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Abstract: Adrenocortical cancer is a rare tumor and its prognosis is poor. Although numerous tumor-associated ge-
netic and signal transduction alterations have been described to date, its pathogenesis is still unclear. Hybridization-
based DNA microarray approaches may reveal significant gene expression alterations and may thus contribute to a
better understanding of tumorigenesis and may identify molecular markers applicable for the distinction of benign
and malignant lesions. Beside gene expression patterns, studies on microRNAs seem to be useful, as well. Novel
therapeutical targets might be established by these approaches. In this review, the authors attempt to summarize the
main findings of mMRNA and microRNA expression microarray studies performed to date in adrenocortical cancer in-
cluding a recent meta-analysis of gene expression data and present novel pathogenic pathways.
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Introduction

Adrenocortical cancer (ACC) is a rare tumor with
an incidence of 1-2/million/year [1]. Its progno-
sis is poor with a 5-year survival rate below 35%
[2]. Most cases (60 %) are associated with clini-
cally apparent hormone secretion (cortisol, an-
drogens, very rarely aldosterone). Surgical tu-
mor removal represents the most effective
treatment option. Various chemotherapeutical
protocols have been tested, but none of these
turned out to be optimal. The adrenolytic agent
mitotane is the only effective oral adjuvant
medication. Adrenocortical cancer is not particu-
larly sensitive to irradiation, but irradiation of
the tumor bed can be proposed in patients with
high risk of local recurrence [3].

Studies on ACC pathogenesis are important
from a clinical point of view as they might reveal
pathways including potential novel therapeutical
targets. Several novel agents are being tested in
various clinical trials that have been selected
based on recent molecular studies.

Several genetic and signal transduction altera-

tions have been already described in ACC, but
we are still far from a clear picture. Studies on
rare monogenic disorders predisposing affected
individuals to ACC are useful, as the pathome-
chanisms identified in these tumor syndromes
have also been found in sporadic ACC. These
tumor syndromes include the Li-Fraumeni syn-
drome, Beckwith-Wiedemann syndrome and
familial adenomatous polyposis coli (FAP),
whereas multiple endocrine neoplasia type 1
(MENZ1), Carney-complex and McCune-Albright
syndrome are mostly associated with benign
adrenocortical tumors [4].

Li-Fraumeni syndrome is caused by mutations
of the p53 tumor suppressor gene (TP53) and
includes leukemia, breast cancer, soft tissue
sarcoma and glioma beside ACC. The Beckwith-
Wiedemann syndrome is characterized by
Wilms’s tumor, rhabdomyosarcoma, hepato-
blastoma and adrenocortical tumors. Its patho-
genesis involves the overexpression of insulin
like growth factor 2 (IGF-2) mediated by dis-
turbed genomic imprinting. Adrenocortical can-
cer has been described in rare cases of FAP
that is characterized by the activation of the
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Wnt/B-catenin signal transduction pathway [4].

Somatic p53 mutations have been described
mainly in advanced, large ACC tissues, and
these therefore represent late events in ACC
pathogenesis. Overexpression of IGF-2 is one of
the most invariable findings in ACC [1]. Activa-
tion of the Wnt/B-catenin signal transduction
pathway is considered to be a definitive step in
the pathogenesis in adrenocortical cancer [4].

Beside these major mechanisms, several other
molecular alterations have been already de-
scribed in ACC, as reviewed elsewhere [1, 2, 4].
In this review article, the authors focus on re-
cent mRNA and microRNA profiling studies, in-
cluding their own bioinformatics meta-analysis
that have revealed several novel molecular al-
terations and pathways that seem to include
novel biomarkers and also potential therapeutic
targets.

Gene expression microarray studies in adreno-
cortical cancer

Gene expression microarray studies enable the
simultaneous analysis of all genes in a given
tissue. Several microarray studies have been
already performed in adrenocortical cancer tis-
sues that have resulted in major achievements
including the establishment of novel bio-
markers, tumor classification and novel patho-
genic pathways.

Most studies examined adult adrenocortical
tumors [5-13] and our review focuses on these.

