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The role oftumor necrosisfactor alpha (TNF-a)
was examined in biopsy-proven glomelone-
phritis by immunohistochemistry, in situ bybrid-
ization, immunogold electron microscopy, immu-
noassay in serum and urine, and urinary
immunobloL Striking glomerular capiUary wall
and visceralglomelar epithelial ceU TNF-apro-
tein staining was observed in aU cases of mem-
branous nephropathy andmembranous lupus ne-
phropathy. Staining was lessfrequently observed
in crescentic glomerulonepbritis and in isolated
cases of other histological subtypes ofglomeru-
lonephritis, usualy in association with glomeru-
lar macrophages. By immunogold electron mi-
croscopy TNF-ca was localized in membranous
nephropathy within the visceral glomerular epi-
thelial ceUs, and also in the glomerular basement
membrane, especialy in relation to immune de-
posits. In situ hybridization localized TNF-a
mRNA exclusively toglomerularepithelal ceUs in
al biopsies with membranous morphology but
not in other histological subtypes. Concentrations
of INF-a were significantly increased compared
with normal controls in the urine of patients
with membranous nephropathy and with cres-
centic glomerulonephritis. The expression of
TNF-a by glomerular epithelial ceUs exclusively
and universaly in biopsies showing a membra-
nous morphology strongly suggests this cytokine
has a role in thepathogenesis ofmembranous ne-
phropathy. (AmJ Pathol 1995, 146:1444-1454)

Tumor necrosis factor (TNF)-a, a 17-kd protein en-
coded in the major histocompatibility complex locus

on chromosome 6, is produced by a wide range of cell
types but predominantly by cells of the monocyte lin-
eage.1 It is an important regulator of immune re-
sponses, generally acting to promote inflammation
and as such has a potential role in glomerulonephritis
(GN). TNF-a induces specific transcription factors in
target cells and stimulates production of other cyto-
kines, particularly interleukin (IL)-1 and IL-6. Together
with these cytokines, TNF-a production is associated
with endotoxic shock, and the familiar systemic in-
flammatory syndrome of fever, cachexia, and acute
phase response. TNF-a upregulates the expression
of class MHC molecules, vascular adhesion mol-
ecules, and procoagulant activity, amplifying local in-
flammatory responses. Other effects of TNF-a of rel-
evance to GN include the promotion of angiogenesis
and fibrosis and a complex interaction with oxygen
radical metabolism.

Possible sources of TNF-a in human GN are intrin-
sic glomerular cells and extrinsic inflammatory cells
recruited into the glomerulus. Previous studies of
TNF-a production by normal human kidney cells have
produced conflicting results. Several groups found no
detectable TNF-a mRNA or protein in normal human
kidney tissue,2- although others reported detectable
TNF-a mRNA5 6 and mesangial staining with a poly-
clonal antibody.6 Rat mesangial cells can synthesize
TNF-a,78 but production of TNF-a by human mesang-
ial cells in tissue culture could not be demonstrated
in one published study, although these cells did se-
crete IL-1.9 Production of TNF-a by cultured rat
glomerular epithelial cells (GECs) has recently been
reportedi10

In studies of human renal disease to date, TNF-a
has been associated predominantly with extrinsic in-
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flammatory cells. In biopsies obtained from patients
with immunoglobulin (1g)A nephropathy, cells ex-

pressing TNF-a have been identified as predomi-
nantly monocytes/macrophages.11 In tissue from pa-
tients with anti-neutrophil cytoplasmic antigen-
positive GN, TNF-a expression was found in several
sites, predominantly in infiltrating mononuclear cells
and within crescents, although the parietal epithelial
cells and some tubular cells stained for TNF-a.3

Similarly, in experimental renal disease, mono-

nuclear cells have been considered to be the major
source of TNF-a. TNF-a synthesis by infiltrating mac-
rophages has been demonstrated in mouse models
of lupus nephritis,12,13 in acute aminonucleoside ne-

phrosis in rats,12'14 and in anti-glomerular basement
membrane (GBM) antibody-induced GN in rabbits.15
In the latter model, synthesis of TNF-a by intrinsic glo-
merular cells was reported as quantitatively insignifi-
cant. 15

