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The glomerular deposition of immunoglobulin (Ig) was studied in sapphire mink
affected with terminal Aleutian disease (AD). Fluorescein conjugated Ig-class specific
antiserums were used to evaluate and identify the glomerular Ig. Kidneys of all 28 mink
with documented AD had deposits of IgA and #1C in a capillary and mesangial
distribution. Only 7 of 28 mink had demonstrable glomerular IgG and/or IgM. In
addition, interstitial plasma cell infiltrates in 17 of 19 kidneys stained exclusively with
anti-IgA. All antiserums used in this study were evaluated for Ig-class specificity by
both gel diffusion and agarose-bead techniques. The striking Ig class restriction demon-
strated for glomerular Ig deposition in AD is discussed in light of current knowledge of
the pathogenesis of AD glomerulopathy. (Am J Pathol 96:227-236, 1979)

OF THE PERSISTENT VIRAL DISEASES, Aleutian disease of mink is
of particular interest because of the importance of circulating immune
complexes in its pathogenesis 1 and, thus, its use as an infectious model for
immune complex diseases of man. The predominant pathologic lesions
consist of systemic plasmacytosis, proliferative glomerulonephritis, and
vasculitis associated with local deposits of Ig and 31C.2'3 Porter et al first
demonstrated circulating infectious immune complexes in the serum and
viral antigen in the glomeruli of affected mink.4 However, the nature of
the pathogenic complexes has not been firmly established. We are particu-
larly interested in defining the antigen(s) and Ig class(es) associated with
the pathogenic complexes. In the current study using Ig class specific
fluorescein labeled antiserums, we examined the renal glomeruli of 28
mink with terminal AD. After determining the specificity of the reagents
at the level of sensitivity implicit in fluorescence microscopy, we found
that 21 of 28 kidneys contained demonstrable glomerular deposits con-
sisting exclusively of IgA and #1C. The predominance of IgA in diseased
glomeruli suggests that this Ig class is an important constituent of the
pathogenic immune complexes of AD.
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Materials and Methods

Animals

Mink of the sapphire color phase were obtained from a closed herd free of Aleutian
disease and were maintained at the Rocky Mountain Laboratory. New Zealand white
rabbits were obtained from a local source.

AD Virus
Mink were inoculated with the Pullman strain of AD virus (10th to 12th passage) by the

intraperitoneal route as described previously.5 Diagnosis of AD was based on elevated
serum gamma globulin concentration by cellulose acetate electrophoresis 6 and autopsy
findings.5 Serums of some mink were also subjected to the counterimmunoelectrophoresis
(CIE) test for anti-AD viral antibody.6

Preparation of Antiserums
All antiserums were prepared in rabbits as described previously.7 Briefly, specific anti-

mink IgG was prepared by injection of rabbits with isolated mink IgG H chains in
complete Freund's adjuvant (CFA) and absorbed by passage through a Sepharose column
conjugated with mink F(ab')2 fragments by cyanogen bromide.8 Antimink IgA was made
by injection of rabbits with a nonspecific antimink IgG immunoprecipitate of mink succus
entericus in CFA. Anti-IgM was prepared by injection with Pevikon and Sephadex G-200
isolated mink IgM in CFA. Both anti-IgA and IgM were rendered specific by absorption
on a Sepharose column conjugated with mink IgG.8 Antimink ,B,C was prepared by the
method of Mardiney.9 This antiserum was specific for f,C by immunoelectrophoresis and
gel diffusion without further absorption. However, because of the sensitivity of the
immunofluorescence technique, purified mink IgG was added to the antiserum to avoid
potential cross reactions with Ig. All antiserums were fluoresceinated as previously de-
scribed.'°

Preparation of Tissue Sections
Kidneys were obtained at autopsy from mink affected with terminal disease. The

kidneys were sliced transversely in approximately 2-mm sections, and small fragments
containing both cortex and medulla were placed on the inside wall of glass tubes, plunged
into a bath of dry ice-95% ethanol, and stored at -70 C until used. Several kidneys were
prepared by freezing in hexane."

