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Initiation and evolution of interstitial leukocytic infiltration in
experimental glomerulonephritis
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Initiation and evolution of interstitial leukocytic infiltration in experi-
mental glomerulonephritis. Most forms of glomerulonephritis have a
significant interstitial leukocytic infiltrate which is associated with
disease progression. However, there is little data concerning the timing,
initial location, and development of this interstitial component. There-
fore, we have addressed these issues in a study of passive accelerated
anti-GBM glomerulonephritis in the rat. In this model, interstitial
leukocytic infiltration was an early event in the disease process with a
significant infiltrate apparent at 12 hours after administration of neph-
rotoxic serum (NTS). This initial infiltrate was restricted to a perivas-
cular sheath surrounding the hilar arterioles. The sheath infiltrate then
spread to include the whole hilar area by day 1, the entire periglomer-
ular area by day 3, and became widespread throughout the cortical
tubulointerstitium by day 7. The early sheath infiltrate was composed of
macrophages and T cells. Both cell types continued to increase as the
infiltrate expanded, and a significant accumulation of activated cells
(IL-2R) was evident from day 7 onwards. There was a highly signifi-
cant correlation between interstitial macrophage infiltration and renal
function impairment, proteinuria, and histologic damage. Interstitial T
cell infiltration correlated with proteinuria and histologic damage, while
the appearance of immune-activated mononuclear cells (IL-2V) exhib-
ited a highly significant correlation with all disease parameters. This
study demonstrates the importance of the glomerular hilar arteriolar
region as a focus for mononuclear leucocytic migration and accumula-
tion which not only affects the structure and function of the glomerulus
but subsequently the entire tubulointerstitium.

The involvement of immunological processes in the induction
of glomerular injury is widely accepted [1]. The infiltration of
leukocytes, particularly macrophages, into the glomerulus has
been known for some time [2, 3] and a variety of human and
animal studies have implicated these cells as being involved in
glomerular damage [4]. However, recent studies have revealed
the importance of interstitial leukocytic infiltration in disease
progression [5, 6]. An extensive study of human biopsy material
by Hooke, Gee and Atkins [7] demonstrated the presence of
interstitial macrophages and T cells in all types of glomerulo-
nephritis except minimal change disease, and that the intensity
of interstitial leukocytic infiltration correlated with the degree
of renal function impairment. This finding has been confirmed in
other human studies, with long term prognosis of disease

apparently predicted by the degree of interstitial leukocytic
infiltration at the time of biopsy [8—10].

In an experimental model of focal glomerular sclerosis in-
duced by chronic administration of puromycin aminonucleoside
and protamine sulphate, progressive renal impairment corre-
lated with the development and degree of interstitial leukocytic
infiltration [11]. In addition, improvement in renal function
produced by prednisolone treatment (begun following initiation
of glomerular injury) was associated with the suppression of
interstitial leukocytic infiltration, while development of glomer-
ular damage was unaltered in this model [11]. Hence chronic
disease progression in glomerulonephritis may involve common
interstitial cellular immune-mechanisms which are independent
of the nature of the insult responsible for the initial glomerular
injury.

Although interstitial leukocytic infiltration has been demon-
strated in almost all forms of glomerulonephritis, very little is
known of the development of this component. For example, the
location of the initial infiltrate, when infiltration begins, how the
infiltrate develops throughout the disease process, and how the
infiltrate relates to events in the glomerulus are questions yet to
be investigated. Therefore, in the present study we have used a
well established rat model of rapidly progressive glomerulone-
phritis to study the initiation and evolution of interstitial leuko-
cytic infiltration.

Methods

Animals

Male Sprague-Dawley inbred rats aged 3 to 4 months (250 to
300 g body weight) were obtained from the Monash Medical
Centre Animal House.

Nephrotoxic serum
Rabbit nephrotoxic serum was raised by repeated immunisa-

tion of a rabbit with particulate rat glomerular basement mem-
brane (GBM) emulsified in Freund's incomplete adjuvant (FIA)
as previously described [12]. The nephrotoxic serum was de-
complemented, and absorbed extensively against normal rat
erythrocytes.