The strongest signature identified is the malig-
nancy signature that includes overexpression of
IGF-2 in ACC [1, 14, 15]. Another major overex-
pressed gene is topoisomerase 2A (TOP2A).
Overexpressed IGF-2 together with the prolifera-
tion marker Ki-67 might be used to differentiate
benign and and malignant tumors [12]. Several
genes involved in cell cycle regulation including
cyclins, cyclin dependent kinases etc. have
been found to be overexpressed in ACC [15,
16].

de Fraipont et al. studied the gene expression
patterns of 33 benign and 24 malignant tumors
on custom microarrays [17]. They have identi-
fied two gene clusters, i.e. the steroidogenesis
and the IGF-2 clusters which proved to be suit-
able to separate the benign and malignant tu-
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mors. Malignant tumors have been character-
ized by overexpressed IGF-2 and underex-
pressed steroidogenesis cluster genes, whereas
in benign tumors IGF-2 cluster genes were rela-
tively underexpressed and steroidogenesis-
related genes were overexpressed. The under-
expression of genes involved in steroidogenesis
has been described in several studies [15].
Moreover, 14 genes characteristic for tumor
recurrence have also been identified in de Frai-
pont’s study. These included genes important in
immune regulatory processes (e.g. granzyme A,
integrin 32 and the interleukin 2 (IL2) receptor y
chain), which underlines the relevance of im-
mune processes in the pathogenesis of ACC
recurrence [17].

Among the other genes applicable for the differ-
entiation of benign and malignant tumors, the
underexpressed chromogranin-B (CgB) and tran-
scription factor Egrl should be listed [10]. Ve-
lazquez-Fernandez et al. [9] identified the sig-
nificantly overexpressed ubiquitin-related genes
USP4 and UFD1L in ACC, whereas the
chemokine gene (CXCL10), cadherin 2 and sev-
eral genes related to cell metabolism were
down-regulated. In the study of Fernandez-
Ranvier et al., the overexpression of the sero-
tonin receptor 2B (HTR2B) and underexpression
of cyclin B2 (CCNB2) and interleukin-13 recep-
tor (IL13RA2) genes have been validated [5].

In line with previous studies demonstrating acti-
vation of the Wnt/B-catenin signaling in ACC,
several targets of this pathway have been found
to be overexpressed in ACC [15].

Table 1 presents some important gene expres-
sion alterations identified in these studies.

In the studies by de Reyniés et al. [11] and
Giordano et al. [8], subclassification of ACC
based on gene expression patterns has been
established: a subgroup with favorable and poor
prognosis. Tumors in the poor prognosis group
exhibited more advanced disease, high degree
of mitoses [8] and an abundance of overex-
pressed cell cycle regulator genes [11]. Gene
expression markers of recurrence free survival
and overall survival have been identified in de
Reynies’ study. Expression of DLG7 (discs large
homologue 7 Drosophila) and the PINK1 (PTEN-
induced putative kinase 1) were the most suit-
able for recurrence free survival, whereas
BUB1B (bubbing uninhibited by benzimidasoles
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Table 1. Characteristics of some major gene expression alterations in selected microarray studies

Study Distribution of samples  Genes overexpressed in ACC

Genes underexpressed in ACC

Giordanoetal. 3 NA, 4 ACA, 11 ACC

IGF2, IGFBP3, TOP2A, CCNE1, ADH1, ADH2, TMOD, IGFBP5, IGFBPG,

[7] UBCH10, CDK1, SPP1, IL13RA, SDF1, CDKN1C, CYP11B1

HMGA1
de Fraipont et 33 ACA, 24 ACC

IGF2, TGFB2, FGFR1, FGFR4,
al. [17] MST1R, TGFBR1, KCNQ1,
KCNQ10T1, GAPD

StAR, CYP11A, HSD3B1, CYP11B1,
CYP21A2, CYP17, PP1A, S1008B,
GPC3, INHA, CREM, RB1, NM23H5,
TGFB3

Velazquez- 13 ACA, 7 ACC USP4, UFD1L, ABCG1, CXCL10, RARRES2,
Fernandez et al. IGF2, IGF2R, IGFBP3, IGFBP6,  ALDH1A1, CYBRD1, GSTA4, CDH2
[9] INPPL1, AQP3, H3F3B