We studied the expression of TNF-a mRNA and
protein in 72 renal biopsy specimens from patients
with a range of glomerular pathological diagnoses. In
addition to detecting TNF-a synthesis in previously
reported sites particularly in macrophages within
crescentic and IgA nephropathy biopsies, we have
demonstrated for the first time expression of TNF-a by
glomerular visceral epithelial cells. TNF-a synthesis
by GECs was strictly limited to cases with a mem-

branous morphology. The importance of our finding
was supported by urinary immunoblotting and immu-
noassay, as patients with membranous nephropathy
(MN) had significantly elevated urinary TNF-a con-

centrations compared with normal subjects.

Materials and Methods

Samples

Archival renal biopsy tissue was available from 72 pa-

tients with GN and from 3 patients without diagnostic
abnormalities on light microscopy. Serum and urine
samples were collected from 60 patients with biopsy-
proven GN and from 20 healthy volunteers. Samples
were stored frozen at -70 C in 1-ml aliquots. All sub-
jects gave informed written consent, and the study
was approved by the Ethical Committee of the Well-
ington Area Health Board. Numbers of patients in
each GN sub-group are shown in Table 1.

Immunohistochemistry

Sections of formalin-fixed, paraffin-embedded tissue
were dewaxed with xylene, rehydrated to Tris-
buffered saline (TBS), pH 7.5, and digested with bac-

terial protease XXIV (Sigma Chemical Co., St Louis,
MO) for 10 minutes at 37 C. The slides were incubated
overnight at 4 C with a monoclonal antibody to human
TNF-a (clone 199, IgGK; Boehringer-Mannheim,
Mannheim, Germany) diluted 1:50 in Tris-buffered
saline/1% bovine serum albumin. Endogenous per-
oxidase was inhibited with 0.3% H202 in Tris-buffered
saline for 10 minutes at room temperature. Biotiny-
lated anti-mouse Igs were applied for 30 minutes
at room temperature followed by peroxidase-
conjugated streptavidin for 30 minutes at room tem-
perature (SuperSensitive system, BioGenex, San
Ramon, CA). The substrate diaminobenzidine was
added until the desired staining intensity occurred.
After counterstaining with hematoxylin, the sections
were dehydrated and mounted in DPX.

Control experiments were conducted on identically
prepared sections as follows. For primary antibody
substitution, the primary antibody was omitted or sub-
stituted with anti-Mac-387 (Dako Corp., Carpinteria,
CA), a monoclonal antibody of the same class
(IgGl K), which stains monocytes/macrophages. For
specific adsorption of anti-TNF-a antibody reactivity,
2 pg/ml anti-TNF-a and 1 ng/ml TNF-a (NIBSC, Lon-
don, UK) were mixed at room temperature for 4 hours
and then centrifuged at 10,000 rpm before applying
the supernatant as primary antibody. For staining for
IgG, human IgG was revealed with monoclonal
mouse anti-human IgG antibody (Dako) and the Su-
perSensitive detection system.

In Situ Hybridization

Oligonucleotide probes (Table 2) based on the cod-
ing region of the published human TNF-a sequence16
were purchased from Operon Technologies (Alam-
eda, CA). All probes were 3'-end labeled with digoxi-
genin by using the Boehringer-Mannheim oligonucle-
otide tailing kit. The manufacturer's instructions were
followed, except that the labeling reaction time was
reduced to 10 minutes to minimize probe digestion,17
and the final ethanol wash was omitted. Formalin-
fixed paraffin sections were prepared for hybridiza-
tion as previously reported,18 except that digestion
with 1.5 pg/ml proteinase K (Boehringer-Mannheim)
was preceded by dehydration through graded etha-
nol, and post-fixation was followed by a 10-minute
incubation in 0.25% acetic anhydride in triethano-
lamine. Control slides were incubated with 100 pg/mI
RNAse A (Boehringer-Mannheim) for 2 hours at 37 C.
The hybridization buffer contained 600 mmol/L so-
dium chloride, 50 mmol/L Tris HCI, pH 7.5, 1% sodium
pyrophosphate, 5 mmol/L EDTA, 10% formamide, 5%
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Table 1. Subjects Studied

