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CLINICAL INVESTIGATION

Lupus nephritis: Correlation of interstitial cells with glomerular
function

EFSTATHIOS ALEXOPOULOS, DANIEL SERON, R. BARRIE HARTLEY, and J. STEWART CAMERON

Renal Unit and Department of Pathology, Guy’s Campus, United Medical and Dental Schools, London, United Kingdom

Lupus nephritis: Correlation of interstitial cells with giomerular func-
tion. Mononuclear inflammatory cells were studied using monoclonal
antibodies in the interstitium and glomeruli of 35 renal biopsy speci-
mens from patients with lupus nephritis already taking immunosuppres-
sants. The aims of this study were to assess the composition and
significance of the infiltrate, and to assess correlations with immediate
glomerular function and ability to predict the future course of the
disease. The majority of interstitial cells were T lymphocytes and
monocytes/macrophages. The number of interstitial CD4 +ve T helper/
inducer lymphocytes was greater than that of CD8 +ve T cytotoxic/
suppressor cells in only 19 out of 35 biopsies, the mean CD4:CD8 ratio
being only 1.5 £ 1.2. NK cells and B lymphocytes were a minor
component only. Some expression of IL-2, transferrin and C3b recep-
tors was seen on interstitial cells, but HLA-DR expressing cells were
much in excess of controls and the number of tubular cells expressing
HLA-DR was also increased. The number of interstitial T cells, CD4
+ve cells and monocytes/macrophages was highly correlated with the
extent of chronic damage judged by optical microscopy. There was also
an association between glomerular function at biopsy and numbers of
interstitial T cells, CD8 +ve cells, monocytes/macrophages and DR
expressing cells. Subsequent decline in renal function, however, was
associated only with numbers of monocytes/macrophages and the
rather small number of C3b receptor-positive cells. The presence of
tubulointerstitial immune aggregates of Ig and/or C in 63% of patients
was associated with greater numbers of NK cells. As previously
described, the degree of renal function at biopsy correlated with a
chronicity index based on optical microscopy. No correlations were
found between numbers or types (mostly monocyte/macrophages) of
intraglomerular leukocytes and clinical or biopsy features, except that
more proliferative types showed greater leukocyte numbers. One
hypothesis consistent with our findings is that interstitial T cells and
monocytes may be important determinants of pathogenesis and pro-
gression of lupus nephritis. While several mechanisms may play an
initial role, interstitial monocytes may be the major factor in chronic
injury.

The mechanisms of formation and the significance of tubu-
lointerstitial lesions in lupus nephritis remain speculative. It has
been suggested that tubules are equally involved along with the
glomerulus, and that immune complex deposition may be an
important factor leading to the tubulointerstitial damage [1-7].
Interstitial mononuclear inflammatory cells are a frequent find-
ing in biopsies, and their severity was found to correlate with
the pattern of glomerular injury, the histologic activity, and the

Received for publication April 27, 1989
and in revised form June 26, 1989
Accepted for publication July 26, 1989

© 1990 by the International Society of Nephrology

clinical severity of the disease [3, 5]. In addition, the intensity of
the interstitial inflammation was also found to be a useful
predictor of renal functional outcome [5]. The presence of these
infiltrating mononuclear cells in the interstitium has led also to
the suggestion that cell-mediated immune mechanisms may
operate in the pathogenesis of the lesions {8, 9].

With the advent of monoclonal antibodies, it is possible to
phenotype these cells into functionally distinct groups. How-
ever, recent reports have given divergent results concerning the
composition of interstitial infiltrates in lupus nephritis [10-13].
Also, D’Agati et al [12] failed to demonstrate an association
between individual types of interstitial cells and any of the
histological or clinical parameters they studied. Moreover, no
attempts have been made to determine what the prognostic
value of the cell subsets might be, and information on their
possible implications in the long-term outcome of the disease
are scanty.

The aim of the present study was to characterize the types
and the functional status (activated or not) of the mononuclear
cells infiltrating the kidneys in patients with lupus nephritis. In
addition, we attempted to correlate individual cell species with
histopathological findings, and with renal function both at the
time of biopsy and after long-term follow-up.

Methods
Patients

Thirty-five patients satisfying the criteria of the American
Rheumatism Association for the diagnosis of SLE [14] were
studied retrospectively. They consisted of 30 females and §
males who had a mean age of 28 years (range 8 to 60 years).
Twenty-seven patients with complete follow up have been
included in the long-term prognosis study. Glomerular filtration
rate (GFR) was estimated by a single injection of 51Cr-EDTA
[15]. In five adult patients who did not have a GFR estimation
at the end of the follow-up period, GFR was calculated from
plasma creatinine according to a formula [16]. All patients had
proteinuria but none was severely nephrotic. Thirty-four pa-
tients were treated with a combination of prednisolone with
azathioprine or cyclophosphamide, and only one with pred-
nisolone alone.

