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Abstract 
Objective: PIK3CA is the most common pathway affected by mutations in 
breast cancer. PIK3CA/PTEN pathway is under intense investigation as a 
possible target for molecular therapy. Dysregulation PIK3CA/PTEN pathway 
is a substantial mechanism for the development of resistance to anti-HER2 
therapy. Therefore, we aimed to study the PIK3CA/PTEN in breast cancer 
patients in Saudi population. Methods: We applied PTEN immunohistoche-
mistry on 98 patients. Then, we applied next-generation sequencing to de-
termine the genetic variations associated with the development of breast can-
cer and their correlations with clinicopathological variables. Results: PTEN 
expression was significantly correlated with lymph node metastasis (LNM), 
tumor stage, lymphovascular invasion (LVI) and triple negative breast cancer 
(TNBC). The prevalence of the PIK3CA mutation was 33.3% of cases and it 
was significantly associated with LNM, tumor stage, and with PTEN expres-
sion. c-MET mutation was identified in 41.7% of cases and it was associated 
with tumor stage and with TNBC, while c-KIT mutation was detected in 
20.8% of cases, and it was significantly associated with TNBC only. Patients 
with positive PTEN expression had a significantly better overall survival (OS); 
on the contrary, patients with PIK3CA and c-MET had a significantly worse 
OS. Conclusion: Our study confirms the importance of PIK3CA/PTEN 
pathway in breast cancer patients. A high frequency of PIK3CA and c-MET 
mutations was detected and was associated with poor prognosis. Both c-MET 
and c-KIT genes have significant roles in developing TNBC. These findings 
should be expanded to a larger group study to improve the clinical outcomes 
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and individualizing treatment. 
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1. Introduction 

Breast cancer is one of the most common tumors that intimidate women’s 
health. It accounts alone for 30% of all new cancer cases in women. Although the 
death rate for breast cancer decreased by 40% from 1989 to 2016, breast cancer 
leads to cancer deaths among women aged 20 to 59 years. In Saudi Arabia, breast 
cancer is one of the most frequent malignancies among women between the age 
of 20 and 60. According to the statistics by the Saudi Health council in 2015, 
breast cancer ranked the 1st among female which accounted 16.7% from all can-
cer reports among Saudis [1] [2] [3]. Triple negative breast cancer (TNBC) is 
marked by bad prognosis and low survival rate regardless of the effectiveness of 
hormonal therapies. In Saudi population, TNBC patients who are HER2 positive 
have a high grade and large tumor size at presentation especially for women who 
are under the age of 50 years [4]. 

Tumor heterogeneity in breast cancer is due to the wide range of genetic vari-
ations which led to phenotypical and functional diversity in the role of develop-
ing breast cancer. Breast cancer is characterized by elevated genomic instability 
confirmed by abundant somatic gene mutations, rearrangements of the chro-
mosome structures and wide range of copy number variations [5]. Recently, the 
use of the whole-genome sequencing in breast cancer patients revealed these di-
versities and its frequency in many genes [6]. 

The phosphoinositide 3-kinase PIK3CA gene is present on chromosome 3 
(3q26.32) that codes for catalytic subunit which plays an essential role in cellular 
function such as proliferation, survival, motility and growth. Mutation in the 
PIK3CA gene code for protein plays a significant role in development of breast 
cancer [7]. This coded protein of a muted PIK3CA gene converts the phospha-
tidylinositol-4,5-bisphosphate (PIP2) to phosphatidylinositol-3,4,5-triphosphate 
(PIP3) which leads to downstream signaling through a PI3K/AKT/mTOR pathway 
[8]. The phosphatase and Tensin-Homolog (PTEN) gene, which is present on 
chromosome 10 (10q23), encodes for protein that plays a role in DNA repair, 
apoptosis and cell cycle proliferation. Indeed, PTEN protein inhibits the activa-
tion of PIK3CA gene. PTEN gene is a tumor suppressor gene and its mutation 
may lead to tumor development and regression by escaping from the cell cycle 
arrest and apoptosis process [9]. 

c-MET, also named hepatocyte growth factor (HGF) receptor, is a cell surface 
tyrosine kinase receptor which encodes by met gene that is located on chromo-
some 7q21-31. It increases cell survival after binding to its substrate hepatocyte 
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growth factor. Receptor activation facilitates the downstream signaling that ac-
tivates the kinase cascade. This pathway regulates the cellular proliferation, cell 
growth, migration and invasion [10]. A wide range of genetic variations has been 
frequently identified in breast cancer patient with different ethnicity. Gene am-
plification is reported as well in many studies that reported a signification asso-
ciation. These clinical findings confirmed the prognostic importance of c-MET 
mutation and highlighted its potential in developing breast cancer [11] [12]. 

c-KIT (or CD117) is a transmembrane tyrosine-kinase receptor. It has a fun-
damental role in regulating proliferating mast cells and stimulates the 
angiogenesis. There is a significant association between the overexpression of 
c-KIT and high-grade breast cancer with poor prognosis [13]. Mast cells stimu-
late c-KIT activation which in turn stimulates the angiogenic factors such as 
tryptase. Tryptase has a proteolytic activity that stimulates angiogenic activity in 
vascular endothelial and tumor cell proliferation, which helps the tumor cell for 
metastasis [14] [15]. 

To the best of our knowledge, no data has been published before concerning 
the mutation of PIK3CA, c-MET and c-KIT genes and their correlations with 
the clinicopathological variables in Saudi patients with breast cancer. Further-
more, we also aimed in this study to explore the relationship between PTEN ex-
pression, PIK3CA, c-MET and c-KIT mutations and overall survival. 

