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Idiopathic Nephrotic Syndrome and Atopy: Is There a Common Link?

Maher Abdel-Hafez, MD,1 Michiko Shimada, MD,2 Pui Y. Lee, MS,3 Richard J. Johnson, MD,2 and
Eduardo H. Garin, MD1

Numerous reports during the last 60 years have reported a strong association between idiopathic
nephrotic syndrome and atopic disorders. Idiopathic nephrotic syndrome can be precipitated by allergic
reactions and has been associated with both aeroallergens (pollens, mold, and dust) and food allergies.
Patients with idiopathic nephrotic syndrome also may show increased serum immunoglobulin E (IgE)
levels. A review of the literature suggests that although some idiopathic nephrotic syndrome cases may
be associated with allergies, evidence that it is a type of allergic disorder or can be induced by a specific
allergen is weak. Rather, it is likely that the proteinuria and increased IgE levels in patients with
idiopathic nephrotic syndrome are caused by increased levels of interleukin 13 observed in these
patients. Recent studies suggest that interleukin 13, a known stimulator of IgE response, may mediate
proteinuria in patients with minimal change disease because of its ability to directly induce CD80
expression on the podocyte.
Am J Kidney Dis xx:xxx. © 2009 by the National Kidney Foundation, Inc.
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diopathic nephrotic syndrome in children is a
clinical syndrome associated with a variety

f glomerular lesions. Minimal change disease
MCD) is the most common cause of idiopathic
ephrotic syndrome. MCD is often abrupt in
nset. It can be dramatic in presentation, yet is
ne of the most rewarding diseases for a physi-
ian to manage because response to corticoste-
oids often is rapid and complete. Because kid-
ey biopsy usually is not performed when the
isease responds to corticosteroid therapy, the
erm MCD has become synonymous with steroid-
ensitive nephrotic syndrome.

The mechanism(s) underlying the MCD patho-
enesis are unknown, although it is believed to
e immunologically mediated.1 Strong evidence
uggests that it may be caused by a circulating
actor, possibly T-cell related, that causes podo-
yte dysfunction resulting in massive protein-
ria.2 However, there also have been numerous
eports linking MCD with atopic disorders and
ncreases in serum immunoglobulin E (IgE) lev-
ls. In this review, we discuss the evidence
upporting the association of atopy and whether
here may be a common underlying immune
isorder that may predispose patients to both
onditions.

ATOPY

Atopy is a term used to describe IgE-mediated
iseases. Persons with atopy have a hereditary
redisposition to produce IgE antibodies to com-
on allergens and often manifest with 1 or more
topic diseases (asthma, allergic rhinitis, and

merican Journal of Kidney Diseases, Vol xx, No x (Month), 2009
topic eczema). Atopic patients mount an exag-
erated immunologic response characterized by
roduction of allergen-specific IgE antibodies and
ositive reactions to extracts of common aeroaller-
ens on skin-prick tests. Type 2 helper T cells
TH2) from patients with atopy respond to allergens
n vitro by expressing such cytokines as interleukin
(IL-4) and IL-133 (Fig 1A and B).

arly Reports of AtopyWithMCD

In 1951, Fanconi et al4 were among of the first
o associate atopy and nephrotic syndrome. Forty-
hree percent of their nephrotic patients showed
igns of an “allergic diathesis.” They suggested
hat allergy could have a role in the pathogenesis
f nephrotic syndrome. Since then, several stud-
es have been reported linking atopy and ne-
hrotic syndrome. In nephrotic patients, relapses
ave been described after exposure to allergens,
ncluding pollens,5-7 mold,8 poison oak,9 bee
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tings,10 and vaccinations. Serum IgE, which also
ccurs commonly in atopic patients, also com-
only has increased levels in patients with MCD

s opposed to other glomerular diseases.11 These
ndings have raised the possibility that atopy may
ave a role in the pathogenesis of MCD and
llergens could be the triggering factor in the
evelopment of proteinuria. Is there evidence
rom controlled trials that atopic disorders are
ore common than expected in children with
CD?

