THIS IS AN EDITED,HIGHLIGHTED VERSION OF DR.LEES EXCELLENT SUMMARY, TO HELP THOSE WHO MAY BE INVOLVED WITH A SUSPECT CASE OF FAMILIAL NEPHROPATHY UNDERSTAND HOW IMPORTANT IT IS THAT THE KIDNEY TISSUE IS EXAMINED WITH THE CORRECT EQUIPMENT,USING THE CORRECT PROCEDURE.

Laboratory features

When dogs with FN develop renal failure, serum chemistry test results will be abnormal

in proportion to the severity of renal failure. Expected abnormalities include azotemia (increased

BUN and creatinine concentrations), hyperphosphatemia, and metabolic acidosis. Hematology

test results usually show some degree of anemia. Urinalysis findings for dogs in renal failure

invariably include evidence of impaired urine concentrating ability (inappropriately low urine

specific gravity). All of the laboratory test abnormalities mentioned so far might be associated with chronic renal failure due to any cause; they do not help to differentiate FN from any other

potential cause of renal failure.

Because FN is a glomerular disease, affected dogs invariably exhibit proteinuria by the

time that any clinical illness that can be attributed to FN first develops. Indeed, as renal disease

evolves in dogs that have FN, proteinuria always is the first abnormality that can be detected by

non-invasive testing. Of course, proteinuria can be associated with a variety of different urinary

tract disorders (e.g., bacterial urinary tract infection, urolithiasis, etc.), so an appropriate clinical

investigation must be conducted to exclude such other conditions. Nonetheless, persistent renal

proteinuria that is not otherwise explained in a young (3- to 12-month-old) Cocker Spaniel most

often proves to be due to FN. If discovered very early in the course of disease, the magnitude of

proteinuria may be mild, but it typically becomes marked within a month or two. Urine proteinto-

creatinine (UPC) ratios commonly are in the 5-10 range, and occasionally are greater than 10.

If detected early, proteinuria may be observed while urine concentrating ability is well preserved

(i.e., urine specific gravity is still high) and serum creatinine concentrations are still within the

normal reference range. However, with continued monitoring, dogs with FN will have persistent

proteinuria, will subsequently loose their urine concentrating ability, and will gradually develop

increasing serum creatinine concentrations. If FN has progressed to renal failure by the time that

laboratory tests are performed, the findings will include marked proteinuria and isosthenuria, as

well as the hematologic and serum chemistry abnormalities expected with the severity of renal

failure that then exists.

Treatment

The renal disease caused by FN invariably is progressive and ultimately fatal; however,

the rate of disease progression observed in affected dogs is more rapid in some individuals than

in others. Additionally, certain treatments (feeding a diet formulated for dogs with renal failure

and administering an angiotensin converting-enzyme inhibitor such as enalapril or benazepril)

may slow the rate of renal disease progression somewhat. Even if they are effective, however,

such therapeutic efforts generally forestall the development of terminal renal failure by several

weeks or a few months at best. Moreover, the rate of renal disease progression usually is fairly

rapid during the late stages of the disorder. Once an affected dog develops moderate azotemia,

the disease typically progresses to the terminal stage of renal failure within 3 to 6 more weeks.

Pathologic features

When examined by light microscopy, kidneys from dogs with FN have a constellation of

abnormalities that are indicative of progressive glomerular disease. Severity of the abnormalities

depends on the stage of the disease that was present when the tissue was obtained, but the lesions

are non-specific. 

**That is, at the light microscopic level, the kidney changes that are produced by
FN are similar to those of other glomerular disorders in dogs. The distinctive abnormalities that

set FN apart from other glomerular renal diseases are seen only with immunostaining techniques and using transmission electron microscopy. **
Immunostaining of kidney with individual antibodies that specifically recognize and bind

to each of the different type IV collagen peptides can be used to identify the collagen content of

all renal basement membranes. Normal GBM stains strongly positive for the alpha-3 (á3) chain,

the á4 chain, and the á5 chain of type IV collagen. This staining pattern reflects presence of the

normal á3-á4-á5 chain network that is required for long-term maintenance of GBM structure and

function. In Cocker Spaniels with FN, however, staining for á3 and á4 chains is totally negative

in all basement membranes where they are normally present, including the GBM. In addition, GBM staining for á5 chains is greatly reduced, and there is greatly increased staining for 3 other

chains (á1, á2, and á6) that normally are not prominent components of the GBM. This abnormal

staining pattern reflects absence of the á3-á4-á5 collagen network from the GBM, which instead

contains networks composed of á1-á1-á2 and á5-á5-á6 chains. These substitute type IV collagen

networks do not function properly (i.e., they do not function like the á3-á4-á5 network), and as a

result of this abnormality, the processes of renal injury that ultimately produce kidney failure are

set into motion. This abnormal pattern of immunostaining of renal basement membranes for type

IV collagen á-chains is very distinctive of FN in Cocker Spaniels and can be demonstrated at all

stages of the disease (i.e., from birth onward).

