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Abstract  

 

Background: Breast cancer is one of the most common cancers with a high mortality rate worldwide including Saudi 

Arabia. It is characterized by the presence of both intra- and inter- tumor heterogeneity. It describes the origin of this 

heterogeneity to the cancer stem cells (CSC). Breast cancer stem cells are characterized by the expression of the surface 

markers CD44 and lack or very low expression of CD24. Objectives: To assess cancer stem cell markers (CD44 

andCD24) in 126 breast cancer cases by immunohistochemistry and study their association with a different type of TP53 

gene mutations by applying next-generation sequencing (NGS). In addition to analyze the association between these 

markers and the clinicopathological characteristics. Results: CD44 expression was significantly associated with lymph 

node metastasis, tumor grade, stage (each P<0.0001), and ER expression (P = 0.016). CD24 expression was found to be 

associated with lymph node metastasis and ER only. For the molecular analysis, the number of mutations per case was 

significantly associated with the advanced stage of breast cancer (p = 0.004). Also, missense mutation was highly 

associated with CD44 and CD24 (p=0.04, p=0.005), respectively. Stop-gained mutation and Frameshift mutation both 

were associated with CD44 only (p=0.01, p=0.05), respectively. Finally, the synonymous mutation was only associated 

with the stage of cancer (p=0.01). Conclusion, we believe that the combination of CD44, CD24, TP53 and TP53 gene 

mutations can be prognostic factors for breast cancer patients and the information obtained may contribute to the 

development of a treatment. 
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INTRODUCTION 
Breast cancer is the most common malignancy 

with a high mortality rate in women globally between 

the age of 20 and 59 [1]. According to the American 

Cancer Society, the incidence and the mortality of 

breast cancer varies significantly based on many factors 

including age, genetic ethnicity, lifestyle, family 

history, and geographical locations. During the past few 

years, breast cancer incidence has shown a dramatic 

increase which was further characterized by the early 

onset and the aggressiveness of the disease [2]. In 

addition, several investigations have found that triple-

negative breast cancer (TNBC) was characterized by 

poor prognosis and survival in addition to the 

ineffectiveness of hormonal therapies [3].  

 

The incidence of breast cancer among Saudi 

women has increased with a remarkable number of 

women being affected and diagnosed before the age of 

50. This might be explained by the accumulation of 

genetic factors due to the high incidence of 

consanguineous marriages leading to breast cancer 

predisposition. The effects of these genetic factors are 

probably becoming more evident now due to the social 

and lifestyle changes brought upon by the relatively 

recent positive economical upheavals in the country [4, 

5]. Furthermore, a high prevalence of breast cancer 

mortality has been noticed among Saudi women lately. 

This highlights the very low rate of breast cancer 

screening and the need to intensify the screening rates 

in Saudi Arabia [6].  

 

Breast cancer has been found to present intra- 

and inter- tumor heterogeneity, which can occur as 

genetic, phenotypic or functional diversity in spatial or 

temporal patterns. The most commonly accepted 

concepts describing the origin of tumor heterogeneity is 

the cancer stem cell (CSC). CSCs are capable of high 

https://saudijournals.com/sjpm
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proliferation rate, self-renewal, and multidirectional 

differentiation associated with an important role in 

tumorigenesis, growth, invasion, metastasis, and 

recurrence [4]. Minimizing the rate of breast cancer 

recurrence and improving the rate of the cure in clinical 

practice has been based on the intense exploration of 

CSCs [6, 7].  

 

Breast cancer stem cells are characterized by 

the expression of the surface markers CD44 and lack or 

very low expression of CD24 [8]. The adhesion 

molecule, CD44, is a cell surface trans-membrane 

glycoprotein involves in lymphocyte activation, 

recirculation and homing, adhesion of extracellular 

matrix, angiogenesis, and cell proliferation and 

differentiation. These properties are associated with the 

pathologic activities of cancer cells that were strongly 

positive for CD44 and negative for CD24, besides 

having the tumorigenic and metastatic abilities in breast 

tumor tissue. However, prospective identification, 

characterization, and isolation of these CSCs have been 

a major challenge [9]. The CD44
 
profile showed genes 

consistent with a stem cell-like profile. Therefore, 

CD44 and CD24 are important representative CSC 

biomarkers [10]. 

