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Abstract.
BACKGROUND: FAM170B-AS1 is usually expressed low in all organs except for testicular tissues. No study was performed to
explore its role in breast cancer (BC). Contradictory results were reported about hsa-miR-1202 and hsa-miR-146a-5p in BC.
OBJECTIVE: The present study aimed to explore the involvement of FAM170B-AS1 in BC using bioinformatics predictive tools,
followed by a practical validation besides exploring the impact of hsa-miR-1202 and hsa-miR-146a-5p in BC.
METHODS: This study enrolled 96 female patients with BC, 30 patients with benign breast diseases (BBD), and 25 control
subjects. The expressions of circulating FAM170B-AS1, hsa-miR-1202, and hsa-miR-146a-5p were quantified using qRT-PCR.
These ncRNAs’ associations, predictive, and diagnostic roles in BC were statistically tested. The underlying miRNA/mRNA
targets of FAM170B-AS1 in BC were bioinformatically predicted followed by confirmation based on the GEPIA and TCGA
databases.
RESULTS: The expression of FAM170B-AS1 was upregulated in sera of BC patients and hsa-miR-1202 was upregulated in sera of
BBD and BC patients while that of hsa-miR-146a-5p was downregulated in BC. These FAM170B-AS1 was significantly associated
with BC when compared to BBD. FAM170B-AS1 and hsa-miR-1202 were statistically associated with the BC’s stage, grade, and
LN metastasis. FAM170B-AS1 and hsa-miR-146a-5p gave the highest specificity and sensitivity for BC. KRAS and EGFR were
predicted to be targeted by FAM170B-AS1 through interaction with hsa-miR-143-3p and hsa-miR-7-5p, respectively. Based on the
TCGA database, cancer patients having mutations in FAM170B show good overall survival.
CONCLUSIONS: The present study reported that for the first time, FAM170B-AS1 may be a potential risk factor, predictive, and
diagnostic marker for BC. In addition, FAM170B-AS1 might be involved in BC by interacting with hsa-miR-143-3p/KRAS and
hsa-miR-7-5p/EGFR through enhancement or repression that may present a new therapeutic option for BC.
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Abbreviations 1

AUC Area under the curve
BBD Benign breast diseases
BC Breast cancer
BP Biological process
CA15.3 Carbohydrate antigen 15.3
CC Cellular component
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CEA Carcinoembryonic antigen
CDC14A Cell division cycle 14 homolog
CI A Confidence interval
DCI Ductal carcinoma in situ
EMT Epithelial to mesenchymal

transition
ER Estrogen receptor
FAM170B-AS1 Family with sequence similarity

170 member B-antisense RNA1
GEPIA Gene expression profiling

integrative analysis
GO Gene Ontology
GTEx Genotype-Tissue Expression
HCC Hepatocellular carcinoma
HER-2 Human epidermal growth factor

receptor-2
HPA Human protein atlas
IDC Invasive ductal carcinoma
KEGG Kyoto Encyclopedia of Genes and

Genomes
LDAP LncRNA-disease association

prediction
LN Lymph node
LncRNA Long non-coding RNA
MF molecular function
miRNA Micro RNA
mRNA Messenger RNA
ncRNAs Non-coding RNAs
NSCLC Non-small cell lung cancer
OR Odds ratio
PPI Protein-protein interaction
PR Progesterone receptor
ROC Receiver operating characteristic

curve
TCGA The cancer genome atlas
TNBC Triple negative breast cancer
TNM Tumor-node-metastasis
VIF Variance inflation factor
β Standardized coefficient
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1. Introduction4

Being the most common cancer globally among5

women makes breast cancer (BC) the first cause of6

cancer-related deaths [1]. About 2.2 million new cases7

are diagnosed with BC. Therefore, BC accounts for8

11.7% of all cancer incidence [2]. In 2019, about 59%9

of women diagnosed with BC were > 60 years old. By10

2030, this percentage is expected to be elevated to 70%11

BC incidence in patients aged 70 years and older [3].12

In women, most clinical breast changes are benign dis- 13

eases (BBD). Only 3–6% of cases with these benign dis- 14

eases are transformed into BC. These changes are more 15

common in women of childbearing age; their maximum 16

peak was observed at 30 and 50 years old [4,5]. About 17

50 and 25% of all women aged over 30 years old have 18

mastalgia, fibrocystic changes, and fibroadenomas, re- 19

spectively. The risk of dedifferentiation among most 20

benign breast changes is low. However, complex cysts 21

carry a 23–31% risk of transforming into malignancy, 22

16% for papillary lesions, and 7% for radial scars [6]. 23

The presence of a variety of genetic aberrations 24

against BC makes it a very heterogeneous disease [7]. 25

Hence, BC has five main molecular subtypes identified 26

depending on the level of expression of receptors for 27

estrogen (ER), progesterone (PR), and human epider- 28

mal growth factor receptor-2 (HER-2) on the surface 29

of BC cells [7,8]. Some of these subtypes are marked 30

by significantly aggressive clinical course, proliferative 31

activity and growth rate, poor prognosis, early metas- 32

tasis, different targeted therapies, and risk of disease 33

recurrence [9–13]. Hence, early screening and diagnos- 34

ing the more aggressive subtypes of BC and identifying 35

suspicious breast tumors are vital to reduce morbidity 36

and mortality [14,15]. 37

Long noncoding RNAs (lncRNAs) and microRNAs 38

(miRNAs) are reported to be associated with differ- 39

ent types of cancer [16,17]. LncRNAs can suppress 40

mRNA expression by recruiting histone modification 41

complexes, controlling the alternative splicing, and nu- 42

clear import [18]. LncRNAs can interact with miR- 43

NAs [19–21] to de-repress gene expression by com- 44

peting with miRNAs for interaction with shared tar- 45

get mRNAs. miRNA binds to its complementary se- 46

quences in the 3’-UTR of their target mRNAs and 47

post-transcriptionally represses their translation into 48

protein [22]. Therefore, predicting and validating the 49

lncRNA/miRNA crosstalk can modulate gene expres- 50

sion patterns that drive physiological and pathological 51

processes [23–25]. 52

Little is known about the Family with sequence sim- 53

ilarity 170 member B-antisense RNA1 (FAM170B- 54

AS1; ENSG00000234736). It is located on chromo- 55

some 10: 49,121,839-49,151,547 forward strand with 56

four transcripts (https://www.ensembl.org/index.html). 57

Genotype-Tissue Expression portal (https://gtexportal. 58

org/home/) shows the low expression of FAM170B- 59

AS1 in all body tissues except for the testis. It also re- 60

veals that FAM170B-AS1 is expressed in the breast ep- 61

ithelial (luminal) cells. In 2018, 54 single nucleotide 62

polymorphisms (SNPs) in 21 genes were recognized as 63
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independent and significant determinants of coronary64

