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20). Regions of gains may contain dominantly acting onco­
genes, whereas tumor suppressor genes may map to deleted 
regions (21). One important advantage of CGH is that frozen 
or paraffin-embedded samples can be evaluated because 
only tumor DNA, not cells in culture, is required for the 
analysis*

Other studies have shown genetic aberrations in ACTs 
from adult patients, but there is a paucity of information 
about these tumors in childhood. Kjcltman et a l  investigated 
by CGH the chromosomal imbalances of 8 carcinomas and 14 
adenomas from adult patients. The most common genetic 
aberrations in carcinomas were gains of chromosomes 4 and 
5 and losses of chromosomes 11 and 17 (22). However/ many 
of the epidemiological and clinical features observed in chil­
dren with ACT are different from those seen m  ACT of adult 
patients, suggesting that childhood and adulthood ACT may 
be different disease entities and, perhaps, caused by different 
gonclic processes (!). The groat majority of the tumors in 
children cause signs mid symptoms due to increased pro­
duction of hormones, sex steroids, and/or glucocorticoids. 
By contest, most of the tumors m  achiRs do not c mse Cush- 
mg's syndrome and/or virilization (23-26; revirw< d in Refs. 
27 and 28).

In the present study, we used CGI ( to investigate genetic 
events leading to ACTs in children from a region in southern 
Brazil (Curitiba), which, along w ith the state of Sao Paulo, has 
the highest incidence of those tumors worldwide (3.4 -4 ,2 / 
million children below 15 yr of age) (29). These patients do 
not have a diagnosis of any genetic syndrome; they arc 
mostly female and under 4 yr o> age, and their tumors have 
bettor prognosis 5 ban those of .Mulls with comparable stages 
of I: ton or development (29). These features suggested that 
particular genetic events, germline or somatic, may be in­
ducing turoorigonosis in this population. Indeed, COM 
showed that 8 of the 9 tumors that were investigated exhib­
ited, among other changes, p j  umber gain of a segment 
of chromosome 9 corresponding to cytogenetic band 9q34, 
suggcsting that & gc nc(s) in this iocm may play a role in the 
Trtobculor prortvs hadte hi AT i formation in this 
population.

Subjects and Methods
Patients

The adrenocortical tumors were diagnosed by criteria described pre­
viously (24,29). Bight families were chosen for the present studies based 
on availability of patients for tumor sampling during surgery. All pa­
tients signed a written consent form for a research protocol approved by 
our hospital. All kindreds are genetically heterogeneous descendants of 
European origin (Italian, Polish, Portuguese, Spanish, or German) mixed 
with the local Indian population. There was no known consanguinity, 
and patients with known genetic conditions were excluded froth this 
analysis.

All patients, six girls (aged 9-82 months) and three boys (aged 13-35 
months), were referred io the Pediatric Endocrinology Unit of Hospital 
de CKnicas from federal University of Parani (Curitiba, Brazil). 3he 
profiles of all nine patients arc given in Table 1. The clinical appearance 
was X) virilization and Cushing's syndrome (n -  3), 2) only virilization 
(n -  5), and 3) only Cushing's syndrome (n & 1). The extent of the tumor 
by image analysis, the treatment regimens, and follow-up times arc also 
given in Table T Steroidogenesis was evaluated by measurement of 
dehydroepiandrosteme, dchy drocpiandrosteume sulfate, testostejN 
one, 17-toy droxyprogesterone, and cortisol. Computed tomography scan 
of the abdomen and m nftgiogmphk exam oi mloi < i vena cava (when 
computed iomogi iphy indicated invasion of tin vena cava) were per­
formed m ail patients

Tumors mid P'NA extraction
The tumors were classified as adenomas or carcinomas according to 

conventional pathological criteria, as previously described (29). After 
surgical excision, the tumor mass was sectioned, and the tumor teg" 
monte vick frwen in liquid nitrogen, before DMA extrachon,, the sam­
ples were examined, by a pathologist, and only those specimens with 
pathological cells were used for DNA analysis. Thus, the vast majority 
of the cells of the eight primary tumors were tumor cells. One tumor 
(from patient 3) was a secondary local recurrent achxmiX'ivrticoJ cam- 
noma, which, was diagnosed almost 1 yr alter resection oC tite prcuaty 
mass, in this ca.se, the neoplasm was highly vascularized, and a larger 
jxs’eentage oi norm a I colls wore present; the tissue was carefully resected 
for DNA extraction to avoid contamination by normal ceils. UNA was 
extracted front all .samples, as previously described (20, 30), and pro­
cessed for CCf f (20) m a way shmkrf to lhai described for other ACT 
(22, 31).

cm
CGI I vwv; performed aetordmg to standard pt'oieuom. (29). Normal 

control ON A was prepared from peripheral blood lymphocytes of a 
cytogeoeiieaily normal male. Genomic DMA was extracted from the

TâBLl- h OMéaí profile mad of ptiietâ» with &4fe^wrtie&l tmxm  investigated m ihm study

Patient Gender Age Imaging
Surgery

Tumor
Chemotherapy Follow-up

no. (months) CT CAVA Stage« VoKml3) Pathology (months)

1 F 9.5 Nodular TCE I 27 CA Well (15)
2 F 9 Nodular TCE I 25 CA Well (41)
36 F 82 Nodular CIA PR

CI
III 650 CA ICEM D (19)

4 M 23 Nodular TCE I 25 CA Well (24)
5 M 13 Nodular CIA TCE II 380 CA Well (7)
6 F 17 Nodular TCE I 26 CA Well (17)
7 F 27 Nodular TCE 48 Ad Well (10)
8 M 35 Nodular TCE 16 Ad Well (14)
9 F 68 Nodular TCE 5 Ad Well (9)

F, Female; M, male; CT, computed tomographic scan of the adrenal glands; CAVA inferior vena cava angiography; Cl,, inferior vena cava 
invasion as seen in CT; CIA, inferior vena cava invasion to the right atrium; nod, nodular appearance of the adren al glands on CT; PR, partially 
removed; TOE, tumor completely excised; 0A, carcinoma; Ad, adenoma; Chemo, chemotherapy; fCEM, isofosfamiefe, carboplatinnm, otopoaxde, 
and mitotano; D»S, deceased.

“ Tumor staging as reported previously (1, 29).
h This patient died of complications of tracheostomy during his hospitalisation in the intensive care unit
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frozen tissue using the Qiagen kit (Qiagen, Inc., Chatsworth, CA). Nick 
translation was performed to label tumor DNA with bio-16-deoxy-UTP 
(Boehringer Mannheim, Mannheim, Germany) and control DNA with 
digoxigenirv* 1 1-deoxy-UTP (Boehringer Mannheim). Five hundred 
nariogratns pf each of the labeled genomes were hybridized in the 
presence of excess Cot-1 DNA (50 181 g; Life Technologies, Gaithers­
burg, MD) to metaphase chromosomes prepared from a karyotypically 
normal donor. The biotin-labeied tumor genome was visualized with 
avidin conjugated to fluorescein isothiocyanate (Vector Laboratories, 
Inc., Burlingame, CA), and the digoxigenin-labelled control PNA was 
detected with a mouse antidigoxin antibody (Sigma Chemical Co., St. 
Louis, MO), followed by detection with a goat antimouse antibody 
conjugated to tetra-methyl-rhodamine isothiocyanate (Sigma Chemical 
Co.). Chromosomes were counterstained with 4\6-diamidino-2-phe- 
nylindole and embedded in antifading agent to reduce photobleaching.

Microscopy and digital image analysis
Gray scale images of the fluorescein isothiocyanate-labeled tumor 

DNA, the tetra-methyl-rhodamine isothiocyanate-labeled control DNA, 
and the 4 ' ,6-diamidmo~2-phcnyiindole counterstain from at least eight 
metaphases from each hybridization were acquired with a cooled 
charge-coupled device CCD camera (CH250, Photometries, Tucson, ÂZ) 
connected to a Leica Corp. (Deerfield, IL). DMRBE microscope equipped 
with fluorochrome specific optical filters TRI, TR2, and TR3 (Chroma 
Technology, Brattleboro, VT). Quantitative evaluation of the hybridiza­
tion was performed using commercially available software (Applied 
Imaging, Pittsburgh, PA). Average ratio p ofrles were computed as the 
mean value of at least eight ratio image to identify ehromosomal copy 
number changes in all cases.

R esult#
Clinical description

The clinical profile of the patients is summarised in Table 
1. Six female (aged 10 months to 6 3 /4  yr) and 3 male (11 /12  
to 3 1 /4  yr) patients were studied. Clinical symptomatology 
d ifféré in that hone of the patients with adenomas (cases t ,  
8, and 9) presented with signs of Cushing's syndrome; five 
of the six patients with carcinoma (cases 1-6) had Cushinoid 
features/ although only two had consistently elevated uri­
nary cortisol levels. Hirsutism and biochemical hyperandro- 
genism were shared by almost all patients regardless of the 
final pathological diagnosis. Carcinomas were diagnosed at 
stages Î (3), II (1), and Hi (1). Two carcinomas had evidence 
of invasion of the inferior vena cava, and three were more 
than 3 cm in size. All patients underwent Surgical excision of 
their tumors; chemotherapy was administered to one patient 
(case 3). Currently all patients are alive and In cm ision, 
with the exception of one patient with stage IK cancer, who 
died in the intensive care unit as a result of compl cations of 
a tracheostomy.

CGH analysis
CGH was used to map DMA copy number aberrations that 

occur in these tumors; the DMA was extracted from frozen 
tumor samples. For patient 3, who was diagnosed with a 
stage HI carcinoma, only metastatic tumor was available. 
Average ratio profiles were used for the mapping of copy 
number changes in all instances. A summary of all, the 
changes is presented in Fig. 1, and an example of CGH 
analysis for chromosome 9 is presented for pat cnts % 7, and 
8 as an average ratio profile of 17, 20, and 21 meiaphases, 
respectively, in Fig. 2. Chromosomal abenation were de­
tected in all 9 cases, and the average number or chromosomal

aberrations per case was 8.2. There was no difference in the 
average number of changes seen in adenomas and carcino­
mas; there were also no significant differences with regards 
to age, gender, size, or stage of the tumor (P >  0.1).

Despite the high number of chromosomal aberrations, a re­
current pattern emerged. The most consistent finding was a 
gain of die long arm of chromosome 9 (or a portion of it), which 
was detectable in eight of the nine patients (89%). The smallest 
region of overlap that showed copy number gain was 9q34. A 
high level copy number increase (amplification) of 9q34 was 
observed in five of nine cases (56%). Figure 2 shows chromo^ 
some 9 profiles from three representative cases. In the ACT from 
patient 5 (top panel), chromosome 9 was normal; in the ACT 
from patient 8 (middle panel), CGH showed gain of 9q22qter and 
an amplification of 9q34; in the ACT from pa tient 7 (Imuer panel) 
CGH revealed amplification of just the chromosomal area cor­
responding to cytogenetic band 9q34.

The second most common chromosomal gain was the gain 
of the long arm of chromosome 12 (12q> or a portion of it 
(seven of the nine ACT, or 78%). In particular, the 12q23q24 
region showed a gain in five of the nine ACT (56%). Other 
chromosomal areas that showed gain of genetic material 
were also identified on chromosomes 5 (four of the nine 
tumors, 44%), 19 (44%) and 20 (44%). Smaller regions that 
showed high level copy number increases (amplifications) 
were mapped to chromosomal bands 6p21, 9q34, llq l3 , 
12qllq22,12q23q24, and 13q22qter.

Losses of genetic material were not as frequent as gains. 
The most common chromosomal copy number decrease 
were mapped to chromosome 4 {in four of the nine ACT it 
included the entire chromosome 4, and in one o c the nine 
tumors it included only the long arm (4q)] and to chromo­
somal region 2q22q34 (fout of the nine ACT) Chromosome 
17 loss (the chromosome that harbors the p53 gene) was not 
seen in any of the tumors.

Discussion
ACT are often diagnosed on the basis of the clinical ap­

pearance, steroid testing, and imaging studies* In most chil­
dren, the adrenocortical carcinoma is still in stage H of thé 
disease (27-29) when medical help is sought. In our series of 
six carcinomas, four of them were diagnosed at stage I, and 
only 1 was diagnosed at stage III. in addition, the male to 
female ratio in our patients (who were below the age of 4 yr) 
was 2:1 [it is 4:1 for our entire population studied by Sandrini 
et ah (29)], whereas a ratio of 3:2 for this age group has been 
reported by others (24,25). It is possible that these differences 
in clinical appearance may point to variable genetic back­
ground of these tumors, as has been suggested, for the ACTs 
occurring in various age groups of children (29, 32).

Chromosomal imbalances may be associated with malig­
nancy or, rarely, may indicate the genetic origin of the tumor 
(19,20,22,31,32). In the latter case we would expect to find 
it in both benign and malignant ACT, assuming that the 
carcinoma could arise from monoclonal expansion of an ad­
enoma, as previously suggested (1). In total, 3 benign and 6 
malignant ACT from our patients were examined by CGH. 
This analysis showed that 8of these tumors (3 adenomas and 
5 carcinomas) had copy number gains of the long arm of

Downloaded from jcem.endojournals.org on May 22,2005
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Fig . 1. Karyograms of chromosomal 
gains and losses in childhood adreno­
cortical tumors from southern Brazil 
(Curitiba). Bars to the right of the chro­
mosome ideogram indicate a gain, 
whereas bars to the left indicate a loss of 
genetic material. Bold lines indicate 
amplifications.
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chromosome 9. Region 9q34 was the smallest area of overlap 
and showed amplification in 5 tumors (4 carcinomas and 1 
adenoma). Previous CGH survey of ACT genome from 22 
adult patients found only 1 adenoma with gain of 9q (among 
14 adenomas and 8 carcinomas) (22). This may indicate dif­
ferences in the genetics of ACT formation between children 
and adults, which would be consistent with the epidemio­
logical and other clinical differences in this disease in the 2 
groups. Alternatively, 9q may only be involved in ACT for­
mation in this population of children from Curitiba, southern 
Brazil. However, the fact that gain of 9q was seen in an 
adenoma in the study by Kjellman et a l  (22), whereas it was 
seen in both adenomas and carcinomas in our Study, indi­
cates that this chromosomal region may indeed harbor a

gene(s) important for early ACT formation in other patient 
groups as well.

