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Introduction

Among women, breast cancer is the most common 
invasive cancer [1]. Triple-negative breast cancer 
(TNBC) is the most aggressive type of breast cancer. It 
has a high relapse and early metastasis. Metastatic poorly 
differentiated TNBC has few poor tumor markers [2, 3]. 
Thus, the role of microRNAs (miRNAs) in TNBC has 
been investigated. They act as either oncogenes or tumor 
suppressor genes [4].

miRNAs are non-coding RNAs with 20–22 
nucleotides. They regulate post-transcriptional gene 
expression by inhibiting mRNA translation or inducing 
its degradation. Dysregulated miRNA expression is 
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involved in carcinogenesis by affecting cellular growth 
and cell cycle [5]. Downregulated miR-145 was detected 
in colorectal [6], lung [7], and laryngeal cancers [8].
The pathogenesis of breast cancer is still unclear. 
However, its occurrence can be explained by genetic 
factors or cancer stem cells (CSCs) [9]. Self-renewal in 
CSCs leads to making more copies of daughter cells with 
undifferentiated properties. Additionally, pluripotency of 
CSCs enables them to make several types of cells creating 
all diverse cell populations in cancer [10].

Octamer-binding transcription factor 4 (OCT4) is 
connected to the pluripotency of embryonic and cancer 
stem cells [11]. NANOG homeobox (NANOG) is another 
transcription factor in stem cells. It is linked to immune 
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function and apoptosis. It is associated with JAK/STAT, 
Wnt/β-catenin, Notch, TGF-β, and Hedgehog signaling 
pathways [12]. NANOG expression can be detected in 
the nucleus and cytoplasm of many precancerous and 
cancerous lesions [13]. NANOG overexpression was 
detected in colorectal cancer [14]. OCT4 and NANOG 
co-expression was detected in early stages of pancreatic 
cancer [15] and in lung cancer [16]. Krueppel-like factor 
4 (KLF4) is a transcription factor involved in embryonic 
development and inflammation. Moreover, it acts as a 
tumor suppressor or oncogene [17].

Previous research found that miR-145 can suppress 
NANOG, OCT4, and KLF4 expression. However, 
their combined relationship with prognosis prediction 
in TNBC is still under study. Thus, this study aimed to 
assess the correlation between miR-145 gene expression 
and NANOG, OCT4, and KLF4 protein expression in 
TNBC and to investigate their association with survival 
in these patients. 

Materials and Methods

This study was conducted in the Pathology, Medical 
Biochemistry and Molecular Biology, Clinical Pathology, 
Medical Microbiology and Immunology, and Medical 
Oncology Departments, Faculty of Medicine, Zagazig 
University, from 2021 to 2025. Ninety female patients 
from 24 to 72 years with TNBC were included in the study. 
The study got approval from the Institutional Review 
Board of the Faculty of Medicine, Zagazig University 
(ZU-IRB#758/26-Nov-2024). Cases with insufficient 
tissue for staining, incomplete data in medical records, 
luminal A, luminal B, and HER2 neu +ve types of breast 
cancer were excluded from the study.

Full history taking, clinical examination, and imaging 
of the chest, abdomen, and pelvis were performed for 
all patients. Baseline PET-CT scans or CT scans of the 
chest, abdomen, and pelvis, and bone scans were included 
whenever indicated. Clinical follow-up visits were due 
for our patients every 3 months for 2 years, then every 
6 months for 3 years, then annually. Mammosongraphy 
follow-up was requested on a yearly basis. 

Breast tissues from malignant tissues and adjacent 
control tissues were separated into two parts. The first 
one was immediately frozen at -80º for subsequent RNA 
extraction and miR-145 expression analysis. The other part 
was fixed in formalin for subsequent histopathological and 
immunohistochemical analysis.

About 3 μm-thick sections from the paraffin blocks were 
cut for histopathological evaluation using hematoxylin 
and eosin (H&E) staining to confirm the diagnosis. 
Immunohistochemical staining was performed using the 
streptavidin-biotin immunoperoxidase technique. 

Immunohistochemical procedure

Immunohistochemical staining was done with 
antibodies against NANOG (ab80892, 1:400 dilution, 
Abcam, Cambridge, UK) and OCT4 (sc-5279, 1:250 
dilution, Santa Cruz Biotechnology, Dallas, Texas, 
USA). Anti-KLF4 (ab34814, Abcam, Cambridge, 

UK) was the IgG type rabbit polyclonal antibody. The 
immunohistochemical staining was performed on the 
Dako automated platform, and antibody detection was 
achieved using a biotin-free EnVision™ Detection System 
(Dako).

For immunohistochemical validation, positive controls 
included seminoma, embryonal carcinoma, and placental 
cytotrophoblasts for NANOG. Testicular germ cells and 
germ cell tumors were positive controls for OCT4. Colonic 
mucosa, skin epidermis, and vascular endothelium were 
positive controls for KLF4. Skeletal muscle, adipose 
tissue, and liver were used as negative controls. Also, 
additional negative controls were obtained by omitting 
the primary antibody.