Tissue studies

Renal tissue obtained by percutaneous biopsy from all pa-
tients and eight normal cadaveric kidneys used for transplanta-
tion, was processed for light microscopy, electron microscopy
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Table 1. Monoclonal antibodies employed and their characteristic

specificity
Monoclonal CD
antibody  reactivity Specificity Source
2D1 CD45 All leucocytes Dr. P. Beverley
UCHTI1 CD3 Pan T cells Dr. P. Beverley
Leu 3a CD4 T helper/inducer cells  Becton Dickinson
UCHT4 CD8 T suppressor/cytotoxic Dr. P. Beverley
cells
FMC32 CD14 Monocytes/macrophages Serotec
Leu?7 — Natural killer cells/ Becton Dickinson
large granular
lymphocytes
M708 —_ B lymphocytes DAKO
TOS CD35 C3b receptors DAKO
DK25 — HLA-DR related DAKO
antigen
Anti-TAC CD25 IL-2 receptors DAKO
Anti-human —_ Transferrin receptors Becton Dickinson
transferrin
receptor
antibody

and immunoperoxidase detection of immune deposits according
to standard techniques. Renal biopsy data were analyzed and
classified in a semiquantitative way by two independent observ-
ers (E.A. and R.B.H.) without information of patient identity.

Histologic patterns of glomerular involvement were deter-
mined according to the WHO classification [17]. The ‘“‘activity”’
and ‘‘chronicity’’ of the histological appearance of disease were
assessed by grading the presence and the severity of specific
histologic features as described by Austin et al [18]. Each
parameter was graded on a scale of 0 (absent), 1 (mild), 2
(moderate) and 3 (severe). Two active lesions, fibrinoid necro-
sis and cellular crescents, were each arbitrarily weighted by a
factor of two on the assumption that these features were
disproportionately more ominous that the other active lesions
[18]. Composite scores derived from the sum of scores for
individual active lesions (activity index) and chronic, irrevers-
ible lesions (chronicity index) were finally calculated. Accord-
ing to this scoring system, maximum score of activity index is
24 and of chronicity index 12.

Snap-frozen tissue sections were cut at 4 um and stained by
a direct immunoperoxidase method using antisera for IgG, IgA,
IgM, C3, C4 and Clq. The intensity of the deposits in the
glomeruli was expressed as negative (0), mild (+), moderate
(++) and heavy (+++). In addition, the number of patients
with tubulointerstitial immune deposits was recorded.

Monoclonal antibodies

The monoclonal antibodies (McAb) used and their character-
istics as defined at the Third Conference on Leukocyte Typing
[19] are listed in Table 1. An indirect immunoperoxidase
technique was used throughout the study. In brief, serial
sections of snap frozen material were cut at 6 um and fixed in
cold acetone at 4°C for 10 minutes. This was followed by
sequential 90-minute incubation with the mouse antihuman
MCcAD, at the appropriate dilutions. Finally the sections were
treated with diaminobenzidine (DAB) (0.5 mg/ml in phosphate
buffered saline, PBS, plus 0.01% H,0,) for two minutes. After
extensive washing in PBS, sections were counterstained with
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Meyer's Haemalum, dehydrated and mounted in DPX (Ray-
mond Lamb, London, UK). In 28 biopsies, where sections were
stained for interleukin-2 (IL-2) and transferrin receptors, inten-
sification of the DAB reaction product was achieved by treating
the sections with gold salts (0.25% NaAuCl, - 2H,O in PBS) for
30 seconds [20]. Positive controls run for each antibody (tonsil
section) and an internal negative control were processed.

Quantitative studies of cells

Only cells with a distinctly brown and continuously stained
plasma membrane surrounding a clear identifiable nucleus were
counted. Positive cells were separately counted in the intersti-
tium and the glomeruli.

Interstitial cells. Cells in the interstitium were counted using
an eye piece graticule to identify 10 microscopic fields, each
0.058 mm?. Thus a total area of 0.58 mm? was counted. The
sections were counted in a sequence of adjacent fields without
adjustments, except to avoid glomeruli or major vessels. Finally
the numbers were expressed as cells per mm?,

Glomerular cells. The number of glomeruli in the biopsies
varied from 5 to 16 per section. For each section, both the
number of the intraglomerular positive cells and the number of
glomeruli were counted. Cells in Bowman’s space or in the
crescents were not included in the count. Also, C3b-receptor
and DR-expressing cells were not enumerated in the glomeruli
because epithelial and endothelial glomerular cells are normally
stained by these two antibodies [21, 22], from which infiltrating
cells cannot readily be distinguished. Finally the number of
positive cells was expressed as number of cells per glomerular
cross section.

Clinicopathologic correlations

Correlation coefficients were obtained between the numbers
of individual species of cells, both in the interstitium and the
glomeruli, and the optical microscopy findings, as expressed by
the activity and chronicity index. Also, correlations were
assessed between the types of cells and the intensity of immune
deposits on immunoperoxidase technique. In addition, we
correlated the numbers of each type of cells and the severity of
tubulointerstitial lesions with the clinical data of the patients at
the time of biopsy, including renal function parameters. In 28
patients, where follow up was available, a similar correlation
was performed with renal function at the end of the observation
period.

Statistical analysis

Student’s r-test was used for paired and unpaired data, and
Pearson’s and Spearman’s correlation coefficient for the analy-
sis of parametric and non-parametric data. P < 0.05 was
accepted as statistically significant.