One of the three most common regions of increased rel­
ative copy number reported by Kjellman et al. was 5q, which 
was found only in carcinomas (22). Indeed, gain of 5q31-qter 
(two of six carcinomas) and 5ql4-q21 (one of six carcinomas) 
were also found in our study. The other two most common 
gains reported by Kjellman et a l ,  involving chromosomal 
areas 4p and 5p, were also found in one of the tumors of our 
study (a carcinoma).

Chromosomal gains were far more common than losses in 
our study. It is noteworthy that Reincke et a l  also reported 
an excess of gains in their study of CGH of ACTs (31). As in 
our investigation, the chromosomal areas involved were the

Downloaded from jcem.endojournals.org on May 22, 2005
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Fig. 2. Chromosome 9 CGH profiles from three representative cases. 
In case 5 (top panel), the profile was normal; in case 8 {middle panel), 
the profile showed a gain of 9q22qter and an amplification of 9q34; in 
case 7 <bottom panel), the profile showed an amplification of 9q34. The 
five vertical lines on the right of the chromosome ideograms reflect 
different values of the fluorescence ratio between the tumor DNA and 
the normal DNA. The values are 0.5, 0.75, 1, 1.25, and 1.5, from left 
to right. The middle line represents a 1:1 ratio and reflects a balance 
between the tumor DNA and the normal control DNA. The ratio 
profile (curve) was computed as a mean value of at least eight meta- 
phase spreads. For each case, a representative chromosome 9 hy­
bridized with tumor DMA is shown to the left of the ideogram. Notice 
that the regions of chromosomal gain correlate to an increased hy­
bridization intensity. Chromosomal regions showing an amplification 
(9q34 for cases 8 and 7) show a further increase in the signal intensity 
compared to the rest of the chromosome.

same in adenomas and carcinomas. In our study, the most 
frequently lost chromosome region, found in four of our 
carcinomas, was deletion of 2q22q34. Kjellman et a l  have also 
described loss in chromosome 2, although more common 
losses in their study were those involving chromosomes l lq  
and 17p (22). Although we also found a deletion of the area 
Ilql4q22 in two carcinomas, we did not see loss of 17p in any 
of our tumors. This is particularly important, because chro­
mosome 17 harbors the gene for p53 (7).

The p53 tumor suppressor gene is the most commonly

altered gene in human cancers. Germline mutations in p53 
are the genetic alteration underlying predisposition to mul­
tiple cancers in LFS. Most cases referred to the Hospital de 
Clinicas at Curitiba in southern Brazil (>85 tumors in the last 
30 yr) are not associated with families presenting features of 
LFS. In the present series of affected children, 2 of them are 
relatives, but their families did not meet the diagnostic cri­
teria of LFS. Furthermore, although our present study did not 
exclude the possibility of p53 mutations in these neoplasms, 
it is noteworthy that we did not find any loss of chromosome
17. A study by Ohgaki et a l  found p53 mutations in only 3 
of 15 adrenocortical carcinomas and 1 of 18 adenomas (18), 
suggesting that in sporadic ACT, p53 mutations are a late 
event in the multistep process of malignant transformation 
(1,17). This is also supported by the finding of germline p53 
mutations in 3 of 6 children with adrenocortical carcinoma 
(15).

It has been suggested that environmental mutagens may 
increase the rates at which cancer-predisposing somatic mu­
tations occur (33). The role of agrotoxic compounds in the 
pathogenesis of ACT is controversial (29). The use of such 
compounds in agriculture in many areas of Brazil is arbitrary. 
As most ACT found in patients from southern Brazil and the 
state of Sao Paulo are sporadic, we have speculated that these 
compounds may play a role in the high incidence of ACT in 
these regions, especially as the incidence of other childhood 
tumors in these regions is not increased (29). We have been 
led to this speculation by the finding that mutations in the 
p53 and other genes are known to be selectively induced by 
environmental agents, such as aromatic amines, benzopy- 
rene, and aflatoxin B (34-36). Although the present study 
was quite small and did not indicate that any tumor sup­
pressor genes were of importance for ACT development in 
our patients, it is possible that environmental agents could 
cause additional "hits" required for adrenal tumorigenesis 
(6, 29), as predicted by Knudson's hypothesis (37). A larger 
study is required to examine this hypothesis and evaluate the 
consistency of losses of chromosomal material (indicating, 
perhaps, regions of loss of heterozygosity) that were found 
by CGH in our patients.

On the other hand, the finding of 9q34 amplification in our 
patients' tumors may indicate the site of the oncogene(s) 
important for ACT formation. Several candidate genes reside 
in this chromosomal region, which is also involved in the 
t(9;22) translocation seen in chronic myeloid leukemia and 
Philadelphia chromosome-positive acute lymphocytic leu­
kemia (38, 39). In this process, the fusion of two genes, BCR 
and ABL1, gives rise to a BCR-ABL chimeric oncogene, which 
is generated by translocation of sequences from the c-ABL 
protein tyrosine kinase gene on 9q34 into the BCR gene in 
chromosome 22. In the pathogenesis of ACT, amplification of 
9q34 could involve aberrant transcripts of the ABL1 onco­
gene. Other potential candidate genes mapped to 9q34 (40) 
include the vav2 oncogene (41), the transforming growth 
factor-p  receptor-1 gene (TGFBR1), which is an activin A 
receptor type II-like kinase (42), the tumor necrosis factor 
receptor-associated factor-2 gene (TRAF1) (43), and the on­
cogene 24p3 or lipocalin 2 gene (LCN2/NGAL) (44).

In conclusion, we found that benign and malignant ACT 
from southern Brazil show multiple genetic aberrations and

Downloaded from jcem.endojournals.org on May 22, 2005



145

GENETIC ANALYSIS OF ADRENOCORTICAL TUMORS IN CHILDREN 1121

a consistent gain and, in some cases, amplification of chro­
mosomal region 9q34. These changes may reflect genetic 
defects that are shared by our patients and predispose to 
ACT formation or are accumulated epigenetically by a com­
mon factor regardless of genetic background. Further studies 
are required to characterize these chromosomal imbalances, 
especially the gain in 9q34, and to determine to what extent 
they are linked to the malignancy or etiology of these tumors.
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Adrenocortical tumors (ACT) in children under 15 years of age exhibit 
some clinical and biological features distinct from ACT in adults. Cell 
proliferation, hypertrophy and cell death in adrenal cortex during the 
last months of gestation and the immed iate postnatal period seem to he 
critical for the origin of ACT in children. Studies with large numbers 
of patients with childhood ACT have indicated a median age at 
diagnosis of about 4 years. In our institution, the median age was 3 
years and 5 months, while the median age for first signs and symptoms 
was 2 years and 5 months (N = 72). Using the comparative genomic 
hybridization technique, we have reported a high frequency of 9q34 
amplification in adenomas and carcinomas. This finding has been 
confirmed more recently by investigators in England. The lower 
socioeconomic status, the distinctive ethnic groups and all the re­
gional differences in Southern Brazil in relation to patients in England 
indicate that these differences are not important to determine 9q34 
amplification. Candidate amplified genes mapped to this locus are 
currently being investigated and Southern blot results obtained so far 
have discarded amplification of the abl oncogene. Amplification of 
9q34 has not been found to be related to tumor size, staging, or 
malignant histopathoiogical features, nor does it seem to be respon­
sible for the higher incidence of ACT observed in Southern Brazil, but 
could be related to an ACT from embryonic origin.

Key words
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• 9q34 Amplification

Introduction

Childhood cancer is a veiy rare disease 
and very little is known about the etiology of 
most of the tumors. Distinctive age distribu­
tions of diagnostic groups of cancers have

been reviewed (1-3) and some of them are 
related to organ-specific differences. Nota­
bly, early age peaks, such as for neuroblas­
toma, retinoblastoma and hepatoblastoma, 
are related to embryonic tumors. The pattern 
of age distribution of childhood adrenocorti-
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cai tumors (ACT), highest during the first 3 
years of life, and the poor predictive value of 
prognosis based on benign or malignant his- 
topathological patterns adapted from tumors 
in adults (4) are important differences be­
tween childhood and adult ACT. The pat­
terns of clinical presentations are also quite 
different between them, with marked pre­
dominance of virilization associated with 
Cushing’s syndrome in contrast to predomi­
nance of non-functional tumors in adults 
(5,6). Moreover, the incidence of childhood 
ACT is markedly higher in Southern Brazil 
(7), while the incidence of adult ACT in this 
region is similar to that described in other 
countries, i.e., 0.5-1.0 per million (8). In the 
present study, we have discussed the possi­
bility that amplified genes in 9q34 might be 
a cause of childhood ACT or only one fea­
ture that occurs after tumor formation. The 
simple fact that it is not observed in adult 
ACT (9,10) constitutes an additional reason 
to believe that childhood ACT is a different 
entity from that usually seen in adults.

Amplification of 9q34

Comparative genomic hybridization 
(CGH) is a molecular cytogenetic technique 
based on quantitative two-color fluorescence 
in situ hybridization (11). Reference or con­
trol DNA isolated from an individual with a 
normal karyotype and tumor DNA are dif­
ferentially labeled with reporter molecules 
(biotin d-UTP for the tumor genome and 
digoxigenin d-UTP for the reference ge­
nome), hybridized to reference human meta­
phase spreads and subsequently detected with 
two different fluorochromes, i.e., avidin- 
FITC (green fluorescence; Figure 1A) for 
the biotinylated tumor DNA and mouse anti- 
digoxigenin followed by rabbit anti-mouse 
coupled to TRITC (red fluorescence; Figure 
IB) for the digoxigenin-labeled reference 
DNA. The differences in fluorescence inten­
sities along the chromosomes on the refer­
ence metaphase spread reflect the copy num­

ber of corresponding sequences in the tumor 
DNA. If chromosomes or chromosomal sub- 
regions are present in identical copy num­
bers in both the reference and the tumor 
genome, the observed fluorescence is a blend 
of an equal contribution of red and green 
fluorescence. If chromosomes are lost or 
chromosomal sub-regions are deleted in the 
tumor genome, the resulting color is shifted 
to red. A gain of a certain chromosome or 
chromosomal sub-region or an amplification 
at a certain chromosomal sub-region would 
be reflected by a more intense green staining 
on the respective chromosome in the refer­
ence metaphase preparation (arrows shown 
in Figure 1A in contrast to those shown in 
Figure IB). CGH allows the detection of 
genetic imbalances in solid tumors or any 
desired test genome in a single experiment, 
and die determination of the chromosomal 
map position of gains and losses of chromo­
somes or chromosomal sub-regions on nor­
mal reference metaphase preparations. Evalu­
ation of CGH was performed using a digital 
system (Applied Imaging, Pittsburgh, PA, 
USA), based on the green:red ratio.

Tumor cells are prone to intense DNA 
damage and imbalances across their chro­
mosomes tend to accumulate with time, as­
sociated with advanced stage disease. A 
highly consistent abnormality, 9q34 amplifi­
cation (Figure 1 A), was found in childhood 
ACT by our group (12) and more recently by 
another group from England (10) in child­
hood but not in adulthood A CT, in more than 
80% of tumors collected from ethnically 
distinct patients. This locus could be the site 
of genes related to the etiology or malig­
nancy of ACT in children but not in adults 
(9). The most important findings described 
by these Swedish authors in adult ACT, 
increased copy number of 4q, 5p and 5q and 
loss of chromosomes 2, 1 Iq and 17p, were 
not found in our study. These abnormalities 
in adults seem to be related to the malig­
nancy of the tumor as suggested by the scarce 
number of identical abnormalities found in
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adenomas.
Different CGH results between adult and 

childhood ACT are in agreement with the 
majority of studies which have proposed that 
the clinical and pathological findings in the 
adult adrenocortical tumor are largely dis­
tinct from the tumor in young patients (5,6, IS­
IS). This reinforces the concept that adult 
and childhood ACT are distinct entities, no 
matter how morphologically similar they are. 
We have found 9q34 amplification in ad­
enomas and carcinomas, small and large 
tumors, which suggests a precocious onset 
of this abnormality. However, amplification 
of 9q34 is not correlated with currently used 
histopathological parameters for defining 
benign and malignant features, neither could 
it be used as a prognostic parameter. Candi­
date amplified genes mapped to this locus 
might be the cellular oncogene c-aW (16,17), 
the tumor suppressor gene described as tu­
berous sclerosis gene TSC1 (18,19), which 
is characterized by the widespread develop­
ment of distinctive tumors termed hamarto­
mas (20). Furthermore, it has been reported 
that 9q34 encompasses the locus or the loci 
for ovarian cancer and the familial nevoid 
basal cell carcinoma syndrome (Gorlin syn­
drome) (21), transitional cell carcinoma of 
the bladder (22,23) and other genes, such as 
steroidogenic factor 1 (24). Our Southern 
blot analyses have indicated that the abl

gene is not the amplified gene in childhood 
ACT with 9q34 amplification.

Incidence of ACT and environmental 
pollution

Childhood ACT in Southern Brazil and 
probably in foe State of São Paulo appears to 
be 10 to 15 times greater (7) than the world­
wide ACT incidence, 0.3/million of children 
at the age of 15 years and younger (25). The 
second highest incidence of ACT was re­
ported in Northwest of England between 
1965 and 1986, 0.64/million of children 
younger than 15 years (26). It has been 
thought that environmental carcinogens could 
play a role in ACT tumorigenesis. However, 
reports from the families of our patients are 
not clearly indicative that an environmental 
carcinogen exists and is capable of inflicting 
a germline or somatic mutation. One of the 
hypotheses, based on reports from parents, 
was that ACT could be caused by a sub­
stance presently used in agriculture. Thus, 
we have treated dogs over three generations 
with the top 20 most used pesticides and 
herbicides in the State of Paraná (Southern 
Brazil), applyingnontoxic concentrations of 
these compounds, and none of them have 
developed any type of tumor. These negative 
results are not yet sufficient to rule out the 
involvement of these substances, which to- Figure 1 - Metaphase chromo­

some spreads from a normal 
male donor were hybridized 
with equal amounts of tumor (la­
beled with FITC, green fluores­
cence shown in Figure 1A| or 
control DNA (probe labeled wëfe 
TRITÇ, the red fluorescence pat­
tern shown in Figure 1B). Chro­
mosome 9 indicated by arrow­
heads (confirmed by banding 
analysis seen with DAPf). show­
ing intense signal at the far end 
of the long arm in A, is not ssgss 
in control (B). The fluorescence 
ratio that is different from con- 
trols is calculated by compiler 
imaging analysis using as refer­
ence the banding pattern de­
tected with DAPI counterstam-

>
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gether with other candidate environmental 
pollutants must be further investigated using 
in vitro and in vivo approaches. However, 
while these hypothetical mutagens could be 
directly linked to other mutated genes in 
ACT, it seems that amplification of the 9q34 
locus is not related to environmental or eth­
nic background, because their features are 
quite different between two regions with the 
exact same frequency of 9q34 in childhood 
ACT, Southern Brazil and Northwest of Eng­
land. Although many of our patients are of 
European extraction (mainly Italians, Ger­
mans and Poles) there are many children, 
including almost half of the cases included 
in our CGH analysis, who are descendants of 
natives or of a mixture of different cultures, 
including Indians, blacks from Africa, Por­
tuguese and Spaniards. In addition, the mean 
socioeconomic status of our patients is sig­
nificantly below that found in Northwest of 
England and this difference does not seem to 
be important for generating amplification of 
9q34.

