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EMBRANOUS glomerulonephritis, a ma-
jor cause of the nephrotic syndrome and
chronic renal insufficiency, is associated

with a wide spectrum of infections, cancers, autoim-
mune diseases, and drugs. The condition is charac-
terized by an accumulation of immune deposits on
the outer aspect of the glomerular basement mem-
brane, but the target antigens have not been identi-
fied. Major contributions to our current understand-
ing of the disease come from Heymann’s nephritis,
a rat model of membranous glomerulonephritis in-
duced by immunization with an antigenic fraction of
the renal brush border.

 

1

 

 Studies of this experimental
rat model led to the identification of megalin, a unique
constitutive antigen expressed on the podocyte.

 

2,3

 

 Al-
though megalin has been found in human proximal
tubules, it has not been found in human glomeruli or
in immune deposits in patients with membranous glo-
merulonephritis.

 

4 

 

Dipeptidyl-peptidase IV and neutral
endopeptidase are two other antigens shared by the
brush border and podocytes that are involved in the
formation of immune deposits in animal models; these
two proteins are expressed on the human podocyte.

 

5,6

 

In this article, we report that anti–neutral endopep-
tidase antibodies produced by a pregnant woman were
transferred to her fetus, in which a severe form of
membranous glomerulonephritis developed prenatal-
ly. The mother had a deficiency of neutral endopepti-
dase and probably had become immunized against the
antigen at the time of or after an earlier miscarriage.

 

CASE REPORT

 

A male infant born at 38 weeks of gestation (birth weight,
3260 g; length, 50 cm) presented with oligoanuria (urine vol-

M

 

ume, 10 ml per 24 hours), massive proteinuria (Table 1), and res-
piratory distress on the first day of life. His parents were unrelated,
healthy persons without a family history of renal or autoimmune
disease. The mother, who was 24 years old, had had a miscarriage
at 14 weeks of gestation 2 months before she became pregnant
with this child. Her blood pressure, findings on urinalysis, and se-
rum creatinine concentration were normal throughout and after
the pregnancy, and she took no medications. However, antenatal
ultrasonography showed oligohydramnios and enlarged fetal kid-
neys from the 34th week of gestation. The mother’s level of anti-
neutrophil cytoplasmic antibodies, antinuclear antibodies, anti-DNA
antibodies, and complement were normal.

Mechanical ventilation for hypoxemia was necessary from birth to
10 days. The infant’s serum creatinine concentration was 1.9 mg per
deciliter (170 µmol per liter) on day 2 and peaked at 2.7 mg per
deciliter (240 µmol per liter) on day 4. Diuresis increased after
the administration of intravenous furosemide. The serum creati-
nine concentration subsequently decreased, and nephrotic-range
proteinuria developed (Table 1), as did hypoalbuminemia (1.9 g
per deciliter on day 7). Calcium-channel blockers and beta-blockers
were needed for blood-pressure control from day 5 until 6 weeks
after birth. Urinary protein excretion progressively decreased to
4.2 mg per milligram of creatinine (0.48 g per millimole) on day
52. However, at four months of age, the blood pressure and pro-
teinuria increased, although the serum creatinine concentration
remained normal (Table 1). Symptoms of serum sickness were not
observed at any time.

A kidney biopsy guided by computed tomography was per-
formed at four weeks of age. Tests for neonatal syphilis, toxoplas-
mosis, cytomegalovirus, and hepatitis B virus infection were nega-
tive. A Coombs’ test was negative, and the levels of complement
components were normal on day 35 (C3, 0.97 g per liter; C4, 0.25
g per liter). Low levels of circulating immune complexes (4.0 µg
per milliliter) were detected in the serum on day 13, with the use
of an enzyme immunoassay kit (CIC-C1q, Quidel). This activity
was no longer detected on day 40.