Results
Patients

Age of the patients ranged from 8 to 60 years at biopsy (28.6
+ 14.2 yrs). Proteinuria of variable amounts was present in all
the patients. Thirteen patients (37%) presented with nephrotic
syndrome at the time of biopsy. Mean proteinuria was 3.2 = 3.1
g/24 hr and mean plasma albumin 30.0 + 7.3 g/liter. Microscopic
hematuria was observed in 18 patients (51%) and hypertension
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Fig. 1. Leucocytes (CD45+ve) in the interstitium (I) and the glomerulus (G) of a patient with WHO Class II lupus nephritis. Note the relatively
small number of intraglomerular leucocytes and the positive staining of a cluster of foam cells (arrow) by this antibody (x250).

in 12 (34%). Twenty-three patients (66%) presented with im-
pairment of renal function at the time of biopsy (GFR < 90
ml/min). The lowest GFR observed was 14 ml/min. Mean
plasma creatinine and GFR at presentation were 117 + 84
pmol/liter and 76 + 34 ml/min, respectively. The mean follow
up of 28 patients who were included in the long-term study was
44.6 * 30.5 months. During the observation period mean
plasma creatinine increased significantly from 112 + 84 t0 211 =
281 pmol/liter (P = 0.01) while GFR dropped from 78 + 34 to 73
* 45 ml/min (P = NS). By the end of the follow up four patients
(11%, 3 females and 1 male) had reached end-stage renal disease
and required chronic hemodialysis. Patients who started on the
chronic hemodialysis program were considered as having a
GFR of 2 ml/min at that time.

Optical microscopy and immunoperoxidase findings

Glomerular appearances in renal biopsies were classified on
optical microscopy as mesangial proliferative (Class IIb) in nine
patients, focal proliferative (Class III) in four, diffuse prolifer-
ative (Class IV) in 14 and membranous (Class V) in eight. The
activity index ranged from 2 to 20 (mean 7.9 = 5.0) and the
chronicity index from 0 to 9 (mean 3.2 = 2.2). Thirty-one
patients showed a variable degree of tubulointerstitial damage
while the remaining four had a normal interstitium by the
optical microscopy.

Tubulointerstitial deposits were noted in 22 patients (63%).

The deposits were mainly observed in patients with prolifera-
tive lesions [Class III (3) and Class IV (10)], they appeared in a
finely granular pattern, and were predominantly seen along the
tubular basement membrane. The composition of the tubuloint-
erstitial deposits varied greatly. In 16 cases the deposits con-
sisted of one or more immunoglobulins most commonly asso-
ciated with C3. In six cases C3 but no immunogiobulins was
detected. Granular immune deposits of variable intensity were
found in all the glomeruli examined. They were distributed in
the mesangial area and/or along the capillary wall depending on
the class of the lesions.

Analysis of the cells

Interstitial cells. The mean number of total leucocytes was
268 = 17/mm? (Fig. 1), much in excess of control kidneys, with
CD3 +ve cells predominating (Fig. 2 and Table 2). The mean
number of CD4+ve helper/inducer T-cells exceeded that of
CD8 +ve cytotoxic suppressor cells by only a modest margin:
in 19 cases CD4+ve cells were in the majority, but in 16
biopsies CD8 +ve cells were the predominant type of T-cell. In
four biopsies, there was clear evidence of infiltration of renal
tubules by CD8 +ve cytotoxic/suppressor cells.

Monocytes/macrophages were seen in lower numbers than T
cells (Table 2) while NK cells and B cells formed only a
minority of the interstitial infiltrates, Surprisingly, in view of the
numbers of monocytes present, only few CD35 positive cells
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Fig. 2. T-lymphocytes (CD3+ve) in the same part of the biopsy shown in Figure 1. The cells are mainly distributed in a peritubular and
periglomerular pattern (x250). (G = glomerulus, I = interstitium).

Table 2. A. Interstitial cells in 35 patients with lupus nephritis

DR +
DR + ve ve
2D1 UCHT!1 Leu 3a UCHT4 CD4:CD8 FMC32 M708 TO5 interstitial tubular
CD45 CD3 CD4 CD8 ratio CDhl14 DK22 Leu 7 CD35 cells cells
Controls 113 = 11 46 = 7 34 + 11 2=*7 1.8x02 75*12 42 3x1 72 10930 18=5
N=28 (41%) (30%) (19%) (66%) (3%) (3%) (6%) (96%)
Lupus nephritis 268 + 17 172 + 25 84 + 10 77 £ 15 1.5*x03 109 =13 74 9+2 3+2 158+14 28=x4
N=35 (64%) (31%) (29%) (41%) (3%) (3.3%) 1.1%)  (59%)
N studied 33 30 34 35 34 35 34 33 35 28 29
Table 2. B. Glomerular cells in 35 patients with lupus nephritis
Controls 2111 04+03 03+03 02+x02 1602 09=1.0 0204 0.1 £ 0.1
N=8 (19%) (14%) (9%) (43%) 9%) (5%)
Lupus nephritis 4.0 0.6 06*x0.1 0401 02+01 13*x03 1.7x04 0.02=0.02 0.1=0.02
N=35 (15%) (10%) (5%) (42%) (0.5%) (2.5%)
N studied 30 28 32 32 31 32 31

A. Data are mean * SseM per mm?, CD4:CDS8 ratio SEM. Numbers in parentheses express the percentage of the mean total leukocytes. Numbers
below each column indicate numbers of biopsies studied with each monoclonal antibody. All 8 controls were studied with all antibodies.