Adrenal cortex development and 
tumorigenesis

A working hypothesis has been proposed, 
in which the origin of childhood ACT may 
result from an abnormality in the process of 
cell proliferation and/or programmed cell 
death during adrenal development. Studies 
with a significant number of ACT cases have 
noticed that the diagnosis is frequently made 
before 5 years of age (7,27,28), which is in 
agreement with peaks of ACT diagnosis more 
frequently observed between 2 and 4 years 
of age in our experience (72 cases). The 
steroidogenic nature of each tumor and the 
ability of parents to detect any clinical man­
ifestation usually dictate how early signs and 
symptoms are noticed. Most of the children’s 
parents have noticed first signs and/or symp­
toms from a few months to more than a year 
before diagnosis. Moreover, based on spo­
radic observations, the elapsed time between

imaging detection and referral to our institu­
tion indicates that the tumor can grow so 
slowly as to remain of the same size or so fast 
as to be several-fold larger within only a few 
months. Fast growth was observed in a boy 
who had been submitted to an upper abdo­
men CAT scan (for investigation of gas­
trointestinal tract complaints) and had inci­
dentally documented the largest adrenal di­
ameter to be approximately 28 mm, 5 months 
before reaching 1800 g (during investigation 
of respiratory tract infection and nausea). 
Thus, the growth rate of ACT is quite vari­
able and does not seem to be related to the 
steroidogenic state of the tumor, although 
non-symptomatic ACT (“non-functional 
ACT”) tend to be diagnosed later when they 
become very large. Attempts to trace back­
ward onset of signs and symptoms together 
with size of tumors lend support to the idea 
that the critical period of tumorigenesis oc­
curs in dose temporal association with the 
period of intense developm ental transforma­
tion of the adrenal cortex. Tumors that are 
found less frequently in older children could 
indicate a slower growth rate or that the 
initiation of the tumor could indeed have 
happened later in life, a time that could offer 
lower risk of developing ACT through a 
different mechanism.

Human fetal adrenal cortex is composed 
of three zones: fetal zone, transitional zone 
and definitive zone (29). During the last 3 
months of gestation, the definitive zone and 
transitional zone begin to take on the appear­
ance of the glomerulosa and the zona fas- 
ciculata, respectively (30). The fetal zone 
corresponds to 90% of the fetal cortex and its 
incredible growth reaches a plateau by the 
end of gestation and thereafter undergoes a 
more intense apoptotic process and vanishes 
during the first 3 months of postnatal life 
(31). Growth in the fetal zone seems to be 
limited to hypertrophy of cells that migrated 
from the definitive zone (the migrational 
theory), which seems to be the only prolif­
erative layer (32). The net effect of a period

B.C. Figueiredo et al.
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of intense cell proliferation, migration, hy­
pertrophy and cell death during the early 
postnatal life is an adrenal without the fetal 
zone. The remaining two outer zones con­
tinue to expand to become adult-like in ap­
pearance, in parallel to the postnatal initia­
tion and growth of the reticular zone that 
reaches its final size by adolescence. Thus, a 
hypothesis for an increased vulnerability of 
the fetal adrenal cortex is proposed based on 
clinical presentations of ACT most frequently 
found in early infancy (7,27,28) and on the 
above mentioned peculiarities of adrenal 
cortex development (Figure 2).

We have postulated the hypothesis of 
one amplified oncogene mapped to 9q34 
causing deregulated entry into the cell cycle 
and accelerated growth of ACT. Our pre­
liminary studies with Southern blot analyses 
have not found amplification of the abl on­
cogene. However, other somatic and/or 
germline mutations causing dysfunction of a 
tumor suppressor gene, such as the TSC1 
located in 9q34 or p53 in chromosome 17 
could be directly responsible for ACT for­
mation. In either case, a deficient TSC1

(18,19) or p53 (33), we would expect to find 
inactivation of a growth-suppressive path­
way restraining activation of genes neces­
sary for progression through G1, and into the 
S phase. Some of the important growth fac­
tors for adrenal cortex development such as 
IGF-II (34) have been related to childhood 
ACT (35). We do not have any scientific 
base to indicate that female sex hormones 
facilitate ACT formation; however, it has 
been observed that ACT occurs 5 times more 
frequently in girls up to the age of 5 years (7).

Histological pattern of ACT

The proposed histological features used 
to classify malignant and benign masses of 
adult ACT have been exhaustively reexam­
ined but they cannot be reliably used to 
discriminate ACT subtypes in children. The 
ACT size does not distinguish adenoma from 
carcinoma; however, surgical resectability 
and cure, in our experience, are usually found 
in 92% of small tumors (<200 cm3, based on 
a 5-year survival rate), no matter if their 
histopathological features (those usually es-

Figure 2 - The process of cell 
proliferation of stem cells in the 
definitive and transitional zones 
(T.Z.) in contrast to intense pro­
grammed cell death in the fetal 
zone (black area), and the birth 
of a new inner zone (reticular 
zone) are shown. Centripetal cell 
migration (arrows) to the inner 
zone precedes cell hypertrophy 
phases. The hypothetical most 
critical period for adrenocortical 
tumor (ACT) formation (dark gray 
rectangular area), followed by a 
second most frequent critical 
phase (light gray rectangular 
area) is proposed. These two 
critical periods are solely based 
on the most frequent ages at 
diagnosis and the time before 
manifesting the first signs and 
symptoms.

15 years
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tablished for adult ACT) are suggestive or 
not of malignancy. Principal prognosis crite­
ria include tumor size, mitotic rate, stage and 
surgical resectability. Of these, the best two 
prognosis indicators appear to be tumor size 
(15,28,36-42) and mitotic rate according to 
Medeiros and Weiss (43) and Van Slooten et 
al. (44). It is not yet known whether carcino­
ma develops from adenoma or is malignant 
from the beginning as proposed by Weatherby 
and Carney (45). These authors have re­
ported that necrosis, capsular or vascular 
invasion and increased mitotic activity are 
much more frequent in malignant tumors; 
however, other authors believe that the ab­
sence of these features does not exclude the 
possibility of a malignant biological behav­
ior (46). Moreover, Holcombe et al, (39) 
have reported a significant overlap of mac­
roscopic and microscopic features between 
adenomas and carcinomas. Given the impor­
tance for predicting the biological behavior 
of these tumors, a critical réévaluation of 
methods for establishing the classification 
of adenoma and carcinoma is required. In 
addition, it is necessary to investigate specif­
ic markers for embryonic tumors of the adre­
nal cortex in childhood ACT. Amplification 
of 9q34 was present in two small tumors 
with histopathological features of adenomas 
and absent in one advanced stage carcinoma, 
which is not in line with a malignization role 
for this imbalance. A larger number of ACT

samples are necessary to verify whether 9q34 
could define prognosis and/or correlate with 
histopathological features. This amplified 
locus may not necessarily involve one ab­
normal oncogene or tumor suppressor gene. 
Conversely, it might be one feature found 
only in childhood ACT. In this regard, this 
finding may be a feature leading to a defini­
tion of the origin of ACT in children (embry­
onic tumor?) and in adults.

Conclusions

Three possibilities could be related to 
9q34 amplification: one associated with ACT 
formation through the participation of one 
mutant oncoprotein or a dysfunctional tu­
mor suppressor protein; a second possibility 
is that 9q34 occurs after tumor formation 
and may or may not play a role in tumor 
growth or in the malignization process, or 
this amplification does not play any role in 
ACT, but because of its high frequency of 
occurrence might be one feature of a candi­
date embryonic tumor. The third assumption 
still requires further studies to demonstrate 
its embiyonic origin. In any of the proposed 
possibilities, we believe that ethnic back­
ground, living or environmental conditions, 
and many other differences between South­
ern Brazil and Northwest of England are not 
important factors linked to the origin of 9q34 
amplification.
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Mortality Rate of Adrenocortical Tumors in Children 
Under 15 Years of Age in Curitiba, Brazil

Mara A.D. Pianovski, m d , 1 Eliane M.C.P. Maluf, m d, PhD, 2 Denise S. de Carvalho, m d, PhD, 2 
Raul C. Ribeiro, md , 3 Carlos Rodriguez-Galindo, md , 3 Paolo Boffetta, md, PhD, 4 

Patricia Zancanella, m sc , 5 and Bonald C. Figueiredo, m d, PhD5*

Background. Several reports refer to an Curitiba metropolitan region during the years
increased frequency of adrenal cortex tumors 1998-2003 was 1.6 (95% confidence interval
(ACT) among children in Southern Brazil, yet all (Cl) 1.4, 1.8) for ACT and 2.3 (95% Cl 2.0, 2.5)
data have been derived from hospital-based for NB. The ratio of the adrenal NB and ACT
registries. An inherited germline mutation in the age-adjusted mortality rate of 2.3 per m illion
p53 gene (TP53 R337H) is detected in virtually for NB and 1.6 per m illion for ACT 1.41. The
all children with ACT in this region and ac- incidence of ACT estimated from the mortality
counts for the excess cases observed. Proce- data, assuming an ACT survival rate of 0.542,
dure. We reviewed all death certificates that was 3.5 (95% Cl 2.9, 4.2). Conclusions. Our
mentioned ACT or adrenal neuroblastoma (NB) investigation of population-based mortality con-
and which were reported to the Paraná State firms the evidence from hospital-based registries
Department of Health between 1998 and 2003, of a clustering of ACT in Southern Brazil. In
for individuals younger than 15 years who resid- addition, our data suggest that the incidence of
ed in the Curitiba metropolitan region. Results. ACT in this region is about 12-18 times the
Eight deaths from ACT and ten from NB incidence reported in the United States and
were identified. The age-standardized mortality Europe. Pediatr Blood Cancer 2005;00:1 -5 .
rate per m illion children <1 5 years of age in the © 2005 Wiley-Liss, Inc.

Keywords: adrenocortical cancer; children; mortality

INTRODUCTION

Pediatric adrenocortical tumors (ACT) are vèry rare 
[1]. The Manchester Children’s Tumor Registry recorded 
12 pediátric ACT cases over a 33-year period (1954-  
1986), with an estimated incidence rate of 0.38 cases per 
million children less than 15 years of age [2]. In the United 
States, the estimated incidence rate is 0.3 per million 
individuals less than 20 years old [3], while in France ACT 
incidence is 0.2 per million children [4].

There has been overwhelming evidence of a clustering 
of pediatric ACT in Southern Brazil. As early as 1969, 
Marigo et al. [5] noted an increased frequency of ACT in a 
series of 520 cases of childhood malignant tumors 
registered at the Santa Casa de Misericórdia of São Paulo 
over a 15-year period; 12 cases (2.9%) were ACT. Data 
from the Clínicas Hospital of the Federal University of 
Paraná in Curitiba, Southern Brazil revealed 73 cases of 
pediatric ACT over a period of 31 years (1966-1996) [6]. 
In a more recent analysis, ACT accounted for 7% of 
585 cases of cancer in children younger than 15 years 
who were admitted to the same hospital during the past 
10 years, whereas neuroblastoma and Wilms tumor were 
less common (5.8 and 4.1%, respectively; unpublished 
observations). This excess of ACT cases does not appear to 
reflect a bias caused by referral pattern; a disproportio­
nately high number of cases of pediatric ACT was also

© 2005 Wiley-Liss, Inc.
DOI 10.1002/pbc.20624
Published online 00 Month 2005 in Wiley InterScience 
(www.interscience.wiley.com)

reported by other dates in the region [7 -10], as compared 
with the number reported by two large population-based 
registries in Europe [11] and the US [1,3] (Table I).

Laboratory investigation of the families of children 
with ACT in Paraná and São Paulo revealed that the 
majority of children with ACT had inherited a germline 
TP53 R337H mutation (Table I) [12,13]. In contrast, 
none of 22 children with other endocrine pathologies seen
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TABLE L Number of Cases of ACT Registered in Selected Hospitals in the Brazilian States of São 
Paulo, Paraná, and Bahia and in the US and Europe

Institution State Period
Nunmber of 

patients Age (years)
TP53 R337H 

tested/positive (%)

HCACC [7] 
SCSP [7]
CIDB [8]
IC [7]
HCFMSP [7] 
HCC [9] 
HCFMRP [10] 
ONCO/HSR [31] 
SEER [3] 
Eurocare [11]

São Paulo 
São Paulo 
São Paulo 
São Paulo 
São Paulo 
Paraná 
São Paulo 
Bahia 
USA 
Europe

1978-
1985-
1980- 
1977-
1982- 
1966- 
1985-
1981- 
1975-
1983-

2003
2004 
2004 
2002 
2003 
2003
2003
2004 
1995 
1994

56
17
78
46
27

124
21

6
36
65

<21
<14
<18
<13
<16
<13
<12
<12
<20
<15

NA 
NA 

20/20 (100) 
NA 

21/27 (78) 
61/65 (93.8) 

12/16 (75) 
0/5 (0) 

NA 
NA

HCACC, Hospital do Cancer AC Camargo; SCSP, Santa Casa de São Paulo; IC, Instituto da Criança da 
Universidade de São Paulo; CIDB, Centro Infantil Domingos Boldrini, Universidade de Campinas; 
HCFMSP, Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo; HCC, Hospital de 
Clínicas de Curitiba, Universidade Federal do Parana; HCFMRP, Hospital das Clínicas da Faculdade de 
Medicina de Ribeirão Preto; ONCO/HSR, Sociedade de Oncologia da Bahia Ltda/Hospital São Rafael; 
SEER, Surveillance epidemiology and end results; NA, not available.

at the Clinics Hospital, nor any of the 232 individuals on 
the non-carrier side of the patients’ families, harbored this 
mutation [12,14].