topicDiseases in ChildrenWithMCDand
heir Families

Findings of atopic disorders in patients with
CD have varied widely (Table 1). In 1 of the

rst reported series, Thomson et al19 reported
hat 38% (15 of 40) of children with steroid-
esponsive nephrotic syndrome had asthma, ec-
ema, or hay fever compared with 18% (7 of 40)
f age-matched controls. Since then, other series
ave been reported, and most have confirmed an
ncrease in prevalence of atopic disorders in
atients with steroid-sensitive nephrotic syn-
rome compared with controls.12-15,17,18,20-22

owever, the frequency has varied dramatically
from 10% to 50%), although most series suggest
hat 30% to 40% of children with steroid-
ensitive nephrotic syndrome have some type of
llergic disorder (hay fever, asthma, or atopic
ermatitis). Interestingly, in some series, the
revalence of atopic diseases also was increased
n first-degree relatives, with similar prevalence
ates.12,18 Fewer studies have been performed in
atients with biopsy-proven MCD, but a ten-
ency for a greater prevalence of atopic disor-
ers also was observed.17

gE inAtopy andMCD

Many advances have been made in recent
ears for the pathogenesis of atopy. IgE synthesis
y B cells requires 2 signals. The first signal is
elivered by the cytokines IL-4 or IL-13 released
y TH2 cells, which target the C� gene for switch
ecombination. The second signal is delivered by
nteraction of the B-cell surface antigen CD40
ith its ligand expressed on activated T cells.23

herefore, patients with atopy typically present
ith increased serum IgE and serum IL-4 and
Figure 1. (A) (1) Antigen-presenting cells (APCs) and
ctivated B cells express CD80, which binds to CD28 on
he (2) T effector (Teff) cellular membrane. In the absence
f suppression by (3) T regulatory (Treg) cells, T effector
ells release interleukin 4 (IL-4) and IL-13. These 2 cyto-
ines trigger (4) the switch from immunoglobulin M (IgM) to
gE in the B cell. (B) T effector cells express cytotoxic
-lymphocyte antigen-4 (CTLA-4), which will compete with
D28 for CD80, resulting in (1) decreased activation of T
ffector cells. In addition, (2) T regulatory cells suppress T
ffector activation by releasing IL-10 and soluble CTLA-4.
hese combined events result in decreased production of
L-13 levels, although on repeated exposure to



Table 1. Clinical and Histopathologic Data and Serum IgE Levels

Nephrotic Group Controls

Reference
Incidence of
Allergy (P)

Biopsy
Findings

Positive Skin
Test Elevated IgE (P)

1st-Degree
Relatives

With Allergy
Incidence of

Allergy
Positive Skin

Test (P) Elevated IgE

1st-Degree
Relatives

With Allergy

Meadow & Sarsfield12 26/77 (�0.01*) MCD 52% (�0.01†) 65% 37/77 (�0.2�) 15/80 13/50 29/79
Salsano et al13 12/58 SSNS‡ SS, 36% 51%
Cheung et al14 17/38 MCD 7/20 (NS§)
Lin et al15# 88/207 31/110 MCD 43%-71%¶ 17/31 MCD
Tenbrock et al16#,‡‡ 12/78 (NS**) 79/84 MCD 33/78 (positive

skin test �
elevated IgE)

Rebien et al17 7/42 (NS) MCD 21% 18%
Yap et al18 23/59 (�0.05*) SSNS‡ 30/59 (�0.05†) 33/55 (�0.0001§) 27/58 (�0.05�) 21/100 16/46 8/55 28/100
Thomson et al19†† 15/40 (�0.05*) SSNS‡ 21/56 16/50 7/40

Abbreviations: IgE, immunoglobulin E; MCD, minimal change disease; NS, not significant; SS, steroid-sensitive; SSNS, steroid-sensitive nephrotic syndrome.
*P compares the incidence of allergy between nephrotic patients and healthy controls.
†P compares positive skin test results between nephrotic patients and healthy controls.
‡No renal biopsy data. All patients had SSNS.
§P compares IgE serum levels between nephrotic patients and healthy controls.
�P compares the incidence of allergy between first-degree relatives of nephrotic patients and healthy controls.
¶Two separate antigens were tested.
#Historical controls were used.
**Compared with German general population historical controls.
††104 patients were studied; of these only 40 were age- and sex-matched to children who had undergone urological or orthopedic operations.
‡‡84 patients were studied; of these, 78 were classified as atopic/non-atopic. In reporting the biopsy findings, the authors did not differentiate between atopic/non-atopic.
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ame allergen, patients also may have increased
lasma levels of interferon �.24

Patients with MCD also show increased IgE
evels (Table 1). Most,13-15,18,22,25-28 but not
ll,17,29 studies have reported greater serum IgE
evels in patients with MCD compared with
ontrols. Not infrequently, increased IgE levels
ccur in the absence of other clinical findings of
topy.13,16 Cheung et al14 reported increased
alues during relapse with normal levels during
emission.

