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Abstract 
 
Background PTEN (phosphatase and tensin homolog) gene is located at the 10q23 region that regulates cell 

proliferation and survival mainly by regulating PI3K (phosphatidylinositol 3-kinase)-AKT (protein 
kinase B) signaling pathways. PTEN gene is one of the most frequently mutated tumor suppressor 
genes in human cancer. Loss of PTEN gene can cause overgrowth, proliferation, survival, and 
metabolism of tumor cells. In breast cancer, loss of PTEN gene is associated with the occurrence of 
tumor and is significantly correlated with its characteristics. 

Objective To assess the frequency of PTEN deletion or signal reduction in breast cancer in a sample of Iraqi 
female patients using FISH technique and its relation with clinico-pathological parameters (age, 
tumor size, multicentricity, histopathological types, grade, pathological stage and lymph node 
status). 

Methods This is a retrograde, case control study, which was conducted at the Department of Pathology and 
Forensic Medicine, College of Medicine, Al-Nahrain University for the period between October 
2019 to November 2020. It involved 30 patients with breast cancer who underwent mastectomy 
and 30 patients with benign breast lesions. 

Results PTEN gene deletion or signal reduction was observed in 8 (26.67%) out 30 breast cancer patients. 
There was a significant relation between PTEN gene deletion (or signal reduction) and larger tumor 
size, higher grade, advanced pathological stage, and metastasis to more than 4 lymph nodes. 

Conclusion There was significance difference between cases and control groups regarding PTEN deletion or 
signal reduction. There was significant correlation between PTEN gene deletion or signal reduction 
and larger tumor size, higher pathological grade and advanced stage. 
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List of abbreviations: BAD = BCL2 associated agonist of cell 
death, BC = Breast cancer, CENP-C = Centromeric protein C, FAK = Focal 
adhesion kinase, FFPE  = Formalin fixed paraffin embedded, FISH = 
Fluorescent In situ Hybridization, GSK3 = Glycogen synthase kinase 3, 
H&E = Hematoxylin and Eosin, IDC = Invasive ductal carcinoma, ILC = 
Invasive lobular carcinoma, IRB = Intuitional Review Board, IRS = Insulin 
receptor substrate, LOH = Loss of heterozygosity, mTOR = Mammalian 
or mechanistic target of rapamycin, PI3K = Phosphatidylinositol-3-
kinase, PKB or Akt = Protein kinase B, PTEN = Phosphatase and tensin 
homolog gene, TSC = Tuberous sclerosis  
 

 

Introduction 
he World Health Organization (WHO) 
reported that the incidence rates of 
breast cancer (BC) are steadily getting 

higher (1% to 5% increase every year) in 
countries of the Eastern Mediterranean Region 
(including Iraq) (1). In Iraq, the Ministry of 
Health/ Cancer Registry Council reported that 
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BC ranks the first among the top ten malignant 
neoplasms affecting the Iraqi females in 2018; 
comprising 34.06% (6094 cases) of the total 
number of female patients with cancer in Iraq 
(2). During 2018, 1727 women died from BC 
making it the second most common cause of 
mortality after lung cancer (3). 
Phosphatase and tensin homolog gene (PTEN) 
is located at chromosome 10. It is a tumor 
suppressor gene that regulates vital cell 
functions such as proliferation, cell motility, 
genomic stability and survival through 
controlling the function of phosphatidylinositol 
3-kinase (PI3K)/protein kinase B (PKB, also 
known as Akt)/ Mammalian target of 
rapamycin (mTOR) signaling pathway (4).  
The PI3K proteins activate PKB that 
phosphorylates tuberous sclerosis protein 1 
(TSC1) and TSC2 leading to dissociation of 
TSC1–TSC2 complex (which negatively 
regulates the activity of the kinase mTOR); 
Therefore, AKT results in the activation of 
mTOR complex 1 (mTORC1) and ultimately 
leading to increased protein and lipid synthesis 
and decreased autophagy, hence promoting 
cell growth and proliferation (5,6). PTEN 
negatively regulates PI3K signaling and 
downstream PI3K family members, including 
AKT, leading to inhibition of growth and 
survival signals and suppressing tumor 
formation (7,8).  
Thus, PTEN inactivation leads to cells 
proliferation, promoting cell growth, migration 
and survival through multiple downstream 
effectors that enhance the growth of neoplasm 
(4). PTEN gene is deleted frequently in various 
human tumor types, and alterations to PTEN 
gene were reported to have effect on 
prognosis in primary and metastatic 
neoplasms, including BC (9). The frequency of 
PTEN deletions or reduced expression in BC 
varies from 4 % to 63 % in the literature (9,10). 
Several studies have provided evidence that 
PTEN loss is significantly related to aggressive 
behavior of BC, including larger size of tumor, 
metastasis to lymph nodes, poor 

differentiation and advanced pathological 
stage (9-11).  
This study aims to assess the frequency of 
PTEN deletion or signal reduction using 
Fluorescent in Situ Hybridization (FISH) 
technique in BC patients in a sample of Iraqi 
patients and its relation with the clinico-
pathological parameters (including patients' 
age, tumor size, multicentricity, 
histopathological types, grade, stage and 
lymph node involvement. 
 
