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The composition of renal extracelular matrices
was examined in 6-, 12-, 18-, and 24-month-old
rats by immunofluorescence microscopy. No
change in composition oftubular basement men-
brane was detected. Increased immunostaining
for laminin chains B1 and s-laminin and throm-
bospondin characterized the thickenedglomeru-
lar basement membrane. Interstitial coUagens I
and III were not detected in globaly sclerotic glo-
meruli The major change noted in the aged rat
kidney at 24 months was generalized expansion
of the interstitium by thrombospondin and fi-
bronectin. In areas oftubular atrophy there was
new expression of extra domain A (EDA)+ f-
bronectint CoUagens I and III were detectedfo-
caly in the interstitium adjacent to areas of tu-
bular atrophy, but otherwise coUagens I, III, and
IVandlaminin didnot contribute to the interstitial
fibrosis. Interstitialfibrosis was detectable at 18
months ofage andpreceded the development of
sclerotic glomeruli, tubular atrophy, or accumu-
lations of interstitial collagenW These changes in
extracelular matrix composition distinguish the
aging kidneyfrom other scleroticforms ofrenal
disease. (AmJPathol 1995, 146:742-752)

Glomerulosclerosis and tubulointerstitial fibrosis are
hallmarks of progressive forms of renal diseases of
diverse etiologies and are frequently present in
kidneys from aged animals and man.1-8 As seen by
routine stains and light microscopy, the amorphous
accumulation of extracellular matrix (ECM) material
appears relatively uniform from one renal disease to
the next. Thus, it has been assumed that scar

formation is a final common pathway with end-stage
lesions having similar composition. Recent studies of
ECM have demonstrated that the actual composition
of ECM is relatively unique to each tissue site and
that some renal basement membranes contain matrix
protein isoforms that have limited distribution in the
body.9-14 Furthermore, studies of specific diseases
have shown that matrix expansion can result from
excessive accumulation of constituents normally
present or from the new expression of various matrix
proteins in a particular tissue compartment.6'71516
Given the recent studies that demonstrate the pro-
found effects of ECM on cell attachment, phenotype,
differentiation, and secretory profile,17-19 it is impor-
tant to define the composition of ECM in normal and
diseased states. As basic knowledge of growth fac-
tor and cytokine regulation of ECM synthesis grows,
this will allow the development of strategies to alter or
prevent the accumulation of abnormal matrix pro-
teins with the hope of ultimately protecting renal
function.

Recently, a large number of species- and chain-
specific antibodies and cDNA probes to ECM pro-
teins have become available. With the development
of these tools the molecular heterogeneity and com-
plexity of ECMs has become apparent.9 10,20-22 Like-
wise, similar complexity exists within the kidney as
well as within the glomerulus. In the present study,
renal ECM composition was defined by the use of
specific antibodies, and aging-associated changes
were characterized. These studies demonstrate that,
in addition to the previously described increase in
glomerular basement membrane (GBM) thickness,23
marked interstitial fibrosis develops, which precedes
the development of focal glomerulosclerosis or tubu-
lar atrophy.
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Materials and Methods

Reagents and Antibodies

The following antibodies were used for indirect
immunofluorescence microscopy: rabbit anti-rat tail
collagen (AB755), rabbit anti-rat collagen Ill (AB757,
Chemicon, Temecula, CA), monoclonal murine anti-
bovine type IV collagen M2 (specific for human
COL4A3, SciMedx, Denville, NJ), rabbit anti-mouse
collagen IV (T40261, Biodesign, Kennebunkport,
ME), monoclonal murine anti-human laminin (LM) A
(A006, Telios Pharmaceutical, San Diego, CA), mono-
clonal murine anti-human laminin B2 (A005, Telios
Pharmaceutical), rabbit anti-mouse laminin B1 B2
(UBI 06-164, Upstate Biotechnology, Lake Placid,
NY), monoclonal murine anti-s-laminin, also desig-
nated laminin B3 or B1s18 (Cl, C4, D5, kindly pro-