Findings on clinical examination at 11 months were unremark-
able, although nicardipine (2 mg per kilogram of body weight per

 

*To convert values for serum creatinine to micromoles per
liter, multiply by 88.4. To convert values for urinary protein
excretion to grams per millimole of urinary creatinine, mul-
tiply by 0.113. ND denotes not determined.
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mg/dl
mg/mg of
creatinine

 

1 day ND 14.2

2 days 1.9 15.2

4 days 2.7 ND

5 days 2.2 ND

6 days 1.6 14.0

22 days 1.4 28.3

31 days 1.3 16.2

40 days 0.8 8.4

52 days 0.6 4.2

4 mo 0.5 7.9

9 mo 0.6 3.9

11 mo 0.6 1.3
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day) was required to control blood pressure. The serum creati-
nine concentration was normal, and urinary protein excretion had
markedly decreased (Table 1). The parents gave written informed
consent for the studies described below.

 

METHODS

 

Analysis of Renal-Biopsy Specimen 
and Immunohistochemical Studies

 

The infant’s renal-biopsy specimen was prepared for light, im-
munofluorescence, and electron microscopy by standard tech-
niques. Serum samples from both the mother and the infant were
assayed by indirect immunofluorescence after incubation with cry-
ostat sections of kidney. Serum samples had been obtained from
the mother seven months before her earlier miscarriage and at
three months of gestation during the pregnancy with this child; we
obtained additional samples five weeks and seven months after de-
livery. Serum samples were obtained from the infant 13 and 40
days after birth. We also examined biopsy specimens containing
normal glomeruli from seven different patients ranging in age from
4 to 70 years, as well as normal rabbit and rat kidneys.

 

Western Blotting, Immunoprecipitation, 
and Enzymatic-Activity Analyses

 

Fractions of membrane were prepared from rat renal brush border
and rabbit kidney cortex, as previously described.

 

7,8

 

 Fractions of this
membrane, cultured human podocytes,

 

9

 

 and granulocytes from the
mother and father were lysed, separated by 7 percent sodium do-
decyl sulfate–polyacrylamide-gel electrophoresis (SDS-PAGE) under
reducing conditions, and analyzed by Western blotting with serum
from the mother or control serum and with monoclonal (Novocas-
tra) or rabbit polyclonal (Santa Cruz Biotechnology) anti–neutral
endopeptidase antibodies. Circulating immune complexes were iso-
lated by precipitation of the serum sample obtained from the in-
fant on day 13 with polyethylene glycol-6000 and were analyzed by
Western blotting with anti–neutral endopeptidase antibodies.

 

10

 

For immunoprecipitation experiments, rat renal brush-border
membranes were lysed in immunoprecipitation buffer and centri-
fuged. The supernatant was incubated with serum from the mother
or control serum. The antigen–antibody complexes were isolated
by an immunoprecipitation system (Immuno-catcher, Cytosignal)
with the use of protein A–G resin. The bound complexes and un-
bound material were analyzed by SDS-PAGE and, after blotting,
were incubated with anti–neutral endopeptidase antibody.

To measure the enzymatic activity of the antigen identified with
the use of maternal antibodies, IgG fractions from the mother’s se-
rum or control serum were bound to CNBr-activated Sepharose 4B
(Pharmacia Biotech) as recommended by the manufacturer, incu-
bated with rat renal brush-border lysates, and washed, and then the
antigen was eluted with 0.05 M diethylamine at pH 11.0 and im-
mediately neutralized.

 

11

 

 The enzymatic activity of neutral endopep-
tidase was measured by a coupled assay with the use of Suc-Ala-Ala-
Phe-pNA (Bachem Bioscience) and aminopeptidase N (Roche
Diagnostics).

 

12

 

Transfer of Disease to Rabbits

 

Two female New Zealand white rabbits were injected intrave-
nously with 10 mg of IgG from the infant’s mother or father pre-
pared on a Sepharose 4B–coupled protein A column (Pharmacia).
Four days later, the animals were killed, and their kidneys were
processed as described above. Three other rabbits were injected
with 5 mg of IgG from the infant’s mother or father and followed
for up to six weeks.