Because the Curitiba metropolitan area is within the 
geographic region of pediatric ACT clustering and has a 
reliable population-based mortality registry, we analyzed 
ACT mortality data to estimate the incidence of pediatric 
ACT in this region. As an indicator of the consistency of 
the registry data, we also analyzed the mortality rate of 
adrenal neuroblastoma (NB) from the same registry data. 
Adrenal NB, which is typically much more common than 
ACT [15], has an age distribution and overall mortality 
rate similar to those of ACT [11] .

METHODS

This study was approved by the Ethics Committee of 
Clínicas Hospital, Federal University of Paraná; patient/ 
family consent was not required. We reviewed all death 
certificates issued between 1998 and 2003 for individuals 
younger than 15 years in the Curitiba metropolitan region 
that mentioned ACT or adrenal NB. Death certificates 
were filled out by the physician who confirmed the death 
and were then forwarded to the registrar’s office, which in 
turn forwarded them to the Epidemiology Department 
of the State Department of Health. These records were 
obtained through the Mortality Information System of the 
State of Paraná, which was established in 1997 as a 
mandatory repository of all death records, and were com­
piled by the Paraná State Department of Health. Causes of 
death are coded on the death certificates according to 
the International Classification of Diseases (ICD), 10th 
version. All death certificates that included a primary 
diagnosis coded as ICD C74 were analyzed. This category 
includes the subgroups C74.0 (adrenal cortex), C74.1

(adrenal medulla), and C74.9 (adrenal gland, non-speci- 
fied). C74.9 encompasses NB, pheochromocytoma, and 
ACT, while C74.1 may refer to pheochromocytoma or NB.

To reduce potential bias associated with the referral of 
children with complex diseases to large metropolitan areas 
such as Curitiba, we included in our analysis only the death 
certificates of children who resided in the Curitiba metro­
politan area. The data obtained from the Mortality Infor­
mation System were verified by contacting the physician 
of each patient to discuss the diagnosis. The location of NB 
in the adrenal gland rather than the retroperitoneal ganglia 
was confirmed by the patients’ attending physicians. In 
each case of ACT, the histopathology report was obtained 
from the hospital and reviewed.

Year 2000 census data obtained from the Brazilian 
Unified Health System (SUS) web site (http://www. 
datasus.gov.br/) were used to calculate the crude mortality 
rate. This rate was calculated and adjusted by the method 
reported by Waterhouse [16] to derive an age-standardized 
rate comparable to standard world population-based data 
[17]. The incidence of ACT (I) was estimated as I =  M/ 
(1—S), where I is the incidence rate, M is the mortality 
rate and S is the 5-year survival rate. The previously 
reported 5-year survival was 0.542, with standard error 
0.031 [18]. The standard error of the incidence rate was 
se(I) =  v{(se(M)2 +  [Ixse(S)]2} / ( l -S ) .

RESULTS

Eight cases of ACT and ten of adrenal NB were 
recorded on the death certificates from 1998 to 2003 and 
confirmed by the treating physicians and histological 
records. The estimated average mortality rate per million 
children <1 5  years of age in the Curitiba metropoli­
tan region during the years 1998-2003 was 1.6 (95%

http://www
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TABLE II. Mortality Rates of Childhood ACT and Adrenal Neuroblastoma in the Curitiba Metropolitan Area, 1998-2003

Age group (y)
Population of Curitiba 

metropolitan area in 2000
Number of deaths 

(1998-2003)
Age-standardized 

mortality rate (ASR)
Crude 

mortality rate
95% Cl for crude 

mortality rate

Adrenocortical tumor
0-4 257,617 0 NA 0 NA
5-9 255,794 5 NA 3.2 2 .6-4 .0
10-14 255,615 3 NA 2.0 0 .7-4 .9

Total 769,026 8 1.6° 1.7 1.4-2.1
Neuroblastoma

0-4 ' -5' : NA 3.2 2.6-4 .0
5-9 4 NA 2.6 2.0-3.3
10-14 1 NA 0.7 0.4-1.1

Total 8 2.3b 2.2 1.9-2.5

NA, not applicable.
“95% confidence interval, 1.4,1.8. 
b95% confidence interval, 2.0, 2.5.

confidence interval (Cl) 1.4,1.8) for ACT and 2.3 (95 % Cl International Pediatric Adrenocortical Tumor Registry
2.0,2.5) for NB (Table II). The ratio of the death rates from [18] shows that the true incidence is likely to lie within the
adrenal NB and ACT was 1.41. From the mortality data, interval 2 .9 -4 .2  per million. This incidence rate is about
we estimated the incidence of ACT to be 3.5 (1 .6 /[1- 12—18 times those observed in France (0.2/million) [4]
0.542]) per year per million children less than 15 years of and the United States (0.1-0.4/million) [3]. Taken
age, with Cl 2 .9 ,4 .2  per million. together, this interpretation of the mortality and survival

data makes a compelling argument that the increased 
DISCUSSION pediatric ACT mortality rate in the Curitiba metropolitan

area reflects the high incidence of this tumor. This con- 
We analyzed population-based pediatric ACT mortality elusion is consistent with the excess incidence of pediatric

data from the Curitiba metropolitan area in order to ACT indicated by data from several hospital-based
estimate the incidence of ACT in children in this region, registries in the region (Table I).
Even if pediatric ACT were universally fatal and the There is strong evidence to implicate the TP53 R337H
mortality rates were identical to the incidence rates of the germline mutation in the high incidence of pediatric
disease in this region, the ACT mortality rate of 1.6 per ACT in this geographic region. First, germline TP53
million children less than 15 years of age would be mutations in general (Li-Fraumeni and Li-Fraumeni-like
approximately ten times the ACT incidence rates observed syndromes) increase the predisposition to pediatric
in population-based registries of other countries [1 -4 ]. ACT [21]. Notably, in carriers of these TP53 mutations,
However, there is no evidence that the medical manage- pediatric ACT accounts for 3% of all tumors occurring at
ment of pediatric ACT has biased the mortality rates. In any age and for 10% of childhood tumors ; pediatric ACT is
fact, pediatric ACT is well managed at the pediatric therefore considered one of the clinical criteria for Li-
oncology units in Curitiba, in part because of the extensive Fraumeni and Li-Fraumeni-like syndromes [22]. In fact,
experience acquired over several decades by local pedia- ACT associated with germline TP 53 mutations develops
tricians in the early identification of ACT [6]. Retro- almost exclusively in young children. In contrast, sporadic
spective analysis of cases at a pediatric referral center in ACT has a broad age distribution with a peak incidence
Curitiba has shown the overall 5-year survival rate to be at above age 40 years [23]. The association between young
least 50% over a 40-year period [19]. More recently, the age, germline TP53 mutation, and ACT is so strong that
survival of children with ACT has improved due to early any child with ACT, irrespective of the family history of
recognition and referral. Currently, about 80% of children cancer, should be considered a carrier of a germline TP53
with ACT referred to Clinicas Hospital in Curitiba have mutation until proved otherwise [24]. Second, direct
limited-stage disease, which is associated with a survival sequencing of the complete TP53 alleles of many of the
rate greater than 90% when treated with surgery alone patients in Curitiba showed no other TP53 mutation.
[20]. Assuming that a conservative ACT survival rate of Third, the TP53 R337H has been reported in association
55% [18] reflects the age-adjusted ACT mortality rate of with pediatric ACT outside of Brazil (a case in France)
1.6 per million individuals less than 15 years of age, our (http://www-p53.iarc.fr/Germline.html). Four, this mis-
best estimate of the incidence rate is 3.5 per million sense mutation is not a common P53 polymorphism
children younger than 15 years of age. A calculation based (http://www-p53.iarc.fr/Polymorphism.html). Finally, in
on the 95% Cl of the survival estimate reported by the every instance in which a kindred included more than one

http://www-p53.iarc.fr/Germline.html
http://www-p53.iarc.fr/Polymorphism.html
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child with ACT, the affected children were consistently in 
the parental line that harbored the mutation [14]. In two 
instances, a parent who was a TP53 R337H carrier had two 
children with ACT with different partners [25].

Moreover, the results of several laboratory investiga­
tions strongly suggest that the TP53 R337H plays a role in 
adrenal tumorigenesis. These include the loss of hetero­
zygosity with retention of the mutant allele in tumor cells 
[12], the accumulation of TP53 protein in the nucleus [12], 
and the folding and other properties of the missense TP53 
R337H protein in vitro [26,27]. The presence of a germline 
TP53 R337H mutation appears to be necessary for the 
development of ACT, although other, still-unknown 
genetic factor(s) contribute to its penetrance. We have 
recently reported that the penetrance of ACT is about 10% 
in a large cohort of carriers of the TP53 R337H from 
families known to have children with ACT [14]. Because 
cancer is often a multistep process, other genetic changes 
found with variable frequency in children with the TP53 
R337H and ACT, including amplification of the 9q34 
chromosomal region (detected in eight of nine tumor 
samples of children with ACT from Curitiba) [28], 
m increased copy number of the steroidogenic factor 1 
SF-1) gene in eight of the cases with 9q34 amplification 
29], germline missense mutation in the inhibin alpha- 
subunit gene [30] and other yet-to-be-determined factors 
may contribute to adrenal cell transformation.

The origin of the TP53 R337H mutation in this region 
of Brazil remains unexplained; no de novo mutation has 
been noted, and different ethnic groups in this region carry 
the mutation [14]. Although the data are incomplete due to 
the lack of population-based registries in most of the 
Brazilian states, the high frequency of childhood ACT 
appears to be geographically centered in the states of São 
Paulo and Paraná, decreasing progressively with distance 
from these states. For example, in the population-based 
cancer registry of the city of Goiânia (capital of Goiás), 
which is relatively near São Paulo, the incidence of 
pediatric ACT has been estimated to be 2.38/million 
children under age 15; in contrast, in the city of Belém, 
which is located in the far North of Brazil, the incidence is 
0.8/million children under 15 [1]. Anecdotal evidence 
suggests that states that neighbor São Paulo and Paraná, 
such as Rio de Janeiro, Minas Gerais, and Santa Catarina, 
have a slightly increased incidence of ACT. These findings 
have yet to be confirmed, but some children with ACT in 
these neighboring states have been found to have the TP53 
R337H mutation. States more distant from this region do 
not report an excess of ACT, and none of the cases from 
northern Brazil studied to date (n =  10) have had the TP53 
R337H mutation. One pediatric oncology center in 
Salvador (Bahia state) that sees about 200 new cases per 
year has registered only six cases of pediatric ACT in the 
past 23 years [31]. The geographic restriction of the ACT- 
associated TP53 R337H is consistent with the possibility

of a single founder effect. However, our finding of diverse 
TP53 R337H alleles among children with ACT argues 
against a single founder [12].

We also analyzed the mortality rate caused by adrenal 
NB in this population. Adrenal NB has an age distribution 
and overall mortality rate comparable to those of ACT 
[32-34]. The available data suggest that adrenal NB is at 
least ten times as common as ACT in children less than 
15 years of age [35-38]; therefore, mortality rates caus­
ed by NB would be expected to be several times those 
caused by ACT. However, in our study, the ratio of deaths 
caused by adrenal NB to those caused by ACT was only 
1.25 (10/8), reflecting an age-adjusted mortality rate of 
2.3 per million for NB and 1.6 per million for ACT (ratio, 
1.41).

Rates of incidence and mortality are overlapping indi­
cators. For rare diseases such as childhood adrenal cancer, 
it is plausible to estimate incidence rates from mortality 
data [39]. We acknowledge that the mortality rate involves 
various factors, including the total number of cases diag­
nosed before and during the period, the accuracy and 
completeness of death records, and the quality of the 
available treatment. Further, physicians currently follow 
the guidelines of the ICD 10, C 74.9 code, which does not 
specify the cortical versus medullary origin of adrenal 
neoplasia, and morphological classification, such as the 
M9490 (ganglioneuroblastoma) and M9500 (NB) codes, 
is not included in current death certificates. In the present 
study, we sought to find all certificates that specifically 
indicated involvement of the adrenal gland, we verified the 
quality of the data with the attending physician, and we 
examined the pathology report. We also acknowledge the 
remote possibility of false negatives, that is, patients who 
died of ACT-related conditions but whose death certifi­
cates did not mention ACT; such events would lead to 
underestimation of the mortality rate.

In conclusion, this investigation of population-based 
mortality confirms what hospital-based registry data have 
suggested: a clustering of ACT in Southern Brazil. 
Moreover, the data suggest that the incidence of pediatric 
ACT in this region is about 12—18 times that in the USA 
[3] and France [4], respectively.
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Southern Brazil has one of the highest incidences of childhood 
adrenocortical tumors (ACTs), occurring 10-15  tim es m ore 
frequently than worldwide estimates. The reasons for this 
increase remain elusive. In an attem pt to further characterize  
the genetic changes in childhood ACTs, we recently detected  
a consistent gain o f 9q (or a  portion of it) in eight of nine cases 
of pediatric ACTs and amplification of 9q34 in the m ajority of 
these cases using com parative genomic hybridization. Other 
studies involving both childhood and adult ACTs have cor­

roborated these findings. To follow up on these results, we 
examined w hether the steroidogenic factor 1 (SF-1) gene, 
which is located in this chromosomal region and plays an 
im portant role in the development and function of the adrenal 
cortex is amplified in these ACT cases. We detected increased  
copy num ber of the SF-1 g en e  in all eight cases with 9q gain, 
suggesting an association between an increased copy number 
of the SF-1 gene and adrenocortical tumorigenesis. ( J  Clin 
E ndocrinol Metab 90: 615-019, 2005)

THE INCIDENCE OF childhood adrenocortical tumors 
(ACTs) is 10-15 times greater in Southern Brazil, par­

ticularly in the state of Paraná, compared with the rest of the 
world (3.4-4.2 cases/million in southern Brazilian states, 
compared with 0.3 cases/million worldwide) (1). The mo­
lecular basis of this disease remains poorly understood, de­
spite several studies investigating the role of particular genes 
in adrenal tumorigenesis (2). Using comparative genomic 
hybridization (CGH), we recently evaluated a group of nine 
cases of pediatric ACTs from southern Brazil and identified 
a recurrent pattern of chromosomal aberrations. Gain of 9q 
or a portion of it emerged as the most consistent finding: 
eight of nine cases showed this gain, and a high level copy 
number increase (amplification) of 9q34 was detected in five 
of the eight cases (3). Interestingly, a similar study conducted 
in the United Kingdom showed gain/amplification of 9q34 
in 10 of 11 childhood ACTs (4). Other studies of adult ACTs 
have also shown frequent gains involving that same chro­
mosomal region (5). Chromosomal segments showing gain/ 
amplification by CGH are generally sites of amplified genes, 
and gene amplification is one of the ways in which oncogene

First Published Online November 16, 2004
Abbreviations: ACT, Adrenocortical tumor; BAC, bacterial artificial 

chromosome; CGH, comparative genomic hybridization; FISH, fluores­
cence in situ hybridization; LOH, loss of heterozygosity; SF-1, steroido­
genic factor 1; SSC, saline sodium citrate.
JCEM is published monthly by The Endocrine Society (http://www. 
endo-sodety.org), the foremost professional society serving the en­
docrine community.

