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Abstract We evaluated the expression of inflammatory
cytokines in renal tissues obtained from 45 patients with
several types of glomerulonephritis. Immunofluorescence
studies with specific antibodies to interleukin (IL)-1¢, IL-
18, IL-6, tumour necrosis factor (TNF)-cr, and TNF-/3
showed intense cytoplasmic staining in the glomeruli and
interstitium. Cells positive for these cytokines were found
frequently in tissue from patients with lupus nephritis
(WHO Class IV) and membranoproliferative glomerulo-
nephritis, and, to a lesser extent, in tissue from patients
with mesangial proliferative glomerulonephritis, Henoch-
Schonlein purpura nephritis, and minimal change nephro-
tic syndrome. Most of these cells were dual-stained with
a monoclonal antibody to monocytes-macrophages. In si-
tu hybridization for cytokine mRNA, combined with im-
munoperoxidase staining for monocytes-macrophages,
detected IL-1¢, IL-6, and TNF-a mRNA in monocytes-
macrophages infiltrating the glomeruli and interstitium.
Occasionally, there was weak or moderate immunostain-
ing for IL-1¢e, IL-6, and TNF-«x in the glomerular mesan-
gial and epithelial cells, but in situ hybridization signals
were rarely found in these loci. These findings suggest
that infiltrating monocytes-macrophages, rather than resi-
dent glomerular cells, are the major source of inflamma-
tory cytokines in human glomerulonephritis.
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Introduction

Recent clinical and experimental studies indicate that va-
rious cytokines are involved in glomerular injury [2, 5,
14]. The augmented expression of interleukin (IL)-1 at
mRNA and protein levels has been observed in glomeruli
in mice with lupus nephritis [3, 4], in rabbits with
nephrotoxic serum nephritis [18], and in rats with focal
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glomerular sclerosis [6] or immune complex nephritis
[20]. The participation of tumour necrosis factor (TNF)-
o has been documented in lupus mice [4], rabbits with
anti-glomerular basement membrane (GBM) disease
[17], and rats with acute aminonucleoside nephrosis [6].
In human mesangial proliferative glomerulonephritis, the
enhanced expression of 1L.-6 in glomeruli and its appear-
ance in the urine have been reported [11]. These cytoki-
nes can be produced either by monocytes-macrophages
lineage or by endothelial and vascular smooth muscle
cells [8]. In addition, as indicated by culture studies, me-
sangial cells may carry out the local synthesis of IL-1
[14], IL-6 [11], and TNF-o [2].

We recently reported the concomitant expression of
several cytokines in the glomeruli of patients with IgA
nephritis [24]. To extend our previous studies and to fur-
ther elucidate the cellular origin of pro-inflammatory
cytokines in glomeruli, we analysed IL and TNF expres-
sion in kidney specimens biopsied from patients with se-
veral types of glomerular diseases.

Materials and methods

The kidney tissues were obtained by percutaneous needle biopsy
from 45 patients with glomerular disease: 11 patients had minimal
change nephrotic syndrome, 11 had Henoch-Schonlein purpura
nephritis, 10 had mesangial proliferative (IgA-negative) glomerulo-
nephritis, 8 had lupus nephritis (WHO Class IT; 3 and Class IV; 5),
and 5 had membranoproliferative glomerulonephritis. Histologically
normal portions of 3 other kidney tissues, obtained from patients
with renal tumours or renal trauma served as normal controls. For
light microscopic observation, the tissues were fixed in 10% buf-
fered formalin and embedded in paraffin. Specimens for immuno-
fluorescence were snap-frozen in dry ice and acetone, and those for
immunoperoxidase staining and in situ hybridization were fixed in
paraformaldehyde-lysine-periodate (PLP) fixative. The tissues were
then embedded in OCT compound, and stored at —70 °C until use.
Indirect immunofluorescent staining was performed as descri-
bed previously {22, 24]. In brief, the sections were incubated with
the primary antibodies, washed in phosphate-buffered saline
(PBS), and then reacted with the appropriate secondary antibodies.
Cell nuclei were counterstained with ethidium bromide. As the
primary antibodies we used; rabbit antibody to human IL-lo
(Genzyme, Cambridge, Mass., USA), rabbit antibody to human
IL-18 (Genzyme), mouse monoclonal antibody to human IL-6