Methods 
This is a case control study, which was 
conducted at the Department of Pathology and 
Forensic Medicine, College of Medicine, Al-
Nahrain University. The study was approved by 
Institutional Review Board (IRB) of the College 
of Medicine, Al-Nahrain University. 
A total of 30 formalin-fixed paraffin embedded 
(FFPE) blocks of breast tissue specimens from 
patients who were diagnosed with BC and 
underwent mastectomy during 2019 and 2020 
were collected from Al-Imamein Al-Kadhimein 
Medical City and from the Oncology Teaching 
Hospital-Medical City. Thirty FFPE blocks of 
breast tissues from benign breast lesion were 
also collected from the same centers and were 
used as a control group. 
Clinical and pathological information were 
collected from patients' pathology report. 
From each FFPE tissue blocks, two sections of 5 
μm thickness each were obtained. One section 
was stained with hematoxylin and eosin (H&E) 
stain for revision of the diagnosis. The other 
section was placed on positively charged slide 
for FISH study of PTEN gene using ZytoLight 
FISH (PTEN/CEN 10 Dual Color) Probe. 
Evaluation of PTEN gene had been carried out 
using Zeiss Axio Imager Z2 fluorescent 
microscope with 40X objective lens. Three 
filters had been used RED, DAPI and FITC filter 
for specimen evaluation. The final result of the 
slide was processed and produced by 
MetaSystems Isis software of the fluorescent 
microscope. The PTEN/CEN 10 dual color probe 
consists of ZyGreen labeled polynucleotides 
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which target PTEN gene region on 
chromosome 10, and ZyOrange labeled 
polynucleotides, which target the centromeric 
region of the same chromosome. 
Hybridization signals of 50 non-overlapped 
nuclei were counted manually. Normal cells or 
cells without a deletion involving the PTEN 
gene region show, two green and two orange 
signals. Orange signals represent chromosome 
10 centromeres.  A cell with a deletion 
affecting PTEN gene region shows a reduced 
number of green signals. Presence of fewer 
PTEN signals than centromere 10 probe signals 
in >30% of tumor nuclei were considered as 
heterozygous deletion. Complete absence of 
PTEN signals in the tumor cells, with presence 
of centromere 10 signals in >20% of tumor 
nuclei was considered homozygous deletion 
(12). Tissue spots lacking any detectable PTEN 
signals in all (tumor and normal cells) or lack of 
any normal cells as an internal control for 

successful hybridization of the FISH probe were 
excluded from analysis (9). 
 
Results 
Eight cases of BC out of 30 cases showed PTEN 
signal reduction or complete deletion, forming 
26.67%. Seventy five percent of which (6 cases) 
showed reduced signal of PTEN gene (only 1 
signal out of 2 was deleted) (Figures 1 and 2), 
while 2 cases demonstrated complete loss of 
PTEN signal (Figure 3). However, the remaining 
of the cases (22 cases (73.33%)) showed no 
deletion or signal reduction of PTEN signal 
(Figure 4). Regarding control group, none of 
the patients in the control group showed signal 
reduction or deletion in PTEN gene expression 
(Figure 5). There was significance difference 
between cases and control groups regarding 
PTEN deletion or signal reduction (P 
value=0.0024). 
  
 
  

 
 

Figure 1. Invasive ductal carcinoma of the breast (grade 3) showing reduced signal of PTEN gene 
(partial deletion of the gene). Inset on right top corner showing a magnified cell with partial 

PTEN gene deletion (two orange signals and one green signal). This slide was displayed with 40X 
magnification. 
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Figure 2. Invasive ductal carcinoma of the breast (grade 3) showing reduced signal of PTEN 
(partial deletion of the gene). The 2 insets are showing magnified cells with partial PTEN gene 

deletion (two orange signals and one green signal). This slide was displayed with 40X 
magnification 

 
 
 

 
 

