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= Abstract =

Purpose : Idiopathic nephrotic syndrome (NS) can be clinically classified as steroid-sensitive and steroid-resistant. The
detailed mechanism of glucocorticoid action in NS is currently unknown.

Methods : In this study, we investigated 3 known single nucleotide polymorphisms (SNPs) (ER22/23EK, N363S, and Bcll)
of the glucocorticoid receptor gene (the NR3C7 gene) in 190 children with NS using polymerase chain reaction-restriction
fragment length polymorphism and analyzed the correlation between the genotypes and clinicopathologic features of the
patients.

Results : Eighty patients (42.1%) were initial steroid nonresponders, of which 31 (16.3% of the total) developed end-stage
renal disease during follow-up. Renal biopsy findings of 133 patients were available, of which 36 (31.9%) showed minimal
changes in NS and 77 (68.1%) had focal segmental glomerulosclerosis. The distribution of the Bcll genotypes was com-
parable between the patient and control groups, and the G allele frequencies in both the groups were almost the same.
The ER22/23EK and N363S genotypes were homogenous as ER/ER and NN, respectively, in all the patients and in 100
control subjects. The Bcll genotype showed no correlation with the NS onset age, initial steroid responsiveness, renal
pathologic findings, or progression to end-stage renal disease.

Conclusion : These data suggested that the ER22/23EK, N363S, and Bcll SNPs in the NR3C7 gene do not affect the
development of NS, initial steroid responsiveness, renal pathologic lesion, and progression to end-stage renal disease in
Korean children with NS. (Korean J Pediatr 2009;52:1260-1266)
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the pathogenesis of NS.

Introduction

Idiopathic nephrotic syndrome (NS) is one of the most
common primary glomerular diseases in children”. NS can
be clinically classified as steroid—sensitive (SSNS) and
steroid—resistant nephrotic syndrome (SRNS) forms ac-
cording to the responsiveness to oral glucocorticoid treat-
ment, which is the first line of drug for childhood idio-
pathic NSY. However, the detailed mechanism of action of

glucocorticoids in idiopathic NS is currently unknown, as is
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There have been intensive efforts to explain the diffe-
rence in the response to glucocorticoid treatment in patients
with idiopathic NS on the basis of genetic background by
analyzing polymorphisms in various genes including angio-

tensin—converting enzyme (ACE)?™?

7-18)

, cytokines or growth
factors™*®, apolipoprotein E (APOE)* ™%V, paraoxonase 1
(POND*”, multidrug resistance protein 1 (MDR1I, also call-
ed as ABCBD*** and glucocorticoid receptor (NR3CI)

7, 28 1
728 However, the results of such studies are not

genes”
consistent.

In this study, three single nucleotide polymorphisms
(SNPs) of the NR3CI gene (ER22/23EK, N363S and Bcll)
were genotyped in a group of pediatric patients with NS to
analyze the correlation between the genotypes and the

clinico—pathological features of the patients.
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Materials and methods

1. Patients

One hundred ninety children (134 males and 56 females),
who were diagnosed as idiopathic NS in the Department of
Pediatrics, Seoul National University Children’'s Hospital,
Seoul, Korea during the period from 1985 to 2006, were
enrolled.

NS was defined as massive proteinuria of 40 mg/
hour/m? or more with hypoalbuminemia of 2.5 g/dL or less
and no known causes of nephrotic Syndromel). At initial
presentation oral prednisolone 60 mg/m%day or equivalent
dose of deflazacort was administered for 4 weeks followed
by 40 mg/m%48hours for 4 weeks in all patients. How-
ever, treatment modalities for relapses were not uniform.
Remission of nephrotic syndrome was defined as absence
of proteinuria (4 mg/hour/m® or less or negative on dip-
stick test) for three consecutive days or longer, and
steroid resistance was defined as the absence of remission
within initial 8 weeks of oral steroid treatment.

