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Abstract

Objective The aim of this study was to determine the

correlation between human adrenocortical carcinoma and

the proteins involved in tumor angiogenesis, and to eval-

uate the angiogenic status of adrenocortical carcinoma.

Methods The expression of signal transducer and acti-

vator of transcription 3 and insulin-like growth factor 2 as

well as microvessel density was measured in a series of

tissue samples from 44 human sporadic adrenocortical

tumors by immunohistochemistry. These specimens were

classified as adenomas (n = 20) and carcinomas (n = 24)

according to the histological criteria defined by Weiss.

Results A total of 19 of 24 (79.17 %) malignant cases

showed positive staining for signal transducer and activator

of transcription 3 and 4 of 20 (20.00 %) benign cases

showed positive, the difference of signal transducer and

activator of transcription 3 expression between adreno-

cortical adenomas and adrenocortical carcinomas was sta-

tistically significant (P \ 0.001). Similarly, insulin-like

growth factor 2 staining was seen in 70.83 % (17/24) of the

malignant cases versus 25.00 % (5/20) of the benign, the

difference of insulin-like growth factor 2 expression among

two groups was statistically significant (P = 0.002).

Malignant cases showed higher microvessel density com-

pared to benign tumors (84.70 ± 12.44 vs 21.05 ± 8.07,

P \ 0.001). Signal transducer and activator of transcription

3 and insulin-like growth factor 2 expression were posi-

tively correlated with microvessel density in all specimens

(r_s = 0.832, P \ 0.001; r_s = 0.703, P = 0.001).

Conclusions This study has confirmed that adrenocortical

carcinoma overexpress signal transducer and activator of

transcription 3 and insulin-like growth factor 2; these

results suggest that angiogenesis of human adrenocortical

carcinoma may be mediated by these proteins and they

could represent selective targets for the molecularly tar-

geted treatments of adrenocortical carcinoma.
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Introduction

Unlike adrenal incidentalomas with a prevalence of [4 %,

adrenocortical carcinoma (ACC) is a rare but typically

aggressive malignancy with an estimated annual incidence

of 0.7–2.0 cases per million population [1, 2]. Radical

surgery resection remains the only potentially curative

option for ACC until recently; however, about one-third of

patients initially present with distant metastases [3, 4].

Even after seemingly complete removal of tumor, the
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recurrence occur in approximately 60–80 % of ACC

patients, and the recurrence ratio of patients in stage I, II

and III was 27, 46 and 63 % respectively within 2 years

[5]. Although the combination of cytotoxic drug and

mitotane is recommended to be the first-line therapy in

advanced ACCs, the overall prognosis is still very limited

[6]. It is obvious that management of ACC requires a

multidisciplinary approach; however, no effective treat-

ment has been developed yet.

The incomplete understanding of molecular features of

ACC might be one of the reasons for this situation of

unsatisfied clinical efficacy and dismal prognosis, although

recent gene expression studies have significantly improved

our knowledge. Signal transducer and activator of tran-

scription 3 (STAT3) is one of the six members of the

family of transcription factors, which regulates a complex

spectrum of gene expression that mediate survival, prolif-

eration, invasion, and angiogenesis [7]. Constitutively,

activated STAT3 is routinely observed in a variety of

malignant tumors, playing a pivotal transcriptional role in

cancer cell proliferation, differentiation, and survival by

up-regulating the expression of downstream genes [8].

Angiogenesis, the formation of new blood vessels from

the pre-existing vasculature, is a complex multistage pro-

cess regulated by a number of signal transduction pathways

[9]. STAT3 has been proposed to be a critical multifunc-

tional mediator which regulates many aspects of angio-

genesis at the transcriptional level. Moreover, insulin-like

growth factor 2 (IGF2) is a member of the insulin-like

growth factor (IGF) family which has growth-promoting as

well as differentiating functions in the adrenal gland.

Accumulating evidence also suggests that IGF2 promote

neovascularization in vitro and in vivo systems. Micro-

vessel density (MVD) is considered as golden standard in

evaluating tumor angiogenesis [10]. To quantify the

angiogenic status, markers of endothelial cells, such as

Factor VIII, CD31, and CD34 have been used.

Human STAT3, IGF2 and MVD were found to be up-

regulated in tissue specimens derived from various tumors,

and encouraging results of anti-angiogenic substances were

published showing significant prolongation of survival and

good tolerance in advanced cancer. However, the pre-

liminary results of anti-angiogenic therapy in ACC have

been largely disappointing. In 10 patients, no response was

found with a combination of the anti-VEGF antibody

bevacicumab plus capecitabine given as salvage treatment

[11]. Expression of STAT3 and IGF2 and their association

with angiogenesis in ACC have not been comprehensively

studied until recently. The aim of this study was to examine

the impact on the oncogenetic process through investigat-

ing the expression of STAT3 and IGF2, as well as quan-

titatively examined MVD in our collection of

adrenocortical adenomas (ACAs) and ACCs, further

seeking the molecularly targeted treatments directed at

inhibiting the angiogenesis of ACC.