615

activation is achieved. Clearly identification of such genes 
and characterization of their mechanism of action and its 
timing is critical to better understand the process of tumor­
igenesis for a given tumor.

Steroidogenic factor 1 (SF-1) is an orphan member of the 
nuclear receptor family of transcription factors and plays an 
important role in endocrine function, including the regula­
tion of steroid hydroxylases and the transcription of an array 
of genes involved in reproduction, male sexual differentia­
tion, and the development and function of the adrenal cortex 
(6-9). SF-1 maps to 9q33.3, a chromosomal region that we 
and others (3,4) identified as showing a gain/amplification 
in a high percentage of cases with childhood ACTs. Studies 
in SF-1 knockout mice have shown that the adrenal cortex 
became hypoplastic sometime after embryonic development 
(10, 11), and SF-1 was also shown to be essential for the 
residual adrenal gland growth after unilateral adrenalec­
tomy (12). In humans, the adrenal cortex becomes hypoplas­
tic after birth. Volume of the fetal zone of the human adrenal 
cortex rapidly involutes after birth decreasing from 70 to 3% 
of the total adrenal volume (13). The finding of 9q gain in 
both our previous work and in the study of James et al. (4) 
in childhood ACTs as well as in other studies of adult ACTs, 
prompted us to conduct the present investigation to identify 
potential candidate genes involved in childhood adrenocor­
tical tumorigenesis. Because of the intense steroidogenic ac­
tivity in most childhood cases of ACTs, we investigated SF-1 
on 9q33.3 as one of the amplified candidate genes. We used 
fluorescence in situ hybridization (FISH) analysis to identify
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F-l amplification in the group of nine childhood ACTs 
reviously analyzed using CGH.
Childhood ACTs, in contrast to ACTs from adults and 

lany other types of cancer, usually occur in individuals with 
ermline TP53 mutations (14). We previously reported a 
ermline point mutation of TP53 encoding an R337H amino 
dd substitution combined with somatic loss of the second 
P53 allele occurring in 35 of 36 childhood ACTs studied 
rom southern Brazil (15). In addition, we evaluated 432 
ormal individuals from southern Brazil for the presence of 
le R337H TP53 mutation and none found to be a carrier 
lata not shown). TP53 maps to chromosome 17pl3.1, and its 
rotein consists of four distinct domains: an N-terminal 
ansactivation domain, a central DNA-binding domain, a 
itramerization domain (in which arginine 337 is located) 
nd a C-terminal regulatory domain. Arginine 337 forms a 
alt bridge with aspartic acid 352 across the helix-helix in- 
srface to form the tetramer. For this reason, we also eval- 
lated our samples for the presence of that common germline 
P53 point mutation and the loss of the wild-type TP53 allele. 
This is a follow-up study to our previous work and other 

tudies showing that 9q is a hotspot for amplification in ACT. 
iecause SF-1, which is localized to this region, plays an 
tnportant foie in the development and function of the ad- 
enal cortex, here we investigate its amplification in ACTs.

Patients and Methods
htient selection
Nine patients with childhood ACTs previously evaluated by CGH (2) 

vere selected for this study. All patients, six girls (aged 9 -8 2  months) 
wd three boys (aged 13-35 months), were referred to the Pediatric 
Mocrinology Unit of Hospital de Clínicas from Federal University of 
Paraná, Curitiba, PR, Brazil. A written informed consent, as approved 
iy the Ethics Committee of the Hospital of Clinicas from the Federal 
University of Paraná, Curitiba, Brazil, was signed by one of the parents 
si each patient. Patient characteristics are described in Table 1. The 
limors were classified as adenomas or carcinomas according to con- 
fentional pathological criteria, as previously described (1). Eight tumors 
»ere primary and one was a secondary local recurrent tumor (diagnosed 
almost 2 yr after the resection of the primary tumor). All patients pre­
sented with signs and symptoms due to elevated serum levels of an- 
irogens and/or glucocorticoids and were described as having func­
ional tumors. Severity of the clinical manifestations was generally 
proportional to hormone levels and the time between the day of diag- 
feosis and the first documentation of any sign of the disease. Five patients 
presented with only virilization, whereas the other four presented with

virilization plus Cushing's syndrome. Six of the tumors were classified 
as carcinoma, whereas three were adenomas (Table 1).

Recurrence was noted only in patient 2 (nine relapses in a period of 
5 yr, followed by patient death). Patient 3 was admitted with stage III 
disease and was operated on but developed a large vena cava thrombus 
that extended to the right atrium. Eight cycles of chemotherapy (ifosf- 
amide, carboplatin, etoposide, and mitotane) resulted in almost com­
plete atrophy of the thrombus, but the patient died in the intensive care 
unit as a result of complications of tracheostomy. Complete remission 
(defined as the complete macroscopic and microscopic tumor resection, 
absence of distant metastasis, and normalization of all clinical features 
and laboratory values) was documented for all patients who were alive 
at the time of the report (seven of nine patients) representing more than 
5 yr of survival without local or distant relapse.

FISH
To evaluate the copy number of the SF-1 gene, we designed a FISH 

probe consisting of a bacterial artificial chromosome (BAC) done con­
taining sequences of the SF-1 gene: RP11-91G7 (BACPAC Resources, 
Oakland, CA). BAC clone DNA was prepared and labeled with biotin- 
11-deoxyuridine 5-triphosphate (Roche, Indianapolis, IN) using nick 
translation as previously described (16). Biotin-labeled DNA was de­
tected with fluorescein-avidin DCS (Vector Laboratories Inc., Burlin­
game, CA). Map location of the BAC done and the hybridization effi- 
dency of the FISH probe as well as the number of HSH signals detected 
in normal diploid interphase nudei were assessed in normal lympho­
cytes according to a standard FISH mapping protocol (17). Correct 
chromosomal location of the probe to chromosome 9q33.3 and the pres­
ence of two signals per diploid nudeus in more than 98% of the 200 
interphase nuclei scored were confirmed.

For each tumor, a 4-pin tissue section was hematoxylin and eosin 
stained and histologically examined to confirm the presence of tumor 
tissue, and a consecutive 4-/tim paraffin section was evaluated by FISH 
using the SF-1 FISH probe as described earlier (16). In brief, the tissue 
slide was deparaffxnized with Xylene, rehydrated with decreasing eth­
anol concentrations, pepsin digested for 90 min, and then denatured in 
70% formamide/saline sodium titrate (SSC) two times for 4 min at 80 
C. After overnight hybridization with the probe at 37 C, the slide was 
washed three times in formamide/SSCX 2 (1:1) at 42 C, and three times 
in SSCx 1 at 42 C. The biotin-labeled probe was detected with avidin 
conjugated to fluorescein isothiocyanate (Vector Laboratories), and the 
cells were counterstained with 4',6-diamidino-2-phenylindole, and em­
bedded in antifade solution [200 m M  l,4-diazabicyclo[2.2.2]octane, 90% 
vol/vol glycerol, 20 m M  Tris-HCl (pH 8)] to reduce photo-bleaching. 
Scoring of cells and digital image acquisition were performed using a 
X63 objective mounted on a DMRBE microscope (Leica, Wetzlar, Ger­
many) equipped with optical filters for 4',6-diamidino-2-phenylindole 
and Cy3 (Chroma Technologies, Brattleboro, VT) and a cooled charge- 
coupled device camera (Photometries, Tucson, AZ). The IPLab software 
package (Scanalytics Inc., Fairfax, VA) was used for the initial gray-scale 
image acquisition and consecutive color processing. Considering arti­
facts and loss of genomic contents in partially cut nuclei, the following

\BLE 1. Clinical information and summary of the results

’atient
no. Gender Age

(months)
Clinical

presentation
ACT

pathology Stage
9q34

status
(CGH)

SF-1 FISH results Germline P53 
R337H mutation/LOH

1 F 9.5 Virilization +  Cushing Carcinoma I Amp. Increased copy no.“ Mut/LOH
2 F 9 Virilization Carcinoma I Amp. Increased copy no.“ Mut/LOH
3 F 8 2 Virilization +  Cushing Carcinoma III Gain Increased copy no. Mut/LOH
4 M 23 Virilization +  Cushing Carcinoma I Gain Increased copy no. No mut/no LOH
5 M 13 Virilization +  Cushing Carcinoma II No gain Normal Mut/LOH
6 F 17 Virilization Carcinoma I Amp. Increased copy no.“ Mut/LOH
7 F 27 Virilization Adenoma Amp. Increased copy no.“ Mut/LOH
8 M 35 Virilization Adenoma Amp. Increased copy no.“ Mut/LOH
9 F 6 8 Virilization Adenoma Gain Increased copy no.“ b

F, Female; M, male; Mut, mutation present; Amp., amplification.
“Indicates that four or more copies of the gene were detected in over 30% of the cells (SF-1 amplification identified by FISH). 
6 Only tumor DNA was available and showed the R337H mutation. No LOH data. (See Results section).
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scoring system was used: FISH signals in 50 cells for each specimen were 
lounted. Detection of three or more signals in at least 30% of the nuclei 
tvith detectable signals was considered as increased copy number per 
gain. Furthermore, the gene was considered to be amplified in those 
cases in which 30% or more of the cells showed four or more copies by 
FISH analysis. In the absence of copy number gain, the presence of two 
FISH signals per cell in at least 50% of the nuclei was considered as 
normal diploid.

Estimation of R337H TP53 mutation
Four of the nine patients had the entire TP53 gene sequenced using 

DNA prepared from their lymphocytes and were found to have the 
R337H amino add substitution (15). The presence of the same mutation 
was evaluated in the remaining five patients using a previously de­
scribed PCR/H/zd-based assay (15). Loss of heterozygosity (LOH), de­
scribed as loss of the wild-type TP53 allele and presence of the R337H 
TP53 mutation in the tumor genome, was studied in eight cases as 
described (15).

Results
SF-1 FISH analysis

FISH analysis using the SF-1-specific probe showed in- 
jased copy number in eight of the nine specimens, whereas 
e specimen failed to exhibit copy number gain (majority of 
lls showing two copies of the gene). Of the eight patients 
ith increased copy number of the SF-1 gene, six showed 
ur or more copies of the gene in at least 30% of the cells and 
erefore were considered to have SF-1 amplification by 
SH. There was an excellent correlation between die CGH 
dings from our earlier study (3) and the FISH analysis: all 
ght patients with an increased copy number of the SF-1 
;ne by FISH had a gain of 9q (or a portion of it) by CGH, 
hereas the patient with two copies of SF-1 by FISH did not 
tow 9q gain by CGH. In addition, five of the six patients 
ith four or more copies of the SF-1 gene {i.e. SF-1 ampli­
cation as detected by FISH) were previously found to have 
it amplification of die 9q34 chromosomal segment by CGH. 
mplification of the gene was detected both in the adenomas 
wo of three cases) and the carcinomas (three of six cases); 
was also detected in cases presenting with virilization only 
[our of five cases) or both virilization and Cushing's syn- 
rome (one of four cases). Of note, we did not observe copy 
lumber gain in the normal areas of the tissue sections. Table

i’igueiredo et al. • SF-1 Amplification in Childhood ACT

1 summarizes the FISH and CGH data. Examples of SF-1 
FISH studies are shown in Fig. 1 (Fig. 1A shows a case with 
increased copy number of the SF-1 gene, and Fig. IB shows 
case 5 with mostly two copies of the gene).

TP53 mutation and LOH analyses

The germline R337H mutation was detected in seven of the 
nine patients, and the corresponding tumors showed LOH at 
the TP53 locus, similar to our findings in an earlier study (15). 
In one patient (patient 9), only tumor DNA was available, 
which also revealed the presence of the R337H mutation. No 
DNA was available from normal tissues from this patient, 
and we were therefore unable to determine whether the 
mutation was present in the germline, nor could we confirm 
LOH at the TP53 locus in the tumor. Patient 4, a 23-month-old 
boy with virilization and Cushing's syndrome, did not har­
bor the germline R337H TP53 mutation as was found in the 
other patients. However, we cannot rule out the possibility 
of a different genetic variant in the TP53 gene.

Discussion

Studies of ACTs in both adults and children have shown 
that these tumors are associated with a large variety of chro­
mosomal alterations, high-level amplifications, and losses 
and gains of DNA material from different chromosomal re­
gions (18-21). However, despite this genetic heterogeneity, 
these studies have also shown that certain regions of the 
genome show consistent alterations. 9q34 is among the re­
gions that have been shown to be gained/amplified in both 
childhood and adult ACTs, thus justifying further investi­
gation (3-5). The orphan nuclear receptor SF-1, which plays 
a key role in endocrine function/ maps to 9q33.3. This region 
is in very close proximity to the common 9q34 amplicon in 
ACTs. The multiple studies that have described this ampli­
con, including ours (3-5), have all used conventional chro­
mosomal CGH. However, because of the lower resolution of 
conventional chromosomal CGH, this method is incapable of 
accurately delineating the exact boundaries of amplicons; 
hence, it is very possible that the previously described 9q34

J  Clin Endocrinol Metab, February 2005, 90 (2 ):615-619  617

Representative image of SF-1  FISH evalua- 
mor sample (patient 6) showing mostly am- 
B, Tumor sample with two copies of the gene
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ampiicon may include the 9q33.3 region and thus the SF-1 
gene (22).