One confounding issue is that corticosteroid
herapy may affect serum IgE levels. Hydrocorti-
one, for example, can induce IgE production in
urified B cells obtained from nonatopic donors
n combination with IL-430 and selectively en-
ance spontaneous IgE in atopic patients.31 Inter-
stingly, there is evidence that IgE level in-
reases with the duration of nephrotic syndrome
n patients with MCD.32

In summary, there clearly is evidence that
teroid-responsive nephrotic syndrome, espe-
ially in children, is associated commonly with a
istory of atopy and increased serum IgE levels.
owever, there appears to be marked variability

n the frequency of atopy and increased IgE
evels among the various series. One reason for
he variability in the frequency of atopy could
elate to how atopy was defined because some
tudies defined atopy by using clinical history or
uestionnaires (which can be limited by recall),
hereas others defined it by using total serum

gE level (which can increase for other reasons).
nother confounder is the definition of normal
ersus increased serum IgE level15,25,26 and the
otential confounding effects of corticosteroids.
learly, additional studies could be of benefit,
articularly because atopic disorders are increas-
ng in industrialized nations.33

ROLE OF SPECIFIC ALLERGEN(S) IN
PRECIPITATING RELAPSE OF NEPHROTIC
SYNDROME IN PATIENTS WITH MCD

The observations that the onset of MCD can
ccur in association with allergic phenomena and
atients with MCD have an increased prevalence
f atopic disease have led to the question of whether
specific allergen could have a direct role in
ediating this disease. If an allergen could precipi-
ate nephrotic syndrome in patients with MCD, it t
ould suggest that MCD could represent a type
f allergic disorder. As mentioned, relapses in
atients with MCD have been reported to follow
xposure to inhaled allergens,6-8,34-37 foods,38-45

nsect stings,46,47 and vaccinations48,49 (Table 2).
owever, how good is the evidence that a spe-

ific allergen may be responsible for inducing
CD?

nhaledAllergens andNephrotic Syndrome

Inhaled allergens triggering relapses of ne-
hrotic syndrome in patients with MCD have
een suggested by anecdotal reports and by the
nding of seasonal variability in the onset and
elapse of MCD. The list of triggering aeroaller-
ens includes tree and grass pollens,6,7,19 rag-
eed pollens,8 fungi,8 and house dusts.35 Given

he frequency of grass pollen allergy, the isolated
ase reports do not provide convincing evidence
f the relationship. Hardwicke et al,6 who first
escribed the association between exposure to
ollen and nephrotic syndrome, was unable to
nd another case in more than 300 subsequent
atients with this condition.6

Some caution is required when evaluating the
ole of aeroallergens in triggering relapses in
atients with nephrotic syndrome. First, most
eroallergens have been identified only by using
he skin-prick test. The danger of ascribing a
pecific allergen by using skin-prick test as the

Table 2. List of Potential Allergens Implicated in the
Cause of Atopy/Minimal Change Disease

Allergen References

nhaled allergens
Tree and grass pollens 6-8, 19, 21, 37, 39, 50
Ragweed pollens 8
Fungi (molds) 8
House dust 21, 35, 39

ood allergens
Cow’s milk 38-40, 42-44
Ovalbumin 39, 40
Pork 41
Fish, chicken, gliadin, beef 40

accination
Hepatitis B vaccine 51
Measles vaccine 52
Others

nsect stings 46
Bee stings 10, 47
Poison oak 9
riggering agent for MCD is that most patients
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ith allergies often show a positive skin-prick
est result to more than 1 antigen.12 Second, no
challenge” to induce MCD by exposing the
articipant to the suspected allergen has been
ttempted. Third, some studies incriminate aller-
ens based on their seasonality, such as relapses
n spring with pollen exposure6-8 or in fall coin-
iding with the peak incidence of mite allergens
n house dust.53 However, Meadow and Sars-
eld12 examined a series of 72 children with
CD and found no evidence for seasonal re-

apse. In their series, the initial episodes of ne-
hrotic syndrome were distributed throughout
he year.