 

Several studies have shown that the 

overexpression of CD44 promotes tumor invasion and 

metastasis (20). CD44 appears to have a significant 

regulatory role in almost all cancer types. The 

regulatory interaction of CD44 in signaling pathways in 

tumor cells remains unresolved [9]. However, CD44 

plays a major role in the clinical behavior of breast 

cancer and might be an interesting biomarker for 

therapeutic targets.  

 

TP53 is the most frequently mutated cancer 

gene in tumor samples. Somatic mutations in this tumor 

suppressor gene were found in a wide range of tumors 

and germline mutations that can cause Li-Fraumeni 

syndrome, a condition leading to a high, early-onset 

risk of multiple types of cancer. Evaluation of germline 

variation in cancer susceptibility genes in a healthy 

cohort found TP53 missense variants and did not find 

any nonsense or frameshift variant in 681 individuals 

[11]. Germline mutations in TP53 may cause an even 

higher risk of breast cancer. Women who carry 

germline mutations in the TP53 gene have a very high 

risk of breast cancer of up to 85% by age 60 years [12]. 

In these cases, the mortality occurs due to the 

development of metastatic or locally recurrent disease 

resistant to standard chemotherapy and radiation. 

Increasing evidence suggests that cancer stem-like cells 

(CSCs), present at diagnosis or evolved during 

treatment through epithelial-mesenchymal transition 

(EMT) and/or clonal selection, are the driving force of 

tumorigenesis, chemo/radio resistance, and metastatic 

spread [13].  

 

Importantly, the TP53 gene is a tumor 

suppressor that is not frequently deleted in cancer cases. 

Instead, this gene primarily sustains various other types 

of mutations, the most frequent mutation of which is a 

missense mutation in the TP53 DNA-binding domain. 

Prevention of the DNA binding process due to the 

mutation in the TP53 DNA-binding domain 

dysregulates the induction of TP53-mediated cellular 

arrest and consequently prevents the apoptotic process 

[14]. 

  

Therefore, the purpose of the current study is 

to evaluate IHC-detected cancer stem cell markers 

(CD44 and CD24) and TP53 expression in a cohort of 

126 patients with breast cancer, and to evaluate the 

association between CD44, CD24, TP53 expression and 

the prognostic clinicopathological variables. In 

addition, we will determine the type of TP53 mutation 

by applying whole-exome sequencing with a spectrum 

of germline TP53 mutations of 23 cases diagnosed with 

TNBC based on TP53 immunohistochemical 

expression. 

 

MATERIAL AND METHODS 
Patients and Tissue Samples 

The current study was approved by the ethics 

committee at the school of medicine at Umm Al-Qura 

University. Tissue samples were consecutively 

recruited between 2015 and 2019 from local hospitals 

in the western provenance of Saudi Arabia for 126 

cases diagnosed with breast cancer. All 

hematoxylin/eosin (H&E) stained sections were re-

evaluated to confirm the histopathological type. Clinical 

and pathological information, including age, tumor size, 

type of tumor, disease stage, axillary lymph nodes, 

tumor recurrences, regional and distant metastasis, 

treatment, disease-free survival (DFS), and overall 

survival (OS) were collected, accordingly (Table-1). 

We excluded any patients who had undergone 

radiotherapy, chemotherapy, targeted therapy, or 

adjuvant endocrine treatment prior to surgery.  

