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Abstract

Background: Adrenocortical carcinoma (ACC) is a rare but highly malignant neoplasm with limited treatment
options.

Methods: In this study, the clinicopathological features of 22 ACCs and 22 adrenocortical adenomas (ACA) were
analyzed, and the EGFR protein expression, EGFR gene mutation status and EGFR gene copy number alteration of
all tumors were examined using immunohistochemistry, fluorescence in situ hybridization (FISH), and the Scorpion
Amplification Refractory Mutation System (ARMS), respectively.

Results: EGFR protein expression was detected in 63.6% of the ACC samples, and EGFR FISH was positive in 50% of
the ACC samples (all were high polysomy on chromosome 7). In contrast, 27.3% of the ACA samples demonstrated
EGFR expression, and none of the ACA samples tested positive by FISH. There were significant differences between

the ACC and ACA in terms of protein expression (P =0.035) and gene copy number alterations (P < 0.001).
Conclusions: EGFR protein expression and high polysomy on chromosome 7 are frequent abnormalities in ACC

than in ACA.
Virtual slides: The virtual slide(s) for this article can be found here: http://www.diagnosticpathology.diagnomx.eu/
vs/2068470757103500.
Keywords: Adrenal cortical neoplasm, Epidermal growth factor receptor, Fluorescence in situ hybridization,
Mutation
Background established to determine malignancy in these tumors [4,5].

Adrenocortical tumors are a common type of tumor and
have a prevalence of at least 3% in populations over the
age of 50 [1]. The vast majority of these tumors are benign
adrenocortical adenomas (ACA), and only a small subset
constitutes malignant adrenocortical carcinomas (ACC)
[2]. These tumor entities are discriminated according to
gross and microscopic criteria, such as the Weiss score [3].
Although each criterion is strictly defined, some features
are potentially more problematic (e.g., diffuse architecture,
necrosis, and sinusoidal, venous and capsular invasions).
However, thus far, no generally accepted marker has been
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ACC is a rare endocrine tumor with a poor overall progno-
sis [1]. Complete surgical resection is the only available
curative treatment, and distant recurrences are common
even after these procedures [6]. The genetic background of
ACC is poorly understood, and further study is necessary
to identify novel targets for tailored therapies.

It has been proposed that the epidermal growth factor
receptor (EGFR) pathway is important for cancer patho-
physiology. EGFR belongs to the ErbB family of tyrosine
kinase receptors, which have strong regulatory effects on
cell proliferation, differentiation, survival, and migration
[7]. Increased levels of EGFR gene expression have been
reported in adenocarcinomas of the head and neck, lung,
pancreas, bladder, ovary, cervix, brain, breast, colon and
prostate, among others, and have been frequently associ-
ated with adverse prognoses [7-9]. In recent years, EGFR
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has become a promising target for therapies against vari-
ous tumor entities. For example, treatment with the
monoclonal anti-EGFR antibody cetuximab and the EGFR
tyrosine kinase inhibitor erlotinib (in monotherapy or in
combination with cytotoxic drugs) has resulted in im-
proved survival in patients with colorectal cancer and
non-small-cell lung cancer [10,11].

For ACCs, EGER expression and EGFR point mutations
have also been described [12-16]. However, there has been
no comprehensive investigation of EGFR protein expres-
sion or somatic EGFR gene mutations and amplifications
for adrenocortical neoplasms. In our previous study, we
have found that EGFR protein expression was more fre-
quent in myxoid ACC than in myxoid ACA [17]. However,
EGFR mutations and EGFR amplification were rare in
these myxoid tumors. In this study, we analyzed the clini-
copathological features of 22 conventional ACC and 22
conventional ACA samples. Furthermore, we explored
EGER protein expression, EGFR mutations and EGFR copy
number in these tumors and correlated these results with
the clinicopathological features of these patients.