Slater et al. [10] 10 NA, 10 ACA, 10 ACC  IGF2, CTSH, MCOLN3, FGFR1, @ ALDH1A1, HSD3B1, FGF11, CgB,

AKR1C1, FN1

West et al. [18] 7 NA, 5 ACA, 18 ACC
(Childhood tumors)

Fernandez-
Ranvier et al.
[5]

74 ACA, 11 ACC

IGF2, TRIP, DLL3, HOXB13,
CD22, CDK16, DUOX2,

CCNB2, IL13RA2, CDCA7,

EGR1, MGC5306, CYFIP2, PCP4,
QPCT, PALM, IL1R1

PAH, HLA-DRA, HLA-DRB1, HLA-
DPA1, APOE, PLAGL1, CYP11B1,
NR4A1, NR4A2

HTR2B, RARRES2, HSD3B2,
ALDH1A1, SLC16A9

Soon et al. [12] 6 NA, 16 ACA, 12 ACC IGF2, MAD2L1, CCNB1, CCNB2, ABLIM1, NAV3, SEPT4, RPRM,

ANLN, IGFBP3, TOP2A

Fernandez-
Ranvier et al.
[6]

43 ACA, 11 ACC

Giordano etal. 10 NA, 22 ACA, 33 ACC  IGF2, ANLN, CCNB2, CDC2,

[8] UBE2C, TOP2A, CDK1, IL13RA,
IGFBP3, FGFR1, XPO1
Prognostic markers: DLG7, PINK1, BUB1B

de Reyniés
etal. [11]

58 ACA, 34 ACC

CYP11B1, H19, APOE, HSD3B2,
ALDH1A1

Markers applicable for the establishment of malignancy:
SERPING1, MRPL48, TM7SF2, DDB1, NDUFS8, PRDX5

H19, AADAC, HSD3B2, CYP11B1,
KCNQ1, ADH1B, ALDH1A1,
CDKN1C, IGFBP5, SERPING1

NA: normal adrenal cortex, ACA: benign adrenocortical adenoma, ACC: adrenocortical cancer

1 homolog beta) and PINK 1 was found to be
the most adequate marker or overall survival. It
is interesting to note that all these genes en-
code proteins involved in cell cycle regulation
[11].

There has been only a single study examining
the transcriptome profile of childhood adreno-
cortical tumors [18]. Childhood ACC differs from
its adult counterpart in many respects [19]. It
has been hypothesized that childhood ACC origi-
nates from the abnormal presence or defective
apoptosis of fetal adrenocortical cells [19].
Whereas somatic mutations of TP53 (tumor
protein 53) tumor suppressor gene are charac-
teristic for advanced stages of adult ACC, germ-
line mutations of TP53 have been identified in a
considerable proportion of childhood ACC
cases. Increased dosage of SF-1 (steroidogenic
factor 1) and overexpressed IGF-2 are also char-
acteristic features of childhood ACC. In line with
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the latter observation, overexpressed IGF-2 has
been described in West's microarray study to-
gether with the underexpression of the gene
encoding the steroid biosynthetic enzyme
HSD3B2 (3 beta hydroxysteroid dehydrogenase
type 2) and its transcriptional regulators NR4A1
and NR4A2 [18]. It is interesting to note that
transcripts of major histocompatibility complex
(MHC) genes have been found to be underex-
pressed in childhood ACC relative to benign tu-
mors, again underlining the relevance of im-
mune regulation in adrenocortical tumorigene-
sis [18, 19].

There are several similarities in the gene ex-
pression patterns between the fetal adrenal
cortex and adrenocortical cancer. IGF-2 func-
tions as a growth factor of the fetal adrenal cor-
tex. The underexpression of HSD3B and the
AKR1B1 (aldo-keto reductase family 1/1B)
gene encoding an enzyme involved in steroid

Am J Cancer Res 2011;1(5):618-628
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hormone metabolism has been identified both
in the fetal adrenal cortex and ACC [20].

