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Diagnostic Significance of Expression of IGF2, SMAD4, 

PTTG1 and Clinicopathological Parameters in 

Differentiating Adrenocortical Tumors 

Omneya Y. Bassyoni, Ebtehal  M. Abdel-Aal 

 

Abstract  

Among the most aggressive tumors is adrenocortical 

carcinoma. It is still a great challenge to distinguish 

between adrenocortical adenoma and carcinoma. For many 

tumors, IGF2 is essential to their growth and development. 

One of the genes that suppresses tumor growth is SMAD4 

and one that may encourage tumorigenesis is PTTG1.  

Aim of this work: Evaluation of the clinicopathological 

factors, IGF2, SMAD4, and PTTG1 immuno-expression to 

distinguish adrenocortical tumors and, consequently, the 

therapeutic modalities. Material and Methods: A 

retrospective study was conducted on selected 40 cases of 

adrenocortical tumors on which immunohistochemical 

expression of PTTG1, SMAD4, and IGF2- were performed 

. Receiver operating characteristic (ROC) curves were 

performed to assess the diagnostic performance of the 

studied markers as well as clinicopathological variables in  

discriminating ACA from ACC. Results: Significant 

differences in tumor size, weight and high Weiss score- 

were important in differentiating ACA from ACC (p 

<0.001) with 100% sensitivity & 60% specificity. The 

most sensitive and specific criterion was "mitotic rate 

>5/50 HPF" (100%). Only 5% of ACA cases had positive IGF2 (p<0.01) expression, 

compared to 80% and 75% of ACC   cases that expressed IGF2 & PTTG1, 

respectively (p <0.01). While, SMAD4 was negative in (80%) of ACC patients (p 

<0.05). For identifying adrenocortical cancer, IGF2 had the best specificity and 

sensitivity (95% & 80%, respectively). In the current study, IGF2 significantly related 

positively with PTTG1 (r=.898). Conclusion:   In adrenal cortical neoplasms, IGF-2, 

SMAD4, and PTTG1 may be used as promising diagnostic biomarkers with potential 

therapeutic applications. Differentiating between adrenocortical adenoma and 

carcinoma may be significantly aided by the combined expression of this panel of 

markers (IGF2, SMAD4, & PTTG1) and varying clinicopathological characteristics. 

Keywords: Adrenocortical adenoma, Adrenocortical carcinoma, IGF2, SMAD4, 
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Introduction 

Adrenocortical tumors (ACTs) are 

tumors of the adrenal cortex that affect 

3–10% of adults
[1]

. Most of ACT are 

benign adrenocortical adenomas 

(ACA) that do not function; they were 

found by chance during imaging 

examinations done for unrelated 

therapeutic purposes 
[2]

. 

Adrenocortical carcinoma (ACC), on 

the other hand, is an extremely 

aggressive and uncommon cancer that 

affects 0.7–2.0 cases per million 

people annually
 [3]

. Benign tumors 

represented 9.01% of all suprarenal 

lesions in Egypt, whereas ACA made 

up 40.48% among the benign ones  
[4]

. 

The histological diagnosis of adrenal 

tumor is still difficult. The diagnostic 

workup of adrenal lesions has been 

studied in many researches in recent 

years. Since the majority of adenomas 

are less than 5 cm in size, and the 

median size of ACCs is greater than 11 

cm, size is an apparent criterion to 

distinguish an adrenal mass, but 3-10 

cm adrenal tumors remain difficult to 

diagnose 
[5]

. 

In order to distinguish benign from 

malignant adrenocortical tumors, we 

need to assess several criteria. The 

most widely used technique for 

determining malignancy is the Weiss 

system, which includes nine-point 

histopathological criteria 
[6]

. 

It is suggested that the Weiss method 

requires a total score of three or more 

as a threshold for malignancy 
[7]

. But, 

some tumors may behave in a 

malignant manner even though they 

were initially given a Weiss score of 2, 

and other tumors with a Weiss score of 

3 may have a clinical benign course 
[8]

. 