In the present study, we investigated the possible gain/ 
amplification of the SF-1 gene in childhood ACTs. We used 
FISH to detect copy number changes of the gene in a cohort 
of nine tumors that we had previously evaluated using CGH. 
These cases included six carcinomas and three adenomas. 
CGH showed chromosomal aberrations in all nine cases. But 
despite the high number of alterations, we observed a re­
current pattern; the most striking finding was a consistent 
copy number gain of chromosomal region 9q34 in eight of the 
nine tumors (3). A similar finding of 9q34 gain was inde­
pendently observed in other studies of both childhood (4) 
and adult ACTs (5). For instance, James et ah (4) reported a 
gain of 9q34 in 10 of 11 childhood tumors (nine adenomas 
and two carcinomas), and Dohna et al. (5) observed a gain 
involving the 9q34 region in 12 of 25 samples (eight adeno­
mas, 14 carcinomas, one metastatic lymph node, and two cell 
lines). Our FISH analysis was in full agreement with our 
prior CGH findings. Specifically, all eight patients who 
showed copy number gain of 9q or a portion of it including 
9q34 showed increased copy number of the SF-1 gene by 
FISH. The only subject that showed no gain of that region by 
CGH (patient 5) showed no gain of the SF-1 gene by FISH 
(Table 1). Our study does not address the question regarding 
which portion of the SF-1 gene is duplicated. However, we 
are in the process of collecting fresh frozen ACT tissues to 
investigate this point in a future study.

Unraveling the complexity behind 9q34 amplification may 
provide a role that the expression of an amplified gene could 
play in the pathogenesis of ACTs. We originally hypothe­
sized that the 9q34 amplification detected in our study (3) 
could indicate the site of an oncogene(s) involved in ACT 
formation, and thus we proposed that amplification of 9q34 
could involve aberrant transcripts of the ABL1 oncogene; this 
possibility was ruled out using Southern blot analysis (data 
not shown). However the SF-1 gene may not be the only 
amplified gene in the 9q34 ampiicon. Other genes mapped to 
9q34 that may play a role in ACT tumorigenesis include the 
VAV2 oncogene (23); the TGF/3 receptor-1 gene, which is an 
activin A receptor type II-like kinase (24); the TNF receptor- 
associated factor-2 gene (25); the oncogene 24p3 or lipocaiin 
2 gene (26); and the retinoid X receptor-a.

One consequence of the SF-1 gene amplification, particu­
larly if it is associated with high expression of the SF-1 pro­
tein, could be an increased steroid hydroxylase activity and 
steroid production. A recent review of 254 children enrolled 
in the International Pediatric Adrenocortical Tumor Registry 
(27) showed that signs of virilization were found in 84.2% of 
patients, consistent with those of other reports from other 
continents (27-31). Virilization was observed either alone or 
accompanied by clinical manifestations of the overproduc­
tion of other adrenocortical hormones, including glucocor­
ticoids, androgens, aldosterone, or estrogens. In our study, 
all patients presented with virilization, and four of the nine 
had an associated increase in cortisol levels and Cushing's 
syndrome.

The pivotal role of the SF-1 gene in controlling the devel­
opment of the adrenal cortex is well known from studies of 
the phenotype of SF-1 null mice (10) and human subjects

618 J  Clin Endocrinol Metab, February 2005, 90(2):615—619

harboring heterozygote SF-1 mutations (32). A direct role of 
SF-1 in controlling adrenal cell growth is suggested by recent 
data showing that liver receptor homolog-1, an orphan nuclear 
hormone receptor closely related to SF-1, is involved in cell 
cycle control in the intestine through regulation of G1 cyclin 
genes (33). In the adrenal cortex, the R337H p53 mutant 
protein may exert a tissue-specific effect inducing genomic 
instability in the adrenal cortex. In this context, cells harbor­
ing amplification of the SF-1 gene may acquire selective 
growth advantage, thus escaping from normal mechanisms 
of growth control. This, together with the accumulation of 
other genetic lesions, may lead to tumor formation. In the 
present study, the germline R337H TP53 mutation and the 
somatic loss of the wild-type TP53 allele were found in seven 
of the nine patients studied. The most striking association 
between germline TP53 mutations and cancer is found in 
cases of childhood ACTs (14). We believe that the germline 
R337H TP53 mutation combined with LOH (15) under cer­
tain conditions of pH and temperature (34) may occur during 
the development of the adrenal cortex and thus generate 
ACTs. Of the eight tumors with SF-l-increased copy number 
by FISH, six had the germline R337H TP53 mutation and 
somatic loss at the TP53 locus (wild-type allele) in the tumor, 
and one (patient 9) had the R337H TP53 mutation in the 
tumor (this subject was not tested for germline mutation). 
The only subject with normal copy number of the SF-1 gene 
also showed the TP53 germline mutation and LOH. Chro­
mosomal instability caused by TP53 dysfunction is well doc­
umented; in addition, the loss of the wild-type TP53 was 
shown to predispose to gene amplification and altered cell 
cycle arrest (35). We believe that the germline R337H TP53 
mutation and the somatic loss of the wild-type allele can 
contribute to genomic alterations and increased SF-1 copy 
numbers. Further studies are needed to clarify whether the 
TP53 mutation and 9q34 amplification, including SF-1 am­
plification, are part of a cascade of events leading to ACT 
oncogenesis, similar to what was reported in other tumors, 
such as in the multistep progression of colorectal cancer (36).

This is the first study showing an association between an 
increased copy number of the SF-1 gene and ACTs. The 
significance of this observation needs to be further investi­
gated using a larger cohort of both pediatric and adult sub­
jects. Because this gene is detected at the earliest stages of 
development of the urogenital ridge in which both the go­
nads and the adrenal cortex are derived and because this 
expression is maintained throughout development up until 
adult life (8), further studies examining the mechanisms and 
consequences of the amplification of this gene in ACTs are 
critical to a better unders tanding of the onset and progression 
of this disease.
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Context: SF-1 (steroidogenic factor 1; NR5A1) encodes a transcription factor which 

plays a pivotal role in the regulation of adrenogenital development. We have recently 

shown that the SF-1 gene is amplified in childhood adrenocortical tumors (ACT).

Objective: This study was aimed to assess whether an SF-1 gene copy number 

increase translates into increased protein levels and to study the correlation between 

SF-1 expression and clinical parameters in ACT patients.

Design: SF-1 protein levels were measured in ACT specimens of 10 children, 6 girls 

and 4 boys, aged from 11 months to 11 years old, and in 11 normal adrenals from 

age-matched subjects. SF-1 gene copy numbers were measured in all ACT samples 

by fluorescence in situ hybridization (FISH).

Results: Increased SF-1 gene copy number was detected in eight of the ten ACT 

cases. Conversely, the SF-1 protein was overexpressed in all cases, compared to 

normal adrenal cortex. 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 the disease.

Conclusion: SF-1 overexpression is a widespread finding in childhood ACT and is 

likely to play a role in its pathogenesis.
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Tumors of the adrenal cortex are rare in children, with the highest incidence localized 

in southern Brazil. Here adrenocortical tumors occur at a rate of 3.4 - 4.2 cases per 

million children under the age of 15, which is 12-18 times higher than worldwide 

estimates (1,2).

Ribeiro et al. (3) identified a TP53 R337H germline mutation that is consistently 

present in children from southern Brazil bearing adrenocortical tumors. This mutation 

is associated with loss of heterozygosity (LOH) at the TP53 locus, with elimination of 

the wild-type TP53 gene in the tumors. The TP53 R337H mutation is the main 

genetic alteration involved in the initial formation of ACT in these children (3). Among 

sporadic adult ACT, genetic alterations such as LOH of 11p, 13q and 7p, ACTH 

receptor gene mutations and 17q amplifications were identified (4). In childhood ACT, 

using comparative genomic hybridization (CGH), we have shown that the most 

consistent genetic abnormality is an 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 

related to tumor development are located in the 9q34 region, such as the ABL1 

oncogene, which was not found to be amplified 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 the same group of ACT samples we had evaluated by CGH (9).

SF-1 (also known as Ad4BP) encodes a member of the nuclear hormone receptor 

superfamily (NR5A1 according to the standard nomenclature), which plays a key role 

in the regulation of adrenal gland development and in the expression of steroidogenic 

enzymes (see 10 for a review).

The purpose of the present study was to ascertain whether an increased SF-1 copy 

number in pediatric ACT translates into an increase in SF-1 protein levels in the 

tumors. The study analyzed 10 childhood tumors from 6 girls and 4 boys, aged 

between 11 months and 11 years. All carried the TP53 R337H mutation, inherited 

from one of the parents, and had loss of heterozygosity (LOH) at the TP53 locus in 

the tumors.
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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 (feminizing syndrome) (1, 2). On the other hand, SF-1 is considered as a 

regulator of steroidogenic gene expression (10). For this reason, the correlation of 

SF-1 protein levels and hormonal production by the tumors was also analyzed.

Patients and Methods

Subjects

The study included 10 children with ACT (6 boys and 4 girls), of age ranging 

from 11 months to 11 years. Histologically, three tumors were classified as 

adenomas and seven as carcinomas. Eleven normal adrenal glands resected from 

age-matched children undergoing surgery for Wilms’ tumor were used as controls. All 

patients and control subjects were included in the study after one of the parents or 

legal representatives signed an informed consent form approved by the Ethics 

Committee of the Hospital de Clínicas of the Federal University of Paraná.

Seven patients presented with virilization and three with virilization and Cushing's 

syndrome. Of the ten patients analyzed in this study, four died of disease 

progression, while six remain alive (Table 1). All patients included in this study 

carried the germ-line TP53 R337H mutation previously described (3) and had TP53 

LOH in the tumor (3; 11).

Fluorescence in situ hybridization (FISH)
To evaluate copy number changes of the SF-1 gene in ACT, we employed 

fluorescence in situ hybridization (FISH) using a probe for the SF-1 gene, as we have 

previously reported (9). In brief, the FISH probe consisted of a bacterial artificial 

chromosome (BAG) clone containing sequences of the SF-1 gene: RP11-91G7 

(BACPAC Resources, Oakland, CA). BAC clone DNA preparation, labeling and FISH 

conditions were all described in detail earlier (9). Considering artifact and loss of 

genomic contents in partially cut nuclei, FISH signals in 50 cells for each specimen 

were counted. The presence of 2 FISH signals per cell in at least 50% of the nuclei
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was considered as normal diploid. 3 fluorescence signals in at least 30% of the nuclei 

with detectable signals was considered as increased copy number/gain. Amplification 

was scored in those cases where 30% or more of the cells showed 4 or more copies 

of the SF-1 gene.

Immunoblot

10 ACT and 11 normal adrenal cortex samples were homogenized in Laemmli 

buffer (50 mM Tris-HCI, pH 6.8, 50% glycerol, 2% SDS, 0.02% bromophenol blue) 

containing 5% (5-mercaptoethanol. 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 (a kind gift of K. 

Morohashi) and mouse monoclonal anti lamin (clone 14; Upstate, Lake Placid, NY). 

For each sample, band intensities were quantified by the ImageJ software and SF-1 

signals normalized by the respective lamin A/C signals. The Mann-Whitney U test 

was used to assess differences between groups. A p level <0.05 was considered as 

significant.

Results
SF-1 gene copy numbers in ACT

Of the ten pediatric adrenocortical tumors 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 display 

gene amplification, showing 4 or more copies of the gene in 30% or more of the 

analyzed cells (Table 1).

SF-1 protein is overexpressed in childhood ACT

SF-1 protein expression was analyzed by immunoblot in the same tumors 

studied by FISH (Figure 1). SF-1 is significantly overexpressed in all adrenocortical 

tumors analyzed, compared to normal adrenal cortex (mean±SEM 6.24±1.27 A.U. vs.

1.35±0.64 A.U., p<0.001). The levels of SF-1 protein expression were not correlated
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with SF-1 gene copy status, nor with the clinical, pathological and biochemical 

parameters studied (Table 1).

Discussion

Childhood adrenocortical tumors are believed to derive 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 size (14) and a blunted compensatory adrenal growth following unilateral 

adrenalectomy (15). In humans, different heterozygote SF-1 mutations may cause 

various degrees of adrenal and/or gonadal insufficiency (see 16 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 ten, with 6 cases presenting gene 

amplification (4 or more gene copies detected in over 30% of the tumor cells). This 

data confirm and extend our previous findings (9). On the other hand, SF-1 protein 

was found to be overexpressed in all tumors, compared to normal adrenal cortex. No 

significant correlation existed between SF-1 protein levels and SF-1 gene copy status 

in ACT, nor with any of the clinical parameters examined. Likewise, no difference in 

the extent of SF-1 gene copy or increased protein levels existed between adenomas 

and carcinomas (Table 1). This data suggest that the increased SF-1 protein 

expression observed in our ACT cases is not exclusively regulated by gene dosage 

and that additionally to gene amplification, epigenetic mechanisms are likely to be 

involved in this process.

In consideration of the fundamental role of SF-1 in normal adrenal 

development, it is tempting to speculate that its overexpression may represent an 

important mechanism of tumor genesis and progression in pediatric ACT. Under this 

perspective, it is remarkable that SF-1 represents the target of MAPK and, possibly, 

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 

tumorigenesis.
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Table 1. Clinical and molecular data of ACT patients.