The NPHSZ2 gene (entire coding exons) and the W71
gene (exons 8 and 9) mutations were excluded in all
patients with SRNS and patients with positive family
history as well as ACTN4 and TRPC6 mutations in 3 pa-
tients with positive family history, which suggested
autosomal dominant mode of inheritance®” *”,

This study was approved by the Ethics Committee of
Seoul National University Hospital, Seoul, Korea, and
informed consent for the genetic analysis was obtained

from all patients and/or their parents.
2. Genotyping

Genotypes of 3 SNPs in the NR3CI gene (ER22/23EK,
N363S and Bcll) were determined by polymerase chain

reaction—restriction fragment length polymorphism (PCR—
RFLP) methods (Table 1). Genomic DNA was extracted
and purified from peripheral blood by using a QIA Amp
DNA Blood Mini Kit (Qiagen, Hilden, Germany). The PCR
products were purified with a QIA Quick PCR Purification
Kit (Qiagen, Hilden, Germany), and, then were digested
with corresponding restriction enzymes. The digested PCR
products were visualized in ethidium bromide—stained
2.5% agarose gel using a UV camera. Genotypes of 100
healthy blood donors, as a normal control group, were also
determined.

3. Statistical analyses

The Hardy—Weinberg equilibrium (HWE) assumption
was assessed for case and control groups by comparing
the observed numbers of each genotypes with those ex-
pected under HWE for the estimated allele frequency. The
distribution of the genotypes between two groups was
compared using the Mann—Whitney U—test. Fisher’s exact
test was used to estimate odds ratios and 95% confidence
intervals to gauge the relationship between the genotype

and the risk of nephrotic syndrome.

Table 2. Characteristic of the Patients with Idiopathic Ne-
phrotic Syndrome (n=190)

Parameter Number of patients (%)

Age (mean*SD) 4.95+3.26 years

Male gender 134 (70.5)
Family history of nephrotic syndrome 11 (5.8
Initial steroid—resistance 80 (42.1)
End-stage renal disease 31 (16.3)
Renal biopsy findings (n=113)
Minimal change nephrotic syndrome 36 (31.9)
Focal segmental glomerulosclerosis 77 (68.1)

Abbreviations : SD, standard deviations

Table 1. The Primer Sets and Restriction Enzymes (RE) used for the Polymerase Chain Reaction—Restriction Fragment Length Polymorphism

(PCR-RFLP)
Variations (rs number) RE Primers used for PCR
ER22/23EK (rs6189/rs6190) Mnll F: 5-ATCCCAGGTCATTTCCCATC-3'
R: 5-CGGATCAGGAAGATAATGTGAC-3'
N363S (rs56149945) Tsp5091 F: 5-TCATGGTGTGAGTACCTCTGGAG-3'
R: 5-CTGTTCGACCAGGGAAGTTCA-3
Bcll* Bcll F: 5-GCAGTGAACAGTGTACCAGACC-3

R: 5-AAATTGAAGCTTAACAATTTTGGC-3

*No rs number is assigned yet.
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Table 3. Comparison of Bc/l in NR3CI Genotype Distribution in the Patients and Control Subjects

Genotype Patients (n=190) Control (n=100) OR (95 % CD P value
CC 105 (55.3%) 59 (59.0%) 1 (reference)

CG 73 (38.4%) 32 (32.0%) 1.282 (0.759-2.164) 0.353
GG 12 ( 6.3%) 9 9.0%) 0.749 (0.298-1.882) 0.539
G allele frequency 25.5% 25.0% 1.028 (0.693-1.526) 0.890

Abbreviations : OR, odds ratio

Results

1. The clinical and pathological findings of the patients

The clinico—pathological profiles of the patients were
summarized in Table 2. Among total 190 patients, males
were 134 and females were 56. The mean age at the onset
of idiopathic NS was 4.95+3.26 years (range, 1-16 years).
Family history of NS was positive in 11 patients (5.8%);
SRNS in one or more siblings of 4 patients, SRNS in one of
the parents of 2 patients, SSNS in one sibling of 4 patients,
and SSNS in father of 1 patient. Eighty (42.1%) patients
were resistant to initial steroid treatment, and 31 (16.3% of
total) of them progressed to end—stage renal disease
(ESRD). Renal histologic examination was available in 113
patients; focal segmental glomerulosclerosis (FSGS) in 77
(68.1%) patients and minimal change nephrotic syndrome
(MCNS) in 36 (31.9%) patients.

2. Comparison of the genotype distribution in the patients
and the control subjects

The distribution of Bcll genotypes was comparable
between in the patients group (CC 55.3%, CG 38.4%, and
GG 6.3%) and in the control group (CC 59.0%, CG 32.0%,
and GG 9.0%), and the G allele frequencies in both groups
were almost same (25.5% vs 25.0%) (Table 3).

