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Amplification of 9q34 in childhood
adrenocortical tumors: a specific
feature unrelated to ethnic origin
or living conditions
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Abstract

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 immediate postnatal period seem to be
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 histopathological 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.
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Introduction

Childhood cancer is a very 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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cal 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
1B) 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 1B). CGH allows the detection of
genetic imbalances in solid tumors or any
desired test genome in a single experiment,
and the 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 1A), 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 ACT, 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, 11q 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 (5,6,13-
15). 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-abl (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 the 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), applying nontoxic 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 with
TRITC, the red fluorescence pat-
tern shown in Figure 1B). Chro-
mosome 9 indicated by arrow-
heads (confirmed by banding
analysis seen with DAPI), show-
ing intense signal at the far end
of the long arm in A, is not seen
in control (B). The fluorescence
ratio that is different from con-
trols is calculated by computer
imaging analysis using as refer-
ence the banding pattern de-
tected with DAPI counterstain-
ing.
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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 close temporal association with the
period of intense developmental 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
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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-

Definitive/Glomerulosa zone

T.Z. / Fasciculata zone

Reticular zone

The
most

critical
period

for ACT
formation

Fetal
zone

0 Birth 3 15 years

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.
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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 reevaluation 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 embryonic 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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