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tubulointerstitial nephritis models.2,3 However, the crucial
role of cytokines has not been fully investigated in the
pathogenesis of human tubulointerstitial nephritis. Here
we describe a patient who developed tubulointerstitial
nephritis associated with membranous nephropathy
showing the upregulation of cytokines. This suggests
that dysregulation of cytokines may be involved in the
pathogenesis of human tubulointerstitial nephritis.

Case report

In May 1990, a 45-year-old woman was admitted to
Kanazawa University Hospital for evaluation of insidious
edema and proteinuria of several months’ duration. She
denied any history of drug usage or past history of diseases
including urinary abnormalities. Physical examination re-
vealed edema of the face and bilateral lower legs. Urine
analysis showed proteinuria of 15.0 g/day and no micro-
scopic hematuria. Urine sediment showed clustering of leu-
kocytes and some hyaline casts. Urine culture and cytology
were negative. Hematological laboratory test results were:
hematocrit, 30.7%; red blood count, 3 310 000/mm3; and he-
moglobin, 10.4 g/dl. Renal function was mildly reduced (24-
h creatinine clearance (Ccr) 80.6 ml/min), while urinary
â2-microglobulin and N-acetyl-glucosaminidase showed
high levels (20 000 ng/ml and 471.1IU/l, respectively). Total
serum protein was 4.3 g/dl (albumin 1.7 g/dl) and serum cho-
lesterol was high (340 mg/dl). There was marked IgG
hypogammaglobulinemia (628 mg/dl). Results of serologi-
cal testing for antinuclear antibody or components of
complement were negative or normal. In addition, there
were no clinical symptoms suggestive of collagen diseases.

Renal biopsy showed mild diffuse thickening of the
glomerular capillary walls accompanied by spike formation.
The interstitium was diffusely infiltrated by small round
cells, and tubulitis was detected (Fig. 1). Immunofluores-
cence microscopy revealed granular deposition of immune
complex containing IgG and C3 along the glomerular capil-
lary walls. Subepithelial dense deposits were also observed
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Introduction

Tubulointerstitial diseases, including tubulointerstitial
nephritis, have a major impact on overall renal function and
on the eventual prognosis of renal diseases.1 The mecha-
nism by which tubulointerstitial lesions develop remains
unclear. Recent studies have revealed that the upregulation
of cytokines is involved in the pathogenesis of experimental
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by electron microscopy. Human renal tubular antigen
(RTE) was not detected by the indirect immunofluores-
cence method using specific antihuman RTE rabbit serum
(a kind gift from Dr. Naruse4), as previously described.5

Renal biopsies were performed with the informed consent
of the patient.

We instituted combined therapy of oral prednisolone
(15 mg daily) with cyclosporin (6 mg/kg per day) (Fig. 2).
These treatments improved both urinary protein excretion
and serum levels of total protein. After the therapy, a re-
biopsy specimen of the kidney revealed marked improve-
ment of interstitial cell infiltration and tubulitis. We

measured the urinary levels of the chemokines, interleukin-
8 (IL-8) and monocyte chemotactic and activating factor
(MCAF)/monocyte chemoattractant protein-1 (MCP-1),
which are involved in both the recruitment and the activa-
tion of neutrophils6 and monocytes, respectively,7 by
enzyme-linked immunosorbent assay (ELISA). Urinary IL-
8 and MCAF/MCP-1 levels were standardized by the
amount of creatinine in the urine. The elevated urinary IL-
8 level of 84.7 pg/mg · creatinine (normal range, ,0.2 pg/mg
· creatinine) and the MCAF/MCP-1 level, of 178.0pg/mg ·
creatinine (normal range, ,0.4 pg/mg · creatinine) were
found to be dramatically decreased during the patient’s
immunosuppressive therapy-induced convalescence to
0.4 pg/mg · creatinine and 1.6pg/mg · creatinine, respec-
tively. In contrast, plasma IL-8 was not detected (normal
,16 pg/ml) and serum MCAF/MCP-1 was slightly high
(93 pg/ml; normal, 66.1 6 15.5 pg/ml, mean 6 SEM). In
addition, the elevated serum level of tumor necrosis factor-
α (TNF-α; 218.8pg/ml) was decreased to 36.7 pg/ml, de-
tected by ELISA as previously described.8

We found that in 13 other patients with membranous
nephropathy, urinary levels of IL-8 were below detectable
levels, and urinary MCAF/MCP-1 and serum TNF-α levels
were not as high (4.0 6 0.1 pg/mg · creatinine and 2.7 6
2.5 pg/ml, respectively), as in the patient described. She has
received prednisolone 10mg for maintenance every other
day and the proteinuria has never recurred.