Despite the abnormal type IV collagen content of certain renal basement membranes, the

kidneys of dogs with FN initially develop normally and function properly. Within a few months,

however, because the á3-á4-á5 network is missing, the ultrastructure of the GBM, which can be

seen only by using electron microscopy, starts changing. This is the first structural change in the

kidneys that occurs, and it precedes any change in the kidneys that can be seen with routine light

microscopy. The ultrastructural GBM changes are at first focal (i.e., present in some sites but not

others) and mild, but they gradually become more extensive and severe throughout the course of

the disease. The ultrastructural GBM changes also are very distinctive of this disease, especially

once they have become widespread and at least moderately severe. The GBM becomes greatly

thickened and exhibits multilaminar splitting and fragmentation of its internal structure. These

GBM changes are associated with other changes in the glomerular capillary wall that alter its

filtration properties, which causes the proteinuria to develop.

As the disease progresses, light microscopic lesions develop both in the glomeruli and in

the tubulointerstitium. The morphologic glomerular lesions are those of a membranoproliferative

disorder progressing to glomerular sclerosis and obsolescence with periglomerular fibrosis. The

tubulointerstitial changes, which always are prominent when renal failure has developed, include

extensive tubular degeneration, dilation, and atrophy together with interstitial inflammation and

fibrosis. 
As emphasized previously, these light microscopic lesions are non-specific; they are not

sufficient by themselves for definitive diagnosis of FN.

Definitive diagnosis

In conjunction with a well documented clinical course of illness that is compatible with

FN (and appropriate clinical investigations that failed to identify other causes of renal disease),

light microscopic findings that are consistent with FN are sufficient for a presumptive diagnosis

of the condition. 
Nevertheless, definitive diagnosis of FN always rests on demonstrating at least

one, and preferably both, of the distinctive abnormalities that uniquely distinguish FN from all

other causes of renal disease. Therefore, the definitive diagnosis of FN always requires special

studies (i.e., electron microscopy, or immunostaining, or both) of kidney from the affected dog.

Availability of centers that can perform such evaluation is limited, but even more importantly,

ability to perform (and interpret) such studies depends on having suitable tissue specimens for

examination, even if a center that can perform such studies is identified. 
As a rule, tissues that are routinely fixed in 10% formalin, the usual fixative that is used for light microscopic studies,are not satisfactory for electron microscopy or immunostaining. Consequently, obtaining tissue specimens that will be suitable for such studies typically requires prior preparation and planning to become familiar with the appropriate procedures and assemble the needed materials.

Appendix - Guidelines for collecting renal tissue specimens for pathologic studies from dogs

that are suspected to have FN

1. Time matters, especially for the electron microscopy specimens. Post-mortem collection of

renal tissue specimens should be accomplished immediately after the dog’s death or euthanasia.

Renal biopsy specimens also should be processed immediately.

2. Another crucial issue is that the tissue specimens for electron microscopy and immunostaining

must contain glomeruli; that is, they must be samples of renal cortex.

3. The key factor for satisfactory electron microscopic studies is complete, rapid fixation of the

tissue (ultrastructural features the glomerular cells and GBM begin to deteriorate within a few

minutes, and the purpose of “fixation” is to halt this process). Optimum fixation is provided by

special fixatives (e.g., 2.5% or 3.0% glutaraldehyde in a phosphate buffer) that are intended for

electron microscopy. Fixative solutions for electron microscopy must be kept refrigerated and

generally have a short shelf-life; we routinely prepare a fresh supply of fixative every 30 days.

Besides using an appropriate fixative solution, good fixation is promoted by cutting the tissue

specimen in to sufficiently small pieces (1 mm cubes), but this must be done without crushing

the specimen. We usually place a piece of renal cortex (about 5-6 mm cube) on a clean glass

slide in a small puddle of the fixative (taken from the “EM specimen vial” with a pipette) and

then use a fresh single-edge razor (or scalpel) blade to cut the tissue in half, then each piece in

half again, and so on until all the pieces are about 1 mm cubes. These are then put in the “EM

specimen vial” (which is promptly refrigerated again).

When a fixative that is intended for electron microscopy is not available, the next best fixative

solution to use is 10% formalin (i.e., as for light microscopy). Fixation attained in this way can

be satisfactory, but starting immediately (i.e., with tissue that is as fresh as possible) and making

the pieces sufficiently small is all the more important because formalin fixation proceeds more

slowly than fixation with conventional electron microscopy fixatives.

4. Immunostaining is performed using unfixed tissue specimens that are snap-frozen (with liquid

nitrogen) and kept frozen thereafter. To avoid having to ship frozen specimens, we use Michel’s

Transport Medium (a non-fixative solution formulated for this purpose) to preserve the specimen

until it gets to our laboratory; we then freeze it. Michel’s Transport Media also has a short shelflive

and must be kept refrigerated (during storage and use), but it does keep the tissue suitable for

eventual immunostaining for up to 2-3 days (i.e., long enough for it to be delivered to our lab).

5. We also always want to receive conventional formalin-fixed specimens of kidney for routine

light microscopic examinations as well as the special studies.

Note: the tissue specimens described above are used for diagnostic evaluations. 
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