Scoring 
All immunohistochemical slides were independently 

evaluated in a blinded fashion. NANOG and OCT4 nuclear 
and/or cytoplasmic staining was evaluated according to the 
percentage of tissue with positive staining (0: negative, and 
1: positive in 75% of tumor cells) and the staining intensity 
(0: negative, 1: weakly positive, 2: moderate, and 3: high 
staining). IHC scores were determined by multiplying the 
staining intensity by the percentage of positive staining. 
Finally, the expression of the studied markers was graded. 
Score 0 represented negative, score 1-4 represented low 
expression, score 5-8 represented moderate expression, 
and score 9-12 represented high expression [18].

KLF4 nuclear and /or cytoplasmic staining was 
evaluated by the percentage of positive tumor cells. It 
was determined semi-quantitatively by assessing the 
entire tumor section. Each sample was assigned to one 
of the following categories: 0 (0–4%), 1 (5–24%), 2 
(25–49%), 3 (50–74%), or 4 (75–100%). The intensity 
of immunostaining was determined as 0 (negative), 
1+ (weak), 2+ (moderate), or 3+ (strong). A final 
immunoreactive score, ranging from 0 to 12, was 
calculated by multiplying the percentage of positive cells 
by the staining intensity score. A score of 0 was considered 
negative. Scores ranging from 1 to 4 indicated low 
expression. Scores of 5 to 8 denoted moderate expression. 
Scores between 9 and 12 reflected high expression [19].

Gene expression analysis
Total RNA extraction was performed using TRIzol® 

(Thermo Fisher Scientific). miRCURY LNA RT kit was 
used to synthesize cDNA for miR-145. Then, the Rotor-
Gene Q real-time PCR system (Qiagen) was used for 
real-time polymerase chain reaction (RT-PCR). TOPreal 
SYBR Green qPCR PreMIX (Enzynomics, Korea) was 
used. The primers used were synthesized by Sangon 
Biotech (Beijing, China). The 2-ΔΔCT method was used 
for calculating miR-145-fold expression. U6 was used as 
a housekeeping gene. The sequence of miR-145 primers 
was:

F: AACACGCGTCCAGTTTTCCCA, 
R: GTCGTATCCAGTGCAGGGTCC, 
RT p r i m e r :  G T C G TAT C C A G T G C A G G G 

TCCGAGGTATTCGCACT GGATACGACAGGGATT. 
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of patients. Capsular invasion was detected in 48.9% of 
patients (Table 1).

Concerning immunohistochemical expression, 64.4% 
of patients were negative for NANOG staining. Positive 
NANOG expression was classified into low, moderate, 
and high (12.2%, 14.4%, and 8.9%, respectively). 
Negative OCT4 expression was detected in 54.4% of 
patients. Positive OCT4 expression was classified into 
low, moderate, and high (15.6%, 12.2%, and 17.8%, 
respectively). Negative KLF4 expression was detected 
in 46.7% of patients. Positive KLF4 expression was 
classified into low, moderate, and high (18.9%, 15.6%, 
and 18.9%, respectively) (Table 1, Figures 1 and 2). 

A total of eighty-one patients received adjuvant 
chemotherapy. Neoadjuvant chemotherapy was 
administered in twenty patients. The most often used 
chemotherapy regimen was an anthracycline/Taxane-
based regimen. Adjuvant capecitabine was added 
for patients with residual disease after neoadjuvant 
chemotherapy. Ninety-two percent of patients received 
adjuvant radiation. Disease recurrence was evident in 
66.7% of patients. By the end of our study, 36.7% of 
patients had died (Table 2). 

Regarding the association of CSC markers with 
patient parameters, all CSC markers had no association 
with age group (P=0.673, 0.940, and 0.914, respectively), 
stage (P=0.524, 0.185, and 0.169, respectively), grade 
(P=0.413, 0.150, and 0.081, respectively), N (P=0.744, 
0.222, and 0.735, respectively), LVI (P=0.675, 0.213, 
and 0.163, respectively), skin invasion (P=0.873, 0.548, 
0.190, respectively), or capsular invasion (P=0.524, 
0.397, and 0.842, respectively). OCT4 expression had a 
significant association with LN involvement (P=0.039). 
However, lower KLF4 expression showed a significant 
association with extensive intraductal invasion (P=0.02) 
(Supplementary Table 1). Additionally, negative KLF4 

The sequence of U6 primers was: 
F:5’CTCGCTTCGGCAGCACA3’ 
R: 5’AACGCTTCACGAATTTGCGT3’

Statistical analysis
Data analysis was performed using the Statistical 

Package for the Social Sciences (SPSS version 21.0). 
Qualitative data were represented as numbers and 
percentages. Quantitative continuous data were represented 
by mean ± standard deviation (SD) when normally 
distributed or median and range when not normally 
distributed. Testing the association and differences in 
qualitative data was performed by the chi-squared test 
(X2). Overall survival (OS) and disease-free survival 
(DFS) were calculated. Associations with DFS and 
OS were analyzed by using Kaplan-Meier curves and 
compared by the Log-rank test. A P value of < 0.05 was 
considered statistically significant. 

