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Role of interferon-c gene polymorphisms in
susceptibility to IgA nephropathy: a family-based
association study
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T helper (h) lymphocytes in pathogenic immune response at mucosal effector site play a key role in
IgA nephropathy (IgAN). We evaluated the impact of some Th1/Th2/Th3/TR-type, and of monocyte/
macrophage cytokines on IgAN susceptibility with a family-based association study including 53 patients,
45 complete trios, 4 incomplete trios and 36 discordant siblings. Cytokine gene polymorphisms with a
potential regulatory role on their production were investigated using the family-based association test
(FBAT): IFNc intron-1 CA repeat at position 1349–1373; IL-13 �1055C/T; TGFb þ915G/C; IL-10 50-proximal
and distal microsatellites; TNFa �308G/A, �238G/A. The FBAT multi-allelic analysis showed an association
between IFNc polymorphism and susceptibility to IgAN (P¼0.03). The bi-allelic analysis evidenced that the
13-CA repeat allele was preferentially transmitted to the affected individuals (P¼0.006; Bonferroni
P-value¼0.04). The direct sequencing of IFNc amplicons showed a strict association between the 13-CA
repeat allele and the A variant of the þ874T/A single nucleotide polymorphism (SNP rs2430561) directly
adjacent to the 50 end of the microsatellite. The in vitro production of IFNc evaluated in peripheral blood
mononuclear cells from 10 genotyped patients demonstrated a correlation between the þ874A allele and
a lower production of IFNc (P¼0.028 Mann–Whitney test). This SNP affects IFNc production lying within
a binding site for the transcription factor NF-jB. No significant difference was observed in the 15 years
renal survival between IgAN patients carrying different IFNc gene polymorphisms. This first family-based
association study demonstrates that the þ874A allele, strictly associated with IFNc 13-CA repeat allele,
confers susceptibility to IgAN, without influencing renal survival.
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Introduction
IgA nephropathy (IgAN) is a disease characterized by

an abnormal immune response with an increased syn-

thesis of deglycosylated IgA1, occurring in the blood and

then depositing in the glomeruli of the kidney. Mucosal
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immunity is largely involved in the pathogenesis of

the disease, as the exposure of the upper respiratory tract

to bacteria or virus is often associated with recurrent

episodes of macroscopic hematuria. A key component of

the mucosal immune defense against pathogens is repre-

sented by CD4þ T lymphocytes that can differentiate into

functionally distinct subsets.1 – 3 Whereas T-helper1 (Th1)

cells secrete the cytokine interferon-g (IFNg) and tumor

necrosis factor-b (TNF-b), Th2 cells secrete interleukin-4

(IL-4), IL-5, IL-9 and IL-13. Th3 and regulatory CD25þ
CD4þ T (TR) cells produce transforming growth factor-b
(TGF-b) and IL-10, respectively.4,5 Tumor necrosis factor-a
(TNF-a) produced by monocytes and macrophages is a

cytokine with pleiotropic biological activity including

the regulation of immune cell proliferation and differen-

tiation.6 Cytokines act in a highly complex network in

which they induce or repress their own synthesis as well

as that of other cytokines and cytokine receptors. The

imbalance in cytokine production drives the immune

system towards a cell-mediated (Th1 type) or a humoral

response (Th2 type). There is evidence for Th1/Th2

polarization of nephritogenic immune responses in IgAN,

even if Th1 or Th2 predominance has not been clearly

defined. The predominance of T lymphocyte subsets is

the consequence of mutual Th1/Th2 cytokine antagonism.