460

(Collaborative Bio, Bedford, Mass., USA), rabbit antibody to hu-
man IL-6 (Genzyme), mouse monoclonal antibody to buman
TNF-a (Hayashibara, Okayama, Japan), rabbit antibody to human
TNF-o (Hayashibara), rabbit antibody to human TNF-f (Hayashi-
bara), mouse monoclonal antibody to human leukocyte common
antigen (CD45; DAKO, Glostrup, Denmark), mouse monoclonal
antibody to monocyte-macrophages (CD14) (anti-Leu-M3; Bec-
ton-Dickinson, Bedford, Mass., USA), mouse monoclonal anti-
body to human macrophages (CD68) (DAKO-CD68, DAKO),
mouse monoclonal antibody to T lymphocytes (T1B; Coulter, Hia-
leah, Fla., USA), and mouse monoclonal antibody to B lym-
phocytes (anti-Leul2; Becton-Dickinson). As the secondary anti-
bodies we used; fluorescein- or peroxidase-conjugated F(ab’)2 go-
at anti-rabbit IgG (Cappel, Durham, N.C., USA) and fluorescein-
or rhodamine conjugated goat anti-mouse IgG (Cappel). The se-
condary antibodies were preabsorbed with normal human plasma
to avoid pon-specific binding to human tissues.

Dual-fluorochrome labelling was performed as follows [15]: mo-
nocytes-macrophages, T lymphocytes, or B lymphocytes were stain-
ed with rhodamine-conjugated goat anti-mouse IgG, and IL and TNF
were detected with fluorescein-conjugated goat anti-rabbit IgG.

Immunoperoxidase staining was performed as reported pre-
viously [15, 241. In brief, PLP-fixed tissue was cut into thin sec-
tions, and treated with periodate and sodium borohydroxide to in-
hibit endogenous peroxidase. Each section was reacted with anti-
monocyte-marcophage antibody, then with the appropriate secon-
dary antibody, and finally with the enzyme substrate.

In each section, which contained at least three glomeruli, we
counted all positive infiltrating cells within the glomeruli and in
the interstitium, the number of glomeruli present, and the total
numbef of interstitial (excluding tubular epithelial cells and arte-
rioles) cells, as described previously. The population of cytokine-
positive cells in the glomeruli and interstitivm was expressed as
the number of reactive cells per glomerular crosssection and the
number of reactive cells per 100 interstitial cells, respectively.

In situ hybridization was performed in combination with im-
munocytochemistry on the same section, with a slight modifica-
tion [24] of the method originally described by Terenghi and Polak

Fig. 1 IL-1¢ and IL-1ff immu-
noreactivity in kidney tissues
from patients with tupus
nephritis (WHO Class IV). A,
B Dual staining with polyclo-
nal antibody to IL-r (A) and
monoclonal antibody to mono-
cytes-macrophages (B) in the
same section. Note cytoplasmic
staining (arrows) for IL-1c and
labelling of the same cells for
monocytes-macrophages. We-
akly positive IL-1¢ staining is
also seen in resident glomerular
cells (A). Cellular nuclei stai-
ned by ethidium bromide are
weakly visible (B). C Staining
for IL-1er in resident glomeru-
lar cells. D Intense cytoplasmic
staining for IL-1f in cells infil-
trating the interstitium, g glo-
merulus. Original magnificati-
on; A, B, x200; C, D, x400

[16). Sections were first stained with immunoperoxidase for mo-
nocytes-macrophages (CDI4), and were then hybridized with
cytokine oligonucleotide probes. The in situ hybridization proce-
dure was based on the protocol described elsewhere [23, 24]. The
hybridization probes for IL-1¢, IL-6, and TNF-o were purchased
from British Biotech (Oxford, UK). Each probe, a mixture compo-
sed of synthetic single-stranded, antisense oligonucleotides speci-
fic for the exons of the respective cytokine, was labeled with *S-
dATP (NEN, Boston, Mass., USA) using terminal deoxynucleoti-
de transferase to a specific radioactivity of 1x10°-10° dpm/pg.