Sections (4 u) were made on a cryostat maintained at -30 C. The sections were placed
on glass slides and then washed in PBS for 15 minutes at room temperature.4"2 The
unfixed sections were stained for 30 minutes with appropriate dilutions of the respective
antiserums and washed on a rocking platform for 45 minutes at 4 C with three changes of
PBS. They were examined under glycerol with a Reichert fluorescent microscope with
KP490 and BC38 interference filters and a K530 barrier filter. In some studies frozen
sections or imprints were fixed with acetone at -20 C overnight and stained as described
above.

Studies on the Specificity of the Antiserums
The specificity of the fluorescein conjugates was determined by gel diffusion as pre-

viously described 7 and by a Sepharose bead fluorescent technique."3 Briefly, Sepharose 6B
was conjugated with either DEAE purified mink IgG,7 or whole mink serum.' The latter
serum, from a mink affected with avian tuberculosis, had high levels of IgG (16.6 mg/ml),
IgA (16.4 mg/ml), and IgM (9.5 mg/ml) as determined by Mancini radial immuno-
diffusion.'5 Residual reactive sites on the bead conjugates were blocked with 1 M glycine at
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room temperature for 4 hours, and the beads were washed with M/15 PBS by centrifuga-
tion. To 50 Al of beads in M/15 PBS (25% suspension) was added 2 ,ul neat fluorescein
conjugate. The mixture was incubated 30 minutes at room temperature with occasional
swirling and then washed 5 times with PBS by centrifugation. The beads were mounted
under coverslips, sealed with petroleum jelly, and examined under the fluorescent micro-
scope.

Results

Specificity Studies

After absorption all anti-Ig conjugates were specific for the respective
Ig classes by gel diffusion.7 That is, the precipitin lines resulting from
reaction of anti-IgG, IgA, and IgM against whole mink serum spurred
past one another in gel diffusion analysis. In addition, as previously
shown 7 the anti-IgA reagent reacted with a 12 to 13S A serum protein
which had antigen binding capacity and was found predominantly in
external secretions. All anti-Ig preparations stained plasma cells in ace-
tone fixed imprints of mink mesenteric lymph node (Figure 1 C) and along
with anti-f1C stained Sepharose beads coated with whole mink serum
(Figure 1B). Thus, the reagents were reactive at the dilutions used.
However, only anti-IgG bound to IgG-coated beads (Figure IA) in-
dicating that the anti-IgA and anti-IgM did not cross react with IgG.
Because of the difficulty of separating serum IgA and IgM, delineation of
the specificity of the respective antiserums was carried no further.

Fluorescence Studies of AD Kidneys

Kidneys from 29 mink inoculated with AD virus were examined for the
presence of Ig and f1C in the glomeruli. These animals had been in-
oculated from 8 weeks to 20 months before they were killed, and all but
one had morphologic and laboratory evidence of AD at the time of
autopsy. Fluorescent staining of the kidney sections revealed Ig and 31C
deposition in glomeruli of all kidneys from clinically positive animals
(28/29). Immunoglobulin and f1C were deposited in a granular pattern
with a predominantly capillary distribution. Occasional mesangial depos-
its were also seen. Of the three Ig classes studied, IgA was the pre-
dominant Ig present in affected kidneys and the exclusive Ig demon-
strated in 21 of 28 diseased kidneys (Table 1 and Figure 2). Staining with
anti-IgG was seen in only 5 of the 28 kidneys (Table 1). The distribution of
f1C corresponded well with that of Ig being primarily capillary with
minimal to moderate mesangial deposits. Of interest was the staining of
variable numbers of plasma cells in the interstitium of cortex and medulla.
Of 19 kidneys in which plasma cells were seen by fluorescence micros-
copy, 17 were stained exclusively by anti-IgA (Table 1 and Figure 3).
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As further evidence of the specificity of the anti-IgA, prior absorption of
the antiserum with non-AD mink serum completely abrogated glomerular
staining whereas absorption with purified mink IgG or heterologous (rab-
bit) serum had no effect (Figure 4).