 

Analysis of the Composition of the Glomerular Immune 
Deposits by Confocal Microscopy

 

Cryosections of the biopsy specimen from the infant and of the
kidneys from the injected rabbits were first incubated with fluo-

rescein-isothiocyanate–conjugated antihuman IgG antibodies, then
with goat polyclonal anti–neutral endopeptidase antibodies (Santa
Cruz), followed by rhodamine-conjugated antigoat IgG antibodies
(Chemicon). After being washed, sections were examined under a
confocal microscope.

 

Flow Cytometric Analysis of Neutral Endopeptidase 
Expression on Granulocytes

 

After lysis of red cells, granulocytes from each parent were in-
cubated with a monoclonal antibody against neutral endopepti-
dase or with serum from both parents, then incubated with fluores-
cein-isothiocyanate–conjugated secondary antibodies. Results were
analyzed on a flow cytometer (Elite, Beckman Coulter).

 

RESULTS

 

Analysis of the Renal-Biopsy Specimen from the Infant

 

The renal-biopsy specimen from the infant showed
a severe, unusual form of membranous glomerulo-
nephritis. Capillary tufts were collapsed in the ma-
jority of the 40 glomeruli (Fig. 1A). Most Bowman’s
spaces were also distended. In all glomeruli, there
was a thickening of the capillary walls; such thicken-
ing was most apparent in noncollapsed glomerular
tufts (Fig. 1B), in which capillary loops showed spikes.
Marked tubular atrophy (Fig. 1A) and severe lesions of
the interlobular arteries and arterioles (Fig. 1B) were
also observed. 

Immunofluorescence studies showed marked sub-
epithelial deposits of IgG (Fig. 1C) and C3 (not
shown) in all glomeruli. No immune deposits were
seen in proximal tubules and vessels. Examination by
electron microscopy revealed diffuse alterations of glo-
merular capillary walls and a marked atrophy of the
brush border. Abundant, electron-dense deposits were
seen on the outer aspect of the glomerular basement
membrane. These deposits contained annular forma-
tions (Fig. 1D), often overlaid by an expansion of the
lamina densa. There were neither subendothelial nor
mesangial deposits.

 

Analysis of Antibodies in Serum Samples from the Mother 
and the Infant

 

Because of the early development of membranous
glomerulonephritis in this infant, we suspected preg-
nancy-induced immunization of the mother with
transplacental passage of nephritogenic antibodies.
This hypothesis was first tested by indirect immuno-
fluorescence examination (Fig. 2A, 2B, 2C, and 2D).
A serum sample obtained from the mother nine
months before she became pregnant with this child
(seven months before she had a miscarriage) was neg-
ative (Fig. 2A). Serum samples obtained at 3 months
of gestation (not shown) and at 5 weeks (Fig. 2B)
and 7 months (not shown) after delivery showed
reactivity on the glomerular capillary walls and the
brush border on all kidney biopsy specimens, as did
the serum obtained from the infant 13 days after
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birth (Fig. 2C). No reactivity was detected in the in-
fant’s serum 40 days after birth (Fig. 2D).

To identify the target antigen, two sets of experi-
ments were performed. First, positive serum samples
were studied by indirect immunofluorescence micros-
copy on sections from rabbit and rat kidneys. The
same pattern observed in the sections from human
kidneys was found in the rabbit kidney (Fig. 2E),
whereas in the rat kidney, staining was restricted to
cells of Bowman’s capsule and to the brush border of

deep cortical segments of the proximal tubule (Fig.
2F). We had previously observed identical interspe-
cies differences with anti–neutral endopeptidase an-
tibodies, whereas the distribution of dipeptidyl-pep-
tidase IV is not species-dependent.

 

6

 

 Second, antibody
specificity was analyzed by immunochemical and en-
zymatic techniques. The mother’s IgG antibody
(Fig. 2G) and the infant’s IgG antibody (at 13 days,
not shown) recognized a single antigen of approxi-
mately 90 kD in protein extracts from rat brush bor-

 

Figure 1.