Results

The mean age of the participants was 41.04±12.29 
years. The age ranged from 24 to 72 years. About 57% 
of patients were >35 years. Fifty-seven patients had 
breast conservative surgery (BCS) while thirty-three 
patients had modified radical mastectomy (MRM). The 
mean tumor size was 46.37±14.98 mm. The size ranged 
from 15 to 70 mm. The majority of cases were grade 
III (64.4%), while grades I and II represented 11.1% 
and 24.4%, respectively. The mean number of dissected 
lymph nodes was 17.27±0.34. Their number ranged 
from 10 to 23. The mean number of positive lymph 
nodes was 7.14±5.48. Their number ranged from 0 to 20. 
Lymphovascular invasion (LVI) was detected in 84.4% of 
cases. An extensive intraductal component was detected 
in 24.4% of cases. Skin invasion was present in 6.7% 

Figure 1. A: Low-grade breast carcinoma with tubule formation, low mitotic activity, and minimal nuclear atypia 
(x100 HPF), B: Low-grade breast carcinoma with strong NANOG nuclear expression (x100 HPF), C: Low-grade 
breast carcinoma with strong OCT4 nuclear expression (x100 HPF), D: Low-grade breast carcinoma with moderate 
KLF4 cytoplasmic expression (x100 HPF). 
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Parameter Number (N = 90) %
Age (years)
     < 35 39 43.3
     ≥35 51 56.7
Family history of BC
     Absent 77 85.6
     Present 13 14.4
Site 
     Right 38 42.2
     Left 49 54.4
     Bilateral 3 3.3
Stage 
     Stage I 12 13.3
     Stage II 22 24.4
     Stage III 56 62.2
Grade 
     I 10 11.1
     II 22 24.4
     III 58 64.4
T
     T1 18 20
     T2 49 54.4
     T3 17 18.9
     T4 6 6.7
N
     N0 18 20
     N1 22 24.4
     N2 34 37.8
     N3 16 17.8
LN
     Absent 18 20
     Present 72 80
LVI
     Absent 14 15.6
     Present 76 84.4
Extensive intraductal component
     Absent 68 75.6
     Present 22 24.4
Skin invasion
     Absent 84 93.3
     Present 6 6.7
Capsular invasion
      Absent 46 51.1
      Present 44 48.9
NANOG IHC staining
      Negative 58 64.4
      Low 11 12.2
      Moderate 13 14.4
      High 8 8.9

Table 1. Clinicopathologic Characteristics of Studied 
Groups Parameter Number (N = 90) %

OCT 4 IHC staining
     Negative 49 54.4
     Low 14 15.6
     Moderate 11 12.2
     High 16 17.8
KLF4 IHC staining
     Negative 42 46.7
     Low 17 18.9
     Moderate 14 15.6
     High 17 18.9
miR-145
     Median 0.13
     range (0.07-0.31)
Age 
     Mean± SD 41.04±12.29
     range (24-72)
Tumor size (mm)
     Mean± SD 46.37±14.98
     range (15-70)
Total number of dissected LNs
     Mean± SD 17.27±0.34
     range (10-23)
Number of positive LNs
     Mean± SD 7.14±5.48
     range (0-20)

Table 1. Continued

expression showed a significant association with relapse 
(P < 0.001) (Table 3). 

Regarding miR-145 expression, downregulated 
expression was associated with higher stages (P<0.001), N 
(P<0.001), LN involvement (P=0.002), capsular invasion 
(P=0.02), and relapse and mortality (P<0.001 for both) 
(Table 4). 

Correlation analyses showed significant negative 
correlations between miR-145 expression and each of 
NANOG IHC expression (r=-0.305, P=0.009), OCT4 
IHC expression (r=-0.255, P=0.014), and KLF4 IHC 
expression (r=-0.242, P=0.022). Additionally, miR-145 
showed significant negative correlations with tumor 
size (r=-0.247, P=0.019) and number of positive LNs 
(r=-0.481, P<0.001). However, miR-145 expression 
showed significant strong positive correlations with DFS 
(r=0.920, P<0.001), and OS (r=0.813, P<0.001). OCT4 
expression showed significant positive correlations 
with NANOG expression (r=0.328, P=0.002) and KLF 
expression (r=0.344, P=0.001). Moreover, a significant 
positive correlation was detected between KLF expression 
and DFS (r=0.255, P=0.015) (Table 5, Figure 3).

The log-rank test showed a significant association 
between higher KLF4 expression and DFS where patients 
with moderate KLF4 expression had a median DFS of 
45 months (95% confidence interval (CI):17.07-72.93). 
Additionally, patients with high KLF4 expression had 
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Figure 2. A: High-grade breast carcinoma with sheet formation, high mitotic activity, and marked nuclear atypia (x400 
HPF), B: High-grade breast carcinoma with strong NANOG nuclear expression (x400 HPF), C: High-grade breast 
carcinoma with strong OCT4 nuclear expression (x400 HPF), D: High-grade breast carcinoma with weak KLF4 
cytoplasmic expression (x400 HPF).  