So, in addition to standard pathological 

analysis, a thorough understanding of 

the clinical and morphological features 

of adrenocortical adenomas and 

carcinomas is required, as well as the 

identification of trustworthy 

biomarkers 
[9]

.  

Insulin growth factor 2 (IGF-2) 

overexpression and constitutive 

activation of the Wnt/β-catenin 

pathway- are the two most common 

changes found in ACC 
[10]

. Growth 

factors like IGF-2, which are mostly 

released by the liver, are essential for 

the expansion and maturation of 

several tissues. It controls growth in 

general and in particular, fetal growth. 

The IGF1 receptor (IGF1R), insulin 

receptor (IR), and IGF2 receptor 

(IGF2R) modulate its effects 
[11]

. The 

ability of many cancer cells to 

proliferate, survive, and spread is 

influenced by IGF2 
[12]

. 

One of the signal transduction proteins 

in the family of tumor suppressor 

genes is SMAD family member 4 

(SMAD4), also known as deleted in 

pancreatic cancer 4 (DPC4). The 

inactivation of SMAD4 is most 

commonly associated with pancreatic 

cancer 
[13]

. 

The pathway of TGF-β/SMAD4 

signaling regulates the transmission of 

signals from the cell membrane to the 

nucleus and it is in charge of several 
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cellular functions, such as migration, 

apoptosis, differentiation, proliferation, 

and the initiation and spread of cancer 
[14]

. 

The pituitary-tumor transforming gene 

(PTTG1), also known as securin, is 

regarded as an oncogene. It is known 

to influence angiogenesis, metastasis, 

and the response to treatment in cancer 
[15]

. It can also induce carcinogenesis in 

a variety of malignancies. Many 

different types of malignancies like 

bladder and prostate cancer show high 

expression levels of PTTG1 
[16, 17]

. 

With the hope of developing novel 

diagnostic and therapeutic approaches 

for adrenocortical adenoma and 

carcinoma, the objective of this work is 

to assess the expression of IGF2, 

SMAD4, PTTG1, and other 

clinicopathological factors in 

adrenocortical tumors in order to 

clarify their actions.  

Material and methods: 

Study Groups: 

This retrospective study was conducted 

on formalin-fixed paraffin embedded 

biopsy tissues from selected 40 cases 

of adrenal cortical tumors; 20 of which 

were classified as adrenocortical 

carcinoma (ACC) and 20 as 

adrenocortical adenoma (ACA). From 

January 2018 to December 2020, cases 

were collected from the Pathology 

Department's and the Early Cancer 

Detection Unit's (ECDU) archives at 

Faculty of Medicine, Benha 

University. The Ethical Committee of 

Faculty of Medicine, Benha 

University, approved this study (RC-

17-1-2024). 

The control cases were 10 cases of 

normal adrenal gland resected as part 

of radical nephrectomy for an adjacent 

renal cancer.  

The availability of clinicopathological 

information taken from the patient 

files, such as; age, sex, laterality, tumor 

size, grade, lymph node status (N), 

distant metastasis (M), and stage- were 

taken as inclusion criteria.  

While, cases lacking 

clinicopathological information or 

paraffin blocks were not included in 

the current study.  

A-Histopathological Examination:  

Formalin fixed /Paraffin embedded 

blocks were sliced at 5 μm thickness 

and stained by hematoxylin and eosin 

stain. Without knowing the diagnosis, 

two observers reviewed the 

microscopic sections from all the 

cases. Two observers who were blind 

to the patients' clinical courses applied 

the Weiss approach to each of the 40 

adrenal cortical tumors independently. 

Classification of adenomas and 

carcinomas was done using the Weiss 

criteria 
[6]

. For the studied cases, the 

grading system was applied with a cut-

off of 20 mitoses per 10 mm2 
[18]

. In 

accordance with AJCC, 8th edition 
[19]

, 

the ENSAT staging system- was used 

for the ACC patients. 