Discussion

We reported here a patient with tubulointerstitial nephritis
associated with membranous nephropathy with elevated
levels of cytokines. Tubulointerstitial nephritis observed in
membranous nephropathy is relatively rare.9 This patient
denied any history of drug usage or collagen diseases. Katz
et al.10 reported three patients with anti-tubular basement
membrane antibody nephritis associated with membranous
nephropathy. Although we did not evaluate anti-tubular
basement membrane antibody in this patient, we did not
find any deposition of IgG along tubular basement mem-
brane or RTE in glomerular capillaries. Thus, the mecha-
nism of the association of membranous nephropathy and
tubulointerstitial nephritis remains to be investigated.

This study revealed elevated levels of urinary IL-8 and
MCAF/MCP-1 in this patient with tubulointerstitial
nephritis associated with membranous nephropathy. We
did not detect high levels of IL-8 or MCAF/MCP-1 in
patients with membranous nephropathy without interstitial
nephritis. The most noticeable difference between this
patient and the others was in the marked infiltration of
mononuclear cells. Although we did not detect the cell
sources of the cytokines IL-8 and MCAF/MCP-1, these data
suggest that the upregulation of these chemokines was
highly specific for the tubulointerstitial nephritis in this pa-
tient. In support of this notion, we have previously reported
that MCAF/MCP-1 plays a pivotal role in tubulointerstitial
damage and promotes renal dysfunction in human lupus

Fig. 1. Renal biopsy revealed tubulointerstitial nephritis associated
with membranous nephropathy. Periodic acid Schiff, 3320

Fig. 2. Clinical course of the patient. u-, Urinary; IL-8, interleukin-8;
MCAF, monocyte chemotactic and activating factor; MCP-1, mono-
cyte chemoattractant protein-1; TNF-α, tumor necrosis factor-α
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nephritis,7 IgA nephropathy,11 and an experimental
glomerulonephritis model.12 Furthermore, we previously
reported that infiltrating mononuclear cells, tubular epithe-
lial cells, and endothelial cells of the peritubular capillaries
were positive for IL-8 and MCAF/MCP-1 by immunohis-
tochemical and in-situ hybridization analyses.6,7 Therefore,
even though it is not clear at present whether these
cytokines induce tubulointerstitial nephritis or whether
tubulointerstitial nephritis lesions release these cytokines,
or whether both of these phenomena occur, these results
suggest that upregulation of these chemokines may be
closely associated with the pathogenesis of tubulointerstitial
lesions in this patient.

We found that TNF-α in the serum was also elevated in
this patient. TNF-α plays a crucial role in the pathogenesis
of interstitial lesions in membranous nephropathy.13 Taken
together, it appears that once tubular epithelial cells and
interstitial infiltrates have been activated by some inflam-
matory process, IL-8, MCAF/MCP-1, and TNF-α promote
the interstitial inflammatory process through the infiltration
and activation of leukocytes.

Urinary and serum levels of these cytokines fell to lower
levels during the patient’s convalescence induced by gluco-
corticoid and cyclosporin. The efficacy of cyclosporin in the
treatment of membranous nephropathy has been estab-
lished14 as judged by the improvement of the proteinuria.
Although the precise mechanism of the effects of this com-
bined therapy on membranous nephropathy and tubuloin-
terstitial nephritis remains to be investigated, one
believable mechanism may be the inhibition of cytokines,
including IL-8, MCAF/MCP-1, and TNF-α. Since glucocor-
ticoids decrease the level of TNF-α, the inducers of IL-8 and
MCAF/MCP-1,15 via inhibition of the activity of NFkB,16

glucocorticoids may suppress these cytokines, thereby in-
hibiting the activation and infiltration of leukocytes. In ad-
dition, cyclosporin inhibits T-cell activation via a decrease
in IL-2,17 which may decrease cytokines produced by T cells
directly, or may indirectly decrease these cytokines pro-
duced by other inflammatory cells via an inhibitory interac-
tion by inactivated T cells. Cyclosporin enhances the barrier
size-selection of the glomerular basement membrane,14

which may lead to the improvement of proteinuria. Collec-
tively, this combined therapy may be effective in membra-
nous nephropathy and tubulointerstitial nephritis, possibly
via the improvement of barrier size and via a direct and/or
indirect decrease of cytokines, leading to the reduction of
immune complex and the inhibition of leukocyte activation
and infiltration.

In summary, these results suggest that the upregulation
of cytokines may play an important role in the pathogenesis
of tubulointerstitial nephritis and that combined therapy
with oral prednisolone and cyclosporin is effective in
tubulointerstitial nephritis and membranous nephropathy.
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