Meta-analysis of publicly available and our own
microarray data

Although there are several common observa-
tions, there are considerable differences in
MRNA expression established in published mi-
croarray data. We have therefore hypothesized
that by collecting, reclassifying and reanalyzing
available gene expression data followed by
pathway analyis, biologicaly relevant and previ-
ously unknown pathogenic pathways might be
identified. Pathway analysis is a novel bioinfor-
matical approach, which correlates user defined
gene expression alterations to a continuously
refreshed database that enables the network-
based interpretation of differentially expressed
genes.

We have recently analyzed the gene expression
data of four pangenomic microarray studies
[21]. We have reclassified and reanalyzed the
data of altogether 164 tumors (97 benign and
67 malignant) and 18 normal adrenal cortex
tissues. Beside these, we have also studied the
significant gene lists of studies, where raw gene
expression data have not been publicly avail-
able. We have attempted to establish correla-
tions between gene expression alterations and
chromosome aberrations by gene set enrich-
ment analysis (GSEA) and leading edge analysis
(LEA). Significant gene lists and chromosome
aberrations of altogether 269 benign, 215 ma-
lignant tumors and 30 normal tissues have
been analyzed in addition to the data retrieved
from the four pangenomic studies. Gene expres-
sion alterations correlating with chromosome
aberrations were subjected to Ingenuity Path-
way Analysis (IPA). As studies on gene expres-
sion and chromosome aberrations (comparative
genome hybridization, CGH) have been per-
formed on distinct sample sets, we have per-
formed a parallel gene expression microarray
and CGH study on 11 tumor samples for control-
ling our approach. We have managed to corre-
late 46 out of 101 chromosome aberrations
with significant gene expression alterations.
Despite the low sensitivity (45.54 %), a rather
high specificity (84.86 %) could be established.

Our preliminary analysis of biomarkers of malig-

nancy in the meta-analysis has revealed that
the combination of overexpressed anillin (ANLN)
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and underexpressed serotonin receptor 2B
(HTR2B) appeared to be the best predictor of
malignancy. Underexpressed HTR2B has al-
ready been described and validated by Fernan-
dez-Ranvier et al. [5], but the overexpression of
ANLN is a novel finding. The actin-binding anillin
is a protein involved in the regulation of cell
division and its overexpression has been docu-
mented in a wide range of human tumors [22].
Further studies will be required to assess the
applicability of these molecular markers.

Three major pathogenic pathways have been
established both in our meta-analysis and in our
own parallel mRNA expression-CGH study: i.
damage of cell cycle, ii. retinoid signal transduc-
tion including the lipopolysaccharide/Toll like
receptor 4 (TLR-4) pathway and iii. complement
and antigen presentation [21].

Damage of cell cycle

Damage of cell cycle has been described in
many tumors and in adrenocortical cancer, as
well. Gene expression changes affecting both
G1/S and G2/M transition have been de-
scribed. Overexpression of cyclin E and cyclin
dependent kinases (CDK2, CDK4) has been
documented. We managed to correlate several
gene expression alterations with chromosome
aberrations. It is interesting to note that the
protooncogene c-myc, whose overexpression is
a common finding in several tumors, was found
to be underexpressed in ACC and this could be
correlated with the loss of 8q24, where its gene
is harbored. By network topology modeling, un-
derexpressed c-myc turned out to be a major
(high-grade) node in the ACC gene expression
network, and we hypothesize that it represents
a major pathogenic event. Previous studies
seem to confirm our finding, as c-myc was found
to be underexpressed in ACC tissues by North-
ern-blotting [23]. Moreover, adrenocorticotropin
(ACTH) administration to fetal adrenocortical
cell cultures resulted in cellular differentiation
and this was preceded by c-myc overexpression
[24]. As described above, there are several simi-
larities between the gene expression profiles of
fetal adrenal cortex and ACC [20]. If overep-
ressed c-myc might induce differentiation, vice-
versa, c-myc underexpression might be associ-
ated with increased proliferation in ACC. The
adrenal cortex might therefore represent a
unique cellular context, where in contrast to the
majority of other tissues, c-myc underexpression