vided by Dr. Joshua Sanes,24) murine monoclonal an-

tibodies to fibronectin (FN) isoforms ED-A (IST-9) and
ED-B (BC-1) (kindly provided by Dr. Luciano Zardi,25)
fluorescein-conjugated rabbit anti-rat immunoglobu-
lin (1g)G, rabbit anti-mouse IgG, and goat anti-rabbit
IgG (ICN Immunobiologicals, Lisle, IL). Antibodies
produced in our laboratory included rabbit anti-rat al-
bumin, rabbit anti-EHS laminin (Collaborative Re-
search, Bedford, MA), rabbit anti-rat thrombospondin
(TSP),26 rabbit anti-rat fibronectin, 16 rabbit anti-
mouse laminin A peptide (FDAYDTSDKETKQGETC,
amino acids (aa) 2412 to 2427), rabbit anti-mouse
laminin B1 peptide (VIGPYRETVDSVEKKVNEIC,
aa 1211 to 1230), and rabbit anti-mouse laminin B2
peptides (DDMVTDQAFEDRUKEAEREVC, aa 1061
to 1080 and EAENELKRKQDDADQDMC, aa 1468
to 1484), and rabbit anti-rat s-laminin (Bls)
(SAQSRAREAEKQLREQVC, aa 1693 to 1709). These
antibodies were tested for antigen specificity by
Western blot and enzyme-linked immunosorbent
assay.

Experimental Design

Fisher 344 rats were obtained from the National
Institute on Aging (Bethesda, MD) at 6, 12, 18,
and 24 months of age. These animals are barrier
based and the most widely used rodent model of
aging. One week after arrival in our laboratory, three
animals at each age were weighed and bled, and
a 24-hour urine specimen was collected. Animals
were housed in metabolic cages with water and
food provided ad libitum. Urine volumes were meas-

ured so that 24-hour urinary protein excretions rates
could be calculated. Animals were killed, and kidneys

were removed and processed for light, electron,
and immunofluorescence microscopy as described
below.

Light Microscopy and Electron
Microscopy

Routine histological analysis was performed to con-
firm the aging-related GBM thickening and glomer-
ular and interstitial fibrosis that has been described
previously1-3 in other rat strains. For light microscopy,
renal tissue was fixed in alcoholic Bouins solution,
embedded in paraffin, sectioned at 4 p, and stained
with periodic acid Schiff by routine methods. Glomer-
ular diameter was estimated with an eyepiece mi-
crometer. Fifteen glomeruli were sized per animal. For
electron microscopy, tissue was fixed in 2.5% glut-
araldehyde, washed in cacodylate buffer, embedded
in Epon, post-fixed with osmium tetroxide, stained
with uranyl acetate, and examined with a JEM, Jeol-
100S electron microscope.

Immunofluorescence Microscopy

Renal tissue was snap frozen in precooled isopen-
tane with liquid nitrogen, embedded in OCT com-
pound (TissueTek), and sectioned at 4 p. Tissue was
fixed with -20 C acetone and methanol and stained
with the designated antibody, followed by the appro-
priate fluorescein isothiocyanate-conjugated second
antibody. Staining was for 20 minutes at room tem-
perature followed by three 3-minute washes with
phosphate-buffered saline. Sections were cover-
slipped with phosphate-buffered saline-glycerol and
examined with a Leitz epi-fluorescence microscope
equipped with a 100-W Osram mercury lamp. Con-
trols included preimmune serum from each species
represented by the primary antibodies. Slides were
randomized, coded, and scored (0 to 4+ intensity,
normal or expanded area) by two independent ob-
servers who had no knowledge of sample identity.
Scores for each observer were averaged and the
mean score for each group was determined. (These
means, rounded to whole integers, are shown in
Tables 2 and 3.)

Blood and Urine Studies

Serum was assayed for urea nitrogen and creatinine
with a Beckman autoanalyzer. Urine protein excretion
was measured by sulfosalicylic acid precipitation as
previously described.27 The concentration of protein
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(mg/ml) is multiplied by the volume of urine per day
to calculate the urinary protein excretion (mg/day).

Statistical Analysis

For quantitative data, group means were compared
by one-way analysis of variance with subgroup test-
ing by contrasts. Results are expressed as the group
mean ± 1 SD. For immunofluorescence data, statis-
tical comparisons between rats of different age
groups were performed by the Mann-Whitney test.
Comparisons in which no statistical differences were

noted in fluorescence intensity are designated in the
Table as NC (no change). Mean intensity scores are

given in Table 3 in those cases for which a significant
change (P < 0.05) was identified. No quantitative
method was devised to note a change in the area or

pattern of staining. Examples of these changes are

described in the text and examples are provided in
the micrographs.

