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Summary

De novo membranous nephropathy (MN) is an uncommon complication of
kidney transplantation, which shows histological findings similar to those seen
in recurrent MN, but with some distinct differences. The clinical presentation
may be variable, from asymptomatic to nephrotic proteinuria. The disease may
run an indolent course or may have an accelerated course leading to allograft
loss. De novo membranous nephropathy (MN) can develop in transplant recipi-
ents with viral hepatitis, Alport syndrome, ureteral obstruction, renal infarc-
tion, or in conjunction with recurrent IgA nephritis. Histologic signs of
allograft rejection are often associated with or can antedate de novo MN. These
findings suggest that donor-specific antibodies and antibody-mediated rejection
might play a pathogenetic role in some patients with de novo MN. However,
signs of rejection were absent in a number of cases, and in some instances the
disease developed in recipients of “full house” HLA- matched kidneys. Thus, it
seems possible that de novo MN is not because of allograft rejection per se, but
is triggered by different injuries that can create an inflammatory environment,
activate innate immunity, and expose hidden (cryptic) antigens, probably dif-
ferent from those observed to be involved in idiopathic MN. These events can
lead to the production of circulating antibodies and in situ formation of
immune complexes (IC) and the morphological lesion of MN.

Patients whose original disease leading to end-stage renal
failure (ESRF) was idiopathic membranous glomerulone-
phritis (iMN) may develop a recurrence of the disease in
renal allografts. Recurrent iMN has been observed in 25—
40% of such patients after kidney transplantation [1-4].
However, a lesion of MN may also develop in the renal
allograft of patients originally affected by other renal
diseases, often referred to as de novo MN. Such de novo
MN is rare, but not exceptional. In a collaborative French
study, 19 cases of de novo MN were detected in a series
of 1000 kidney graft biopsies [5]. A similar percentage
(1.8%) was also reported in another French study [6]. In
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a German series, de novo MN was diagnosed in 14 of 611
(2.3%) transplant recipients [7] and in the United King-
dom, de novo MN represented the second most frequent
cause of nephrotic syndrome observed after kidney trans-
plantation [8]. In a pediatric series, in which control allo-
graft biopsy was performed even in the absence of signs
of nephropathy, a de novo MN was found in 9% of cases
[9]. Overall, recurrent and de novo MN are about equally
common post-transplant, but a patient with iMN as the
original disease and post-transplant MN is overwhelm-
ingly likely to be have recurrent rather than de novo dis-
ease.
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Pathology

Although the optical microscopical findings of recurrent
MN and de novo MN can often be very similar [10,11],
however, de novo MN can also show distinct differences
from recurrent MN. For example, de novo MN often
reveals mild-to-moderate mesangial cell proliferation,
focal segmental distribution of subepithelial deposits, and
the contemporaneous presence of different stages of the
disease [9,12,13], often in conjunction with the features
of chronic allograft nephropathy [14,15]. It has also been
reported that the histological findings of de novo MN
were frequently associated with signs of antibody-medi-
ated rejection, such as peritubular capillaritis and C4d
deposition in peritubular capillary [16,17] or transplant
glomerulopathy [12].

The diagnosis of recurrent or de novo MN by optical
microscopy should always be confirmed by the presence of
subepithelial immune deposits using immunofluorescence
and/or electron microscopy. The distribution of granular
immunoglobulin (IgG) deposits along the capillary walls is
usually diffuse, but can also be segmental [9,12]. The IgG
subclass distributions are very different in recurrent and de
novo MN in allograft kidneys. In a recent study, 1gG4 was
the dominant or co-dominant IgG subclass in capillary
loop deposits in all the seven cases of recurrent MN,
whereas IgG1 staining was dominant in three of the four
cases of de novo MN and were codominant with IgG4 in
the fourth [18]. Thus, de novo MN can often be efficiently
separated from recurrent MN by careful immunopatholog-
ical examination of transplant renal biopsy specimens.
However, in some cases, a de novo MN may be secondary
to malignancy or exposure to drugs post-transplant, and
these uncommon cases need to be identified and separated
from the more common forms of de novo MN.

Clinical presentation and prognosis

De novo MN usually occurs months or years after trans-
plantation [12,15,16,19]. However, rare cases have been
described to occur early after transplantation [20-22].
The clinical presentation may be variable from asymp-
tomatic to severe nephrotic proteinuria. In the report of a
pediatric series of protocol transplant renal biopsies by
Antignac et al. [9] (predominantly a study of de novo
MN), a quarter of children showed no clinical signs of
renal disease and another quarter had only a mild pro-
teinuria. A number of patients already show renal allo-
graft dysfunction at presentation.

