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Abstract. A 2-year-old male patient was evaluated for
Fanconi syndrome with hypertension and failure to thrive.
Renal biopsy revealed autoimmune interstitial nephritis
with membranous nephropathy. The patient developed au-
toimmune hemolytic anemia and intractable diarrhea with
villous atrophy of the jejunum. He progressed to end-stage
renal disease and was transplanted without recurrent dis-
ease. Immune work-up done prior to immunosuppressive
therapy showed marked elevation of IgE. Studies of T
lymphocyte cytokine production showed normal production
of interleukin-4 but depressed levels of interferon-g. The
simultaneous occurrence of autoimmune interstitial ne-
phritis and membranous nephropathy in a young male re-
presents a unique syndrome. Abnormalities of T lympho-
cyte subpopulations and their cytokines may be involved in
the pathogenesis of this disorder.
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Introduction

Autoimmune interstitial nephritis and membranous ne-
phropathy are distinct pathological entities. The simulta-
neous occurrence of these two pathological findings in the
same patient is rare. However, several reports of this unu-
sual nephropathology in young male children suggest the
existence of a distinct syndrome rather than a random as-
sociation [1±10]. The patients present with renal tubular
dysfunction and failure to thrive. The renal disease usually
progresses to chronic renal failure [4]. Extrarenal disorders,

such as enteropathy with intractable diarrhea [4, 5, 10] and
pulmonary hemorrhage [2], have been reported in some
cases. This paper reports clinical, pathological, and im-
munological findings in a young male patient with auto-
immune interstitial nephritis and membranous nephropathy.

Case report

The patient developed generalized lymphadenopathy and eczema at
age 6 months. Cellulitis in the right leg and sinusitis occurred at age 9
months. Work-up for failure to thrive at 2 years revealed renal gly-
cosuria and hypertension. Renal arteriogram was normal.

Reevaluation at age 2 years 6 months showed Fanconi syndrome
with acidosis, renal glycosuria, hypouricemia, hypophosphatemia, and
generalized aminoaciduria. Urine protein excretion was 430 mg/24 h.
Heavy metal screen, white cell cysteine, plasma amino acids, anti-
nuclear antibody, and human immunodeficiency virus status were
normal.

Renal biopsy showed interstitial nephritis with lymphocytic infil-
tration and some fibrosis. The glomeruli were normal. Immunofluor-
escence findings were equivocal in tubules and glomeruli. Electron-
dense deposits were not seen on electron microscopy.

At age 3 years 5 months he developed Coombs'-positive auto-
immune hemolytic anemia with a hematocrit of 14%. The hemolytic
process and the positive Coombs' test resolved with corticosteroid
therapy.

Repeat renal biopsy, performed at age 3 years 6 months because of
rising serum creatinine, showed prominent tubulointerstitial nephritis
with tubular atrophy. Linear staining of IgG along the tubular basement
membrane (TBM) was demonstrated by immunofluorescence (Fig. 1).
Staining for C1q was negative. The glomeruli revealed focal segmental
sclerosis by light microscopy and focal capillary deposits of IgG and
C3 complement by immunofluorescence. Electron microscopy re-
vealed glomerular capillary subepithelial electron-dense deposits
(Fig. 2).

Lymph node biopsy displayed severe cortical and paracortical
lymphocyte depletion, increased medullary histiocytes, and a paucity
of germinal centers. The patient was noted to have acanthosis nigrans.

The patient was treated with prednisone, 2 mg/kg per day, without
improvement in renal function. At age 3 years 10 months, peritoneal
dialysis was started and steroids were tapered to 0.2 mg/kg per day.
One month later he developed severe diarrhea. Cultures and stool for
ova and parasites were negative. Biopsy of the jejunum obtained at age
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4 years revealed severe villous atrophy and infiltration with plasma
cells and lymphocytes. Diarrhea improved with intravenous nutrition
and intravenous corticosteroid therapy.