2. Material and Methods 

Patients and Tissue Samples 
The study included 98 female patients diagnosed with breast cancer from local 

hospital in the western region of Saudi Arabia between 2015 and 2019. This 
study was approved and conducted under the ethics regulation by the ethical 
committee at the school of medicine at Umm Al-Qura University. All tissue sec-
tions were evaluated after hematoxylin/eosin (H & E) staining by histopathologist. 
We collected the related demographic and clinical data of the current study 
including: age, tumor size, tumor stage, axillary lymph nodes, regional and dis-
tant metastasis and tumor recurrences from the final pathology reports as shown 
in Table 1. 

Any patient who had had radiotherapy, chemotherapy, targeted therapy, or 
adjuvant endocrine treatment before surgery was excluded from the study. Inva-
sive duct carcinoma (IDC) was graded based on the modification of Elston and 
Ellis on Bloom and Richardson grading system [16]. A case was considered to be 
positive for hormone receptors (ER and PR) if has >15% of the tumor cells 
demonstrate positive nuclear staining. HER2 expression is scored as stated by 
the American Society of Clinical Oncology [17]. 

Immunohistochemistry 
The paraffin embedded tissue sections were cut at 4 μm thickness and were 

deparaffinized in xylene and rehydrated in graded alcohols. The slides were in-
cubated with peroxidase-blocking reagent and after rinsing in wash buffer, the  
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Table 1. The clinicopathological features of breast cancer patients. 

Clinicopathological Features N % 

Age 
≤50 46 46.9% 

>50 52 53.1% 

Tumor Size 

<2 cm 27 27.6% 

2 - 5 cm 51 52.0% 

>5 cm 20 20.4% 

Necrosis 
Absent 53 54.1% 

Present 45 45.9% 

Tumor Grade 

Grade 1 20 20.4% 

Grade 2 47 48.0% 

Grade 3 31 31.6% 

LVI** 
Absent 48 49.0% 

Present 50 51.0% 

LNM** 

Negative 19 19.4% 

Positive < 3 48 49.0% 

Positive > 3 31 31.6% 

Tumor Stage 

Stage 1 11 11.2% 

Stage 2 53 54.1% 

Stage 3 24 24.5% 

Stage 4 10 10.2% 

PTEN 
Negative 53 54.1% 

Positive 45 45.9% 

TNBC** 
TNBC 31 31.6% 

Non-TNBC 67 68.4% 

*LVI: lymphovascular invasion, **LNM: Lymph Node Metastasis, ***TNBC: triple negative breast cancer. 
 

slides were incubated with PTEN antibody (dilution 1:100, clone 6H2.1, Dako) 
for half an hour at room temperature. After then, the slides were rinsed again 
and incubated for another half an hour with peroxidase-labeled polymer. Then 
the slides were incubated with DAB substrate-chromagen solution and coun-
terstained with hematoxylin. Lastly, the slides were dehydrated, mounted and 
cover slipped. 

PTEN positive tumor cells demonstrated either cytoplasmic or nuclear stain-
ing or both. The immunohistochemical staining was Semi-quantitative scored 
according to the intensity as follows: 2 = positive (similar in intensity to normal 
epithelial cells), 1 = weak (decreased intensity compared to normal epithelial 
cells), and 0 = negative (no staining in tumor cells, however, it is detected in 
surrounding normal ductal epithelial cells) [18]. 

Tumor Dissection and DNA Extraction 
After evaluating the cases to be eligible for the current study, we included 46 

https://doi.org/10.4236/abcr.2021.103005


R. Nassir et al. 
 

 

DOI: 10.4236/abcr.2021.103005 64 Advances in Breast Cancer Research 
 

cases qualified for further molecular analysis. These cases were selected based on 
positive immunohistochemical expression for PTEN. From each selected case, 
10-nm thick tissue section obtained from paraffin-embedded samples was col-
lected in the Eppendorf safe-lock tube to be prepared for DNA extraction. 

From each selected case, 10-nm-thick tissue sections obtained from paraf-
fin-embedded samples were collected in the Eppendorf safe-lock tube to be pre-
pared for DNA extraction. The DNA extracted from the collected tissue by using 
the QIAamp DNA FFPE Tissue Kit (Qiagen®, Hilden, Germany) following the 
protocol of the manufacture. The extracted DNA was eluted into 40 nL buffer 
then quantified using two methods: NanoDrop microvolume sample retention 
system (Thermo Fisher Scientific NanoDrop Products, Hanover Park, IL, USA). 
The second method of quantification was using Qubit, DS (Thermo Fisher 
Scientific®, Waltham, MA, USA) and stored at 4˚C. All the 46 cases were fulfilled 
the recommended DNA quality required for the molecular analysis. 

Next-Generation Sequencing 
For all the 46 cases, 20 ng of the extracted DNA was prepared for sequencing. 

The assessment of 15 genes (TP53, PIK3CA, c-KIT, c-MET, EGFR, PDGFRA, 
KRAS, NRAS, BRAF, AKT1, GNA11, RET, GNAQ, ERBB2 and FOXL2) was ap-
plied using TruSight Tumor 15 (Illumina®, San Diego, CA, USA). The resulting 
pooled libraries were quality controlled using The Qubit® dsDNA High Sensitiv-
ity Assay. Sequencing was applied with paired-end reads on MiSeq Platform (Il-
lumina®). 

Determination of the Variations 
All the reads of the sequenced DNA were arranged and compared to the 

hg19/GRCh37 reference sequence then analyzed by applying the MiSeq reporter 
(Illumina®). To specifically identify the variants in breast tissue samples, Ba-
seSpcae Variant Interpreter (Illumina®) was applied. The called variants were 
considered somatic malignant tumors of the breast (SNOMEDCT) version 
4.0.7.6. To decrease the false-positive rate in our study group, we set the values 
for the cutoff as the following: genotype quality > 30, read depth > 100, Indel re-
peat length < 8 and for the allele frequency of mutant reads >1%. 