 

 Renal-Biopsy Specimen Obtained from the Infant at Four Weeks.
Panel A shows collapsed capillary tufts, with prominent tubular atrophy and mild interstitial cellular infiltration and fibrosis (trichrome
stain, ¬170). Panel B shows thickening of capillary walls in a noncollapsed glomerulus, conspicuous lesions of an interlobular artery,
and severe alterations of the epithelium of the proximal tubule (trichrome stain, ¬430). Panel C shows a frozen section incubated with
fluorescein-isothiocyanate–labeled antihuman IgG antibody, revealing heavy epimembranous granular deposits (¬400). Panel D
shows a representative segment of the capillary wall analyzed by electron microscopy (bar, 200 nm).

A B

D

C
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der, rabbit kidney cortex, and human podocytes. This
antigen had the same electrophoretic mobility as neu-
tral endopeptidase (Fig. 2G).

To confirm that neutral endopeptidase was the re-
active antigen, immunoprecipitation experiments were
performed by incubating rat brush border with ei-
ther the mother’s serum or control serum, and the
bound and unbound fractions were incubated after
blotting with anti–neutral endopeptidase antibody.
Neutral endopeptidase was identified primarily in the
antigenic fraction bound to maternal IgG, whereas it
was detected only in the unbound fraction of the
control immunoprecipitation (Fig. 2H). Furthermore,
enzymatic activity of neutral endopeptidase was de-
tected in the fraction eluted from material bound to
maternal IgG (0.20 µmol per milligram of protein
per minute) but not in the one eluted from control

IgG. More than 95 percent of the enzymatic activity
was blocked by 2 µM of phosphoramidon or 50 µM
of thiorphan — two specific inhibitors of neutral en-
dopeptidase. Together, these results demonstrate that
neutral endopeptidase is the target antigen of circu-
lating antibodies. Moreover, the presence of neutral
endopeptidase in the circulating immune complexes
isolated from the serum sample obtained from the
infant on day 13 was demonstrated by Western blot-
ting (Fig. 2I).

To evaluate a potential effect of anti–neutral en-
dopeptidase antibodies on enzymatic activity, lysates
of human podocytes were preincubated with IgG an-
tibodies from the mother or the father. The endopep-
tidase-24.11 activity of podocyte lysates was blocked
by its specific inhibitors, thiorphan and phosphora-
midon, and was also inhibited in a dose-dependent

 

Figure 2.

 

 Immunohistochemical and Immunochemical Analyses of the Target Antigen Recognized by the Mother’s Antibodies.
The reactivity of serum samples was analyzed by indirect immunofluorescence staining of biopsy specimens from human kidneys
(Panels A, B, C, and D) and from normal rabbit (Panel E) and rat (Panel F) kidneys (¬312). Serum samples were obtained from the
mother nine months before she became pregnant with this child (Panel A) and five weeks after delivery (Panels B, E, and F). Serum
samples were obtained from the infant 13 days after birth (Panel C) and 40 days after birth (Panel D). Serum dilutions are 1:50 in
Panels A and D, 1:1000 in Panels B and F, and 1:100 in Panels C and E. Panel G shows immunoblots of protein extracts from rat
brush border, rabbit cortex, and human podocytes (lanes 1, 2, and 3, respectively) incubated with anti–neutral endopeptidase
monoclonal antibody (anti-NEP mAb), serum obtained from the mother five weeks after delivery (dilution, 1:4000), and control serum
(dilution, 1:250). The same band of approximately 90 kD was detected in all tissue extracts incubated either with anti–neutral en-
dopeptidase antibody or with the mother’s serum. Panel H shows the results of immunoprecipitation (IP) studies. Rat renal brush-
border membranes were lysed and incubated with the mother’s serum obtained five weeks after delivery or control human serum.
Antigen–antibody complexes were immunoprecipitated and were analyzed by Western blotting with anti–neutral endopeptidase
monoclonal antibody. A 90-kD band was detected primarily in the immunoprecipitate obtained with the mother’s serum (lane 2),
whereas in the control, all anti–neutral endopeptidase immunoreactivity rested in the flow-through fraction (lane 1). Panel I shows
an immunoblot of circulating immune complexes (CIC) isolated from the infant’s serum on day 13, incubated with anti–neutral
endopeptidase antibody.