The in vitro capacity to produce different cytokines in

response to mitogen stimulation has been shown to

vary between individuals. Conservative mutations within

coding regions, nucleotide variations within more pro-

nounced regulatory regions (ie promoter sequences) and

polymorphisms within cytokine gene introns have all

been described as potential mechanisms involved. Differ-

ent polymorphisms were shown to be implied in the

genetic control of cytokines produced by T helper cells

and monocyte/macrophages: IFNg intron-1 microsatellite

polymorphism positioned at 1339–1373; IL-13 promoter

polymorphism (C – T) at position –1055; TGF-b1 poly-

morphism at position þ 915 in the signal sequence;

microsatellite loci (IL-10R, IL-10G) described in the IL-10

promoter region; TNF-a gene polymorphisms at nucleotide

positions �308 and �238.7 – 12 We investigated the effects

of these polymorphisms on the IgAN onset and progression

using a family-based association study. High priority was

given to IFNg gene intron-1 polymorphism, as a previously

published case–control association study demonstrated a

significantly higher incidence of IFNg 13-CA repeat allele

in Japanese IgAN patients than in healthy subjects.13 The

observed preferential transmission of 13-CA repeat allele

to IgAN patients suggests a functional role of either the

microsatellite itself, or, more probably, of a functional

polymorphism in linkage disequilibrium with this allele.

An in vitro increased production of IFNg correlated with the

presence of 12-CA repeat allele, which was in linkage

disequilibrium with the þ874T/A single nucleotide poly-

morphism (SNP rs2430561) within a putative NF-kB

binding site.14,15 Our study speculates also on the func-

tional role of this polymorphism.

Patients and methods
Family-based association study

A genomic DNA bank was constituted in October 2000 to

collect samples from IgAN patients and their relatives

living in some European countries (all necessary informa-

tion is available in the IgAN Consortium website www.

igan.net).

This family-based association study was performed in

various pedigree constellations including 183 subjects for

whom DNA samples were available (53 IgAN patients, 45

complete trios, 4 incomplete trios and 36 discordant

siblings). All the families were living in the Puglia region

in Southern Italy. Relatives were checked for urinalysis and

examined after informed consent following the protocol

of the IgAN Consortium approved by the local Ethics

Committee. The IgAN Consortium was supported finan-

cially by the European Commission (5th Framework

Programme: QLG1-CT-2000-00464). A detailed family

history was obtained from all participating relatives.

Additional historical information was obtained by family

physicians. A database was organized to include personal

and clinical data. Exposure to presumptive environmental

factors such as type of job, food intake, exposure to

solvents or other stimuli was also considered.

Case–control cohort

One hundred and seventy-four IgAN patients were retro-

spectively enrolled from a large cohort of 437 outpatients,

all diagnosed between 1973 and 2000. They agreed to

participate in this genetic study from October 2000 to

December 2003; this group included the 53 patients

analyzed in the family-based study.

Diagnosis of IgAN was based on the presence of IgA as

the sole, predominant or co-dominant immunoglobulin

in the mesangial area of the glomeruli, excluding systemic

disease (Schönlein–Henoch purpura, systemic lupus

erythematosus) and liver cirrhosis. The clinical picture was

characterized by recurrent episodes of macroscopic

hematuria in concomitance with upper respiratory tract

infections or persistent microscopic hematuria and/or

proteinuria. Measurements of serum creatinine, creatinine

clearance, urinalysis, daily proteinuria and blood pressure

were obtained from each patient. No patient had received

corticosteroid or immunosuppressive therapy in the

3 months before the study. One hundred and sixty-six

IgAN patients, with a follow-up period of at least 1 year

(median follow-up of 5 years, range 1–30 years), were

identified as progressors (n¼50) and non-progressors

(n¼116). End-stage renal disease (ESRD) and/or doubled

serum creatinine (sCr) value from the time of renal biopsy

were considered as an outcome measure.
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One hundred eighty-five subjects were recruited among

healthy blood donors. They were matched for age, gender

and ethnicity to the IgAN patients. Moreover, they were

checked for negative urinalysis and no history of renal

disease, diabetes, hypertension or metabolic disorders.

Written informed consent for genomic DNA extraction

was obtained from each subject enrolled.

Genomic DNA extraction and genotyping of cytokine
polymorphisms

Whole blood (5 ml) was collected in EDTA tubes from each

subject enrolled in the study. Genomic DNA was isolated

by standard method using the Blood and Cells Culture

midi DNA kit (Qiagen, Hilden, Germany).

