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Introduction

Wilms' tumor, aniridia, genitourinary anomalies, and men-

tal retardation (WAGR) syndrome is a rare genetic disorder

caused by deletion of 11p13, which includes the Wilms'

tumor (WT1) and aniridia gene (PAX6) loci
1)
. Patients with

WAGR syndrome generally have a lower birth weight and

Wilms' tumors are more frequently bilateral and diagnosed

at younger ages. Those patients who survive their childhood

malignancy are at high risk of renal failure once they pass

the age of puberty
2)
.

No case of WAGR syndrome has been reported in Korea.

We report the case of WAGR syndrome in a child with

deletion of chromosome 11p11.2-13, and who was success-

fully treated for bilateral Wilms' tumors.
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Case report

A 2.6-year-old girl was brought to our hospital for evalu-

ation of an abdominal mass. She was noted to have bilateral

aniridia and congenital glaucoma from the early postnatal

period (Fig. 1), and had been treated at another hospital.

There was no family history of aniridia or renal tumors.

Her weight was 14.7 kg (75-90th percentiles), while the

height and head circumference were 90 and 47 cm, respec-

tively (both within the 25-50th percentiles). Her develop-
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Fig. 1. Aniridia was noted in both eyes.
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mental age was 18 months, with delays in language and

gross-motor development. On physical examination, a huge

abdominal mass was palpable in the left flank. The external

genitalia appeared normal.

The laboratory findings were as follows: white blood cell

count, 17,500/µL (neutrophils, 63.2%; and lymphocytes, 24.2

%); hemoglobin, 9.8 g/dL; platelet count, 326,000/µL; blood

urea nitrogen, 8.8 mg/dL; and creatinine, 0.3 mg/dL. A uri-

nalysis showed numerous red blood cells (20-29/high power

field), but no proteinuria.

An abdominal CT scan revealed bilateral renal masses

which measured 9×10 cm on the left and 3×2.6 cm on the

right (Fig. 2), but no other urogenital anomalies. A whole

body bone scan and chest CT scan showed no metastasis.

Trucut biopsies of the masses from both kidneys were

consistent with stage I Wilms tumors with favorable his-

tologic features, respectively (Fig. 3). Chromosomal analysis

demonstrated the deletion of chromosome 11p11.2-13 (Fig.

4). The diagnosis of WAGR syndrome with stage V, bilateral

Wilms' tumors was entertained. Neoadjuvant chemotherapy

consisted of vincristine and actinomycin D for two cycles

rendered modest shrinkage of the tumors. Left radical and

right partial nephrectomies were performed simultaneously.

Adjuvant chemotherapy consisted of actinomycin D and

vincristine was administered for 5 months according to the

National Wilms' Tumor Study 5 protocol. She remains tumor-

free 19 months post-treatment with preserved renal function.

Discussion

WAGR syndrome (OMIM194072), characterized by the

clinical association of Wilms' tumors with aniridia, ambi-

guous genitalia, genitourinary anomalies, and mental retarda-

tion, was first described by Miller et al
3)
. It is one of the most

extensively studied contiguous gene syndromes. Children

with WAGR syndrome invariably have a germline chromo-

somal deletion at 11p of variable size and nature, but always

affecting the WT1 and PAX6 genes, both on band 13

(11p13)
4)
. Mutation in the WT1 gene is also thought to be

responsible for genitourinary abnormalities
5, 6)
. The patient

described in this report met the diagnostic criteria for WAGR

syndrome, both clinically and cytogenetically. Clinically, she

presented with bilateral congenital aniridia, bilateral Wilms'

tumors, and mental retardation, while karyotypic examination

revealed a deletion involving 11p11.2-13.

Children with WAGR syndrome generally present in the

newborn period with sporadic aniridia. The combination of

sporadic aniridia along with genital anomalies should alert

the clinician to the possibility of WAGR syndrome. Boys are

often born with genital abnormalities, such as cryptorchidism

Fig. 2. (A, B) Abdominal CT scans reveal bilateral renal masses that measure 9×10 cm on the left
and 3×2.6 cm on the right.