Parameter Number
(N = 90)

%

Chemotherapy
     No 2 2.2
     Neoadjuvant AC- Paclitaxel only 7 7.8
     Neoadjuvant AC-Paclitaxel+ adjuvant 
capecitabine

13 13.9

     Adjuvant AC-Paclitaxel 55 61.1
     Adjuvant AC-Docetaxel 3 3.3
     Adjuvant TC 6 6.7
     Adjuvant AC 4 4.4
Surgery
     BCS 57 63.3
     MRM 33 36.7
Radiotherapy
     No 7 7.9
     Yes 83 92.2
Relapse
     Absent 30 33.3
     Present 60 66.7
Mortality
     Alive 57 63.3
     Died 33 36.7

Table 2. Mode of Treatment and Clinical Outcome of 
Patients with Triple-Negative Breast Cancer

a median DFS of 44 months (95% CI:10.34-67.66). 
However, patients with negative KLF4 expression had 
a median DFS of 18 months (95% CI:15.57-20.43). 
However, no significant associations were detected 
between OCT4 or NANOG and DFS or OS (Table 6, 

Figures 4 and 5).

Discussion

CSCs  have  a  tumor igen ic  po ten t i a l  and 
correlations with cancer recurrence, metastasis, and 
chemo- or radio-resistance [20]. It was observed that 
miR-145-5p was the common miRNA targeting stemness 
markers [21]. Thus, the current study investigated the 
prognostic significance of miR-145 and CSC markers 
(OCT4, NANOG, and KLF4) in TNBC. 

Regarding miR-145 expression in our study, it was 
significantly downregulated in breast cancer tissues 
compared to adjacent control tissues. Previous studies 
found similar results [21-23]. 

Downregulated miR-145 expression was associated 
with higher stages, N, LN involvement, capsular 
invasion, relapse, and mortality. There were significant 
positive correlations between miR-145 and DFS and 
OS. Additionally, significant negative correlations 
were found between miR-145 and tumor size and the 
number of involved LNs. Similarly, patients with low 
miR-145 expression exhibited larger tumor size and LN 
metastasis [23]. Additionally, downregulated miR-145-
5p was significantly related to larger tumor size, distant 
metastasis, higher Ki67 expression, and shorter OS [24]. 
Moreover, the survival rate in the high miR-145 expression 
group was higher than that of the low miR-145 expression 
group [19]. 

Regarding the role of miR-145 in breast cancer 
suppression, it was an unfavorable prognostic factor [24]. 
Additionally, overexpression of miR-145 significantly 
decreased invasion and migration by direct or indirect 
regulation of transforming growth factor-β1 (TGF-β1) 
[22]. TGF-β1 is responsible for cancer growth and 
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Figure 3. Correlation Results of miR-145 Showing A: a significant negative correlation with tumor size, B: a significant 
negative correlation with the number of positive lymph nodes, C: a significant positive correlation with disease-free 
survival, D: a significant positive correlation with overall survival. 

Figure 4. A: The Kaplan-Meier curve of NANOG IHC expression according to the disease-free survival rate of patients 
with triple-negative breast cancer, B: The Kaplan-Meier curve of OCT4 IHC expression according to the disease-free 
survival rate of patients with triple-negative breast cancer, C: The Kaplan-Meier curve of KLF4 IHC expression 
according to the disease-free survival rate of patients with triple-negative breast cancer. 

metastasis [25]. Moreover, the tumor suppressor effect 
of miR-145 on breast cancer didn’t differ between 
ER-positive and TNBC [24, 26]. 

Previous research investigated the role of miR-145 
in other cancers. In colorectal cancer, it decreased cell 
migration and invasion by targeting paxillin, a protein 

involved in cell adhesion to the extracellular matrix [6]. 
In lung cancer, it inhibited the migration and invasion 
by decreasing fascin actin-bundling protein 1 (FSCN1), 
a protein involved in cell migration, motility, adhesion, 
and cellular interactions by bundling actin filaments [7]. 
In ovarian cancer, it targeted tripartite motif-containing 
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protein 2 (TRIM2) and exerted tumor-suppressing 
functions [27]. 

Concerning CSC markers, NANOG and OCT4 are 
exclusively expressed in pluripotent cells, including 
germline stem cells. They are not expressed in most 
somatic adult cells [28]. Our results showed that NANOG 
and OCT4 positivity were detected in 35.6 and 45.6% of 
patients, respectively. Nagata et al. [29] and Liu et al. [30] 
detected nuclear and cytoplasmic NANOG and OCT4 
staining in breast cancer cells, respectively. Additionally, 
strong NANOG expression was related to chemoresistance 
and poor prognosis in breast cancer. 

Our results showed that OCT4 was significantly higher 
in LN involvement. This finding was similar to that found 
by Wang et al. [20]. Additionally, no significant differences 
between OCT4 and NANOG expressions and patient age, 
T, N, tumor size, grade, or clinical stage were detected. 
Almási et al. [31] found similar results. Additionally, Wang 
et al. [20] detected that OCT4 and NANOG expressions 
were not related to patient age or tumor stage. Moreover, 
Nagata et al. [32] found no correlation between NANOG 
expression and TNM stage. 