Genotyping of the IFNg intron-1 microsatellite poly-

morphism positioned at 1339–1373, C/T polymorphism

in the human IL-13 promoter at position –1055, C/T

polymorphism in TGF-b codon 25, IL10-G and IL10-R

microsatellites, and TNFa –238 and –308 promoter poly-

morphisms was performed. Loci-specific amplification and

gene polymorphisms were analyzed by using primers,

conditions and methods previously published and listed

in Table 1.8,10,16,17

Genotyping of intron-1 IFNc microsatellite Genotyping

of the IFNg CA repeat was performed by PCR ampli-

fication and capillary electrophoresis. Genomic DNA

(50 mg) was amplified in a reaction volume of 12.5 ml.

Forward primer was 6-FAM labeled at the 50 end and reverse

primer was modified with a tail addition (7 bp) to reduce

stutter band artifact. The reaction mixture contained

0.5 U AmpliTaq Gold DNA polymerase (Applied Biosystem,

Forster City, CA, USA), 0.5 mM of each specific primer,

2.5 mM MgCl2 and 200 mM of each dNTP. The initial

denaturation (10 min at 951C) was followed by 40 cycles

of 30 s at 951C, 45 s at 481C and 30 s at 721C and a final

extension time of 7 min at 721C. Each amplified product,

previously diluted 1:20, was mixed with 0.5 ml of Rox-

conjugate Genescan-350 DNA size standard (Applied

Biosystem, Forster City, CA, USA) and formamide-EDTA

(25 mmol/l). This mixture was loaded onto an ABI Prism

310 capillary DNA sequencer (Applera Biosystem, Forster

City, CA, USA). Specific Genotyper 3.7 software was used to

size each allele obtained.

DNA sequencing was performed by BigDye terminator

chemistry on 15ng of purified PCR product (Montage PCR,

Millipore, Bedford, MA, USA) and analyzed on an ABI

Prism 3100 capillary DNA sequencer.

In vitro IFNc production

IFNg production was measured in the supernatants of the

cultured peripheral blood mononuclear cells (PBMC) from

five homozygous IgAN patients for the 12-CA repeat/

þ874T haplotype and five homozygous for the 13-CA

repeat/þ 874A haplotype of IFNg intron 1. Cultured PBMC T
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were stimulated with concanavalin A (5 mg/ml) for 48 h at

371C in an atmosphere of 5% CO2. IgAN patients were

adequately matched for clinical and laboratory findings,

and had no evidence of inflammatory processes at the time

of the PBMC isolation. IFNg levels were measured using an

ELISA kit (Bender MedSystems, Austria) according to the

manufacturer’s instructions.

IFNc þ874T/A variants subcloning

The þ874A and þ874T IFNg inserts were obtained by PCR

from DNA target of two previously genotyped subjects,

respectively, homozygous for the 12-CA repeat/þ874T

haplotype and homozygous for the 13-CA repeat/þ874A

haplotype. Each PCR primer used included a different

restriction site chosen in the polylinker region of the

eligible vector (forward 50-CTTAACGCTAGCAATATTCAGA

CATTCACA-30 containing the NheI restriction site; reverse

50-TTCATCAGATCTGAGCTTTAAAAGATAGTT-30 contain-

ing the BglII restriction site). Amplicons were digested

with NheI and BglII and subcloned into the pGL2-promoter

luciferase reporter vector (Promega, Madison, WI, USA).

Orientation and identification were confirmed by DNA

sequencing.