B. Data are mean * SEM per glomerular cross section. Numbers in parentheses express the percentage of the mean total leukocytes. Numbers
below each column indicate numbers of biopsies studied with each monoclonal antibody. All 8 controls were studied with all antibodies.

bearing CR-1 (C3b) receptors were seen (Table 2). The numbers  (Class III and IV) did not show any difference from those with
of DR expressing cells were higher in controls, as was the case less proliferative glomeruli (WHO Class II and V). Expression
with tubular epithelial cells (Fig. 3, Table 2). of CD25 55kd IL-2 receptor (tac) and transferrin receptor by

Interestingly, patients with proliferative glomerular lesions some interstitial cells was seen in 6 of 25 and 11 of 25 biopsies
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Fig. 3. DR expression by the tubular epithelial cells. Note the presence of a great amount of DR positive interstitial cells, surrounding the tubules
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Fig. 4. Interleukin 2 (CD25) expression by
interstitial cells in a patient with diffuse
proliferative (Class IV) lupus nephritis

(% 1000).

respectively (Fig. 4). Staining of tubular epithelial cells with  +ve) per glomerular cross section (Table 2). Greater numbers
anti-transferrin McAb was a common feature, but varied greatly  of leukocytes were noted in WHO Class IV biopsies (7.6 = 3.9)
in intensity and distribution. than in class III (4.8 = 3.1), class I (3.9 + 2.0) or class V (2.2

Glomerular cells. There were rather few leukocytes (CD45 = 1.3). Monocyte/macrophages formed the majority of these
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cells in the glomeruli, with CD3 +ve T cells seen in much lower
numbers (Table 2). NK cells and B cells were almost absent
from glomeruli (Table 2).

Correlations

Correlations between cell types. As expected, there were
highly significant associations between CD45 +ve total leuko-
cytes, and CD3 +ve T-cells, CD4 +ve and CD8 +ve T-cells,
and CD14 +ve monocytes/macrophages (all P < 0.001). Only
the numbers of NK cells and CD35 +ve C3b receptor +ve cells
did not correlate with those of other cell types or with total
cells.

However, neither the ratio of lymphocytes: monocytes nor
the CD4:CD8 ratio correlated with total lymphocytes or total
cells, and activation markers were sometimes present in biop-
sies of all intensities of infiltrate. DR expression in interstitial
cells did, however, correlate with numbers of other cell types
(CD45 +ve, P < 0.001; CD3 +ve, P < 0.025;, CD4 +ve, P <
0.05; CD8 +ve, P < 0.025; CD14 +ve, P < 0.005) except NK
cells and C3b receptor +ve cells. The proportion of DR +ve
interstitial cells, in contrast, was independent of the intensity of
the interstitial infiltrate. Expression of DR on interstitial cells
correlated with DR expression in tubular epithelial cells (Fig.
35).

Pathological correlations

The activity index did not correlate with numbers of any type
of infiltrating cells (Table 3). In contrast, the chronicity index
correlated well with numbers of CD3 +ve T-cells (P < 0.0005),
the subset of CD4 +ve T-cells (P < 0.05) and CDI14 +ve
monocytes/macrophages (P < 0.025; Table 3.). Interestingly,
biopsies showing tubulointerstitial immune aggregates of Ig
and/or C3 showed significantly higher numbers of interstitial
NK cells (11.6 = 3.4 vs. 3.3 = 4.9; P < 0.025) than those
without such aggregates. As expected, the activity index was
significantly greater in proliferative biopsies (WHO classes III
and IV) compared to those classified as WHO classes I (P <
0.005) or V (P < 0.01). The activity, but not the chronicity index
was highly associated with the glomerular deposition of C3 (P <
0.05), C4 (P < 0.01) and Ciq (P < 0.05).

expressing tubular cells and the numbers of
interstitial DR +ve cells (r = 0.31; P =
0.005).

400 500

Table 3. Relationship between different types of interstitial cells and
the degree of active and chronic tubulointerstitial lesions

No. of cells

Activity Chronicity
Reacting with Displaying Index Index
2D1 CD45 NS NS
UCHTI CD3 NS <0.05 (r = 0.25)
Leu 3a CD4 NS <0.05 (r = 0.20)
UCHT4 CD8 NS NS
FMC32 CDl14 NS <0.025 (r = 0.18)
Leu7 —_ NS NS
TOS CD35 NS <0.05 (r = 0.37)
M708 — NS NS
DR + ve NS NS
interstitial cells
DR + ve tubular NS NS
cells
CD4:CDS8 ratio NS NS

Correlations with glomerular function

Glomerular function at presentation was significantly corre-
lated with higher numbers of CD3 +ve T-cells (Fig. 6), CD14
+ve monocytes/macrophages and DR expressing interstitial
cells (Table 4).