B-Immunohistochemical Procedure: 

The streptavidin-biotin technique was 

employed for immunohistochemical 

analysis in accordance with the 

guidelines provided by the 

manufacturer (Neomarker, 

LABVISION, USA, CA 94538-7310). 

Antigen retrieval by  Citrate buffer  at 

PH 6.0 was used  .As a chromogen, the 
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slices were stained with 0.02% 

diaminobenzidine (DAB) solution. 

Sections were then dehydrated, 

mounted, and counterstained with 

hematoxylin. As indicated in Table 

(1), positive controls were added and 

negative controls were done by 

omitting the primary antibody. 

Immunohistochemical assessment of 

IGF2, SMAD4 and PTTG1 

expression within the studied cases: 

In accordance with previous study  
[20]

, 

IGF2 immunostaining was categorized 

into four tiers based on cytoplasmic 

staining. As regard SMAD4, the 

cytoplasmic staining was evaluated as 

described by previous study 
[21]

. 

Following prior investigation  
[22]

, we 

used a scoring method for PTTG1 that 

was based on the degree and intensity 

of nuclear staining. 

Statistical analysis: 

The statistical software SPSS (SPSS 

Inc., Chicago, IL, USA) (version 22) 

for Microsoft Windows was used to 

analyze the data as follows: Whereas P 

value >0.05 indicates non-significant 

(NS), P<0.05 indicates significance 

(S), P≤ 0.01 indicates highly 

significant (HS). To evaluate the 

efficacy of IGF2, SMAD-4, PTTG1, 

and variable clinicopathological 

characteristics in distinguishing 

patients with adrenocortical adenoma 

from carcinoma, receiver operating 

characteristic (ROC) curves were 

performed. 

Results: 

Clinicopathological features of the 

studied cases:  

Forty cases of adrenal cortical tumors 

were used in this study. The age range 

of the ACA cases- under study- was 30 

to 67 years, with a mean age of 49.2 ± 

12.0 years, whereas the ACC cases- 

under study- had an age range of 46 to 

85 years, with a mean age of 58.2 ± 

10.8 years. The average case size for 

ACA was 2.9 ± 0.9 cm (with a range of 

2–5 cm), while the average case size 

for ACC was 11.8 ± 3.9 cm (with a 

range of 5–16 cm). 

Comparison of clinicopathological 

data among   studied cases of ACA 

& ACC:  

The size and weight of malignant 

adrenocortical tumors were notably 

greater than those of benign tumors (P 

< 0.001). Compared to benign tumors, 

malignant tumors had a considerably 

higher mean Weiss score (P < 0.001). 

When differentiating between adenoma 

and carcinoma, there was a statistically 

significant positive correlation with 

each Weiss score parameter (p 

<0.001), including nuclear grade, 

mitotic rate >5/50 HPF, atypical 

mitosis, necrosis, clear cells ≤ 25%, 

diffuse architecture, capsular and 

vascular invasion. There was no 

statistically significant difference in 

sex, age, or hormonal function between 

the patients with benign and malignant 

adrenocortical tumors (P > 0.05) as 

showed in Table (2). 

Diagnostic Performance for the 

clinicopathological features in the 

studied cases: 

Tumor size ≥ 6.5 cm was found to be 

the criterion with 80% sensitivity and 

100% specificity in differentiating 

ACC from ACA. Adrenocortical 

tumors weighing more than 50 grams 

were classified as malignant, with a 

sensitivity of 90% and a specificity of 

100%.  
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Malignant tumors showed higher 

frequency for the Weiss criteria. With 

60% sensitivity and 100% specificity, 

Weiss scores > 5 showed a strong 

diagnostic efficacy for malignancy in 

our study. The most sensitive criteria 

were "mitotic rate >5/50 HPF" and 

atypical mitosis (100%), while the 

least sensitive criteria were lympho-

vascular invasion, clear cells ≤ 25%, 

and diffuse architecture > 1/3 (35%, 

45%, and 45%, respectively). Tumor 

size, weight, Weiss score, "mitotic rate 

>5/50 HPF," wide necrosis, positive 

lympho-vascular and capsular 

invasion- were the most specific 

criteria (100%), but the least specific 

criterion was the nuclear Fu¨hrman 

grade (65%) as shown in Table (3).  

