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Interferon-Induced Glomerular Basement Membrane
and Endothelial Cell Lesions in Mice

An Immunogold Ultrastructural Study ofBasement
Membrane Components

J. MOSS, PhD,* I. SHORE, BSc,*
D. WOODROW, MD,* and

I. GRESSER, MDt

Newborn Swiss mice were injected daily for the first
week oflife with mouse interferon a/jB. This treatment
resulted in a delay in the maturation ofthe kidney and
the development of glomerular abnormalities. The
width of the glomerular basement membrane (GBM)
was increased up to tenfold and was characterized by
a marked thickening of the endothelial aspect of the
GBM. The endothelial cells lining the capillary loops
were also abnormal with many dilated regions of the
rough endoplasmic reticulum that contained amor-

IT HAS BEEN SHOWN PREVIOUSLY that daily
administration of potent mouse or rat interferon al
B to newborn mice"1- or rats6 resulted in a marked
inhibition of growth and the development of a cres-
centic "immune complex type" glomerulonephri-
tis.2,3'5 Ultrastructural examination of the kidneys
from 8-day-old interferon-treated mice showed that
the predominant lesion was a gross thickening of the
endothelial aspect of the glomerular basement mem-
brane (GBM), which contained an accumulation of
amorphous material having the appearance of base-
ment membrane.5 We present here the results of an
immunofluorescence and ultrastructural immuno-
gold study using antibodies to type IV collagen and
laminin/entactin designed to elucidate the composi-
tion of the interferon-induced GBM lesion and to
evaluate the roles of epithelial, mesangial, and endo-
thelial cells in the genesis ofthese lesions.

Materials and Methods
Mice

Swiss mice were provided from a specified patho-
gen-free colony at the Charing Cross and Westminster
Medical School, London.
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phous electron-opaque material. Immunogold studies
showed that type IV collagen and laminin/entactin
were distributed throughout the thickened GBM, and
also within the dilated rough endoplasmic reticulum
ofthe endothelial cells. These results show that the in-
terferon-induced lesion within the glomerulus is asso-
ciated with an accumulation ofnormal GBM compo-
nents and that endothelial cells are involved in this
pathologic process. (AmJ Pathol 1988, 133:557-563)

Interferon

Mouse interferon a/f3 was prepared from suspen-
sion cultures of C-243 cells induced with Newcastle
disease virus and was concentrated, partially purified,
and assayed as described previously.7

Experimental Plan

Mouse interferon al/f (4 X 104 international refer-
ence units in 0.05 ml phosphate buffered saline [PBS])
was injected in the interscapular region daily for the
first 10 days of life. Control mice consisted of litter-
mates injected with 0.05 ml of PBS. Previous experi-
ments had shown that a variety of control prepara-
tions did not induce glomerulonephritis.2'3 Mice were
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killed at 8 or 10 days and the kidneys removed for
light microscopy, immunofluorescence, electron mi-
croscopy, and immunoelectron microscopy.

Antisera

The rabbit antibodies to GBM components were as
follows: antibodies to mouse laminin/entactin (a gift
from Dr. B. Hogan, National Institute for Medical Re-
search, London, UK) were raised against the native
complex of these two proteins purified from the
Reichert's membrane ofmouse embryos, and charac-
terized as described previously.8 Antiserum to mouse
type IV collagen (obtained from the Institut Pasteur
de Lyon, France) was raised against this component
extracted and purified from mouse EHS sarcoma. The
specificity and cross reactivity was checked by the sup-
pliers, using immunofluorescence, ELISA, and radio-
immunoassay.
The antibody to laminin/entactin reacts by immu-

noblotting with laminin and entactin but not with fi-
bronectin or type IV procollagen. Antibody to type
IV collagen reacts 100% with mouse type IV collagen,
<0.1% for type I and type III collagen, <0.1% for hep-
aran sulphate proteoglycans, and 12.5% for mouse
laminin. The antisera to laminin/entactin and type IV
collagen were diluted 1:3 and 1:99 in phosphate-
buffered saline (PBS) respectively.

Light Microscopy

Portions of mouse kidney from interferon-treated
and control mice were fixed in Duboscq-Brazil solu-
tion and embedded in paraffin wax. Sections were
stained by hematoxylin and eosin (H & E), and peri-
odic acid-Schiff(PAS).

Immunofluorescence

Samples of kidney were snap-frozen in isopentane
cooled to -165 C by liquid nitrogen and were stored
at -70 C. Cryostat sections were fixed briefly in ace-
tone at room temperature and immunofluorescence
carried out by an indirect technique. FHTC-labeled
sheep anti-rabbit immunoglobulin was obtained from
Wellcome Research Laboratories, UK.

Electron Microscopy

Small pieces of kidney cortex were fixed in 3% glu-
taraldehyde in 0.1 M phosphate buffer, postfixed in
2% osmium tetroxide, dehydrated through ascending
grades of alcohol, and embedded in Spurr's resin. Ul-
trathin sections were stained with aqueous uranyl ace-
tate and Reynold's lead citrate.