321
175
kD

kD

83

83

21 2 CIC1

321 321

Anti-NEP mAb Mother’s Serum Control Serum

IP:
Mother’s
Serum

IP:
Control
Serum

A B C D

E G

H I
F

175

Blot: Anti-NEP mAb

Copyright © 2002 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 28, 2009 . For personal use only. No other uses without permission. 



 

BRIEF REPORT

 

N Engl J Med, Vol. 346, No. 26

 

·

 

June 27, 2002

 

·

 

www.nejm.org

 

·

 

2057

 

manner by IgG from the mother but not by IgG
from the father (Table 2).

 

Colocalization of Neutral Endopeptidase and IgG 
in Immune Deposits

 

To demonstrate that neutral endopeptidase was
localized in subepithelial immune deposits, sections
of the renal-biopsy specimen from the infant were
incubated with antihuman IgG antibody (Fig. 3A)
and with polyclonal anti–neutral endopeptidase an-
tibody (Fig. 3B). IgG antibodies and neutral endo-
peptidase were colocalized in many areas of the out-
er aspect of the capillary wall (Fig. 3C).

 

Induction of Renal Disease in Rabbit by the IgG Fraction 
from the Mother

 

Kidneys from three rabbits injected with the IgG
fraction from the mother showed glomerular depos-
its of this IgG along capillary walls (Fig. 3D). When
the same section was incubated with anti–neutral
endopeptidase antibody (Fig. 3E), we observed a
clear colocalization of the injected IgG with neutral
endopeptidase (Fig. 3F). The rabbit that received the
higher dose of IgG showed respiratory distress and
was killed when death was imminent. No deposits
were seen in glomeruli of two control rabbits injected
with IgG from the father (Fig. 3G). Tests conducted
between four days and six weeks after injection re-
vealed that proteinuria (5.8 to 7.6 mg of protein per
milligram of creatinine [0.65 to 0.86 g per milli-
mole]) had developed in all three rabbits that were
injected with IgG from the mother, whereas the rab-
bits that were injected with IgG from the father had
urinary protein excretion of 1.1 to 1.8 mg per milli-
gram of creatinine (0.12 to 0.20 g per millimole).

 

Analysis of Neutral Endopeptidase Expression 
in the Parents

 

Because the mother had no apparent renal abnor-
malities despite high serum titers of anti–neutral en-
dopeptidase antibody, we hypothesized that she might
be deficient in neutral endopeptidase, and we there-
fore analyzed neutral endopeptidase expression in
granulocytes from both parents. Fluorescence-acti-
vated cell-sorter analysis of the mother’s granulocytes
incubated with either anti–neutral endopeptidase
monoclonal antibody or with the serum obtained
from the mother five weeks after delivery showed no
neutral endopeptidase at the cell membrane (Fig. 4A
and 4B). Cell extracts prepared from the mother’s
granulocytes did not react with either monoclonal
or polyclonal antibodies against neutral endopepti-
dase on Western blotting (Fig. 4C). Moreover, the
mother’s serum reacted with the father’s granulo-
cytes but not with her own granulocytes, suggesting
an alloimmunization process (Fig. 4B and 4C).