If aeroallergens were the cause of MCD, thera-
ies for treating the allergies might be expected
o reduce the frequency of relapse. In this regard,
kin desensitization to specific allergens was
ollowed by prolonged remission in 1 patient
escribed by Hardwicke et al6 and another by
eeves et al.7 In contrast, skin desensitization
as unsuccessful to control relapses in 2 patients

eported by Florido et al.34

Disodium cromoglycate is known for its proved
fficacy for preventing relapse in patients with
xtrinsic asthma and hay fever. It stabilizes mast
ells and prevents their degranulation on expo-
ure to allergens.54 In the series of patients re-
orted by Florido et al,34 only 3 of 20 patients
chieved prolonged remission after cromogly-
ate was administered. Two controlled studies of
he use of this drug in patients with relapsing
ephrotic syndrome also have been published.
rompeter et al50 studied 21 children with at

east 3 relapses of nephrotic syndrome. Patients
ere randomly allocated in a double-blind con-

rolled study to cromoglycate or placebo for 16
eeks, together with a gradual reduction in main-

enance prednisone dosage, with complete discon-
inuation by week 8. At 16 weeks, 5 of 10 patients
n the placebo group and 9 of 11 in the disodium
romoglycate group had experienced relapse. In
he other controlled study12 of the use of cromo-
lycate in patients with nephrotic syndrome, the
patients receiving cromoglycate had a com-

ined total of 33 weeks in remission, whereas the
patients in the control group had 40 weeks in

emission. Trials with other mast cell–stabilizing
rugs (nivimedone and doxantrazole) also have

ailed to show a beneficial effect on prolonging o
emission in patients with relapsing nephrotic
yndrome.12,55

Thus, although allergens occasionally have
een implicated in triggering nephrotic syn-
rome in patients with MCD, evidence that block-
ng the specific allergic agent may prevent re-
apse is weak. This suggests that the atopic
esponse is associated with the immune abnormal-
ty in patients with MCD, rather than having a
ausal role.

oodAllergens andNephrotic Syndrome

Food allergens as triggering factors in the
athogenesis of MCD38-45 also have been sug-
ested based on case reports. The potential role
f these allergens in nephrosis has been insinu-
ted by the presence of positive skin or radioaller-
osorbent test (RAST) test results for cow’s
ilk, fish, chicken, gliadin, or ovalbumin in

ndividual patients.
In many cases, patients may not have had true
CD because some patients had steroid resis-

ance42,43 or multiple relapses38 and were main-
ained during the trial at the same previous dose
f steroids found to be not effective. Some re-
orts also included patients younger than 1 year,
aking MCD less likely, and some included

idney biopsy specimens that showed a pathologi-
al state other than MCD.

Different types of dietary manipulations to
emove suspected food allergens have been at-
empted. Dietary interventions have included the
se of elemental diets (100% free amino acid
iquid diet), limited exclusion diets (diet avoid-
ng specific foods according to skin, RAST, and
istamine release test results), or oligoantigenic
iets (a diet that allows patients to eat only 4 or 5
ood items without restriction of calories or pro-
eins). An inconsistent response has been ob-
erved to each of these diets. Some patents
nitially showed improvement in proteinuria,
hereas others failed to respond when the pro-
osed food allergen was removed.38,42 Of pa-
ients who responded to dietary changes, some
xperienced a relapse, whereas others remained
n remission after the offending allergen was
eintroduced.