Results
The results of serum creatinine and urea nitrogen, uri-
nary protein excretion, and glomerular diameters are

summarized in Table 1. Aged animals (24 months)
developed increases in urinary protein excretion with-
out an increase in serum creatinine or urea nitrogen.
A significant increase in glomerular diameter (P <

0.01, analysis of variance) was noted between 6 and
12 months of age while animals were still growing;
however, no additional increase was present there-
after. At 24 months of age the mean glomerular di-
ameter was not significantly different from 18-month-
old rats; however, the SD for 24-month-old rats was
high. Glomerular diameters varied from 1 12 to 250 p.

Thus, it appeared that sclerosis of some glomeruli
was accompanied by the development of compen-

satory hypertrophy in other glomeruli. There was no

evidence that generalized hypertrophy preceded the
development of sclerosis once animals had stopped
growing.

Before 24 months of age no significant changes in
glomerular structure were demonstrated by light mi-
croscopy. At 24 months of age some small and glo-
bally sclerotic glomeruli were observed. Generalized
changes in mesangial cellularity or glomerular ECM
accumulation were not observed. Electron micros-
copy demonstrated a three- to four-fold increase in
GBM thickness between 6 and 24 months of age as

described previously.23 Similarly, a generalized in-
crease in the interstitial accumulation of ECM devel-
oped by 24 months of age. In addition, focal areas of
tubular atrophy and tubular dilatation were apparent.
In these areas significant ECM accumulation within
adjacent interstitium occurred (Figure 1). Thus, the
animals in this study that were examined for ECM
composition demonstrated the changes characteris-
tic of the aging kidney.

The pattern of immunostaining of various renal
ECM compartments in young rats (6 months of age)
is shown in Table 2. No changes in intensity or pattern
of staining were discerned at 12 months of age. Al-
though each of the ECM compartments contains col-
lagen and a variety of associated glycoproteins, there
are some notable differences. GBM is rich in type IV
collagen and sLM with significantly lesser amounts of
other LM forms or FN. TSP is not routinely detected in
normal GBM. In contrast to GBM, mesangial matrix
(MM) stains predominantly with antibodies to FN and
one of the monoclonal antibodies to sLM (C4). TSP
and LM are also easily demonstrated. Faint staining
of the MM for the ED-A isoform of FN is detectable.
Tubular basement membrane (TBM) is rich in type IV
collagen, LM, and FN. The proximal tubular TBM is
notably different in its intensity of staining with poly-
clonal anti-LM and in staining for the A chain of LM as

compared with the distal tubule. FN isoforms ED-A
and ED-B are not normally expressed in TBM or the

Table 1. Animal Characteristics

Serum Urinary
Serum urea protein Glomerular

Age Weight creatine nitrogen excretion diameter
Group (months) (g)* (mg/dI)t (mg/dI)t (mg/day): (range; p)§

1 6 346 ± 16 0.67 ± 0.06 15 ± 3 1.7 ± 1.6 123 ± 5 (100-150)
2 12 430 ± 41 0.70 ± 0.10 14 ± 1 7.6 ± 6.5 153 ± 5(137-175)
3 18 435 ± 49 0.73 + 0.06 15 ± 3 5.7 ± 2.3 143 ± 5(137-158)
4 24 444 ± 16 0.85 0.11 16 ± 3 65.6 ± 74 168 ± 25(112-250)

Results are expressed as group mean ± 1 SD; n = 3 per group.
*P < 0.05 for group 1 < 2, 3, and 4.
tNo significant difference between groups.
tP < 0.05 for group 4 > 1, 2, and 3.
§P < 0.01 for group 1 < 2, 3, and 4.
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F- -.- -
Figure 1. Light micrographs showing significant focal interstitialfibrosis and thickening ofBowman's capsule in a 24-month-old rat (B) as com-
pared with a 12-month-old rat (A). Stained with periodic acid Schifff original magnification, x 250.