Diagnosis Urine (n) Serum (n) IHC (n) ISH (n)

Crescentic GN 3 3 11 5
Focal GN 7 6 7
Focal glomerulosclerosis 11 9 10 5
IgA nephropathy 8 8 8 5
Membranous nephropathy 6 3 10 10
Mesangiocapillary GN 3 3 3
Minimal change disease 5 5 5 5
Mesangioproliferative GN 5 4 5
Lupus nephritis 12 12 13 7
Lupus nephritis of membranous type 1 1 3 3
Total GNs 60 53 72 37
Normal 12 20 3 3

Numbers of subjects in each GN subgroup studied by TNF-a immunoassay of urine and serum and by immunohistochemistry (IHC) and in
situ hybridization (ISH) for TNF-a protein and mRNA.

PEG 6000, 0.2% polyvinylpyrrolidone, 0.2% Ficoll,
and 160 ng/pl sheared salmon sperm DNA. Prehy-
bridization for 1 hour at 37 C was followed by over-

night hybridization at 42 C with 200 ng of either the
anti-sense probes, in an equimolar mixture, or the
sense probe. Slides were rinsed in 2X standard saline
citrate (SSC), then washed once with 0.2X SSC for 30
minutes, twice with 0.1X SSC for 30 minutes, at 22 C,
and once with O.1X SSC for 30 minutes at 37 C. Hy-
bridized probe was detected with alkaline
phosphatase-labeled anti-digoxigenin antibody, and
nitroblue tetrazolium/X-phosphate substrate accord-
ing to the manufacturer's instructions (Boehringer-
Mannheim). Slides were counterstained with neutral
red, air dried, and mounted in DPX.

Immunogold Electron Microscopy

Renal biopsy material was fixed in periodate-lysine
paraformaldehyde and embedded in LR white resin
as previously described, 19'20 and ultra-thin sections
were prepared on gold grids. Sections were incu-
bated with 0.01 mol/L glycine for 10 minutes, followed
by monoclonal anti-TNF-a antibody (Boehringer
Mannheim), 1:50, in phosphate-buffered saline/0. 1%
bovine serum albumin/i % Tween-20 for 5 hours. Rab-
bit anti-mouse IgG (Dako) was applied for 1 hour, fol-
lowed by gold-labeled goat anti-rabbit antibody
(10-nm particle size, Amersham, Buckinghamshire,
UK) for 5 hours. All incubations were performed at
room temperature and were followed by extensive

washes with 0.01 mol/L phosphate-buffered saline.
After a final wash in ultra-pure water, sections were

counterstained with uranyl acetate for 5 minutes.
Preparations were viewed in a Zeiss 109 electron mi-
croscope.

Extensive specificity controls were performed, in-
cluding omission and adsorption of the primary an-

tibody, as described above for immunohistochemis-
try. In addition, monoclonal anti-vimentin antibody,
1:100 (Dako), was substituted for the primary anti-
body to reveal intermediate filaments in the cytoplasm
of GECs as a marker of that cell type.

Immunoassay

A commercial immunoradiometric assay was used
according to the manufacturer's instructions (Medge-
nix, Fleurius, Belgium), except that aliquots of the
TNF-a protein standards provided (5000, 1500, and
15 pg/ml) were diluted to generate additional stan-
dards (1000, 750, and 10 pg/ml). The sensitivity of this
assay as defined by the mean of the zero standard
plus two standard deviations was 5 pg/ml. All assay

results were calibrated with standard concentrations
of TNF-a obtained from the UK National Institute of
Biological Standards and Controls. The immunora-
diometric assay did not detect TNF-4, IL-1, IL-2, or

interferon-y. Inter-assay variation was 9.8% and intra-
assay variation was 6.9%. Data were processed with
curve interpolation software that used a four-
parameter immunoassay model.21