The genotypes of ER22/23EK and N363S were homo-
genous as ER/ER and NN, respectively, in all of the pa-
tients and 100 control subjects, and, thus, analysis of
these two SNPs was not performed further.

3. Correlation of Bcll genotype to clinical and pathological
features of the patients

The onset age of NS was not affected by any of the
Bell genotypes (Table 4).

The genotype distribution and allele frequencies showed
no significant difference between the initial steroid re-

sponders and initial steroid nonresponders (Table 5).

Table 4. Influence of Bell in NR3CI Genotypes on the Onset
Age of Nephrotic Syndrome

Genotype No. of Pts Age at the onset (years)™*
CC 105 4.92+3.09
CG 73 5.00%+3.41
GG 12 4.91+3.98

*These data were expressed with mean=standard deviations
P value was »0.05 for all comparisons
Abbreviation : Pts, patients

There was no significant difference in any genotype or
allotype distribution between patients with MCNS and
patients with FSGS (Table 6). The genotype distribution
and allele frequencies showed no significant difference
between the patients with ESRD and the patients without
ESRD (Table 7).

Discussion

In this study, three known SNPs of the NR3CI gene
(ER22/23EK, N363S and Bcll) were genotyped in a group
of pediatric patients with idiopathic NS to analyze the
correlation between the genotypes and the clinico—patho-
logic features of the patients.

Glucocorticoid, the first line of drug for childhood idiopa-
thic NS, exerts its effects by its binding to the gluco-
corticoid receptor (GR), a ligand—dependent transcription
factor, which belongs to the superfamily of nuclear re-
ceptorsw. It is well known that the response to gluco-
corticold treatment is variable in patients with glomerular
diseases including childhood idiopathic NS, asthma or other
common diseases, and the association of NR3CI poly-
morphisms and response to glucocorticoid treatment have
been analyzed in several studies?” % 32799 1n vitro studies
have demonstrated that T cells from patients with gluco-
corticoid—resistant asthma showed a reversible cytokine—
induced reduction in GR binding affinity and an irreversible

)

reduction in GR number®. This finding suggests that

NR3CI gene polymorphisms affecting its affinity to glu-
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Table 5. Comparison of Bcll in NR3CI Genotypes in the Initial Steroid Responders and Initial Steroid Nonresponders

Genotype Responders (n=110) Nonresponders (n=80) OR (95 % CI) P value
CC 62 (56.4%) 43 (53.8%) 1 (reference)

CG 40 (36.4%) 33 (41.3%) 1.190 (0.651-2.174) 0.573

GG 8 ( 7.3%) 4 (5.0%) 0.721 (0.204-2.546) 0.611

G allele frequency 25.5% 25.6% 1.009 (0.633-1.609) 0.970

Abbreviations : OR, odds ratio; CI, Confidence interval

Table 6. Comparison of Bcll in NR3Cl Genotypes in the Patients with Minimal Change Nephrotic Syndrome and the Patients with

Focal Segmental Glomerulosclerosis

Genotype MCNS (n=36) FSGS (n=77) OR (95 % CI) P value
CC 18 (50.0%) 43 (55.8%) 1 (reference)

CG 12 (33.3%) 30 (39.0%) 1.047 (0.440-2.489) 0.918

GG 6 (16.7%) 4 (5.2%) 0.279 (0.070-1.109) 0.070

G allele frequency 33.3% 24.7% 0.655 (0.355-1.208) 0.174

Abbreviations : MCNS, minimal change nephrotic syndrome; FSGS, focal segmental glomerulosclerosis; OR, odds ratio; CI, Confidence

interval

Table 7. Influence of Bell in NR3CI Genotypes to Renal Prognosis

Genotype ESRD (-) ESRD (+) OR (95 % CI) P value
(n=159) (n=31)

CC 86 (54.1%) 19 (61.3%) 1 (reference)