artery disease. FAM170B-AS1, one of these 21 genes,65

was identified for the first time as a possible genetic66

risk factor for coronary artery disease in Japanese pa-67

tients [26]. Ke et al. [27] and Zhou et al. [28] reported68

that FAM170B-AS1 is one of the differentially expressed69

genes in the skeletal muscle of diabetic patients and70

the monocyte-derived dendritic cells of patients with71

allergic rhinitis, respectively. Recently, bioinformatics72

analysis was performed by Hu et al. [29] to explore the73

hub mechanisms of ischemic stroke and illustrated the74

involvement of FAM170B-AS1 as one of 406 genes in75

ischemic stroke. Falcon et al. [30] and Zhang et al. [31]76

pointed out the participation of FAM170B-AS1 in hep-77

atocellular carcinoma (HCC) and thyroid carcinoma,78

respectively, based on the data extracted from the can-79

cer genome atlas (TCGA) database. It was reported that80

FAM170B-AS1 may cause homeostasis imbalance in81

HCC by allowing cancer cells to be affected by oxida-82

tive stress or even dysregulating cancer cell division83

rate [30,32]. Recently, a significant alteration in the84

frequency of FAM170B-AS1 was reported and found85

to be correlated with allograft inflammatory factor 186

in pan-cancer based on bioinformatics analysis [33].87

These bioinformatics studies opened a new window to88

clinical study of the possible roles of FAM170B-AS1 in89

several types of cancer.90

hsa-miRNA-1202 and hsa-miRNA-146a were re-91

ported to be associated with cancer progression, pos-92

itively or negatively. hsa-miRNA-1202 is transcriped93

by MIR1202 gene on chromosome 6: 155,946,797-94

155,946,879 forward strand. It is reported to be upregu-95

lated in breast cancer [34] endometrial cancer [35], and96

lung cancer [36] while it is revealed to be downregu-97

lated in glioma cells [37] and HCC [38]. hsa-miR-120298

was reported to inhibit the proliferation of glioma cells99

and induce endoplasmic reticulum stress and apoptosis100

via regulating Rab1A in glioma [37]. Another study re-101

ported the inhibitory role of hsa-miR-1202 on HCC cell102

migration and invasion by targeting cyclin-dependent103

kinase 14 [38].104

hsa-miR-146a is transcribed by the MIR146A gene105

on chromosome 5: 160, 485, 352-160, 485, 450 for-106

ward strand. Wu et al. [39] indicated that hsa-miR-107

146a-5p is downregulated in non-small cell lung cancer108

(NSCLC) tissues, whereas Wang et al. [40] reported109

an up-regulation of hsa-miR-146a-5p in NSCLC pa-110

tients. Liu et al. [41] revealed the oncogenic mecha-111

nism of hsa-miR-146a-5p in NSCLC cell survival and112

migration by suppressing its target gene, tumor necro-113

sis factor receptor-associated factor 6. In BC, several114

studies indicated that hsa-miR-146a can function as on- 115

comiR [42–45]. Other studies have demonstrated hsa- 116

miR-146a as a tumor suppressor miRNA [46,47]. The 117

reports of Park et al. [48] and Kumaraswamy et al. [49] 118

illustrated the tumor-suppressive effect of hsa-miR- 119

146a via inhibiting epithelial-to-mesenchymal transi- 120

tion (EMT) and the metastatic potential in many can- 121

cer types, including BC. It has been proposed that hsa- 122

miR-146a can sustain an epithelial phenotype in triple 123

negative breast cancer (TNBC) via direct targeting of 124

the TGFβ signaling activator SMAD3 [50]. A recent 125

study reported that hsa-miR-146a-5p causes cell cycle 126

arrest and stimulates apoptosis in gastric cancer cells 127

and tissues by targeting cell division cycle 14 homolog 128

A (CDC14A) gene in which hsa-miR-146a-5p binds 129

to the 3’-UTR region of CDC14A mRNA resulting in 130

downregulating both CDC14A mRNA and protein ex- 131

pressions [51]. 132

To the best of our knowledge, the current study 133

aimed to predict and validate the role of FAM170B- 134

AS1 for the first time in breast cancer using the bioin- 135

formatics tool and QPCR, respectively, to construct 136

FAM170B-AS1/miRNA/mRNA network. Another goal 137

of the present study is to explore the roles of both hsa- 138

miR-1202 and hsa-miR-146a-5p in BC. 139

2. Subjects and methods 140

2.1. Subjects 141

A total of 151 subjects were enrolled in the current 142

study and divided into three groups: a control group 143

(n = 25), patients with benign breast diseases (n = 144

30), and patients with primary breast cancer (n = 96). 145

All individuals were chosen to be matched in age and 146

the menopause stage. Patients with other malignancies 147

or under tumor therapy were excluded. 148

Patients were chosen from those admitted to the Na- 149

tional Cancer Institute, Cairo University, and Clinical 150

Oncology Department, Faculty of Medicine, Ain Shams 151

University, Cairo, Egypt. Full history and the patho- 152

logical examinations of the breast mass from patients 153

either with BBD or BC was obtained from their clinical 154

sheets. The stages of BC, performed according to the 155

tumor-node-metastasis classification system (TNM), 156

were obtained from the clinical sheets. Furthermore, the 157

expression of hormonal receptors (PR, ER, and HER- 158

2) on the breast cancer tissue was examined using im- 159

munohistochemistry to identify the molecular subtype 160

of BC. 161
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The study was approved by the Scientific Research162