Glomerular function at follow-up was correlated with num-
bers of monocytes/macrophages (Table 4, Fig. 7) and CD35 +ve
cells bearing C3b receptors but not with numbers of CD3 +ve T
cells or their subsets (Table 4); the CD4:CD8 ratio was not
predictive for GFR or plasma creatinine, either initially or at
follow-up. Tubular expression of HLA-DR did not correlate
with follow-up GFR. The chronicity index was highly corre-
lated with the degree of renal impairment at the time of biopsy
and at the end of the period of observation (Table 5), but not the
activity index.

The numbers or types of intraglomerular cells did not relate
to the initial or follow-up GFR or plasma creatinine, nor did the
WHO classification of glomerular appearances predict outcome
in these patients, all of whom received treatment. No clinical
parameter (age, sex, proteinuria, presence of hematuria or
hypertension) correlated with intraglomerular or interstitial
leukocytes.
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at presentation and the numbers of interstitial

T cells (CD3 +ve; r = 0.19; P < 0.025).

Table 4. Correlation between different species of cells infiltrating the interstitium and glomerular function at the time of biopsy, and at end of

follow-up
No. of cells Time of biopsy Last follow-up
Reacting with Displaying Pe, GFR P, GFR
2D1 CD45 NS NS NS NS
UCHTI1 CD3 <0.025 (r = 0.19) <0.025 (r = 0.20) NS NS
Leu 3a CD4 NS NS NS NS
UCHT4 CD8 NS <0.05 (r = 0.11) NS NS
FMC32 CD14 NS <0.025 (r = 0.14) <0.025 (r = 0.22) <0.025 (r = 0.18)
Leu7 — NS NS NS NS
TO5 CD35 <0.0001 (r = 0.70) <0.01 (r = 0.14) <0.005 (r = 0.38) <0.005 (r = —0.16)
M708 — NS NS NS NS
DR + ve interstitial cells <0.01 (r = 0.23) <0.025 (r = —0.19) NS NS
DR + ve tubular cells NS NS NS NS
Discussion Castiglione et al [13]. In contrast, other reports have shown a

Interstitial inflammatory cells and tubulointerstitial disease
are commonly present in biopsies of patients with lupus nephri-
tis [3]. The severity of interstitial inflammation has been found
to correlate with other histological indices of disease activity as
well as with plasma creatinine and diastolic hypertension of the
patients at initial biopsy [5]. Whether these cells play a primary
role in the pathogenesis of tubulointerstitial lesions or they
represent a secondary reaction to tissue injury is not known.
Recent literature using monoclonal antibodies has yielded
rather conflicting results regarding the composition of the
infiltrates [10-13].

Some investigators have failed to show a correlation between
different types of cells infiltrating the interstitium and histolog-
ical or clinical parameters, including glomerular function [12).
Also, data on possible relations of interstitial cells and long-
term renal function have been lacking. In our study, as in
previous work {10-13] the majority of infiltrating interstitial
cells in lupus nephritis were T lymphocytes and monocytes/
macrophages. CD4 +ve T-cells were the majority in 19 patients,
but in 16 CD8 +ve cells predominated. D’Agati et al [12] noted
CDS8 +ve cells in the majority in 22 of 26 patients studied, as did

majority of CD4 +ve cells either in all patients [11], or the
majority of cases [23]. These differences could arise from
selection of different patients for study, but treatment obviously
may be one factor, since it is known that corticosteroid treat-
ment preferentially decreases CD8 +ve cells and would in-
crease the CD4:CD8 ratio [24]. Thus, Castiglione et al [13]
noted a mean CD4:CD8 ratio of only 0.7 = 0.5 in patients who
were untreated (RC Atkins, personal communication, 1988). It
has also been suggested that the interstitial cell population is
phase-dependent [25] and may change with the evolution of the
disease [8]. Certainly, in most patients with lupus nephritis
there are more CD8 +ve cells than in other forms of primary
glomerulonephritis (IgA and membranous GN) which we and
other workers have studied [10, 23, 25-27).

Monocytes and macrophages were seen in lower numbers,
but in a similar distribution within the interstitium as T cells.
The low expression of the C3b receptor on these interstitial
cells was a surprise, but this receptor is susceptible to both
down and up regulation on monocytes [28]. NK cells and B cells
were a minor component of the interstitial infiltrates, but it is of
interest that NK cells were present in greater numbers in those
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Table 5. Correlation between the activity and chronicity index with
renal function parameters at the time of biopsy and at the end of
follow-up

Time of biopsy End of follow up

Pe, GFR Pe, GFR

Activity Index NS NS NS NS

Chronicity Index <0.01 <0.05 <0.01 NS
(r=048 (r=-034) (r=0.59

biopsies showing tubulointerstitial immune aggregates. HLA-
DR was expressed by the interstitial cells irrespective of the
presence of deposits or histological tubulointerstitial damage.
The presence of DR positivity was correlated highly with all of
the types of interstitial cells, in excess of those normally present
(dendritic and endothelial cells), suggesting that most of the
cells comprising the infiltrate are activated. The relative rarity
of IL-2 receptor expression we found does not negate the
presence of activated cells, since the expression of IL-2 recep-
tors appears to be a transient early phenomenon [29] and the
production of IL-2, as well as the responsiveness of SLE T cells
to it, appears to be diminished [30]. The effects of prior
treatment, in all but one patient studied, may be important here
also.