CG 64 (40.3%) 9 (29.0%) 0.637 (0.270-1.499) 0.301

GG 9 (5.7%) 3 (9.7%) 1.509 (0.373-6.106) 0.564

G allele frequency 25.8% 24.2% 0.919 (0.488-1.730) 0.792

Abbreviations : ESRD, end-stage renal disease; OR, odds ratio; CI, Confidence interval

cocorticoids can play an important role in the response to glucocorticoid treatment in NS. Zalewski et al.*” studied a

glucocorticoids treatment. In vitro studies by Russcher et
al.*” have demonstrated that two polymorphisms in NR3CI
gene (ER22/23EK and N363S polymorphisms) directly
affected glucocorticoid—regulated gene expression, which
was confirmed in clinical studies demonstrating that pa-
tients with the ER22/23EK allele are relatively more re-
sistant to the effects of glucocorticoids with respect to the
sensitivity of the adrenal feedback mechanism than non-
carriers, resulting in a better metabolic health profile“).
However, the exact influence of these polymorphisms in
NR3CI gene remains to be controversial. Tissing et al.*”
demonstrated that these polymorphisms including ER22/
23EK, N363S, Bcll are not related to glucocorticoid resis-
tance in childhood acute lymphoblastic leukemia. This
finding is compatible with our study. Similarly, several
studies of other diseases have shown inconsistent results
with each other®™ ™.

Recently, there have been studies to analyze the

association of NR3CI polymorphisms and response to

three—point haplotype (Bcll C/G, rs33389 C/T and
rs33388 A/T) within intron B of NR3CI in 118 children
with SSNS and showed that the GTA haplotype was as-
sociated with a higher glucocorticoid sensitivity and was
found to be more prevalent in early than late prednisone
responders. However, Ye et al.?® found no significant as-
sociation between NR3CI haplotypes and steroid resis-
tance in Chinese children with sporadic NS. In our study,
Bell polymorphism in NR3CI was not associated with
development of NS, response to steroid therapy, renal
pathology, or renal outcome in Korean children with
idiopathic NS. While among these studies, the distribution
of intro B polymorphisms in children in Poland is com-
patible with that in adults in UK*" 30

that observed in our study. This finding may be speculated

, this is not similar to

that this disagreement observed in the studies is attri-
butable to the difference of ethnics. Though the study by
Ye et al.?¥

polymorphisms which they found are different with ours;

, showed to similar conclusion to our study, the
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therefore large scale clinical studies are necessary to
prove the ethical difference in the distribution of NR3CI
polymorphisms and establish the role of NR3CI poly-
morphisms.

In our study, the genotypes of ER22/23EK and N363S
were homogenous as ER/ER and NN in all of the patients
and control subjects, and Bcll genotype distribution in the
patient group revealed no difference from that in control
group. Furthermore, Bcll genotype showed no significant
correlation with the onset age of nephrotic syndrome,
initial steroid responsiveness, renal pathologic findings, or
progression to end—stage renal disease. Because of ER/ER
and NN in all of the patients and control subjects, it is
impossible that we analyze the association of the NR3CI
three—marker haplotype and steroid response in patients
with NS. In the future, using haplotype analysis with other
target polymorphism, we can clarify the role of the
haplotypes in steroid response.

These data suggested that the ER22/23EK, N363S and
Bcll SNPs in the NR3CI gene do not affect the develop-
ment and the clinical course of NS in Korean children.
This is the first study to demonstrate the lack of as-
sociation of NR3CI gene polymorphism with NS and
response to glucocorticoid treatment in Korean children.

Acknowledgement

This study was supported by a grant from the Korean
Pediatric Society (2006 Kuhnil) and a grant (2006) from
the Alumni Association, Department of Pediatrics, Seoul

National University College of Medicine

rot

fin §
229

5 ASFE FolollA NR3CI +37 o34 £4
A Soysrm ofglo]g e 4ofHstas,
M SO e Oyt MFIFA*, Y A7LT
2359 - Y - 0|23 - 0|87
CEEMEE ORI A LA

S5 ATFTE 2okl 7P EF dA AbA A
& T shtfolrh ATFIE 27] AT 2ERO|E AR o
& kgl webA] Ao R AH RO E N ATFII A

Hzol= ARy AFFEow BHE 5 9k Telth A7
AT 2d20=S FR 28 1AL GAA A
b AZFE B2 gaow old X AR e #A

dozn AHZoI= AFof UFt W52 AfolE AYste: o
2] A|=50] Qlejgith

Y Y2 ATl 19089 AT #AE dew
NR3CI %ﬂx} &4 (ER22/23EK, N363S, Bell) & 2413}
%xisﬂﬂ} Ak— tﬂa 01:/\1—01 4_7L_}/Hoﬂ LH?S‘H/\-1 H/Hg}oﬂg}.
T AEL 4954193 Holrt 134
?I‘% ﬂ 75Eol ASlel ey
PHS2, WT1, ACTN4, TRPC6 &A=t
} ol A HAEA Wkttt 807 EAt
B ZolE Aol 11 F 319 A=
stk A 24 AR 11399 A&
9;1& 1 % 369 32H31.9%) = A3 A