Our findings found no significant differences between 
OCT4 and NANOG and DFS or OS. Almási et al. [31] 
found similar results. However, Nagata et al. [28] found 
that NANOG overexpression was significantly correlated 
with worse OS and DFS, particularly in ER-positive 
breast cancer. However, no significant differences 
between OCT4 expression and DFS or OS were detected. 
Additionally, Naderi et al. [33] identified that NANOG 
gene expression was correlated with the metastasis and 
proliferation of breast cancer, and it was correlated with 
the prognosis. This discrepancy in results can be explained 
by differences between protein and gene expression due 
to post-translational modification.

Our results showed KLF4 positivity in 53.3% of 
cases. Lower KLF4 expression was associated with 
intraductal invasion and tumor relapse. Upregulated KLF4 
was significantly correlated with better DFS. Similar 
results were found by Nagata et al. [29]. They found 
that KLF4 inhibited the growth and metastasis of breast 
cancer. Akaogi et al. [34] reported downregulated KLF4 
expression in cultured breast cancer cells compared to the 
normal mammary gland. 

Correlation analysis detected a significant positive 
correlation between OCT4 and NANOG expressions. 
Rodda et al. [35] found that OCT4 and SOX2 synergistically 
regulate other stem cell marker expression, including 
NANOG. Additionally, Olariu et al. [36] stated that 
NANOG and OCT4 induce the expression of each other. 

Regarding the role of NANOG and OCT4 in 
oncogenesis, their co-expression promoted the 
epithelial-mesenchymal transition (EMT) and enhanced 
cancer stem-like properties in the lung adenocarcinoma 
cells [15]. In ovarian cancer, NANOG regulated cell 
migration and invasion via dysregulation of E-cadherin 
and FoxJ1 [37]. 

We revealed significant negative correlations between 
miR-145 and the studied CSC markers. Xu et al. [38] and 
Sawant et al. [39] found that miR-145 binds to the 3′-UTRs 
of OCT4, SOX2, KLF4, and NANOG, leading to their 
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Parameter (N) Median Range Test P

Age < 35 39 0.136 0.071-0.314 0.93^ 0.35
≥35 51 0.129 0.069-0.311

Stage  I 12 0.163 0.118-0.313 18.55$ <0.001**
 II 22 0.149 0.105-0.314
 III 56 0.115 0.069-0.313

Grade I 10 0.151 0.083-0.313 0.24$ 0.89
II 22 0.131 0.070-0.313
II 58 0.129 0.069-0.314

T T1 18 0.141 0.099-0.313
T2 49 0.129 0..070-0.314 6.57$ 0.09
T3 17 0.124 0.069-0.279
T4 6 0.099 0.071-0.243

N N0 18 0.163 0.118-0.314
N1 22 0.151 0.077-0.300 20.28$ <0.001**
N2 34 0.123 0.070-0.313
N3 16 0.096 0.069-0.311

LN Absent 18 0.163 0.118-0.314 3.10^ 0.002*
Present 72 0.123 0.069-0.313

LVI Absent 14 0.131 0.088-0.296 0.11^ 0.92
Present 76 0.131 0.069-0.314

Extensive intraductal component Absent 68 0.131 0.069-0.314 0.49^ 0.62
Present 22 0.13 0.076-0.313

Skin invasion Absent 84 0.132 0.069-0.314 1.5^ 0.14
Present 6 0.099 0.071-0.243

Capsular invasion Absent 46 0.143 0.070-0.314 2.31^ 0.02*
Present 44 0.118 0.069-0.313

Relapse Absent 30 0.203 0.089-0.314 4.07^ <0.001**
Present 60 0.12 0.069-0.303

Mortality Alive 57 0.152 0.088-0.314 4.96^ <0.001**
Died 33 0.11 0.069-0.291

Table 4. The Association between miR-145 Expression and Demographical, Clinical, Histopathological Parameters, 
and Outcome of Patients with Triple-Negative Breast Cancer

^, Mann Whitney test, $, Kruskal Wallis test, *, difference Significant (P<0.05), **, Highly difference significant (P<0.001)

Figure 5. A: The Kaplan-Meier curve of NANOG IHC expression according to the overall survival rate of patients with 
triple-negative breast cancer, B: The Kaplan-Meier curve of OCT4 IHC expression according to the overall survival 
rate of patients with triple-negative breast cancer, C: The Kaplan-Meier curve of KLF4 IHC expression according to 
the overall survival rate of patients with triple-negative breast cancer. 
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miR-145 NANOG IHC staining OCT4 IHC staining KLF4 IHC staining
NANOG IHC staining r -0.305

P  0.009*
OCT4 IHC staining r -0.255 0.328*

P 0.014* 0.002
KLF4 IHC staining r -0.242 -0.064 0.344*

P 0.022* 0.548 0.001
Age r -0.074 0.046 0.006 0.063

P 0.489 0.666 0.953 0.556
Tumor size (mm) r -0.247* -0.019 0.206 0.038

P 0.019* 0.862 0.051 0.719
Total number of dissected LN r -0.129 -0.021 -0.007 -0.057

P 0.224 0.845 0.949 0.594
Number of positive LNs r -0.481 0.19 0.189 -0.126

P <0.001** 0.074 0.075 0.235
Disease Free Survival (months) r 0.92 0.025 0.028 0.255*