Ethics Committee, National Research Center, Dokki,163

Giza, Egypt (ID: 15209). Informed consent for using164

the samples for research purposes was obtained from all165

participants before beginning the study. The research166

was carried out under the Declaration of Helsinki,167

printed in the British Medical Journal (18 July 1964).168

2.2. Blood sample collection169

Three milliliters blood samples were withdrawn from170

individuals in tubes with polymer gel and clot activator171

(Greiner bio-one, GmbH, Australia). The blood was left172

to clot at 37◦C for 30 minutes, and all samples were173

centrifuged at 10,000× g for 10 min at 4◦C (13-18KS,174

Sigma, Germany). The separated sera were aliquoted175

and stored at −80◦C for further analysis.176

2.3. Tumor markers assay177

The serum venous levels of carcinoembryonic anti-178

gen (CEA) and carbohydrate antigen 15.3 (CA 15.3)179

were estimated using commercial enzyme-linked im-180

munosorbent assay kits provided by Immunospeccor-181

poration, Netherlands.182

2.4. Prediction of FAM170B-AS1 association with183

breast cancer184

Predicting the association of FAM170B-AS1 in differ-185

ent diseases was performed using miRWalk v.2 (http://186

mirwalk.umm.uni-heidelberg.de/), released in 2019.187

2.5. Quantitative RT-PCR for hsa-miR-146a-5p and188

hsa-miR-1202 assays and FAM170B-AS1189

validation190

MiRNA was extracted from the sera of all the partic-191

ipants using an RNeasy mini kit (Qiagen, USA). The192

purity of the extracted RNA was detected at 260/280193

nm using a nano-drop spectrophotometer (Quawell, Q-194

500, Scribner, USA). The extracted miRNA was reverse195

transcribed into cDNA using a MiScript II reverse tran-196

scription kit provided by Qiagen, USA. cDNA synthe-197

sis was performed using a thermal cycler (SureCycler198

8800, Agilent, USA).199

Real-time quantitative PCR was performed to anal-200

yse the expression of hsa-miR-1202 (HS_hsa-miR-1202201

miScript Primer Assay, Cat no.MP00000259), hsa-202

miR-146-5p (HS_hsa-miR-146-5p miScript Primer As-203

say, Cat no.MS00003535), and FAM170B-AS1 (RT2
204

lncRNA qPCR Assay for Human, cat no. LPH11337A)205

using SYBR Green/ROX Master Mix (Qiagen, USA). 206

Ready-made primers for the studied ncRNAs as well 207

as their housekeeping genes [RNU6 for miRNA 208

(HS_RNU6-2-11_ miScript Primer Assay, Cat no. 209

MS00033740) and GAPDH for lncRNA (Hs_GPDH_ 210

1_SG QuantiTect Primer Assay, Cat no. QT00079247)] 211

were provided from Qiagen, USA. The thermal reaction 212

conditions were 95◦C for 15 min followed by 40 cycles 213

at 94◦C for 15 s, 55◦C for 30 s, and 70◦C for 34 s using 214

Max3005P QPCR system, Stratagene, Agilent biotech- 215

nology, USA. Expression for investigated miRNAs and 216

lncRNA was assessed using the ∆Ct method [52]. The 217

cycle threshold (Ct) value is the number of qPCR cy- 218

cles needed for the fluorescent signal to cross a definite 219

threshold. ∆Ct was calculated by subtracting the Ct 220

values of RNU6–2 or GPDH from those of investigated 221

miRNAs or lncRNA, respectively. ∆∆Ct was calcu- 222

lated by subtracting the ∆Ct of the control samples 223

from the ∆Ct of BBD and BC samples. 224

2.6. Targeted prediction and functional analysis 225

LncBase predicted v2 database (https://dianalab.e- 226

ce.uth.gr/html/diana/web/index.php?r=lncbasev2%2 227

Findex-predicted) was used to identify the target miR- 228

NAs of FAM170B-AS1 and their binding sites where the 229

threshold was adjusted at 0.5. In addition, four target 230

prediction algorithms were used to predict the interac- 231

tions between miRNAs and genes associated with breast 232

cancer. The four corresponding prediction algorisms 233

were miRWalk v.2 (http://mirwalk.umm.uni-heidelberg. 234

de/) database released in 2022, miRDB (http://www. 235

mirdb.org/), TargetScan 7.2 (https://www.targetscan. 236

org/vert_72/), and miRTarBase (https://mirtarbase.cuhk. 237

edu.cn/∼miRTarBase/miRTarBase_2022/php/index. 238

php). The overlapped miRNAs were identified via Venn 239

diagrams (https://bioinformatics.psb.ugent.be/webtools/ 240

Venn/). The target genes of the overlapped miRNAs 241

from LncBase Predicted v.2, miRWalk v.2, miRDB, Tar- 242

getScan 7.2, and miRTarBase were identified by Excel 243

function to construct FAM170B-AS1/miRNA/mRNA 244

network in breast cancer. 245

To further consider the potential functions, path- 246

ways, and networks of these target genes, the DAVID 247

database (https://david.ncifcrf.gov/tools.jsp) was used 248

for Gene Ontology (GO) annotation and Kyoto En- 249

cyclopedia of Genes and Genomes (KEGG) pathway 250

analysis. GO was divided into three functional groups: 251

biological process (BP), cellular component (CC), and 252

molecular function (MF). Cytoscape (version 3.9.0, 253

https://cytoscape.org/) was applied to construct the 254

functional FMA170B-AS1/miRNA/mRNA network. 255
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In addition, the human protein atlas (HPA) (https://256

www.proteinatlas.org/) was used to explore the protein257

expression of target genes in breast cancer and nor-258

mal breast tissues. The online database STRING v.11.5259

(https://string-db.org/) was used to build protein-protein260

interaction (PPI) networks using the overlapped tar-261

get genes of proteins expressed in breast tissue. The262

minimum required interaction pairs were adjusted at <263

0.4.264

2.7. Correlation to GEPIA and TCGA data265

Gene expression profiling integrative analysis266

(GEPIA) was used to investigate the expression level267

of the selected target genes in normal breast tissue and268

BRCA tumors. Furthermore, GEPIA was utilized to269

analyse the correlation between the FAM170B-AS1 gene270

and the target genes in the BRCA tumor. In addition, the271

genetic alteration of FAM170B in primary cancers was272

investigated based on TCGA with their overall survival273

analysis.274

2.8. Statistical analysis275

The power of the current study was calculated utiliz-276

ing G∗Power 3.1.9.7 software (Franz Faul, Universität277

Düsseldorf, Germany) (https://www.psychologie.hhu.278

de/arbeitsgruppen/allgemeine-psychologie-und-arbeits279

psychologie/gpower). The test family was adjusted at280

F test and the statistical test used was adjusted at AN-281

COVA: fixed effects, main effect, and interactions. Post-282

hoc: Compute achieved power is the type of power anal-283

ysis used. The input parameters were effect size F =284

0.4, α error probability = 0.05, total sample size = 151,285

numerator df = 10, number of groups = 3, and number286

of covariates = 1. The calculated power of the study287

equaled 93.2%.288

The Statistical Package for Social Science version289

26 for Windows (SPSS software package, Chicago,290

USA) was used to perform all statistical analyses. The291

data distribution was statistically determined using the292

Kolmogorov-Smirnov test with Lilliefors significance293

correction. The categorical variables were expressed294

as frequencies (percentages), and non-parametric data295

were expressed as median (interquartile range). The296

non-parametric variables were statistically analysed297

using the Kruskal-Wallis one-way ANOVA (all pair-298

wise) test for multiple comparisons. χ2 test was used299

to evaluate the differences in menopause, stage, grade,300

pathological types, molecular subtypes, and lymph node301

metastasis between the different studied groups.302

Binary logistic regression analyses were used to in-303

vestigate the strength of the association of the expres- 304

sion of FAM170B-AS1, hsa-miR-1202, and hsa-miR- 305

146a-5p with the susceptibility to breast tumors be- 306

tween either benign breast lesion versus control group, 307

malignant tumor versus control group, and malignant 308

tumor versus benign breast lesion. The strength of as- 309

sociations was measured by the odds ratio (OR) with 310

a 95% confidence interval (CI) adjusted for age and 311

menopause. Multiple linear regression analysis was 312

used to assess the association of the independent vari- 313

ables relative to the dependent variables after transform- 314

ing non-parametric variables into the logistic scale. The 315

regression models were constructed using the “enter” 316

analysis. 317

The receiver operating characteristic curve (ROC) 318

was performed using SPSS vs. 26 to detect the area 319

under the curve (AUC), cutoff points, sensitivity, and 320

specificity for the tested miRNA-1202, miRNA-146a- 321

5P, and FAM10B-AS1 between BC, BBD, and control 322

groups, compared to the traditional tumor markers. All 323

p-values were 2-sided, and a p-value < 0.05 was con- 324

sidered statistically significant. Significance had been 325

adjusted by Bonferroni correction for multiple biomark- 326

ers analyses. For the association analyses, the statistical 327

significance thresholds were set to p < 0.017 after the 328

Bonferroni correction. 329

3. Results 330

The clinical characteristics of all individuals in the 331

studied groups are listed in Table 1. Concerning pa- 332

tients with BBD, 36.7% were identified to have fol- 333

licular hyperplasia, 26.7% had fibrocytic changes, and 334

36.7% had intraductal papillomatosis. Of women with 335

BC, 38.5, 34.4, 35.4, and 47.9% were diagnosed to be 336

at the early stage with low-grade, ductal carcinoma in 337

situ (DCI) and no lymph node (LN) metastasis, respec- 338

tively, p < 0.0001. On the other hand, 61.5, 65.6, 64.6, 339

and 52.1% of BC patients were at the late stage with 340

high-grade, invasive ductal carcinoma (IDC) and LN 341

metastasis, respectively, p < 0.0001. The molecular 342

classification of BC subtypes revealed that most BC 343

patients (46.6%) were luminal B-like subtypes. 22.9, 344

19.8, 6.3, 2.1, and 2.1% of BC patients were classified 345

as triple-negative, luminal B, luminal A (ER-positive), 346

luminal A (PR positive), and luminal B (ER and HER-2 347

positive) subtypes, respectively. 348

Data represented in Supplementary file Table S1 349

predicts the association of FAM170B-AS1 with dif- 350

ferent types of cancer in Homo Sapiens species. Us- 351
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Table 1
Demographic characteristics of subjects in the different studied groups

Control
(n = 25)

BBD
(n = 30)

BC
(n = 96) χ2 value P value

Age (years) 53 (13) 50 (19) 50 (18) 0.915
Menopause n (%)

Yes 6 (24) 18 (60) 34 (35.40) 1.56 0.436
No 19 (76) 12 (40) 62 (64.60)

Stage n (%)
Early 37 (38.5) 151 < 0.0001
Late 59 (61.5)

Grade n (%)
Low grade 33 (34.4) 151 < 0.0001
High grade 63 (65.6)

Pathological types n (%)
Follicular hyperplasia 11 (36.7) 302 < 0.0001
Fibrocytic changes 8 (26.7)
Intraductal papillomatosis 11 (36.7)
DCI 34 (35.4)
IDC 62 (64.6)

Molecular subtypes n (%)
Luminal A (ER) 6 (6.3) 151 < 0.0001
Luminal A (PR) 2 (2.1)
Luminal B (ER, HER-2) 2 (2.1)
Luminal B (PR, HER-2) 19 (19.8)
Luminal B-like (ER, PR, HER-2) 45 (46.9)
Basal-like (triple negative) 22 (22.9)

LN metastasis n (%)
No 46 (47.9) 151 < 0.0001
Yes 50 (52.1)

Data are expressed as Median (INTER QUARTILE RANGE) for non-parametric variables and frequencies
(percentages) for categorical variables. BBD: benign breast diseases, BC: breast cancer, DCI: ductal
carcinoma in situ, IDC: invasive ductal carcinoma, ER: estrogen receptor, PR: progesterone receptor,
HER-2: human epidermal growth factor receptor-2, LN: lymph node. The mean difference is significant at
p < 0.05.