Table 2. Structure-Specific ECM Composition (Young Rat)

INT TBM-PT TBM-DT BC GBM MM

Col Trace
Col li + + _ _ _ _
Col IV al - +++ +++ +++ +++ +
Col IV M2 - ++ ++ ++ +++ +
LM - +++ ++ + + ++
LM A - + - - Trace
LMB1 - - - _ ++ +
LM B2 - ++ ++ + + ++
LM B1B2 - ++ ++ - ++ +
sLM (C1) - _ _ - + ++
sLM (C4) - - - - + +++
sLM (D5) - - - ++++ Trace
FN ++ ++ ++ ++ ++ ++++
FN ED-A - - - - - ++
FN ED-B - - - - - -
TSP ++ + + +++ Trace +++

INT, interstitium; TBM-PT, TBM of proximal tubule; TBM-DT, TBM of distal tubule; BC, Bowman's capsule; Col, collagen. Results represent
the group mean (n = 3) after averaging the scores assigned by the two independent observers.

renal interstitium. It is also of note that the LM Bl pep-
tide recognized by the polyclonal antibody used in
this study is detected in glomerular LM, but it is not
demonstrated in TBM.

Bowman's capsule stains more prominently with
antibodies to FN and TSP than to collagen IV and LM.
In the normal kidney the interstitial space between
adjacent tubules is small in amount. It contains scanty
amounts of collagens and Ill. The predominant im-
munoreactive proteins are FN and TSP, which extend
around peritubular capillaries. This gives a chicken-
wire appearance to the staining pattern (Figure 2) as
compared with collagen IV and LM (Figure 3), which
show circular staining of TBM without apparent ex-
tension into the interstitial space.

The directional changes in intensity of staining for
ECM proteins with age are summarized in Table 3.
The major change in the glomerulus is an increase in
the thickness of the GBM. The intensity of staining for

FN and collagen IV are slightly increased in associa-
tion with GBM thickening. The major change in GBM
composition is a significant increase in staining for
LM. GBM normally stains with antibodies to LMB2 and
sLM. Thickened GBM in 24-month-old rats showed
increases in staining for LMB1, LMB2, and sLM. The
changes in staining for the LMB chains were more
evident than the changes in intensity of LMA. In ad-
dition to these changes TSP was easily detected in
the aged GBM. The changes in intensity of staining of
GBM for sLM and LMB1 are shown in Figure 4. These
data show accumulation primarily of LM and TSP in
the aged, thickened GBM. In contrast to significant
changes in the GBM, no notable changes in the
amount or composition of MM were observed. The
intensity of staining for FN, TSP, and LM was dimin-
ished slightly at 24 months of age. There was no
change in the intensity of staining for collagen IV. No
significant staining for collagens and III within MM
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Figure 2. EV and ITSP stainiing of TBMW and the interstitial space acdjacenti to tubdles is shoun for young (A anid C, 6 mnothts) and old (B anid D,
24 mtioniths) rat.s NVote the prominenlt staining or EV (A and B) and T7P (C andc D) in TBM and interstitimn and aroitindperittnbitlar capillarie.s
Original miagnfiication, X 250

Figure 3. fVicrographs of TRlIfronm young (A, 6 monitbs) and old (B, 24 moniths) rats stainied with rabbit anti-EHS LMshotw, comparable thickness
antid initenisity oJfstaining fb)r LVI. Note the coliztlolioOs staininsg o TBAI o'ithout apparent arvtension of'LiI into ad/acent interstitial space or aroiund
perititbiblcar capillaries Slightl' dini ii ibhec ilitensit)' of LIf stainiig is (also apparent in glomieridif/ron old(1B) as compared with younger rats (A).
A generalized increase in the thickness If' TBM is nlot apparent in oldC r(ats (see TBAI at left ofpphoto) Focal ar-eas o'tubiular trophy in)olcl rats
(lower rigoht hand corner 0/'B) were associated with corrugation CandCI thickening of 7BMV. which stainecid brightly/tbr LVI Iuiniunoreactiivity/fbr LM1
iwas not present in exrpanded. Jibr-otic areais ad/cJacent to atrophic tubules Originial micgqnfication. X 250

were observed. There was no evidence for changes
in isoform expression of FN or LM.