 

 

 

 

 

 

 

 

 



     
Rami Nassir et al; Saudi J Pathol Microbiol, July, 2020; 5(7): 333-342 

© 2020 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                                                                             335 

 

Table-1: Clinicopathological features of breast cancer patients included in this study 

Clinicopathological Features N % 

Age 
≤50 52 41.3% 

>50 74 58.7% 

Size 

less2 40 31.7% 

2-5 64 50.8% 

More than 5 22 17.5% 

Necrosis 
Absent 68 54.0% 

Present 58 46.0% 

Type of Tumor 

IDC 90 71.4% 

other Invasive 33 26.2% 

DCIS 3 2.4% 

Nodal State 

Negative 23 18.3% 

Positive (< 3) 65 51.6% 

Positive (>3) 38 30.2% 

Grade 

Grade 1 27 21.4% 

Grade 2 61 48.4% 

Grade 3 38 30.2% 

Stage 

Stage 1 13 10.3% 

Stage 2 70 55.6% 

Stage 3 36 28.6% 

Stage4 7 5.6% 

CD44 
Negative 49 38.9% 

Positive 77 61.1% 

CD24 
Negative 69 54.8% 

Positive 57 45.2% 

ER 
Negative 47 37.3% 

Positive 79 62.7% 

PR 
Negative 53 42.1% 

Positive 73 57.9% 

HER 
Negative 91 72.2% 

Positive 35 27.8% 

TP53 
Negative 59 46.8% 

Positive 67 53.2% 

TNBC ------ 23 18.3% 

Non TNBC ------ 103 81.7% 

LVI: lymphovascular invasion, TNBC: triple negative breast cancer 

 

IDC was graded according to the modification 

of Elston Ellis on Bloom and Richardson grading 

system [15]. Specimens were classified based on TNM 

classification, according to the 2003 WHO 

classification of breast tumors [16]. A case was 

considered positive for ER and PR protein expression if 

more than 15% of the tumor cells showed nuclear 

staining [17]. HER2 expression was scored according to 

the guidelines of the American Society of Clinical 

Oncology/College of American Pathologists [18].  

 

Immunohistochemistry 

Following deparaffinization and dehydration 

in hydrogen peroxide, the tissue sections were 

incubated at 37˚C for one hour with anti‑ CD44, CD24, 

and TP53 mouse monoclonal antibody. Corresponding 

biotinylated anti‑ IgG was added and incubated for 30 

min at 37˚C. Then, the sections were incubated with 

3,3'‑ diaminobenzidine (DAB) substrate chromogen 

solution and counterstained with hematoxylin. Negative 

controls were incubated with phosphate‑ buffered 

saline (PBS) instead of the primary antibody. Known 

positive tissues were used as positive controls.  

 

All immunohistochemical markers were given 

a positive or negative score; negative cases were those 

that displayed no staining or staining in less than a 

certain percentage of tumor cells, and positive cases 

were those with unequivocal staining in at least a 

certain percentage of tumor cells. For CD24, cases in 

which it was expressed in <10% of cell nuclei and cell 

membrane were considered negative, whereas those in 

which CD24 was present in >10% of cells were 

considered positive. CD44 staining was detected mainly 

in the membrane and the scoring was done in the same 

manner as CD24 [19]. The expression of TP53 is 

localized in the nucleus and observation of ≥10% of 

positive cells was considered TP53 positive [3].  

 

Tumor Dissection and DNA Extraction 

Based on evaluating and so as to achieve a 

more homogeneous study population, we ended up with 
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67 samples qualified for further molecular analysis. 

However, those 67 breast cancer patients with positive 

and high expression of TP53 protein including patients 

with triple-negative subtype breast TNBC (21 cases) 

and Non-TNBC (46 cases). From each selected case, 

10-nm-thick tissue sections obtained from paraffin-

embedded samples were collected in the Eppendorf 

safe-lock tube to be prepared for DNA extraction. The 

DNA was extracted from the tissue collected using the 

QIAamp DNA FFPE Tissue Kit (Qiagen, Hilden, 

Germany) according to the protocol of the manufacture. 

