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The steroidogenic factor 1 (SF-1) gene encodes a transcription factor playing a pivotal role

in the regulation of adrenogenital development. We have recently shown that SF-1 is ampli-

fied in childhood adrenocortical tumours (ACT). This study was aimed to assess if an

increase in SF-1 gene copy number was associated with increased protein levels and to

study the correlation between SF-1 expression and ACT clinical parameters. An increased

SF-1 copy number was detected in eight of the 10 ACT cases studied. Conversely, the SF-

1 protein was found to be overexpressed in all cases, compared to normal age-matched

adrenal glands. No significant correlation was found between SF-1 protein levels and its

gene copy number. Furthermore, no significant correlation existed with histological grade

or with the clinical manifestation or evolution of disease. This data show that SF-1 overex-

pression is widespread in childhood ACT and is likely to play a role in its pathogenesis.

� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Tumours of the adrenal cortex are rare in children, with the

highest worldwide incidence in southern Brazil, where adre-

nocortical tumours occur at a rate of 3.4–4.2 cases per million

children under the age of 15, 12–18 times higher than world-

wide estimates.1,2
er Ltd. All rights reserved
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alli).
In 2001, we identified a TP53 R337H germline mutation that

is consistently present in children from Southern Brazil bear-

ing adrenocortical tumours (ACT).3 This mutation is associ-

ated with loss of heterozygosity (LOH) at the TP53 locus,

with elimination of the wild-type TP53 gene in the tumours.

The TP53 R337H mutation is the main genetic alteration in-

volved in the initial formation of ACT in these children.3
.
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Among sporadic adult ACT, genetic alterations such as LOH at

11p, 13q and 7p, ACTH receptor gene mutations and 17q

amplifications were identified.4 In childhood ACT, using com-

parative genomic hybridization (CGH), we have shown that

the most consistent genetic abnormality is the amplification

of 9q34, which was detected in 8/9 cases of pediatric ACT

from Southern Brazil.5 A similar study conducted in Britain

showed similar 9q34 amplification in 10/11 patients.6 These

findings led us to propose that the 9q34 amplification is an

event intrinsically related to the biology of this type of cancer

and is not related to environmental factors.7 Several genes re-

lated to tumour development are located in the 9q34 region,

such as the ABL1 oncogene, which was found not to be ampli-

fied in ACT (our unpublished data). It is noteworthy that the

steroidogenic factor 1 (SF-1) gene maps to 9q33.3,8 a region

in close proximity to the common 9q34 amplicon in ACT.

We have recently shown an increase in copy number of the

SF-1 gene by fluorescence in situ hybridization (FISH) in ACT

samples that were also evaluated by CGH.9

SF-1 (also known as Ad4BP) encodes a member of the nu-

clear hormone receptor superfamily (NR5A1 according to

the standard nomenclature), which plays a key role in the reg-

ulation of adrenal gland development and in the expression

of steroidogenic enzymes (see10 for review). The purpose of

the present study was to ascertain whether increased SF-1

copy number in pediatric ACT translates to an increase in

SF-1 protein levels in the tumours. In this study, we analyzed

10 childhood tumours from six girls and four boys, aged be-

tween 11 months and 11 years of age. All subjects carried

the TP53 R337H mutation, inherited from one of the parents,

and had LOH at the TP53 locus in the tumours. In children,

ACT are associated with symptoms related to the production

of androgens (virilizing form, >85% of cases), glucocorticoids

(Cushing’s syndrome) and less frequently to the production

of mineralocorticoids (Conn’s syndrome) or estrogens (femi-

nizing syndrome).1,2 On the other hand, SF-1 is considered

as a regulator of steroidogenic gene expression.10 For this rea-

son, the correlation of SF-1 protein levels and hormonal pro-

duction by the tumours was also analyzed.
Table 1 – Clinical and molecular data of ACT patients

ID Age
(months)

Gender Clinical
manifestation

Histology Clinical
stage

Tum
volu
(cm

1 139 F V Ad I 9

2 43 F V Ad I 2

3 11 F C Ad I 2

4 52 F V Ca II 180

5 110 M V + C Ca II 96

6 21 M C Ca I 6

7 25 M V + C Ca I 10

8 39 F V Ca III 145

9 72 M V Ca III 19

10 130 F V + C Ca II 92

Clinical manifestations were virilization (V) and/or Cushing’s syndrome

examined were the degree of pubic hair growth according to Tanner stag

a Indicates that 4 or more copies of the SF-1 gene were detected in over

b Indicates that 3 copies of the SF-1 gene were detected in over 30% of t
2. Patients and methods

2.1. Patients

The study included 10 children with ACT (six boys and four

girls), of age ranging from 11 months to 11 years. Histologi-

cally, three tumours were classified as adenomas and seven

as carcinomas. Eleven normal adrenal glands resected from

age-matched children undergoing surgery for Wilms’ tumour

were used as controls. All patients and control subjects were

included in the study after one of the parents or legal guard-

ians signed an informed consent form approved by the Ethics

Committee of the Hospital de Clı́nicas of the Federal Univer-

sity of Paraná.