Significant increases in the thickness of Bowman's
capsule were noted with aging. The increase was a
generalized change that was not limited to either
small sclerotic glomeruli or large glomeruli. There was

no significant change in the intensity of staining for LM
or collagen IV within Bowman's capsule. The major
immunoreactive proteins detected in Bowman's cap-
sule are TSP and FN. The predominant change in the
thickened Bowman's capsule seen in 24-month-old
rats was a marked increase in intensity of staining for

M- - el - 11 I I -- I- . , .1 I
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Table 3. Aging-Related Changes in ECM Composition

INT TBM BC GBM MM

Col Trace/i +t NC NC NC -/tr
Col III +/+++t NC NC NC NC
Col IV a1 NC NC* NC +++/+++ NC
Col IV M2 NC NC* NC NC NC
LM NC NC* NC +/+ + + +/+
LM A NC NC NC Trace/+ NC
LM B1 NC NC NC ++/+++ +I++
LM B2 NC NC* NC +/+++ ++I+
LM B1B2 NC NC* NC ++/+++ NC
sLM (Cl) NC NC NC +/++ ++I+
sLM (C4) NC NC NC +/+++ +++±++
sLM (D5) NC NC NC NC NC
FN ++/++++ NC NC ++/+++ ++++I+++
FN ED-A _/+t _/+++t NC NC NC
FN ED-B NC NC NC NC NC
TSP ++/++++ NC +++/++++ -1++ +++1+

INT, interstitium; BC, Bowman's capsule; Col, collagen; NC, no change. Intensity scores are shown for 6-month-old/24-month-old rats.
*Changes in staining intensity and thickness only in focal areas of interstitial fibrosis; no generalized increase.
tin focal areas of interstitial fibrosis only.

Figure 4. Immunofluorescence micrographs sbouwng GBM thickening in aged rats with increase in the intensity ofstaining for sLM (C4) in 12-
month-old (A) and 24-month-old (B) and LM B1 in 6-month-old (C) and 24-month-old (D) rats. Original magnification, X 400.

TSR Although a generalized increase in intensity of
staining for FN was not observed, some glomeruli in
24-month-old rats had bright staining for the ED-A
isoform of FN in Bowman's capsule. These changes
are shown in Figures 5 and 6.

The modest, generalized thickening of TBM that
was noted by electron microscopy was not discern-
ible by immunofluorescence microscopy, and no gen-

eralized changes in TBM composition were noted. In
small focal areas of tubular atrophy, TBM appears
very thickened as it becomes corrugated, presum-
ably from tubular collapse. Although these changes
are easily detected by immunostaining for LM and
collagen IV, there was no evidence for a change in the
isoform of LM or collagen IV in TBM of atrophic tu-
bules. However, TBM of some atrophic tubules did

I ... .. I I 1-11
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V

Figure 5. Immunofluorescence micrographs showing thickening ofBowman's capsule with age. Significant staining for TSP (A, 6 months; B, 24
months) is apparent in Bowman's capsule of the aged rat. Also note in A the bright staining for 7SP in MM with scant GBM staining. In contrast,
the aged rat (B) shows more distinct GBM staining for TSP and less prominent staining in MM. The staining pattern for FN is shown in C and D.
Significant thickening ofBowman 's capsule is also shown in D (24 months) as compared with C (12 months), but without an apparent change in
the intensity ofstaining for FN. There is comparable intensity ofstaining for FN in MM, but increased staining ofGBM at 24 months (D) as com-
pared with 12 months (C). Oniginal magnification, X 400.

stain brightly with antibodies to the ED-A isoform of
FN (Figure 6).
The most striking change in all kidneys from 18-

and 24-month-old rats was a generalized increase in
the interstitium (Figures 2 and 3). The interstitial space
is small in young rats and stains for both FN and TSP.
LM and collagen IV appear to be confined to the TBM.
Similarly, the expanded interstitium of 18- and 24-
month-old rats contained only FN and TSP. Serum did
not appear to be the source of these proteins as the
absence of interstitial albumin or IgG exclude gen-
eralized accumulation of serum proteins in the inter-
stitial space. ED-A FN was not generally detected
throughout the interstitium; however, new expression
of ED-A FN was demonstrated at 18 and 24 months
of age (Figure 6). Areas of marked accumulation of
ECM within the interstitium occurred adjacent to ar-
eas of tubular atrophy. In these areas the composition
of ECM differed from that observed in the generally
expanded interstitium of aged rats. Focal staining for
collagen III was sometimes evident in these areas
and, rarely, focal collections of collagen 1. Focal col-

lections of ED-A FN were seen in these areas when
adjacent atrophic tubules were also expressing this
FN isoform.