Table 2
Comparison of the levels of tumor markers as well as FAM170B-AS1, hsa-miR-1202,
and hsa-miR-146a-5p expression in the different studied groups

Control
(n = 25)

BBD
(n = 30)

BC
(n = 96)

CEA (pg/ml) 8 (5) 14.2 (7.3) 12 (8.7)
P value 0.024a 0.014a, 1.000b

Fold change 1.78∗ 1.5∗/0.85#

CA15.3 (pg/ml) 12.00 (3.00) 13.00 (9.00) 22.00 (s10.00)
P value 0.379a < 0.0001a/0.001b

Fold change 1.08∗ 1.83∗/1.69#

FAM170B-AS1 expression 0.53 (0.22) 0.88 (0.27) 12.85 (7.25)
P value 0.208a < 0.0001a,b

Fold change 1.66∗ 24.25∗/14.60#

hsa-miR-1202 expression 5.72 (1.44) 19.50 (28.83) 56.51 (82.29)
P value 0.005a < 0.0001a,b

Fold change 3.41∗ 9.88∗/2.90#

miR-146a-5p expression 360 (184.50) 220 (180.00) 31 (41.00)
P value 0.403a < 0.0001a,b

Fold change 0.61∗ 0.09∗/0.14#

Data are expressed as median (interquartile range). BBD: benign breast diseases, BC:
breast cancer, CEA: carcinoembryonic antigen, CA 15.3: carbohydrate antigen 15.3. a:
significance versus control group, b: significance versus benign breast diseases group. ∗:
fold change versus control group, #: fold change versus benign breast diseases group.
Significance had been adjusted by Bonferroni correction for multiple tests. The mean
difference is significant at p < 0.05.
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Table 3
Relationship between CEA and CA15.3 levels as well as ncRNAs expression in serum with clinicopathological parameters of patients with
breast benign diseases

Clinical pathological criteria
CEA level

(pg/ml)
CA15.3 level

(pg/ml)
FAM170B-AS1

expression
hsa-miR-1202

expression
hsa-miR-146a-5p

expression
Age < 50 years 15 13 0.88 10.10 220

> 50 years 13 12 0.88 21.60 150.00
p value 0.214 0.121 0.583 0.916 0.255
Menopause status Yes 13.6 12 0.93 21.60 190.00

No 15 13 0.88 14.8 220.00
p value 0.701 0.237 0.347 0.608 0.495
Pathological types Follicular hyperplasia 12 12 0.88 35.51 220.00

Fibrocytic changes 15.55 17 0.88 28.55 130.50
Intraductal papillomatosis 13 13 0.88 10.10 287.00

p value 0.110 0.667 0.823 0.278 0.222

Data are expressed as a median. CEA: carcinoembryonic antigen, CA15.3: carbohydrate antigen 15.3. Significance had been adjusted by
Bonferroni correction for multiple tests. P < 0.05 was considered significant.

Table 4
Relationship between CEA and CA15.3 levels in serum with clinicopathological parameters of
patients with breast cancer

Clinical pathological criteria
CEA level

(pg/ml) p value
CA15.3 level

(pg/ml) p value

Age < 50 years 14 0.036 22 0.562
> 50 years 10.00 22

Menopause status Yes 10.50 0.063 22.00 0.706
No 12 22

Stage Early 12.00 0.561 23.00 0.553
Late 11.00 22.00

Grade Low 10.00 0.069 22.00 0.559
High 12.00 22.00

Pathological types DCI 11.00 0.200 22.00 0.994
IDC 12.00 22.00

Molecular subtypes ER 7.00 0.248 22.00 0.098
PR 2.30 14.00
ER, HER-2 9.00 35.00
PR, HER-2 15.30 21.00
ER, PR, HER-2 11.00 22.00
Basal-like 12.00 23.00

LN metastasis No 11.00 0.597 18.00 0.133
Yes 12.00 22.00

Data are expressed as a median. DCI: ductal carcinoma in situ, IDC: invasive ductal carcinoma,
ER: estrogen receptor-positive, PR: progesterone receptor positive, HER-2: human epidermal
growth factor receptor-2 positive, LN: lymph node. Significance had been adjusted by Bonferroni
correction for multiple tests. P < 0.05 was considered significant.

ing the lncRNA-disease association prediction (LDAP)352

method, FAM170B-AS1 was anticipated to be associated353

with breast cancer with a 0.1828 score.354

Table 2 shows the expression levels of FAM170B-355

AS1, hsa-miR-1202, and hsa-miR-146a-5p in the sera356

of all the studied groups, compared to the serum levels357

of CEA and CA15.3 (traditional tumor markers). There358

were significant elevations in the serum level of CEA in359

both BBD patients (1.78-fold change, p = 0.024) and360

BC patients (1.5-fold change, p = 0.014), compared361

to the control group, with no significant difference be-362

tween BBD and BC groups (p > 0.05). The serum363

level of CA15.3 was significantly raised only in the BC364

patients (1.83-fold change, p = 0.001) compared to 365

the control group. The expression of circulating hsa- 366

miR-1202 was significantly upregulated either in BBD 367

(3.41-fold change, p = 0.005) or BC (9.88-fold change, 368

p < 0.0001) patients, compared to the control group. 369

When comparing BC with the BBD group, the hsa-miR- 370

1202 expression was higher in BC patients by a 2.9- 371

fold change at p < 0.0001. On the contrary, hsa-miR- 372

146a-5p showed low expression level in BC patients 373

relative to both the control group (0.09-fold change, 374

p < 0.0001) and the BBD group (0.14-fold change, 375

p < 0.0001) with no significant difference between the 376

BBD group and controls (p > 0.05). Regarding the ex- 377
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Table 5
Relationship between FAM170B-AS1, hsa-miR-1202, and hsa-miR-146a-5p expression with clinicopathological parameters of patients with
breast cancer

Clinical pathological criteria
FAM170B-AS1

expression p value
hsa-miR-1202

expression p value
hsa-miR-146a-5p

expression p value

Age < 50 years 12.85 0.046 52.4 0.991 49 < 0.0001
> 50 years 12.85 81.5 20

Menopause status Yes 12.85 0.452 59.71 0.713 20 0.001
No 12.85 53.3 42.00

Stage Early 12.85 0.501 36.80 < 0.0001 20.00 0.01
Late 12.85 91.30 44.00

Grade Low 12.85 0.666 33.13 < 0.0001 19.00 < 0.0001
High 12.85 96.34 44.00

Pathological types DCI 12.85 0.143 33.13 < 0.0001 19.50 0.001
IDC 12.85 93.82 44.50

Molecular subtypes ER 12.85 0.084 24.10 < 0.0001 19.50 0.038
PR 9.27 15.30 32.00
ER, HER-2 4.70 52.40 40.00
PR, HER-2 12.85 38.05 32.00
ER, PR, HER-2 12.85 104.10 45.00
Basal-Like 12.85 41.05 19.50

LN metastasis No 12.85 0.378 33.80 < 0.0001 44.50 0.005
Yes 12.85 91.30 25.00

Data are expressed as a median. DCI: ductal carcinoma in situ, IDC: invasive ductal carcinoma, ER: estrogen receptor-positive, PR:
progesterone receptor positive, HER-2: human epidermal growth factor receptor-2 positive, LN: lymph node. Significance had been adjusted
by Bonferroni correction for multiple tests. P < 0.05 was considered significant.