The extracted DNA was eluted into 40nL of buffer, 

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
o
C. Of which 48 cases were fulfilled the 

recommended DNA quality required for the molecular 

analysis.  

 

Next Generation Sequencing 

In all 48 cases, 20ng of DNA extracted was 

prepared for sequencing. The assessment of 15 genes 

(AKT1, GNA11, NRAS, BRAF, GNAQ, PDGFRA, 

EGFR, KIT, PIK3CA, ERBB2, KRAS, RET, FOXL2, 

MET and TP53) was applied using TruSight Tumor 15 

(Illumina, San Diego, CA, USA). The resulting pooled 

libraries were quality controlled using The Qubit
®
 

dsDNA HS (High Sensitivity) Assay Kits make DNA 

quantitation easy and accurate. Sequencing was 

performed with paired-end reads on the MiSeq Platform 

(Illumina
®
). 

 

Detection of Variations 

The sequenced reads were arranged and 

compared to the hg19/GRCh37 reference sequence and 

analyzed using the MiSeq reporter (Illumina). To 

identify variants in breast tissue samples, BaseSpcae 

Variant Interpreter (Illumina) was applied. The called 

variants were considered somatic malignant tumors of 

the breast (SNOMEDCT) version 4.0.7.6. To reduce the 

false-positive rate, we set the cutoff value as follows: 

read depth >100, Indel repeat length <8; allele 

frequency of mutant reads >1%, genotype quality > 30. 

 

STATISTICAL ANALYSIS 
Association between CD44, CD24, TP53 

protein expression pattern, TP53 gene polymorphism, 

and the clinicopathological parameters were assessed 

by Chi-square statistical test and Pearson correlation. 

Survival analyses were estimated using the Kaplan-

Meier method and compared using the log-rank test. 

Cox proportional hazards model was used to estimate 

the hazard ratio (HR) of each clinicopathological 

variables for OS and DFS. All predictors with P-value 

<0.05 in univariate Cox analyses were used in 

multivariate analysis. P-values were 2-tailed and 

considered significant when <0.05. Also, X
2
 tests were 

applied to test the association of different types of 

TTP53 mutations with CD44, CD24, and other risk 

variables for breast cancer. Statistical analyses were 

carried out using SPSS statistics 22.0 software. 

 

RESULTS 
Patient Characteristics 

One hundred and twenty-six cases were 

included in this study. The clinicopathological 

characteristics of the patients were described in detail in 

Table-1. Briefly, the mean age was 54.7±12.9 years 

(29-87 years). Forty patients (31.7%) developed 

recurrence and forty-one patients (32.5%) died by the 

end of follow-up. Twenty-three cases (18.3%) had 

negative lymph nodes and nearly half of the cases 

(55.6%) had stage II disease. Triple-negative breast 

cancer (TNBC) cases were 23/126 (18.3%) while 103 

(81.7%) were non triple-negative breast cancer cases, 

and those include luminal A, luminal B, and HER/2 

positive cases. 

 

Correlation of CD44 and CD24 Expressions with 

Clinicopathological Variables: 
Correlation of CD44 and CD24 expressions 

with the different clinicopathological variables are 

summarized in Table-2. CD44 was expressed on the 

cell membranes of tumor cells in 77 cases (61.1%) (Fig-

1A). CD44 expression was significantly associated with 

lymph node metastasis, tumor grade, stage (each 

P<0.0001), and ER expression (P = 0.016). Notably, the 

expression of CD44 was found to be positively 

associated with the age; however, this association was 

not statistically significant (p = 0.076). On the other 

hand, cytoplasmic and membranous staining for CD24 

was detected in 57 cases (45.2%) (Fig.1B). CD24 

expression was found to be associated with lymph node 

metastasis and ER, however, this association was not 

statistically significant (P=0.055 and P = 0.079 

respectively).  
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Table-2: Association between CD24 and CD44 expression and clinicopathological characteristics in breast cancer 