Materials and methods

Case selection

A total of 1355 consecutive adrenocortical tumors that
were surgically resected at the Department of Surgery at
Peking Union Medical College Hospital during the period
between 2000 and 2012 were reviewed, and specimens
were selected from archived paraffin-embedded blocks.
Among these tumors, there were 22 cases of conventional
ACC. At the same time, 22 cases of conventional ACA
were randomly selected. (including 5 cases of conventional
ACC and 5 cases of conventional ACA which have been
published before [17]). The diagnoses were based on clin-
ical, biochemical and morphological data. All histological
diagnoses were confirmed by two pathologists at the Peking
Union Medical College Hospital. Clinicopathological in-
formation was obtained by reviewing the medical records
in detail with regard to patient age and sex, the date of
surgery, the pathological stage and the histological find-
ings. The follow-up period ranged from 2 to 99 months,
with a mean of 28.3 months for all patients. This study
was conducted with the approval of the Ethics Committee
of the Peking Union Medical College Hospital and with
the informed consent of all patients.

Immunohistochemical study

EGER protein expression was evaluated by immunobhis-
tochemistry using a mouse anti-human EGFR monoclo-
nal antibody (clone 2-18C9, Pharm Dx kit, Dako North
America, Inc, Via Real, Carpinteria, CA, USA), according
to the manufacturer’s instructions. Sections (4 pm thick)
were cut from paraffin tissue blocks, deparaffinized in xy-
lene, and rehydrated in decreasing concentrations of
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ethanol. Appropriate positive and negative controls were
used, and positive results were defined as samples demon-
strating greater than 10% of tumor cells with membranous
staining of any intensity. The percentage of positive cells
and the intensity, which was defined as mild (1+), moder-
ate (2+) or strong (3+) were recorded for each sample.

DNA extraction and EGFR mutations using the scorpion
amplified refractory mutation system

Formalin-fixed, paraffin-embedded tumor sections were
deparaffinized and air-dried. Tumor cells were acquired by
micro-dissection from 6-8 slides of each sample. Genomic
DNA from the tumors was extracted with standard pro-
teinase K digestion and a DNeasy minispin column (TIA-
Namp Genomic DNA Kit, BEIJING). Twenty-nine specific
EGFR mutations in exons 18 through 21 were detected
using the EGFR mutation test kit of the Scorpion Amplified
Refractory Mutation System (SARMS) (DxS, Manchester,
UK). This kit enabled the detection of 19 specific dele-
tions between 2235 and 2257 in exon 19, T790M,
L858R, L861Q, G719X, S768I as well as 3 insertions in
exon 20. The mutant assays, which used allele-specific
real-time polymerase chain reactions, were performed ac-
cording to the manufacturer’s protocol using the Applied
Biosystem (ABI) 7500 real-time PCR system [18-20]. The
data were analyzed using the ABI SDS software.

Fluorescent in situ hybridization
An EGFR FISH analysis was performed using the LSI
EGFR SpectrumOrange/CEP 7 SpectrumGreen probe
(Vysis, Abbott Laboratories), according to the manufac-
turer’s protocol. The FISH analyses were performed in-
dependently by two authors who were blinded to the
clinical characteristics of the patients and to all other
molecular variables. For the EGFR FISH analyses, 60
nuclei were scored for signals from both DNA probes
using an Olympus BX51TRF microscope (Olympus,
Japan) equipped with a triple-pass filter (DAPI/Green/
Orange; Vysis) at a final magnification of 1000 x .
Chromosome 7 polysomy and monosomy were defined
as the presence of more than three signals or one signal,
respectively, from greater than 20% of the tumor cells.
The EGER gene status was classified into the following six
categories according to the frequency of tumor cells with
specific copy numbers of the EGFR gene and the chromo-
some 7 centromere, as described previously [21]. Based on
the EGER gene status, the patients were further classified
into the following two groups: 1) EGFR FISH-negative or
low gene copy number (disomy, low trisomy, high trisomy,
and low polysomy) or 2) EGFR FISH-positive or high gene
copy number (high polysomy and gene amplification). For
each FISH preparation, known positive and negative cells
were used as controls.
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Statistical analysis

Correlations between the different groups were evaluated by
Pearson’s Chi-squared test or Fisher’s two-tailed exact test.
The mean values of continuous data were assessed using in-
dependent samples ¢ test. Survival curves were plotted using
the Kaplan-Meier method, and P-values were calculated
using the log-rank test. Data were analyzed with SPSS soft-
ware for Windows, version 15.0 (SPSS Inc, Chicago, IL). P-
values less than 0.05 were accepted as significant.