Experimental protocol
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Passive accelerated anti-GBM glomerulonephritis was in-
duced in male Sprague-Dawley inbred rats by subcutaneous
immunization with 5 mg normal rabbit IgG (Silenus, Australia)
in FIA followed five days later by intravenous injection of
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nephrotoxic serum (10 mI/kg body weight). Control animals had
the same schedule as above, but received normal rabbit serum
in place of nephrotoxic serum.

Passive accelerated anti-GBM glomerulonephritis was in-
duced in 32 animals, with groups of four rats killed at times 12
hours, days 1, 2, 3, 7, 14, 21 and 28 after injection of nephro-
toxic serum. Control animals, also in groups of four, were killed
at 12 hours, days 1, 7 and 21 after injection of normal rabbit
serum. One group of four normal animals was also studied. In
addition, in order to investigate very early events, groups of
two rats were killed at 30 minutes, 1, 3, 6 and 9 hours after
injection of nephrotoxic serum.

Immunohistochemistry
Tissues for immunofluorescence staining were frozen in

liquid nitrogen and stored at —80°C. Cryostat sections (6 sm)
were stained with: fluorescein isothiocyanate (FITC)-conju-
gated goat antibodies recognizing rat IgG, C3 or fibrinogen; or
FITC-conjugated sheep anti-rabbit IgG (Nordic, the Nether-
lands).

Tissues for immunoperoxidase staining were fixed in para-
formaldehyde-lysine-periodate as previously described [13].
Serial cryostat sections (6 m) were adhered to gelatin coated
microscope slides, air-dried and preincubated with 10% fetal
calf serum (FCS) and 10% normal rabbit serum for 10 minutes.
Sections were then incubated with mouse anti-rat monoclonal
antibodies (MoAbs) for 30 to 60 minutes, washed twice in
phosphate-buffered saline (PBS), treated with 0.3% hydrogen
peroxide in methanol for 20 minutes to block endogenous
peroxidase, and incubated with rabbit anti-mouse IgG conju-
gated to horseradish peroxidase (Dako, Denmark) for 30 min-
utes. Sections were developed with either 3-amino-9-ethylcar-
bazole (AEC, Sigma) or 3'3'-diaminobenzidine (DAB, Sigma),
counterstained with Harris' hematoxylin and mounted in aque-
ous mounting medium or Depex, respectively. All steps were
carried out at room temperature.

Antibodies
Monoclonal antibodies used in this study were as follows:

OX-i, leukocyte common antigen [14]; OX-l9, CD5 antigen,
pan T cells [15]; ED1, most macrophages and some dendritic
cells [161; ART-18, p55 chain of the rat interleukin-2 receptor
(IL-2R) [17].

Quantitation of leukocytes on tissue Sections
Cells labelled by MoAbs were counted in high-power fields

(x 400) by means of a 0.02 mm2 graticule fitted in the eyepiece
of the microscope. To examine the early interstitial infiltrate,
serial sections of glomeruli containing distinct hilar areas were
used to count the number of labelled cells in the glomerular
cross section, hilar region (area surrounding and between
glomerular arterioles and tubules), and the penglomerular ar-
eas. Ten such giomeruli were evaluated for each animal. In
addition, a point-counting method was used to assess the
number of positive cells per unit area in glomerular and hilar
regions. To assess tubulointerstitial leukocyte infiltration, cor-
tical areas were selected at random. The number of labelled
cells was assessed from 20 consecutive high power fields; these
progressed from the outer to inner cortex, avoiding only large
vessels and glomeruli. For each tissue, the same area was

examined in serial sections labelled with different MoAbs. No
adjustment of the cell count for tubules or the luminal space was
made. The mean of 20-field counts from each group of four
animals was expressed as cells per square millimeter stan-
dard error of mean (sEM).

Renal function and proteinuria
Rats were housed in metabolic cages for 24 hours prior to

sacrifice. Protein concentrations in 24-hour urine samples were
determined using the turbidity assay [181. Blood samples, taken
at the time of sacrifice, were used to determine serum creatinine
and serum urea concentrations using the Jaffe rate reaction
(alkaline picrate) or NED/OPA assays, respectively, in the
Kone Progress Random Access Analyser.