Discussion
The findings in this study demonstrate heterogeneity
and complexity of ECM compartments within rat kid-
ney. Some of these findings have been described
previously.21-23,28-31 In particular, novel isoforms of
collagen IV and LM are differentially expressed in
various renal ECM compartments and are altered with
disease. Collagen IV is a family of heterotrimeric pro-
teins with various isoforms determined by selective
use of collagen IV chains al to a5. Most basement
membranes contain a1 (IV)2 a2(IV)1. In humans GBM
contains significant amounts of other isoforms that
include a3 to a5 chains.13 These novel isoforms are
not normally detected in MM, TBM, or other compart-
ments within the human kidney. In contrast to humans,
the monoclonal antibody M2, which specifically rec-
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Figure 6. The pattern of staining for FN isoforms are shown. Modest intensity of staining ofMM with antibodies to FN ED-A (IST-9) is shown for
old (A, 24 months) rats. Note the generalized absence of immunoreactivity for this FN isoform in the interstitium and Bowman's capsule. Similar
patterns of staining were observed in all age groups. Some glomerulifrom aged rats (B, 24 months) demonstrated intense staining forFN ED-A in
Bouman 's capsule. Also, significant immunoreactivitjfor FN ED-A was seen in TBM (C, 24 months) in areas of significant tubular atrophy. Ab
sence ofstaining for FN ED-B (BC-1) is shoun in D (18-month-old rat). Original magnification, x>250.

ognizes human COL4A3, stains all basement mem-

branes of rat kidney. Rat homologues of the novel col-
lagen IV chains have not yet been sequenced; thus,
the significance of the staining pattern in rats is not
completely understood. Yet, at the present, using
available antibodies to collagen IV, we have no evi-
dence that alterations in collagen IV isoform expres-

sion occurs in aged rat kidneys.
The LM family of proteins is similarly complex.

Classical laminin isolated from the EHS sarcoma is a
heterotrimer of AB1 B2. A growing number of A chain
alternatives have been described (reviewed in refer-
ence 18) and, with the exception of merosin,32 se-

quence information is not yet available for all of these
proteins. Similarly, several B chain homologues,
including sLM, have been identified.12'2429 Thus,
the final composition of the LM molecule is highly
variable, tissue specific, and regulated during differ-
entiation and in disease states.222933 The present
study demonstrates that comparable degrees of
complexity of the LM molecule exist within the renal
ECM compartments. Positive staining of glomerular
LM with antibodies to sLM (B3) and a Bi peptide, and
absence of these epitopes in tubular LM, is evidence

of unique LM isoform expression within the kid-
ney. A number of unique functions have been
attributed to these novel LM chains.18 Understanding
their specific distribution in tissues and with disease
is the next step in attempts to understand the rela-
tionship of these proteins to function in health and
disease.

In regards to the composition of renal ECM of aged
rats, there appear to be three major changes that oc-
cur. The first is a generalized thickening of GBM and
TBM, with the degree of thickening of GBM being
somewhat greater.23 As GBM thickens, the intensity of
staining for LM increases out of proportion to the in-
tensity of staining for collagen IV or FN. A significant
increase in the intensity of staining for B1 peptide and
the epitope of sLM recognized by monoclonal anti-
body C4 was seen. Comparable changes in the in-
tensity of staining for B2 and A were not noted, sug-
gesting that the thickened GBM of aging may occur
as a result of accumulation of a unique LM isoform or
disordered LM chain synthesis and assembly of the
heterotrimer. Confirmation of this possibility must
await additional information and reagents to further
define this complex molecule. In addition to the in-
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crease in immunostaining for LM in the aged GBM,
TSP was also detected. No changes were observed
in the composition of TBM with age.
The second major change that was noted was a

significant increase in the amount of ECM within the
renal interstitium. This was independent of the modest
increase in thickness of the TBM. It was detected at
18 months of age before the presence of significant
glomerulosclerosis or tubular atrophy. Significant in-
flammatory cellular infiltrate within the interstitium was
not observed by light microscopy, nor were macro-
phages detected by immunostaining for ED-1 (data
not shown). This ECM compartment stained predomi-
nantly for FN and TSR TBM components LM and col-
lagen IV were not detected in the interstitial space.
Interstitial collagens and Ill were notably absent from
the interstitium with the exception of a few focal areas
(discussed below). Electron microscopy showed a
loose network appearance to the interstitium without
evidence of interstitial collagen fibrils. The absence of
staining for albumin and IgG within the interstitium
argues against simple trapping of serum proteins as
the cause of FN and TSP accumulation. Although FN
and TSP have many known functions, a significant
amount of data indicate their association with blood
vessels, and in concert they appear to regulate an-
giogenesis.3 Given the abundant blood vessels
and peritubular capillaries supported within the in-
terstitium and careful studies from aged humans
showing corkscrew and other small vessel changes
within the renal interstitium,36 additional studies are
needed to determine the potential relationship be-
tween interstitial fibrosis and angiogenesis. Takaza-
kura et a136 have suggested that glomerulosclerosis
results after arteriolar occlusion or afferent to efferent
arteriolar shunting with subsequent interruption of
glomerular perfusion. Thus it is possible that an-
giodysplasia is a primary event that affects glomer-
ular perfusion.
The third change observed within the aging rat kid-