Materials and methods

Patients and tissue samples

Approved by institutional ethics review board, pathology

specimens and medical records of 44 sporadic adrenocor-

tical tumor (ACT) patients who underwent adrenalectomy

at Ruijin Hospital between October 1986 and March 2010

were reviewed from our database. The pre-operative

diagnosis was based on the clinical history, symptoms,

signs, endocrine evaluation, imagine examination (e.g.,

MRI, CT), and the pathological diagnosis of ACC was

based on Weiss’s criteria with its score C3 [12]. Formalin-

fixed, paraffin-embedded tumor tissues collected from

surgical specimens from 44 patients were classified as

ACAs (N = 20) and ACCs (N = 24). Besides clinical

diagnosis, histopathologic slides were classified by two

pathologists independently and no discrepancy exists

between them.

Immunohistochemistry

Specimens were fixed in 10 % neutral buffered formalin,

embedded in paraffin, and cut into serial sections at a

thickness of 3 lm. Paraffin-embedded tissues were de-

waxed in xylene, rehydrated by serial concentrations of

ethanol, and then rinsed in phosphate buffer solution (PBS)

followed by treatment with 3 % H2O2 to refrain endoge-

nous peroxidase. After being heated in a microwave at

750 W for 15 min to repair the tissue antigen, the sections

were incubated with 10 % normal goat serum at room

temperature for 10 min to block non-specific reactions.

Sections were incubated with polyclonal rabbit antihuman

STAT3 antibody (Abcam, USA) diluted to 1:150 for 12 h

at 4 �C. The slides were followed by a PBS wash and

incubated by anti-mouse EnVisionTM kit (DAKO, USA)

for 30 min at room temperature. After a PBS wash, the

sections were developed in diaminobenzidine (DAB) sub-

strate. The sections were then counter-stained in hema-

toxylin for 2 min and then dehydrated in ethanol and

xylene before being mounted. Sections were re-prepared by

EnVision immunohistochemical staining. IGF2 was poly-

clonal rabbit anti-human antibody (Abcam, USA), diluted

to 1:250. CD34 was monoclonal mouse anti-human anti-

body (Novocastra, USA), diluted to 1:200. The positive

controls were gastric carcinoma, pancreatic carcinoma and

colon carcinoma with positive expressions of STAT3,

IGF2, and CD34. PBS instead of primary antibodies was as

negative control.
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Evaluation of immunohistochemical results

Positive STAT3 or IGF2 staining was characterized by

purple-brown granules located diffusely in the cell cyto-

plasm. Lack of any obvious purple-brown or brown-red

pigmentation in the cytoplasm of tumor cell was consid-

ered negative. For quantitative analyses of expression, five

representative high-power fields were chosen. Staining was

scored according to the percent of positive-staining cells,

including 0 (\5 %); 1 (5–29 %); 2 (30–50 %); 3 ([50 %),

and as intensity, including 0 (no); 1 (weak); 2 (moderate); 3

(strong) staining. Positive or negative expression was

determined according to the combination of these two

variables. A total score of greater than 3 was considered

positive and a total score of 3 or less was considered

negative, as previously reported [13]. The results were

scored by two independent pathologists who were blinded

to the subtype of the tumors. A single microvessel was

defined as any brown or brownish yellow CD34-immuno-

stained endothelial cells. We evaluated MVD by following

the method mentioned by Weider [10]: high vascular

density area was selected under low power objective and

counted the number of vascular stained by CD34 in three

visual fields under high power microscope (4009), and

average value was regarded as the MVD value of the

tumor.

Statistical analysis

SPSS for Windows, version 15.0 (SPSS Inc, Chicago, IL)

was used for all analyses. The Chi square test was used to

compare STAT3 and IGF2 expressions in ACAs and

ACCs. The average size of primary tumor of the two

groups was also examined. MVD result was expressed as

mean ± SD, and Wilcoxon combined test was used to

compare MVD expression between two groups. Spearman

rank correlation analysis was used to determine the rela-

tionship between STAT3, IGF2 expression, and MVD.

Statistical significance was taken at the P \ 0.05 level.

Results

Tumor characteristics and clinical features of 44 patients

are summarized in Table 1. Twenty patients of ACA,

consisting of 3 Cushing’s syndrome, 7 aldosteronomas and

10 non-functional adenomas, are 12 females and 8 males,

ranging from 28 to 59 years of age (mean age of

44.95 years at presentation). Twenty-four ACCs, consist-

ing of 13 females and 11 males, had a mean age of 58.21 at

presentation (range 38–74). Fourteen patients of ACC have

endocrine symptoms and signs that indicated excess

secretion of cortisols (in 7 patients), cortisols, and

androgens concomitantly (in 6 patients), or estrogens (in 1

male patient). Eighteen patients had a left adrenal neo-

plasm, 26 had a right adrenal tumor, while no one had

bilateral tumors. The mean primary tumor diameter of

malignant cases was larger than benign lesions. The mean

post-surgery follow-up of patients was for 151.5 months

(range, 102–264 months) and 47.2 months (range,

6–113 months) respectively.