Useof ElementalDiets

One of the better studies examining the effects

f dietary removal of a suspected food allergen
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as reported by Sandberg et al.38 These investi-
ators described 5 children with frequently relaps-
ng MCD in whom sensitization to cow’s milk
as documented by means of oral challenge and

kin testing. After relapse occurred (diagnosed as
2� proteinuria), an elemental diet was admin-

stered in the absence of corticosteroid treatment.
roteinuria decreased to protein less than 500
g/24 h within the next 7 days in all participants.
ne participant reexposed to raw milk (30 g)

edeveloped massive proteinuria within 3 days.
n contrast to the initial response to the elemental
iet, when patients experienced relapse, remis-
ion subsequently was achieved by only 3 pa-
ients by subsequent withdrawal of cow’s milk.
lthough these participants showed increased
iuresis with resolution of edema, a decrease in
rinary protein excretion, and improvement in
erum albumin levels, it is unclear whether the
ffect of the elemental diet was caused by re-
oval of an allergen or the elemental diet re-

ulted in decreased total protein and intake. Place-
ent of nephrotic patients on a low-protein diet

lso can result in a decrease in urinary protein
xcretion with some improvement in serum albu-
in level.56 Of interest, serum IgE concentrations
ere within the normal range in all patients.
Lagrue et al40 examined the effect of various

iets in 42 patients with steroid-dependent or
teroid-resistant disease with idiopathic ne-
hrotic syndrome (18 MCD, 15 focal segmental
lomerulosclerosis, and 9 mesangial prolifera-
ive glomerulonephritis). The investigators tested
ossible allergy to 10 different food items by
sing skin sensitivity tests, RAST, and histamine
elease test. Six patients with MCD, 9 patients
ith focal segmental glomerulosclerosis, and 5
atients with mesangial proliferative glomerulo-
ephritis tested positive for 1 or more food
roteins. Patients usually were maintained on a
orticosteroid regimen before the trial. Diets
ere provided for 14 days. Use of the elemental
iet (similar to that prescribed by Sandberg et
l38) resulted in a transient remission in only 1 of
participants (histopathologic characteristics of

ephrotic syndrome not defined), and the patient
ater required glucocorticoid therapy.

LimitedDiets

Lagrue et al40 also administered a limited diet

o 27 patients, with 7 of them achieving complete e
emission. However, many of these patients also
ere receiving glucocorticoid therapy, which con-

ounds results. In another study,43 6 of 17 chil-
ren with steroid-resistant nephrotic syndrome
xperienced remission in response to a milk-free
iet. Unfortunately, in this study, all participants
lso received full doses of steroids during the
ietary trial, making it unclear whether the remis-
ions may have been related to use of the immu-
osuppressive therapy.

OligoantigenicDiet

Oligoantigenic diets also have been tried.
enova et al42 reported that 6 of 12 patients with
CD experienced remission; however, some par-

icipants required up to 8 months on the diet
efore achieving remission. Because MCD has
ts own spontaneous remission rate, the lack of
ontrols makes this report difficult to interpret.
hus, although the use of various diets to treat
atients with MCD is interesting, they often are
onfounded by the concurrent use of prednisone
nd lack of a control group. In addition, the
nvestigators did not correlate skin sensitivity
est results with response to the diet and, as
escribed by the investigators, some patients
ere not able to maintain remission despite main-

aining strict adherence to their diet. In conclu-
ion, although dietary restriction of milk and
ther proteins has resulted in some tantalizing
esponses in some patients with MCD associated
ith nephrotic syndrome, better controlled stud-

es are required before conclusions can be drawn.

ALTERNATIVE VIEWS OF THE ROLE OF
ALLERGY IN MCD

It is evident that some patients with MCD may
resent with nephrotic syndrome after an aller-
en exposure, and many patients with MCD have
ncreased serum IgE levels (Fig 2). Nevertheless,
s noted, treatment of the allergy appears to
esult only rarely in remission, and usually this
as been done in isolated case reports. In recent
ears, it has become evident that patients with
CD may be prone to allergy because of an

nderlying immunologic system that predisposes
hem to both disorders.