The prognosis as well as the risk factors that may pre-
dict a poor outcome in de novo MN are not well estab-
lished. In the series of Antignac et al. [9], most pediatric
patients developed a nephrotic syndrome, but about 20%
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of them did not develop any proteinuria. However, in the
long-term, about 60% of children lost their graft on aver-
age 6 years after the diagnosis. Of note, four of seven
patients who received a second graft redeveloped de novo
MN [18]. In adults, the prognosis of de novo MN has
been more varied. A large French series reported that the
development of de novo MN had no deleterious effect on
graft function [5] and Schwarz et al. [7] reported that the
5-year graft survival rate was similar in 21 patients with
de novo MN and in 851 other renal transplant recipients.
However, in the series of Monga ef al. [12], repeated
biopsies showed progression of the stage and extension of
deposits to a larger number of glomerular capillaries.
Truong et al. [15] found that 42% of patients with de
novo MN lost their allograft (from rejection or de novo
MN) on average 3 years after the diagnosis. Dische et al.
reported an accelerated loss of graft function in three
patients [14]. In most cases, with an unfavorable out-
come, signs of chronic rejection were reported in kidney
graft biopsy.

The treatment of de novo MN remains elusive. There is
no evidence that intensification of immunosuppressive
treatment or introduction of cytotoxic agents is of any
benefit [7,23]. Experience with Rituximab therapy is too
limited to draw any conclusion.

Etio-pathogenesis

In a number of cases, de novo MN is associated with hep-
atitis B (HBV) or hepatitis C (HCV) infection [6,10,24—
27], but in most cases ,the cause(s) of the lesion in the
transplanted kidney remain(s) unknown. Sporadic cases
of de novo MN occurred in renal transplant recipients
with renal infarction [10], Alport’s syndrome [28],
ureteral obstruction [29,30], or recurrent IgA nephritis
[31], and even the post-transplant emergence of cancer.
A possible role for immunosuppressive drugs has also
been hypothesized. De novo MN developed in a patient
after conversion from cyclosporine to sirolimus; the glo-
merular lesion reversed after the patient stopped sirolimus
and was reconverted to cyclosporine [32].

The pathogenesis of de novo MN is far from being estab-
lished. Early investigations suggested that the disease was
an autoimmune disorder. Ward and Kovie [33] studied
seven sera from patients with de novo MN. They were able
to detect small preformed (circulating) IC use of monoclo-
nal rheumatoid factor reagents. These IC had cationic IgG
spectrotypes by isoelectric point determination using chro-
matofocusing, and they found antibodies reactive with
brush border or tubular epithelial/interstitial antigens using
indirect immunofluorescence. Five of the seven sera dem-
onstrated the presence of each of these immunopathologic
features, whereas sera from normal transplant patients, and
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those with chronic rejection did not display such features.
However, further studies confirming these data have not
yet been reported. Moreover, the current view is that both
idiopathic and secondary MN are caused by circulating
antibodies directed against endogenous or exogenous anti-
gens planted in the podocytes not by circulating IC trapped
into the glomerular barrier [34]. Bansal et al. reported a
case of de novo MN in patient who received the kidney
from her craniopagus conjoint Siamese twin. According to
the authors, the original cause of renal failure requiring
transplantation was probably a postinfectious glomerulone-
phritis, hence, excluding that MN could be caused by rejec-
tion or recurrence. However, in the biopsy of the native
kidney immunofluorescence staining was not performed
and an electron microscopy showed subepithelial deposits,
so that it is not possible to rule out that the original disease,
in this peculiar case, was actually a MN that recurred after
transplantation [35].

More recent study has suggested that de novo MN is not
an autoimmune disease, but can be an expression of
chronic allograft rejection. As mentioned above, the histo-
logical lesions of rejection may be associated with or may
even antedate de novo MN [12,15]. Moreover, histological
findings of antibody-mediated rejection (AMR) and circu-
lating donor-specific antibodies (DSA) were detected in five
patients with de novo MN at the time of biopsy. In one of
these cases, a donor-derived human leukocyte antigen
(HLA) was identified in the subepithelial IgG deposits on
the glomerular capillary walls [16]. Another kidney trans-
plant recipient developed de novo MN with heavy protein-
uria in the context of a DAS directed against HLA DQ?7.
Proteinuria resolved and the titer of the DSA fell in parallel
with resolution of the proteinuria following treatment with
mycophenolate mofetil and an angiotensin receptor blocker
[36]. These reports suggest that DSA and AMR might play
a pathogenetic role in some patients with de novo MN after
kidney transplantation. However, this hypothesis may be
challenged by the observation that signs of chronic allograft
rejection were absent in a substantial number of cases of de
novo MN reported in the literature. Moreover, in a study
reporting nine cases of de novo MN after kidney transplan-
tation, the disease developed in four patients with “full
house” HLA-A,B matches, two with none, and two with
only one HLA-A,B mismatch [19].

