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ABSTRACT

Glomerulonephritis (GN) is the underlying cause of end-stage renal failure in 30–50% of kidney transplant recipients. It
represents the primary cause of end-stage renal disease for 25% of the dialysis population and 45% of the transplant
population. For patients with GN requiring renal replacement therapy, kidney transplantation is associated with superior
outcomes compared with dialysis. Recurrent GN was previously considered to be a minor contributor to graft loss, but with
the prolongation of graft survival, the effect of recurrent disease on graft outcome assumes increasing importance. Thus
the extent of recurrence of original kidney disease after kidney transplantation has been underestimated for several
reasons. This review aims to provide updated knowledge on one particular recurrent renal disease after kidney
transplantation, immunoglobulin A nephropathy (IgAN). IgAN is one of the most common GNs worldwide. The
pathogenesis of IgAN is complex and remains incompletely understood. Evidence to date is most supportive of a several hit
hypothesis. Biopsy is mandatory not only to diagnose the disease in the native kidney, but also to identify and characterize
graft recurrence of IgAN in the kidney graft. The optimal therapy for IgAN recurrence in the renal graft is unknown.
Supportive therapy aiming to reduce proteinuria and control hypertension is the mainstream, with corticosteroids and
immunosuppressive treatment tailored for certain subgroups of patients experiencing a rapidly progressive course of the
disease with active lesions on renal biopsy and considering safety issues related to infectious complications.
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INTRODUCTION

Introduction of newer immunosuppressive agents has reduced
graft loss directly by decreasing the incidence of acute rejection
and indirectly through the consequent reduction of chronic al-
lograft dysfunction [1, 2]. Glomerulonephritis (GN) is the under-
lying cause of end-stage renal failure in 30–50% of kidney
transplant recipients [1]. It represents the primary cause of end-
stage renal disease for 25% of the dialysis population [3] and
45% of the transplant population. For patients with GN requiring
renal replacement therapy, kidney transplantation is associated
with superior outcomes compared with dialysis [4]. Recurrent
GN was previously considered to be a minor contributor to graft
loss. With the prolongation of graft survival, the effect of recur-
rent disease on graft outcome assumes increasing importance.
There is accumulating evidence that recurrent GN is an impor-
tant cause of graft loss in the long-term follow-up of renal allo-
graft recipients [1, 5–7]. Recurrence of GN is reported in 6–20%
[8–12] of renal allograft recipients depending on the duration of
follow-up [10], local protocol biopsy practice and type of primary
GN [13]. Studies on recurrent disease are difficult since not all
patients have undergone native kidney biopsy and most centres
perform graft biopsies only when there are abnormal clinical or
laboratory features. Briganti et al. [1] reported on 1505 patients
with both native and graft biopsies that graft loss due to recur-
rent GN was the third most frequent cause of graft loss 10 years
after kidney transplantation. The risk of graft loss from recur-
rence increased with the years of follow-up, from 0.6% at the
first post-operative year to 8.4% at the 10th year. Moreover, a re-
cent Australia and New Zealand Dialysis and Transplant
Registry (ANZDATA) publication focused on the recurrence rates
of four representatives of original kidney diseases: membrano-
proliferative GN, immunoglobulin A nephropathy (IgAN), focal
segmental glomerulosclerosis and membranous nephropathy
[14]. It found that kidney allograft loss was more common in
patients with recurrent disease than in others.

The recurrence rate, clinical course and impact on graft sur-
vival vary between different types of GN. This review aims to
provide updated knowledge on one particular recurrent renal
disease after kidney transplantation, IgAN. Many reports have
described IgAN recurrence rates of 22–58%, with studies featur-
ing scheduled protocol biopsies reporting shorter times to re-
currence and higher recurrence rates [15–17]. The rate of graft
loss attributable to IgAN recurrence was only 1.3–16% in retro-
spective cohort studies but up to 50% when protocol biopsies
were scheduled [18]. Thus the risk of recurrence and its impact
on outcomes are important questions for patients and clinicians
in considering transplantation.