P <0.001** 0.814 0.79 0.015
Overall Survival (months) r 0.813 0.004 0.002 0.134

P <0.001** 0.973 0.983 0.207

Table 5. Correlation Matrix between NANOG, OCT4, KLF4, and miR-145 Expressions and some Demographical, 
Clinical, Histopathological Parameters, and Outcome in Patients with Triple-Negative Breast Cancer

Variable DFS Log-rank OS Log-rank
Median CI (95%) P Median CI (95%) P

NANOG IHC 
expression

Negative 23 17.12 28.88 48 37.81 58.19 6.4
Low 26 10.84 41.17 2.99 44 32.84 54.61 0.09
Moderate 24 9.7 38.31 0.39 39 30.95 47.73
High 18 5.53 30.47 28 8.6 47.4
Negative 26 14.68 37.32 48 36.12 59.88 3.66

OCT4 IHC 
expression

Low 17 13.59 20.41 3.57 29 21.69 36.31 0.3
Moderate 39 7.42 70.58 0.31 44 36.63 50.42
High 20 14.69 25.31 33 25.96 39.37
Negative 18 15.57 20.43 40 32.95 47.05 7.41

KLF4 IHC 
expression

Low 33 5.08 23 12.83 35 27.01 43.54 0.06
Moderate 45 17.07 72.93 0.005* 47 37.16 57.99
High 44 10.34 67.66 41 36.39 45.03

r, Spearman’s correlation coefficient; *, difference Significant (P<0.05);**, Highly difference significant (P<0.001)

Table 6. Disease-Free Survival and Overall Survival According NANOG, OCT4, KLF4 Expressions among Patients 
with Triple-Negative Breast Cancer.

*, difference Significant (P<0.05)

downregulation. This reduces stem-like properties and 
EMT [21]. Polytarchou et al. [40] found that KLF4 was 
inhibited by miR-145, whose expression was inhibited by 
the Zeb repressors in CSCs. 

In conclusion, miR-145 and KLF4 may serve as 
important predictors for prognosis in patients with 
triple-negative breast cancer. miR-145 showed significant 
positive correlations with disease-free survival (DFS) 
and overall survival (OS). KLF4 expression showed 
a significant positive correlation with DFS. Log-rank 
test showed a significant relation of KLF4 with DFS. 
Thus, miR-145 can be considered a potential therapeutic 

molecule for targeting CSC-mediated chemoresistance 
and metastasis. 

Author Contribution Statement

SH, RS, and HMA contributed to the study conception 
and design. All authors were responsible for the 
methodology and statistical analysis of data. RS, ABW, 
HMA, and SH wrote the manuscript draft. All authors 
read and approved the final manuscript. 



Reham Sameh et al

Asian Pacific Journal of Cancer Prevention, Vol 271144

Acknowledgements

Ethical approval and consent to participate
This study got approval (ZU-IRB#758/26-Nov-2024) 

and written informed consent was obtained from all 
participants. 

Availability of data and material
Available upon a reasonable request from the author.

Competing interests
The authors declare that there is no conflict of interest.

References

1. Houghton SC, Hankinson SE. Cancer progress and priorities: 
Breast cancer. Cancer Epidemiol Biomarkers Prev. 
2021;30(5):822-44. https://doi.org/10.1158/1055-9965.
Epi-20-1193.

2. Gupta I, Rizeq B, Vranic S, Moustafa AA, Al Farsi H. 
Circulating mirnas in her2-positive and triple negative 
breast cancers: Potential biomarkers and therapeutic targets. 
Int J Mol Sci. 2020;21(18):6750. https://doi.org/10.3390/
ijms21186750.

3. Ai D, Yao J, Yang F, Huo L, Chen H, Lu W, et al. Trps1: A 
highly sensitive and specific marker for breast carcinoma, 
especially for triple-negative breast cancer. Mod Pathol. 
2021;34(4):710-9. https://doi.org/10.1038/s41379-020-
00692-8.

4. Ding L, Gu H, Xiong X, Ao H, Cao J, Lin W, et al. Micrornas 
involved in carcinogenesis, prognosis, therapeutic resistance 
and applications in human triple-negative breast cancer. 
Cells. 2019;8(12). https://doi.org/10.3390/cells8121492.

5. Hussein S, Abdelazem AS, Abdelmoneem S, Abdelnabi AM, 
Khamis T, Obaya AA, et al. Evaluation of mirna 223/125a 
and cobll1 expressions and ror-1 levels as reliable markers 
in b- chronic lymphocytic leukemia. Asian Pac J Cancer 
Prev. 2022;23(8):2735-42. https://doi.org/10.31557/
apjcp.2022.23.8.2735.

6. Qin J, Wang F, Jiang H, Xu J, Jiang Y, Wang Z. Microrna-145 
suppresses cell migration and invasion by targeting paxillin 
in human colorectal cancer cells. Int J Clin Exp Pathol. 
2015;8(2):1328-40. 

7. Zhang Y, Lin Q. Microrna-145 inhibits migration and invasion 
by down-regulating fscn1 in lung cancer. Int J Clin Exp Med. 
2015;8(6):8794-802. 