89 2H(68.1%) = 284 A AEA A
350130t Bell #48S Bl v G allele ‘ﬂL;L A}
T3 djzelA] 2kl 7k §19ith ER22/23EK® N363S 313
% 747} ER/ER# NNO=2 3kabt3} thztolla] st oA

At} Bell FAa8L AZZ5 0] Wy o], 27] AHRo|&

o5 Al yelsha 47, W) Aoz o] zlgoj g}
E_o]x] oLoLq_

_9_
=4
= 7-"
3 Eaw NS5

r
O

o)
o
Moo

My
LTI

1o

F-g—{" r_‘\q',
= 2L
rr ﬁ
Fﬁ OE‘,

of.
o
32
T

r\
ioﬂ,
Fil

e o
L
o Y
°
2> s
o‘}é’ﬂlloHrzn

=
I
s
R
rr

X
—
o (o

]
[e

2
ri
=

fi

>,

093[0
ﬂjﬂ‘}-m

on
% M [o
o
£l

l

Sols Yo I o] AFt éﬂﬁ

o) 13 el W, 7] selols AEe) N WS, A3
ZASH &7 W A 7150 Astel G vAA e wol
=

References

1) International Study of Kidney Disease in Children. The
primary nephrotic syndrome in children. Identification of
patients with minimal change nephrotic syndrome from initial
response to prednisone. ] Pediatr 1981;98:561-4.

2) Celik US, Noyan A, Bayazit AK, Biiyitkcelik M, Dursun H,
Anarat A, et al. ACE gene polymorphism in Turkish children
with nephrotic syndrome. Ren Fail 2006;28:401-3.

3) Tsai IJ, Yang YH, Lin YH, Wu VC, Tsau YK, Hsieh FJ.
Angiotensin—converting enzyme gene polymorphism in chil-
dren with idiopathic nephrotic syndrome. Am ] Nephrol
2006526:157-62.

4) Tabel Y, Berdeli A, Mir S, Serdaroglu E, Yilmaz E. Effects of

genetic polymorphisms of the renin—angiotensin system in

children with nephrotic syndrome. ] Renin Angiotensin
Aldosterone Syst 2005;6:138-44.

Serdaroglu E, Mir S, Berdeli A, Aksu N, Bak M. ACE gene

insertion/deletion polymorphism in childhood idiopathic ne-

phrotic syndrome. Pediatr Nephrol 2005;20:1738-43.

Al-Eisa A, Haider MZ, Srivastva BS. Angiotensin converting

enzyme gene insertion/deletion polymorphism in idiopathic

nephrotic syndrome in Kuwaiti Arab children. Scand J Urol

Nephrol 2001:35:239-42.

Ikeuchi Y, Kobayashi Y, Arakawa H, Suzuki M, Tamra K,

Morikawa A. Polymorphisms in interleukin—4-related genes

5

=

6

=

7

=

- 1264 -



8

=

9

N

10)

11

~

12

~

13

=

14)

15

Z

16

=

17

=

18

=

19)

20)

Polymorphisms of the NR3CI gene in Korean children with nephrotic syndrome

in patients with minimal change nephrotic syndrome. Pediatr
Nephrol 2009;24:489-95.

Tripathi G, Jafar T, Mandal K, Mahdi AA, Awasthi S,
Sharma RK, et al. Does cytokine gene polymorphism affect
steroid responses in idiopathic nephrotic syndrome? Indian |
Med Sci 2008;62:383-91.

Miiller-Berghaus ], Kemper M], Hoppe B, Querfeld U,
Miiller—Wiefel DE, Morahan G, et al. The clinical course of
steroid—sensitive childhood nephrotic syndrome is associated
with a functional IL12B promoter polymorphism. Nephrol
Dial Transplant 2008:;23:3841-4.

Wei CL, Cheung W, Heng CK, Arty N, Chong SS, Lee BW,
et al. Interleukin—13 genetic polymorphisms in Singapore
Chinese children correlate with long—term outcome of mini-
mal-change disease. Nephrol Dial Transplant 2005;20:728-
34.