Statistical Analysis 
The association between PTEN protein expression, PIK3CA, c-MET and 

c-KIT mutations and the clinicopathological parameters were assessed by 
Chi-square statistical test and Pearson correlation. Survival analyses were esti-
mated using the Kaplan-Meier method. Cox proportional hazards model was 
used to estimate the hazard ratio (HR) of each clinicopathological variable for 
OS. P-values were 2-tailed and considered significant when <0.05. Data analyses 
were carried out using SPSS statistics 22.0 software. 

3. Results 

Patients Characteristics 
Table 1 presents the mean and the proportion of the clinicopathological cha-
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racteristics of the patients who are included in the current study. Briefly, the 
mean age was 53.5 ± 1.3 years (range 29 - 87 years). Twenty-nine patients 
(29.6%) developed recurrence and twenty-five cases (25.5%) died by the end of 
the follow up. Nineteen patients (19.4%) had negative lymph nodes and slightly 
more than half of the cases (54.1%) had stage II disease. Triple-negative breast 
cancer (TNBC) were 31 cases (31.6%) while 67 (68.4%) were non-triple-negative 
breast cancer patients. 

Correlation of PTEN with Clinicopathological Variables 
The correlation of PTEN with different clinicopathological variables is dem-

onstrated in Table 2. 
Malignant cells expressed positive PTEN staining either in the cytoplasm or 

the nucleus or both in 45 cases (45.9%). Loss of PTEN expression was correlated  
 

Table 2. Association between PTEN expression and clinicopathological characteristics in 
breast cancer. 

Clinicopathological Features 

PTEN 

Negative Positive 
Sig. 

N % N % 

Age 
≤50 years-old 25 47.2% 21 46.7% 

0.96 
>50 years-old 28 52.8% 24 53.3% 

Tumor Size 

<2 cm 15 28.3% 12 26.7% 

0.348 2 - 5 cm 31 58.5% 22 48.9% 

>5 cm 7 13.2% 11 24.4% 

Necrosis 
Absent 31 58.5% 21 46.7% 

0.242 
Present 22 41.5% 24 53.3% 

Tumor Grade 

Grade 1 11 20.8% 9 20.0% 

0.306 Grade 2 22 41.5% 25 55.6% 

Grade 3 20 37.7% 11 24.4% 

LVI* 
Absent 21 39.6% 27 60.0% 

0.044 
Present 32 60.4% 18 40.0% 

LNM** 

Negative 7 13.2% 12 26.7% 

0.018 Positive < 3 23 43.4% 25 55.6% 

Positive > 3 23 43.4% 8 17.8% 

Stage 

Stage 1 5 9.4% 6 13.3% 

0.042 
Stage 2 23 43.4% 30 66.7% 

Stage 3 17 32.1% 7 15.6% 

Stage4 8 15.1% 2 4.4% 

TNBC*** 
TNBC 23 43.4% 8 17.8% 

0.007 
Non-TNBC 30 56.6% 37 82.2% 

*LVI: lymphovascular invasion, **LNM: Lymph Node Metastasis, ***TNBC: triple negative breast cancer. 
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significantly with lymph node involvement (p = 0.01), high tumor stage (p = 
0.04), lymphovascular invasion (p = 0.04) and TNBC (p = 0.007). 

Different variations in PIK3CA, c-MET and c-KIT detected using Next 
Generation sequencing profile 

We purified DNA form 46 breast cancer patients from contiguous area of the 
tumor tissues to be sequenced by the next-generation sequencing method. These 
46 samples were sequenced, and of which there was either complete failure or 
very low quantity in 22 samples due to poor DNA quality (read depth < 30; al-
ternative variant frequency < 5). We believe the DNA has been degraded in the 
FFPE material and therefore these cases were excluded. The remaining 24 sam-
ples were sequenced successfully. 15 samples showed mutations in these three 
genes (PIK3CA, c-MET and c-KIT) that we are interested in the current study. 

The mean of the total aligned reads for each sample was 2.7 million (it ranges 
between 1.9 to 4.2 million reads) and the minimum sequencing depth was 
484.5X. Several steps were applied to filter the variations that are identified in 
the run. Any variants that are located in the intron region and have no reported 
pathogenic relevance were removed. The total of 1368 variants was removed 
from the study due to the fact that they were known polymorphisms. These po-
lymorphisms are not related to the breast cancer, such as non-pathogenic, or did 
not pass our quality criteria. The number of mutations in the genes that we were 
interested in per sample ranged from one to nine mutations with a median of 
six. 

From these 15 samples that showed mutations in the three genes, a total of 78 
genetic variants were identified that have been reported to have a pathogenic ef-
fect. These 78 variants consisted of 46 synonymous mutations (58.9%), 16 inser-
tion/deletion mutation (20.5%), 10 deletion mutation (12.8%), and 4 missense 
mutation (5.1%). In the current study, most of the sequenced samples showed 
multi-variations and each with unique molecular profiles. 

Correlation of PIK3CA, c-MET, and c-KIT Mutations with Clinicopa-
thological Variables 

The results of the association between PIK3CA, c-MET and c-KIT mutations 
were summarized in Table 3. 

The expression ratio for PIK3CA, c-MET and c-KIT mutation in 24 cases was 
(33.3%, 41.7% and 20.8%) respectively. PIK3CA mutations was associated with 
metastasis in lymph node (p = 0.018), tumor stage (p = 0.03), and with positive 
PTEN immunohistochemical staining (p = 0.046). c-MET mutations were asso-
ciated with tumor stage (p = 0.014) and with TNBC (p = 0.003). For c-KIT, mu-
tations were only associated with TNBC (p = 0.015). 