Fig. 3. Light microscopy findings are compatible with a Wilms'
tumor, with favorable histology that consists of blastemal,
stromal, and epithelial elements (H and E staining, ×100).
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or hypospadias, but more rarely ambiguous genitalia
7)
. How-

ever, genitourinary anomalies are not always present. In girls

with normal external genitalia, the clinical diagnosis of

WAGR can be particularly difficult. In our patient, the ex-

ternal genitalia appeared normal.

Aniridia is found in approximately 1 in 50,000 persons and

is bilateral in 98% of all patients, regardless of the mode of

transmission. Aniridia is dominantly transmitted in two-

thirds of patients; the remainder of cases are sporadically

transmitted and considered to represent new mutations
8)
.

One-fifth of patients with sporadic aniridia may develop a

Wilms' tumor
8)
. For this reason, it is recommended that all

infants with sporadic aniridia be evaluated carefully for

WAGR syndrome
9)
.

In patients with WAGR syndrome, the risk for developing

a Wilms' tumor has been estimated to be up to 45%
10)
. When

associated with aniridia, a Wilms' tumor is diagnosed before

age 5 years in 80% of cases
11)
. Therefore, renal ultrasound is

recommended every 3-6 months until approximately 5 years

of age
8, 9)
. After 6 years of age, a thorough physical exami-

nation should be performed in search for abdominal masses

every 6 months until age 8 years and every 6-12 months

thereafter
12)
. Also, clinicians should maintain a high index of

suspicion for a Wilms' tumor in patients of any age with

WAGR syndrome
13)
. In our case, the patient had bilateral

aniridia from birth, but the external genitalia appeared nor-

mal. Neither evaluation of the WAGR syndrome nor an

imaging study for development of a Wilms' tumor was pro-

vided to her at the other hospital. She presented with a huge

abdominal mass and developmental delay at the age of 2.6

years.

Once WAGR syndrome is suspected, a genetic study is

recommended using G-banding, fluorescence in situ hybri-

dization (FISH), and/or microsatellite analysis
4, 14)
.

Mental retardation in WAGR ranges from borderline-

to-severe. However, individuals with normal intelligence

have been reported
15)
.

Medical treatment of patients with WAGR syndrome

depends on the appearance of the Wilms' tumor. The his-

tologic features and the stage of the tumor determine the

appropriate chemotherapeutic course. Recently, the National

Wilms' Tumor Study Group
2)
reviewed almost 8,600 patients

with Wilms' tumors enrolled between 1969 and 2000. Among

the them, 64 (0.75%) had WAGR syndrome. Of 64 patients

with WAGR syndrome, 14 developed renal failure. The cu-

mulative risks of renal failure at 20 years were 52.8% and

1.4% for WAGR and non-WAGR patients, respectively.

Survival estimates for WAGR and non-WAGR patients were

95% and 92% at 4 years, but 48% and 86% 27 years from

diagnosis, respectively. Five late deaths in WAGR patients

were from end-stage renal disease. These results suggested

that despite a favorable response of their Wilms' tumor to

treatment, WAGR patients have a high risk of developing

end stage renal disease as they approach adulthood. Cur-

rently, little is known to explain the histopathology underly-

ing WAGR-associated renal failure, but nephropathy is

associated with this apparent late manifestation of WT1 de-

letion
2)
. Our patient has remained tumor-free for 19 months

off chemotherapy with preserved renal function.

In conclusion, infants with sporadic aniridia should be

evaluated carefully for the possible association of WAGR

syndrome or for the development of Wilms' tumors. Despite

a favorable response of Wilms' tumors to treatment, even in

stage V bilateral disease, patients with WAGR syndrome

Fig. 4. Chromosome analysis shows interstitial deletion in the short arm of one
chromosome 11, with a breakpoint at p11.2 and p13 (arrow).
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have a high risk of developing end stage renal disease as

they approach adulthood. Recognition of WAGR syndrome

early in life would allow for screening for Wilms' tumors and

prevention of renal dysfunction, thus leading to an impro-

vement in survival and quality of life.