Transient transfections and luciferase assay

To evaluate the different NF-kB binding activity of IFNg
þ874A-pGL2 and IFNg þ 874T-pGL2 promoter constructs,

we transiently transfected HK2 cells, an immortalized

proximal tubular epithelial cell line (ATCC, Manassas, VA,

USA). HK2 cells transfected with an expression vector

containing the luciferase cDNA under the control of three

NF-kB consensus sequences (pLucNF-kB) were used as

positive control. Transient transfection was carried out

by electroporation using the Gene Pulser II RF module

(Biorad, Hercules, CA, USA). HK2 cells (5�106) were

resuspended in 0.5 ml medium containing 2.5mg of

pCMVbGal and 7.5 mg of IFNg þ874A-pGL2 or IFNg
þ874T-pGL2 promoter constructs. Electroporation was

carried out at 950 mF and 0.4 kV, and cells were then

cultured for 24 h in a six-well plate (8� 105 cells/well) in

DMEM/F12 supplemented with 10% FCS, 100 U/ml peni-

cillin, 100 mg/ml streptomycin and 2 mmol/l L-glutamine.

Triplicate wells were incubated with and without human

soluble CD40 ligand alone (sCD40L; 0.1 mg/ml) or along

with caffeic acid phenetyl ester (CAPE; 10 mg/ml) in 1 ml of

serum-free DMEM/F12 for 24 h. Following incubation, the

cells were lysed in 100 ml of Luciferase Reporter lyses buffer

supplied with the Luciferase Assay System (Promega). The

extracts were assayed for luciferase activity using a DIGENE

DCR-1 luminometer (Abbott Laboratories, Abbot Park, IL,

USA). Luciferase activity was normalized to b-galactosidase.

Statistical analysis

The family-based association test (FBAT) software was used

to evidence association between the Th1/Th2/Th3/TR-type

cytokine polymorphisms and IgAN. This method is an

extension of the original transmission disequilibrium Test

(TDT).18 It incorporates a set of statistical procedures to

accommodate variable pedigree constellations, dichoto-

mous or quantitative phenotypes, phenotype-unknown

subjects, bi- or multi-allelic marker data, multiple loci

and various models for the mode of inheritance and

gene–environment interactions. The FBAT statistic was

calculated under an additive model and for both the

multi-allelic (all alleles at a marker were compared

simultaneously in one test) and bi-allelic (each allele

against all others) mode of testing. The FBAT statistic for

the bi-allelic model was calculated using the -o option for

unknown disease prevalence in the population.19 – 22 The

Bonferroni correction, in which the P-value is multiplied

for a number of tests equal to the number of alleles, was

carried out when each allele was considered separately.

The power of our study design was evaluated by PBAT

(analytical power calculation for family-based association

test) and it resulted ineffective in detecting association

with alleles with a low frequency (Po0.5).23

Cumulative incidence of developing end-point events

from the time of renal biopsy was estimated by the

Kaplan–Meier method for censored data and compared

by log-rank test for stratifying variables. Continuous

variables were compared by t-test or Mann–Whitney test,

as applicable. Dichotomous and polytomous data were

compared by the w2 test using Statview 5.0 Software (1992–

1998 SAS Institute Inc.).

Results
The family-based analysis of the polymorphisms related

to the studied cytokines is illustrated in Tables 2 and 3.

The multi-allelic analysis, assuming an additive model

for which every cytokine gene acts on the pheno-

type, evidenced a significant association of IgAN with IFNg
intron-1 microsatellite polymorphism located at position

1349–1373 (P¼0.03). No significant association was found

between other cytokine gene polymorphisms and the

disease (Table 2).

We identified seven different alleles for IFNg intron-1

microsatellite polymorphism with a heterozygosity rate

of 69% (126 out of 183). We, then, used a bi-allelic mode

of analysis to evaluate how these different IFNg alleles

influenced the disease. The bi-allelic analysis, using the o

option for unknown disease prevalence in the population,

evidenced a significant association between the 13-CA

repeat polymorphism and IgAN (P¼0.006; Bonferroni

P-value¼0.04), suggesting that this allele was preferen-

tially transmitted to the affected individuals (Table 3). It

was transmitted 32 times from a heterozygous parent to

the index patient and remained untransmitted 15 times.

These results were obtained from 40 informative families
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that had at least one heterozygous parent. The total sample

was in Hardy–Weinberg equilibrium.