EPIDEMIOLOGY
IgAN in the general population

IgAN is now considered to be one of the most common GNs
worldwide, affecting 1–3 patients/100 000 population/year [19].
IgAN may occur at any age, but there is a peak incidence in the
second and third decades of life. It is predominant in males
compared with females in North America, Western Europe and
Australia [20, 21]. The frequency of IgAN, determined by renal
histopathology, varies greatly and accounts for 50% of the histo-
logic findings in Japan, Singapore, Australia, New Zealand and
other countries in the Pacific Rim [22] . According to European
studies, the incidence of the disease is lower in Europe,

accounting for 20–30% of all primary glomerular diseases,
whereas in North America, the contribution of IgAN appears to
be �2–10%, with the exception of a 38% incidence in New
Mexico [23]. In contrast to the geographic variations, IgAN is
rare among blacks in all regions [24]. It is probable that the dif-
ferences between various regions of the world reflect regional
variations in referral practices and clinical indications of renal
biopsy; furthermore, an inherited predisposition to IgAN is sug-
gested by some researchers [25, 26]. On the other hand, there
are also reports describing IgA deposition in other GNs, includ-
ing thin basement membrane disease, minimal change disease,
lupus nephritis and diabetic nephropathy, probably as a result
of the frequent IgA deposition in the general population. These
observations raise the point that there may be a large cohort of
undiagnosed cases with IgAN in the general population.

IgAN recurrence in the graft

Patients with IgAN enjoy greater access to kidney transplanta-
tion as compared with those with many other forms of kidney
disease. Rates of recurrence in the literature vary widely, pri-
marily due to study differences in the indication for biopsy and
length of post-transplant follow-up. This is likely because in the
early stages of IgAN recurrence, positive biopsy findings are fre-
quently not accompanied by clinical changes such as protein-
uria, haematuria or graft dysfunction [17]. Recurrence of IgAN
after transplantation appears to be a time-dependent phenome-
non, with rates of recurrence increasing as time from transplant
lengthens [16]. Initially, IgAN recurrence in the graft was consid-
ered to be a relatively benign phenomenon, but as several stud-
ies with longer observation periods have become available it
appears that late in the course of follow-up, recurrence becomes
a clinical problem, with �13–25% of patients exhibiting some
recurrence-related graft dysfunction at 5 years, which may lead
to graft loss in nearly 5–10% of cases. Protocol biopsies showed
that IgAN recurs early in the graft, with 32% of 65 patients with
IgAN as primary disease displaying one or more mesangial
deposits of IgA in protocol biopsies performed before the second
year after kidney transplant [17]. Interestingly, histological diag-
nosis of IgAN was not accompanied by abnormalities in the uri-
nalysis in half of the patients [17].

Patients with IgAN as their primary disease receiving kidney
transplant seem to have a better allograft survival in the first
year after transplant compared with patients with other types
of non-diabetic primary disease [15] and IgAN recurrence had
negligible influence on 5- and 10-year graft survival [27]. This
could be related to the lower immunological failure rate in
IgAN. IgA anti-human luecocyte antigen (HLA) molecules found
in pre-transplant sera of IgAN patients could play a role by
blocking IgG anti-HLA or inhibiting cellular immune response
[28].

The risk of recurrence is strongly influenced by the length of
the follow-up time after kidney transplant. Odum et al. [16] ini-
tially reported that the only predictor identified for recurrence
was length of time post-transplantation, with allograft tissue
being studied at 45.9 6 10.0 versus 15.3 6 4.8 months post-
transplantation in IgAN patients with and without recurrent
deposits, respectively. More recently, a retrospective study from
the ANZDATA registry showed that among a cohort of 2501 kid-
ney transplant patients with biopsy-proven IgAN as the primary
disease, �5.1, 10.1 and 15% of recipients experienced disease re-
currence at 5, 10 and 15 years after transplant, respectively [14].
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Up to 10 years after transplantation, neither patient nor graft
survival differs between those patients with an underlying IgAN
and patients with other types of non-diabetic primary renal dis-
ease. Data from registries showed that although IgAN recur-
rence was a significant cause of graft loss for those with GN,
third only to chronic allograft nephropathy and death with a
functioning graft, overall outcomes at 10 years were similar for
those with IgAN as compared with those with all other causes
of ESKD [1, 29].