Table 2. Oligonucleotides Used in in Situ Hybridization

Sequence Bases16

Anti-sense 5'-ACCGCCTGGAGCCCTGGGGCCCCCC-3' 240-216
5'-GGGGAACTCTTCCCTCTGGGGGCCG-3' 344-320
5'-GGCCTCAGCCCCCTCTGGGGTCTCC-3' 713-689
5'-CCTTCTCCAGCTGGAAGACCCCTCC-3' 765-741

Sense 5'-CAGAGGGAAGAGTTCCCCAG-3' 327-346
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Immunoblotting of Urine

Sodium dodecyl sulfate polyacrylamide gel electro-
phoresis of 30 pi from patient urine samples (con-
centrated 5X; Minicon, Millipore, Bedford, MA) and
TNF-a standards (10 ng; UK National Institute of Bio-
logical Standards and Controls) was performed on
10% gels according to the procedure of Laemmli.22
Proteins were visualized by silver staining and then
transferred to Immobilon (Millipore) membranes in a
Transblot semi-dry cell (Bio-Rad, Hercules, CA) at 15
V for 25 minutes. The membrane was blocked in
phosphate-buffered saline/0.5% bovine serum albu-
min for 30 minutes before incubation with anti-human
TNF-a monoclonal antibody (Boehringer-Mannheim),
1:50, for 2 hours. The membrane was washed in
phosphate-buffered saline/0.05% Tween-20 and
then exposed sequentially to biotinylated anti-
mouse Ig (BRL/Gibco, Bethesda, MD), 1:3000, and
streptavidin-biotin-peroxidase complex (Amersham),
1:2000. Bound antibody was visualized by incubation
in enhanced chemiluminescence substrate (Amer-
sham) for 60 seconds and exposure to photographic
film (X-Omat K, Kodak) for 15 seconds.

Statistics

Quantitative data were compared by the nonparamet-
ric Mann-Whitney U-test (for two-group comparisons)
and the Kruskal-Wallis test (for multi-group analysis).
P values greater than 0.05 were considered not sig-
nificant and are not cited in the text.

Results

Immunohistochemistry

Staining for TNF-a was observed in GECs and the
GBM of all biopsies (10/10) obtained from patients
with MN (Figure 1A, C). Identical staining was ob-
served in all cases (3/3) of lupus nephritis with mem-
branous morphology (Figure 2A) but not in any lupus
nephritis biopsy tissue of nonmembranous type (0/
10). This staining did not occur when the anti-TNF-a
antibody was pre-adsorbed with TNF-a (Figure 2C).
Macrophage/monocyte staining with Mac-387 was
very rarely observed in any membranous biopsy tis-
sue (less than 1 cell per 10 glomeruli). All biopsies
showing membranous histology were graded be-
tween stages and 11123; intensity of GEC staining for
TNF-a did not directly correlate with stage of disease.

In nonmembranous biopsies (n = 59), including
those with prominent IgG deposition, TNF-a was not
detected in GECs or the GBM (Figure 2D). In the ma-

jority of cases of crescentic GN, mononuclear cells in
the crescents stained for TNF-a, as previously re-
ported by others. This staining co-localized with Mac-
387 (not shown). In some cases of IgA nephropathy
(4/8), mesangial staining for TNF-a was observed,
predominantly localized to mononuclear cells. Tubu-
lar staining for TNF-a was observed in many biopsies
of all histological subtypes.

In Situ Hybridization

In all cases of MN (10/10) and lupus nephritis with
membranous morphology (3/3), TNF-a mRNA was lo-
calized to GECs (Figures 1 B, D and 2B). Binding of
the anti-sense probes to these cells was prevented by
preincubation with RNAse, and sense probes did not
produce a positive signal. No other biopsy examined
showed any labeling of GECs (minimal change dis-
ease, focal glomerulosclerosis, IgA nephropathy,
crescentic, and other immune complex proliferative
GN). In all biopsies from patients with crescentic GN,
TNF-a mRNAwas demonstrated in mononuclear cells
located in crescents. Tubular TNF-a mRNA was de-
tected in all cases with TNF-a protein expression in
tubules.