Production of IgE is driven primarily by 2
ytokines, IL-4 and IL-13. In this regard, Kimata

t al57 were the first to report that although
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pontaneous IL-4 production by T cells was
ncreased in patients with atopy, IL-13 produc-
ion by T cells was increased in patients with

CD. Subsequent studies have found that MCD
s associated with increased IL-13 levels in urine57

nd serum,58 with increased spontaneous produc-
ion of IL-13 messenger RNA in isolated T
ells59 and increased IL-13 production by T cells
fter stimulation14,59 compared with patients in
emission or controls. Furthermore, intracellular
xpression of IL-13 by T cells correlated directly
ith serum IgE level.14 In contrast, studies exam-

ning IL-4 expression have been conflicting. Thus,
lthough T cells have been reported to express
igh levels of IL-4 either spontaneously60 or
fter stimulation,61-63 other studies59,64,65 have
ot confirmed these findings.
More recent studies have implicated IL-13 as

potential mediator of MCD. Podocytes express
L-13 receptors66,67 and, in response to IL-13
inding, CD80 (also known as B7.1).67,68 CD80
s a transmembrane protein normally found on

Figure 2. In patients with minimal change disease,
ctivation of T effector (T eff) cells is by (1) antigen-
resenting cells (APCs) after exposure to microbial patho-
en-associated molecular patterns (PAMP). It is unknown
hether activated B cells have a role (?). (2) Activated T
ffector cells release cytokines, including interleukin 13
IL-13). IL-13 will induce the switch from immunoglobulin M
IgM) to IgE in B cells and expression of (3) CD80 by
odocytes. A postulated defect in (4) T regulatory (T reg)
ell function will allow T effector cells to continue secreting
he pathogenetic cytokine.
endritic cells that have a key role in T-cell f
ostimulation. Reiser et al68 have shown that
nduction of CD80 by podocytes results in pro-
einuria in mice with glomerular epithelial cell
oot-process fusion, and Reiser and Mundel69

ave suggested that CD80 expression could be a
echanism for MCD. Consistent with this obser-

ation, Lai et al67 reported that IL-13–overex-
ressing rats develop nephrotic syndrome with
eatures consistent with MCD.

We also found that urinary CD80 levels are
ncreased in patients with MCD during relapse
nd return to normal after remission.70 We also
ave preliminary evidence that the source of the
D80 is the podocyte because we found that by
sing immunohistochemical staining, CD80 was
xpressed by podocytes in kidney biopsy speci-
ens from patients with MCD in relapse (E.H.
arin et al, unpublished data).
Although these studies incriminate IL-13 in

he nephrotic syndrome observed in patients with
teroid-sensitive MCD, there are reports that
erum IL-13 levels increase after remission58

espite a decrease in expression by isolated T
ells.14,59 In this regard, we have postulated that
odocyte expression of CD80 may continue un-
ess expression is turned off by soluble cytotoxic
-lymphocyte antigen-4 (CTLA-4).70 In our pre-
iminary studies, CD80/CTLA-4 ratio is in-
reased in patients with MCD during relapse,
ith levels returning to the normal range in

emission.70 If true, MCD might be considered a
-step disease in which there is initial stimula-
ion of CD80 on podocytes by IL-13 or other
ytokines followed by inadequate silencing of
D80 by insufficient release of soluble CTLA-4.
In conclusion, allergies are common in pa-

ients with MCD, but there is little evidence that
hey have a direct pathogenic role in this disor-
er. More likely, the underlying immune system
n these individuals predisposes them to both
isorders. IL-13 has been found to be increased
n patients with MCD. IL-13 is known to induce
switch from IgM to IgE in B cells and induce
D80 expression by podocytes. Concomitantly,

ncreased CD80 expression by podocytes is asso-
iated with proteinuria. Additional studies are
eeded to elucidate the role of IL-13 and CD80
n MCD. In addition, these studies could result in
ovel therapies (such as the use of soluble
TLA-4 IgG) that specifically target CD80 or
actors stimulating podocyte CD80 expression.
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51. Işlek I, Cengiz K, Cakir M, Küçüködük S: Nephrotic

yndrome following hepatitis B vaccination. Pediatr Neph-
ol 14:89-90, 2004

52. Kuzemko JA: Measles vaccination and the nephrotic
yndrome. Br Med J 4:665-666, 1972

53. Toyabe S, Nakamizo M, Uchiyama M, Akazawa K:
ircannual variation in the onset and relapse of steroid-

ensitive nephrotic syndrome. Pediatr Nephrol 20:470-473,
005
54. Shin HY, Kim JS, An NH, Park RK, Kim HM: Effect

f disodium cromoglycate on mast cell-mediated immediate-
ype allergic reactions. Life Sci 74:2877-2887, 2004