Figure 3. Invasive lobular carcinoma of the breast showing complete deletion of PTEN gene on 
chromosome 10. The 2 insets are showing magnified cells with two orange signals and loss of 

both green signals. This slide was displayed with 40X magnification  
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Figure 4. Invasive lobular carcinoma of the breast showing normal signal of PTEN gene. The inset 
on the right corner is showing a magnified cell with normal PTEN gene signal (two green signals 

and two orange signals). This slide was displayed with 40X magnification 
 

 

 
 

Figure 5. Fibroadenoma of the breast, showing normal signal of PTEN gene. The inset on the 
right corner is showing a magnified cell with normal PTEN gene signal (two green signals and 

two orange signals). This slide was displayed with 40X magnification. 
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Mean age of patients with PTEN deletion was 
43.5±11.12 years, while the mean age of BC 
patients with no deletion in PTEN gene was 
55.63±9.53 years. There was no statistically 
significant difference in mean age between 
deleted PTEN gene and non-deleted PTEN gene 
groups (P value=0.7664) (Table 1). 
BC patients were categorized into three groups 
based on the tumor size (group 1: included 
patients with tumor size <2 cm, group 2: ≥2 cm 
and <5 cm, and group 3: ≥ 5 cm). Eight patients 
out of 30 cases (26.67%) were in group 1, 
group 2 had 16 patients (53.33%) and the 
remaining 6 cases (20%) of the cases were in 
group 3. Two out of 16 patients (12.5%) of 
group 2 displayed reduced signal of PTEN gene. 
Six out of six patients (100%) in group 3 
showed a reduced or deleted signal of PTEN 
gene. There was a highly statistically significant 
correlation between reduced or deleted PTEN 
gene signal and tumor size (P value =0.0001) 
(Table 1). 
Regarding multicentricity, only four out of 
thirty cases (2 cases were invasive ductal 
carcinoma (IDC) and the other 2 cases were 
invasive lobular carcinoma (ILC)); collected 
reported multicentric breast tumor forming a 
percentage of 13.33%. Two of them (50%) 
displayed PTEN gene deletion, the remaining 2 
(50%) cases showed no reduction in PTEN gene 
signals. There was no statistical significance in 
the relationship between PTEN deletion and 
multicentricity (P value =0.26) (table 1). 
Twenty six out of 30 cases (86.67%) were 
diagnosed as IDC (Figure 1) and six of them 
(23.07%) showed PTEN gene deletion (Figure 5 
and 6). On the other hand, only 4 out of 30 
cases (13.33%) were ILC (Figure 2) and 2 of 
them (50%) showed reduced or deleted signal 
in PTEN gene signal (Figure 7). There was no 
statistical significance in relation between the 
PTEN reduced or deleted signal with tumor 
pathological type (P=0.25) (Table 1). 
Eighty percent (24 out of 30 cases) were 
diagnosed as grade II (moderately 
differentiated) and 4 of them (16.67%) showed 

PTEN gene reduced or deleted signal. Twenty 
percent (6 cases) were diagnosed with grade III 
(poorly differentiated), half of them (4 cases) 
demonstrated PTEN deletion or signal 
reduction. No cases were presented with grade 
I in the case group. There was a statistical 
significance in the relationship between the 
PTEN gene reduced or deleted signal with 
tumor pathological grade (P=0.013) as shown 
in table 1. 
Four cases out of 30 patients with BC were 
diagnosed with pathological stage I forming 
13.33%, all of them showed normal PTEN gene 
signal. Most of cases were in stage II with 16 
cases making 53.33% of the group, however 
only 2 of them (12.5%) showed deleted PTEN 
gene or reduced signal. Finally, 10 patients in 
the cases group presented with stage III 
(33.33%) and 6 of them (60%) revealed 
reduced or deleted PTEN gene signal. There 
was statistically significant difference in 
relation between the PTEN reduced or deleted 
signal with tumor pathological grade (P=0.012) 
(Table 1) 
Fourteen patients were recorded with lymph 
nodes metastasis. From these patients, 6 of 
them were found to have a reduced signal of 
PTEN gene. This means that 75% (6 out of 8) of 
patients with PTEN gene deletion had positive 
lymph nodes metastasis. However, there was 
no statistically significant difference between 
PTEN deletion or signal reduction and lymph 
node metastasis (P value=0.0606) (Table 1). 
All the patients with PTEN gene deletion or 
signal reduction and lymph node metastasis (6 
out of 6 (100%)) were found to have metastasis 
in 4 or more lymph nodes. On the other hand, 
there were 8 patients with normal PTEN gene 
expression who had lymph nodes metastasis; 4 
out of 8 (50%) had lymph node metastasis in <4 
lymph nodes, and the other 4 (50%) had lymph 
node metastasis in ≥4 lymph nodes. There was 
statistically significant difference between 
PTEN gene deletion and number of lymph 
nodes invaded (equal or more than 4 lymph 
nodes), P value=0.0404 (Table 1). 
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Table 1. Relationship between PTEN gene status and clinico-pathological characteristics of 
breast cancer patients 