The outcomes after 10 years have been insufficiently studied
to draw firm conclusions, but a recent European Registry study
and some long-term cohort studies suggest that progressive
graft loss due to recurrence will continue to accrue beyond
10 years [15, 30, 31]. Choy et al. [30] were the first to report that
at 12 years the graft survival became worse in IgAN patients
than in controls. Aziz et al. [32] showed that patient survival was
92% at 10 years and graft survival was 53%; the clinicopathologi-
cal recurrence was reported in 17.6%, leading to graft loss in 7%
of cases.

More recently, Moroni et al. [15] extend these data by describ-
ing that the death-censored graft survival at 15 years was �10%
lower in 190 IgAN patients when compared with 380 non-
diabetic controls (63 versus 72%) with a median follow-up of al-
most 10 years. The latter appeared largely due to recurrent
IgAN, as graft survival in non-recurrent patients was similar to
that of controls, whereas it was only 51% in the recurrent
patients at 15 years. In this study, IgAN recurrence in the graft
was documented in 22.1% of the grafts.

We do not yet have a sufficient understanding of why some
patients experience recurrence and others do not. Certain fac-
tors such as relatively fast prior recurrence of disease and loss
of previous graft from recurrence, a rapidly progressive course
of the original disease accompanied by extensive crescent for-
mation [33] and the length of the follow-up time after kidney
transplant [16] seem to play a role.

Two donor factors have emerged as possible contributors to
IgAN recurrence: donor source and donor IgA deposits. The do-
nor source has been studied as a possible risk factor. Given the
genetic predisposition in at least a portion of patients with IgAN
that could, at least in part, account for some of the demographic
and clinical variability seen in IgAN, one might expect that
patients with IgAN receiving a kidney from a related living do-
nor might be at higher risk of recurrence. Andresdottir et al. [27]
reported that a clinical recurrence of IgAN occurred in 4% of
patients with a deceased-donor graft and in 20% of patients
with a living-related donor graft. Later, another group [34] eval-
uated the long-term outcome, in terms of recurrence and graft
survival, after a living related or unrelated donor kidney trans-
plant, and showed an increase of recurrence to 44% with longer
follow-up time, although this did not limit graft survival and re-
currence was not affected by the type of living donor.

The other donor factor that has been considered is the pres-
ence of IgA deposits in the donor kidney, which was found to be
one of the risk factors for recurrence of IgAN in a single-centre
study [35]. Interestingly, when grafts with IgA deposits have
been transplanted into non-IgA patients, the IgA deposits are
rapidly cleared by the recipient, with follow-up biopsies indicat-
ing complete resolution [36].

Two registry studies have found that those with one or more
HLA mismatches have a reduced rate of recurrence compared
with those with zero-mismatch kidneys [37, 38].

Although heterogeneity in immunosuppressive protocols
and disease pathogenesis across the spectrum of IgA disease is
thought to be responsible, there have been no large, detailed,

prospective, multicentre cohort studies to indicate the effects of
a single immunosuppressive drug on the recurrence this dis-
ease. Although studies with longer follow-up periods have
shown the negative impact of IgAN recurrence on graft survival,
there is some evidence that recurrence of IgAN has diminished
in recent decades [15], as well as graft loss due to recurrence [38,
39]. Moroni et al. [15] showed an overall reduction in recurrence
rate from the 1980s to the first decade of 2000 in an Italian co-
hort of transplanted patients with IgAN as the primary disease.
At the same time, in almost the same time period, Clayton et al.
[39] found a reduction in graft loss due to recurrent IgAN when
analysing ANZDATA registry data. One reason that could ex-
plain this change is the difference in the immunosuppressive
protocols.