Immunoelectron Microscopy
Specimens were fixed in 4% paraformaldehyde in

0.1 M phosphate buffer, pH 7.2, dissected into 1 cu
mm pieces left for 3 hours at 4 C, and stored in 1%
paraformaldehyde at 4 C for 1 week. The samples
were rinsed briefly in buffer at 4 C. All further process-
ing was carried out at approximately -25 C. The tis-
sue was rapidly dehydrated through ascending grades
of ethanol over 30 minutes, infiltrated with a 1:1 fol-
lowed by a 1:2 mixture ofethanol with Lowicryl K4M
resin (Taab Laboratories Ltd., Aldermaston, UK) for
30 minutes each, and left for 1 hour and then over-
night in 2 changes of Lowicryl K4M. The samples
were embedded in Lowicryl in brimming, sealed gela-
tin capsules and polymerized under ultraviolet light
for 2 days at -20 C, and then for 2 days at room tem-
perature.

Gold-colored ultrathin sections were collected on
uncoated nickel grids. The immunogold technique
was performed by immersing the grids in drops of the
following solutions at room temperature: 1% oval-
bumin (Grade V, Sigma, Poole, UK) in modified PBS
for 25 minutes, primary antiserum in PBS for 2 hours,
5 drops of PBS and 5 drops of modified tris-buffered
saline (TBS) over 15 minutes, goat anti-rabbit IgG
conjugated with 10 nm gold (Janssen Life Sciences
Products, Wantage, UK) diluted 1 in 10 with TBS for
1 hour, 5 drops of TBS over 10 minutes, and a final
wash in several drops of distilled water. The sections
were stained for 20 minutes in 1% aqueous uranyl ace-
tate and Reynold's lead citrate for 3 minutes. The
modified buffers used were PBS, pH 7.2, or 0.2 M
TBS, pH 8.2, each containing 0.05% Tween 20, 0.1%
BSA (Sigma), and 0.02 M sodium azide. Controls
consisted of omitting the primary antiserum, or re-
placing the primary antiserum with nonimmune rab-
bit serum.

Morphometry
Electron micrographs ofimmunogold localizations

of the basement membrane components in two con-
trol and two interferon-treated mice were placed on a
coordinate digitizer tablet connected to an image
analysis system, and areas of GBM were measured.
The gold particles were then counted and expressed as
numbers per unit area ofbasement membrane.

Results
Characterization of the Interferon-Induced
Glomerular Lesions
Light Microscopy, Immunofluorescence, and
Electron Microscopy
The most conspicuous abnormalities seen in the

kidneys of interferon-treated suckling mice were the
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Figure 1-Glomerulus from an 8-day-old inter-
feron-treated Swiss mouse. Note thickened
capillary loops. PAS stain, x900
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marked thickening ofglomerular capillary loops (Fig-
ure 1), and an overall increase in the mesangium but
no apparent increase in the number ofmesangial cells.
These abnormalities were not seen in any control
mice.

In interferon-treated mice the expanded mesangial
region stained intensely with antibodies to laminin/
entactin while most capillary loops showed focal,
thickened areas ofstaining (Figure 2b). The basement
membranes of the Bowman's capsule and tubules,
and the matrix around the arterioles all stained as in
control mice (Figure 2a). Interferon-treated mice also
showed a conspicuous increased glomerular staining
within the expanded mesangium and thickened capil-
lary loops using anlibody to type IV collagen.

Ultrastructurally, the glomeruli of interferon-
treated mice were grossly abnormal. The GBM mea-
sured up to about ten times the width of the normal
mouseGBM due to a marked thickening ofthe endo-
thelial aspect of the GBM that showed areas of rar-
efaction, electron-dense material, small granules, and
fine fibrils (Figure 3a). The lamina densa was a clearly
defined region just beneath the lamina rara externa.
There was also an increase in the mesangial matrix. In
addition, in interferon-treated mice some glomerular
endothelial cells showed conspicuous dilated cister-
nae of the rough endoplasmic reticulum that con-
tained electron-opaque material (Figure 3b). No such
lesions were seen in mesangial or epithelial cells.

Immunoelectron Microscopy
In control mice the gold particles showing the distri-

bution of laminin/entactin were seen in singlets and

also in small clusters across the full width of the base-
ment membrane (Figure 4a). Laminin/entactin was
also seen distributed throughout the mesangial ma-
trix, but was not present in any amount over other
areas of the section. The distribution of type IV colla-
gen was similar to that of laminin/entactin.