 

Feature 

Breast cancer 
patients with 
normal PTEN 

gene 

Breast cancer 
patients with 
Reduced or 

deleted PTEN 
gene 

Total P value 

Age (mean ±SD) 55.63±9.53 43.5±11.12  0.76 

Tumor size 
Group 1 8 0 8 

 
0.0001 

Group 2 14 2 16 
Group 3 0 6 6 

Multicentric 2 2 4 0.26 

Pathological 
type 

IDC 20 6 26 
0.25 

ILC 2 2 4 

Grade 
Grade I 0 0 0 

 
0.013 

Grade II 20 4 24 
Grade III 2 4 6 

Pathological 
stage 

Stage I 0 4 4 
 

0.012 
Stage II 14 2 16 
Stage III 4 6 10 

Lymph nodes 
invasion 

Yes 8 6 14 
0.0606 

No 14 2 16 

Number of 
lymph nodes 

invaded 

<4 4 0 4 
0.0404 

≥4 4 6 10 

IDC = Invasive ductal carcinoma, ILC = Invasive lobular carcinoma 
 

 
 

 
 

Figure 6. Invasive ductal carcinoma. Section showing malignant mammary cells forming nests. 
Malignant cells are large pleomorphic with large vesicular nuclei with prominent nucleoli. (H&E, 

double magnification of (40X) magnification) 
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Figure 7. Invasive lobular carcinoma. Section showing breast tissue is invaded by malignant cells 
forming cords pattern. Malignant cells are arranged in a single line pattern (Indian file). 

Malignant cells are pleomorphic with different sizes with pleomorphic and hyperchromic nuclei. 
(H&E, 40X) 

 

Discussion 
This study showed a significant PTEN gene 
deletion or signal reduction in around quarter 
of the sample patients with BC (26.67% P 
value=0.0024). The percentage of PTEN gene 
deletion was varied among other studies; 
Lebok et al. (2015) 19%, Beg et al. (2015) 6.4%, 
Al-hamadawi et al. (2015) 58.8% and 
Bazzichetto et al (2019) 30-40% (9,11,13,14). This 
variation in percentage of PTEN gene deletion 
in BC was mentioned in a meta-analysis which 
stated that PTEN deletion or reduced 
expression is present in 4% to 64% of BC 
patients (10). These variations in the 
percentages can be attributed to sample sizes, 
genetic and racial differences, and techniques 
used to assess the gene deletion. 
Many studies suggested that complete deletion 
to of PTEN gene or even gene inactivation 
(deletion to one copy of PTEN gene) can 
contribute to tumorigenesis or promote the 
progression of BC (15-18). In other words, PTEN 
inactivation leads to high concentrations and 
activity of phosphatidylinositol 3,4,5-
trisphosphate (PIP3) (which is normally present 
in low concentrations in quiescent cells and 
increased by stimulation of growth factors). 