We genotyped an additional case–control cohort (174

cases and 185 healthy controls). The clinical character-

istics, at the time of renal biopsy, of the IgAN patients

analyzed (121 men, 53 women) were mean age 28710

years, mean serum creatinine 1.2670.76 mg/dl, mean daily

proteinuria value 1.1271.28 g/day and mean serum crea-

tinine clearance (according to Cockcroft and Gault for-

mula) 94732 ml/min; arterial hypertension was present in

40.3% of the patients. These baseline demographic and

clinical findings did not show a statistically significant

difference when compared to the source population

(n¼437). The overall comparison of CA repeat distribution

between IgAN patients and controls did not give a statis-

tically significant deviation. Although up to seven alleles

for the CA repeat within intron 1 of IFNg have been found,

two of them (12 and 13-CA repeat) account for 87% of

alleles in both groups. The discordant results between the

familial and case–control studies suggest a possible genetic

imprinting of the IFNg intron 1 polymorphism, but a more

detailed familial analysis considering the transmission of

IFNg CA repeats from mother and father separately does

not evidence a possible parent-of-origin effect.

We moved on to study the influence of IFNg intron-1 13-

CA repeat polymorphism on the progression of the disease.

Clinical findings and laboratory data at the time of renal

biopsy in 174 IgAN patients with/without occurrence

of this polymorphism were analyzed. No association

was found between the presence/absence of risk genotype

and gender, age at onset of the disease and at the time

of renal biopsy, serum creatinine, renal function, daily

proteinuria and histological lesions. The renal survival was

also evaluated in 166 IgAN patients identified as progres-

sor and non-progressor. Cumulative renal survival rates

at 15 years from renal biopsy were 47.8% in homo-

zygous and 46.5% in heterozygous patients for the 13-CA

repeat allele versus 44.1% of the non-carriers; no signifi-

cant difference was observed in the renal survival rates

between IgAN patients bearing and non-bearing the IFNg
13-CA repeat allele; log-rank test, w2¼0.005, P¼0.99

(Figure 1a).

The direct sequencing of the PCR products, obtained

from genotyping the IFNg intron-1 microsatellite, evi-

denced a strict association between the 13-CA repeat allele

and the þ874A variant of the þ874T/A SNP (w2¼57.4,

Po0.0001).

Renal survival was not different between homozygous

subjects for 13-CA repeat/þ874A haplotype (32 of 166),

homozygous subjects for 12-CA repeat/þ874T haplotype

(31 of 166) and heterozygous subjects for these haplotypes

(58 of 166); log-rank test, w2¼ 0.75, P¼0.69 (Figure 1b).

Table 2 Family-based multi-allelic association test results for Th1/Th2/TR/monocyte–macrophage type cytokine gene
polymorphisms

Gene polymorphisms Alleles DF w2 P-value

IFNg CA repeat 1349–1373 7 6 12.66 0.03
IL 13 �1055 2 1 0.95 0.33
TGFb Codon 25 2 1 0.12 0.73
IL 10 R-CA repeat 50 flanking region 4 3 12.9 0.38
IL 10 G-CA repeat 50 flanking region 10 9 0.69 0.16
TNFa �308 2 1 0.69 0.41
TNFa �238 2 1 3.0 0.08

Table 3 Family-based bi-allelic association test results for the dinucleotide repeat (CA)n polymorphisms of IFNg intron 1 at
position 1349–1373 show that 13-CA repeats allele is preferentially transmitted to the affected individuals

IFNg CA repeat 1349-1373 Allele frequency Fama Sb E(S)c Var(S)d Z P

Allele size (bp)
131 17 0.005 1 �0.66 0.00 0.16 �1.63 0.10
129 16 0.005 0 0.00 0.00 0.00
127 15 0.05 7 �0.66 �0.46 0.63 �0.26 0.79
125 14 0.10 15 �2.29 �0.00 1.88 �1.66 0.09
123 13 0.42 40 6.98 0.003 6.58 2.72 0.006e

121 12 0.41 38 �1.45 1.99 5.74 �1.43 0.15
119 11 0.01 1 0.00 0.00 0.16 0.00 1.0

aNumber of informative families (ie families with at least one heterozygous parent).
bStatistic test from family –based association test for the observed number of transmitted alleles.
cExpected value of S under the null hypothesis (ie no linkage or association).
dEmpirical variance.
eBonferroni P-value¼0.04.
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The same results were obtained considering only þ874T/A

SNP genotype (data not shown).