ID
Age

(months)
Gender Clinical

manifestation
Histology Clinical

stage
Tumor
volume
(cm3)

Outcome
Cortisol

(Mg/dL)

DHEA-S
(times
above

normal)

Virilization 
signs 

P(1"5)/ 
Acne

SF-1
Copy

number

1 139 F V Ad l 90 A 19,6 9 5/yes Amplified1

2 43 F V Ad l 21 A 10,8 17 4/yes Normal

3 11 F c Ad l 24 A 10,9 14 3/no Increased2

4 52 F V Ca II 1800 D 25,4 >3 3/yes Amplified1

5 110 M v+c Ca II 968 D 51,5 10 5/no Amplified1

6 21 M c Ca l 61 A 10,1 2 3/yes Amplified1

7 25 M v+c Ca l 108 A 23,5 ND 3/yes Amplified1

8 39 F V Ca III 1450 D 13,5 ND 3/yes Amplified1

9 72 M V Ca III 196 D 23,9 ND 1/no Increased2

10 130 F v+c Ca II 924 A 21,5 2 3/yes Normal

Clinical manifestations were virilization (V) and/or Cushing’s syndrome (C). Outcome: alive (A) or deceased (D). Among the virilization signs 
examined were the degree of pubic hair growth according to Tanner stages (P1 to P5) (19, 20) and the presence of facial acne, ’ indicates that 4 or 
more copies of the SF-1 gene were detected in over 30% of the cells by FISH, indicates that 3 copies of the SF-1 gene were de
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Figure legends

1. A Immunoblot showing SF-1 (top) and lamin (bottom) expression in 10 ACT 
(ACT1 to 10) and 11 normal adrenal (N1-N11) samples. B Quantification of 
the SF-1 signal, corrected by the value of the lamin signal, in normal adrenal 
vs. ACT samples. Data is expressed in arbitrary units (A.U.). One arbitrary 
unit is defined as [(value of SF-1 signal/value of lamin A/C signal)x10]. The 
mean value of each population is indicated with a horizontal bar. The Mann- 
Whitney U test was used to assess the presence of a statistically significant 
difference between the two groups (p<0.001).
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Figure 1
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ABSTRACT:

This study seeks to evaluate the role played by DAX-1 in childhood adrenocortical 

tumors (ACT), verify whether there is a correlation between the levels of DAX-1 

transcripts and protein expression with the histopathology (adenoma or 

carcinoma), and with clinical or hormonal characteristics as well. It is believed 

that the main responsible for the high ACT incidence in southern Brazil is the p53 

R337H mutation in germinative lineage (substitution of guanine by adenine), and 

it has been previously identified that only one of the patients subject of this study 

did not have this mutation. Altogether, 14 children (3 adenomas and 11 

carcinomas), 10 girls and 4 boys ranging from 9 months to 12 years and 6 months 

were diagnosed. Furthermore, normal adrenocortical samples discarded from 

surgeries in children with Wilms tumor were examined. The protein 

concentrations were analyzed by Western blot and the DAX-1 transcripts were 

identified with GeneChip® U133A 2.0 (Affymetrix GCOS® software). A high 

concentration of transcripts and an increase in DAX-1 expression were found in 

most of the ACT cases researched. The increase in transcripts was greater than the 

one of protein expression in almost all samples, being superior in adenomas, 

followed by carcinomas and normal adrenal cortex. No correlation was found 

between the DHEA-S, testosterone or cortisol levels, virilization degree, and the 

DAX-1 transcripts or protein expressions. Such data suggests that the high DAX-1 

level may be part of a regulating mechanism acting against the synthesis of 

steroids activated by SF-1, or inhibiting tumor suppression factors such as inhibin 

a-subunit.

INTRODUCTION:

Adrenocortical tumors (ACT) are rare in children (PARKIN et al, 1998). 

Estimates based on mortality analysis from the metropolitan area of Curitiba,
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Paraná State, Brazil (Pianovski et al, submitted), lead us to believe that the 

incidence of ACT cases in children under 15 is at least twice as high as previously 

reported by Sandrini and associates (1997), whose estimates are based upon 

hospital records. They have found an incidence of 3,4 million children until 15 

years old. It is believed that the main factor causing the high number of cases in 

southern Brazil is the p53 R337H mutation (substitution of guanine by adenine), 

which to date is believed to be inherited from one of the parents, and found in 

approximately 95 of the ACT cases (RIBEIRO et al, 2001). In other countries, 

reports of childhood ACT, mainly in the first years of life, are generally of 

families with Li Fraumeni syndrome (LI & FRAUMENI, 1969, MALKIN et al, 

1990, SRIVASTAVA et al, 1990 VARLEY et al, 1997, BIRCH et al, 2001). It 

was discovered that the amplification of the 9q34 region (FIGUEIREDO et al,

1999) in children of this area is, at least partly, due to the amplification of the 

steroidogenic 1 factor (SF-1) (FIGUEIREDO et al, 2004), found at 9q33 

(TAKETO et al, 1995). Nevertheless, such abnormality was also found in ACT of 

European children (JAMES et al, 1999), in some adult ACTs (DOHNA et al,

2000), but not in other studies with adult patients (JAMES et al, 1999; 

KJELLMAN et al., 1996), suggesting this to be an age group characteristic. The 

fact that the amplification was found by comparative genomic hybridization in 

9q34, may be a result of technical resolution limitations, and represents the SF-1 

amplification found by FISH in 9q33. The development of SF-1 in ACT may be 

related to the production of androgens and/or glucocorticoids which lead to 

virilization and/or Cushing syndrome in over 90 of the childhood cases 

(RIBEIRO & FIGUEIREDO, 2004).

DAX-1 (NROB1) is an unusual member of nuclear hormonal receptor 

superfamily, and is codified by a gene located in Xp21 (ZANARIA et al, 1994). 

Alterations in the expression of this gene may cause phenotypic sexual reversion 

in XY individuals (BARDONI et al, 1994) and adrenal hypoplasia congenita
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(HAC) associated to hypogonadotropic hypogonadism. (HHG) (MUSCATELLI 

etal, 1994).

DAX-1 expression pattern is restricted to tissues directly related to the production 

of steroid hormones and/or reproductive function: adrenocortex, Leydig and 

Sertoli cells, teca and granulous cells, anterior pituitary gonadotropic cells and 

hypothalamic ventromedial nucleus. This pattern supersedes that of SF-1 

expression (IKEDA et al, 1996; TAMAI et al, 1996), suggesting different 

functions (IKEDA et al, 2001).

DAX-1 works as a negative regulator of SF 1-induced transactivation (LALLI et 

al, 2003; ITO M. et al, 1997). DAX-1 may repress the SF-1 transactivation by 

either binding to the gene promoter regulated by SF-1 (e.g. StAR) 

(ZAZOPOULOS et al, 1997), or by binding to the SF-1 molecule through one of 

the LXXLL motifs present in the N-terminal region of DAX-1 (SUZUKI et al, 

2003).

The presence of SF-1 functional binding loci Dax-1 promoting region (YU et al, 

1998) and the reduced Dax-1 expression in transgenic mice without SF-1 

(KAWABE et al, 1999; HOYLE et al, 2002) suggest a mechanism of negative 

feedback to control the SF-1 activity in steroidogenic and reproductive tissues 

(NACHTIGAL et al, 1998).

Thus, the objective of this work was to ascertain the DAX-1 expression in ACT, 

seeking to establish whether there is a relation between the clinical form 

presentation (virilizing or mixed) and other ACT characteristics.

Patient Selection and Methods

This study included 14 children, 10 boys and 4 girls, corresponding to 3 adenomas 

and 11 carcinomas, aging from 9 months to 12 years and 6 months when 

diagnosed. Patients were included in this study upon written authorization from 

one of the parents or legal representative, by means of a informed consent 

approved by the Ethics Committee of the Hospital de Clínicas of Paraná Federal
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University. Parents whose normal adrenal glands were ressecated during 

nephrectomy due to Wilms tumor also signed the term. Regarding the clinical 

form, 7 were virilizing (all adenomas and 4 carcinomas), and 7 carcinomas 

presented the mixed form (virilizing + Cushing). The 3 patients with adenomas 

survived, as well as 6 of the 11 patients with carcinoma (table 1). Tissue samples 

obtained during surgery were selected, except for areas of necrosis (observed only 

in carcinomas), but it was not possible to estimate the degree of metabolic viability 

in stages preceding necrosis.

Identification of R337H Tp53 mutation
Thirteen of the 14 patients presented the R337H Tp53 mutation in leukocytes, and 

loss of heterozygosis in ACT (data published by Ribeiro et all, 2001 and 

Figueiredo et all, submitted.)

Extraction and preparation of total RNA and analysis of micro-arrays 

utilizing oligonucleotides

Total RNA was extracted from 50 to lOOmg of each ACT or normal 

adrenocortical tissue of children, with the Qiagen RNeasy RNA Midi-Prep® 

(Valencia, CA) kit. Fine slices were obtained from the samples of ACTs and 

normal adrenocortex at 4 °C. Following, these cuts were placed in RLT buffer 

containing p-mercaptoetanol at 1:100 and then homogenized in a 3 cm syringe 

with 18 gauge needle. Total RNA was isolated using the protocol for animal tissue 

supplied by the kit’s manufacturer, and then the pellet was dissolved in 300pi of 

RNAase-free water. Total RNA was concentrated by means of ethanol 

precipitation.

The human genome GeneChip® U133A 2.0 was utilized to analyze the gene 

expression. Complementary RNA and the gene-chip analysis were performed by 

the Hartwell Center of Bio-informatic at the St. Jude Children’s Research
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Hospital, Memphis, TN, USA, in terms of the GeneChip® technical manual 

proposed for gene expression analysis and supplied by Affymetrix, Inc. (Santa 

Clara, CA).

Western-blot

Tumor and normal adrenal cortex samples were kept at -  85 °C until processing, 

and later analyzed in two assays. The 14 ACT and 3 normal samples of children 

affected by Wilms tumor who were submitted to nephrectomy and incidental 

adrenalectomy were prepared for Western blot at the Institut de Génétique et 

Biologie Moléculaire et Cellulaire in Illkirch, France, and at the Center of 

Molecular Genetics and Childhood Cancer Research ( CEGEMPAC).

The technique utilized was Westem-blot, with electrophoresis in polyacrilamide 

gel (PAGE) and sodium dodecil sulfate (SDS), followed by electrotransference to 

nitrocellulose membranes (NC), as per TOWBIN et al, 1979. The antibodies 

utilized were antibody 2F4, anti-DAX-1, mice monoclonal, directed against the 

peptide corresponding to residuals 135 to 166 of human DAX-1, and the 

monoclonal anti-LDH (Sigma) antibody, for controlling concentration of 

proteins/samples, gently ceded by Drs. Enzo Lalli and Paolo Sassone-Corsi, from 

the Institut de Génétique et Biologie Moléculaire et Cellulaire, Illkirch, France. 

After electrophoretic migration, the NC membrane was x-rayed and the 

corresponding image scanned and transferred to Biorad computer program, which 

quantifies the protein expression by optic densitometry, for each sample, in 

relation to DAX-1 andLDH.

Statistical Analysis.

Laboratory and clinical data (type of clinical presentation, hystologic type, 

staging and evolution) were compared to the average number of transcripts and to 

the protein expression of DAX-1, being that the Mann-Whitney test was used for 

independent samples and Student’s “t” test for continuous samples. Pearson’s
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correlation coefficient was employed to evaluate eventual correlations between the 

groups.

RESULTS

DAX-1 transcripts obtained by micro-array

GeneChip® U133A 2.0 identified up to 14.500 genes, including 18.400 transcripts 

and variants, employing 22.000 probe groups. The preliminary results were 

gathered with Affymetrix GCOS®. For functional genomic analysis the Spotfire® 

Decision Site software (Somerville, MA) was utilized in order to evaluate and 

record the gene’s primary expression..

The relative concentrations of DAX-1 transcripts were obtained from 14 ACTs 

(11 carcinomas and 3 adenomas) and 3 normal adrenal cortex from patients who 

underwent surgery to extract Wilms’ tumor, with probe groups with 11 

oligonucleotides. The signal intensity, representing the proportion of 

hybridization, and consequently the gene expression for each sample, was 

presented in figure 1 in arbitrary units. The adenomas had significantly greater 

transcript averages than the carcinomas. (p<0.05) (figure 1).
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DAX-1 microarray
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Figure 1. Relative concentration of DAX-1 transcripts in adenomas (Ad, dark 

bars), carcinomas (Ca, gray bars) and normal adrenal cortex (N, white bars).

Western blot

The DAX-1 e LDH protein blots were obtained from the 14 ACT (11 carcinomas 

and 3 adenomas) and 3 normal adrenocortex from patients who underwent 

surgeries to extract Wilms tumors. The intensities of the DAX-1 blots for each 

sample, as shown in figure 2, were estimated as optical densities, which were 

divided by the corresponding LDH protein optical density. The results of each 

DAX-1/LDH relation to every sample are presented in figure 2. Adenomas have 

been found to have a superior DAX-1 average expression to carcinomas (p< 0.05) 

(figure 1).

n
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DAX-1
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Figura 2. DAX-1 protein blots, visualized at 50 kDA, and LDH at 35 kDA. The 3 

adenoma (Ad), 11 carcinomas (Ca) 3 normal adrenal cortex (N) samples of 

children are shown in the upper part. The LDH blots reflect the quantity of protein 

used in each sample.



Table 1. Clinical, hystologic and laboratory charateristics compared to the transcript and DAX-1 protein levels

AGE

(months)

SEX CLINICAL HISTOLOGY 
FORM

EC/ Tumor size 
(cm3)

Current
Status

Cortisol

(pg/dL)

DHEA-S

(Times >  
normal)

Degree of DAX-1 
Virilization transcripts

P(l-5) / (arbitrary 
Acne units)

DAX/
LDH

(optical
density)

Protein

DAX-1

1 32 F V Adi 20 A 10,2 1 2-yes 2458 0,35 146
2 43 F V Ad2 21 A 10,8 17 4-yes 4448 1,18 492
3
Avg*± SD

139 F V Ad3 90
43

+32

A 19,6 9 5-yes 7948
4952

±2779

0,96
0,83

±0,43

400
346

±179
4 9 F v+c Cal II 527 A 43,3 29 3-yes 1765 0,24 100
5 20 F V Ca2 II 338 A 24,8 >3 3-no 1918 0,34 142
6 130 F v+c Ca3 II 924 A 21,5 2 3/yes 1567 0,59 246
7 59 F V Ca4 II 384 D 12,4 5 2-yes 816 0,43 179
8 25 M v+c Ca5 I 108 A 23,5 - 3-yes 1569 0,16 67
9 9 F v+c Ca6 II 450 A 32,2 44 3-yes 5102 0,67 280
10 18 F V Ca7 I 120 A 11 >3 2-yes 5350 0,67 279
11 110 M v+c Ca8 II 968 D 51,5 10 5-no 2871 0,53 221
12 21 M V Ca9 I 61 A 10,1 2 3-yes 3213 0,25 104
13 152 F Haldo +  C CalO IV 369 D 31,3 1 4-no 1702 0,58 242
14
Avg
+SD **
Global
Avg.+SD***
N1
Nib
N2
N3
Avg+SD****

50
63,8

53,56

M V+C C all II
424

±315

A 50,9 3-yes 1412 0,35 
2480 0,43 

±1510 ±0,18 
3010 0,52 

±2012 ±0,29  
793 0,26 
683 0,27 
759 0,18 
591

707±890,24±0,05

146
182
±75
217

±129

100



Patients presented virilization (Vir), Cushing syndrome (C) or hiperladosteronism (Haldo). A=Alive, D=deceased. Average obtained in adenomas 

(Ad) (*), carcinomas (Ca) (**), adenomas +  carcinomas (***) and normal adrenal cortex (****). The degree of pubic pilification (PI to P5) was 

based on Tanner’s puberal development scale [MARSHALL & TANNER, 1969 and 1970]. The proportion of tissue volume of tumors is around 

1.5 to 100 times greater than the cortex size of both normal glands, which range around 3,2 to 4,8 cm3 (RUBIN et al, 1996) The average serum 

concentrations of testosterone for adenomas and carcinomas were 92 +  111 ng/dL and 828 +1267 ng/dL, respectively, and for DHEA-S we had 

5237 ±  4646 and 6093 +  9638 (average +  SD). Nevertheless, the individual values (not shown) do not correlate with the respective transcritp and 

DAX-1 protein values in each tissue sample.
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There was significant correlation (r=0,69) among all transcript concentrations and the 

respective protein proportions (figure 1). When compared in terms of hystologic 

groups (adenoma or carcinoma), it has been observed that the correlation decreases, 

but to a significant value (r=0,59 for adenoma and r=0,54 for carcinoma) (figure 1). 