Results

Clinical data

Table 1 summarizes the clinical data for both malignant
and benign adrenocortical tumors. The ages of patients
ranged from 2 to 75 years, with mean age of 45.4 years.
The overall male/female ratio was 1:1. Fifteen patients had
hormonal abnormalities (7 with an ACA and 8 with an
ACCQC), 9 patients had Cushing syndrome (3 with an ACA
and 6 with an ACC), 5 had primary hyperaldosteronism
(4 with an ACA and 1 with an ACC), and 1 male ACC

Table 1 Clinicopathological features and EGFR gene
status of the 44 adrenocortical tumors

Malignant (n=22) Benign (n=22) p value

Age (yrs)
Mean 434 474 0.364
Range 2-75 34-69

Sex
Males 13 9 0228
Females 9 13

Hormonal function
Functioning 8 7 0498
Non-functioning 14 15

Tumor location
Right 14 13 0757
Left 8 9

Tumor size (cm)
Mean 123 29 <0001"
Range 3-24 0.8-5.5

Tumor weight (g)
Mean 847.0 106 <0001
Range 12-3250 1-42

EGFR copy number
Positive m 0 <0001
Negative " 22

EGFR IHC
Positive 14 7 0035
Negative 8 15

EGFR, epidermal growth factor receptor; IHC, immunohistochemistry.
*Statistically significant.
TFisher’s exact test (two-tailed).
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patient with concomitant feminization. None of the pa-
tients had a prior history of malignancy. There were no sig-
nificant differences in terms of patient age or sex, the
existence of endocrine syndrome, or the tumor location be-
tween the malignant and benign tumor samples. Of the pa-
tients with malignant tumors, 6 demonstrated synchronous
metastasis, and 11 experienced tumor recurrence (local re-
currence and/or metachronous distant metastasis) during
the follow-up period. Twelve patients died from the disease
(mean overall survival was 19.6 months), 2 were alive with
the disease, 3 were alive without the disease at the final
follow-up, and 5 were lost track of during follow-up.
Of the patients with benign tumors (mean follow-up of
25.5 months), 16 were alive without disease following the
operation, and 6 were lost track of during follow-up. The
malignant tumors had a significantly larger size and weight
than the benign tumors (P < 0.001) (Table 1).

EGFR protein expression in adrenocortical tumors

Overall, EGFR expression was detected in 14 ACC cases
(63.6%), including 6 samples where the tumor cells showed
strong staining intensities (3+) (Figure la). In addition,
EGFR immunoreactivity was moderate (2+) in 3 cases and
weak (1+) in 5 cases, whereas no specific staining was de-
tected in 8 cases (36.4%). In contrast, 7 ACA cases (31.8%)
showed EGFR expression; none demonstrated 3+ EGFR
immunoreactivity, 2 cases showed 2+ EGER levels and 5
cases showed 1+ EGFR levels. The remaining 15 cases
(68.2%) showed level O staining (Figure 1b). There was a
statistically significant difference in the EGFR immuno-
staining between benign and malignant tumors (P = 0.035)
(Table 1). Among the 22 ACC cases, EGFR protein expres-
sion was not associated with gender, age, tumor size, tumor
weight, hormonal function, recurrence, metastasis or
tumor stage (Table 2).