Correlation of PTEN Immunohistochemical Expression, PIK3CA, c-MET, 
and c-KIT Mutations with Overall Survival 

The patients were followed up for 5 years with a mean of 3.5 ± 1.3 years. Un-
ivariate and multivariate analyses of overall survival were summarized in Table 
4. 
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Table 3. The association between PIK3CA, c-MET and c-KIT mutations and the clinico-
pathological characteristics in breast cancer. 

 
PIK3CA* c-MET* c-KIT* 

n % Sig n % Sig n % Sig 

Age 
<50 3 37.5% 

0.247 
4 40.0% 

0.239 
1 20.0% 

0.085 
≥50 5 62.5% 6 60.0% 4 80.0% 

Tumor 
Size 

<2 cm 4 50.0% 

0.214 

4 40.0% 

0.344 

3 60.0% 

0.213 2 - 5 cm 4 50.0% 6 60.0% 2 40.0% 

>5 cm 0 0.0% 0 0.0% 0 0.0% 

Necrosis 
Absent 5 62.5% 

0.770 
5 50.0% 

0.484 
2 40.0% 

0.350 
Present 3 37.5% 5 50.0% 3 60.0% 

Grade 

Grade 1 1 12.5% 

0.741 

1 10.0% 

0.527 

0 0.0% 

0.131 Grade 2 3 37.5% 4 40.0% 1 20.0% 

Grade 3 4 50.0% 5 50.0% 4 80.0% 

LVI 
Absent 5 62.5% 

0.770 
5 50.0% 

0.484 
2 40.0% 

0.350 
Present 3 37.5% 5 50.0% 3 60.0% 

LNM 

Negative 0 0.0% 

0.018 

2 20.0% 

0.565 

2 40.0% 
 

0.150 
 

Positive < 3 2 25.0% 3 30.0% 0 0.0% 

Positive ≥ 3 6 75.0% 5 50.0% 3 60.0% 

Stage 

Stage 1 0 0.0% 

0.034 

0 0.0% 

0.014 

2 40.0% 

0.092 
Stage 2 1 12.5 % 2 20.0% 0 0 % 

Stage 3 3 37.5 % 3 30.0% 2 40.0% 

Stage 4 4 50.0% 5 50.0% 1 20.0% 

PTEN 
Negative 8 100.0% 

0.046 
8 80.0% 

0.633 
4 80.0% 

0.772 
Positive 0 0.0% 2 20.0% 1 20.0% 

TNBC 
TNBC 3 37.5% 

0.155 
5 50.0% 

0.003 
3 60.0% 

0.015 
Non-TNBC 5 62.5% 5 50.0% 2 40.0% 

*Only cases with positive PIK3CA, c-MET and c-KIT mutations were included within the table. 
 

Table 4. Univariate and multivariate analyses for overall survival according to PTEN 
immunohistochemical expression and PIK3CA, MET, and KIT mutations. 

   Univariate Multivariate 

 Sig. 
EXP 
(B) 

95% CI for Exp (B) 
Sig. EXP (B) 

95% CI for Exp (B) 

Lower Upper Lower Upper 

PTEN 0.011 0.278 0.104 0.742 0.001 0.176 0.061 0.507 

PIK3CA 0.001 0.089 0.023 0.350 0.002 0.082 0.018 0.385 

c-MET 0.009 0.165 0.042 0.639 0.055 0.215 0.045 1.033 

c-KIT 0.577 0.685 0.181 2.590 0.133 3.571 0.678 18.811 

https://doi.org/10.4236/abcr.2021.103005


R. Nassir et al. 
 

 

DOI: 10.4236/abcr.2021.103005 68 Advances in Breast Cancer Research 
 

In univariate survival analysis, patients with positive PTEN immunohisto-
chemical expression had a significantly better overall survival; (HR 0.278; 95% 
CI [0.104 - 0.742], p = 0.011)) (Figure 1(a)). 

Moreover, PTEN expression was an independent prognostic factor in multi-
variate analysis; (HR = 0.176; 95% CI [0.061 - 0.507], p = 0.001). 

Patients with PIK3CA mutation had a significantly worse overall survival in un-
ivariate survival analysis; (HR 0.089; 95% CI [0.023 - 0.350], p = 0.001) (Figure 
1(b)). Furthermore, PIK3CA mutation was an independent prognostic factor in 
multivariate analysis (HR = 0.82; 95% CI [0.018 - 0.385], p = 0.002). 

Regarding c-MET, patients had c-MET mutation exhibited significant worse 
overall survival in a univariate analysis; (HR 0.165; 95% CI [0.042 - 0.639], p = 
0.009) (Figure 1(c))). However, in multivariate analysis; (HR 0.215; 95% CI 
[0.045 - 1.033], p = 0.055), c-MET mutation was not significant. 

No significant association has been detected between c-KIT mutation and 
overall survival in both univariate and multivariate analysis (HR 0.685; 95% CI  

 

 
Figure 1. Kaplan-Meier survival curves for overall survival according to the expression of PTEN, PIK3CA, and c-MET and c-KIT 
in tumor cells. (a) PTEN expression, (b) PIK3CA expression, (c) c-MET expression and (d) c-KIT expression. 
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[0.181 - 2.590], p = 0.577 and HR 3.571; 95% CI [0.678 - 18.811], p = 0.133, re-
spectively) (Figure 1(d)). 