Immunohistochemical expression of 

IGF2, SMAD4 and PTTG1  among 

studied cases  

In all control cases, IGF2 expression 

was negative. Just 5% of ACA cases 

and 80% of ACC cases had positive 

cytoplasmic staining in tumor cells, 

with a high statistically significant 

correlation in the differentiation 

between ACC& ACA (p<0.01) (Table 

4 & Fig. 1: A, B). Ninety percent of 

the ACC cases that were studied 

showed no expression of SMAD4. As 

indicated in Table (4) and Figure (1: 

C& D)- there was a significant 

correlation between the expression of 

SMAD4 in the cytoplasm of tumor 

cells and the tumor type, being more 

expressed in ACA than ACC (P value 

<0.05). The PTTG1 was identified as 

brown nuclear staining in the tumor 

cells. It was positive in 75% of ACC 

cases. PTTG1 expression was higher 

among patients with ACC than ACA, 

(P value <0.01) as demonstrated in 

Table (4) & Figure (1: E, F).  

ROC curve analysis for the 

diagnostic performance of IGF2, 

SMAD4 and PTTG1 in 

differentiating ACC from ACA 

when used individually: 

In terms of adrenocortical carcinoma 

differentiation when using the studied 

markers individually, IGF2 had the 

best specificity & sensitivity (95%   & 

80 % respectively). PTTG1 is the 

second one with 90% specificity & 

75% sensitivity. However- as Figure 

(2) illustrates- SMAD4 exhibited a 

lower specificity and a higher 

sensitivity (60 & 90%, respectively).  

Combined expression of the studied 

markers (IGF2, SMAD4 and 

PTTG1) in differentiating 

adrenocortical tumors:  

The combined expression of IGF2, 

SMAD4, and PTTG1- had a high 

sensitivity of 100% in discriminating 

adrenocortical adenoma from 

carcinoma with 30% specificity as seen 

in Table (5). 

Correlation between IGF2, SMAD4 

and PTTG1expressions in the 

studied cases: 

The Spearman correlation analysis 

revealed a close relation between the 

expressions of IGF2, SMAD4, and 

PTTG1 in the adrenocortical tumor 

cases, with a statistically significant 

positive correlation between IGF2 

and PTTG1 (r=.898). Furthermore, 

IGF2 and SMAD4 had a negative 

correlation in the studied cases (r=-

0.313). However, there was 

insignificant statistical correlation 



 
 

377 
 

between SMAD4 and PTTG1 (r=- 0.207). 

 

 

 

Table (1): IGF2, SMAD4 and PTTG1 antibodies in studied cases 

Antibody Type Cat.No. Dilution Positive 

control 

incubation Antigen retrieval 

IGF2 Mouse  

Monoclonal 

antibody 

Thermo Fisher 

Scientific , Cat. 

No. MA5-

17096  

1:100 Urinary 

bladder cancer  

15 minutes Citrate buffer PH 

6.0 

SMAD4  Mouse  

Monoclonal 

antibody 

Thermo Fisher 

Scientific, Cat. 

No. MA5-

15682 

1:100 Meningioma 30 minutes Citrate buffer PH 

6.0 

PTTG1  Rabbit 

Polyclonal 

antibody 

Thermo Fisher 

Scientific, Cat. 