Positive staining for STAT3 was observed in 20.00 %

(4/20) of the benign group and 79.17 % (19/24) of the ACC

group. The difference of STAT3 expression between ACA

and ACC was statistically significant (P \ 0.001). IGF2

staining was seen in 25.00 % (5/20) of the benign versus

70.83 % (17/24) of the malignant cases. The difference of

IGF2 expression between benign and malignant PCCs was

statistically significant (P = 0.002). The mean value of

MVD was 84.70 ± 12.44/field in ACC group and

21.05 ± 8.07/field in ACAs, statistically significance was

observed between them (P \ 0.001).

Sixteen out of 24 ACCs (66.67 %) were stained positive

for both STAT3 and IGF2, while only 3 out of 20 ACAs

Table 1 Tumor characteristics and clinical features of patients in our

study

Clinical characteristic ACCs ACAs

Total number of tumors/patients 24/24 22/22

Gender

Male 10 8

Female 14 14

Age at presentation (year) mean

(range)

51.17 ± 8.19

(38–71)

43.50 ± 9.55

(28–60)

Tumor location

Left adrenal 11 9

Right adrenal 13 13

Bilateral 0 0

Primary tumor size

\5.0 cm 3 19

5.0–10.0 cm 19 3

[10.0 cm 2 0

Mean diameter (cm) 7.59 ± 2.52 3.45 ± 1.41

(P = 0.023)

ENSAT Stage

I 3

II 13

III 6

IV 2

Previous therapies

Complete resection 24 22

Adjuvant mitotane after surgery 10 0

Mitotane combined with

streptozotocin or EDP

0 0

Follow-up (years) mean (range) 3.92 (0.5–9) 12.62 (8–22)
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(15.00 %) were positive. Four of ACCs (16.67 %) stained

negative by both STAT3 and IGF2, compared to 70.00 %

of benign tumors (n = 14). The mean value of MVD was

88.40 ± 13.61/field in sections which was positive for both

STAT3 and IGF2, and 14.40 ± 7.24 in sections which was

negative for both STAT3 and IGF2, statistical significance

was observed between them (P \ 0.001). STAT3 and IGF2

expression in benign and malignant adrenal neoplasm was

positively correlated with MVD (r_s = 0.832, P \ 0.001;

r_s = 0.703, P = 0.001) (Figs. 1, 2, 3).

Discussion

ACC is a rare malignancy characterized by dismal prog-

nosis and lacking efficacious therapeutic regimens. The

poor prognosis may be attributable to the fact that many

ACCs are not detected until they are at advanced stage. For

patients without disseminated disease, aggressive surgical

excision should be the mainstay of treatment of ACC. For

those patients not amenable to surgery, chemotherapy

including mitotane alone or in combination with cytotoxic

drugs should be considered. Results have been published

for the phase III clinical of etoposide, doxorubicin, cis-

platin, and mitotane (EDP/M) versus streptozocin and

mitotane (Sz/M) in advanced ACC. Preliminary results

released that EDP/M is superior to Sz/M in terms of pro-

gression-free survival and thus should be considered the

standard first-line treatment for patients presenting with

stage III or IV ACC [14]. Despite the treatment, the 5-year

survival rate is less than 15 % among patients with meta-

static disease [15]. The overall prognosis is limited indi-

cating the need for improved therapies directed at potential

molecular targets.

The molecular pathogenesis of ACC, particularly in

tumor angiogenesis and various signaling pathways, has

attracted growing attention during the last decade.

Fig. 1 Expression of IGF2 in

adrenocortical tumors.

a Positive expression of IGF2 in

ACC; b Negative expression of

IGF2 in ACA (Envision 940)

Fig. 2 Expression of STAT3 in

adrenocortical tumors.

a Positive expression of STAT3

in ACC; b negative expression

of STAT3 in ACA

(Envision 940)

Fig. 3 Positive expression of MVD by CD34 immunostaining in

ACC (Envision 920)
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Preclinical investigations and clinical trials of emerging

targeted therapy (e.g., small-molecule tyrosine kinase

inhibitors, antiangiogenic compounds) have been initiated

to seek more rational treatment of choice in advanced

ACCs; however, the first preliminary results of these new

drugs have been largely disappointing [16]. In the present

study, immunohistochemistry analysis was performed for

comparison of expression of STAT3 and IGF2 between

ACA and ACC group, to clarify their usefulness as can-

didate molecular targets and determine if they correlate

with angiogenesis in ACC.