4. Discussion 

PIK3CA is the most common pathway affected by mutation in breast cancer 
signaling pathway and PIK3CA/PTEN pathway is under intense investigation 
as a possible target for molecular therapy. PTEN inhibits the phosphatidylino-
sitol-3-kinase (PI3K)/protein kinase B (Akt) pathway and activates the expres-
sion of pro-apoptotic factors which prevent cellular proliferation and survival. 
Absence of PTEN efficacy has been detected in many primary and metastatic 
tumors including breast cancer [19]. Our results are the first to demonstrate 
the associations between PTEN expression using immunohistochemistry and 
PIK3CA, c-MET and c-KIT genes mutations using next generation sequencing 
technology with the clinicopathological characteristics of breast cancer among 
Saudi women. 

Saudi Arabia has a distinctive social pattern, with an increased incidence of 
consanguineous marriages; therefore, a unique epidemiological profile for breast 
cancer has been proposed in such population. In the current study, the mean age 
of patients with breast cancer is 53.5 years (range 29 - 87 years), and most were 
younger than 50 years old. Our data are in agreement with the regional and na-
tional studies which reported that breast cancer in Saudi Arabia is diagnosed at 
an earlier age comparing to the western population [3] [20] [21] [22]. 

Results from the current study showed that almost half of the cases had lym-
phovascular invasion and lymph nodes metastasis. Furthermore, about two thirds 
of the cases had tumor size larger than 2 cm [23]. 

PTEN is one of the most frequently mutated tumor suppressor genes [24] 
[25]. The immunohistochemical expression of PTEN in the current study was 
successfully performed and positively scored for 45 out of 98 cases (45.9%). 
Moreover, in the present study, a statistically significant association has been 
detected between PTEN expression and lymph node metastasis, advanced tumor 
stage, lymphovascular invasion and TNBC. These findings are consistent with 
those of Constantinou et al. [26]. Nearly all TNBC breast cancers have one or 
more PTEN/PIK3CA pathway modulations opposed to the rate in non-TNBC 
[27] [28]. 

In our study, we have found that the overall survival of patients with breast 
cancer exhibiting positive PTEN staining was higher than those with negative 
PTEN staining and PTEN expression was an independent prognostic factor for 
OS. These findings are similar to previous studies done by Li et al. and Wang et 
al. [7] [29]. By contrast, other studies have reported that PTEN has no statisti-
cally significant correlation with overall survival [30]. 

PI3KCA mutations have been identified with encouraging results in 33.3% of 
cases in this study and it was associated with lymph node invasion, tumor stage 
and PTEN immunohistochemical expression which is in consistence with the 
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other published studies. Indeed, the majority of breast cancer patients have 
PTEN/PIK3CA pathway alterations that are associated with the poor prognosis. 
This emphasized the tremendous need for targeting this pathway thorough ap-
plying newly developed PIK3CA inhibitors [27] [29]. 

Over the last two decades, many studies have investigated the fundamental 
role of c-MET signaling pathways in breast cancer development [12]. Our find-
ings demonstrate that c-MET mutations occur in 41.7% of breast cancer cases 
and these mutations were significantly associated with advanced tumor stage 
and TNBC. These findings are supported by those from a previously published 
study showed that c-MET expression levels were associated with the prognosis of 
breast cancer and this could be used as an independent prognostic biomarker 
[31]. Several studies showed that c-MET/HGF signaling is an important pathway 
in breast cancer development and it elucidates an appealing target for antitumor 
molecular therapy [32] [33] [34]. 

In the current study, we detected c-KIT mutation in 20.8% of cases and it was 
significantly associated with TNBC. However, no significant association has 
been found between c-KIT and the other clinicopathological variables. Abbas-
pour et al. also found c-KIT mutation was correlated with lymph node involve-
ment only [15] [35] [36]. 

The association between PIK3CA mutations and overall survival has been in-
vestigated in our study and we found that patients with a tumor mutational 
PIK3CA had worse overall survival. Furthermore, PIK3CA was identified as an 
independent prognostic factor. Similar results have been previously reported by 
Deng et al., who also found that patients and PTEN loss had worse overall sur-
vival [37]. 

Furthermore, we found that c-MET mutation had a significant association 
with overall survival in univariate analysis only. Similar result has been pre-
viously reported [38]. On the other hand, no significant association has been de-
tected between c-KIT mutation and overall survival in the current study. There 
are inconsistent data regarding the prognostic role of c-KIT in breast cancer, 
several studies have found that c-KIT does not affect the survival of patients with 
TNBC. Other reports, however, demonstrated that overexpression of c-KIT was 
associated with poor prognosis in TNBC and with tumor recurrence as well [39]. 

5. Conclusion 

In summary, we found novel associations between PTEN/PIK3CA pathway and 
the clinicopathological parameters in Saudi breast cancer patients. Furthermore, 
we found that PIK3CA pathway activation (defined as PTEN loss and PIK3CA 
mutation) contributes to significantly short overall survival in Saudi patients. 
Our results have substantial clinical implications for managing patients with 
breast cancer and planning clinical trials that target the PTEN/PIK3CA pathway 
using recently developed PIK3CA inhibitors. The current findings need more 
investigations and should be expanded and regularly screened to enable to indi-
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vidualize treatment that improves the clinical outcomes in the future practice. 

Source of Funding 

This work was fully funded by the Institute of Scientific Research and Revival of 
Islamic Heritage and Deanship of Scientific Research, at Umm Al-Qura Univer-
sity. (Project No. 43509003). 

Ethical Approval 

This work was approved from the Biomedical Ethics Committee at the school of 
medicine at Umm Al-Qura University (Registration No. in National Committee 
of Bio Ethics: HAPO-02-K-012). 

Acknowledgements 

The authors would like to thank the Institute of Scientific Research and Revival 
of Islamic Heritage and Deanship of Scientific Research, Umm Al-Qura Univer-
sity (Project No. 43509003) for the financial support. 