55. Bluett NH, Chantler C, Hughes DT: Failure of dox-
ntrazole in steroid-sensitive nephrotic syndrome. Lancet
:809, 1977 (ltr)
56. Kaysen GA, Gambertoglio J, Jimenez I, Jones H,
utchison FN: Effect of dietary protein intake on albumin 2
omeostasis in nephrotic patients. Kidney Int 29:572-577,
986
57. Kimata H, Fujimoto M, Furusho K: Involvement of

nterleukin (IL)-13, but not IL-4, in spontaneous IgE and
gG4 production in nephrotic syndrome. Eur J Immunol
5:1497-1501, 1995
58. Tain YL, Chen TY, Yang KD: Implications of serum

NF-beta and IL-13 in the treatment response of childhood
ephrotic syndrome. Cytokine 21:155-159, 2003
59. Yap HK, Cheung W, Murugasu B, Sim SK, Seah CC,

ordan SC: Th1 and Th2 cytokine mRNA profiles in childhood
ephrotic syndrome: Evidence for increased IL-13 mRNA
xpression in relapse. J Am Soc Nephrol 10:529-537, 1999

60. Adrogue HE, Borillo J, Torres L, et al: Coincident
ctivation of Th2 T cells with onset of the disease and
ifferential expression of GRO-gamma in peripheral blood
eukocytes in minimal change disease. Am J Nephrol 27:253-
61, 2007
61. Cho BS, Yoon SR, Jang JY, Pyun KH, Lee CE:

p-regulation of interleukin-4 and CD23/FcepsilonRII in
inimal change nephrotic syndrome. Pediatr Nephrol 13:199-

04, 1999
62. Neuhaus TJ, Wadhwa M, Callard R, Barratt TM:

ncreased IL-2, IL-4 and interferon-gamma (IFN-gamma) in
teroid-sensitive nephrotic syndrome. Clin Exp Immunol
00:475-479, 1995
63. Jian K: Increased production of interleukin 4 in

hildren with simple idiopathic nephrotic syndrome. Chi-
ese Med J 105:347-350, 1994
64. Shimoyama H, Nakajima M, Naka H, et al: Up-

egulation of interleukin-2 mRNA in children with idio-
athic nephrotic syndrome. Pediatr Nephrol 19:1115-1121,
004
65. Kaneko K, Tuchiya K, Fujinaga S, et al: Th1/Th2

alance in childhood idiopathic nephrotic syndrome. Clin
ephrol 58:393-397, 2002
66. Parry RG, Gillespie KM, Mathieson PW: Effects of

ype 2 cytokines on glomerular epithelial cells. Exp Nephrol
:275-283, 2001
67. Lai KW, Wei CL, Tan LK, et al: Overexpression of

nterleukin-13 induces minimal-change-like nephropathy in
ats. J Am Soc Nephrol 18:1476-1485, 2007

68. Reiser J, von Gersdorff G, Loos M, et al: Induction of
7-1 in podocytes is associated with nephrotic syndrome.
Clin Invest 113:1390-1397, 2004
69. Reiser J, Mundel P: Danger signaling by glomerular

odocytes defines a novel function of inducible B7-1 in the
athogenesis of nephrotic syndrome. J Am Soc Nephrol
5:2246-2248, 2004
70. Garin EH, Diaz L, Mu W, Araya CE, Johnson RJ:

rinary CD80 excretion is increased in idiopathic minimal
esion nephrotic syndrome. J Am Soc Nephrol 20:260-266,

009


	Idiopathic Nephrotic Syndrome and Atopy: Is There a Common Link?
	ATOPY
	Early Reports of Atopy With MCD
	Atopic Diseases in Children With MCD and Their Families
	IgE in Atopy and MCD

	ROLE OF SPECIFIC ALLERGEN(S) IN PRECIPITATING RELAPSE OF NEPHROTIC SYNDROME IN PATIENTS WITH MCD
	Inhaled Allergens and Nephrotic Syndrome
	Food Allergens and Nephrotic Syndrome
	Use of Elemental Diets
	Limited Diets
	Oligoantigenic Diet


	ALTERNATIVE VIEWS OF THE ROLE OF ALLERGY IN MCD
	ACKNOWLEDGEMENTS
	REFERENCES