No 34-1500 

1:50 Glioma  30 minutes  Citrate buffer PH 

7.2 

IGF2: Insulin growth factor 2, SMAD4: SMAD family member 4,  PTTG1: Pituitary-tumor transforming gene  

 

Table (2): Comparison of clinicopathological features among the studied ACA and ACC cases: 

Clinicopathologic features ACA ACC P value 

Age (years) 

 

Mean 49.2 58.2 0.32 

Range 30-67 46-85 

Sex Male 6 (30%) 12 (60%) 0.05 

Female 14 (70%) 8 (40%) 

Tumor location Right 8 (40%) 11 (55%) 0.04 

Left 6 (30%) 9 (45%) 

Bilateral 6 (30%) 0 (0%) 

Hormonal 

function 

Cushing syndrome 10 (50%) 6 (30%) 0.30 

Virillizing syndrome 3 (15%) 1(5%) 

Non-functioning 7 

(85%) 

 

13 

(65%) 

 

Tumor size (cm) 

 

Mean 

 

2.9 11.8 < 0.001** 

≥6.5 cm 0 16 

Tumor weight (g) 

 

Mean 

 

6.2 510.1 < 0.001** 

≥50 g 0 18 

Nuclear grade Fu¨rhman III/IV 7 18 < 0.001** 

Mitotic rate >5/50 HPF 0 20 < 0.001** 

Atypical mitosis 1 14 < 0.001** 

Clear cells ≤ 25% 2 9 0.012** 

Diffuse architecture > 1/3 1 10 0.001** 

Necrosis 0 18 < 0.001** 

Lymphovascular invasion 

 

0 7 0.003** 
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Capsular invasion 0 15 < 0.001** 

Total Weiss score (mean) 0.50 5.8 < 0.001** 

- Total 20 20 

ACA: adrenocortical adenoma, ACC: adrenocortical carcinoma ,** Highly significant  

 

Table (3): Diagnostic Performance for the clinicopathological features in the studied cases  

 Sensitivity  Specificity  PPV NPV Accuracy AUC 

Nuclear Fuhrman grade 90.0 65.0 72.0 86.7 77.5 0.775 

Mitotic rate >5/50 HPF 100 100 100 100 100 1.0 

Atypical mitosis 100 100 100 100 100 1.0 

Clear cells <25 45.0 90.0 81.8 62.1 67.5 0.675 

Diffuse architecture >1/3 45.0 95.0 90.9 65.5 72.5 0.725 

Necrosis  90 100 100 90.9 95.0 0.95 

Venous invasion 35.0 100 100 60.6 67.5 0.675 

Capsular invasion 75.0 100 100 80.0 87.5 0.875 

Weiss score 60.0 100 100 71.4 80.0 0.80 

Tumor Size 80.0 100 100 83.3 90.0 0.90 

Tumor Weight  90.0 100 100 90.9 95.0 0.95 

PPV:Positive Predictive Value ,NPV:Negative Predictive Value ,AUC: Area Under the curve  

Table (4): Relation  of immunohistochemical expression of IGF2, SMAD4 and PTTG1 in studied 

adrenocortical adenoma and carcinoma: 

Studied groups  IGF2 SMAD4 PTTG1  Total 

-ve +ve P -ve +ve P -ve +ve P 

Adrenocrtical 

adenoma 

19 

(95%) 

1 

(5%) 

** 

0.00

0 

12 

(60%) 

8 

(40%) 

* 

0.02

8 

18 

(90%) 

2 

(10%) 

** 

0.00

0 

20 

(50%) 

Adrenocortical 

carcinoma 

4 

(20%) 

16 

(80%) 

18 

(90%) 

2 

(10%) 

5 

(25%) 

15 

(75%) 

20 

(50%) 

Total 23 

(57%) 

17 

(43%) 

- 30 

(75%) 

10 

(25%) 

- 23 

(57%) 

17 

(43%) 

- 40 

IGF2: Insulin growth factor 2, SMAD4: SMAD family member 4,  

PTTG1: Pituitary-tumor transforming gene ,* significant, **highly significant  
 

Table (5): Diagnostic Performance of combined expression of the studied markers IGF2, SMAD4 and 

PTTG1 in differentiating adrenocortical tumors: 