Tubular DR expression was observed also, and there was a
strong association between interstitial and tubular DR express-
ing cells. The proportion of DR expressing tubular cells was
greater in lupus nephritis in comparison to other forms of
glomerular diseases, such as IgA nephropathy or membranous
nephropathy [26, 27]. This probably indicates the greater degree
of tubular cell activation in lupus nephritis than in other
glomerular diseases, and Boucher et al [23] noted similar
tubular DR positivity in a few patients with lupus. Tubular
activation is supported also by the finding that transferrin
receptor expression by the tubular cells was a common feature
in the majority of the biopsies [26, 27, 31, 32], even in the
absence of transferrin receptor expressing interstitial cells [26,
271.

Fig. 7. Correlation between number of
interstitial monocytes/macrophages and GFR
at follow-up (r = 0.18; P < 0.025).

250

Mechanisms of mononuclear cell accumulation

The mechanisms responsible for the accumulation of mono-
nuclear cells in the interstitum in lupus remain unclear. It has
been suggested that the interstitial inflammation in lupus nephri-
tis may occur in response to immunoglobulin and/or comple-
ment deposition in the TBM and interstitium [2]. However, our
own results and those of others [5] do not support this hypoth-
esis, since we did not find immune deposits in all our cases, and
there were no differences in the numbers or types of interstitial
cells between the patients with and without interstitial immune
deposits, except for the minority of NK cells. Nor did the
numbers of infiltrates differ significantly in biopsies with the
more active proliferative forms of glomerular disease.

It has been shown recently that renal tubular epithelial cells
may express HLA-DR antigens in response to immunological
stimuli, and that this permits them to induce T helper lympho-
cytes [33, 34]. The high degree of association between tubular
and interstitial and DR expressing (Fig. 5) may indicate that DR
expression by the tubules and the influx of activated mononu-
clear cells in the interstitium are linked in lupus nephritis.

Functional significance of the interstitial cells

The functional significance of the interstitial cells in the
pathogenesis of the tubulointerstitial lesions in lupus nephritis is
not clear either. No correlation was found between the ‘‘activ-
ity index’’ and any of the types of interstitial infiltrating cells.
These data agree in general with the findings of D’Agati et al
[12], but in contrast to their data we were unable to show any
relationship between CD4:CD8 ratio and the activity index.
Further, our data showed a strong association between the
chronicity index and the extent of interstitial infiltration by T
cells and monocytes/macrophages. Whether this relationship
represents a role of cell-mediated immune mechanism in the
pathogenesis of the lesions, or is a non-specific secondary
response to injury, is unknown.

The lack of differences between patients with and without
tubulointerstitial immune deposits with respect to the chronic-
ity index, and the absence of significant correlation with B cells
suggests that chronic lesions are probably caused by mecha-
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nisms other than antibody-dependent immune mechanisms.
Our results support the alternative suggestion made by other
workers [11] that activated T cells can produce a local reaction,
perhaps via recruited macrophages, and the prevalence of
CD4+ T cells suggests a role for a delayed-type hypersensitiv-
ity reaction [35]. The role of a direct cytotoxic reaction involv-
ing CD8 +ve cells [36] may be secondary, based on the absence
of any relationship between CD8+ cells and the extent of
chronic damage. However, the predominance of CD8+ cells in
almost half the biopsies and the infiltration of tubular epithelium
by CD8+ cells does suggest a role for T-cell mediated cytolysis
[12, 36]. Finally, the higher numbers of NK cells in biopsies
with tubulointerstitial immune deposits could indicate antibody-
dependent cell-mediated cytotoxicity (ADCC) also operates in
lupus nephritis, as it does in some forms of experimental
anti-TBM nephritis [37].

In contrast to the data of D’ Agati et al [12], the present study
showed that the degree of renal impairment at the time of
biopsy was strongly correlated with the density of interstitial
infiltration by T cells, monocytes/macrophages and DR ex-
pressing interstitial cells. This again supports an important role
for cellular immune mechanisms in the pathogenesis of the
disease. The exact pathogenetic relationship between activated
components of cellular immunity, chronic tubulointerstitial
damage and renal function impairment at presentation awaits
further elucidation.

Long-term prognosis

The long-term prognosis of the disease seemed to be pre-
dicted by both the major degree of monocyte/macrophage and
the minor C3b receptor-expressing cell infiltration. It is known
that monocytes can be attracted by C3b receptor-expressing
cells [38]. Whether macrophages result primarily in tissue
destruction by releasing proteolytic enzymes or by phagocyto-
sis [39, 40] leading finally to renal failure or they represent a
secondary phenomenon to tissue damage [41] is not clear. In
addition, the chronicity index was highly associated with the
initial renal function, in agreement with the data of Austin et al
[18]. They also pointed out that relatively small set of patients
with a markedly elevated activity index were clearly at in-
creased risk for development of end-stage renal disecase. No
other correlations emerged in our study. In particular, no
glomerular feature correlated with GFR or plasma creatinine,
either at time of biopsy or follow-up.

In conclusion, one explanation for our data is that T cells and
monocytes/macrophages may play an important role in the
pathogenesis of chronic tubulointerstitial lesions in lupus ne-
phritis, and that the immune deposits, commonly absent, may
play a minor role. The chronicity index [18] is valuable in
predicting renal function impairment at presentation and the
progression of the disease. A variety of humoral and cell-
mediated immune mechanisms probably determine the degree
of renal impairment early in the course of the disease, while
long-term outcome seems to be influenced by the extent of
macrophage infiltration in the initial biopsy.