The thin section of formalin-fixed tissue was mounted on a
slide, then washed with SSC (standard saline citrate), as described
previously [23, 24]. Prehybridization was performed with Den-
hardt’s solution. The section was then dehydrated with a graded
ethanol, treated with chloroform, and immersed in 100% ethanol.
The hybridization mixture (100 1), containing the *S-labelled
probe (10° dpm/section) in hybridization buffer, was applied to
each section. After incubation at 42 °C overnight, the slide was
washed sequentially in x4 —x1 SSC, and dehydrated with an etha-
nol series (60—-100%). Autoradiography was performed by dipping
the slide into Iford K5 emulsion diluted 1:1 with distilled water;
the slide was then kept in a black box at 4 °C for 3-4 weeks. The
autoradiogram was developed in Kodak developer, fixed, and
counterstained with haematoxylin-eosin.

Controls consisted of in situ hybridization of probes with peri-
pheral blood mononuclear cells stimulated with lipopolysaccha-
ride, which cells are known to express 1L-1 and TNF-o¢ mRNA.
Negative controls were carried out by hybridizing sections with a
synthetic oligonucleotide (RANDOMER, 36 base, NEN) labelled
with **S, or by using sections pretreated with RNase [23].

Results

No IL or TNF immunofluorescent staining was observed
in control kidneys. In tissues from patients with glome-




Fig. 2 Immunofluorescent staining of IL-6 and TNF-a. A IL-6
staining in lupus nephritis (WHO Class IV). Round, cytoplasmic
staining in infiltrating cells and patchy staining in resident glome-
rular cells (arrowhead). B IL-6 staining in membranoproliferative
glomerulonephritis. Cells infiltrating a glomerulus are intensely
positive. Tubular epithelial cells are weakly labelled (arrow). C
TNF-¢ staining in Henoch-Schonlein purpura nephritis. TNF-ar
positivity is intense in an infiltrating cell (arrow) and blood vessel
(v), and moderate in resident glomerular cells, g glomerulus; ¢ tu-
bular epithelium; v blood vessel. Original magnification, A~C
*x400

rulonephritis, cytokine-positive cells were detected in the
glomeruli and interstitium (Figs. 1, 2). The positive cells
showed bright, round-shaped immunofluorescence. Dual
staining or staining of serial sections was performed
using a monoclonal antibody to human leukocyte com-
mon antigen (CD45) or anti-monocyte-macrophage
(CD14 and CD68) antibody and anti-cytokine antibody,
which revealed that most of the cytokine-positive cells
were monocytes-macrophages. The findings obtained
with anti-CD14 antibody and anti-CD68 antibody were
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Fig. 3 Proportions of glomerular cells reactive by immunofluores-
cence with antibodies to IL-1¢, IL-15, IL-6, TNF-¢, and TNF-§.
MCNS minimal change nephrotic syndrome; HSPN Henoch-
Schonlein purpura nephritis; MesPGN mesangial proliferative
(IgA-negative) glomerulonephritis; N nephritis; MPGN membra-
noproliferative glomerulonephritis
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Fig. 4 Population of cells immunoreactive for cytokines in the
renal interstitium. Abbreviations (see Fig. 3)
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Table 1 Glomerular resident cell staining for cytokines in glomerular diseases (Staining intensity was graded as weak (1+) and modera-
te (2+). Localization of cytokines is shown as: Epi glomerular visceral epithelium; Mes mesangium; End glomerular endothelium)