Am J Cancer Res 2011;1(5):618-628



MRNA and microRNA expression patterns in adrenocortical cancer

G1/S Checkpoint Regulation

DNA Damage

\ |
Go—D

Replicative

Ay'lescence
p‘\Sontact 1

inhibiti;

- \ ////
-
{ &%

Rb-dependent repression of
E2F-mediated transcription

Transcription of target genes:

Cyclin E/A
E2F/1/2/3
Cdc2
c-Myc

G2/M Checkpoint Regulation

Nucleola9 sequestration
and stabilization of p53

14-3-3 (B.£,9)

"‘Eeabfﬂf’"

Cytoplasmic sequestration
of Cdc2 and Cyclin B

Q . . . . Significant overexpression of gene in 1, 2, 3, 4 or 5 investigated microarray studies

C000
CXC A0

Significant underexpression of gene in 1, 2, 3 or 4 investigated microarray studies

Gene overexpression related to chromosome gain in 1, 2 or 3 studies

O Gene underexpression related to chromosome loss in 1 study

Figure 1. Results of pathway analysis (IPA) for the genes involved in cell cycle regulation. Adapted and reproduced
with permission from Szabé PM et al., Oncogene (Nature Publishing Group), 2010 [21].

is associated with tumor growth.

Beside the overexpression of TOP2A described
in many studies, we have noted the overexpres-
sion of exportin (XPO1). Exportin is involved in
the cytoplasmic translocation of TOP2A that is
implicated in the resistance of TOP2A to many
cytostatic drugs also used in ACC therapy. Over-
expression of exportin was established as a
poor prognostic marker in ovarian cancer corre-
lating with the cytoplasmic translocation of
TOP2A and resistance to chemotherapy [25].
Such a mechanism may be present in ACC, as
well, but further studies are needed for validat-
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ing this hypothesis. Figure 1 presents the altera-
tions of genes involved in cell cycle regulation
based on our meta-analysis.

Retinoic acid signaling

Retinoids are ligands of retinoic acid receptor
(RAR) and retinoid x receptor (RXR). RAR binds
all-trans retinoic acid and 9-cis retinoic acid,
whereas RXR only binds 9-cis-retinoic acid. Reti-
noids are involved in the pathogenesis of many
tumors and are used in the therapy of several
tumors [26]. 9-cis-retinoic acid treatment of the
human adrenocortical cancer cell line NCI-H25R

Am J Cancer Res 2011;1(5):618-628
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results in growth inhibition [27]. The healthy
human adrenal cortex produces considerable
amounts of retinoids, but the role of retinoids in
normal adrenal physiology is unclear [28].

Results of our meta-analysis show that both the
expression of receptors for retinoic acid and the
production of retinoic acid are reduced in malig-
nant adrenocortical tumours, thus both de-
creased biosynthesis and diminished action of
retinoids might be implicated in adrenocortical
tumorigenesis [21].

In our direct comparison of CGH and GSEA re-
sults, reduced expression of RXRB (RXR beta)
could be correlated with the loss of chromo-
some 621 [21].

Retinoic acid bound to RXR forms heterodimers
with other nuclear receptors. These include the
liver X receptors (LXR). LXR was shown to be
pivotal in the regulation of adrenocortical cho-
lesterol metabolism and steroid hormone pro-
duction [28]. We have noted underexpression of
LXRA (LXR A receptor) that could be associated
with the loss of 11q11. Peroxisome proliferator
activator receptor gamma (PPARG) is also ex-
pressed in the adrenal cortex and it may also
heterodimerize with RXR [29]. PPARG is in-
volved in the regulation of glucose and lipid ho-
meostasis and in the pathogenesis of several
tumors [30]. Treatment of the NCI-H295R
adrenocortical cancer cell line with PPARG ago-
nist thiazolonediones inhibited its growth and
promoted its differentiation in synergism with
retinoids [27].

We have observed the underexpression of sev-
eral genes involved in cholesterol and lipid me-
tabolism. Based on our meta-analysis, we have
raised the hypothesis that these gene expres-
sion changes are involved in the clinicopa-
thological observation that malignant adreno-
cortical tumors are relatively lipid-poor in com-
parison with their benign counterparts.