Clinicopathological 

Features 

CD44 *P-

value 

CD24 *P-

value Negative Positive Negative Positive 

N % N N %  N % N %  

Age ≤50 21 36.8% 31 44.9% 0.076 26 36.6% 26 47.3% 0.206 

>50 36 63.2% 38 55.1% 45 63.4% 29 52.7% 

Size <2 22 38.6% 18 26.1% 0.501 20 28.2% 20 36.4% 0.205 

2-5 29 50.9% 35 50.7% 41 57.7% 23 41.8% 

>5 6 10.5% 16 23.2% 10 14.1% 12 21.8% 

Necrosis Absent 22 44.9% 46 59.7% 0.103 33 47.8% 35 61.4% 0.128 

Present 27 55.1% 31 40.3% 36 52.2% 22 38.6% 

Nodal 

State 

Negative 16 32.7% 7 9.1% <0.0001 16 23.2% 7 12.3% 0.055 

Positive < 3 26 53.1% 39 50.6% 29 42.0% 36 63.2% 

Positive > 3 7 14.3% 31 40.3% 24 34.8% 14 24.6% 

Grade Grade 1 22 44.9% 5 6.5% <0.0001 15 21.7% 12 21.1% 0.989 

Grade 2 25 51.0% 36 46.8% 33 47.8% 28 49.1% 

Grade 3 2 4.1% 36 46.8% 21 30.4% 17 29.8% 

Stage Stage 1 6 12.2% 7 9.1% <0.0001 

 

6 8.7% 7 12.3% 0.557 

 Stage 2 38 77.6% 32 41.6% 36 52.2% 34 59.6% 

Stage 3 5 10.2% 31 40.3% 22 31.9% 14 24.6% 

Stage4 0 0.0% 7 9.1% 5 7.2% 2 3.5% 

CD44 Negative 49 100.0% 0 0.0%  24 34.8% 25 43.9% 0.298 

Positive 0 0.0% 77 100.0% 45 65.2% 32 56.1% 

CD24 Negative 24 49.0% 45 58.4% 0.298 69 100.0% 0 0.0%  

Positive 25 51.0% 32 41.6% 0 0.0% 57 100.0% 

ER Negative 22 44.9% 25 32.5% 0.016 21 30.4% 26 45.6% 0.079 

 Positive 27 55.1% 52 67.5% 48 69.6% 31 54.4% 

PR Negative 20 40.8% 33 42.9% 0.821 27 39.1% 26 45.6% 0.463 

Positive 29 59.2% 44 57.1% 42 60.9% 31 54.4% 

HER Negative 33 67.3% 58 75.3% 0.330 48 69.6% 43 75.4% 0.464 

Positive 16 32.7% 19 24.7% 21 30.4% 14 24.6% 

TP53 Negative 25 51.0% 34 44.2% 0.470 36 52.2% 23 40.4% 0.212 

Positive 24 49.0% 43 55.8% 33 47.8% 34 59.6% 

TNBC  9 39.1% 14 60.9% 0.979 10 43.5% 13 56.5% 0.229 

Non TNBC  40 38.8% 63 61.2% 59 57.3% 44 42.7% 

*Statistically significant P-values (P >0.05) are highlighted in bold. 

 

Correlation of TP53 Expression with 

Clinicopathological Variables: 
The expression ratio of TP53 in 126 specimens 

was 53.1% (67/126) (Fig.1C). TP53 expression was 

associated with lymphovascular invasion (68.4% vs 

31.6%, P= 0.03) and higher histologic grade (G1 vs G2 

vs G3, 44.4% vs 45.9% vs 71.1%, respectively; 

P=0.03). Significantly, TP53 expression was highest in 

the G3 group (71.1%). The frequency of TP53 

expression being lowest in the Non -TNBC and highest 

in the TNBC cases 21/23 (91.3%, P<0.0001).  