8. Karatas OF, Suer I, Yuceturk B, Yilmaz M, Hajiyev Y, 
Creighton CJ, et al. The role of miR-145 in stem cell 
characteristics of human laryngeal squamous cell carcinoma 
hep-2 cells. Tumour Biol. 2016;37(3):4183-92. https://doi.
org/10.1007/s13277-015-4219-z.

9. Quan Y, Huang X, Quan X. Expression of mirna-206 and 
mirna-145 in breast cancer and correlation with prognosis. 
Oncol Lett. 2018;16(5):6638-42. https://doi.org/10.3892/
ol.2018.9440.

10. Marzagalli M, Fontana F, Raimondi M, Limonta P. Cancer 
stem cells-key players in tumor relapse. Cancers (Basel). 
2021;13(3). https://doi.org/10.3390/cancers13030376.

11. Zhang Q, Han Z, Zhu Y, Chen J, Li W. The role and specific 
mechanism of OCT4 in cancer stem cells: A review. Int J 
Stem Cells. 2020;13(3):312-25. https://doi.org/10.15283/
ijsc20097.

12. Alemohammad H, Asadzadeh Z, Motafakker Azad R, 
Hemmat N, Najafzadeh B, Vasefifar P, et al. Signaling 
pathways and micrornas, the orchestrators of NANOG 
activity during cancer induction. Life Sci. 2020;260:118337. 

https://doi.org/10.1016/j.lfs.2020.118337.
13. Grubelnik G, Boštjančič E, Pavlič A, Kos M, Zidar N. NANOG 

expression in human development and cancerogenesis. Exp 
Biol Med (Maywood). 2020;245(5):456-64. https://doi.
org/10.1177/1535370220905560.

14. Meng HM, Zheng P, Wang XY, Liu C, Sui HM, Wu SJ, et 
al. Over-expression of NANOG predicts tumor progression 
and poor prognosis in colorectal cancer. Cancer Biol Ther. 
2010;9(4):295-302. https://doi.org/10.4161/cbt.9.4.10666.

15. Wen J, Park JY, Park KH, Chung HW, Bang S, Park SW, et al. 
OCT4 and NANOG expression is associated with early stages 
of pancreatic carcinogenesis. Pancreas. 2010;39(5):622-6. 
https://doi.org/10.1097/MPA.0b013e3181c75f5e.

16. Chiou SH, Wang ML, Chou YT, Chen CJ, Hong CF, Hsieh 
WJ, et al. Coexpression of OCT4 and NANOG enhances 
malignancy in lung adenocarcinoma by inducing cancer 
stem cell-like properties and epithelial-mesenchymal 
transdifferentiation. Cancer Res. 2010;70(24):10433-44. 
https://doi.org/10.1158/0008-5472.Can-10-2638.

17. He Z, He J, Xie K. KLF4 transcription factor in tumorigenesis. 
Cell Death Discov. 2023;9(1):118. https://doi.org/10.1038/
s41420-023-01416-y.

18. Amaya CN, Bryan BA. Enrichment of the embryonic stem 
cell reprogramming factors OCT4, NANOG, myc, and SOX2 
in benign and malignant vascular tumors. BMC Clin Pathol. 
2015;15:18. https://doi.org/10.1186/s12907-015-0018-0.

19. Hu D, Zhou Z, Davidson NE, Huang Y, Wan Y. Novel 
insight into KLF4 proteolytic regulation in estrogen 
receptor signaling and breast carcinogenesis. J Biol Chem. 
2012;287(17):13584-97. https://doi.org/10.1074/jbc.
M112.343566.

20. Wang D, Lu P, Zhang H, Luo M, Zhang X, Wei X, et al. 
Oct-4 and NANOG promote the epithelial-mesenchymal 
transition of breast cancer stem cells and are associated 
with poor prognosis in breast cancer patients. Oncotarget. 
2014;5(21):10803-15.  https: / /doi .org/10.18632/
oncotarget.2506.

21. Rajarajan D, Kaur B, Penta D, Natesh J, Meeran SM. 
miR-145-5p as a predictive biomarker for breast cancer 
stemness by computational clinical investigation. Comput 
Biol Med. 2021;135:104601. https://doi.org/10.1016/j.
compbiomed.2021.104601.

22. Ding Y, Zhang C, Zhang J, Zhang N, Li T, Fang J, et al. 
miR-145 inhibits proliferation and migration of breast cancer 
cells by directly or indirectly regulating tgf-β1 expression. 
Int J Oncol. 2017;50(5):1701-10. https://doi.org/10.3892/
ijo.2017.3945.

23. Lv P, Zhang Z, Hou L, Zhang Y, Lu L, Wang C, et al. 
Meta-analysis of the clinicopathological significance of 
mirna-145 in breast cancer. Biosci Rep. 2020;40(9). https://
doi.org/10.1042/bsr20193974.

24. Tang W, Zhang X, Tan W, Gao J, Pan L, Ye X, et al. miR-145-
5p suppresses breast cancer progression by inhibiting SOX2. 
J Surg Res. 2019;236:278-87. https://doi.org/10.1016/j.
jss.2018.11.030.