Considering the fact that the disease may develop in a
variety of circumstances, such as chronic allograft rejec-
tion, viral infection, renal infarction, drug-reactions, and
cancer, it seems possible that de novo MN is not because of
allograft rejection per se, but to a peculiar form of immune
response triggered by exposure of hidden (cryptic) anti-
gens. However, the antigens and the corresponding anti-
bodies operative in de novo MN are probably different
from those observed in idiopathic MN (iMN). About
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60-80% of patients with i MN have circulating antibodies
directed against a conformation-dependent epitope in
muscle-type phospholipase A2 receptor 1, which is present
in the cell membrane of normal podocytes and in immune
deposits in patients with MN [37]. Debiec et al. [38]
detected anti- membrane-type phospholipase A2 receptor
1 antibodies in five of 10 patients with recurrent MN, but
in none of the nine patients with de novo MN. This may
depend on the fact that most cases of iMN are caused by
autoantibodies that react with a genetically determined
conformational antigen [39], which is not the case for
patients with de novo MN. Thus, other cytoplasmic or
membrane-associated podocyte proteins involved in the
function of the glomerular barrier may be involved. In this
setting, it is interesting to point out that in iMN not only
antibodies directed against membrane-type phospholipase
A2 receptor 1, but also antibodies against other podocyte
enzymes, such as super-oxide dismutase, aldose reductase
[40], and alpha-enolase [41] have been detected. Recently,
cases of MN have been reported in patients with IgG4-
related disease, a new autoimmune disease that may affect
the kidney in various patterns [42].A number of other
antigens may trigger the production of antibodies in sec-
ondary forms of MN [43]. Moreover, in a mouse model
polyclonal sheep anti-mouse podocyte antibodies caused a
severe nephrotic syndrome associated with subepithelial
immune complex formation. Electron microscopy revealed
60—80% podocyte foot process effacement, enlarged podo-
cytes, and subepithelial deposits. Nephrin and synaptopo-
din staining was severely disrupted, and podocyte number
was reduced, indicating severe podocyte damage. Immuno-
histochemistry detected the injected anti-podocyte anti-
body exclusively along the glomerular filtration barrier
[44]. Ubiquitin C-terminal hydrolase-L1 activity might
also be involved. Expression of ubiquitin C-terminal
hydrolase-L1, a member of ubiquitin-proteasome pathway,
has been discovered in parietal epithelial cells of Bowman’s
capsules, in tubular epithelial cells, and in podocytes of
kidneys affected by immune complex-mediated nephritis,
suggesting that immune injury may stimulate podocytes to
express ubiquitin C-terminal hydrolase-L1 [45]. Finally, a
novel regulatory protein of the podocyte foot process,
called p dlim2, has been identified. The expression of this
protein is reduced in the podocytes of patients with MN
suggesting a possible role of p dlim2 in the pathogenesis of
glomerular diseases [46].

Thus, it is likely that in de novo MN different types of
injury (viral, immunological, mechanical, ischemic) can
cause a podocyte damage and expose cryptic antigens,
which can be different from those seen in iMN. Examples
of hidden antigens are the cases of MN occurring in the
alloimmune setting of newborns from mothers deficient
in neutral endopeptidase [47-49], or cases of MN devel-
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Renal damage
(Immunological, viral, mechanical, and/or ischemic injuries).

|

Activation of innate immunity-inflammation.
Exposure of hidden antigens.

|

Maturation of dendritic cells.
Presentation of antigens to immune competent cells.

|

Cooperation T-B cells. Production of specific antibodies.

|

Subepithelial formation of immune complexes.
Activation of complement, reactive oxigen species, inflammation.

Figure 1 Any type of kidney injury can cause tissue damage. The
danger signals released by the damaged tissue alert the recognition
receptors, which activate the inflammatory cells and mediators of the
innate immunity system. In this inflammatory environment, hidden
podocyte antigens may be exposed, whereas dendritic cells become
mature, migrate to lymphatic system, and present the antigen to
immune competent cells. T cells cooperate with B cells favoring the
production of antibodies directed against the exposed antigens
planted in the subepithelium, with in situ formation of immune com-
plexes, activation of complement, formation of free oxygen radicals,
and inflammation.

oping after allogenic hematopoietic stem cell transplanta-
tion [50]. The damaged cells would generate danger sig-
nals that are intercepted by toll-like receptors and other
cellular receptors. These recognition receptors originate a
cascade of signals that eventually activate transcription
factors that encode inflammatory genes [51]. The inflam-
matory cells of the innate immunity (polymorphonuclear
cells, monocyte-macrophages, natural killer cells) release
cytokines, inflammasomes, pentraxins, and other media-
tors. In this inflammatory environment, dendritic cells
become mature and present the antigen to immunocom-
petent CD4 T cells, which are needed for B cell-driven
antibody production. The final result is in situ (subepithe-
lial) formation of IC, local complement activation, and
injury induced by both circulating and resident glomeru-
lar effector cells [52] (Fig. 1).

Summary and conclusions

Taken together, the available data suggest that de novo
MN is not caused by an immunologic response to a
single antigen, but may be triggered by widely different
antigens. The frequent association of de novo MN with
signs of allograft rejection, viral hepatitis, or non
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immune-mediated kidney diseases strongly suggests that
alloimmune responses, viral infections, and possibly
mechanical injuries may produce an environment in the
kidney allograft that predisposes to the exposure of hid-
den (cryptic) autologous podocyte-related antigens and
thereby stimulate the production of circulating auto- or
allo-antibodies (typically of the IgG, subclass) eventually
leading to in situ immune complex formation, subepithe-
lial deposits, and the morphological lesion of MN.
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