Evaluation of tubulointerstitial and glomerular lesions

To evaluate the degree of tubulointerstitial lesions, tubular
atrophy and fibrosis were semiquantitatively assessed on hema-
toxylin and eosin stained sections and graded on a scale of 0 to
4 as previously described [19]: (0) no apparent damage; (1)
tubular atrophy involving less than 5% of the cortex; (2)
scattered tubular atrophy over 5 to 25% of the cortex; (3) focal
areas of tubular atrophy and mild fibrosis over 25 to 50% of the
cortex; (4) severe tubular damage and widespread fibrosis
involving more than 50% of the cortex.

Glomerular lesions, assessed by examination of at least 50
glomeruli per animal, were categorized into four grades [201: (0)
no apparent damage; (1) minor change; (2) moderate hypercel-
lularity (80 to 120 cells/glomerular cross section, compared to
normal 50 cells) or minor exudate into Bowman's space involv-
ing less than 25% of glomeruli; (3) severe hypercellularity, focal
segmental necrosis or sclerosis, heavy exudation, or crescent
formation involving 25% to 50% of glomeruli; (4) segmental
and/or global sclerosis or crescent formation involving greater
than 50% of glomeruli.

Statistical analysis
Data from monoclonal antibody labelling in each particular

renal area for both experimental and control animals was
compared using one way analysis of variance with Tukey's
comparison program from SAS (Statistical Analysis Systems).
The glomerular or cortical interstitial infiltrate for all 32 exper-
imental animals for each leukocyte population was compared
with measurements of renal function and proteinuria using the
single correlation program from C.S.S. (Complete Statistical
Systems), while comparison of leukocyte infiltration with the
histological damage index used the Spearmans' rank correlation
coefficient.

Results

Immunoglobulin deposition

Strong linear deposition of rabbit IgO along the glomerular
basement membrane (GBM) is shown in Figure 1. This deposi-
tion of anti-GBM antibody was found at 30 minutes following
administration of NTS and was clearly detectable throughout
the 28 day timecourse. No deposition of rabbit IgG was found in
glomerular arterioles or any other interstitial area during the
experimental timecourse. In control animals, no deposition of
rabbit IgG was detected.
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Quantitation of the early interstitial infiltrate

Fig. 1. Immunoperoxidase staining showing linear deposition of rabbit
IgG along the GBM at day 1. No deposition was detected in the hilar
arteriole (arrow), periglomerular, or other interstitial area. Magnifica-
tion, x 400.

Mild linear deposition of rat IgG along the GBM was first
seen at 12 hours in experimental animals, becoming moderate at
day 2 and strong by day 7. Rat IgG was found in the Bowman's
urinary space at day 14, and deposition on the capsular base-
ment membrane was evident at later times. In control animals,
some granular deposition of rat IgG on the GBM and in some
mesangial areas was detected at day 7; this was reduced by day
21.

Mild linear C3 deposition on the GBM and on some tubular
basement membrane was evident at day 3 in experimental
animals. This became moderate at day 7 and strong by day 14.
In control animals, weak granular C3 deposition followed the
pattern of rat IgG deposition.

Initial location of interstitial leukocytic infiltration

The development of interstitial leukocytic infiltration was an
early event in disease progression. Interstitial infiltration was
evident at 12 hours and this was restricted to a perivascular
sheath surrounding the hilar arterioles, as shown in Figure 2(a).
The sheath infiltrate developed rapidly with the whole hilar area
involved by day 1 (Fig. 2b). Partial infiltration of the periglom-
erular area was apparent at day 2 (Fig. 2c), with the entire
periglomerular area involved at day 3. This produced a highly
characteristic staining pattern as shown in Fig. 2(d).

In order to analyze leukocyte populations in the early inter-
stitial infiltrate and relate this to events in the glomerulus, serial
sections of glomeruli containing clear hilar areas were used to
enumerate leukocyte populations in glomerular, hilar, and
periglomerular areas.

In the hilar area, significant infiltration of both OX-l9 T cells
and ED! + macrophages was apparent at 12 hours; infiltration of
these two populations was maximal at day 2, and remained
significant at day 7 (Fig. 3). In the periglomerular area, infiltra-
tion of T cells and macrophages was not apparent until day 1
and this gradually increased over clays 2 to 7 (Fig. 3). The
results indicate a pattern of initial localisation of leukocytes in
the hilum, followed by a rapid movement of cells throughout the
periglomerular area.

In the glomerulus, a significant infiltrate of mononuclear
leukocytes was apparent at 12 hours. The infiltrate was com-
posed primarily of macrophages, although a small but signifi-
cant influx of T cells was also present (Fig. 3). Glomerular
macrophages continued to accumulate, but the T cell influx was
only a transient event of the first three days.