 

Different TP53 mutations detection using Next 

Generation Profile 

We purified DNA from 48 breast cancer cases 

from contiguous areas of tissues to be sequenced by the 

next-generation sequencing method. These 48 samples 

were sequenced, and of which there was either 

complete failure or very low quality in 22 samples due 

to poor DNA quality (read depth <30; alternative 

variant frequency <5). We believe the DNA has been 

degraded in the FFPE material and therefore these cases 

were excluded from further analysis. The remaining 26 

samples were successfully sequenced. Three cases 

showed negative TP53 mutation, which led to being 

excluded from the current study. The mean count of the 

total aligned reads for each sample was 2.7 million 

(Range 1.9-4.2 million) and the minimum sequencing 

depth was 484.5X. A number of steps were applied to 

filter the variations identified in the screening. Any 

intronic variants were excluded then and variants 

without pathogenic relevance were removed. This led 

us to 28 genetic variants and all these 28 variants were 

detected with known or likely pathogenic effect.  

 

A total of 1368 variants were excluded from 

the study because they were known polymorphisms, 

likely non-pathogenic, or did not pass the quality 

criteria. The number of genes mutations per sample 

ranged from one to nine mutations with a median of 

five. Fourteen samples of the 23 samples showed only a 

single mutation (60.8%) and the rest of the samples 

showed a range from two mutations or more (up to nine 

mutations per one sample). These 28 variants consisted 

of 20 missense mutation (71.4%), five-stop gained 

mutation (17.9%), two synonymous mutations (7.1 %), 

and one frameshift mutation (3.6 %). In our cohort 

study, most of the sequenced samples showed multi-

variations each with unique molecular profiles.  
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Association of the TP53 gene polymorphism with the 

clinicopathological features in breast cancer cases 

To study the association of TP 53 gene 

polymorphism on breast cancer stem cells, we applied 

Pearson Chi-Square tests with different 

clinicopathological variables (Table-1). The number of 

mutations per case was significantly associated with the 

stage of breast cancer (p = 0.004). However, number of 

the mutations was not identified to be significantly 

associated with other variables.  

 

The most common mutation in our sample set 

was a missense mutation (71.4%) followed by stop 

gained mutation (17.9%) then synonymous mutation 

(7.1 %) and one case with a frameshift mutation (3.6 

%). For further analysis, we applied Pearson Chi-

Square tests to study the association of the type of 

mutation with stem cell markers. A missense mutation 

was highly associated with CD44 and CD24 (p=0.04, 

p=0.005), respectively. Stop-gained mutation and 

Frameshift mutation were both associated with CD44 

only (p=0.01, p=0.05), respectively. Finally, the 

synonymous mutation was only associated with the 

stage of cancer (p=0.01).  

 

 

Correlation of TP53, CD44 and CD24 expressions 

with overall survival 

The mean follow-up time was 3±1.1 years (1–

5 years). Univariate and multivariate analyses of overall 

survival were summarized in Table 3. In univariate 

survival analysis, patients with negative TP53 

expression had a significantly better overall survival; 

(HR 2.3; 95% CI [1.19- 4.57], p=0.014)) (Fig. 2C). 

However, TP53 expression was not an independent 

prognostic factor in multivariate analysis (HR = 1.433; 

95% CI [0.905- 2.270], p =0.125). In univariate 

survival analysis, patients with negative CD44 

expression had a significantly better overall survival; 

(HR 18.97; 95% CI [4.57- 78.73], p<0.0001) (Fig. 2A). 

Furthermore, CD44 expression was an independent 

prognostic factor in multivariate analysis (HR = 8.299; 

95% CI [1.823- 37.782], p =0.006). In contrast to 

CD44, no significant association has been found 

between positive CD24 expression and overall survival; 

(HR 0.911; 95% CI [0.49- 1.68], p= 0.76), (Fig. 2B). 