Renal transplant was performed with the mother as a donor at age 4
years 9 months. Postoperatively the levels of cyclosporin were incon-
sistent, suggesting poor gastrointestinal absorption of cyclosporin, and
he had an episode of rejection which was treated with murine
monoclonal anti-CD3 antibody (OKT3). He was placed on intravenous
cyclosporin treatment.
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Fig. 1. Linear staining along the tubular basement membranes is
detected with antisera against IgG

Fig. 2. Subepithelial deposits are present in the glomerular capillary
wall. Some deposits are covered by neolamina. The peripheral lucency
suggests resorption of the deposit material. Podocyte effacement is also
present

Table 1. Immunoglobulin levels in our patient with autoimmune in-
terstitial nephritis and membranous nephropathy

Serum level (mg/dl) Normal range

IgG 771 (518 ±1,447)
IgA 46 ( 23 ± 137)
IgM 69 ( 43 ± 198)

IgG1 537 (360 ± 810)
IgG2 295 ( 60 ± 310)
IgG3 12 ( 9± 160)
IgG4 215 ( 9± 160)

IgE 11, 014 U/ml (5130)

Table 2. Lymphokine secretion by T lymphocytesa

Patient Control range

A B

IL-4 320 401 (159 ± 486)
IFN-g 1,585 927 (4,571±14,300)

IL-4, Interleukin-4; IFN-g, interferon-g
a IL-4 and IFN-g secretion by isolated T cells activated with 1 mM
ionophore and 10 ng phorbol myristate acetate/ml. Units are pg/ml.
Patient sample A at age 2 years 10 months and sample B at 3 years 3
months, both prior to therapy with cyclosporin A and prednisone

1 2

Table 3. Anti-tubular basement membrane nephritis and membranous nephropathy ± cases from the literature

Author Year Sex Age Nephrotic Fanconi Extrarenal Autoimmune

Tung and Black [1] 1975 M 6 months Yes Yes ± ±
Levy et al. [2] 1978 M 3 years No Yes Pulmonary

hemorrhage
Antialveolar

Levy et al. [3] 1979 M 5 years Yes Enteropathy ±
Wood et al. [4] 1982 M 1 year Yes ± ±

F 10 years Yes Yes ± ±
Martini et al. [6] 1983 M 2 years Yes No Enteropathy Antiintestinal
Ellis et al. [5] 1982 M 6 months Yes Enteropathy

TTP
Antiintestinal

Katz et al. [8] 1992 M 4.5 years Yes ± ±
M 6 months Yes ± ±
M 2 years No No ± ±

Gallego et al. [7] 1990 M 2 years Yes Diabetes
mellitus
pulmonary
hemorrhage

±

Habib et al. [10] 1993 M 4 months Yes ? Diabetes
mellitus
enteropathy

Antiintestinal,
antirenal brush
border

Current M 2 years No Yes Enteropathy
anemia

Anti-RBC

TTP, Thrombotic thrombocytopenia purpura; RBC, red blood cell



Jejunal biopsy obtained 5 months after the transplant was normal.
Biopsy of the transplanted kidney showed no evidence of membranous
nephropathy or autoimmune interstitial nephritis. Therapy was con-
verted to oral cyclosporin without problems. The acanthosis nigrans
has resolved.

The patient is now 2.5 years post renal transplant. His serum
creatinine is 1.0 mg/dl and blood urea nitrogen 20 mg/dl. Serum
phosphorus, urine glucose, and serum bicarbonate are normal.

Materials and methods

Lymphokine secretion. Interferon-g (IFN-g) and interleukin-4 (IL-4)
secretion by isolated T cells was determined as previously described
[11]. Briefly, T cells were isolated from peripheral blood mononuclear
cells by sheep erythrocyte rosetting. T cells, 2´106/ml, were activated
with 1 mM ionophore and 10 ng phorbol myristate acetate. The IFN-g
and IL-4 levels in the T cell supernatants 72 and 20 h after T cell
activation, respectively, were measured by radioimmunoassays. The
patient was studied prior to therapy with cyclosporin A or prednisone
at age 2 years 10 months and again at 3 years 3 months. Isolated T cells
from three healthy 3-year-old children served as controls.

Results

Immunological studies

Results of immunological tests are shown in Table 1. Serum
IgE was markedly elevated. Antibody response to tetanus
and pneumococcal vaccines was normal. Isohemagglutinins
were positive against type A and B (patient type O).
Complement levels for C1q, C2, C5, C6, and properdin
were normal. The nitroblue tetrazolium test was normal.

Lymphocyte responses to phytohemagglutinin (PHA)
and tetanus toxoid were normal. Lymphocyte surface
markers CD3, CD4, CD8, and CD19 were normal. IFN-g
secretion by isolated T cells was markedly lower than that
of T cells of the age-matched controls (Table 2). In contrast,
IL-4 secretion was within the range of the controls. The
HLA type of the patient was A2, A3, B60, B72, C3, C7,
DR3, and DR13.

Discussion

The syndrome of autoimmune interstitial nephritis and
membranous nephropathy in a young male is a rare, but
distinct disorder. A summary of patients described in detail
in the medical literature is shown in Table 3. Of 13 reported
cases, 12 are males less than 5 years of age. Patients present
with failure to thrive, renal tubular dysfunction, and pro-
teinuria.