Immunogold Electron Microscopy

Immunogold labeling for TNF-a was seen in cases of
membranous morphology only, over GECs and in the
GBM, especially over immune deposits (Figure 3).
Preincubation of the anti-TNF-a antibody with TNF-a
entirely abrogated this staining, and no specific la-
beling was observed when the primary antibody was
omitted.

Measurement of TNF-a in Urine

Urine TNF-a concentrations are plotted as a scatter-
gram in Figure 4. There was no significant difference
between urinary TNF-a concentrations measured in
control subjects and those in the total group of GN
patients. Two GN patient subgroups showed urine
TNF-a concentrations significantly higher than those
of control subjects (patients with MN, P = 0.027; and
with crescentic GN, P = 0.009). The majority of the
samples from these patients had TNF-a concentra-
tions above the highest control value. The single sys-
temic lupus erythematosus patient with a urinary
TNF-a concentration in excess of the normal range
showed a membranous morphology on biopsy.
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Figure 1. 7NF-a expression by visceral GECs in MN. Detection of TAF-a protein by immunohistochemistry (A and C) and TNF-a mRNA by in situ
hybridization (B and D) in human membranous nephropathy. 7NF-a protein is evident within the cytoplasm of visceral GECs (podocytes) and
throughout the GBM, particularly in relation to immune deposits (A and C). 7NF-a mRNA is intensely labeled (blue reaction product) with specific
digoxigenin-labeled synthetic oligonucleotides exclusively within visceral GEC cytoplasm in MN. Magnification, A and B, x350; C and D, X 875.
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Figure 2. 7NF-a expression by visceral GECs in lupus nephropathy of memnbranous morphology. Detection of TNF-a protein by immunohistochem-
istry (A) and TNF-a mRNVA by in situ hybridization (B) in the membranous histological variant of lupus nephropathy. TNF-a is prominent within
visceral GECs and throughout the GBM (A), and TNF-a mRNA is intensely labeled (blue reaction product) e-xclusively within visceral GEC cyto-
plasm (B). Adsorption ofanti-TNF-a monoclonal antibody with human TNF-a protein (C) abolished the reactivity seen in (A), confirming the an-
tibody's specificity for TNF-a. No TNF-a protein was revealed within the glomeruli of a patient with post-streptococcal glomerulonephritis (D) in
which Ig deposition was prominent, indicating that the TNF-a antibody did not bind to human Ig. Magnification, A, C, and D, X350; B, X875.

Immunoblotting of Urine for TNF-a

Urine samples with elevated concentrations of TNF-a
demonstrated bands of approximate molecular sizes
17 or 51 kd, representing monomer and trimer TNF-a,
when immunoblotted with monoclonal anti-TNF-a
(Figure 5). These bands were absent from all normal
control urine specimens, but after addition of TNF-a
antigen as a positive control, the 1 7-kd band could be
detected (Figure 5).

Measurement of TNF-a in Serum

Serum TNF-a concentrations are plotted as a scat-
tergram in Figure 6. There was a significant difference
between serum TNF-a concentrations in control sub-
jects and GN patients as a group (P = 0.001). The
statistical significance of the variability in TNF-a be-
tween all of the subgroups, including controls, was
confirmed by the Kruskal-Wallis test (P = 0.012). GN
subgroups with TNF-a concentrations distributed sig-
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Figure 3. Immunogold ultrastrcttural localization of TVF-a in
AM1IN. A: Gold particles indicate that hEV-a is predominanrtly local-
ized in association with imnmuine deposits in the GBM(arrowheadsC)
and witbin GEC cytoplasm (short arrows). Origina nagnfication,
x 13,200. B: 5peciffcitv control on a section from the same biopsy
in uhich the prImary antibody was omitted. Original magnifica-
tion, X 9000.

nificantly higher than the control group were patients
with IgA nephropathy (P = 0.006) and lupus ne-

phropathy (P = 0.022). However, only one patient,
with a biopsy diagnosis of type mesangiocapillary
GN, had a serum TNF-a concentration greater than
the highest control value.