In the study by Moroni et al. [15], the year of transplant
showed a direct correlation with the use of mycophenolate and
with triple immunosuppressive therapy, while in the study by
Clayton et al. [39], steroid use was found to be strongly associ-
ated with a reduced risk of recurrence and the proportion of
patients receiving steroids was lowest in the late 1980s and
higher in the first year of 2000. More recently, other registry
data from the United Network for Organ Sharing/Organ
Procurement and Transplantation Network (UNOS/OPTN) data-
base showed that steroid use was strongly associated with a re-
duced risk of recurrence after adjusting for other factors [40].

A group from France [41] analysed the impact of steroids as
part of the maintenance therapy for kidney transplant and cer-
tain other immunosuppressive agents on the risk of IgAN recur-
rence post-transplant. They showed that the hazard risk of
recurrence was significantly higher in patients managed with
steroid-free and sirolimus-based regimens, without the use of
antilymphocyte globulin for induction [41]. Other retrospective
data from a single centre suggest that induction therapy with
anti-thymocyte globulin prevents the development of IgAN re-
currence [42].

However, the registry study from the UNOS/OPTN did not
find any association between antithymocyte globulin induction
therapy and IgAN recurrence [40]. Chandrakantan et al. [43] ex-
amined the impact of mycophenolate mofetil compared with
azathioprine on the recurrence of IgAN and concluded that it
did not lessen the time to IgAN recurrence or its clinical impact.
Younger age at transplantation has also been found to be inde-
pendently associated with the risk of recurrence of IgAN as well
as for other common primary glomerular diseases [14].

MECHANISM OF DISEASE

The pathogenesis of IgAN is complex and remains incompletely
understood. There is marked variation in the clinical and patho-
logical elements of IgAN, suggesting it is not one, but rather
many different diseases. As such, it is unlikely that a single
mechanism is either driving IgA deposition in the mesangium
or generating inflammation and kidney injury from this mis-
placed IgA. There appears to be a genetic predisposition in at
least a portion of those with IgAN, although how this manifests
remains unclear. Areas of interest include specific HLA types,
which have been found to be associated with IgAN in genetic as-
sociation studies, and high serum IgA concentrations, which
have been found in both patients as well as their non-affected
family members [44, 45]. It is possible that differences in the un-
derlying genetic defects may be partly responsible for some of
the demographic and clinical variability seen in IgAN. Evidence
to date is most supportive of a several hit hypothesis. IgAN
occurs in an individual who is genetically predisposed to form
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atypical, poorly glycosylated IgA1, who then experiences a trig-
gering respiratory or gastrointestinal illness, which in the set-
ting of immune dysregulation leads to production of antiglycan
antibodies of either IgG or IgA isotypes [44, 46]. Antiglycan anti-
bodies bind poorly glycosylated IgA1 to form complexes that cir-
culate in serum and are then deposited within the mesangium,
leading to kidney injury [44, 46] (Figure 1). There may be a rela-
tionship between specific features of the multihit hypothesis
and the likelihood of disease recurrence [47]. Berthelot et al. [48]
suggest that high pre-transplant serum levels of poorly glycosy-
lated IgA1 and antiglycan antibodies, as well as low levels of
CD89 (a leucocyte cell surface receptor for IgA that has been
shed), may be associated with more aggressive primary disease
and a consequent increased risk of recurrence post-transplant.

A possible link between the gut mucosal immunity and IgAN
has been hypothesized by three different groups: by genome-
wide association studies, IgAN was linked with polymorphisms
of genes involved in gut mucosal immunity [49]; an altered fae-
cal microbiota has been recently described in patients with
IgAN [50]; and treatment by corticosteroids targeting the gut
mucosa could preserve renal function in IgAN patients [51].
Treatment with broad-spectrum antibiotics in a humanized
mouse model of IgAN showed it prevented IgA1 mesangial
deposits, glomerular inflammation and subsequent develop-
ment of proteinuria [52]. Therefore, targeting gut microbiota
represents a fascinating new target to treat this disease.

Another important key point in the pathogenesis of the re-
currence of IgAN post-transplant is the involvement of the com-
plement system. The complement system has been suggested
to be involved in the pathogenesis of various graft pathologies,
including ischaemia–reperfusion injury, antibody-mediated

rejection and the recurrence of IgAN, with distinct mechanisms
that remain to be elucidated [53–55]. Genetic genome-wide as-
sociation studies have focused attention on the role of comple-
ment in IgAN, especially at the level of regulatory proteins [44,
56, 57].