The pathogenesis of the autoimmune interstitial ne-
phritis has been studied by Katz et al. [8], who found that
an antibody from serum of these patients reacts with a 58-
kilodalton antigen isolated from the renal TBM. The find-
ing of autoantibodies to renal tubular epithelium in some
patients [10] suggests the possibility of a renal lesion
analogous to Heymann nephritis. This hypothesis is sup-
ported by the finding of the Heymann nephritis antigen in
the glomeruli of a patient with this disorder [12].

Several extrarenal complications of the syndrome have
been described (Table 3). Gastrointestinal disease, pre-
senting with intractable diarrhea and malabsorption, has
been seen in some cases. Biopsy of the small intestine
shows villous atrophy [3]. Diabetes mellitus, thrombotic
thrombocytopenia purpura, and pulmonary hemorrhage
have also been reported. Autoantibodies besides anti-TBM
have been reported, including antibody to intestinal epi-
thelium and pulmonary membranes. The finding of auto-
antibodies suggests that the extrarenal manifestations may
have an autoimmune basis.

There are limited immunological data regarding this
disorder. Elevated serum IgE levels have been reported in 1
patient [5]. T lymphocyte function studies have not been
previously reported. In our patient, the lymphocyte re-
sponse to PHA was normal. Studies of lymphocyte cytokine
secretion showed a normal level of IL-4, but depressed
level of IFN-g. IFN-g is associated with the TH1 lympho-
cyte subpopulation, while IL-4 is associated with TH2
cells. The high levels of serum IgE are consistent with
overactivity of the TH2 lymphocyte subpopulation, as this
immunoglobulin class is known to be induced by TH2 cells
and downregulated by TH1 cells [13]. There is evidence
from animal models that a TH1/TH2 imbalance can be
associated with autoimmunity [14]. These findings suggest
that abnormalities in T lymphocyte subpopulations and
their cytokines may be involved in the pathogenesis of this
syndrome.

A familial pattern has been recognized [5, 8]. The
overall preponderance of males with this syndrome would
be consistent with a genetic disorder linked to the X
chromosome. An association between the HLA B7 and DR-
8 in 2 patients with the syndrome was reported by Katz et
al. [8]. Our patient has neither of these antigens. He does
have HLA DR-3, which is associated with membranous
nephropathy [15], but this was not seen in other cases of
this syndrome [8].

There are additional cases in the literature which may
represent variations of the syndrome. Colletti et al. [16]
reported a male infant with membranous nephropathy and
autoimmune enteropathy who did not have anti-TBM an-
tibodies. Ellis et al. [5] described a second case in a male
infant, who was a maternal cousin of the first case, with
anti-TBM antibodies and enteropathy, who did not have
membranous nephropathy.

Treatment of this disorder is difficult. Corticosteroids
have improved proteinuria in some cases [4,12], but others
have shown progressive loss of renal function despite this
therapy [2]. Corticosteroids may be useful in treating the
extrarenal manifestations of autoimmune disease. For ex-
ample, the autoimmune hemolytic anemia in our patient
responded to corticosteroid therapy. Drug malabsorption
should be considered in patients with enteropathy who do
not respond to pharmacological therapy.

A possible beneficial effect of cyclosporin A in the
treatment of these patients has been suggested by Levy [9].
Our patient has done well since cyclosporin A was started
and has not had evidence for further autoimmune phe-
nomena while on this drug. More data on treatment with
cyclosporin A prior to transplantation would be useful.
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Recurrent nephropathy in the renal transplant has been
reported in 1 patient [8]. Two other cases were successfully
transplanted after a course of plasmapheresis. The suc-
cessful renal transplant in our patient shows that pretreat-
ment plasmapheresis is not required in all patients.

