with low colloid osmotic pressure may require
crystalloid therapy for dehydration and also colloid therapy, such as hydroxyethyl
starch (Hetastarch), to decrease risk of edema/effusions. Other therapies for renal
disease (phosphate binder, gastroprotectant, antiemetic, appetite stimulant, and so
forth) are used as needed (see articles by Linda Ross; and David J. Polzin elsewhere
in this issue for further exploration of this topic). Recently the use of sodium bicar-
bonate was shown to slow progression of hypertensive nephropathy, even if the
patient was not acidotic.?2'® Studies in veterinary medicine need to be done.

Perhaps the most controversial topic is whether (and when) to use immunosuppres-
sive therapy for dogs and cats with PLN. There are no controlled studies that show
benefit; there is only 1 randomized study done in canine field cases (and none in
cats) that actually showed decreased survival in the cyclosporine-treated group
(11 months) compared with placebo (16 months).® However, side effects, small
numbers, and incomplete subtyping of phenotypes may have played a role, so
perhaps cyclosporine could be of benefit in some cases. The immunosuppressants
cyclosporine (Neoral, Sandimmune, Atopica) and tacrolimus (FK506 or Prograf) are
calcineurin inhibitors that inhibit T-lymphocyte signal transduction and the transcrip-
tion of IL-2 and related cytokines. Cyclosporine slowed disease progression in hered-
itary X-linked PLN in Samoyeds.”® This is possible because in addition to its
immunosuppressive properties, calcineurin inhibitors act to stabilize the actin cyto-
skeleton of the podocyte via synaptopodin and TRPC6 regulation.’™® " Other drugs
used for nephrotic syndrome may also have actions at the podocyte level (eg, corti-
coids, ACE inhibitors, COX2 inhibitors, and mizoribine).'® A case report did show
benefit of use of mycophenolate (CellCept) in a dog with IMGN.2'® Mycophenolate,
a product of the fungus Penicillium, is an immunosuppressant (not a calcineurin inhib-
itor) that acts by reducing guanine nucleotides in lymphocytes, thereby inhibiting DNA
synthesis and guanosine triphosphate-dependent metabolism.

The most commonly used immunosuppressant/antiinflammatory combinations in
veterinary medicine are corticosteroids, which suppress T- and B-cell proliferation,
cell-mediated/humoral immunity, inflammatory mediator/cytokine production, phago-
cytosis, respiratory burst, and neutrophil/macrophage emigration and function.
Steroids are beneficial for human patients with IgA nephropathy,'®" MCD," and chil-
dren with MPGN,220-221 however, solid evidence is lacking for the use of steroids for
adults with MN."®° If renal biopsy shows active inflammation and immune-mediated
disease, steroids may have a role in veterinary patients with PLN. However, the blind
use of steroids for PLN cannot be recommended, because steroids increase protein-
uria,”>173-177 and increase the risk for TE events, hypertension, glomerulosclerosis,
and gastric ulceration, all of which may already exist in the patient with PLN.
Controlled studies of steroid use in patients with known subtypes of PLN need to
be done.

Immunosuppressive alkylating agents such as cyclophosphamide (Cytoxan) and
chlorambucil (Leukeran) are used for humans with IgA nephropathy'®' and pulse
therapy with steroids for MPGN,?2" lupus, and MN." Alkylating agents interfere with
DNA/RNA replication/transcription. They decrease white blood cells and antibody
production, but the exact mechanisms are still unclear.

Other immunosuppressive medications such as azathioprine (Imuran, a purine
antagonist), sirolimus (Rapamune), methotrexate (MTX), interferon, tumor necrosis
factor o antibodies such as inflixamab (Remicade) or etanercept (Enbrel), IV-IgG,
and monoclonal antibodies (eg, directed against IL-2) are not generally used for
human patients with PLN and have not been studied in veterinary cases of PLN.
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Apheresis or plasmapheresis has been advocated to remove antibodies, CIC, and
circulating permeability factors that may cause PLN, for instance, in MCD.?22

Although colchicine and DMSO may be suggested for treatment of amyloidosis,
there are no veterinary studies to support their benefit.'3®

If dogs with PLN have renal transplants, they may need 1 or both kidneys removed
to help lessen loss of proteins. They could have relapse disease in the transplanted
kidney, or if they have an inherited SD defect, they may produce antibodies to the
new antigens they are not tolerant to (eg, nephrin if they did not make nephrin
before).'® Patients with PLN having hemodialysis require higher doses of heparin
because of their low antithrombin levels.

Monitoring of blood pressure, UPC, CBC, and biochemical parameters is important
every 1to 4 weeks, depending on the severity or stability of signs. With time, or because
of immunosuppressive therapy, infectious/inflammatory/neoplastic diseases may
reveal themselves and the clinician needs to be watchful for the underlying cause to
be unmasked or for an additional diagnosis (eg, urinary tract infection) while on immu-
nosuppressive therapy. If the dog has been treated for an infectious disease such as
Lyme disease, C6 antibody quantitation at 6 months is done to compare with the
previous baseline, and to get a new baseline for comparison in the future should the
dog show lameness or recurrence of signs. If relapse or reinfection is suspected based
on an increase in C6 Quant, then doxycycline may need to be repeated.

PREVENTION

As genetic predispositions are discovered for early or late-onset PLN, breeding ques-
tions will arise. DNA banking will be helpful along with classification of PLN subtypes,
to find genetic marker tests by GWA studies and avoid breeding carriers with one
another (for recessive traits). Even without knowing the mode of inheritance, early
detection by frequent screening of dogs (by MA or UPC) before breeding is most
important. In some cases DNA tests are already available (see Table 1). In SCWT
dogs, annual screening tests are recommended whether bred or not, including at least
MA and serum albumin, and if the owners can afford it, more thorough screening of
CBC, Chemscreen, urinalysis, UPC, + fecal alpha-1 protease inhibitor testing (for
PLE). Starting ACE inhibitors early is recommended if the MA or UPC is found with
an inactive urinary sediment. Tick control is advocated for all dogs that live or travel
to areas with tick-borne diseases that can cause illness.

SUMMARY

Genetic and acquired defects of glomerular permselectivity allow for proteinuria and
may lead to PLN. The clinicopathologic abnormalities (proteinuria, hypoalbuminemia,
hypercholesterolemia) seen with this type of nephron dysfunction are initially different
from those seen with whole nephron loss or primary tubular disease. Morbidity and
mortality from complications of PLN may be severe even before progression to
azotemia and renal failure occur, including thromboembolic events, nephrotic
syndrome with edema/effusions, and hypertensive target organ damage. Leakage
of plasma proteins into the glomerular filtrate can damage tubular cells and eventually
affect the function of the entire nephron. Detection, localization, and treatment of
proteinuria are important to decrease the clinical signs and complications of PLN
and to decrease the likelihood of progression to renal failure. Thorough diagnostic
work-ups to characterize the underlying causes and to comprehensively describe
glomerular lesions by transmission electron microscopy, immunofluorescence, and



Protein-losing Nephropathy in Small Animals

thin-section light microscopy help to identify subsets of glomerular disease and study
their response to specific treatment protocols.
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