Seven patients presented with virilization and three with

virilization and Cushing’s syndrome. Of the 10 patients ana-

lyzed in this study, four died of disease progression, while

six are still alive (Table 1). All patients included in this study

carried the germline TP53 R337H mutation previously de-

scribed3 and had TP53 LOH.3,11

2.2. Fluorescence in situ hybridization (FISH)

To evaluate copy number changes of the SF-1 gene in ACT, we

used fluorescence in situ hybridization (FISH) using a probe

for the SF-1 gene, as previously reported.9 In brief, the FISH

probe consisted of a bacterial artificial chromosome (BAC)

clone containing sequences of the SF-1 gene: RP11-91G7 (BAC-

PAC Resources, Oakland, CA). BAC clone DNA preparation,

labelling and FISH conditions were all previously described

in detail.9 Considering artifact and loss of genomic contents

in partially cut nuclei, FISH signals in 50 cells for each speci-

men were counted. The presence of 2 FISH signals per cell in

at least 50% of the nuclei was considered as normal diploid.

Three fluorescence signals in at least 30% of the nuclei with

detectable signals were considered as increased copy num-

ber/gain. Amplification was scored in those cases where

30% or more of the cells showed 4 or more copies of the SF-

1 gene.
our
me
3)

Outcome Cortisol
(lg/dL)

DHEA-S
(times
above

normal)

Virilization
signs P(1–5 )/

Acne

SF-1 copy
number

0 A 19.6 9 5/Yes Amplifieda

1 A 10.8 17 4/Yes Normal

4 A 10.9 14 3/No Increasedb

0 D 25.4 >3 3/Yes Amplifieda

8 D 51.5 10 5/No Amplifieda

1 A 10.1 2 3/Yes Amplifieda

8 A 23.5 ND 3/Yes Amplifieda

0 D 13.5 ND 3/Yes Amplifieda

6 D 23.9 ND 1/No Increasedb

4 A 21.5 2 3/Yes Normal

(C). Outcome: alive (A) or deceased (D). Among the virilization signs

es (P1–P5)19,20 and the presence of facial acne.

30% of the cells by FISH.

he cells by FISH.
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2.3. Immunoblot

Ten ACT and 11 normal adrenal cortex samples were homoge-

nized in Laemmli buffer (50 mM Tris–HCl, pH 6.8, 50% glycerol,

2% SDS, 0.02% bromophenol blue) containing 5% b-mercap-

toethanol. Proteins were separated by SDS–PAGE and transferred

to a PVDF membrane. Immunoblot was performed using a

chemiluminescence system for protein detection (Amersham

Biosciences, UK). Primary antibodies used were anti Ad4BP/

SF-1 rabbit antiserum (1:1000; kindly provided by K. Morohashi)

and mouse monoclonal anti lamin A/C antibody (clone 14,

1:1000; Upstate, Lake Placid, NY). For each sample, band intensi-

ties were quantified by the ImageJ software and SF-1 signals

were normalized by the respective lamin A/C signals. The

Mann–Whitney U test was used to assess differences between

groups. A P-value <0.05 was considered to be significant.

3. Results

3.1. SF-1 gene copy numbers in ACT

Of the 10 pediatric adrenocortical tumours analyzed by FISH,

8 had increased copy number of the SF-1 gene, while two were

diploid for SF-1. Normal adrenocortical tissues always showed

a diploid number of SF-1 copies (data not shown). Of the 8

specimens with increased copy number of the SF-1 gene, 6

displayed gene amplification and showed 4 or more copies

of the gene in 30% or more of the cells analyzed (Table 1).

3.2. SF-1 protein is overexpressed in childhood ACT

SF-1 protein expression was analyzed by immunoblot in the

same tumours studied by FISH (Fig. 1). SF-1 is significantly

overexpressed in all adrenocortical tumours analyzed, com-
Fig. 1 – (A) Immunoblot showing SF-1 (top) and lamin A/C (botto

(N1–N11) samples. (B) Quantification of the SF-1 signal, correcte

adrenal vs. ACT samples. Data is expressed in arbitrary units (AU

of lamin A/C signal) · 10]. The mean value of each population is

was used to assess the presence of a statistically significant dif
pared to normal adrenal cortex (mean ± SEM 6.24 ± 1.27 AU

vs. 1.35 ± 0.64 AU, P < 0.001). The levels of SF-1 protein expres-

sion were neither correlated with SF-1 gene copy status, nor

with the clinical, pathological and biochemical parameters

studied (Table 1).