Authors Contributions 

RN, GE, HMA, AA and GN designed and conducted the research, gathered the 
research materials and collected the data. RN, GE, HMA analyzed and inter-
preted the data. RN and GE wrote the initial and final draft of the manuscript, 
conducted the statistical analysis and provided logistic support. RN and GE have 
reviewed the final draft and are in charge of the content and similarity index of 
the manuscript. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this 
paper. 

References 
[1] Siegel, R.L., Miller, K.D. and Jemal, A. (2019) Cancer Statistics, 2019. CA: A Cancer 

Journal for Clinicians, 69, 7-34. https://doi.org/10.3322/caac.21551 

[2] Alotaibi, R.M., Rezk, H.R., Juliana, C.I. and Guure, C. (2018) Breast Cancer Mortal-
ity in Saudi Arabia: Modelling Observed and Unobserved Factors. PLoS ONE, 13, 
e0206148. https://doi.org/10.1371/journal.pone.0206148 

[3] Herzallah, H.K., Antonisamy, B.R., Shafee, M.H. and Al-Otaibi, S.T. (2019) Tem-
poral Trends in the Incidence and Demographics of Cancers, Communicable Dis-
eases, and Non-Communicable Diseases in Saudi Arabia over the Last Decade. Sau-
di Medical Journal, 40, 277-286. https://doi.org/10.15537/smj.2019.3.23585 

[4] Alnegheimish, N.A., Alshatwi, R.A., Alhefdhi, R.M., Arafah, M.M., AlRikabi, A.C. 
and Husain, S. (2016) Molecular Subtypes of Breast Carcinoma in Saudi Arabia. A 
Retrospective Study. Saudi Medical Journal, 37, 506-512.  
https://doi.org/10.15537/smj.2016.5.15000 

[5] Testa, U., Castelli, G. and Pelosi, E. (2020) Breast Cancer: A Molecularly Hetero-

https://doi.org/10.4236/abcr.2021.103005
https://doi.org/10.3322/caac.21551
https://doi.org/10.1371/journal.pone.0206148
https://doi.org/10.15537/smj.2019.3.23585
https://doi.org/10.15537/smj.2016.5.15000


R. Nassir et al. 
 

 

DOI: 10.4236/abcr.2021.103005 72 Advances in Breast Cancer Research 
 

genous Disease Needing Subtype-Specific Treatments. Medical Sciences (Basel, 
Switzerland), 8, 18. https://doi.org/10.3390/medsci8010018 

[6] Bai, J., Chen, W.-B., Zhang, X.-Y., Kang, X.-N., Jin, L.-J., Zhang, H., et al. (2020) 
HIF-2α Regulates CD44 to Promote Cancer Stem Cell Activation in Triple-Negative 
Breast Cancer via PI3K/AKT/mTOR Signaling. The World Journal of Stem Cells, 
12, 87-99. https://doi.org/10.4252/wjsc.v12.i1.87 

[7] Wang, L.-L., Hao, S., Zhang, S., Guo, L.-J., Hu, C.-Y., Zhang, G., et al. (2017) 
PTEN/PI3K/AKT Protein Expression Is Related to Clinicopathological Features and 
Prognosis in Breast Cancer with Axillary Lymph Node Metastases. Human Pathol-
ogy, 61, 49-57. https://doi.org/10.1016/j.humpath.2016.07.040 

[8] Boyault, S., Drouet, Y., Navarro, C., Bachelot, T., Lasset, C., Treilleux, I., et al. 
(2012) Mutational Characterization of Individual Breast Tumors: TP53 and PI3K 
Pathway Genes Are Frequently and Distinctively Mutated in Different Subtypes. 
Breast Cancer Research and Treatment, 132, 29-39.  
https://doi.org/10.1007/s10549-011-1518-y 

[9] Song, M.S., Salmena, L. and Pandolfi, P.P. (2012) The Functions and Regulation of the 
PTEN Tumour Suppressor. Nature Reviews Molecular Cell Biology, 13, 283-296.  
https://doi.org/10.1038/nrm3330 

[10] Gherardi, E., Birchmeier, W., Birchmeier, C. and Vande Woude, G. (2012) Target-
ing MET in Cancer: Rationale and Progress. Nature Reviews Cancer, 12, 89-103.  
https://doi.org/10.1038/nrc3205 

[11] Xu, K., Usary, J., Kousis, P.C., Prat, A., Wang, D.-Y., Adams, J.R., et al. (2012) Lu-
natic Fringe Deficiency Cooperates with the Met/Caveolin Gene Amplicon to In-
duce Basal-Like Breast Cancer. Cancer Cell, 21, 626-641.  
https://doi.org/10.1016/j.ccr.2012.03.041 

[12] Ho-Yen, C.M., Jones, J.L. and Kermorgant, S. (2015) The Clinical and Functional 
Significance of c-Met in Breast Cancer: A Review. Breast Cancer Research, 17, 52.  
https://doi.org/10.1186/s13058-015-0547-6 

[13] Patruno, R., Marech, I., Zizzo, N., Ammendola, M., Nardulli, P., Gadaleta, C., et al. 
(2014) c-Kit Expression, Angiogenesis, and Grading in Canine Mast Cell Tumour: 
A Unique Model to Study c-Kit Driven Human Malignancies. BioMed Research In-
ternational, 2014, Article ID: 730246. https://doi.org/10.1155/2014/730246 

[14] Ribatti, D. and Ranieri, G. (2015) Tryptase, a Novel Angiogenic Factor Stored in 
Mast Cell Granules. Experimental Cell Research, 332, 157-162.  
https://doi.org/10.1016/j.yexcr.2014.11.014 

[15] Marech, I., Ammendola, M., Leporini, C., Patruno, R., Luposella, M., Zizzo, N., et 
al. (2018) C-Kit Receptor and Tryptase Expressing Mast Cells Correlate with Angi-
ogenesis in Breast Cancer Patients. Oncotarget, 9, 7918-7927.  
https://doi.org/10.18632/oncotarget.23722 