Discussion
This report presents evidence of the preferential deposition of IgA and

f31C in the glomeruli of sapphire mink affected with terminal AD. IgA was
detected in all 28 AD positive kidneys examined; in 21 the deposits were
exclusively of the IgA class. In contrast, glomeruli of only 5 of the 28
kidneys stained with anti-IgG. Glomeruli from all diseased kidneys con-
tained f1C deposited in a distribution corresponding to that of Ig (ie,
predominantly capillary with occasional mesangial deposits). In addition,
of 19 kidneys in which plasma cells were seen by fluorescence microscopy,
17 showed cytoplasmic staining only with anti-IgA. Studies of the specific-
ity of the antiserums revealed that all reagents were reactive at the
dilutions used and that anti-IgA did not cross react with IgG; thus,
fluorescein-conjugated anti-IgA did not bind to Sepharose beads coated
with purified mink IgG (Figure 1) and the glomerular staining by anti-IgA
was not diminished by prior absorption of the antiserum with purified IgG
(Figure 4).

Glomerular deposition of IgA generally associated with IgG has been
reported in a number of systemic diseases including systemic lupus er-
ythematosus 16 and Schonlein-Henoch purpura.17 In the latter disease the
IgA deposits can be a striking feature.18 Berger and Hinglais 19 first de-
scribed a relatively benign, usually nonprogressive human glomeru-
lopathy manifested by IgA deposition in the glomerular mesangium but
with no systemic manifestations (reviewed by Lowance 20).

It is noteworthy that other studies have demonstrated the deposition of
IgG and #1C 12,21,22 and in one report IgM 23 in the glomeruli of mink with
AD. However, the specificity of the antiserums used was not documented,
and, therefore, the possibility of cross reacting light chain interactions was
not excluded. Pan et al ' demonstrated, in the acid eluate from isolated
AD glomeruli, a d protein in addition to gamma globulin. Although this
could have represented a complement component, these authors were
reluctant to suggest that IgG deposition was of pathogenic significance.
One of the cardinal signs of AD is a markedly elevated serum gamma

globulin concentration,21 a large proportion of which consists of IgG.24
However, in sapphire mink inoculated with the Pullman (or Utah-i) strain
of AD virus, the increased IgG concentration is accompanied by a striking
elevation of the serum IgA concentration 24 (Coe, unpublished observa-
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tions). The predominant glomerular deposition of IgA, as shown in this
study, suggests that this Ig class may be important in the pathogenesis of
AD glomerulitis.
The nature of the antigen(s) within the pathogenic complexes has been

a subject of much dispute. Porter et al first demonstrated the presence of
circulating infectious immune complexes in the serum of mink with AD,4
although circulating DNA and anti-DNA antibody have also been de-
tected.25 Acid eluates from isolated glomeruli of AD kidneys appear to
contain anti-AD viral antibody 12 and AD viral antigens have been demon-
strated in the glomeruli by immunofluorescence techniques.1 Thus, the
evidence suggests that viral antigen-antibody complex may be of patho-
genic significance. With the purification of the structural proteins of AD
virus at hand,26 definition of the immune complexes within the glomeruli
and comparison with circulating complexes should allow a better under-
standing of the nature of the glomerulopathy of AD.
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[Illustrations follow]
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Figure 1-Specificity studies on fluorescein-conjugated antisera. Sepharose beads coated
with mink lgG (A) were incubated with fluoresceinated anti-mink IgG (1) IgA (2), 1gM (3), and
#3C (4) (57 X). Fluorescence of the beads was seen only with anti-_gG. Yet all reagents reacted
with beads coated with whole mink serum (B) (57 X), and all anti-Ig reagents stained plasma
cells in acetone-fixed imprints of normal mink mesenteric lymph node (C). (368X)

Figure 2-Immunofluorescence of glomeruli from an unfixed AD positive sapphire mink kidney
stained with fluoresceinated anti-mink IgG (a), IgA (b), IgM (c), and f31C (d). Predominantly
capillary deposits were seen with anti-IgA and anti-031C but not with anti-lgG or IgM (260 X).
(Both with a photographic reduction of 24%)



Figure 3-Interstitial plasma cells in the cortex of an acetone fixed AD positive sapphire kidney
stained with fluoresceinated anti-mink IgA (836 X).

Figure 4-Inhibition of glomerular fluorescence by preabsorption of fluoresceinated anti-mink
IgA with PBS (a), mink lgG (b), normal rabbit serum (c) and non-AD sapphire mink serum (d)
(260 X).

(Both with a photographic reduction of 9%)