4. Discussion

Childhood adrenocortical tumours are believed to be derived

from the fetal adrenal gland, probably through a process of

defective apoptosis.12 SF-1 plays a pivotal role in adrenal

development. Mice null for both SF-1 alleles have no adrenal

glands nor gonads,13 while SF-1 haploinsufficiency in mice

determines a reduced adrenal gland size14 and a blunted

compensatory adrenal growth following unilateral adrenalec-

tomy.15 In humans, different heterozygote SF-1 mutations

may cause various degrees of adrenal and/or gonadal insuffi-

ciency (see16 for a review).

In the present study, we evaluated SF-1 protein expression

in 10 cases of childhood ACT, where SF-1 gene copy number

was also measured by FISH. An increase in SF-1 gene copies

was detected in 8 cases out of 10, with 6 cases presenting

gene amplification (4 or more gene copies detected in over

30% of the tumour cells). This data confirm and extend our

previous findings.9 On the other hand, SF-1 protein was found

to be overexpressed in all tumours, compared to normal adre-

nal cortex. No significant correlation existed between SF-1

protein levels and SF-1 gene copy number in ACT, nor with

any of the clinical parameters examined. Likewise, no differ-

ence in the extent of SF-1 gene copy number or increased pro-

tein levels existed between adenomas and carcinomas (Table

1). This data suggest that the increased SF-1 protein expres-

sion observed in our ACT cases is not exclusively regulated

by gene dosage and that, in addition to gene amplification,
m) expression in 10 ACT (ACT1 to 10) and 11 normal adrenal

d based on the value of the lamin A/C signal, in normal

). One arbitrary unit is defined as [(value of SF-1 signal/value

indicated with a horizontal bar. The Mann–Whitney U test

ference between the two groups (P < 0.001).
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epigenetic mechanisms are likely to be involved in this

process.

Considering the fundamental role of SF-1 in normal adrenal

development, it is tempting to speculate that its overexpres-

sion may represent an important mechanism of tumour gene-

sis and progression in pediatric ACT. Under this perspective, it

is remarkable that SF-1 represents the target of MAPK and, pos-

sibly, phospholipid signalling pathways.17,18 Further studies in

cell lines and transgenic mice are in progress to assess the role

played by SF-1 in childhood adrenocortical tumourigenesis.
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12. Wilkin F, Gagné N, Paquette J, Oligny LL, Deal C. Pediatric
adrenocortical tumours: molecular events leading to
insulin-like growth factor II gene overexpression. J Clin
Endocrinol Metab 2000;85:2048–56.

13. Luo X, Ikeda Y, Parker KL. A cell-specific nuclear receptor is
essential for adrenal and gonadal development and sexual
differentiation. Cell 1994;77:481–90.

14. Bland ML, Jamieson CAM, Akana SF, et al. Haploinsufficiency
of steroidogenic factor-1 in mice disrupts adrenal
development leading to an impaired stress response. Proc Natl
Acad Sci USA 2000;97:14488–93.

15. Beuschlein F, Mutch C, Bavers DL, et al. Steroidogenic
factor-1 is essential for compensatory adrenal growth
following unilateral adrenalectomy. Endocrinology 2002;
143:3122–35.

16. Jameson JL. Of mice and men: the tale of steroidogenic
factor-1. J Clin Endocrinol Metab 2004;89:5927–9.

17. Hammer GD, Krylova I, Zhang Y, et al. Phosphorylation of
the nuclear receptor SF-1 modulates cofactor recruitment:
integration of hormone signalling in reproduction and stress.
Mol Cell 1999;3:521–6.

18. Krylova IN, Sablin EP, et al. Structural analyses reveal
phosphatidyl inositols as ligands for the NR5 orphan receptors
SF-1 and LRH-1. Cell 2005;120:343–55.

19. Marshall WA, Tanner JM. Variations in pattern of pubertal
changes in girls. Arch Dis Child 1969;44:291–303.

20. Marshall WA, Tanner JM. Variations in the pattern of pubertal
changes in boys. Arch Dis Child 1970;45:13–23.


	SF-1 overexpression in childhood adrenocortical tumours
	Introduction
	Patients and methods
	Patients
	Fluorescence in blank situ hybridization (FISH)
	Immunoblot

	Results
	SF-1 gene copy numbers in ACT
	SF-1 protein is overexpressed in childhood ACT

	Discussion
	Conflict of interest statement
	Acknowledgements
	References