Furthermore, CD24 expression was not an independent 

prognostic factor in multivariate analysis (HR = 1.856; 

95% CI [0.872- 3.949], p =0.109). In multivariate 

analysis; high tumor grade, advanced stage, and 

positive CD44 expression have been proven to be 

independent negative prognostic factors for OS (p = 

0.002, p = 0.025, and p = 0.006 respectively).  

 

Table-3: Univariate and multivariate analyses of overall survival according to clinical, histopathological, CD44 

and CD24 expressions 

Univariate Multivariate 

 Exp(B) Sig. 95.0% CI for Exp(B) Exp(B) Sig. 95.0% CI for Exp(B) 

Lower Upper Lower Upper 

CD44 18.968 0.000 4.570 78.734 8.299 0.006 1.823 37.782 

CD24 0.911 0.766 0.493 1.684 1.856 0.109 0.872 3.949 

P53 IHC 2.334 0.014 1.190 4.577 1.338 0.472 0.605 2.956 

HR: Hazard ratio, CI: Confidence interval. 

Statistically significant P-values (P>0.05) are highlighted in bold. 

 

 
Fig-1: Expression of CD44, CD24, and TP53: A: membranous staining for CD44 (IHC x 400), B: membranous and cytoplasmic staining for 

CD24 (IHC x 200), C: nuclear staining for TP53 (IHC x 200) 
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Fig-2: Kaplan–Meier survival curves for overall survival according to the expression of CD44, CD24, and TP53 in tumor cells. (A) CD44 

expression, (B) CD24 expression, (C) TP53 expression Patients with negative CD44 and TP53 expressions achieved a significant better OS 

 

DISCUSSION 
An increasing number of studies have shown 

that an enlarged cancer stem cell population is highly 

associated with tumor metastatic ability and cancer 

stem cells can be extended to drive cancer progression. 

Although there is a degree of consensus on the use of 

certain CSC markers, some controversy persists about 

the need to identify further markers [7]. In the current 

study, we found a strong significant correlation between 

CD44 expression and histological grade, lymph node 

metastasis, and stage of the tumor (P < 0.0001). A 

finding which led us to suggest that positive CD44 

expression may play a role in tumor aggressiveness. 

Similar results have been previously reported. On the 

contrary, Chen et al could not find any significant 

association between CD44 expression and the different 

clinicopathological variables except for ER and PR 

status [20]. Our study, in particular, demonstrated that 

CD44 was highly expressed in both TNBC and non-

TNBC, however, it was higher in TNBC specifically 

comparing to non-TNBC. Notably, cancer stem cell 

markers, especially CD44, might be an interesting 

target for developing new therapeutic strategies, 

particularly for TNBC. Similar results were obtained by 

Bai et al., and Idowu et al., [21, 22]. In the current 

study, we found that patients with negative CD44 

expression had a significantly better overall survival in 

univariate analysis. Additionally, CD44 expression was 

an independent prognostic factor in multivariate 

analysis. Similar to our results, previous studies showed 

that the overexpression of CD44 is evidence of worse 

clinical behavior and shorter progression-free survival 

[20, 23, 13, 24].  

 

In our study, CD24 expression was found to be 

associated with lymph node metastasis and ER, 

however, this association did not reach statistical 

significance. This finding suggests that CD24 is 

associated with the aggressive phenotype of breast 

cancer cells. These results were consistent with a 

previous study that concluded that higher expression of 

CD24 was correlated with more advanced histological 

grade of breast tumors and lymph node involvement 

[25]. Similarly, Chen et al reported that CD24 

expression was not significantly associated with tumor 

characteristics, however, it was significantly associated 

with other poor prognostic variables such as negative 

hormone receptors and positive HER2 and triple-
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negative (TN) phenotype [20]. We could not find any 

significant association between CD24 expression and 

overall survival. Furthermore, CD24 expression was not 

an independent prognostic factor in multivariate 

analysis. Therefore, our data suggest that that CD24 is 

associated with tumorigenesis in breast cancer, 

however, it is not a sufficient factor to determine the 

prognosis of invasive breast cancer. Similarly, Jang et 

al., found no difference in clinical outcome and survival 

with respect to CD24 expression [26]. In contrast to our 

results, a study done by Wang et al., [27] claimed that 

CD24 was significantly associated with worse survival. 