[16] Elston, C.W. and Ellis, I.O. (2002) Pathological Prognostic Factors in Breast Cancer. 
I. The Value of Histological Grade in Breast Cancer: Experience from a Large Study 
with Long-Term Follow-Up. Histopathology, 41, 154-161.  
https://doi.org/10.1046/j.1365-2559.2002.14691.x 

[17] Hammond, M.E., Hayes, D.F. and Wolff, A.C. (2011) Clinical Notice for American 
Society of Clinical Oncology—College of American Pathologists Guideline Recom-
mendations on ER/PgR and HER2 Testing in Breast Cancer. Journal of Clinical 
Oncology, 29, e458. https://doi.org/10.1200/JCO.2011.35.2245 

[18] Sakr, R.A., Barbashina, V., Morrogh, M., Chandarlapaty, S., Andrade, V.P., Arroyo, 
C.D., et al. (2010) Protocol for PTEN Expression by Immunohistochemistry in 

https://doi.org/10.4236/abcr.2021.103005
https://doi.org/10.3390/medsci8010018
https://doi.org/10.4252/wjsc.v12.i1.87
https://doi.org/10.1016/j.humpath.2016.07.040
https://doi.org/10.1007/s10549-011-1518-y
https://doi.org/10.1038/nrm3330
https://doi.org/10.1038/nrc3205
https://doi.org/10.1016/j.ccr.2012.03.041
https://doi.org/10.1186/s13058-015-0547-6
https://doi.org/10.1155/2014/730246
https://doi.org/10.1016/j.yexcr.2014.11.014
https://doi.org/10.18632/oncotarget.23722
https://doi.org/10.1046/j.1365-2559.2002.14691.x
https://doi.org/10.1200/JCO.2011.35.2245


R. Nassir et al. 
 

 

DOI: 10.4236/abcr.2021.103005 73 Advances in Breast Cancer Research 
 

Formalin-Fixed Paraffin-Embedded Human Breast Carcinoma. Applied Immuno-
histochemistry & Molecular Morphology, 18, 371-374.  
https://doi.org/10.1097/PAI.0b013e3181d50bd5 

[19] Lopez, G., Noale, M., Corti, C., Gaudioso, G., Sajjadi, E., Venetis, K., et al. (2020) 
PTEN Expression as a Complementary Biomarker for Mismatch Repair Testing in 
Breast Cancer. International Journal of Molecular Sciences, 21, 1461.  
https://doi.org/10.3390/ijms21041461 

[20] Al-Rikabi, A. and Husain, S. (2012) Increasing Prevalence of Breast Cancer among 
Saudi Patients Attending a Tertiary Referral Hospital: A Retrospective Epidemi-
ologic Study. Croatian Medical Journal, 53, 239-243.  
https://doi.org/10.3325/cmj.2012.53.239 

[21] Albasri, A., Hussainy, A.S., Sundkji, I. and Alhujaily, A. (2014) Histopathological 
Features of Breast Cancer in Al-Madinah Region of Saudi Arabia. Saudi Medical 
Journal, 35, 1489-1493. 

[22] Alabdulkarim, B., Hassanain, M., Bokhari, A., AlSaif, A. and Alkarji, H. (2018) Age 
Distribution and Outcomes in Patients Undergoing Breast Cancer Resection in 
Saudi Arabia. A Single-Institute Study. Saudi Medical Journal, 39, 464-469.  
https://doi.org/10.15537/smj.2018.5.21993  

[23] Al-Thoubaity, F.K. (2020) Molecular Classification of Breast Cancer: A Retrospec-
tive Cohort Study. Annals of Medicine and Surgery, 49, 44-48.  
https://doi.org/10.1016/j.amsu.2019.11.021 

[24] Salmena, L., Carracedo, A. and Pandolfi, P.P. (2008) Tenets of PTEN Tumor Sup-
pression. Cell, 133, 403-414. https://doi.org/10.1016/j.cell.2008.04.013 

[25] Rimawi, M.F., De Angelis, C., Contreras, A., Pareja, F., Geyer, F.C., Burke, K.A., et 
al. (2018) Low PTEN Levels and PIK3CA Mutations Predict Resistance to Neoad-
juvant Lapatinib and Trastuzumab without Chemotherapy in Patients with HER2 
Over-Expressing Breast Cancer. Breast Cancer Research and Treatment, 167, 731-740.  
https://doi.org/10.1007/s10549-017-4533-9 

[26] Constantinou, C., Papadopoulos, S., Karyda, E., Alexopoulos, A., Agnanti, N., Ba-
tistatou, A., et al. (2018) Expression and Clinical Significance of Claudin-7, 
PDL-1, PTEN, c-Kit, c-Met, c-Myc, ALK, CK5/6, CK17, p53, EGFR, Ki67, p63 in 
Triple-Negative Breast Cancer—A Single Centre Prospective Observational Study. In 
Vivo (Athens Greece), 32, 303-311. https://doi.org/10.21873/invivo.11238 

[27] She, Q.-B., Gruvberger-Saal, S., Maurer, M., Chen, Y., Jumppanen, M., Su, T., et al. 
(2016) Integrated Molecular Pathway Analysis Informs a Synergistic Combination 
Therapy Targeting PTEN/PI3K and EGFR Pathways for Basal-Like Breast Cancer. 
BMC Cancer, 16, 587. https://doi.org/10.1186/s12885-016-2609-2 

[28] Bazzichetto, C., Conciatori, F., Pallocca, M., Falcone, I., Fanciulli, M., Cognetti, F., 
et al. (2019) PTEN as a Prognostic/Predictive Biomarker in Cancer: An Unfulfilled 
Promise? Cancers, 11, 435. https://doi.org/10.3390/cancers11040435 