A point-counting technique was also used to enumerate
leukocytic infiltration in glomerular and hilar areas, although
the periglomerular area could not be assessed in this fashion.
The total leukocytic infiltrate (Ox-! cells) in the hilar area was
4- to 9-fold greater per square millimeter than that seen in the
glomerulus (Fig. 4). This was most prominent for T cell accu-
mulation, where there was 12 to 37 times more cells in the hilar
area compared to the glomerulus over 12 hours to day 3 (Fig. 4).
In addition, there were 2 to 3 times more macrophages in the
hilar area than in the glomerulus. Results from point-counting
studies were consistent with those shown in Figure 3.

In normal animals, a small number of leukocytes were seen in
the glomerulus and the periglomerular area, but no leukocytes
were evident in the hilum (Fig. 3). In control animals, no hi!ar
or periglomerular infiltrate was evident, although macrophage
infiltration in the glomerulus was seen at (lay 7 which was
associated with granular deposition oC rat IgG.

Development of leukocytic infiltration

Early interstitial leukocytic infiltration was confined to the
hilar and periglomerular areas with development of cortical
tubulointerstitial infiltration not apparent until day 7 (Fig. 5a).
OX-l9 T cells and ED! macrophages were significant com-
ponents of tubulointerstitial infiltration at day 7 and both cell
types increased during the experimental timecourse (Table 1).
Immune-activated mononuclear cells were identified on the
basis of expression of the p55 chain of the IL-2R. Small but
significant numbers of IL-2R cells were apparent in the
tubulointerstitial infiltrate (Table 1). An example of IL-2R
cells localized to an area of tubular damage is shown in Figure
5b.

Widespread leukocytic infiltration in the medulla was first
evident at day 14. This followed an accumulation of cells at the
corticomedullary junction on day 7 (not shown). There was no
significant tubulointerstitial infiltration in control animals.

The development of glomerular leukocyte infiltration is
shown in Table 2. Significant glomerular leukocyte infiltration
was evident at 12 hours and was a feature throughout the
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Fig. 2. Pattern of initial interstitial leukocyte infiltration shown by immunoperoxidase staining with the OX-I MoAb. (a) At 12 hours, infiltrate in
a sheath surrounding the hilar arteriole (arrows) and within the glomerulus. (b) Day 1, infiltration throughout the hilar area (A, glomerular arteriole).
(c) Day 2, hilar and partial periglomerular infiltration. (d) Day 3, infiltration throughout the entire hilar and periglomerular areas. Magnification, x
400.
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0 0.5 1 2 3 7
Days after administration of nephrotoxic serum

Fig. 3. Analysis of early leukocyte infiltration. Glomeruli with distinct
hilar areas were scored for OX-19 T cells (black bars), EDl macro-
phages (hatched bars), and total OX-l leukocytes (open bars) in
adjacent glomerular, hilar and periglomerular areas. Control animals at
12 hours and day 1 were not different from normal, whereas at day 7 a
significant glomerular infiltrate was apparent (Table 1). At this time, 3.3

1.1 and 3.8 1.1 OX-l cells were present in the hilar and
periglomerular areas, respectively. *significant difference (P < 0.05)
compared to time-matched control groups.

experimental timecourse (Table 2). This infiltrate comprised
mainly ED1 macrophages, with a small but significant influx of
OX-19 T cells evident during the first three days. No immune-
activated cells were apparent in the glomerulus early in the
experimental timecourse, although small numbers of IL-2R
cells were evident from day 7 onwards. In control animals, a
transient glomerular infiltration of ED1 + macrophages was
evident at day 7 which paralleled the granular deposition of rat
IgG.

Analysis of pairs of animals from 30 minutes to 9 hours
identified a transient glomerular influx of polymorphonuclear
(PMN) cells. PMN cells were present at 30 minutes (average of
8 cells/glomerular cross section), the influx peaked at 3 to 6
hours (18 cellsfgcs) and was virtually absent by 12 hours.

Proteinuria and rena/function
Experimental animals had a rapid onset of proteinuria with

particular heavy amounts evident from day 7 onwards (Table 3).
Significant increases in serum levels of creatinine and urea were
apparent from day 14 onwards (Table 3). Control animals
showed no increase in serum creatinine or urea, although they
did exhibit a mild proteinuria from day 7.