No. of No. of patients having positive immunofluorescence
patients
examined IL-1 IL-18 1L-6 TNF-¢x TNF-3
Localization Epi, Mes Epi, Mes Mes Epi, End, Mes Epi
Disease
Minimal change NS 11 0 0 0 0 0
Henoch-Schonlein 11 0 0 2(1+) 5(1+) 0
purpura nephritis 1(24)
Mesangial proliferative 10 2(1+) 0 1(1+) 3(1+) 0
2(2+)
Lupus nephritis
WHO Class II3 3 1(1+) 0 2(1+) 3(1+) 0
WHO Class IV 5 2(1+) 3(1+) 4(1+) 2(1+4) 1(1+)
2(2+) 3(2+)
Membranoproliferative 5 2(14) 2(14) 2(1+) 4(1+) 0
GN 12+)
Normal 4 0 0 0 0 0

Fig. 5 Intraglomerular monocytes-macrophages expressing IL-1¢
mRNA4A, identified by double labelling by immunocytochemistry
and in situ hybridization. Immunoperoxidase staining (brown in
cytoplasm) with anti-monocyte-macrophage (CD14) antibody and
in situ hybridization (dark grains in cytoplasm), using a **S-label-
led IL-1¢x antisense oligonucleotide probe, were performed se-
quentially on the same tissue section from a patient with mesangi-
al proliferative glomerulonephritis. Positive cells are indicated by
arrows. A, X 800; B (higher magnification of positive cells),
%x1,000

similar. The population of cytokine-positive cells in the
glomeruli was high in diffuse proliferative lupus nephri-
tis and membranoproliferative glomerulonephritis (Fig. 3).
The percentage of positive cells in the interstitium was
also high in these disease (Fig. 4).

In situ hybridization, using oligonucleotide probes for
IL-1¢, IL-6, and TNF-¢x, in combination with immuno-
peroxidase staining for monocytes-macrophages, was
performed on tissues from the six patients whose speci-
mens showed intense immunofluorescence for these
cytokines. Clusters of silver grains, corresponding to IL-
1, IL-6, and TNF-« transcripts, were observed in the
infiltrating monocytes-macrophages, which were brown
on peroxidase staining (Fig. 5). Sections hybridized with
a control probe or tissue treated with RNase prior to hy-
bridization showed no significant grain counts.

In addition to the staining of the infiltrating cells,
there was some resident glomerular cell staining. The distri-
bution and frequency of cytokine staining are summari-
zed in Table 1. Labelling for TNF-¢¢ was more frequent



and more diffuse than that for [L-1e, IL-18, IL-6, and
TNF-f. TNF-a was localized predominantly in the glo-
merular visceral epithelial cells, and, to a lesser extent,
in the glomerular mesangial and endothelial cells. In
some patients, glomerular cells were labelled for IL-1c,
IL-13, TL-6, and TNF-J. These stainings were generally
weak, except for IL-1¢ in two patients with diftuse proli-
ferative lupus nephritis (Fig. 1C). In the in situ hybri-
dization study, positive signals for IL-lc¢r, IL-6, and
TNF-o were rarely observed in resident glomerular cells.

Immunofluorescence for IL-1a and TL-15 was frequent-
ly positive in the media of small blood vessels. IL-6 was
occasionally stained in the cytoplasm of tubular epithelial
cells. TNF-« staining was frequently observed in the
epithelial cells of the Bowman’s capsule, in the intima
and media of small blood vessels, and in the interstitial cells.