In interferon-treated mice antigenic sites for lami-
nin/entactin and type IV collagen, as demonstrated
by immunogold particles, were present across the
whole of the grossly thickened GBM (Figure 4b, c).
Both GBM components were also distributed
throughout the mesangial matrix.
Counts of the number of gold particles per square

micron ofGBM, using antibodies to laminin/entactin
and type IV collagen, in control and interferon-
treated mice showed that the density ofparticles in the
thickened or nonthickened areas ofthe GBM in these
mice was approximately the same (data not shown).
Thus, the thickening oftheGBM in interferon-treated
mice was not due to oedema which would have re-
sulted in a lower density ofgold particles/sq ,.
Examination of the rough endoplasmic reticulum

of glomerular endothelial cells of interferon-treated
mice showed that the dilated cisternae contained gold
particles using antibodies to laminin/entactin (Figure
5a, b), and also to type IV collagen. Immunogold par-
ticles were seen only in the dilated cisternae of the
rough endoplasmic reticulum of endothelial cells, in
which case all the dilated cisternae were labeled. Parti-
cles were not observed in the nondilated regions of
the rough endoplasmic reticulum of endothelial cells,
epithelial cells, or mesangial cells.
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Figure 2-Immunofluorescence showing the presence of laminin/entactin in glomeruli from 8-day-old mice. There is linear staining of normal capillary loops
(a), and intense staining of the thickened loops (arrow) of the interferon-treated mouse (b). x500
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Figure 3a-Electron micrographs showing the markedly thickened lamina rara intema of GBM in 8-day-old interferon-treated mice. b-Dilated cistemae
(*) of the rough endoplasmic reticulum of endothelial cells. a, X13,000, b, x24,000
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Discussion

We have investigated the GBM lesion in 8-day-old
interferon-treated mice (Figure 1) using antibodies to
the normal basement membrane components: lami-
nin/entactin and type IV collagen. The purpose ofthis
study was twofold: 1) to determine whether the mark-
edly thickened GBM of interferon-treated mice con-

tains the same components as the GBM of normal
mice and if so, to determine their density relative to
the normal GBM, and 2) to determine, if possible,
whether glomerular endothelial, mesangial, or epithe-
lial cells contribute to the genesis ofthese lesions.

Figure 4-Electron micrographs showing immunogold localization in
GBM of 8-day-old mice. a-Distribution of laminin/entactin in a con-
trol mouse. b and c-Distribution of Iaminin/entactin and type IV
collagen respectively in thickened GBM of an interferon-treated mouse.
a, x42,000; b, x40,000; c, x40,000

In interferon-treated mice, the thickened areas of
GBM were stained by immunofluorescence with an
intensity equal to that of the GBM in control mice
(Figure 2). These results suggested that the thickened
GBM ofinterferon-treated mice consisted ofan accu-
mulation of normal basement membrane compo-
nents. Immunogold studies confirmed that the inter-
feron-induced areas of GBM thickening contained
normal basement membrane components and that
these were distributed over the full thickness of the
GBM (Figure 4b, c). The number ofgold particles per
square micron in the thickened GBM of interferon-
treated mice was roughly the same as that in the GBM

Vol. 133 * No. 3
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Figure 5a, b-Electron micrographs showing the immunogold localization of laminin/entactin within the thickened GBM and in the dilated cistema of the
rough endoplasmic reticulum (*) a, x16,000; b, X79,000

of control mice, indicating that there was an overall
increase of laminin/entactin and type IV collagen in
the GBM of interferon-treated mice. Thus, the inter-
feron-induced thickening did not result merely from
edema within the basement membrane.
The other striking interferon-induced glomerular

lesion concerned the conspicuous dilated cisternae of
the rough endoplasmic reticulum in the cytoplasm of
endothelial cells (Figure 3b). These cisternae were
shown to contain laminin/entactin and type IV colla-
gen. Thus, the endothelial cells were capable of pro-
ducing basement membrane components, a finding in
accord with observations from pulse-chase experi-
ments on the formation and turnover of the normal
GBM.9 It is generally accepted that components of
basement membrane are synthesized by the cells rest-
ing on them, and these components have been dem-
onstrated in the rough endoplasmic reticulum of rat
endodermal cells,'0" of endothelial cells of develop-
ing tissues,'2"3 and of cultured neuroblastoma cells.'4
In our experiments the epithelial cells showed no ab-
normalities, and within the GBM the lamina densa
and lamina rara externa were not altered. Our obser-
vations that interferon administration induced an ac-
cumulation of GBM components within dilated re-
gions ofthe rough endoplasmic reticulum ofendothe-
lial cells suggests therefore that the interferon-induced
thickening ofthe endothelial aspect ofthe GBM is re-
lated in some manner to endothelial cell function.

Several questions remain to be answered. Is the
marked increase of laminin/entactin and type IV col-

lagen in the GBM of interferon-treated suckling mice
due to an increased production, a decreased turnover,
or both? Interferon has been shown to activate certain
genes,'5 and thereby increase the level of particular
mRNAs and the corresponding proteins. 16-8 Thus, it
is possible that in suckling mice interferon treatment
results in an increased transcription or increased sta-
bility ofthe mRNAs forGBM components.

In terms of pathogenetic mechanisms, we still do
not know how interferon treatment confined to the
first week of life leads inexorably to the marked and
often progressive glomerulonephritis observed in the
adult mouse. Likewise we do not know how these
early glomerular lesions are related to the ultimate re-
nal lesions. Does this thickened GBM result inevita-
bly in the sclerotic glomerulus characteristic of the
end stage interferon-induced lesion,2-4 or does this
thickened GBM trap "circulating immune com-
plexes" that then contribute to the progression ofglo-
merular lesions?
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