The family of Toll like receptors (TLR) is linked to
the interleukin 1 receptor (IL-AR) family and is
involved in the regulation of inflammation and
acute phase reaction. The activation of TLR4 by
lipopolysaccharides (LPS) modulates retinoic
acid signaling [31]. LPS directly stimulate corti-
sol secretion from NCI-H295R cells [32] and the
expression of IL-6 and IL-8 in the normal human
adrenal cortex [33]. We have noted the under-
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expression of TLR4 and the active IL-1R1 recep-
tor in our meta-analysis, whereas the expres-
sion of the decoy IL-1R2 inhibiting IL-1 signal
transduction was increased [21]. These gene
expression alterations show the relevance of
immune-neuroendocrine interactions and indi-
cate the decreased activity of TLR4/IL1R sys-
tem in adrenocortical tumors. Figure 2 displays
the gene expression alterations of retinoid sig-
naling identified in our meta-analysis.

Complement system and antigen presentation

The third major pathway established by our
meta-analysis was related to the complement
system and antigen presentation. We have
noted the underexpression of several members
of the complement systems that involve several
components of both classical and alternative
pathways (e.g. complement Clg, C1QA and
C1QB chains, H and D factors) [21].

Class Il molecules of the major histocompatibil-
ity complex (MHC) are expressed in the normal
human zona reticularis [34]. Malignant tumors
lack MHCII expression, and therefore the detec-
tion of MHCII molecules is considered as a
marker for benign adrenocortical lesions [35]. In
our experimental system, decreased MHCII ex-
pression could be correlated with the loss of
chromosome 6921 [21].

Unfortunately, the pathogenic relevance of
these observations is unclear, since there is
only very few experimental evidence in this field.

In conclusion, three major pathogenic pathways
have been established by our meta-analysis of
available gene expression and cytogenetic data
and our own experimental model on parallel
gene expression and CGH profiling. These path-
ways include previously unknown pathogenic
pathways and associated gene products might
be used as novel diagnostic markers and thera-
peutical targets.

It is interesting to note that gene expression
alterations established by previous studies as
major events in adrenocortical tumorigenesis
are not represented in these pathways. Al-
though the overexpression of IGF-2 is an invari-
able finding in all studies, including the studies
used in our meta-analysis, it is absent from the
three major pathways established in the meta-
analysis. This observation might be explained

Am J Cancer Res 2011;1(5):618-628



MRNA and microRNA expression patterns in adrenocortical cancer

LXR/RXR Activation
or_
[
59

cholesterol
HDL , ) ? cholesterol @
DL DL LDL % |@

Cytoplasm

cholesterol ester @'. rol

Nucleus

Lipoprotein Reverse
remodeling cholesterol transport

Lipogenesis Cholesterol efflux

O . Significant overexpression of gene in 1 or 2 investigated microarray studies

OO © © @ sionificant underexpression of gene in 1, 2, 3, 4 or 5 investigated microarray studies
O O O Gene overexpression related to chromosome gain in 1, 2 or 3 studies

O Gene underexpression related to chromosome loss in 1 study

Figure 2. Pathways with altered gene expression patterns involved in LXR/RXR signalling in ACCs. Adapted and
reproduced with permission from Szab6 PM et al., Oncogene (Nature Publishing Group), 2010 [21].

that the bioinformatical pathway analysis repre- tumorigenic pathways. Certainly, these path-
sents a network-based novel approach and the ways do not exclude the relevance of other ma-
established pathways might refer to “deeper” jor pathways.
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MicroRNAs in adrenocortical cancer

MicroRNAs (miR) are short non-coding RNA
molecules comprised of 20-24 nucleotides that
are involved in the regulation of basic cellular
processes (differentiation, proliferation, apop-
tosis). As the endogenous mediators of RNA
interference, they can specifically bind to the
non-translated 3’ regions (UTR: untranslated
region) of target mMRNA molecules inducing their
degradation or the inhibition of translation. Mi-
croRNAs have been shown to be involved in the
regulation of several homeostatic processes e.g.
development of adipocytes, regulation of insulin
secretion, immune functioning etc [36-38].