Table 6
Association of FAM170B-AS1, hsa-miR-1202, and hsa-miR-146a-5p expression with breast cancer risk, compared with the
traditional tumor markers

BBD vs. control BC vs. control BC vs. BBD
#Adjusted OR

(95% CI)
P value

#Adjusted OR
(95% CI)

P value
#Adjusted OR

(95% CI)
P value

CEA 0.80 (0.69–0.93) 0.004 0.90 (0.85–0.98) 0.011 1.01 (0.941–1.08) 0.848
CA15.3 0.89 (0.79–1.00) 0.054 0.87 (0.81–0.94) < 0.0001 0.93 (0.88–0.98) 0.005
FAM170B-AS1 0.00 (0.00–0.03) < 0.0001 0.00 (0.00–0.00) 0.989 0.33 (0.19–0.58) < 0.0001
hsa-miR-1202 0.52 (0.33–0.80) 0.003 0.56 (0.35–0.88) 0.013 0.96 (0.95–0.98) < 0.0001
hsa-miR-146a-5p 1.01 (1.00–1.01) 0.008 1.08 (1.02–1.14) 0.008 1.05 (1.03–1.07) < 0.0001

BC: breast cancer, BBD: benign breast diseases, OR: odds ratio, 95% CI: 95% confidence interval. #: Adjusted for age and
menopause. P < 0.010 was considered significant after the Bonferroni correction.

pression of FAM170B-AS1, no significant change was378

recorded in BBD patients (p > 0.05) compared to the379

control group. However, it was significantly upregu-380

lated in BC patients when compared to both the con-381

trol (24.24-fold change) and BBD (14.6-fold change)382

groups at p < 0.0001.383

Table 3 shows no significant difference (p > 0.05)384

in the serum levels of CEA and CA15.3 among women385

with BBD regarding age, menopause status, and patho-386

logical types. Also, there was no significant difference387

(p > 0.05) in the expression levels of FAM170B-AS1,388

hsa-miR-1202, and hsa-miR-146a-5p among BBD pa-389

tients concerning age, menopause status, and patholog-390

ical types.391

Both the serum levels of CEA and CA15.3 were392

found to be similar (p > 0.05) among BC patients393

concerning menopause status, stage, grade, pathological394

types, and molecular subtypes (Table 4). However, only 395

the serum level of CEA was significantly higher (p = 396

0.036) in BC patients < 50 years old. 397

Data in Table 5 illustrate the difference between the 398

expression of the studied ncRNAs among BC patients 399

with their age, menopause status, stage, grade, molecu- 400

lar subtypes, and LN metastasis. No significant differ- 401

ence was recorded in the expression of hsa-miR-1202 402

in BC patients with < or > 50 years old, pre- or post- 403

menopausal status. On the other hand, high expression 404

levels were recorded in hsa-miR-1202 in BC patients 405

at late stage, with high-grade, IDC, and LN metastasis 406

(p < 0.0001). The significantly highest expression level 407

of hsa-miR-1202 (p < 0.0001) was observed in BC 408

patients with luminal B-like subtype followed by lu- 409

minal B (ER, HER-2 positive), triple negative, luminal 410

B (PR, HER-2 positive), ER-positive, and PR positive. 411
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Table 7
Multiple linear regression analysis for the association between FAM170B-AS1 and the studied miRNAs and the association of the tumor markers as
well as the studied genes with the stage, grade, and LN metastasis

Dependent variable Predictors R r2 F P value∗ β t P value VIF
FAM170B-AS1 expression hsa-miR-1202 expression 0.67 0.44 118.00 < 0.0001 0.67 10.86 < 0.0001 1.00

hsa-miR-146a-5p expression 0.80 0.64 288.66 < 0.0001 −0.80 −16.39 < 0.0001 1.00
Stage CEA 0.87 0.76 89.52 < 0.0001 −0.03 −0.78 0.44 1.09

CA 15.3 −0.002 −0.05 0.957 1.16
FAM170B-AS1 expression 0.66 7.86 < 0.0001 4.14
hsa-miR-1202 expression 0.27 4.79 < 0.0001 1.92
hsa-miR-146a-5p expression −0.01 −0.19 0.851 3.15

Grade CEA 0.88 0.78 103.40 < 0.0001 −0.02 −0.39 0.700 1.09
CA 15.3 0.01 0.20 0.839 1.16
FAM170B-AS1 expression 0.67 8.40 < 0.0001 4.14
hsa-miR-1202 expression 0.33 6.20 < 0.0001 1.92
hsa-miR-146a-5p expression 0.05 0.75 0.457 3.15

LN metastasis CEA 0.86 0.73 79.54 < 0.0001 −0.05 −1.18 0.242 1.09
CA 15.3 0.06 1.35 0.179 1.16
FAM170B-AS1 expression 0.66 7.59 < 0.0001 4.14
hsa-miR-1202 expression 0.28 4.70 < 0.0001 1.92
hsa-miR-146a-5p expression 0.04 0.55 0.580 3.15

β: standardized coefficient, VIF: variance inflation factor, LN: lymph node. ∗: P -value obtained from ANOVA table. P < 0.05 was considered
significant.

hsa-miR-146a-5p was significantly downregulated in412

BC patients aged > 50 years old (p < 0.0001) and at413

post-menopause status (p = 0.001), late stage (p =414

0.01), with high grade (p = 0.001), IDC (p = 0.01),415

and LN metastasis (p = 0.005). BC patients with ER-416

positive and triple-negative molecular subtypes showed417

a more significant down-regulation in hsa-miR-146a-418

5p expression level (p = 0.038) compared to the other419

subtypes. On the other hand, no statistical difference420

was recorded in the expression level of FAM170B-AS1421

among BC patients based on age, menopause status,422

stage, grade, pathological subtypes, molecular subtypes,423

and LN metastasis (p > 0.05).424

The associations of the tumor markers and the stud-425

ied ncRNAs with BBD and BC are illustrated in Table 6426

using binary logistic regression analysis. The serum427

level of CA15.3 and the expression level of hsa-miR-428

146a-5p were not significantly associated with BBD429

(p > 0.05) compared to the control group. The serum430

levels of CEA (OR = 0.69, p = 0.004) and the expres-431

sion level of hsa-miR-1202 (OR = 0.52, p = 0.003)432

were significantly associated with BBD, compared to433

the control group. On the other hand, CEA was not sig-434

nificantly associated with BC (p > 0.05) compared to435

the controls. CA15.3 was significantly associated with436

BC (OR = 0.93, p = 0.005) compared to the controls.437

Regarding hsa-miR-1202 and hsa-miR-146a-5p, they438

were significantly associated with BC when compared439

to both the control group (OR = 0.56 and 1.08, respec-440

tively, at p = 0.013 and 0.008) and BBD group (OR =441

0.96 and 1.05, respectively, at p < 0.0001) after adjust-442

ment for age and menopause. On the contrary, no sig- 443

nificant associations were observed between FAM170B- 444

AS1 and both BBD and BC relative to the control group. 445

However, when comparing BC with the BBD group, 446

FAM170B-AS1 was significantly associated with BC 447

(OR = 0.33 at p < 0.0001). 448

Multiple linear regression analysis (Table 7) reported 449

a significantly positive correlation between FAM170B- 450

AS1 expression and the expression of hsa-miR-1202 451

β = 0.67, t = 10.86, VIF = 1, p < 0.0001) while 452

FAM170B-AS1 expression was found to be negatively 453

correlated with the expression of hsa-miR-146a-5p β = 454

−0.80, t = −16.39, VIF = 1, p < 0.0001). CEA, 455

CA15.3, and hsa-miR-146a-5p did not correlate with 456

stage, grade, and LN metastasis of BC (p > 0.05). On 457

the other hand, both hsa-miR-1202 and FAM170B-AS1 458

were significantly associated with stage, grade, and LN 459

metastasis (p < 0.0001). 460

Table 8 and Fig. 1 demonstrate the results of the ROC 461

curve of the traditional tumor markers and the studied 462

ncRNAs when comparing BC patients with non-BC 463

patients (Control group + BBD group). CEA yields 464

an AUC of 0.571 at p > 0.05 (sensitivity of 63.6% 465

with a specificity of 65.6%), CA15.3 yields an AUC 466

of 0.765 at p < 0.0001 (sensitivity of 63.6% with a 467

specificity of 100%), hsa-miR-1202 yields an AUC of 468

0.893 at p < 0.0001 (sensitivity of 64.9% with a speci- 469

ficity of 100%). hsa-miR-146a-5p also yields an AUC of 470

0.967 (sensitivity of 88.9% with a specificity of 100%). 471

FAM170B-AS1 also yields an AUC of 0.992 (sensitivity 472

of 97% with a specificity of 100%). 473
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Fig. 1. The receiver operating characteristic curve of all tested markers in BC group compared to the groups of control + benign breast diseases.
A: The traditional tumor markers (CEA, CA15.3) B: FAM170B-AS1 and hsa-miR-1202, and C: hsa-miR-146a-5p.