DISCUSSION

Using two different methodologies, the present study shows the agreement between 

elevated concentrations of messenger RNA and the increase of DAX-1 protein 

expression in most of the ACT cases researched. The increased levels found through 

micro-array were greater than the increase in protein expression in almost all samples, 

being higher in adenomas, followed by carcinomas, in relation to the normal adrenal 

cortex. A better state of preservation of adenomas, generally smaller masses, without 

macro and microscopic necrosis focus (VAN SLOOTEN et al, 1985, LUMACHI et al,

2001) may contribute for this difference. Childhood adenomas are generally associated 

to a virilizing clinical manifestation, with variable androgen hyper production. The 

degree of virilization arising from the concentration and duration of exposure to 

androgens, has been documented through standards for pubic hair, penis or clitoris 

size, presence of acne, voice tone and frequency, and muscular hypertrophy. This 

study has not found a correlation between serum DHEA-S or testosterone 

concentrations before the surgery, pilification, acne, and the expression of transcripts 

or DAX-1 protein. The high level of DAX-1 may be part of a regulating mechanism 

against the synthesis of steroids activated by SF-1, whose gene is amplified 

(FIGUEIREDO et al, 2004), and the protein expression increased, in childhood ACTs. 

[PIANOVSKI et al, submitted]. DAX-1 plays an important role in the formation and 

differentiation processes of adrenal cortex during the embryonal period, but it also 

inhibits the SF-1 transcription (BEUSCHLEIN et al, 2002, Val et al, 2003) and the 

enzymes that synthesize androgens and cortisone produced by the adrenal gland. 

[IKEDA et al, 1994; PARKER & SCHIMMER, 1997; LALLI et al, 1998]. Even 

though testosterone is capable of inhibiting DAX-1 expression in mice 

[MOROHASHI et al, 2000], the androgens and/or cortisol seem not to inhibit the 

DAX-1 expression in childhood ACTs researched by this study. The steroid
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concentration found in the blood of ACT patients stemmed from masses 

approximately 1,5 to 50 heavier than the normal mass of two adrenal cortex. (ORTH et 

al, 1992; MESIANO et al, 1997). It has been noticed that an approximate estimate of 

the 3 main cortex (DHEA-S, testosterone and cortisol) per cm of tissue, in most of 

the ACT cases, revealed lower figures, similar to or above the ones found at the 

normal cortex. We should also consider that this attempt to estimate steroid production 

per cm of adrenal cortex tissue is fallible, in that it does not consider necrosis areas 

generally found in carcinomas. On the other hand, DAX-1 transcritps (measured in 

samples without macroscopic necrosis) were increased in almost all ACT cases, 

suggesting that in at least some of them the inhibition mediated by DAX-1 supersedes 

the activation of steroid synthesis mediated by other factors. SF-1 is the orphan nuclear 

receptor that stimulates the transcription of steroidogenic enzymes, among which 

StAR, cytochrome P450 steroids hydroxylases and 3p-hydroxysteroid dehydrogenase 

(PETER & DUBUIS, 2000). Besides SF-1, ACTH (BABU,2002), p53 (CHERIAN- 

SHAW, 2004) and LRH-1 (FAYARD, 2004) stimulate the steroid synthesis in adrenal 

cortex or ACT. Among adults, most ACT cases are non-functioning, or appear with 

Cushing syndrome (LATRONICO, 1997). Among children, especially younger ones, 

tumors produce predominantly androgens, followed by glucocorticoids and/or 

mineralocorticoids (RIBEIRO & FIGUEIREDO, 2004). In this study, Cushing’s 

syndrome was observed only in carcinomas, thus corroborating previous studies which 

related this condition to a worse prognostic [GONZALES et al 1990, 

MICHALKIEWICZ et al, 2004]. GIORDANO et al. [2003] found higher proportions 

of DAX-1 transcripts in adenomas and a few carcinomas (personal communication) of 

adult patients with ACT, bearing no relation with clinical presentation or hormonal 

production (the majority with Cushing syndrome and/or hyperaldosteronism). By the 

methods of Northern and Western blot, REINCKE et all (1998) analyzed ACT cases in 

27 adult patients and have shown that the DAX-1 expression is lower or absent in 

adrenal tumors producing aldosterone, but higher in non-functioning adrenal 

adenomas, suggesting an inverse correlation between the DAX-1 expression and the 

production of steroid hormone. Nevertheless, SHIBATA, H. et al, 2001, described a
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low DAX-1 expression in cortisone-producing adenomas, and a high one in 2 cases of 

adenomas producing deoxycorticosterone with veiy low CYP17 expression, which 

are clinically evident as a syndrome of mineralocorticoid overproduction.

Inhibin a-subunit is one of the DAX-1 negatively controlled genes. Achermann et al, 

(2001) showed that the synergy between SF-1 and AMPc in the promoter of inhibin a- 

subunit is inhibited by DAX-1. This link seems to be important to explain the eventual 

participation of DAX-1 and inhibin in the carcinogenesis process at gonads and 

adrenal cortex levels. There are strong evidences that a-inhibin plays a role as tumor 

suppressor in these tissues, as indicated by cases of ACT in mice without inhibin a- 

subunits, previously submitted to gonadectomy. (MATZUK et al, 1992; MATZUK et 

al,1994). Still corroborating the hypothesis of participation of a-inhibin in childhood 

ACT, Longui et all (2004), have found 8 out of 9 children in southern Brazil with loss 

of heterozygosis to a-subunit, suggesting that besides the p53 R337H mutant allele, 

found in 13/14 of the tumors researched in this study, there may also be a concurring 

decrease or loss of a-inhibin function. It is interesting to observe the agreement of 

predominance between the DAX-1 transcript levels in virilizing adenomas in this 

study, and the greater messenger RNA for inhibin a-subunits in ACT cases of adults 

producing androgens, than in those with elevated aldosterone and serum cortisone 

concentrations (Arola et al., 2000). This greater relation between the expression of 

inhibins and sexual hormones may also be illustrated by a greater concentration of 

inhibins in gonads than in adrenals, even though they are higher in adrenal venous 

blood than in systemic circulation, pointing out that inhibins produced in adrenals may 

play an important role in adrenal cortex (Nishi et al., 1995). Recently, Abd-Elaziz et 

al, (2003), analyzed DAX-1 values as a prognostic factor in ovarian carcinomas and 

found a positive correlation between immunoreaction for DAX-1 and lower survival 

rates among patients. These findings form Achermann et al, (2001) and Abd-Elaziz et 

al, (2003) suggest that DAX-1 could facilitate the origin of ovarian tumors, and 

probably ACTs, by blocking tumor-suppressing activity of inhibin a-subunit. Besides 

the inhibition at transcription level, DAX-1 plays a role in post-transcriptional
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regulation, which is suggested by its nucleous-citoplasmic displacement, its binding 

activity to RNA and its association with polyrribossomes as part of an RNPm in 

steroidogenic cells. (LALLI, E. et al, 2000). CONDE et al, 2004, analyzed the DAX- 

1 expression in breast cancer and found statistically significant differences when 

comparing benign breast disease and infiltrative lobular carcinoma (p=0,037, p<0,05). 

DAX-1 is considered to be a repressing co-factor for SF-1 transcription 

(CRAWFORD, 1998). Yet, Burris et al, 1995, suggest that SF-1 may regulate or 

modulate the DAX-1 expression by binding to DNA elements found in the DAX-1 

promoting region, so SF-1 is positioned above DAX-1 in the regulating cascat of 

various steroidogenic and/or other components of the hypothalamic-pituitary-adrenal- 

gonadal axis.

In this study, the correlation between the transcripts expression and the concentration 

of DAX-1 protein, both above normal levels in almost all ACTs, indicates that DAX-1 

plays a major role in the physiopathogeny or as a simple phenotypic characteristic of 

childhood ACT. DAX-1 might have a role in the partial inhibition of steroid synthesis 

and/or facilitating the formation of tumors by blocking inhibin a-subunit
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HOSPITAL DE CLINICAS
UNIVERSIDADE FEDERAL DO PARAHÁ

Curitiba, 27 de março de 2.003.

limo (a) Sr. (a)
Dra. Mara Albonei Dudeque Pianovski
Nesta

Prezado(a) Senhor(a):

Comunicamos que o Projeto de Pesquisa intitulado “FATORES 
PROGNÓSTICOS NO CARCINOMA DE SUPRA-RENAL DA CRIANÇA", foi 
analisado e aprovado pelo Comitê de Ética em Pesquisa em Seres Humanos, em 
reunião realizada no dia 25 de março de 2.003, o referido projeto atende aos 
aspectos das Resoluções CNS 196/96, 251/97 e 292/99, sobre Diretrizes e Normas 
Regulamentadoras de Pesquisa Envolvendo Seres Humanos.
Protocolo CEP-HC N° 612.031/2003-03

Conforme a Resolução 196/96, solicitamos que a cada ano seja apresentado a 
este CEP um relatório sobre o andamento da pesquisa, bem como informações 
relativas às modificações do protocolo, cancelamento, encerramento e destino 
dos conhecimentos obtidos.

Atenciosamente,

( I D /, í> -  IVia.L. ÒDtfZO

yd Prof. Dr. Renato Tambara Filho
Coordenador do Comitê de Ética em Pesquisa 

em Seres Humanos do Hospital de Clinicas/ UFPR

2a via
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ANEXO 2 - Parecer do Comitê de Ética em Pesquisa em Seres Humanos do HC-UFPR (2)



205

J i i  HOSPITAL DE CLÍNICAS
^ ( P  UNIVERSIDADE FEDERAL DO PARANÁ

Curitiba, 02 de fevereiro de 2005.

limo (a) Sr. (a)
Dra. Mara Albonei Dudeque Pianovski
Nesta

Prezada Pesquisadora:

Comunicamos que o Projeto de Pesquisa intitulado
“COEFICIENTE DE MORTALIDADE POR TUMOR ADRENOCORTICAL ABAIXO DE 15 ANOS
n a  r e g i ã o  m e t r o p o l i t a n a  d e  c u r i t i b a ”, foi analisado e aprovado pelo Comitê 
de Ética em Pesquisa em Seres Humanos, em reunião realizada no dia 25 de 
janeiro de 2005. O referido projeto atende aos aspectos das Resoluções CNS 
196/96, e demais, sobre Diretrizes e Normas Regulamentadoras de Pesquisa 
Envolvendo Seres Humanos.
Protocolo CEP/HC 981.020/2005-01

Conforme a Resolução 196/96, solicitamos que sejam apresentados a este 
CEP, relatórios sobre o andamento da pesquisa, bem como informações 
relativas às modificações do protocolo, cancelamento, encerramento e 
destino dos conhecimentos obtidos.

Data para entrega do primeiro relatório: 02 de agosto de 2005.

Prof. Dr. Flávio de Queiroz Telles Filho
Vice Coordenador do Comitê de Ética em Pesquisa 
em Seres Humanos do Hospital de Clinicas/UFPR
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H O S P I T A L  E RAS T O G A E R T N E R  
I N S T I T U T O  OE B10 ENGENHARI A 
I N S T I T U T O  OE R E A B I L I T A Ç Ã O  
CENTRO DE PROJETOS DE ENSINO E PESQUISA 
R E D E  F E M I N I N A

Curitiba, 31 de maio de 2005

Dra. Mara Albonei Dudeque Pianovski 
Pesquisadora Responsável

Prezada Sra.,

Gostaríamos de informar que o projeto de pesquisa intitulado como “Participação 
do SF-1 e DAx-1 na Fisiopatogenia dos Tumores da Supra Renal da Criança”, cujo 
número de protocolo é P.P. n° 1183, e tem como pesquisadora responsável V. Sa. foi 
avaliado pelo Comitê de Ética em Pesquisa e aprovado “ad referendum”.

Solicitamos que seja enviado um relatório semestral informando sobre o andamento 
do projeto e ao término do trabalho um relatório final, para darmos fechamento ao projeto. 
Cada alteração realizada no projeto deve ser comunicada imediatamente ao Comitê de Etica 
em Pesquisa.

Sem mais agradecemos a atenção e colocamo-nos a disposição para maiores 
esclarecimentos.

Atenciosamente,

Dra. Pada Andréa G. Pedruzzi -  Médica Especialista 
Dr. Ariovaldo Donizetti de Abreu -  Fisioterapeuta 
Regina Célia Anastácio da Silva -  Jornalista 
Vânia Mari Andrzejevski -  Farmacêutica Especialista 
Dr. Fausto Rohnelt Durante -  Médico Especialista 
Jose Carlos Wiederkehr -  Administrador 
Vanessa D. M. Arantes - Nutricionista 
Wanda Aparecida Silva -  Representante

Dra. Clarice Nana Yamanouchi -  Médica Especialista
Dr. Gyl Henrique Albrecht Ramos -  Médico Especialista e Mestre
Dr. Jordan Zanetti Silva -  Médico Especialista e Advogado
Enf® Andréa Melo Tratch -  Enfermeira Especialista
Enf® Ludana Puchalski Kalinke -  Enf® Especialista e Mestre
Dr. Joào Antonio Guerreiro -  Médico Especialista
lolanda Galvão -  Psicóloga

R u a  D r .  O v a n d e  do  A m a r a l ,  2 0 1  

C E P  8 1  5 2 0  0 6 0  J d .  d a s  A m é r i c a s  
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e ma i l :  f a l e c o m g e r a s l o g a e r t n e r . c o m . b r  

h t t p : / / w w w . e r a s t o g a e r t n e r . c o m . b r  

C u r i t i b a  PR B r a s i l

http://www.erastogaertner.com.br