[29] Li, G., Guo, X., Chen, M., Tang, L., Jiang, H., Day, J.X., et al. (2018) Prevalence and 
Spectrum of AKT1, PIK3CA, PTEN and TP53 Somatic Mutations in Chinese Breast 
Cancer Patients. PLoS ONE, 13, e0203495.  
https://doi.org/10.1371/journal.pone.0203495 

[30] Saal, L.H., Johansson, P., Holm, K., Gruvberger-Saal, S.K., She, Q.-B., Maurer, M., et 
al. (2007) Poor Prognosis in Carcinoma Is Associated with a Gene Expression Sig-
nature of Aberrant PTEN Tumor Suppressor Pathway Activity. Proceedings of the 
National Academy of Sciences of the United States of America, 104, 7564-7569.  
https://doi.org/10.1073/pnas.0702507104 

https://doi.org/10.4236/abcr.2021.103005
https://doi.org/10.1097/PAI.0b013e3181d50bd5
https://doi.org/10.3390/ijms21041461
https://doi.org/10.3325/cmj.2012.53.239
https://doi.org/10.15537/smj.2018.5.21993
https://doi.org/10.1016/j.amsu.2019.11.021
https://doi.org/10.1016/j.cell.2008.04.013
https://doi.org/10.1007/s10549-017-4533-9
https://doi.org/10.21873/invivo.11238
https://doi.org/10.1186/s12885-016-2609-2
https://doi.org/10.3390/cancers11040435
https://doi.org/10.1371/journal.pone.0203495
https://doi.org/10.1073/pnas.0702507104


R. Nassir et al. 
 

 

DOI: 10.4236/abcr.2021.103005 74 Advances in Breast Cancer Research 
 

[31] Jia, L., Yang, X., Tian, W., Guo, S., Huang, W. and Zhao, W. (2018) Increased Ex-
pression of c-Met Is Associated with Chemotherapy-Resistant Breast Cancer and 
Poor Clinical Outcome. Medical Science Monitor: International Medical Journal of 
Experimental and Clinical Research, 24, 8239-8249.  
https://doi.org/10.12659/MSM.913514 

[32] Yan, S., Jiao, X., Zou, H. and Li, K. (2015) Prognostic Significance of c-Met in 
Breast Cancer: A Meta-Analysis of 6010 Cases. Diagnostic Pathology, 10, 62.  
https://doi.org/10.1186/s13000-015-0296-y 

[33] Organ, S. and Tsao, M.-S. (2011) An Overview of the c-MET Signaling Pathway. 
Therapeutic Advances in Medical Oncology, 3, S7-S19.  
https://doi.org/10.1177/1758834011422556 

[34] Liu, S., Meric-Bernstam, F., Parinyanitikul, N., Wang, B., Eterovic, A.K., Zheng, X., 
et al. (2015) Functional Consequence of the MET-T1010I Polymorphism in Breast 
Cancer. Oncotarget, 6, 2604-2614. https://doi.org/10.18632/oncotarget.3094 

[35] Jansson, S., Bendahl, P.-O., Grabau, D.A., Falck, A.-K., Fernö, M., Aaltonen, K., et al. 
(2014) The Three Receptor Tyrosine Kinases c-KIT, VEGFR2 and PDGFRα, Closely 
Spaced at 4q12, Show Increased Protein Expression in Triple-Negative Breast Cancer. 
PLoS ONE, 9, e102176. https://doi.org/10.1371/journal.pone.0102176 

[36] Abbaspour Babaei, M., Kamalidehghan, B., Saleem, M., Huri, H.Z. and Ahmadi-
pour, F. (2016) Receptor Tyrosine Kinase (c-Kit) Inhibitors: A Potential Therapeu-
tic Target in Cancer Cells. Drug Design, Development and Therapy, 10, 2443-2459.  
https://doi.org/10.2147/DDDT.S89114 

[37] Deng, L., Zhu, X., Sun, Y., Wang, J., Zhong, X., Li, J., et al. (2019) Prevalence and 
Prognostic Role of PIK3CA/AKT1 Mutations in Chinese Breast Cancer Patients. 
Cancer Research and Treatment, 51, 128-140. https://doi.org/10.4143/crt.2017.598 

[38] Fleisher, B., Clarke, C. and Ait-Oudhia, S. (2016) Current Advances in Biomarkers 
for Targeted Therapy in Triple-Negative Breast Cancer. Breast Cancer, 8, 183-197.  
https://doi.org/10.2147/BCTT.S114659 

[39] Luo, Y., Huang, W., Zhang, H. and Liu, G. (2018) Prognostic Significance of CD117 
Expression and TP53 Missense Mutations in Triple-Negative Breast Cancer. On-
cology Letters, 15, 6161-6170. https://doi.org/10.3892/ol.2018.8104 

 
 

https://doi.org/10.4236/abcr.2021.103005
https://doi.org/10.12659/MSM.913514
https://doi.org/10.1186/s13000-015-0296-y
https://doi.org/10.1177/1758834011422556
https://doi.org/10.18632/oncotarget.3094
https://doi.org/10.1371/journal.pone.0102176
https://doi.org/10.2147/DDDT.S89114
https://doi.org/10.4143/crt.2017.598
https://doi.org/10.2147/BCTT.S114659
https://doi.org/10.3892/ol.2018.8104

	Expression and Clinical Significance of PIK3CA, c-MET and c-KIT Mutations in Saudi Breast Cancer Patients
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	3. Results
	4. Discussion
	5. Conclusion
	Source of Funding
	Ethical Approval
	Acknowledgements
	Authors Contributions
	Conflicts of Interest
	References