The in vitro PBMC production of IFNg after mitogen

stimulation was significantly lower in homozygous sub-

jects for the 13-CA repeat/þ874A haplotype than that in

homozygous subjects for the 12-CA repeat/þ874T haplo-

type (P¼0.028, Mann–Whitney test) (Figure 2).

IFNg production differences seem largely due to poly-

morphisms associated with the CA microsatellite. The

þ874T/A polymorphism occurs in an NF-kB binding

site. To assess the functional role of these two variants,

we transfected HK2 cells with IFNg þ874A-pGL2 and IFNg
þ874T-pGL2 promoter constructs. HK2 cells were stimu-

lated with an NF-kB activator (sCD40L) in the presence or

absence of a specific inhibitor (CAPE). We observed a

statistically significant difference in NF-kB binding activity

of IFNg þ874A-pGL2 and IFNg þ874T-pGL2 promoter

constructs (P¼0.0007) (Figure 3).

Figure 1 The 15 years renal survival in IgAN patients in respect to IFNg gene polimorphisms. The outcome measures were represented by the
doubling of baseline serum creatinine value and end-stage renal disease. Patients at risk were the number of cases in observation at each time. (a) Renal
survival in IgAN patients bearing (þ ) and non-bearing (�) the IFNg 13-CA repeat allele. No significant difference was observed (log-rank test,
w2¼0.005, P¼0.99). (b) Renal survival in homozygous subjects for 13-CA repeat/þ874A haplotype, 12-CA repeat/þ874T haplotype and
heterozygous subjects for these haplotypes. No significant difference was observed (log-rank test, w2¼0.745, P¼0.69).

Figure 2 Homozygous subjects for 13-CA repeat and þ874A allele
of IFNg intron 1 showed a statistically significant lower cytokine
production than the homozygous subjects for 12-CA repeat and
þ874T allele (P¼0.028, Mann–Whitney test). Notches represent a
95% confidence interval for the median.
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Discussion
Our family-based study shows an association between IgAN

and 13-CA repeat allele of IFNg intron-1 microsatellite. This

genotype seems to confer susceptibility to the disease, but

to have no influence on its progression. We demonstrate

an absolute association between the 13-CA repeat and

the þ874A variant of the þ874T/A SNP directly adjacent

to the 50 end of the microsatellite region. Homozygous

subjects for 13-CA repeat and þ 874A allele show an

in vitro statistically significant lower production of IFNg
than the homozygous subjects for 12-CA allele and þ874T

in response to mitogen stimulation. This SNP is situated

within a putative binding site for the transcription factor

NF-kB.8 – 10 Transient transfection experiments clearly show

that þ874T/A variants modulate differently NF-kB binding

activity. As this protein plays an important role in the

transcriptional regulation of IFNg gene,24 the þ874T and

þ874A alleles could be responsible for high and low IFNg
production, respectively.