Discussion

We investigated the role of TNF-a in human GN
using specific immunohistological and in situ hy-
bridization methods and found unexpectedly that
TNF-a is expressed by the visceral GECs of pa-
tients with membranous morphology, both of pri-
mary idiopathic and of lupus origin. In all mem-

branous cases examined, TNF-a synthesis was

confined to the GECs, with no evidence of TNF-a
production by other intrinsic glomerular cells. In-
filtrating leukocytes, another potential source of
TNF-a production, were seldom seen in glomeruli
with membranous histology. This pattern of TNF-a
expression was not found in any other GN subtype
and corresponded with significantly elevated con-

centrations of TNF-a in the urine. We did not ob-
serve a corresponding increase in serum TNF-a
concentrations in the MN group, in contrast to one
previous report.24

Our data from subjects with nonmembranous mor-
phology on biopsy were substantially in agreement
with previous observations.311 In crescentic GN,
TNF-a was detectable in monocyte/macrophages in
crescents, and this correlated with elevated urinary
TNF-a concentrations. In IgA nephropathy, TNF-a
production was demonstrated occasionally within
mesangial mononuclear cells. We also observed
staining for TNF-a within tubules in many of the bi-
opsies, and secretion of TNF-a by proximal tubular
cells has previously been reported.2526 We were not
able to detect TNF-a protein or mRNA in normal hu-
man renal tissue. Conflicting reports on this issue to
date may relate to differences in methodology. Nei-
ther could we confirm the previously reported eleva-
tion in TNF-a concentrations in urine and serum from
patients with focal glomerulosclerosis.24 Our his-
topathological studies revealed no TNF-a expression
in the kidneys of patients with focal glomerulosclero-
sis. However, patients with lupus nephropathy or IgA
nephropathy had significantly higher serum TNF-a
concentrations than controls, although none of these
patients had values outside the normal range. It has
previously been reported that cultured peripheral
blood monocytes from patients with IgA nephropathy
secrete greater amounts of TNF-a than control cul-
tures.27

........
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TNF-a measurement
in urine from patients with GN
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Figure 4. 7TA-a measurement in urinefrom patients witb GN. MN, membranous nephropathy; SLE, systemic lupus erythematosus; cresc, crescentic
GN; FGS, focal glomerulosclerosis; MCD, minimal change disease; IgA, IgA nephropathy; MP, mesangioproliferative GN; MC, mesangiocapillary GN;
FE focal GN.
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Figure 5. Immunoblot of urine samplesfrom patients with MN. Lane
A: Molecular weight markers. Lane B: 7[N-a antigen added to nor-
mal urine. Lanes C, D, and E: Urine from patients with MN. Left
hand arrow indicates an approximately 1 7-kd band and right hand
arrow an approximately 51-kd TNF-a trimer.

The specific production of TNF-a by GEC in MN is
of particular importance as these cells are regarded
as being central to the pathogenesis of MN.28 Fur-
thermore, two other GN subtypes in which GECs
show injury, focal glomerulosclerosis and minimal
change disease, did not show TNF-a expression by
GECs. It seems likely, therefore, that TNF-a expres-
sion by GECs is intimately linked with the pathoge-
netic events specific to MN. Human MN is increas-

ingly believed to involve the binding of auto-antibody
to GEC membrane proteins, on the basis of evidence
from animal models.2"3 The TNF-a synthesis by
GECs demonstrated in this report may be a direct or

indirect result of GEC perturbation by antibody.
Although the current report is the first to document

expression of TNF-a by human visceral GECs in
health or disease, recent studies in experimental ani-
mals confirm that GECs can express TNF-a and that
intraglomerular TNF-a production is associated with
proteinuria and disease progression.10 Cultured rat
GECs release TNF-a when exposed to adriamycin,
aminonucleoside of puromycin, lipopolysaccharide,
or platelet-activating factor,10 suggesting that a range
of noxious stimuli might induce release of TNF-a from
GECs in humans.