0 0.5 1 2 3 7

Days after administration of nephrotoxic serum

Fig. 4. Comparison of glomerular and hilar leukocyte infiltation.
Point-counting of OX-l9 T cells (black bars), ED1 macrophages
(hatched bars), and total OX-1 leukocytes (open bars) in adjacent
glomerular and hilar areas. Control animals at 12 hours and day I were
no different to normal, whereas day 7 control animals exhibited a
significant glomerular infiltration, and 3178 905 ox-I + cells were
present in the hilar area. *significant difference (P <0.05) compared to
time-matched control groups.

Histologic changes
Minor glomerular changes were first apparent at days 1 to 2;

moderate damage was evident at day 7 with severe damage at
day 14 (Table 3). In the interstitium, minor tubular atrophy in
close proximity to glomeruli was apparent at day 3, with
moderate widespread tubular atrophy evident at day 7, and
severe damage at day 14 (Table 3). The development of mod-
erate and severe lesions in both areas was associated with the
onset of heavy proteinuria and significant increases in serum
creatinine and urea (Table 3).

There was an association between infiltrating leukocytes and
areas of interstitial damage. From day 7 onwards, there was
widespread leukocytic infiltration throughout the tubulointersti-
tium, with focal areas of heavy infiltration localised to sites of
tissue damage. The widespread distribution of leukocytes
(OX-L4 cells) at day 7 is shown in Figure 5a. ED1 macro-
phages in the interstitium had a similar distribution pattern to
that of OX-l + cells. However, OX-l9 T cells were primarily
restricted to areas of focal infiltrate, with only occasional T cells
seen in adjacent intact regions. Similarly, IL-2R cells were
found only in damaged areas. An example of focal accumulation
of IL-2R cells in day 21 tissue is shown in Figure 5b.

Correlation of /eukocytic infiltration and disease progression
Infiltration of leukocyte populations into glomerular or tubu-

lointerstitial areas during the entire experimental timecourse
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Fig. 5. Widespread interstitial leukocyte infiltration (a) OX-I + total leukocytes widely distributed throughout the cortical interstitium at day 7.
(b) IL-2R (ART-18) cells exhibiting a close association with areas of tubulointerstitial damage at day 21. Magnification x 250.

was compared to parameters of renal function, proteinuria, and
histological damage using single correlation analysis (Table 4).
Total leukocytes (OX-1) and EDl macrophages in both
glomerular and tubulointerstitial areas showed a highly signifi-
cant correlation with renal function impairment, proteinuria,
and histological damage. In contrast, OX-l9 T cell infiltration
in the tubulointerstitium correlated with proteinuria and histo-
logical damage only, while glomerular T cell influx exhibited a
negative correlation with all parameters reflecting their tran-
sient appearance prior to significant disease manifestation. Of
note was the finding that the appearance of activated mononu-
clear cells in the interstitium produced a highly significant
correlation with all parameters, and even the small numbers of
IL-2R cells seen in the glomerulus correlated with all param-
eters.

Discussion

The main finding of this study was that the induction of
interstitial leukocytic infiltration is an early event in the devel-

Table 1. Quantitation of leukocyte subsets in the cortical

tubulointerstitial area

OX-I ED1 OX-19 ART-18

Experimental group
I2Hours 168±7 73±7 86±15 0±0
Day 1 251 15 114 12 102 17 3 0.5

2 293±50 89±23 96±25 10±4
3 272±8 71±9 75±4 6±1
7 618 7 105 ll 137 ir 38

14 1063 72 351 79 289 14 104 23
21 1398 77 388 36 297 54 112 37
28 1144 241 325 78 348 90 115 38

Control group
l2Hours 98±5 29±1 28±2 0±0
Day 1 117±7 40±5 37±5 0±0

7 138±4 31±3 33±6 0±0
21 138±13 46±8 40±8 6±3

Normal rat 102 8 28 5 30 7 0 0

Data are expressed as cells per square millimeter (mean sEM).
a
Significant difference (P < 0.05) compared to time-matched control

group
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Table 2. Quantitation of leukocyte subsets in glomeruli