The present study is the first family-based study that

investigates the association between cytokine polymor-

phisms and IgAN. This disease has a multifactorial etiology

including environmental influences and a complex genetic

background. The genetic analysis of cytokine polymor-

phisms in complex diseases has traditionally focused on

case–control association studies.25 Most study designs

involve too small sample sizes lacking the statistical power

to detect the correct gene effects. Another principal

limitation of these studies is represented by the possibility

that a positive association is biologically irrelevant because

of population admixture.26 During the last decade, family-

based association studies have challenged the case–control

design. In the absence of both linkage and association

between marker and disease locus, marker alleles are

transmitted randomly from parents to offspring. This study

design prevents errors of the first order, arising when

investigators enroll cases and possibly mismatched unrela-

ted controls. In addition, the case–control approach fails

to detect an association when a parent-of-origin effect

occurs. We find an association using a familiar approxima-

tion but not in a case–control analysis. We do not detect

genetic imprinting in the transmission of the IFNg CA

polymorphism to IgAN patients. However, we will better

investigate this hypothesis enrolling more case-parent-

triads, since this effect was observed in another genetic

immune complex mucosal disorder.27

In the present study, FBAT software was used to evaluate

allele transmission.19 – 22 This is the best approach to

accommodate bi- and multi-allelic markers and to analyze

the IgAN patients’ different pedigree constellations avail-

able in our DNA genomic bank. Masutani et al13 in a

traditional case–control study firstly described a signifi-

cantly higher incidence of IFNg 13-CA repeat allele in

Japanese IgAN patients, with influence on the develop-

ment of the disease. In complex diseases, it is particularly

important to replicate findings before definite conclusions

can be drawn. The present family-based study explored this

possible genetic association in a completely independent

patient group. Great relevance and strength was given to

this finding, as a preferential transmission of IFNg 13-CA

repeat allele has been observed in Caucasian IgAN patients

using a family-based association study. Moreover, our study

shows a strict association of 13-CA repeat allele with

þ874A genotype and low in vitro production of IFNg that

has relevance in conferring susceptibility to IgAN, but not

to its progression. This may be due to possible differences

in the treatment of patients, when ACE-inhibitors were not

available. However, this result is similar to that obtained by

Masutani et al, 13 who demonstrated an impact on disease

progression only for IL-4 B1 allele polymorphism and

B1/B1 genotype.

IFNg gene intron-1 polymorphisms influence immune

complex disease susceptibility characterized by an imbal-

ance of the immunoregolatory systems, as reported in

recently published papers.27 – 30 The balance between Th1-

and Th2-type cytokine production modulates the immune

response in renal disease like primary glomerulonephri-

tis.31 Controversial results have been published on Th1/

Th2 polarization of nephritogenic immune responses in

IgAN.32 – 35 The different involvement of a Th1 or Th2

immune response reported in IgAN may be due to both

the polymorphous clinical phenotype and the variation

of the cytokine profile at different times or stages of the

disease in a genetically susceptible host. As the þ 874A

Figure 3 HK2 cells were transiently transfected with the IFNg
þ874A-pGL2 and IFNg þ874T-pGL2 promoter constructs and the
luciferase activity was measured. Cells were stimulated with an NF-kB
activator (sCD40L) in the presence or absence of a specific inhibitor
(CAPE). HK2 cells transfected with an expression vector containing the
luciferase cDNA under the control of three NF-kB consensus sequences
(pLucNF-kB) were used as positive control. A statistically significant
difference in the NF-kB binding affinity, due to þ874T/A IFNg SNP
(rs2430561), is evidenced (P¼0.0007). *sCD40L versus basal
(Po0.003).
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allele significantly correlates with an in vitro lower IFNg
production, the association between this genotype and

IgAN development is suggestive of a predominance of

the Th2 immune response. Hyperfunction of Th2 cells

and cytokine polarity are linked to a more nephritogenic

pattern of IgA1 glycosylation in the animal model, and the

decreased glycosylation of IgA1 elicited by Th2 cytokines

is blunted in vitro by the addition of IFNg.36 There is

evidence of a preferential Th2-mediated immune response

involvement as a consequence of airway inflammation,3

and a recent report described tonsillar IgA1 as a possible

source of hypoglycosylated IgA1 in the serum of IgAN

patients.37 In conclusion, an unbalanced Th2 cytokine

production in response to upper respiratory tract infections

is a significant pathogenic factor in human IgAN, as it may

lead to abnormalities in IgA1 glycosylation and formation

of circulating IgA1–IgG (anti-IgA1) immune complexes.

However, the pathogenesis of IgAN implies that multiple

mechanisms might act concomitantly to determine and to

affect disease phenotype.
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