Acharya B, Shirakawa T, Pungky A, Damanik P, Massi MN,
Miyata M, et al. Polymorphism of the interleukin—4, inter-
leukin—13, and signal transducer and activator of transcrip-
tion 6 genes in Indonesian children with minimal change
nephrotic syndrome. Am J Nephrol 2005:;25:30-5.

Kim SD, Park JM, Kim IS, Choi KD, Lee BC, Lee SH, et al.
Association of IL-1beta, IL-1ra, and TNF-alpha gene poly-
morphisms in childhood nephrotic syndrome. Pediatr Nephrol
2004;19:295-9.

Kobayashi Y, Arakawa H, Suzuki M, Takizawa T, Tokuyama
K, Morikawa A. Polymorphisms of interleukin-4--related
genes in Japanese children with minimal change nephrotic
syndrome. Am | Kidney Dis 2003;42:271-6.

Holt RC, Ralph SA, Webb NJ, Watson CJ, Clark AG,
Mathieson PW, et al. Steroid—sensitive nephrotic syndrome
and vascular endothelial growth factor gene polymorphisms.
Eur ] Immunogenet 2003;30:1-3.

Tenbrock K, Schubert A, Stapenhorst L, Kemper M], Geller—
mann J, Timmermann K, et al. Type I IgE receptor, inter-
leukin 4 receptor and interleukin 13 polymorphisms in chil-
dren with nephrotic syndrome. Clin Sci (Lond) 2002;102:
507-12.

Parry RG, Gillespie KM, Parnham A, Clark AG, Mathieson
PW. Interleukin—4 and interleukin—4 receptor polymorphisms
in minimal change nephropathy. Clin Sci (Lond) 1999:96:
665-8.

Vivarelli M, D'Urbano LE, Stringini G, Ghiggeri GM, Caridi
G, Donn R, et al. Association of the macrophage migration
inhibitory factor —173*C allele with childhood nephrotic
syndrome. Pediatr Nephrol 2008;23:743-8.

Berdeli A, Mir S, Ozkayin N, Serdaroglu E, Tabel Y, Cura
A. Association of macrophage migration inhibitory factor
-173C allele polymorphism with steroid resistance in children
with nephrotic syndrome. Pediatr Nephrol 2005;20:1566-71.
Hu P, Qin YH, Jing CX, Lei FY, Chen P, Li MF. Association
of polymorphisms at restriction enzyme recognition sites of
apolipoprotein B and E gene with dyslipidemia in children
undergoing primary nephrotic syndrome. Mol Biol Rep 2009;
36:1015-21.

Kim SD, Kim IS, Lee BC, Choi KD, Chung JH, IThm CG, et
al. Apolipoprotein E polymorphism and clinical course in
childhood nephrotic syndrome. Pediatr Nephrol 2003;18:

230-3.

21) Attila G, Noyan A, Karabay Bayazit A, Acartirk E, Anarat
A. Apolipoprotein E polymorphism in childhood nephrotic
syndrome. Pediatr Nephrol 2002;17:359-62.

22) Biyikli NK, Alpay H, Yildiz N, Agachan B, Ergen A, Zeybek
U, et al. Paraoxonase 1 192 and 55 polymorphisms in
nephrotic children. Pediatr Nephrol 2006:;21:649-54.

23) Wasilewska A, Zalewski G, Chyczewski L, Zoch-Zwierz W.

MDR-1 gene polymorphisms and clinical course of steroid—

responsive nephrotic syndrome in children. Pediatr Nephrol

2007;22:44-51.

Funaki S, Takahashi S, Wada N, Murakami H, Harada K.

Multiple drug-resistant gene 1 in children with steroid—

sensitive nephrotic syndrome. Pediatr Int 2008:50:159-61.

Stachowski J, Zanker CB, Runowski D, Zaniew M, Peszko

A, Medynska A, et al. Resistance to therapy in primary ne-

phrotic syndrome: effect of MDR1 gene activity. Pol Merkur

Lekarski 2000;8:218-21.

26) Wasilewska A, Zoch—Zwierz W, Pietruczuk M, Zalewski G.
Expression of P-glycoprotein in lymphocytes from children

24

\/

25

=

with nephrotic syndrome, depending on their steroid res-
ponse. Pediatr Nephrol 2006;21:1274-80.