Table 8
The ROC curve plot of CEA, CA15.3, FAM170B-AS1, hsa-miR-1202,
and hsa-miR-146a-5P in BC group, compared to non-BC individuals
(control group + BBD group)

C AUC P value
Specificity

(%)
Sensitivity

(%)
CEA 0.571 0.147 65.6 63.6
CA15.3 0.765 < 0.0001 100 65.3
FAM170B-AS1 0.992 < 0.0001 100 97
hsa-miR-1202 0.893 < 0.0001 100 64.9
hsa-miR-146a-5p 0.967 < 0.0001 100 88.9

AUC: area under the curve, CEA: carcinoembryonic antigen, CA
15.3: carbohydrate antigen 15.3. P < 0.05 was considered signifi-
cant.

Supplementary file Table S2 illustrates the predic- 474

tion of the interaction between FAM170B-AS1 and 710 475

miRNAs with the scores of predictions and binding 476

besides the binding sites of miRNAs on FAM170B- 477

AS1 lncRNA. Among these miRNAs, hsa-miR-1202 478

and hsa-miR-146a-5p were predicted to interact with 479

FAM170B-AS1 with prediction scores of 0.611 and 480

0.539, respectively. The binding scores of hsa-miR- 481

1202 and hsa-miR-146a-5p with FAM170B-AS1 were 482

0.018 and 0.007, respectively. One of the miRNAs pre- 483

dicted to interact with FAM170B-AS1 is hsa-miR-203a- 484

3p with a prediction score of 0.555 and a binding score 485

of 0.007. This miRNA is predicted by TargetScan 7.2 to 486

interact with FAM170B gene (ENST00000311787.5) 487
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Fig. 2. A: Venn diagram identifies the overlapped miRNAs targeted
by FAM170B-AS1 and associated with breast cancer identified. B:
FAM170B-AS1-overlapped miRNA-mRNA network in breast cancer
and constructed by Cytoscape.

with 8mer which needs further practical validation.488

FAM170B is located on chromosome 10: 49, 131, 154-489

49, 134, 021 reverse strand. This gene codes for a pro-490

tein with 283 amino acids.491

In the current study, four miRNA target prediction al-492

gorithms were used to predict the potential target genes493

of miRNAs in breast cancer (Supplementary file Table494

S3). Several miRNA interactions with genes (259 inter-495

actions) were anticipated. The binding scores of miR-496

NAs with genes were > 0.96. Venn diagrams (Fig. 2A)497

were used to deduce the overlapped miRNAs between498

FAM170B-AS1/miRNAs and miRNAs/mRNA in breast499

cancer disease. Only 612 and 73 miRNAs, respectively,500

were unique. Among these miRNAs, only 14 miRNAs501

were found to be overlapped. These miRNAs were hsa-502

miR-373-3p, hsa-miR-6884-5p, hsa-miR-216a-3p, hsa- 503

miR-497-5p, hsa-miR-24-3p, hsa-miR-6088, hsa-miR- 504

19a-3p, hsa-miR-19b-3p, hsa-miR-491-5p, hsa-miR- 505

143-3p, hsa-miR-128-3p, hsa-miR-7-5p, hsa-miR-485- 506

5p, and hsa-miR-300. A network between FAM170B- 507

AS1, miRNAs, and target genes was constructed via 508

Cytoscape (Fig. 2B). 16 genes were predicted to be tar- 509

geted by FAM170B-AS1. These genes were PMEPA1 510

(ENSG00000124225), SNCG (ENSG00000173267), 511

CSNK2A1 (ENSG00000101266), KAT7 (ENSG000001 512

36504), MAP2K3 (ENSG00000034152), KDM4B (ENS 513

G00000127663), REL (ENSG00000162924), TERC 514

(ENSG00000072274), PDGFRB (ENSG00000113721), 515

CDKN1B (ENSG00000111276), MAP2K1 (ENSG0000 516

0169032), PIK3CA (ENSG00000121879), KRAS (ENS 517

G00000133703), MAPK1 (ENSG00000100030), EGFR 518

(ENSG00000146648), and ESR1 (ENSG00000091831). 519

The 16 genes were underwent for GO and pathways 520

analyses. The GO analysis (Supplementary file Table 521

S4) indicated that the target genes were involved in 522

complex cellular pathways (BP), such as signal trans- 523

duction, positive regulation of transcription, and cell 524

proliferation. In addition, the target genes were located 525

(CC) in the cytosol, nucleus, and plasma membrane. 526

Furthermore, The GO molecular function of the target 527

genes showed their involvement in numerous MFs, such 528

as protein binding, ATP binding, protein kinase binding, 529

and protein tyrosine kinase activity. The KEGG path- 530

way analysis (Supplementary file Table S5) revealed 531

that PD-L1 expression and PD-1 checkpoint pathway 532

in cancer, PI3K-Akt signaling pathway, Ras signaling 533

pathway, Rap1 signaling pathway, EGFR tyrosine ki- 534

nase inhibitor resistance, ErbB signaling pathway, Es- 535

trogen signaling pathway, and MAPK signaling path- 536

way are associated with the regulation of the 14 over- 537

lapped miRNAs. 538

In addition, the genes associated with PD-L1 expres- 539

sion and PD-1 checkpoint pathway in cancer, PI3K-Akt 540

signaling pathway, Ras signaling pathway, Rap1 sig- 541

naling pathway, EGFR tyrosine kinase inhibitor resis- 542

tance, ErbB signaling pathway, Estrogen signaling path- 543

way, and MAPK signaling pathway were selected based 544

on the KEGG pathway analysis. Four genes (MAPK1, 545

EGFR, KRAS, and MAP2K1) overlapped based on the 546

Venn diagrams. Next, the current study investigated the 547

preliminary expression level of the four genes based 548

on GEPIA. Thus, MAPK1 and KRAS were upregulated, 549

whereas MAP2K1 and EGFR were downregulated in 550

BRCA tumors compared to normal BRCA tissues. Fur- 551

thermore, positive correlations were found between the 552

expression of FAM170B-AS1 and the genes expression 553
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Fig. 3. Correlation between the gene expression of FAM170B-AS1 with MAPK1 (A), EGFR (B), MAP2K1 (C), and KRAS (D) in BRCA tumor
based on the GEPIA database.