OX-i EDI OX-19 ART-18

Experimental group
12 Hours 7.4 0.5 5.4 0.3 1.4 0.2a 0.0 0.0
Day 1 9•3 Ø5 7.2 o.sa 1.2 0.2a 0.1 0.1

2 9.6 1.1 6.9 0.5 1.2 0.2 0.4 0.3
3 8.1 0.5 6.6 0.5 0.9 0.1 0.3 0.4
7 11.5 0.6 9.7 0.8 0.8 0.1 0.8 0.l

14 17.9 0.8 13.7 1.0 0.7 0.1 0.8 0.1
21 17.5 l.3 12.9 l.3 0.5 0.1 0.9 0.ia
28 15.2 0.8 13.5 0.3 0.4 0.1 0.4 0.1

Control group
12 Hours 1.5 0.1 1.1 0.2 0.4 0.1 0.0 0.0
Day 1 1.9 0.2 1.2 0.2 0.4 0.1 0.0 0.0

7 10.5 1.5 9.5 1.6 0.8 0.1 0.0 0.0
21 4.6 0.6 2.4 0.8 0.2 0.1 0.1 0.1

Normal rat 1.0 0.1 0.8 0.1 0.3 0.1 0.0 0.0

Data are expressed as positive cells per glomerular cross section
(mean SEM).

a Significant difference (P < 0.05) compared to time-matched control
group

opment of experimental anti-GBM disease. Interstitial leuko-
cytic infiltration originated in a sheath surrounding the glomer-
ular hilar arterioles. The sheath infiltrate appeared at
approximately the same time as mononuclear leukocyte infil-
tration in the glomerulus and before detectable interstitial
damage or renal function impairment. The interstitial infiltrate
developed rapidly to encompass the entire hilar and periglom-
erular areas, and then spread throughout the tubulointerstitium.

Accumulation of leukocytes in the hilar area could result
from the ingress of cells from the hilar arterioles and adjacent
capillaries, or it may derive from trafficking of glomerular
leukocytes down the mesangial stalk. The latter pathway is
feasible because there is no GBM in the mesangial stalk. The
aspect of the glomerular capillary network which faces the
mesangium is without a continuous GBM and is separated from
the mesangium only by a fenestrated endothelial cell cytoplasm.
The GBM, which is a continuation of the arteriolar basement
membrane, merges at the hilum with the Bowman's basement
membrane. Thus, movement of leukocytes and soluble mole-
cules from the glomerular mesangium to the hilum is quite
possible.

The similarity of cellular composition and kinetics of appear-
ance of the early glomerular and interstitial mononuclear leu-
kocytic infiltrates suggests that they arose from a common
source. Direct movement of leukocytes from the Bowman's
space to the periglomerular area seems unlikely since rupture of
the Bowman's capsule was not evident until day 14.

There are a number of mechanisms which could he involved
in the initial accumulation of leukocytes in the hilar area.
Firstly, antigen deposition could attract leukocytes, but this
does not appear to be the case since no anti-GBM antibody was
detected in either the hilar or periglomerular areas. Deposition
of small amounts of rabbit antibody or its degradation products
in the hilar region, not detected by the staining method em-
ployed, could induce leukocytic infiltration. However, strong
antibody deposition in the glomerulus was not sufficient to
maintain T cell accumulation, which argues against antigen-
directed leukocyte accumulation in the hilum.

Secondly, chemotactic molecules could be involved in the

hilar leukocyte accumulation. Molecules with chemotactic
properties, such as platelet activating factor, leukotrienes,
tumour necrosis factor (TNFa) and interleukin 1 (IL-i) can be
produced by stimulated resident glomerular cells or infiltrating
glomerularleukocytes [1, 21, 22]. These molecules could diffuse
down the mesangial stalk to the hilar region and thus attract
leukocytes to this site.

Thirdly, expression of adhesion molecules such as intercel-
lular adhesion molecule-I (ICAM-1) and endothelium adhesion
molecule-l (ELAM-l) by endothelial or tubular cells in the hilar
region may be involved in the accumulation of leukocytes at
this site [23, 241. In normal kidney there is variable weak to
moderate ICAM-l expression in endothelium of large vessels,
peritubular capillaries, proximal tubules, and in glomeruli [25,
26]. During transplant rejection and autoimmune murine lupus
nephritis there is an upregulation of ICAM-1 expression [25,
26]. In addition, fresh cultured proximal tubular cells increase
ICAM-l expression in response to cytokines interferon gamma,
IL-i, or TNFa [26]. There is evidence for glomerular produc-
tion of IL-i activity in both human and experimental glomeru-
lonephritis [22, 27—30]; thus, diffusion of these products down
the mesangial stalk may result in the expression of adhesion
molecules in the hilar area.