Complement activation is a hallmark of IgAN pathogenesis,
as evidenced by the C3 mesangial co-deposition observed in
90% of cases of IgAN [58]. Alternative and lectin pathways are
two routes by which the complement is activated during IgAN
[55]. IgAN is characterized by properdin or mannan-binding lec-
tin (MBL)-associated serine proteases and co-deposition of IgA
[59]. MBL deposition occurred in 20–25% of cases, but it was as-
sociated with significant proteinuria and increased renal injury
[59]. Interestingly, C4d deposits can be used as biomarkers of
lectin pathway activation [60, 61]; in agreement with previous
data, patients who showed C4d deposits at the time of the first
biopsy presented a significantly worse outcome in a 20-year
follow-up [62].

During activation of the complement system, several prod-
ucts, such as C3a and C5a, have broad pro-inflammatory poten-
tial and are associated with the activity and severity of IgAN.
C3a is also involved in inducing a mesangial cell secretory phe-
notype, which could explain the expansion of the mesangial
matrix observed in human IgAN [63]. Their receptors could rep-
resent potential therapeutic targets in IgAN, as well as blocking
complement via anti-C5 monoclonal antibodies. This could be
an interesting therapeutic alternative considering that comple-
ment activation results in the generation of powerful inflamma-
tory anaphylatoxins such as C5a. Indeed, anti-C5 antibody was
used in a patient with crescentic IgAN, a rapidly progressive
form of the disease, with encouraging results [64].

FIGURE 1: Schematic representation of IgAN recurrence in the graft and potential site of drug intervention.
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Interestingly, the expression patterns of CD46 and CD55,
both complement protein regulators, were studied in the pe-
ripheral blood in patients with progressive IgAN [65]. The study
showed that defective peripheral CD46 gene expression did not
correlate with eGFR at sampling, but with a faster annual loss of
GFR [65]. Similarly, Cernoch et al. [66], in a retrospective study of
kidney-transplanted patients with IgAN recurrence, showed
that there were no associations of eGFR with intrarenal CD46
complement transcripts, however they did describe the associa-
tion of several intrarenal gene transcripts, including CD55, with
CKD stage. In addition, new data coming from genetic and clini-
cal studies are demonstrating a pivotal role of factor H and com-
plement factor H–related proteins (CFHR) in IgAN development
and progression [67, 68] Deletion of CFHR1–3 was demonstrated
to be protective in IgAN and these molecules are competitors of
factor H and can efficiently lead to uncontrolled complement
activation [56, 69]. Therefore complement is considered to be an
emerging new therapeutic target in IgAN that could be achieved
by different pharmacological approaches [70].

B cells play a central role in the immunopathogenesis of GN,
including IgAN. B-cell activating factor (BAFF) and a
proliferation-inducing ligand (APRIL) are proteins of the tumour
necrosis factor superfamily that interact through three recep-
tors [BAFF receptor (BAFF-R), transmembrane activator and
cyclophilin ligand interactor), and to B-cell maturation antigen
of B cells promoting survival and maturation of transitional B
cells into mature B cells, contributing to their differentiation to
memory B cells and plasma cells [71]. High expression of both
proteins appears to be involved in the pathogenesis of IgAN as a
stimulus for antiglycan antibody production [72, 73].

In a retrospective Spanish study, Martı́n-Penagos et al. [74]
showed that higher levels at 6 months after transplant and
mean values from 6 months to 3 years of APRIL but not BAFF
were found to be related to the risk of IgAN recurrence.

Spleen tyrosine kinase (SYK) is an immunoreceptor-
associated protein tyrosine kinase expressed in several cell
types, although at the highest levels in B cells and myeloid cells,
and has a role for intracellular signal transduction cascades
upon engagement of immunoreceptors, including the B-cell re-
ceptor and activatory Fc receptors. Then it may have a role in
disease pathogenesis via its activity in IgA- and IgG-producing B
cells or plasma cells and/or in mediating the effects of the IgA1-
and IgG-containing immune complexes when deposited in tis-
sue, with possible beneficial effects of pharmacological inhibi-
tion [75].