 Sensitivity  Specificity  PPV NPV Accuracy AUC 

Combined markers  100 30.0 58.8 100 65.0 0.65 

PPV:Positive Predictive Value ,NPV:Negative Predictive Value ,AUC: Area Under the curve  
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Figure (1): IGF2, SMAD4 and PTTG1  immunohistochemical expressions in adrenocortical adenoma 

(ACA) and adrenocortical carcinoma (ACC). (A): adrenocortical adenoma with negative expression for 

IGF2 while   it showed strong diffuse cytoplasmic staining in adrenocortical carcinoma (B) (IHC, 

200x), inset (IHC ,400x) .(C) Diffuse brown  cytoplasmic expression of SMAD-4 in adrenocortical 

adenoma (IHC, 200x), inset (IHC ,400x). while (D) it was completely negative in adrenocortical 

carcinoma .(E) PTTG 1 with negative expression in adenoma and ( F) higher nuclear positivity in 

carcinoma, (IHC, 200x), inset (IHC ,400x). 



Benha medical journal, vol. 41, issue 5, 2024 
 

380 
 

 

Figure (2): The diagnostic performance of IGF2, SMAD4 and PTTG1 in differentiating ACC from 

ACA. 

Discussion 

Adrenocortical carcinoma (ACC) is a 

highly aggressive rare tumor 
[23]

. 

Proper diagnosis is essential, as the 

prognosis, follow-up, and treatment 

plans for ACC are significantly 

different from those of benign tumors. 

Thus, differentiating between 

malignant and benign adrenal cortical 

tumors presents a significant challenge 

for both clinicians and pathologists 
[24]

.   

The Weiss classification system is 

commonly utilized to distinguish 

between benign and malignant adrenal 

cortical tumors. Despite its widespread 

use, its application is subjective and 

may not always be applicable. 

Differentiation between adrenal cortex 

cancer (ACC) and adenoma (ACA) 

remains a challenging task 
[25]

.   

Our analysis of clinicopathological 

data revealed that tumor size, weight, 

and the Weiss system- were all 

effective clinicopathological criteria 

for distinguishing malignant from 

benign tumors (P < 0.001). This 

finding is in agreement with the results 

of a previous study 
[21]

. 

 The study revealed that tumors 

weighing ≥ 50 g were considered 

significant malignant tumors, with a 

90% sensitivity rate and 100% 

specificity. Moreover, a threshold 

tumor size of ≥ 6.5 cm for identifying 

ACC demonstrated an 80% sensitivity 

rate and 100% specificity. These 

results were consistent with a previous 

studies 
[7, 26]

, which showed that tumor 

size had 100% sensitivity and 91.7% 

specificity in distinguishing 

adrenocortical carcinoma from 

adenoma and tumors with a weight of 

more than 50 grams that followed a 

malignant course. 
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The retrospective analysis evaluated 

the Weiss criteria for all 40 cases, 

demonstrating that a total Weiss score 

of 5 or higher displayed 60% 

sensitivity and 100% specificity in 

predicting malignancy. This 

conclusion aligns with a prior study 
[7]

, 

which examined the expression of the 

Weiss score as a highly sensitive 

parameter with 96% specificity and 

100% sensitivity in malignant tumors. 

The study at hand determined that the 

criteria with the highest sensitivity 

were 'mitotic rate >5/50 HPF' and 

atypical mitosis (100%), while the 

criteria with the lowest sensitivity were 

lympho-vascular invasion, clear cells ≤ 

25%, and diffuse architecture > 1/3 

(with sensitivities of 35%, 45%, and 

45%, respectively). These findings 

align with those of a prior study 
[21]

, 

which identified 'mitotic rate >5/50 

HPF' as the most sensitive criterion 

(100%), and '≤25% clear cells' or 

'sinusoid invasion' as the least sensitive 

criteria (with sensitivities of 36%).  