The demonstration of glomerular infiltration by macrophages
and T cells at 12 hours, with continued accumulation of
macrophages and the disappearance of T cell infiltration by day
3, was consistent with previous studies using the passive
accelerated anti-GBM model in the rat [31, 32]. It has been
proposed that the glomerular macrophage infiltration is depen-
dent upon T cells [31], but this remains to be directly demon-
strated.

We propose that the development of interstitial leukocytic
infiltration is an important component of progressive renal
damage, and not simply a consequence of tubular injury. This is
supported by a number of findings. Firstly, initiation of leuko-
cytic infiltration in the interstitium occurred before the onset of
histologic damage. The development of widespread infiltration
throughout the tubulointerstitium occurred in association with
the onset of moderate histologic damage and before significant
renal function impairment. There was no suggestion of a delay
between onset of interstitial damage and the appearance of
infiltrating leukocytes, as might have been expected had this
infiltrate been simply a response to damage. Secondly, the
developnient of macrophage and T cell interstitial infiltration
showed significant correlations with the various disease param-
eters.

Of particular interest was the appearance of significant num-
bers of activated interstitial leukocytes from day 7 onwards
which exhibited highly significant correlations with all disease
parameters. All in vitro activated T cells and some populations
of stimulated macrophages/monocytes express the IL-2R [33,
34]. IL-2R expression is a widely accepted marker of immune
activation, and it can be anticipated that such cells are func-
tionally active within the tissue. The kinetics of the appearance
of IL-2R cells and the virtually exclusive localization of
IL-2R cells to areas of focal infiltrate may reflect the action of
these cells in causing and maintaining progressive injury.

This study is the first detailed investigation of the initiation
and evolution of renal interstitial leukocytic infiltration. The
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Table 3. Analysis of renal function, proteinuria and histologic damage

Serum creatinine
pinol/liter

Serum urea
mmol/!iter

Proteinuria
mg/24 hr

Histological damage

Glomerular Interstitial

Experimental group
12 Hours 48 2 8 1 ND 0,0b 0.0
Day 1 56 10 II 2 107 38 0.75 0,25

2 48 3 9 0.3 71 15 1.0 0.5
3 52 1 8 0.3 102 6 1.5 1.0
7 60 1 15 2 414 15C 2.5 2.0

14 74 8 20 5C 379 53C 3.0 3.25
21 81 4' 19 2C 306 77 3.5 3.5
28 92 18 28 8C 275 41 375 375

Control group
12 Hours ND ND ND 0.0 0.0
Day 1 51 2 8 0.3 9 3 0.0 0.0

7 48 1 7 0.5 20 3 1.75 0.0
21 53 2 9 0.2 51 7 0.75 0.75

Normal rat 45 2 6 0.2 6 1 0.0 0.0

ND, not determined
a Data are expressed as mean SEM
b Data are expressed as average of damage index (0—4)

p <0.05, d P <0.01, e p < 0.001, compared to normal

Table 4. Correlation between leukocytic infiltration and renal
impairment, proteinuria and histological damage

Histological
Site OX-l ED1 OX-19 ART-l8 damage

Serum creatinine G 0.65 0.69c 0.43a 0.71c
I 0.70C 0.60C 0.33 0.57C 0.83C

Serum urea G
I

0.63'
0.68C

0,70C
0.58 0.27

0.43a
0.53

o.73e
0.84C

Proteinuria G
I

0.63C
0.64C

0.71C
048b

0.6lC
Q37

0.70C
o.62C

0.65c
0.69C

Histological G 0.83 0.79 —0.91 0.62c
damage I 0.88 0.84 0.73 0.89c

Data are expressed as r values from all 32 rats in experimental group.
Abbreviations are: G, glomerulus; I, interstitium.

a P < 0.05
b P < 0.01
c P < 0.001

results support the postulate that cell-mediated immune mech-
anisms are involved in progressive interstitial damage in exper-
imental glomerulonephritis.
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