The altered expression of microRNAs have been
described in several diseases but most data are
related to their roles in tumorigenesis. Different
expression profiles of microRNAs can be ex-
ploited in the distinction of benign and malig-
nant tumors that could be of great relevance for
tumors where the histological diagnosis of ma-
lignancy is difficult [39]. Follicular tumors of the
thyroid and adrenocortical tumors also belong
to this category [1, 40]. Analysis of microRNA
expression patterns may even be advantageous
over mMRNA gene expression profiles
(transcriptomics), since there are much fewer
microRNAs (approximately 1000 in humans)
than mRNAs and therefore fewer and better
distinguished tumor classes might be estab-
lished [41].

The gene expression patterns of adrenocortical
tumors have been examined in four studies to
date (3 on adult and 1 on childhood tumors)
[13, 42-44].

In our study, samples from 10 normal adrenal
cortex, 10 hormonally inactive adenomas, 9
cortisol-producing adenomas and 7 cortisol-
producing malignant tumors have been studied
[13]. 22 significantly differentially expressed
microRNAs have been identified, and 6 of these
were validated by real time RT-PCR. Three miRs
(miR-503, miR-184 and miR-210) were overex-
pressed, whereas three others (miR-214, miR-
511 and miR-375) were underexpressed in ACC
relative to benign tumors and the normal cortex.
Overexpressed miRs can be regarded as onco-
genic, whereas underexpressed as tumor sup-
pressors [45]. Expression difference of miR-503
and miR-511 (delta cycle time ACT: dCTmiRs11—
dCTmiRses3) can be used for the differentiation
of benign and malignant tumors with 100 %
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sensitivity and 93 % specificity. Considering the
difficulties in the histological analysis of adreno-
cortical tumors, this marker of malignancy might
be of major practical relevance. By the bioinfor-
matical analysis of predicted miR target mRNAs,
damage of cell cycle G2-M checkpoint has been
identified as a major, miR-mediated pathogenic
pathway [13].

In a subsequent study, 17 adenoma and 22
carcinoma samples have been studied [42]. 23
significantly differentially expressed miRs have
been identified. Significant differences in ex-
pression have been validated by qRT-PCR for
miR-7, miR-195, miR-335 and miR-483-5p. miR
-195 and miR-335 have been significantly un-
derexpressed, whereas miR-483-5p has been
overexpressed in malignant tumors. The miR-7
was significantly underexpressed in ACC relative
to benigh adenomas and normal tissues. Under-
expression of miR-195 and overexpression of
miR-483-5p could be correlated with a worse
prognosis. In a most recent study on a larger
tumor set, the overexpression of miR-483-5p
has been confirmed, and the underexpression
of miR-100, miR-125b and miR-195 has been
validated. miR-483-5p seemed to have both a
high positive (100 %) and negative predictive
value (92%). It is interesting to note that the
gene for miR-483-5p has been mapped to in-
tron 2 of the IGF-2 gene and its overexpression
might be therefore related to IGF-2 overexpres-
sion [43].

In the study by Doghman et al. on childhood
adrenocortical tumors, 26 significantly differen-
tially expressed microRNAs have been identified
[44]. The significantly underexpressed miR-99a
and miR-100 share the same seed sequence
and are predicted to target components of insu-
lin like growth factor receptor 1 (IGFR1), mam-
malian target of rapamycin (mTor) and raptor
signaling. By blocking mTor signaling both in in
vitro and in vivo xenograft models, adrenocorti-
cal tumor growth could be inhibited that raises
the possibility that mTor inhibitors might be ef-
fective in ACC chemotherapy [44].

Concluding remarks

Studies on microarray and microRNA expression
profiling have revealed novel aspects of adreno-
cortical cancer pathogenesis. These observa-
tions have already paved the way for novel tu-
mor classifications and molecular markers of
malignancy. Since the options for drug therapy
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in ACC are rather limited, potential novel thera-
peutical targets established by these studies
may be relevant for future targeted ACC therapy

[46].

As there are still considerable differences

in the significant gene lists established by vari-
ous studies, approaches involving meta-analysis
of microarray data may be of great help for the
comprehensive interpretation of data.
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