 

DISCUSSION

 

In this infant born with severe membranous glo-
merulonephritis, nephropathy appears to have been
due to anti–neutral endopeptidase antibodies from
the mother. These antibodies were found in the in-
fant’s serum 13 days after birth but disappeared
thereafter, suggesting passive transplacental immuni-
zation. They were most likely responsible for the in-
fant’s membranous glomerulonephritis, given that
the injection of rabbits with the IgG fraction of se-
rum from the mother induced intraglomerular im-
mune deposits and proteinuria, whereas injection with
the IgG fraction of serum from the father did not.
Furthermore, neutral endopeptidase was localized in
immune deposits both in the infant and in the rab-
bits injected with the mother’s IgG.

The antigens responsible for human membranous
glomerulonephritis have eluded identification. Hep-
atitis B, hepatitis C, and 

 

Helicobacter pylori

 

 antigens,
tumor antigens, and thyroglobulin have been detect-
ed in the subepithelial deposits, but there is no real
proof that these antigens are pathogenic.

 

13-15

 

 Some
similarities, such as glomerular deposition of renal tu-
bular epithelial antigens, have been found between
experimental Heymann’s nephritis and individual cas-
es of membranous glomerulonephritis, but the anti-
gens could not be characterized at the molecular lev-
el.

 

16-18

 

 Neutral endopeptidase is thus the first podocytic
antigen that has been found to be responsible for
human membranous glomerulonephritis. Neutral en-

 

*Human podocyte lysates were preincubated for 30 min-
utes at 37°C with phosphoramidon, thiorphan, or various
concentrations of IgG from either the mother or the father.
Endopeptidase 24.11 activity was then determined with the
use of Suc-Ala-Ala-Phe-pNA as a substrate. Results are the
means (±SD) of triplicate determinations from two separate
experiments.
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nmol/mg of protein/min

 

Control 42.1±3.8

Inhibitors
Phosphoramidon (2 µM)
Thiorphan (10 µM)

3.2±0.5
3.5±0.3

Mother’s IgG
150 µg/ml
300 µg/ml
600 µg/ml

31.5±2.7
13.4±0.9
8.2±0.6

Father’s IgG
150 µg/ml
300 µg/ml
600 µg/ml

43.0±2.6
42.5±3.5
41.8±4.2
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dopeptidase (also called neprilysin, enkephalinase,
CD10, or EC 3.4.24.11) is a 90-to-110-kD zinc-
dependent metallopeptidase, identical to the com-
mon acute lymphoblastic leukemia antigen.

 

19,20

 

 It is
expressed in brain tissue, on polymorphonuclear leu-
kocytes and lymphoid progenitor cells, and on epi-
thelial cells within nonlymphoid organs, such as the
kidneys, the liver, the breasts, and the lungs.

 

21,22

 

 It is
also found in the serum and the urine.

 

23,24

 

 This en-
zyme is involved in the metabolism of a number of
regulatory peptides, and plays an important role in
turning off peptide signaling at the cell surface.

 

25

 

 In
the human kidney, neutral endopeptidase is found on
the brush border, podocytes, and vascular smooth-
muscle cells.

 

6,26

 

Circulating immune complexes containing neutral
endopeptidase were found in the infant’s serum on
day 13. However, their contribution to the forma-
tion of subepithelial immune deposits is uncertain,

because the levels of circulating immune complexes
were low, there were no manifestations of serum
sickness, and no subendothelial and mesangial im-
mune deposits were seen. Immune complexes could
also be formed in situ at the “sole” of podocyte foot
processes where neutral endopeptidase is expressed.

 

27

 

The two mechanisms are not mutually exclusive.
The infant’s nephropathy had several unusual fea-

tures. The deposits contained annular formations.
Similar structures were previously found in a case of
neonatal membranous glomerulonephritis that was
associated with the transplacental transfer of mater-
nal antibodies of undefined specificity,

 

28

 

 as well as in
the zona pellucida of rabbit oocytes after the injec-
tion of antibodies against angiotensin-converting en-
zyme.

 

29

 

 These circular particles may contain fragments
of cells or basement membrane or the membrane-
attack complex C5b-9. We also observed unusual al-
terations of the glomerular basement membrane that

 

Figure 3.