of MAPK1 (r = 0.056, p > 0.05, Fig. 3A), EGFR (r =554

0.081, p = 0.0074, Fig. 3B), and KRAS (r = 0.084,555

p = 0.0055, Fig. 3D) in BRCA tumors, whereas a nega-556

tive correlation was found between FAM170B-AS1 and557

MAP2K1 (r = −0.0014, p > 0.05, Fig. 3C).558

The String database was applied to construct the PPI559

network, and 66 PPI pairs with a combined score of <560

0.4 were selected (Fig. 4). The highest degree of inter-561

action in the PPI network was ESR1 & EGFR (degree562

9), MAPK1 & KRAS (degree 8), PIK3CA (degree 7),563

and MAP2K1 & CDKN1B (degree 6). The number of564

nodes was 16, accounting for 100% of all the target565

genes. The clustering coefficient of the PPI network566

was 0.697, which indicates that the PPI network had567

high cluster properties.568

Moreover, based on the HPA database, strong stain-569

ing in breast duct carcinoma was observed for MAPK1570

(Fig. 5A-2), whereas moderate staining was observed571

for MAP2K1 (Fig. 5C-2) and KRAS (Fig. 5D-2) and572

negatively staining was observed for EGFR (Fig. 5B-2). 573

Negative staining in normal breast tissues was observed 574

for KRAS (Fig. 5D-1), while moderate staining was ob- 575

served for MAPK1 (Fig. 5A-1) and EGFR (Fig. 5B-1), 576

and weak staining was observed for MAP2K1 (Fig. 5C- 577

1). Based on these results, EGFR and KRAS were se- 578

lected. Using bioinformatics tool, it has been hypothe- 579

sized that FAM170B-AS1 may dysregulate the expres- 580

sion of KRAS and EGFR genes in the PD-L1 expres- 581

sion and PD-1 checkpoint pathway in cancer, PI3K- 582

Akt signaling pathway, Ras signaling pathway, Rap1 583

signaling pathway, EGFR tyrosine kinase inhibitor re- 584

sistance, ErbB signaling pathway, Estrogen signaling 585

pathway, and MAPK signaling pathway to participate 586

in the different biological processes of BC. 587

Data collected from TCGA report 28 cases with ten 588

types of primary cancers with somatic mutations in the 589

FAM170B gene with different severity (six patients with 590

the hematopoietic and reticuloendothelial system, five 591



co
rre

cte
d p

roo
f v

ers
ion

Galley Proof 1/02/2024; 9:14 File: cbm–1-cbm230396.tex; BOKCTP/xjm p. 13

A.S. Abd ELhafeez et al. / New biomarkers for breast cancer 13

Fig. 4. The PPI network of the target genes.

individuals with colon, four cases with bronchus and592

lung, three subjects with skin, two patients with breast,593

two individuals with other and ill-defined sites, two594

samples with the pancreas, and one sample for each of595

kidney, rectum, small intestine, and uterus). The types596

of mutations are listed in the Supplementary file Table597

S6. The high severity of mutations in FAM170B was598

observed in ductal & lobular neoplasm of breast cancer599

via deletion causing frameshift mutation and in ductal600

& lobular neoplasm of pancreatic cancer via substitu- 601

tion causing stop gained mutation. TCGA demonstrated 602

that cancer patients with mutations in FAM170B show 603

improved overall survival (Fig. 6). 604

4. Discussion 605

Since the most diagnosed cancer in women is BC, 606
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Fig. 5. Protein expression of the targeted genes in both normal breast
and breast cancer tissues based on the HPA database. MAPK1 was
moderately stained in glandular and myoepithelial cells of the normal
breast (A-1) and was strongly stained in breast duct carcinoma (A-2).
EGFR was moderately stained in glandular and myoepithelial cells
of the normal breast (B-1) and was negatively stained in breast duct
carcinoma (B-2). MAP2K1 was weakly stained in glandular cells of
the normal breast (C-1) and was moderately stained in breast duct
carcinoma (C-2). KRAS was negatively stained in glandular and
myoepithelial cells of the normal breast (D-1) and was moderately
stained in breast duct carcinoma (D-2).

more efficient diagnostic and therapeutic methods for 607

BC are required. In the last decades, discovering spe- 608

cific and sensitive molecular biomarkers with statisti- 609

cally significant association with BC has attracted im- 610

portant attention for prediction, prognosis, and diag- 611

nosis [53,54]. Among molecular biomarkers, the lncR- 612

NAs and miRNAs circulating in the blood are of great 613

importance because of their stability [47,48]. lncRNAs 614

are proven to be associated with numerous types of 615

cancer via many pathways, including cell proliferation, 616

invasion, and metastasis [57–59]. lncRNAs can control 617

these pathways through lncRNAs/miRNAs/mRNA in- 618

teraction networks either by acting as oncogenic or tu- 619

mor suppressor lncRNAs directly or indirectly [60–62]. 620

Therefore, bioinformatic prediction of lncRNAs fol- 621

lowed by experimental validation becomes one of the 622

most important research fields in cancer [63]. 623

Discovering novel biomarkers that are more specific 624

and sensitive to BC diagnosis is still mandatory because 625

of the limited sensitivity and specificity of CEA and 626

CA15.3 for BC, especially at the early stage [64,65]. 627

The recent study by Jintao et al. [66] reported 85.71% 628

sensitivity, 63.49% specificity of CEA, 64.29% sen- 629

sitivity, and 80.95% specificity of CA15.3 for BC. In 630

addition, measuring the levels of CEA and CA15.3 in 631

sera of BC patients could not significantly predict the 632

stage, grade, and LN metastasis of BC [67]. As far as we 633

know, the current study bioinformatically anticipated 634

and practically validated the involvement of FAM170B- 635

AS1 in breast tumors for the first time. The upregulation 636

of FAM170B-AS1 gene expression in the serum of BC 637

patients and its significant associations with BC could 638

make FAM170B-AS1 a potential predictive marker for 639

BC among BBD patients. In addition, the present study 640

revealed the probable diagnostic role of FAM170B-AS1 641

in BC by giving higher specificity (100%) and sensitiv- 642

ity (97%) than that of CEA and CA15.3. Multiple lin- 643

ear regression analysis performed in the present study 644

reports that serum FAM170B-AS1 expression was in- 645

corporated as an independent predictor of stage, grade, 646

and LN metastasis of BC, while CEA and CA15.3 did 647

not. Previous studies demonstrated that increased CEA 648

and CA15.3 levels in the serum of BC patients at diag- 649

nosis are associated only with higher stage, tumor size, 650

and positive axillary lymph nodes [68–73]. All of these 651

make serum FAM170B-AS1 a promising biomarker for 652

BC. 653

MiRNAs function as regulators for multiple genes by 654

binding to their 3’-UTRs and, therefore, up or down- 655

regulate their expression [74]. Concerning hsa-miR- 656

1202, various reports suggest its valuable role in pre- 657
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Fig. 6. Overall survival of FAM170B genetic alterations in different types of primary cancer extracted from TCGA.

dicting the prognosis of cancers [35,75]. Chen et al.658

found that silenced hsa-miR-1202 in endometrial cancer659

could enhance the apoptotic level of tumor cells, arrest660

tumor cells in the G1 phase, and decline the migratory661

and invasive abilities of the tumor cells [76]. Wang et662

al. illustrated the association of the upregulated hsa-663

miR-1202 with lymph nodes in papillary thyroid carci-664

noma [75]. Quan et al. demonstrated that hsa-miR-1202665

inhibits tumor cell proliferation by targeting Rab1A in666

glioma cells [37]. Du et al. indicated that hsa-miR-1202667

is down-regulated in HCC, which was associated with668

metastasis, clinicopathologic features, and worse prog-669

nosis of HCC via direct binding to the CDK14 gene to670

exert its anti-tumor effects [38]. These reports suggested671

that hsa-miR-1202 may play an oncogene or tumor sup-672

pressor role in cancers by controlling cell proliferation,673

apoptosis, migration, and invasion.674

The current study documented an upregulation in675

hsa-miR-1202 gene in both BBD and BC patients. This676

upregulation varied among BC patients with stage,677

grade, pathological types, molecular subtypes, and LN678

metastasis of BC. Also, hsa-miR-1202 showed signifi-679

cant associations with both BBD and BC, compared to680

the control group, making hsa-miR-1202 a probable risk681

factor for both BBD and BC. The multiple linear re-682

gression analysis performed in the present study reveals 683

that the upregulation of hsa-miR-1202 in sera is incor- 684

porated as an independent predictor of stage, grade, and 685

LN metastasis of BC, compared to the traditional tumor 686

markers (CEA and CA15.3). Measuring the expres- 687

sion level of hsa-miR-1202 in sera gave high specificity 688

but low sensitivity towards BC. It has been previously 689

shown that hsa-miR-1202 is an oncomiR in BC [34]. 690

The study of Hamam et al. [34] showed an upregulation 691

of hsa-miR-1202 in BC patients with stages I, II, and 692

III, compared to stage IV, with potential utilization as a 693

tumor biomarker for early detection. Furthermore, its 694

expression was slightly higher in the HER2 and TN 695

compared to patients with luminal subtypes. 696

Regarding hsa-miR-146a role in BC, a controversial 697

role has been illustrated. Particularly, hsa-miR-146a has 698

been revealed to downregulate BRCA1 directly [77], 699

where another study showed a binding between BRCA1 700

and the promoter of MIR146A, which activates the tran- 701

scription of MIR146A leading to attenuation of EGFR 702

expression in a hsa-miR-146a-dependent manner [49]. 703

Interestingly, a negative association between hsa-miR- 704

146a and EGFR, NOTCH2, and SOX2 genes was prac- 705

tically reported and data extracted from TCGA dataset 706

confirmed the reported negative association of hsa-miR- 707
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146a with EGFR gene which is upregulated in TNBC708