Stimulation of GECs by complement might induce
TNF-a expression. Complement deposition is a fea-
ture of MN and is presumed to be necessary to its
pathogenesis.28 Stimulation of cultured human me-

sangial cells with terminal complement proteins in-
duces release of TNF-a,34 although similar experi-
ments have not been performed with GECs. In
experimental MN (passive Heymann's nephritis), we
have shown that antibody binding to GECs induces
complement-dependent production of H202, by up-

regulating the respiratory burst NADPH oxido-
reductase in GECs.3335 Reactive oxygen species
modulate TNF-a release, and TNF-a may induce gen-
eration of reactive oxygen species.12 It is possible
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TNF-a measurement
in serum from patients with GN
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Figure 6. 7NF-a measurement in serumfrom patients with GN. For abbreviations see Figure 4.

that antibody binding in MN leads to stimulation of
GECs with activated complement products, upregu-
lating GEC production of reactive oxygen species
and TNF-a, which reinforce each other's release. Ex-
periments to establish whether complement products
can induce TNF-a synthesis in GECs will be of great
interest. It is pertinent in this context that cultured
human GECs have been reported to synthesize
03.36
The likely role of TNF-a expression by GECs in

the pathogenesis of MN remains unclear. Adverse
effects of TNF-a on glomerular function have been
demonstrated in some experiments with animal
models10' 1237-40 but not in others.41 42 TNF-a is di-

rectly cytotoxic to many glomerular cell types43 and
can promote procoagulant activity with formation of
microthrombi12 that could contribute to the renal vein
thrombosis associated with MN. However, it is specu-
lative whether GEC-derived TNF-a could reach endo-
thelial cells or the mesangium by diffusion retrograde
to plasma flow. Our immunogold electron microscopy
data, which revealed prominent TNF-a staining in the
GBM, particularly in relation to immune deposits, sug-
gests TNF-a secreted by GECs in MN may infiltrate
the GBM. One observation that mitigates against
TNF-a reaching the endothelium is the lack of glo-

merular inflammatory cell recruitment in MN. Access
of sufficient TNF-a to the glomerular endothelium and
mesangium would be expected to upregulate the

MP MC F

expression of cell adhesion molecules and the
production of chemoattractants, attracting leuko-
cytes. 12 Furthermore, plasma TNF-a concentrations
were not increased in our study, suggesting that mea-
surable quantities of GEC-derived TNF-a do not dif-
fuse across the glomerular capillary wall into the cir-
culation. Therefore, although both endothelial and
mesangial cells can respond vigorously to TNF-a,12 it
seems unlikely that they are affected by TNF-a se-

creted by GECs in MN.
It is, however, possible that TNF-a derived from

GECs may act as an autocrine or paracrine stimulant
of GECs themselves. Cultured GECs show specific
responses to TNF-a, implying that they express

TNF-a receptors.3643 Possible effects of this auto-
crine stimulation include direct cytotoxicity,43 in-
creased secretion of metalloproteinases44 that could
degrade GBM,45 and induction of reactive oxygen

species.4647 Clearly human GEC receptor expres-

sion now needs to be studied in vivo.
Another possibility is that the majority of the TNF-a

expressed by GECs remains membrane bound and
is not released in sufficient quantities to activate other
glomerular cells or GECs themselves. Membrane ex-

pression of TNF-a without substantial release of
soluble TNF-a has been observed on many other cell
types, including mesangial cells.7 However, our urine
data suggest that TNF-a is being released from GEC
membranes in MN in significant quantities.
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It is interesting to consider the time over which
GECs must synthesize TNF-a in MN to provide the
results obtained. All MN patients studied were biop-
sied within weeks of nephrological referral, but, as
time of presentation depends on symptom severity
and patient tolerance, biopsy will have been per-
formed at very variable intervals after induction of dis-
ease. Despite this heterogeneity and the varied
stages of disease seen on biopsy (from stages I to Ill),
TNF-a synthesis was seen within the GECs of every
case examined. We have not been able to study ad-
vanced cases of MN or cases in clinical remission, but
our current data indicate that TNF-a production by
GECs is a universal and constant feature of MN for at
least the first few months of disease. Additional work
is required to establish whether this GEC production
of TNF-a correlates directly with the presence of clini-
cal disease and to define its precise role in the patho-
genesis of MN.
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