Acknowledgments

We are grateful to Dr. P, Beverley for providing the 2D1 UCHT 1 and
UCH 4 monoclonal antibodies used in this study.

Alexopoulos et al: Interstitial infiltrates in lupus nephritis

Reprint requests to Professor J. Stewart Cameron, Clinical Science
Laboratories, Guy's Tower, 17th Floor, Guy’s Hospital, London SE 1
9RT, United Kingdom.

References

1. OrFiLA C, RakoToARIVONOY J, DURAND D, Suc JM: A correla-
tion study of immunofluorescence, electron and light microscopy in
immunologically mediated renal tubular disease in man. Nephron
23:14-22, 1979

2. BRENTIENS JR, SEPULVEDA M, BALIAH T, BENTZEL C, ERLANGER
BE, ELwoop C, MonTEs M, Hsu KC, ANDRES GA: Interstitial
immune complex nephritis in patients with systemic lupus erythe-
matosus. Kidney Int 7:342-350, 1975

3. SchwarTZz MM, FENNELL JS, LEwis EJ: Pathologic changes in
the renal tubule in systemic lupus erythematosus. Hum Pathol
13:534-547, 1982

4. MagIL AB, TYLER M: Tubulointerstitial disease in lupus nephritis.
A morphometric study. Histopathology 8:81-87, 1984

5. Park MH, D’AcaTi V, ArPEL GB, Pirani CL: Tubulointerstitial
disease in lupus nephritis: Relationship to immune deposits, inter-
stitial inflammation, glomerular changes, renal function and prog-
nosis. Nephron 44:309-319, 1986

6. McCLuskey RT: Evidence for an immune compiex disorder in
systemic lupus erythematosus. Am J Kidney Dis 2:(Suppl. 2)119~
125, 1982

7. Couser WG, SALANT DJ, MADAIO MP, ADLER S, GROGGEL GC:
Factors influencing glomerular and tubulointerstitial patterns of
injury in SLE. Am J Kidney Dis 2:126-134, 1982

8. McCLuUskeY RT, BHAN AT: Cell-mediated mechanisms in renal
diseases. Kidney Int 21:(Suppl. 2) S6-S12, 1982

9. FiLLit HM, ZaBRISKIE JB: Cellular immunity in glomerulonephri-
tis. Am J Pathol 109:227-243, 1982

10. Hooke DH, GEe DC, Atkins RC: Leucocyte analysis using
monoclonal antibodies in human glomerulonephritis. Kidney Int
31:964-972, 1987

11. CaLiGARIS-CaPPIO F, BERGUI L, TEsIo L, ZiaNo R, Camuss1 G:
HLA-DR+ T cells of the Leu 3 (helper) type infiltrate the kidneys
of patients with lupus erythematosus. Clin Exp Immunol 59:
185-189, 1985

12. D’AcGaTi VD, ApPEL GA, EsTEs D, KNowLES II DM, PiraNi CL:
Monoclonal antibody identification of infiltrating mononuclear leu-
cocytes in lupus nephritis. Kidney Int 30:573-581, 1986

13. CASTAGLIONE A, Bucci A, FELLING G, D’AMIco G, ATKINS RC:
The relationship of infiltrating renal leukocytes to disease activity in
lupus and cryoglobulinaemic glomerulonephritis. Nephron 50:14—
23, 1988

14. TAN EM, CoHEN AS, Fries JF, Masi AT, McSHANE DJ, RoTH-
FIELD ND, ScHALLER JG, TALAL N, WINCHESTER RI: The 1982
revised criteria for the classification of systemic lupus erythemato-
sus. Arthr Rheum 25:1271-1277, 1982

15. CHANTLER C, GARNETT ES, ParsoNs V, VEaLL N: Glomerular
filtration rate measurement in man by the single injection method
using 51Cr-EDTA. Clin Sci 37:169-180, 1969

16. HuLL JH, Hak LJ, Kocu GG, WaGIN WA, CH1 CL, MaTTOCKS
AM: Influence of range of renal function and liver disease on
predictability of creatinine clearance. Clin Pharm Ther 29:516-521,
1981

17. McCruskey RT: Lupus nephritis, in Pathology Decennial, edited
by SoMMERs SC, New York, Appleton Century Crofts, 1975, pp.
435-460

18. AusTiN III HA, Muenz LR, Joyce KM, ANToNovYCcH TA,
KuLLick MA, KrippEL JH, Decker JL, BaLow JE: Prognostic
factors in lupus nephritis. Contribution of renal histologic data. Am
J Med 75:382-391, 1983

19. McMicHAEL AJ (ed): Leukocyte Typing I11: White Cell Differenti-
ation Antigens. Oxford, Oxford University Press, 1987

20. SErRON D, ALExoPouLos E, RAFTERY MJ, HARTLEY RB, CaMm-
ERON JS: Diagnosis of rejection in renal allograft biopsies using
presence of activated and proliferating cells. Transplantation 47:
811-816, 1989

21. KAZATCHKINE MD, FEaron DT, ApPAY MD, MANDET C, BaRI-
ETY J: Immunohistochemical study of the human C3b receptor in



22.