PATHOLOGY

Biopsy is mandatory not only to diagnose disease in the native
kidney, but also to identify and characterize graft recurrence of
IgAN in the kidney graft. For this reason, the biopsy policies of
different centres and the techniques of histological evaluation
have an important role in the definition of the presence, fre-
quency and type of recurrence. The pathology findings observed
in graft biopsies of IgAN recurrent patients performed for clini-
cal reasons are not different from those of the original disease.
However, in this setting, interpretation of histology can be chal-
lenged by the simultaneous presence of other glomerular or
vascular lesions secondary to acute or chronic graft rejections
that can share a similar light microscopy appearance with IgAN.
In these cases, not only light microscopy and immunofluores-
cence, but also electron microscopy may be needed to clearly
define the possible association of two different diseases
(Figure 2). The Oxford classification of IgAN in native kidneys

found that semiquantitative scoring of five lesions (mesangial
hypercellularity, endocapillary hypercellularity, segmental glo-
merulosclerosis, tubulointerstitial fibrosis and percentage of
cellular and fibro-cellular crescent, known as the MEST-C score)
has significant prognostic value [76].

There is some evidence that MEST-C classification of IgAN
could be of prognostic significance even in the setting of recur-
rence. Lim et al. [77] evaluated the prognostic value of MEST in a
cohort of 125 renal allograft biopsies obtained from 114 patients
diagnosed with IgAN, revealing that endocapillary hypercellu-
larity (E), segmental sclerosis (S) and tubulointerstitial fibrosis
(T) predicted graft survival. However, given the retrospective na-
ture of the study, only 41 biopsies were tested for C4d and
donor-specific antibody status was unknown, thus underesti-
mating the possible role of concurrent acute or chronic
antibody-mediated rejection on the pathogenesis of the lesions.
Park et al. [78] recently published on the same topic, describing
the prognostic importance of the MEST-C classification in a co-
hort of 333 patients with IgAN in their graft. They found that all
the components of the updated IgAN classification system were
significantly associated with prognosis. However, they also
showed that E1 (i.e. endocapillary hypercellularity) was signifi-
cantly positively correlated with antibody-mediated rejection
and tubulointerstitial fibrosis was significantly positively corre-
lated with both antibody-mediated rejection and acute T-cell-
mediated rejection, underlying the complexity of pathogenesis
in the lesions observed in the transplant setting that can recog-
nize different and potentially synergistic aetiologies.

IMMUNOSUPPRESSIVE THERAPY IN THE
MANAGEMENT OF IGAN RECURRENCE ON THE
GRAFT

The optimal therapy for IgAN recurrence in the renal graft is not
known [42, 79–83]. However, required therapy is largely individ-
ualized and depends on the clinical syndrome of the disease at
the time of histopathological diagnosis. Hence the clinical
course of IgAN in the graft may differ substantially from that in
the native kidneys, as the extent and intensity of glomerular
lesions evolve and develop in an environment that is already
immunosuppressed. In fact, one should keep in mind that the
clinical course of the disease is most possibly modified by the
fact that kidney transplant recipients are maintained with a
triad of immunosuppressive agents.

Treatment aims to reduce proteinuria, optimize blood
pressure and reduce the inflammatory state. Kidney Disease:
Improving Global Outcomes provided clinical practice guide-
lines for native kidney IgAN that clarified recommended
treatments and may reduce the variability seen in the man-
agement of these patients [84]. The standard of care for those
with IgAN has been angiotensin-converting enzyme inhibi-
tors or angiotensin II receptor blockers in those with protein-
uria >0.5 g/day, tight blood pressure control to <130/
80 mmHg in patients with protein <1 g/day and <125/75 in
patients with protein >1 g/day and steroids for those with
persistent proteinuria >1 g/day.