References

1. Tung KS, Black WC (1975) Association of renal glomerular and
tubular immune complex disease and antitubular basement mem-
brane antibody. Lab Invest 32:696±700

2. Levy M, Gagnadoux M, Beziau A, Habib R (1978) Membranous
glomerulonephritis associated with antitubular and antialveolar
basement membrane antibodies. Clin Nephrol 10:158±165

3. Levy M, Guesry P, Loirat C, Dommergues JP, Nivet H, Habib R
(1979) Immunologically mediated tubulointerstitial nephritis in
children. Contrib Nephrol 16:132±140

4. Wood EG, Brouhard BH, Travis LB, Cavallo T, Lynch RE (1982)
Membranous glomerulopathy with tubular dysfunction and linear
tubular basement membrane IgG deposition. J Pediatr 101:
414±417

5. Ellis D, Fisher SE, Smith WI, Jaffe R (1982) Familial occurrence
of renal and intestinal disease associated with tissue auto-
antibodies. Am J Dis Child 136:323±326

6. Martini A, Scotta MS, Notarangelo LD, Maggiore G, Guarnac-
cia S, Giacomo C de (1983) Membranous glomerulopathy and
chronic intestinal enteropathy associated with autoantibodies di-
rected against renal tubular basement membrane and the cyto-
plasm of intestinal epithelial cells. Acta Paediatr Scand 72:931±
934

7. Gallego N, Olivares F, Mampaso F, Gonzalo A, Barrio R, Estepa R,
Ortuno J (1990) Membranous nephropathy, antitubular basement

membrane antibodies and alveolar hemorrhage in a diabetic child.
Child Nephrol Urol 10:154±157

8. Katz A, Fish AJ, Santamaria P, Nevins TE, Kim Y, Butkowski
RJ (1992) Role of antibodies to tubulointerstitial nephritis antigen
in human anti-tubular basement nephritis associated with mem-
branous nephropathy. Am J Med 93:691±698

9. Levy M (1992) Autoimmune enteropathy, anti-tubular basement
membrane antibodies and glomerulonephritis. J Pediatr 120:659

10. Habib R, Beziau A, Goulet O, Blanche S, Niaudet P (1993) Renal
involvement in autoimmune enteropathies. Ann Pediatr (Paris)
40:103±107

11. Gonzalez S, Beck L, Wilson N, Spiegelberg HL (1994) Compar-
ison of interferon-gamma and interleukin-4 production by pe-
ripheral blood mononuclear cells and isolated T cells after
activation with polyclonal T cell activators. J Clin Lab Anal 8:
277±283

12. Makker SP, Widstrom R, Huang J (1996) Membranous nephrop-
athy, interstitial nephritis, and Fanconi syndrome ± glomerular
antigen. Pediatr Nephrol 10:7±13

13. Del Prete G, Maggi E, Romagnani S (1994) Human Th1 and Th2
cells: functional properties, mechanisms of regulation and role in
disease. Lab Invest 70:299±306

14. Goldman M, Druet P, Gleichmann E (1991) Th2 cells in systemic
autoimmunity: insights from allogeneic diseases and chemically-
induced autoimmunity. Immunol Today 12:223±227

15. Papiha SS, Pareek SK, Rodger SC, Morley AR, Wilkinson R
Roberts DF, Kerr DNS (1987) HLA-A, B DR and Bf allotypes in
patients with idiopathic membranous nephropathy. Kidney Int
31:130±134

16. Colletti RB, Guillot AP, Rosen S, Bhan AK, Hobson D, Collins B,
Russell GJ, Winter HS (1991) Autoimmune enteropathy and ne-
phropathy with circulating anti-epithelial cell antibodies. J Pediatr
118:858±864

Literature abstract

J Am Soc Nephrol (1997) 8: 77±84

Dominantly transmitted glomerulocystic kidney disease: a distinct genetic entity

Cindy K. Sharp, Suzanne M. Bergman, John M. Stockwin, Michelle L. Robbin, Carlos Galliani, and Lisa M. Guay-Woodford

Glomerulocystic kidney disease (GCKD) is a relatively rare condition
with both a sporadic and familial occurrence. Pathologically, GCKD is
characterized by cystic dilatation of Bowman's space and the initial
proximal convoluted tubule. As a heritable disorder, GCKD has pri-
marily been recognized in infants with a family history of classic,
autosomal dominant polycystic kidney disease (ADPKD). Dominantly
transmitted GCKD associated with either hypoplastic or normal-sized
kidneys has also been reported in older children and adults. A large,
three-generation African-American family with familial GCKD is
characterized. Of the 20 individuals available for study, seven affected

individuals were identified by renal sonogram or renal histopathology.
GCKD in this family segregates as an autosomal dominant trait as
evidenced by its apparent transmission from a father to his sons. A set
of directed linkage strategies indicates that the distinctive GCKD
phenotype in this family results from a dominantly acting mutation that
disrupts a genetic locus distinct from the ADPKD loci, PKD1 and
PKD2, as well the human homologue of mouse jcpk mutation, a newly
described murine GCKD. These analyses are the first known genetic
studies conducted in a family with heritable GCKD and postinfantile
age of onset.
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