Discussion

The immunocytochemistry and in situ hybridization
techniques used here demonstrated the local expression
of IL-1, IL-6, and TNF in the kidneys of patients with
several types of glomerulonephritis. The majority of
cells immunoreactive for IL-1, IL-6, TNF-¢, and TNF-§
were monocytes-macrophages infiltrating the glomeruli
and interstitium. The production of IL and TNF by me-
sangial cells from normal glomeruli in vitro has been
well documented [2, 11, 14]. Thus, we had anticipated
that substantial amounts of cytokines were synthesized
by glomerular mesangial cells. However, our immuno-
staining and in situ hybridization findings suggested that
monocytes-macrophages are the major source of pro-in-
flammatory cytokines. The staining intensity in the im-
munofluorescence study and the signal density in the in
situ hybridization study were prominent in infiltrating
monocytes-macrophages. Thus, it appears that cytokine
production by monocytes-macrophages is more pronoun-
ced than that by resident glomerular cells. The contribu-
tion of monocytes-macrophages, rather than mesangial
cells, to local IL-1 and TNF synthesis has been emphasi-
zed in studies of animal models. Tipping and co-workers
[17, 18] reported that, in experimental anti-GBM nephri-
tis, where injury was macrophage-dependent, IL-1 and
TNF production was macrophage-dependent, and infil-
trating glomerular macrophages were the major source
of IL-1 and TNF. In acute aminonucleoside nephrosis in
rats, Diamond and Pesek [6] demonstrated the correla-
tion in number between glomerular macrophages and
TNF- or IL-1-positive glomerular cells immunohistoche-
mically. Further, recent human studies by Waldherr and
co-workers [13, 19], using immunohistochemistry and in
situ hybridization, have shown enhanced expression of
IL-183, TNF-¢, interferon and IL-2 receptors in infiltrat-
ing monocytes-macrophages in tissues from patients
with anti-neutrophil cytoplasmic autoantibody-positive
glomerulonephritis and mesangial IgA nephritis. Our
own studies in IgA nephritis [24] have also demonstrated
enhanced expression of IL-1, IL-6, and TNF-or at mRNA
and protein levels in infiltrating monocytes-macrophages.
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The use of tissue culture and histochemical and mo-
noclonal antibody techniques has established that mono-
cytes-macrophages infiltrate glomeruli and glomerular
crescents in rapidly progressive glomerulonephritis,
membranoproliferative glomerulonephritis, lupus nephri-
tis, and IgA nephritis in man [1, 9, 22]. Here, we found
that the tissues of patients with diffuse lupus nephritis
and membranoproliferative glomerulonephritis showed
numerous monocytes-macrophages infiltrating the glo-
meruli and interstitium; these cell expressed IL-1, IL-6,
and TNF simultaneously. Although we found this cell
type in other forms of glomerular disease, including mini-
mal change nephrotic syndrome, their population was lo-
wer than in these two diseases. In addition to their well-
known functions of procoagulant activity, phagocytosis,
oxygen radical generation, and release of GBM-degra-
ding proteinases {12, 21}, monocytes-macrophages may
be important as a cellular source of these pro-inflamma-
tory cytokines that potentially promote the proliferation
of glomerular mesangial cells. A recent study by Dia-
mond et al. [7] using an experimental model of nephrotic
syndrome, has indicated that infiltrating glomerular
macrophages, by augmenting mesangial cell prolifera-
tion, may be important effectors in the progression of in-
itial glomerular injury to glomerular cell proliferation
and further glomerulosclerosis.

The mesangial staining for cytokines shown here is
consistent with some and inconsistent with other pre-
vious reports from other laboratories. Fukatsu et al. [10]
have shown rather broad distribution of immunoreactive
IL-6. They found mesangil IL-6 was found in mesangial
proliferative glomerulonephritis and in non-proliferative
glomerulonephritis. They also detected it in the epitheli-
um of the Bowman’s capsule, synechiae, tubular epitheli-
al cells, and arterial muscle cells, but not in infiltrating
leukocytes. Waldherr et al. [19] have briefly described
IL-6 expression in glomeruli with marked mesangial pro-
liferation and/or expansion, and have also shown this ex-
pression in interstitial and tubular epithelial cells of tis-
sues with widespread tubulo-interstitial damage. We ob-
served only weak IL-6 immunoreactivity in resident
mesangial cells of glomeruli showing marked increases
in mesangial cells and matrix, and this weak immunore-
activity was also seen in some cells in the renal tubular
epithelium. These discrepancies could be due to differen-
ces in the specimens analysed and antibodies used.

In conclusion, these results indicate the concomitant
expression of several pro-inflammatory cytokines in infil-
trating monocytes-macrophages, and, to a lesser extent, in
the resident renal cells of glomerulonephritis. The multi-
functional properties of these factors may play a synergi-
stic role in the inflammatory process in glomeruli.
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