Another question is how we should prevent recurrence
rather than symptom management once it has occurred. To
this end, there is some evidence that immunosuppression mat-
ters. Steroid withdrawal, in particular, has been associated with
increased rates of recurrence [39]. Retrospective data from a sin-
gle centre suggest there may be a role for induction therapy,
most notably the use of antithymocyte globulin, in prevention
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[42]. Furthermore, a reduction in the frequency of graft loss at-
tributed to recurrence over successive eras in Italy and
Australia suggests that the combination of mycophenolate and
tacrolimus may also be protective [15, 39].

There is controversy on the use of steroids in IgAN in native
kidneys. There are a few randomized controlled trials (RCTs)
and a meta-analysis [85–88] that showed a benefit in terms of
renal survival with steroid use on top of supportive therapy

FIGURE 2: In a patient with recurrent IgAN, the light microscopy picture (A) shows a glomerulus with global membranoproliferative pattern of injury with several

aspects of glomerular basement membrane double contours as well mesangial and capillary wall eosinophilic deposits (black arrow) (Jones silver stain). In this patient,

immunofluorescence microscopy revealed mesangial and glomerular capillary wall deposition of IgA (C) with negative C4d in the peritubular capillaries (E). Electron

microscopy in this case showed subendothelial electron dense deposits (black arrows) with newly formed lamina densa (i.e. double contours) and cellular interposition

(white arrow) (G) (US, urinary space; CL, capillary lumen) [transmission electron microscopy (TEM), �8900]. In a patient with recurrent IgAN and concurrent antibody-

mediated rejection, a light microscopy image (B) shows a portion of a glomerulus (on the left) with segmental obliteration of CLs due to endothelial cells swelling and

mononuclear inflammatory cells (i.e. glomerulitis) with inflammatory cells also in peritubular capillaries (white arrows) (Jones silver stain). In this patient, immunoflu-

orescence microscopy revealed mesangial deposition of IgA (D) with diffuse strongly positive C4d in the peritubular capillaries (F). Electron microscopy of this case

showed widening of the subendothelial spaces in the absence of subendothelial deposits (TEM, �8900).
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compared with supportive therapy alone for IgAN patients with
proteinuria >1 g/day. However, more recently these benefits
were questioned by the Supportive Versus Immunosuppressive
Therapy for the Treatment of Progressive IgA Nephropathy
(STOP-IgAN) trial, which compared intensive supportive treat-
ment to steroids alone or to steroids–immunosuppressive com-
bination therapy [89]. The authors of this trial found that after
3 years of follow-up, a potential benefit from corticosteroid
monotherapy was shown in the reduction of proteinuria but not
in terms of renal function decline. This was not observed in the
steroids–immunosuppressive combination therapy group.
Although it is not possible to exclude that the higher rate of re-
mission of proteinuria could translate into better long-term out-
comes, a higher number of serious adverse events were
reported in the STOP-IgAN trial in the steroid group and in the
steroids–immunosuppressive combination therapy group. In
another recent trial, the Therapeutic Evaluation of Steroids in
IgAN Global Study, comparing steroids versus placebo in IgAN
patients, recruitment was discontinued because of excess seri-
ous adverse events [90].

The use of steroids or other immunosuppressants in order to
treat IgAN recurrence in the graft, although not well proved
with clinical trials and prospective studies, may be required in
selected patients [91]. Specifically, when biopsy-proven IgAN re-
currence in the graft follows a rapidly progressive course, or ne-
phrotic syndrome cannot be managed with conservative
interventions, clinicians most often treat these patients accord-
ing to the severity of the histopathology and the related recom-
mendations for IgAN in the native kidneys [92–94].
Consequently, one approach for this group of patients could be
therapy with high-dose glucocorticoids given orally or combin-
ing intravenous and oral administration for a few months, fol-
lowed by a slow taper back to low doses, which are usually
given to prevent rejection, carefully assessing individually the
infection risk and adopting adequate prophylaxis strategies to
counteract the possible metabolic and infectious side effects of
steroids that may occur more frequently given the concomitant
immunosuppressive therapy.