ney was focal areas of tubular atrophy and interstitial
scar. Separate from the generalized changes de-
scribed above, small infrequent areas of marked
structural change were noted. In association with tu-
bular atrophy, TBM appeared significantly thickened
as they became corrugated from collapse. The only
change in their composition was the appearance of
bright staining for the ED-A isoform of FN. In other
studies expression of this isoform has been associ-
ated with tumor invasiveness,37 development,38 and
cellular phenotype.34 Significant expansion of the in-
terstitium was noted adjacent to areas of tubular at-
rophy. In addition to intense staining for FN and TSP
in these areas, there was focal accumulation of ED-A

FN and collagens and 111. Occasional ED-1-positive
macrophages were also detected in these areas and
interstitial collagen fibrils were seen by electron
microscopy.

Aside from the changes described above, it is im-
portant to note the absence of other changes. There
was no evidence of generalized nodular accumula-
tion of MM. The intensity of staining for individual ECM
proteins within the MM was unchanged or minimally
diminished and there was no evidence of significant
accumulation of collagen IV or LM as noted in the
GBM. Furthermore, there was no evidence of colla-
gens or Ill even in small, globally sclerotic glomeruli.
This distinguishes the aging kidney from other forms
of glomerulosclerosis in which significant accumula-
tions of collagens occur.16 Similarly, the absence of
generalized accumulation of collagens and Ill within
the interstitium is in contrast to cyclosporine toxicity39
and other forms of interstitial renal disease. For these
reasons it appears that the changes in ECM that char-
acterize the aging kidney are relatively unique and will
require additional study to elucidate the mechanisms
responsible for these changes. Changes in ECM
composition in these rats occurred in association with
GBM thickening and interstitial fibrosis as has been
well described in other rat strains and man; thus, we
suspect these changes to be aging related. Extension
of these observations to other rat strains and man
should exclude the possibility of a disease process
unique to Fisher 344 rats.

In summary, previous studies have shown in-
creased glomerular diameter and GBM and TBM
thickening with age in rats and man.23 Similar
changes were seen here. It has been suggested that
generalized hypertrophy initiates sclerosis which
then proceeds to compensatory hypertrophy in non-
sclerotic glomeruli thereby leading to progressive
glomerulosclerosis. Alternatively, Takazakura et al36
have suggested that vascular changes are respon-
sible for the glomerulosclerosis. Although the analysis
presented here was not designed to address this
question, generalized hypertrophy paralleled body
growth and then appeared stable. With the exception
of changes in GBM thickness and composition that
developed by 18 months, significant MM expansion
and nodular glomerulosclerosis was not evident at 18
months of age. Small sclerotic glomeruli, as well as
very large glomeruli, were relatively infrequent at 24
months of age. Most glomeruli had a normal appear-
ance. Unlike other forms of renal disease16 for which
glomerular accumulation of collagen occurs with a
light microscopic appearance of sclerosis, general-
ized collagen accumulation was not observed and
there was a paucity of interstitial collagen in any lo-
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cation within the kidney. The most striking change in
the ECM noted in this study was generalized expan-
sion of the interstitium. This was the result of noncol-
lagenous ECM proteins. This study provides new in-
formation characterizing the unique composition of
various renal ECM compartments and characterizes
the changes in glomerular and tubulointerstitial ECM
with aging. These findings demonstrate that the pat-
tern and composition of ECM accumulation within the
aging kidney differs from other forms of renal scar-
ring. Demonstration of generalized accumulation of
FN and TSP suggests that an undefined interstitial
process is a primary and important event in the de-
velopment of progressive renal disease in aging rats.
Additional studies are needed to better understand
the renal interstitium and the relevance of these find-
ings to aging man.
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