25. Park SJ, Kim JG, Kim ND, Yang K, Shim JW, Heo K. 
Estradiol, tgf-β1 and hypoxia promote breast cancer 
stemness and emt-mediated breast cancer migration. 
Oncol Lett. 2016;11(3):1895-902. https://doi.org/10.3892/
ol.2016.4115.

26. Yan X, Chen X, Liang H, Deng T, Chen W, Zhang S, et 
al. Mir-143 and miR-145 synergistically regulate erbb3 to 
suppress cell proliferation and invasion in breast cancer. 
Mol Cancer. 2014;13:220. https://doi.org/10.1186/1476-
4598-13-220.

27. Chen X, Dong C, Law PT, Chan MT, Su Z, Wang S, et al. 
Microrna-145 targets trim2 and exerts tumor-suppressing 



Asian Pacific Journal of Cancer Prevention, Vol 27 1145

DOI:10.31557/APJCP.2026.27.3.1135
miR-145 and Cancer Stem Cell Markers in Triple-Negative Breast Cancer

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

functions in epithelial ovarian cancer.  Gynecol 
Oncol. 2015;139(3):513-9. https://doi.org/10.1016/j.
ygyno.2015.10.008.

28. Lu X, Mazur SJ, Lin T, Appella E, Xu Y. The pluripotency 
factor NANOG promotes breast cancer tumorigenesis and 
metastasis. Oncogene. 2014;33(20):2655-64. https://doi.
org/10.1038/onc.2013.209.

29. Nagata T, Shimada Y, Sekine S, Hori R, Matsui K, Okumura 
T, et al. Prognostic significance of NANOG and KLF4 for 
breast cancer. Breast Cancer. 2014;21(1):96-101. https://doi.
org/10.1007/s12282-012-0357-y.

30. Liu CG, Lu Y, Wang BB, Zhang YJ, Zhang RS, Lu Y, et al. 
Clinical implications of stem cell gene oct-4 expression in 
breast cancer. Ann Surg. 2011;253(6):1165-71. https://doi.
org/10.1097/SLA.0b013e318214c54e.

31. Almási S, Nagy Á, Krenács T, Lantos T, Zombori T, Cserni G. 
The prognostic value of stem cell markers in triple-negative 
breast cancer. Pathol Oncol Res. 2023;29:1611365. https://
doi.org/10.3389/pore.2023.1611365.

32. Nagata T, Shimada Y, Sekine S, Moriyama M, Hashimoto 
I, Matsui K, et al. KLF4 and NANOG are prognostic 
biomarkers for triple-negative breast cancer. Breast Cancer. 
2017;24(2):326-35. https://doi.org/10.1007/s12282-016-
0708-1.

33. Naderi A, Teschendorff AE, Barbosa-Morais NL, Pinder SE, 
Green AR, Powe DG, et al. A gene-expression signature to 
predict survival in breast cancer across independent data sets. 
Oncogene. 2007;26(10):1507-16. https://doi.org/10.1038/
sj.onc.1209920.

34. Akaogi K, Nakajima Y, Ito I, Kawasaki S, Oie SH, Murayama 
A, et al. KLF4 suppresses estrogen-dependent breast cancer 
growth by inhibiting the transcriptional activity of eralpha. 
Oncogene. 2009;28(32):2894-902. https://doi.org/10.1038/
onc.2009.151.

35. Rodda DJ, Chew JL, Lim LH, Loh YH, Wang B, Ng HH, 
et al. Transcriptional regulation of NANOG by OCT4 and 
SOX2. J Biol Chem. 2005;280(26):24731-7. https://doi.
org/10.1074/jbc.M502573200.

36. Olariu V, Lövkvist C, Sneppen K. NANOG, OCT4 and 
tet1 interplay in establishing pluripotency. Sci Rep. 
2016;6:25438. Https://doi.org/10.1038/srep25438. . 

37. Siu MK, Wong ES, Kong DS, Chan HY, Jiang L, Wong 
OG, et al. Stem cell transcription factor NANOG controls 
cell migration and invasion via dysregulation of e-cadherin 
and foxj1 and contributes to adverse clinical outcome in 
ovarian cancers. Oncogene. 2013;32(30):3500-9. https://
doi.org/10.1038/onc.2012.363.

38. Xu N, Papagiannakopoulos T, Pan G, Thomson JA, Kosik 
KS. Microrna-145 regulates OCT4, SOX2, and KLF4 
and represses pluripotency in human embryonic stem 
cells. Cell. 2009;137(4):647-58. https://doi.org/10.1016/j.
cell.2009.02.038.

39. Sawant D, Lilly B. Microrna-145 targets in cancer and the 
cardiovascular system: Evidence for common signaling 
pathways. Vasc Biol. 2020;2(1):R115-r28. https://doi.
org/10.1530/vb-20-0012.

40. Polytarchou C, Iliopoulos D, Struhl K. An integrated 
transcriptional regulatory circuit that reinforces the 
breast cancer stem cell state. Proc Natl Acad Sci U 
S A. 2012;109(36):14470-5. https://doi.org/10.1073/
pnas.1212811109.