 

 Colocalization of Neutral Endopeptidase and IgG in Immune Deposits and Induction of Renal Disease in Rabbits by IgG
from the Mother.
Panels A, B, and C (¬600) show immunofluorescence staining of kidney-biopsy specimens from the infant that have been double-
labeled with antihuman IgG antibodies (Panel A) and polyclonal anti–neutral endopeptidase antibody (Panel B). Panel C shows the
merged image. The insets (¬2000) show the colocalization of neutral endopeptidase and IgG on the outer aspect of the capillary
wall. Panels D, E, F, and G (¬600) show immunofluorescence staining of kidney sections from rabbits injected four days earlier with
IgG fractions from the mother (Panels D, E, and F) or the father (Panel G). The sections shown in Panels D, E, and F were double-
labeled with antihuman IgG antibodies (Panel D) and with polyclonal anti–neutral endopeptidase antibody (Panel E); the merged
image is shown in Panel F.

A B

D

C

E F G
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may have resulted from an early insult by antibodies
to the embryonic kidney, during a time when inten-
sive remodeling of the basement membrane was oc-
curring. Even more striking were the findings of se-
vere arterial lesions without immune deposits and of
the collapse of glomerular capillary tufts, suggestive
of major renal ischemia during prenatal development.
These lesions may result from the enzymatic activity
of neutral endopeptidase as it cleaves vasoactive me-
diators, including bradykinin, atriopeptin, and en-
dothelins, and thus may modify local blood flow.25,26

Because maternal antibodies inhibited neutral endo-
peptidase activity, their transplacental passage might
increase concentrations of vasoconstrictor peptides
in the vascular wall. Furthermore, binding of anti-
bodies to granulocytes might trigger the activation
of granulocytes and the release of vasoactive media-
tors, as suggested by the poor tolerance of rabbits
for higher doses of the mother’s IgG.

The mother’s neutral endopeptidase deficiency
was confirmed by fluorescence-activated cell sorting
and Western blotting of granulocytes. Despite the
absence of neutral endopeptidase, the mother was
healthy, as were mice with a targeted disruption of the

neutral endopeptidase gene, suggesting enzymatic re-
dundancy.30 Neutral endopeptidase deficiency caused
the alloimmunization in the mother that most likely
occurred at the time of her miscarriage, since a plas-
ma sample obtained earlier did not show anti–neu-
tral endopeptidase antibodies. Renal injury mediat-
ed by alloimmune responses to major renal antigens
was first described in the tubular basement mem-
brane of rats.31 A previously reported case of neonatal
membranous glomerulonephritis may also have in-
volved neutral endopeptidase deficiency and alloim-
munization, because there were no renal abnormali-
ties in the mother.28 It is likely that additional persons
with neutral endopeptidase deficiency will be identi-
fied and that additional cases of acute renal failure and
membranous glomerulonephritis in neonates may be
ascribed to anti–neutral endopeptidase antibodies.
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Figure 4. Analysis of Neutral Endopeptidase Expression in the Parents.
Fluorescence-activated cell-sorter analysis (Panels A and B) and immunoblotting (Panel C) show a lack
of expression of neutral endopeptidase in the mother’s granulocytes. The mother’s granulocytes were
incubated with anti–neutral endopeptidase monoclonal antibody (anti-NEP mAb) (Panel A) or with
positive serum from the mother (Panel B). Panel A shows the lack of neutral endopeptidase staining
in the mother’s granulocytes (red), whereas the father’s granulocytes (black) are positive. Panel B
shows that the mother’s serum reacted with the father’s granulocytes (black) but not with the mother’s
granulocytes (red). In Panel C, the reactivity of the mother’s granulocyte extract (lane 1) is compared
with that of the father’s granulocyte extract (lane 2) with the use of monoclonal antibodies or polyclon-
al antibodies (pAb) against neutral endopeptidase and with the mother’s or father’s serum.
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