In patients with rapidly deteriorating renal function and
histology showing features of crescentic GN, if the previous
scheme has failed, cyclophosphamide could be used orally or
intravenously for short period of time (up to 3 months) [95, 96].
In this case, the current anti-metabolite agent, which is used
for transplant maintenance, should be discontinued as long as
the patient remains on cyclophosphamide, and the patient
should receive adequate prophylaxis for opportunistic infec-
tion and frequent evaluation to monitor serious adverse side
effects.

B-cell-depleting agents (rituximab) have been successfully
used in recurrent IgAN in a few case reports [97]. However, re-
cently an RCT in native IgAN failed to show a beneficial effect of
rituximab over supportive therapy [98].

Finally, the recent focus on the role of the gut–kidney axis in
IgAN has led to the search for new drug formulations targeting
the intestinal mucosal immune system (gut-associated lym-
phoid tissue). Interesting results in native IgAN were obtained
by the NEFIGAN trial using a budesonide formulation, allowing
selective drug delivery at intestinal gut-associated lymphoid tis-
sue sites [51]. New treatment options for IgAN include drugs tar-
geting BAFF and APRIL, B-cell factors crucial for IgA synthesis
[99]. There are ongoing trials in native IgAN with humanized
monoclonal antibodies against these factors: NCT02062684,
Bright-sc, a Phase 2 trial on blisibimod, a selective antagonist of
BAFF and NCT02808429, a Phase 2 trial on atacicept, an

antagonist of both BAFF and APRIL. A SYK inhibitor, fostamati-
nib, is under evaluation in a Phase 2 trial on native IgAN
(NCT02112838).

Relying on the potential involvement of complement disor-
ders in the pathogenesis of IgAN, Rosenbland et al. [64] reported
the case of an adolescent with rapidly progressive IgAN that led
to renal failure despite immunosuppressive treatment. The pa-
tient was treated with an anti-C5 agent (eculizumab) in an at-
tempt to rescue renal function. Treatment led to clinical

improvement with stabilization of the glomerular filtration rate
and reduced proteinuria, but discontinuation of treatment led
to a rapid deterioration of renal function [64]. Finally, the con-
cept of prevention of IgAN recurrence by using specific immu-
nosuppressive agents for transplant maintenance has not
concluded in certain regimens. Mulay et al. [100], after reviewing
the US Renal Data System, concluded that in patients with a
pre-transplant diagnosis of GN, the risk of graft loss due to re-
currence was not associated with any specific immunosuppres-
sive medication used for kidney transplant and therefore
selection of immunosuppression for those recipients should not
be made, with the goal of reducing graft failure due to recurrent
GN. Most probably, the only strong association is that the use of
steroids was strongly associated with a reduced risk of kidney
graft loss from recurrent IgAN.

CONCLUSIONS

IgAN is a systemic disease mediated by circulating IgA-
containing immune complexes. Despite kidney transplantation,
the propensity to produce immune complex formation contin-
ues. Whether circulating immune complexes deposit in the
mesangium and how immunosuppression modifies this and
the subsequent responses of mesangial cells and recruited in-
flammatory cells likely determines whether IgAN recurs and
the outcome of any recurrence.

The extent of recurrence of original kidney disease after kid-
ney transplantation has been underestimated for several rea-
sons. First, the duration of observation varies among studies.
Second, the criteria used to schedule protocol and episode biop-
sies differ among institutions. And third, diagnostic modalities
used for early detection of recurrent original kidney disease also
vary. Thus rates of graft loss attributable to a recurrence of origi-
nal kidney disease are often underestimated. However, the re-
currence of original disease is often thought to be less
important than chronic rejection followed by loss of a function-
ing allograft. It is important to note that recent data have shown
that in patients with certain limited primary kidney diseases, as
well IgAN, the predominant cause of graft loss is the recurrence
of the original kidney disease. In addition, the rate of 5-year
graft survival in patients with recurrent original kidney disease
averages 45%. Thus understanding the cause of the clinical and

histological variation in IgAN is a key to progressing our preven-
tion and management of this disease. Better molecular charac-
terization of IgAN may enable type-specific therapies. Thus
research must address the recurrence of original kidney disease
to accumulate more knowledge and obtain optimal manage-
ment for our patients.
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