and its protein product enhances tumorigenesis and im-709

mune escape via glycolysis stimulation [78] and con-710

trols TNBC aggressiveness and stemness through the711

management of E2/Eβ axis [79], leading to poor prog-712

nosis.713

In the present study, hsa-miR-146a-5p was downreg-714

ulated in BC patients only. Their downregulation var-715

ied among BC patients with menopause status, stage,716

grade, pathological types, molecular subtypes, and LN717

metastasis of BC. Also, hsa-miR-146a-5p showed sig-718

nificant association with BC, compared to the control719

and BBD groups, making hsa-miR-146a-5p a probable720

risk factor for BC. The multiple linear regression analy-721

sis performed in the present study reveals that the down722

regulation of hsa-miR-146a-5p in sera is not incorpo-723

rated as an independent predictor of stage, grade, and724

LN metastasis of BC. Measuring the expression level725

of hsa-miR-146a-5p in sera gave high specificity and726

sensitivity towards BC. Iacona and Lutz explained the727

repression in hsa-miR-146a is mainly due to hyperme-728

thylation of promoter, methylation, and deacetylation of729

the histone [80]. Recently, repression of hsa-miR-146a730

in TNBC cells was reported, which could drive EGFR731

abundance and signaling, leading to tumor progression732

and poor disease outcome [81].733

One of the functions of lncRNAs is their counter-734

act with miRNAs, making miRNA sponges [82,83].735

Multiple linear regression analyses carried out in the736

present research display significant correlations of the737

expressions of FAM170B-AS1 with both hsa-miR-1202738

and hsa-miR-146a-5p. This statistical evidence con-739

firmed the bioinformatic prediction of FAM170B-AS1740

interaction with both miRNAs using LncBase Pre-741

dicted v2 database. Also, the current study revealed742

that FAM170B-AS1 and hsa-miR-146a-5p, other than743

hsa-miR-1202, may be considered excellent diagnostic744

markers because of their higher specificity, sensitivity,745

and AUC.746

Cross-talks between LncRNAs/miRNAs form com-747

plex regulatory networks of post-transcriptional gene748

regulation. Relying on the specific lncRNA/miRNA749

interaction, the lncRNA/miRNA axis can have tu-750

mor suppressor or oncogenic effects [84]. The present751

study used the bioinformatic analysis tool to construct752

FAM170B-AS1/miRNA interaction network in BC for753

the first time, followed by identifying their target mR-754

NAs. According to GO analysis, the target genes are755

involved in complex cellular pathways, such as sig-756

nal transduction, transcription, and cell proliferation.757

The KEGG pathway analysis revealed that the PD-758

L1 expression and PD-1 checkpoint pathway in can- 759

cer, PI3K-Akt signaling pathway, Ras signaling path- 760

way, Rap1 signaling pathway, EGFR tyrosine kinase 761

inhibitor resistance, ErbB signaling pathway, Estro- 762

gen signaling pathway, and MAPK signaling pathway 763

are potentially correlated with the regulation of the 14 764

predicted miRNAs. As reported, these pathways are 765

associated with the escape of tumor cells from im- 766

mune surveillance [85], resistance to endocrine ther- 767

apy [86], proliferation, apoptosis, differentiation, and 768

survival [86–89]. 769

The detailed roles for FAM170B-AS1 in BC need 770

more explanation. The current research work com- 771

bined FAM170B-AS1 analysis with TCGA and GEPIA 772

databases to explore the potential biological functions 773

of FAM170B-AS1 in BC. Data collected from the TCGA 774

database display that having mutations in FAM170B 775

showed improved OS of patients with different types of 776

cancer, including breast cancer. The present study also 777

bioinformatically predicted the genes from the KEGG 778

signaling pathways and the hub genes from PPI and 779

hypothesized that FAM170B-AS1 may affect both KRAS 780

expression through interaction with hsa-miR-143-3p 781

and EGFR expression by interaction with hsa-miR-7-5p 782

to contribute to different biological processes of BC. 783

KRAS is involved in the tumorigenesis and progres- 784

sion of breast cancers via activating AKT/MEK/ERK 785

pathways signaling [90]. In addition, overactivation 786

of the KRAS pathway occurs in TNBCs, leading to 787

chemoresistance [91]. Studies targeting the KRAS gene 788

instead of the KRAS protein have attracted increasing 789

attention in recent decades. miRNAs targeting the UTR 790

of KRAS were reported to reduce the level of KRAS and 791

thus inhibit the progression of TNBCs [92]. It was re- 792

ported that hsa-miR-143-3p is downregulated in TNBC 793

patients, which is associated with EMT, prognosis, and 794

resistance to cancer therapy [93,94]. This therapeutic 795

resistance could be due to cytokine-induced apopto- 796

sis inhibitor-1 protein activation, which may repress 797

hsa-miR-143-3p expression [95]. Hence, FAM170B- 798

AS1 may affect KRAS expression through hsa-miR-143- 799

3p according to BC subtype, which needs further inves- 800

tigation. 801

The epidermal growth factor receptor (EGFR), a 802

member of the erbB receptor family, controls prolifer- 803

ation, differentiation, and development in several hu- 804

man tissues, including the breast [96]. The upregulation 805

of EGFR is observed in several solid tumors causing 806

cancer progression, poor prognosis, and resistance to 807

chemotherapy & radiation therapy [97]. The expres- 808

sion of EGFR mRNA varies among different BC sub- 809
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types, either by upregulation or downregulation. Conse-810

quently, understanding the way by which EGFR is dys-811

regulated attracted great attention [98]. hsa-miR-7 has a812

tumor suppressor effect in breast cancers via suppress-813

ing proliferation and enhancing apoptosis [99–101] as814

well as inhibiting invasion & metastasis and mediat-815

ing cytotoxic T-lymphocyte-mediated lysis of breast816

cancer cells [102,103]. It was reported that hsa-miR-7817

suppresses EGFR mRNA in lung, breast, and glioblas-818

toma by binding to sites in its 3’-UTR [104]. Thus,819

FAM170B-AS1 may affect EGFR expression through820

hsa-miR-7-5p according to BC subtype, which needs821

further investigation.822

5. Conclusions and future perspectives823

The current study made a spot for the first time on824

the involvement of FAM170B-AS1 in BC. The study825

experimentally validated the bioinformatic prediction826

of FAM170B-AS1 association with BC. The associa-827

tions of FAM170B-AS1, hsa-miR-1202, and hsa-miR-828

146a-5p had been reported in BC, making them prob-829

able risk factors for BC. The statistically significant830

correlations of FAM170B-AS1 with hsa-miR-1202 and831

hsa-miR-146a-5p verified the bioinformatic prediction832

of their interactions. FAM170B-AS1 and hsa-miR-1202833

might be considered predictors of BC stage, grade, and834

LN metastasis. In addition, FAM170B-AS1 and hsa-835

miR-146a-5p might be appraised as excellent diagnostic836

markers for BC. The current study could bioinformati-837

cally predict FAM170B-AS1/hsa-miR-143-3p/KRAS and838

FAM170B-AS1/hsa-miR-7-5p/EGFR network in BC.839

This network needs further practical study in breast840

cancer cells to be confirmed. The mechanism by which841

FAM170B-AS1 is upregulated in breast tumors needs to842

be elucidated by studying the FAM170B-AS1 promoter843

region and histone. The present work opened a new era844

to design a therapeutic approach against BC by target-845

ing FAM170B-AS1 that might lead to novel therapeutic846

strategies. In addition, The link between FAM170B-847

AS1 and FAM170B in BC needs to be practically ex-848

plored.849
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