EGFR mutations and copy number in adrenocortical tumors
None of the 29 specific EGFR mutations in exons 18 to
21 were detected in the ACA and ACC cases examined.
None of the ACC cases demonstrated EGFR gene amp-
lification, 11 cases showed high polysomy (Figure 1c), 5
cases showed low trisomy, 6 cases showed disomy and no
cases displayed evidence of low polysomy or high trisomy.
None of the ACA cases demonstrated EGFR gene amplifi-
cation, although there were also no ACA cases with high
polysomy or high trisomy. Two ACA cases showed low
polysomy, 6 casesshowed low trisomy, and 14 cases
showed disomy (Figure 1d). According to the criteria of
Capuzzo et al. [21], eleven ACC cases (50%) showed FISH
positivity, and all ACA cases demonstrated FISH negativ-
ity. There was a statistically significant difference in the
EGEFR gene copy number alterations between the benign
and malignant tumors (P <0.001) (Table 1). EGFR FISH
positivity was not found to be associated with gender, age,
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Figure 1 EGFR (epidermal growth factor receptor) gene status in adrenocortical neoplasms: (a) This image demonstrates strong membrane
EGFR expression (3+) in adrenocortical carcinoma, as detected by immunohistochemistry. (b) This image demonstrates an absence of
membrane EGFR expression in adrenocortical adenoma, as detected by immunohistochemistry. (c) The cancer cells demonstrate high polysomy on
chromosome 7 in adrenocortical carcinoma, as detected by FISH(fluorescence in situ hybridization). (d) The tumor cells display disomy for the EGFR in
adrenocortical adenoma, as detected by FISH (Green signals represent the chromosome 7 centromere, and red signals represent the EGFR gene).

tumor size, tumor weight, hormonal function, recurrence,
metastasis or tumor stage (Table 2).

Relationship between EGFR protein expression, EGFR copy
number and clinicopathological characteristics of ACC
Among the 22 ACC cases, EGFR protein expression was
not associated with EGFR FISH positivity (Table 3). Nine of
the 11 (81.8%) EGFR FISH-positive cases,all of which were
classified as high polysomy, showed EGFR protein expres-
sion. Five of the 11 (45.5%) FISH-negative cases, which in-
cluded 2 low-trisomy cases and 3 disomy cases, showed
EGER protein expression. And 5 EGFR protein expression
cases were FISH-negative. The survival curves that were de-
rived using the Kaplan—-Meyer method demonstrated that
there was no significant association between EGFR protein
expression and the overall survival of patients with ACC.
The survival curves also demonstrated that there was no
significant association between high polysomy on chromo-
some 7 and the overall survival of patients with ACC.

Discussion

The molecular changes that are involved in the pathogen-
esis of ACC are poorly understood. TNM classification re-
mains the most commonly used parameter for guiding
therapy and prognosis. However, there is a need for new
prognostic and therapeutic markers, particularly with the

development of new molecular-targeted therapies, includ-
ing anti-EGFR molecules. In this study, we have investi-
gated EGFR protein expression, EGFR mutations, and
EGER gene copy number variations in adrenocortical neo-
plasms, specifically in 22 conventional ACC cases and 22
conventional ACA cases.

EGER is a member of the EGF-related family of tyrosine
kinase receptors. Upon the binding of EGFR ligands, down-
stream signaling pathways are activated, which results in
strong stimulatory effects on cell proliferation, differenti-
ation, survival, angiogenesis and migration [7,8]. The ex-
pression of EGFR in ACC has been described in previous
studies [12-15]. However, some of these studies have not
differentiated between cytoplasmic and membranous
staining, and only the latter type is currently considered to
represent specific staining. In our previous study, we have
found that EGFR protein expression was more frequent in
myxoid ACC than in myxoid ACA [17]. In the current
study, our results also demonstrated that EGFR immuno-
reactivity was significantly more frequent among conven-
tional ACC than conventional ACA cases. The relative
abundance of EGFR in ACC suggests that anti-EGFR
agents may be beneficial for patients with ACC.

Cetuximab, gefitinib, and erlotinib, chemotherapeutic
agents that target the EGFR gene, have been administered
to patients with cancer (e.g., non-small-cell lung cancer)
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Table 2 Relationship between EGFR protein expression, EGFR copy number and clinicopathological characteristics of

adrenocortical carcinomas

FISH positive (n=11) FISH negative (n=11) P-value IHC positive (n=14) IHC negative (n=8) P-value
Sex
Males 7 6 1.000" 8 5 1.000"
Females 4 5 6 3
Age (yrs)
Mean 386 482 0.224 428 44.5 0.836
Range 2-61 20-75 2-75 17-72
Tumor size (cm)
Mean 11.5 13.0 0.594 10.5 153 0.097
Range 3-24 4-24 3-24 7-24
Tumor weight (g)
Mean 761.8 932.1 0.730 5799 13144 0.102
Range 12-2700 16-3250 12-3250 95-2700
Hormonal function
Functioning 5 3 0.659" 7 1 0.079"
Non-functioning 6 8 7 7
Recurrence or metastasis
Yes 5 6 0670 6 5 0659
No 6 5 8 3
TNM stage
[ 1 0 1.000" 1 0 1.000"
-V 10 M 13 8

EGFR, epidermal growth factor receptor; IHC, immunohistochemistry; FISH, fluorescence in situ hybridization.