27) Zalewski G, Wasilewska A, Zoch-Zwierz W, Chyczewski L.
Response to prednisone in relation to NR3Cl intron B
polymorphisms in childhood nephrotic syndrome. Pediatr
Nephrol 2008;23:1073-8.

28) Ye ], Yu Z, Ding J, Chen Y, Huang J, Yao Y, et al. Genetic
variations of the NR3Cl gene in children with sporadic
nephrotic syndrome. Biochem Biophys Res Commun 2006;
348:507-13.

29) Cho HY, Lee JH, Choi HJ, Lee BH, Ha IS, Choi Y, et al.
WT1 and NPHS2 mutations in Korean children with steroid—
resistant nephrotic syndrome. Pediatr Nephrol 2008:23:63-
70.

30) Choi HJ, Lee BH, Cho HY, Moon KC, Ha IS, Nagata M, et
al. Familial focal segmental glomerulosclerosis associated with
an ACTN4 mutation and paternal germline mosaicism. Am ]
Kidney Dis 2008;51:834-8.

31) Baxter JD, Rousseau GG. Glucocorticoid hormone action: an
overview. Monogr Endocrinol 1979:12:1-24.

32) Kuningas M, Mooijaart SP, Slagboom PE, Westendorp RG,
van Heemst D. Genetic variants in the glucocorticoid
receptor gene (NR3C1) and cardiovascular disease risk. The
Leiden 85-plus Study. Biogerontology 2006;7:231-8.

33) Roussel R, Reis AF, Dubois—Laforgue D, Bellanné—Chantelot
C, Timsit J, Velho G. The N363S polymorphism in the
glucocorticoid receptor gene is associated with overweight in
subjects with type 2 diabetes mellitus. Clin Endocrinol
2003;59:237-41.

34) Lin RC, Wang XL, Morris BJ. Association of coronary artery

disease with glucocorticoid receptor N363S variant. Hyper-

tension 2003;41:404-7.

Rosmond R, Chagnon YC, Holm G, Chagnon M, Perusse L,

Lindell K. A glucocorticoid receptor gene marker is asso-

ciated with abdominal obesity, leptin, and dysregulation of

the hypothalamic—pituitary—adrenal axis. Obes Res 2000;8:

211-8.

36) Ukkola O, Perusse L, Chagnon YC, Despres JP, Bouchard C.

35

=

- 1265 —



HY Cho, HJ Choi, SH Lee, et al.

37)

38)

39)

Interactions among the glucocorticoid receptor, lipoprotein
lipase and adrenergic receptor genes and abdominal fat in the
Quebec Family Study. Int ] Obes Relat Metab Disord 2001;
25:1332-9.

Stevens A, Ray DW, Zeggini E, John S, Richards HL,
Griffiths CE, et al. Glucocorticoid sensitivity is determined by
a specific glucocorticoid receptor haplotype. J Clin Endo-
crinol Metab 2004;89:892-7.

Donn R, Payne D, Ray D. Glucocorticoid receptor gene
polymorphisms and susceptibility to rheumatoid arthritis.
Clin Endocrinol 2007;67:342-5.

Sher ER, Leung DY, Surs W, Kam JC, Zieg G, Kamada AK,
et al. Steroid-resistant asthma. Cellular mechanisms con-
tributing to inadequate response to glucocorticoid therapy. |
Clin Invest 1994;93:33-9.

40) Russcher H, Smit P, van den Akker EL, van Rossum EF,

41

42

)

~

- 1266 —

Brinkmann AO, de Jong FH, et al. Two polymorphisms in
the glucocorticoid receptor gene directly affect glucocor-
ticoid—regulated gene expression. J Clin Endocrinol Metab
2005:;90:5804-10.

van Rossum EF, Koper JW, Huizenga NA, Uitterlinden AG,
Janssen JA, Brinkmann AO, et al. A polymorphism in the
glucocorticoid receptor gene, which decreases sensitivity to
glucocorticoids in vivo, is associated with low insulin and
cholesterol levels. Diabetes 2002;51:3128-34.

Tissing WJ, Meijerink JP, den Boer ML, Brinkhof B, van
Rossum EF, van Wering ER, et al. Genetic variations in the
glucocorticoid receptor gene are not related to glucocorticoid
resistance in childhood acute lymphoblastic leukemia. Clin
Cancer Res 2005;15:6050-6.