23.

24,

25.

26.

27.

28.

29.

30.

3L

Alexopoulos et al: Interstitial infiltrates in lupus nephritis

normal kidney and in seventy-five cases of renal diseases. Loss of
C3b receptor antigen in focal hyalinosis and in proliferative nephri-
tis of systemic lupus erythematosus. J Clin Invest 69:900-912, 1982
NaTaLI PG, DEMARTINO C, MARCELLINI M, QUARANTA V, FER-
RONE S: Expression of la-like antigens on the vasculature of human
kidney. Clin Immunol Immunopathol 20:11-20, 1981

BoOUCHER A, Droz D, ADAFER E, NoEL L-H: Characterization of
mononuclear cell subsets in renal cellular interstitial infiltrates.
Kidney Int 29:1043-1049, 1986

BANKHURST AD, TRORIGIANI G, ALLISON AC: Lymphocytes bind-
ing human thyroglobulin in healthy people and its relevance to
tolerance for autoantigens. Lancet 1:226-230, 1973

BrunaTi C, BRaNDO B, ConFALONIERI R, BELLI LS, LLAVAGNI
MG, MINETTI L: Immunophenotyping of mononuclear cell infil-
trates associated with renal diseases. Clin Nephrol 26:15-20, 1986
ALEX0PoULOS E, SERON D, HARTLEY RB, NoLasco F, CAMERON
JS: The role of interstitial infiltrates in IgA nephropathy. A study
with monoclonal antibodies. Nephrol Dial Transplant 4:187-195,
1989

ALExopouLOSs E, SERON D, HARTLEY RB, CAMERON JS: Immune
mechanisms in idiopathic membranous nephropathy: The role of
interstitial infiltrates. Am J Kidney Dis 13:404-412, 1989

Esparza I, Fox RI, ScHREIBER RD: Interferon-dependent modu-
lation of C3b receptor (CR 1) on human peripheral blood mono-
cytes. J Immunol 136:1361-1365, 1986

CANTRELL DA, SMITH KA: Transient expression of interleukin 2
receptors. Consequences for T cell growth. J Exp Med 158:
1895-1911, 1983

LiNKER-ISRAELI M, BAKKE AC, KiTRipoU RC, GENDLER S, GIL-
Lis S, Horwitz DA: Defective production of interleukin 1 and
interleukin 2 in patients with systemic lupus erythematosus (SLE).
J Immunol 130:2651-2655, 1983

GATTER KC, BROWN G, TROWBRIDGE IS, WoOLSTON R-E, MasoN
DY: Transferrin receptors in human tissues: Their distribution and
possible clinical relevance. J Clin Pathol 36:539-545, 1983

32.

33.

34.

3s.

36.

37.

38.

39.

41.

109

LumMm JB, INFANTE AJ, MAKKER DM, YanG F, BowmaN BH:
Transferrin synthesis by inducer T lymphocytes. J Clin Invest
77:841-849, 1986

HALLORAN PF, WADGYMAR A, JEPHTHA J, URMSON J, SINCLAIR
G, DELoviTcH TL: Renal tubule cells synthesize Ia in response to
immunologic stimuli. (abstract) Kidney Int 25:212, 1984

Hines WH, KeLLY CJ, HAVERTY TP, NEILsON EG: Recognition of
antigen-secreting renal epithelial cells by antigen specific helper T
cells. (abstract) Kidney Int 33:317, 1988

PLatT JL, GRANT B, EDDY AA, MICHAEL AF: Immune cell
populations in cutaneous delayed-type hypersensitivity. J Exp Med
158:1227-1242, 1983

KAYNE VN, NEUMANN PM, KERSEY J, GoLTZ RW, BALDRIDGE
BD, MicHAEL AF, PratTt JL: Identity of immune cells in graft-
versus-host disease of the skin. Analysis using monoclonal antibod-
ies by indirect immunofluorescence. Am J Pathol 116:436-440, 1984
NEeILsoN EG, PHILLIPS SM: Cell-mediated immunity in interstitial
nephritis IV: Anti-tubular basement membrane antibodies can
function in antibody-dependent cellular cytotoxic reactions: Obser-
vations on a nephritogenic effector mechanism acting as an infor-
mational bridge. J Immunol 126:1990-1993, 1981

BuaN AK, ScHNEEBERGER EE, CoLLINs AB, McCLUSKEY RT:
Evidence for a pathogenic role of a cell-mediated immune mecha-
nism in experimental glomerulonephritis. J Exp Med 148:246-260,
1978

STERZL RB, PaBsT R: The temporal relationship between glomer-
ular cell proliferation and monocyte infiltration in experimental
glomerunlonephritis. Virchow Arch (Cell Pathol) 38:337-350, 1982

. STRIKER GE, MANNIK M, TuNG MY: Role of marrow derived

monocytes and mesangial cells in removal of immune complexes
from renal glomeruli. J Exp Med 149:127-136, 1979

MagGIL AB, WADSWORTH L.D, LOEWEN M: Monocytes and human
renal glomerular disease. A quantitative evaluation. Lab Invest
44:27-33, 1981