Angiogenesis involves endothelial cell proliferation,

selective degradation of the basement membrane and the

surrounding extracellular matrix, endothelial cell migra-

tion, and the formation of a tubular structure [17]. Not

surprisingly, angiogenesis is related to tumor growth and is

regulated by the balance between angiogenic and angio-

static factors. Vascular endothelial growth factor (VEGF)

has been clearly identified as one of the most important

mediators of angiogenesis, and we found higher expression

levels of the VEGF protein and its receptor as detected by

immunohistochemistry in ACCs compared with benign

one’s in a previous study [18]. Recently, increasing studies

have shown that STAT3, as a critical multifunctional

mediator, participates in regulating tumor angiogenesis

through modulating VEGF expression at the transcriptional

level [9].

STAT3 is one of the six members of the family of

transcription factors. It was discovered almost 15 years ago

as a DNA-binding protein which has now been associated

with inflammation, cellular transformation, survival, pro-

liferation, invasion, angiogenesis, and metastasis of cancer.

STAT3 is constitutively activated in multiple human can-

cers including ovarian, breast, and prostate, as well as

leukemia and lymphoma, playing a pivotal transcriptional

role in cancer cell progression, differentiation, and survival

by interacting directly with HSP90 and up-regulating the

expression of downstream genes [8]. To our knowledge,

however, there has been no further study on STAT3

expression in ACC, and we found that positive staining for

STAT3 was observed in 20.00 % of ACA and 79.17 % of

ACC. Our findings on ACC are in line with the previously

reported other different tumor entities, suggesting that

overexpression of STAT3 may be associated with the

malignant phenotype. Given the significant expression

difference in STAT3 between ACCs and ACAs, we pre-

sumed that elevated levels of STAT3 were associated with

increased ACC cell proliferation, survival and metastasis.

MVD has been regarded as a golden standard that assess

significant angiogenesis in tumors. The microvessel count

in tumor was made by highlighting the tumor-derived

vascular endothelial cells using monoclonal antibodies

CD31, CD34, VIII factor, etc. We adopted CD34 immu-

nostaining to assess MVD in our study and calculated the

mean value of the CD34 positive vessel counts in the three

selected hot spots per section. Our results demonstrated

that expression of MVD was higher in ACCs than ACAs

(84.70 ± 12.44 vs 21.05 ± 8.07, P \ 0.001). In addition,

our studies have indicated that STAT3 expression is

directly correlated with MVD (r_s = 0.832, P \ 0.001),

which confirmed the important role of STAT3 in

angiogenesis.

The molecular mechanisms of tumorigenesis of the

adrenal cortex are to be found in a multistep process [19].

The insulin-like growth factor system has growth-promot-

ing as well as differentiating functions in the adrenal gland,

which is comprised of two peptide ligands (IGF1 and

IGF2), two IGF receptors (IGF1R and IGF2R), and six

high-affinity binding proteins (IGF binding proteins 1–6)

[20]. Overexpression of IGF2 has been reported in a

number of tumor types and appears of significant prog-

nostic value in various malignant tumors, including ACC.

Higher IGF2 expression levels are associated with more

malignant phenotype and a higher risk for ACC recurrence

[21]. Our results are in line with previous studies that

demonstrate ACCs showed increased IGF2 expression

(70.83 %, 17/24) in comparison to that observed in ade-

nomas (25.00 %, 5/20).

There are few researches on the relationship between

IGF2 expression and the degree of angiogenesis which is

expressed as MVD. Piecewicz et al [22] demonstrated that

both IGF1 and IGF2 induces angiogenesis by promote

embryonic stem cell differentiation into endothelial cells

acting through the IGF1R pathway. Besides, IGF2 directly

induces angiogenesis by stimulating migration and mor-

phological differentiation of endothelial cells, suggesting

that IGF2 may play a crucial role in the progression of

tumorigenesis by promoting the deleterious neovasculari-

zation [23]. In this study, we observed that IGF2 expression

also showed the positive correlation with MVD count in

ACCs that was, the stronger the expression of IGF2, the

higher the MVD (r_s = 0.703, P = 0.001). Moreover, the

MVD significantly upregulated in both STAT3 and IGF2

positive tumors. The ability of STAT3 and IGF2 to pro-

mote angiogenesis and its involvement in tumorigenesis

make it to be a promising target for therapy of ACC.

In conclusion, our data show that STAT3 and IGF2

expressions are higher in ACCs than ACAs. We find a

statistically significant correlation among STAT3 and

IGF2, and MVD. However, further studies will be required

to understand the molecular mechanism of these two pro-

teins involved in ACC progression and prognosis, which

may lead to further development of new approaches tar-

geting STAT3 for effective tumor management.
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