The most precise criteria were tumor 

size, weight, Weiss score, and mitotic 

rate greater than 5 per 50 HPF, as well 

as wide necrosis and positive lympho-

vascular and capsular invasion (100%). 

The least particular criterion was the 

nuclear Fuhrman grade (65%). This is 

consistent with a previous study 
[21]

 

that found the most particular criteria 

to be 'mitotic rate greater than 5 per 50 

HPF,' 'necrosis,' 'venous invasion,' 

'sinusoid invasion,' and 'capsular 

invasion' (100%), and the least 

particular was 'Fu¨hrman nuclear grade 

III/IV' (68% ( . 

Moreover, our findings were consistent 

with those of a prior investigation 
[7]

, 

which demonstrated that a mitotic rate 

of ≥5 mitoses per 50 high-power fields 

examined through a ×40 objective lens 

was a strong indicator of malignancy, 

with a specificity of 100% and a 

sensitivity of 96%. To this point, 

numerous methods have been explored 

to differentiate between benign and 

malignant adrenocortical tumors, 

including genotyping techniques, 

molecular profiling studies, and 

immunohistochemical approaches 
[27]-

 

In the present study, insulin-like 

growth factor 2 (IGF2) exhibited 

negative expression in all control 

cases, whereas it displayed positive 

results in 80% of adrenocortical 

carcinoma (ACC) cases and only 5% 

of adrenocortical adenoma (ACA) 

cases- demonstrating a statistically 

significant difference between the two 

groups (P value <0.01). This finding 

aligns with previous research 
[24]

, 

which reported that 85% of ACC cases 

showed IGF-2 overexpression. These 

findings may provide valuable insights 

into the role of IGF2 in the 

pathogenesis and malignant 

transformation of ACA, supporting the 

adenoma-carcinoma sequence concept 

in adrenocortical tumors. 

In comparison, a previous study 

conducted in 2006 
[28]

 investigated 

IGF-2 immunohistochemistry in 17 

ACCs and 22 ACAs- using different 

scoring systems and antibody clones. 

This discrepancy may be attributed to 

the variation in the methods employed. 

IGF2 triggers the activation of tyrosine 

kinase receptors, which subsequently 

activate the mitogen-activated protein 

kinase (MAPK) and 

phosphatidylinositol 3-kinase 
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(PI3K)/Akt pathways. Activated Akt 

can initiate the activation of the 

mammalian target of rapamycin 

(mTOR) pathway. These pathways are 

implicated in the proliferation, 

survival, and metastasis of cancer cells 
[24].

 

By using ROC curve to determine the 

performance of IGF2 in detection of 

adrenocortical carcinoma, we found 

that IGF2 had the highest specificity 

and sensitivity (95%)   and 80 %, 

respectively. This is in agreement with 

a previous study   
[5]

 that showed that 

ACC and benign lesions had a 

specificity of 95.5% and a sensitivity 

of 76.5%. Another study 
[12]

 reported a 

specificity and sensitivity of 100% for 

IGF2 in differentiating between ACA 

and ACC
 [24]

. 

SMAD4 expression was detected in the 

cytoplasm of tumor cells, and its level 

was closely related to the tumor type. It 

was found to be more highly expressed 

in the ACA than in the ACC (P <0.05). 

In the current study, SMAD4 

expression was significantly lower in 

ACCs than that in ACAs. This finding 

aligns with the results of a previous 

study 
[21]

. This observation suggests 

that the downregulation of SMAD4 

expression may contribute to the 

development of adrenocortical 

carcinoma and underscore its tumor-

suppressive function. 

The TGF-β/SMAD4 signaling pathway 

is known for its tumor-suppressive 

function during the initial stages of 

development, primarily through the 

induction of cell cycle arrest and 

apoptosis. SMAD4, which serves as 

the central mediator of TGF-β 

signaling, is often specifically 

inactivated in various types of cancers 
[14]

. 