한 글 요 약

윌름즈 종양, 무홍체증, 비뇨생식기계 기형,

정신지체 (WAGR) 증후군 : 양측성 윌름즈 종양을

성공적으로 치료한 국내 첫 증례 보고

전남대학교 의과대학 소아과학교실, 비뇨기과학교실
*

민경선·백희조·한동균·유주희·황태주·권동득
*
·국 훈

WAGR 증후군은 윌름즈 종양, 무홍채증, 비뇨 생식기계 기형,

정신지체 증상을 동반하는 증후군이다. 이는 윌름즈 종양 유전자

인 WT1와 무홍채증 유전자 PAX6를 포함하는 11번 염색체 단완

의 13째 부분의 결실에 의해 유발된다. 이에 저자들은 태어나서부

터양측성무홍채증을가졌고복부팽만과정신지체를주소로내원

한 2세 여아에서염색체검사에서 11p11.2-13의 결실을보인국내

최초의 WAGR 증후군을 보고하는 바이다. 양측성 윌름즈 종양은

항암제와 수술로 성공적으로 치료하였고, 환아는 항암치료 종료

후 19개월째 정상적인 신기능을 보이며 생존하고 있다.

References

1) Scott DA, Cooper ML, Stankiewicz P, Patel A, Potocki L,

Cheung SW. Congenital diaphragmatic hernia in WAGR

syndrome. Am J Med Genet 2005;134:430-3.

2) Breslow NE, Norris R, Norkool PA, Kang T, Beckwith JB,

Perlman EJ, et al. National Wilms' Tumor Study Group.

Characteristics and outcomes of children with the Wilms'

tumor-Aniridia syndrome: a report from the National Wilms'

Tumor Study Group. J Clin Oncol 2003;21:4579-85.

3) Miller RW, Fraumeni JF, Manning MD. Association of

Wilms' tumor with aniridia, hemihypertrophy and other con-

genital malformations. N Engl J Med 1964;270:922-7.

4) Crolla JA, Cawdery JE, Oley CA, Young ID, Gray J, Fantes

J, et al. A FISH approach to defining the extent and pos-

sible clinical significance of deletions at the WAGR locus. J

Med Genet 1997;34:207-12.

5) Pritchard-Jones K, Fleming S, Davidson D, Bickmore W,

Porteous D, Gosden C, et al. The candidate Wilms' tumour

gene is involved in genitourinary development. Nature

1990;346:1947.

6) Kreidberg JA, Sariola H, Loring JM, Maeda M, Pelletier J,

Housman D, et al. WT-1 is required for early kidney de-

velopment. Cell 1993;74:679-91.

7) Le Caignec C, Delnatte C, Vermeesch JR, Boceno M, Joubert

M, Lavenant F, et al. Complete sex reversal in a WAGR

syndrome patient. Am J Med Genet Part A 2007;143A:2692-

5.

80 Scott EO, Denise H, Laura PS. Abnormalities of pupil and

iris. In: Behrman RE, Kliegman RM, Jensen HB, editors.

Nelson Textbook of Pediatrics, 18th ed. Philadelphia: WB

Saunders Co, 2007:2576.

9) Fischbach BV, Trout KL, Lewis J, Luis CA, Sika M.

WAGR syndrome: a clinical review of 54 cases. Pediatrics

2005;116:984-8.

10) Muto R, Yamamori S, Ohashi H, Osawa M. Prediction by

FISH analysis of the occurrence of Wilms' tumor in

aniridia patients. Am J Med Genet 2002;108:285-9.

11) Pinna A, Carta A, Mannazzu MC, Dore S, Balata A, Carta

F. WAGR syndrome with deletion of chromosome 11p11.2-

13. J AAPOS 2004;8:396-7.

12) Clericuzio CL. Clinical phenotypes and Wilms' tumor. Med

Pediatr Oncol 1993;21:182-7.

13) Clericuzio CL. Recognition and management of childhood

cancer syndromes: a systems approach. Am J Med Genet

1999;89:81-90.

14) Clericuzio CL. WAGR syndrome. In: Cassidy SB, Allanson

JE, editors. Management of Genetic Syndromes, 2nd ed.

New York: John Wiley & Sons; 2004:645-653.

15) Huff V. Parental origin of WT1 mutations and mental

retardation in WAGR syndrome. Nat Genet 1994;8:13-4.

- 1358 -



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