This will lead to high levels of Akt (proto-
oncogene) which has antiapoptotic activity by 
inactivating proapoptotic factor BCL2 
associated agonist of cell death (BAD) protein 
and caspase-9 (15). 
The average age of BC patients with PTEN gene 
deletion or signal reduction was 43.5 years, 
which is approximately 12 years younger than 
those with no deletion (55.63 years). This 
means that PTEN deletion tends to occur in 
younger BC patients, however there was no 
statistical significance for this relation. This 
result goes with the findings of other studies; 
Kazim et al. in 2019 and Anders et al. in 2008 
(19,20). 
There was significant relation between PTEN 
gene deletion or signal reduction and tumor 
size >2 cm (P value=0.0001). This relation 
between PTEN gene loss and larger tumor size 
was established by a previous study done in 
Iraqi by Al-hamadawi et al. in 2015 (13). Other 
studies; Li et al. in 2017, Beg et al. in 2005 and 
Zhang et al. in 2013 recognized the relation 
between PTEN deletion and larger tumor size 
(10,11,21). When PTEN gene is deleted or 
inactivated, Akt (which is normally inhibited by 
PTEN gene) would be active and this promotes 
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cell cycle progression in cancer and leads to 
continuous cells division and larger tumor size. 
This increased tumor size can be attributed to 
the effect of Akt on glycogen synthase kinase 3 
(GSK-3) and mTOR signaling pathway. Akt 
inhibits GSK-3, which is thought to have a role 
in promoting cell cycle progression in cancer 
cells. On the other hand, Akt activates mTOR 
signaling pathway which is important in 
ribosomal protein synthesis (22). 
Only 2 cases out of 8 (25%) with PTEN deletion 
showed a multicentric tumor and both of the 
cases were ILC. There was no statistical 
significance in relation between PTEN and 
multicentric tumor (P value=0.26). 
Unfortunately, there are no data regarding the 
relation between PTEN gene deletion status 
and breast tumor multicentricity. 
In this study, 75% of patients with deleted 
PTEN gene were diagnosed with IDC of no 
special type (NOS) and the remaining 25% were 
diagnosed with ILC. There was no statistical 
significance between PTEN deletion and tumor 
histological type (P value=0.25). Same results 
were found in a study done by Lopez et al. 
(2020), in which BC patients with low PTEN 
expression were 80% IDC, 14.3% ILC and 5.7% 
for the other types of BC and there was no 
statistical significance between PTEN deletion 
status and BC pathological type (23). Li et al. in 
2017 found the same result in which there is 
no association between PTEN gene loss and BC 
histological type (10). 
The breast tumors with deleted PTEN gene 
were divided equally between grade II and III (4 
cases in each grade). This means that patients 
with deleted PTEN gene present with higher 
grade tumors (grade II and III), and there was a 
statistically significant difference between 
PTEN gene deletion and higher tumor grade (P 
value=0.013). This relation was demonstrated 
in many previous studies Lebok et al. (2015), Li 
et al. (2017), Al-hamadawi et al. (2015), and 
Golmohammadi et al. (2016) (9,10,13,24). 
It has been demonstrated that PTEN has a role 
in chromosomal stability and DNA repair and is 
negatively associated with mitotic index. Loss 
of PTEN gene function in tumors leads to 
chromosomal instability, impaired DNA repair 
and higher mitosis rate which yields to a 

higher-grade tumor (25). In addition to that, 
PTEN gene loss leads to aberrant chromosomal 
segregation during mitosis which leads to 
erroneous chromosome inheritance (26). 
In the current study, majority of patients with 
deleted PTEN gene presented with pathological 
stage III (6 out of 8 (75%)) and the remaining 2 
cases (25%) were diagnosed with stage II. This 
means that patients with deleted PTEN gene 
tend to present with more advanced tumor 
stage and there was a statistically significant 
difference between PTEN gene deletion and 
higher tumor stage (P value=0.012). This was 
stated in previous studies, which found PTEN 
deleted tumors was associated with higher 
tumor stage; Lebok et al. (2015), Li et al. 
(2017), Al-hamadawi et al. (2015), 
Golmohammadi et al. (2016) and Chang et al. 
(2005) (9,10,13,24,27). 
PTEN gene deletion leads to phosphorylation of 
focal adhesion kinase (FAK) which in turn leads 
to integrin-mediated cell spread, migration and 
focal adhesion formation. Another mechanism 
by which PTEN gene has a role in metastasis is 
that PTEN gene deletion leads to loss or 
decrease of E-cadherin, which is crucial for 
tumor invasion and metastasis (28). 
There was no statistical significance between 
PTEN gene deletion or signal reduction and 
lymph nodes metastasis (P value=0.6). 
However, there was statistical significance 
between PTEN deletion or signal reduction and 
metastasis to more than 4 lymph nodes (P 
value=0.4). Many studies showed that PTEN 
gene deletion was associated with lymph 
nodes metastasis; Li et al. (2007), Al-hamadawi 
et al. (2015), Chang et al. (2005), Chung et al. 
(2004) and Izzo et al. (2021) (10,13,27,29,30). 
However, no data were found regarding the 
relation between PTEN gene deletion status 
and number of lymph node that BC would 
metastasize to. Loss of PTEN gene function can 
weaken intercellular adhesion and promote 
cancer cell invasion including invasion to lymph 
nodes (31). 
In conclusion, PTEN gene deletion or signal 
reduction was detected in 26.67% of BC cases. 
This may reflect the possible role of PTEN gene 
in the development of BC. There was a 
significant correlation between PTEN gene 
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deletion or signal reduction and larger tumor 
size, high number of lymph nodes metastasis 
(more than 4 lymph nodes), higher grade and 
advanced stage. This may be related to the loss 
of PTEN gene normal function by deletion 
resulting in impaired control of cell growth, 
increased cellular proliferation, loss of 
differentiation and cellular adhesion with 
enhanced migration and local invasion of BC. 
However, there is no significant relation 
between PTEN gene deletion status and age, 
multicentricity, pathological type and lymph 
node metastasis (regardless the number of 
lymph nodes) in patients with BC. 
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