Various investigations conducted over 

the past two decades have disclosed 

that the loss of SMAD4 does not 

instigate the development of tumors, 

but can facilitate the progression of 

tumors initiated by other genetic 

factors, such as the activation of KRAS 

in pancreatic duct adenocarcinoma 
[29]

 

and the inactivation of APC in 

colorectal cancer 
[30].

 

The results obtained from the ROC 

curve indicated that SMAD4 exhibited 

reduced specificity (60%) and 

enhanced sensitivity (90%) for 

distinguishing ACA from ACC. This 

finding aligns with a previous study 
[21],

 which reported that negative/low 

expression of SMAD4 was highly 

sensitive in differentiating ACCs from 

ACAs (sensitivity = 92%), yet 

displayed a low specificity of merely 

40%. 

The immune-expression of PTTG1 

was detected by brown nuclear staining 

of the tumor cells. It was positive in 

75% of ACC cases, with higher 

expression among patients with ACC 

than in those with ACA (P <0.01), in 

agreement with the prior study  
[22].

This finding is supported by the fact 

that PTTG1 acts as an oncogene, and 

that high expression of PTTG1 can 

promote tumorigenesis in many types 

of tumors, such as prostate cancer 
[17]

 

and bladder tumors 
[31].

 

PTTG1 encodes a protein that 

suppresses the transcriptional activity 

of p53 and p53 mediated apoptosis. 

Securin is involved in G2/M transition, 

regulating the transition into M phase 
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and sister chromatid separation 
[32]. 

Furthermore, PTTG1 serves as a 

transcription activator of the c-myc 

oncogene and is involved in various 

molecular mechanisms such as 

epithelial-mesenchymal transition 

(EMT), PI3K/AKT signaling, and 

mitogen-activated protein kinase 

(MAPK) signaling pathways 
[33]

. 

Upon testing the performance of the 

ROC curve in this study, PTTG1 was 

found to be the second best- after 

IGF2- in differentiating adrenocortical 

carcinoma, with 90% specificity and 

75% sensitivity.  

The present study showed that IGF2 

expression was higher in patients with 

a Weiss score of >5 (P <0.05). It did 

not show any statistical relationship 

with other clinicopathological 

variables (P <0.05), which is consistent 

with a previous work 
[21]

. However, 

there was no statistically significant 

relationship between SMAD4 or 

PTTG1 expression and other 

clinicopathological parameters (P 

<0.05), which is consistent with a 

previous study 
[21]

. 

The current study revealed an inverse 

relationship between IGF2 and 

SMAD4 expression (r= 0.313). The 

increase in IGF2 and decrease in 

SMAD4 may play an 

autocrine/paracrine role in adrenal 

tumorigenesis and contribute to 

malignant progression, which may be 

explained by the suppression of 

SMAD4 expression in pancreatic 

cancer by miR483-3p, which is located 

in intron 2 of IGF2. The 

immunohistochemical staining for 

SMAD4 labelled as ‗negative/low‘ 

indicated its deregulation, and was 

associated with overexpression of 

miR483-3p and IGF2 
[34]

. 

Furthermore, the current study found a 

statistically significant positive 

correlation between IGF2 and PTTG1 

in adrenocortical tumors (r= 0.898). 

They have a synergistic effect on the 

malignant progression of 

adrenocortical tumors. However, there 

was an insignificant statistical 

correlation between SMAD4 and 

PTTG1 (r=-0.207). 

Conclusion:  

IGF-2, SMAD4, and PTTG1- may be 

used as reliable and promising 

diagnostic biomarkers for malignancy 

in adrenal cortical neoplasms, which 

may also have therapeutic 

implications. Both IGF2 and PTTG1 

may have synergistic actions in the 

malignant progression of 

adrenocortical tumors. 

The combined expression of this 

immunohistochemical panel of 

markers (IGF2, SMAD4, and PTTG1) 

and variable clinicopathological 

parameters (tumor size, weight, and 

mitotic rate >5/50 HPF)- plays a 

significant role in differentiating 

adrenocortical adenoma from 

carcinoma. 
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