In particular, CD24 may play a role in tumorigenesis 

and cancer progression [27]. Larger well-designed 

prospective cohort studies are needed to further 

evaluate the association between CD24 and the survival 

of patients with breast cancer. 

 

In our research, TP53 IHC has provided 

enormous benefits in selecting only cases with the 

positive expression for gene sequencing in order to 

achieve a more homogeneous study population. In the 

current study, TP53 expression was found to be 

associated with lymphovascular invasion and high 

histologic grade. This is consistent with other studies 

that outlined the role of TP53 in the progression of 

breast carcinoma and indicated a poor prognosis [3, 28]. 

The high frequency of TP53 expression in the TNBC is 

an independent prognostic factor, which might aid in 

identifying subgroups of TNBC patients who are more 

likely to have a poor outcome and to whom specific 

therapies might be directed [29, 3]. In our study 

detected TP53 protein expression by 

immunohistochemistry reflected the mutant TP53 gene 

and we found that negative TP53 expression was a 

favorable prognostic indicator for better overall 

survival, however, it was not an independent prognostic 

factor in the multivariate analysis. Similar results have 

been previously reported [29, 3, 28]. 

 

In this study, the majority of TP53 mutations 

were missense mutations (71.4%). This is also 

consistent with the other studies, most of the TP53 

mutations were missense mutation found in the DNA 

binding domain [30]. In vivo models highlight the 

aggressive nature of TP53 somatic mutations and the 

parallel tumor evolution pattern driven by a TP53 

missense mutation as the initiating event. In addition, 

TP53 mutations are the most frequent genetic 

alterations in breast cancer and are associated with 

more aggressive disease and worse overall survival 

[31]. These results were in keeping with previously 

published data which have shown that mutant p53 

enhances tumor development which involves the 

expansion of CSCs sub-populations within these tumors 

and that mutant p53 facilitates the acquisition of CSCs 

phenotype [32].  

 

Our study has several important limitations. 

Although this study is the first to examine the effect of 

the molecular distinct subtypes on the 

clinicopathological findings of breast cancer stem cells 

in the Saudi population, the sample size is very limited. 

It was challenging to perform a subgroup analysis of 

genetic changes from each origin due to the limited 

data. Another limitation is the absence and/or limited 

data for the prognosis analysis. A study with a large 

number of cases from multicenter with applicable 

information should be conducted for future prospective 

to bypass these limitations. 

 

To the best of our knowledge, we presented 

here the first-time results of next-generation sequencing 

in breast cancer patients in Saudi populations by 

applying immunohistochemistry evaluation of stem cell 

markers then applying NGS to detect different 

variations of TP53 gene. Due to insufficient 

information about the genetics of breast cancer in the 

Saudi population and limited resources for supporting 

the current study, the number of studies patients were 

small.  

 

With the current findings, we are aiming to 

gain insight for a better understanding of breast cancer 

in the Saudi population. It is important to select 

appropriate patients with TP53 mutation to use anti-p53 

therapies and ensure successful results in clinical 

studies. Accurate detection of TP53 mutation would be 

necessary using next-generation sequencing (NGS) 

which allows whole genomic evaluation. It is still 

impractical in most clinical laboratories to use NGS to 

determine the p53 mutational state due to high cost and 

complex interpretation. By contrast, IHC is still 

considered a valuable diagnostic tool with easy 

accessibility and well-established efficacy in 

investigating target agents and predicting clinical 

outcome in cancer [3].  

 

CONCLUSION 
We believe that the combination of CD44, 

CD24, and TP53 and TP53 gene mutation can be used 

as prognostic factors for breast cancer patients and the 

obtained information may also contribute to the 

development of a treatment. 
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