“Fisher's exact test (two-tailed).

[22]. In addition, EGFR gene mutations have been re-
ported in patients with non-small-cell lung cancer, and the
status of these mutations has been correlated with the
clinical response to tyrosine kinase inhibitors such as gefi-
tinib [23]. Kotoula et al. detected four tumor specimens
that harbored TK domain mutations from a panel of 35
ACC (11.4%), suggesting that ACC that harbor an EGFR
mutation exhibit increased phosphorylation of EGFR com-
pared with wild-type carcinomas [16]. In contrast, our
previous and current study did not detect any mutations
in samples of ACC and ACA [17]. It is possible that the
method used in this study was only able to detect 29 of
the most common mutations.

Table 3 Relationship between EGFR copy number and
EGFR protein expression of in adrenocortical carcinomas

IHC FISH

Positive Negative
Positive 9 5
Negative 2 6
P value 0.183

EGFR, epidermal growth factor receptor; IHC, immunohistochemistry;
FISH, fluorescence in situ hybridization.

EGFR gene amplification and structural genetic alter-
ations have been reported in several types of adenocarcin-
oma, including non-small-cell lung cancer, glioblastoma,
pancreatic cancer, and squamous cell carcinoma of the head
and neck.

In our previous study of 10 myxoid adrenocortical neo-
plasms, only 1 ACA showed high polysomy on chromo-
some 7 [17]. In current study, we examined the EGFR
gene copy number in conventional ACC and ACA. More-
over, our study analyzed the relationship between EGFR
copy number and the clinicopathological features of pa-
tients with ACC. In our series of cases, 50% of the ACC
cases showed FISH positivity, and all ACA cases demon-
strated FISH negativity based on the criteria of Capuzzo
et al. [21]. We discovered that there was a statistically sig-
nificant difference between benign and malignant tumors
regarding their alterations in the EGFR gene copy number.
This result could potentially be used for the differential
diagnosis of ACA and ACC. In addition, all of the positive
cases showed high polysomy on chromosome 7, and none
of the ACC cases demonstrated EGFR amplification, sug-
gesting that EGFR amplification may be rare in ACC.
However, according to the statistical analysis, EGFR FISH
positivity was not associated with gender, age, tumor size,
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tumor weight, hormonal function, recurrence, metastasis
or tumor stage. Therefore, our study does not provide evi-
dence that high polysomy is related to the aggressive na-
ture of these tumors. The survival curves demonstrated
that there were no significant associations between EGFR
protein expression, high polysomy on chromosome 7 and
the overall survival of patients with ACC. This result may
be related to certain cases that were lost track of during
follow-up, but it would be necessary to increase the num-
ber of cases and the rate of follow-up for future studies.

In our study, EGFR protein expression and high polys-
omy were more frequently seen in conventional ACC than
in conventional ACA, and EGFR immunohistochemical
staining were more intensive in ACC cases than in ACA
cases, whether this can be used as differential diagnosis
still need to be demonstrated by large sample size. Fur-
thermore, no association was found between EGFR pro-
tein expression and alterations in the EGFR gene copy
number, this suggested that EGFR protein expression may
not be due to increased copy number, other mechanisms,
possibly transcriptional, post-transcriptional or epigenetic,
may be associated with EGFR protein expression.

In summary, EGFR expression and high polysomy on
chromosome 7 are frequent abnormalities in ACC than in
ACA, suggesting that these abnormalities could potentially
be used in the differential diagnosis of ACA and ACC. Fur-
thermore, an investigation of the EGFR gene status may
provide further information regarding potential therapeutic
targets in patients with ACC.
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