
Open Access Library Journal 
2025, Volume 12, e12993 

ISSN Online: 2333-9721 
ISSN Print: 2333-9705 

 

DOI: 10.4236/oalib.1112993  Apr. 8, 2025 1 Open Access Library Journal 
 

 
 
 

The Predictive Role of LncRNA Molecules 
(HOTAIR) in Breast Cancer Prognosis 

Faisal Redwan1, Nader Abdullaa1, Eyad Alshatti2, Ansam Abdullah1* 

1Faculty of Medicine, Lattakia University, Lattakia, Syria 
2Faculty of Medicine, Damascus University, Damascus, Syria 

 
 
 

Abstract 
Objective: The aim of the present study is to assess the role of the level of change 
in gene expression of the HOTAIR molecule in breast cancer patients. Meth-
ods: An assay was conducted for the level of gene expression of the HOTAIR 
molecule in the plasma of 30 patients and 10 healthy controls, by performing the 
reverse transcription reaction RT-qPCR, gene expression was evaluated using 
the Livak equation, tumor characteristics (grade, HER2 receptors, hormonal 
(HR) receptors) were also studied in the Pathological Anatomy Department and 
compared between patients. Results: The results of the study showed that there 
was a significant difference (P < 0.05) in the level of change in gene expression 
between the patients and controls. There was a correlation between the level of 
change in gene expression and tumor grade, positivity for HER2 receptors and 
negativity for HR receptors. Conclusion: It was found that the gene expression 
level of HOTAIR molecule may have a prognostic significance in the diagnosis 
of breast cancer and the characteristics of the tumor responsible for increasing 
tumor virulence and poor prognosis. 
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1. Introduction 

The part that codes for certain proteins in human cells makes up only 2% of RNAs 
and although most of them are not translated into proteins, they play an important 
regulatory role at the level of transcription and gene pre-transcription and non-
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coding RNAs can be classified into: 
• Micro RNA: its length does not exceed 30 nucleotide. Long non-coding RNA 

(LncRNA): its length is more than 200 nucleotide [1] [2], and empirical evi-
dences concurred on the pathogenetic role of LncRNA molecules in cancers 
and many diseases [2].  

LncRNAs molecules work through a number of epigenetic mechanisms, as they 
may have a constructive role through which they bind chemical compounds that 
cause histone changes (histone methylation and histone acetylation) that lead to 
gene silencing, they may also block some binding sites on the DNA strip, and may 
play a competitive role with a number of transcription-regulating molecules such 
as mi-RNA molecules, and affect via these mechanisms on cellular proliferation, 
tumor development, cellular circuit, the occurrence of metastases and evasion of 
the immune system [3]. Breast cancer is the most common cancer in women and 
the most common cause of cancer deaths around the world [4], and it is consid-
ered one of the heterogeneous diseases, where there are important molecular dif-
ferences that modify the therapeutic strategy, such as HER2 and hormonal recep-
tors [5].  

In 2000, Perou et al. developed a molecular classification based on the gene ex-
pression of a number of molecules and was modeled into five patterns: Luminal 
A, Luminal B, Basal-like (triple-negative), Normal-like and HER2-enriched [6]. 

The (HOX transcript antisense RNA HOTAIR) molecule is one of the LncRNA 
molecules that has been studied extensively in breast cancer and consists of 6 ex-
ons, located on the chromosome 12q13 between the site HOX11 and HOX12 [7]. 
The HOTAIR molecule does not express a specific protein, but affects the gene ex-
pression of many genes through effects regulating gene expression, and it was 
found that the high level of gene expression of HOTAIR molecule has an important 
role in a number of malignancies, the most important of which is Breast Cancer [8] 
[9]. HOTAIR molecules control the expression of many genes, including the genes 
regulating the cellular circuit Rb-E2f, CyclinD, CKD6, CKD4, and they also silence 
many tumor suppressor genes, such as the HOXD gene located on chromosome 2, 
which is one of the most important genes that inhibit the occurrence of metastases 
[10], as well as inhibit the effectiveness of a number of genes pathways that inhibit 
tumor progression by various mechanisms, including PENT, P21, and P53 genes 
[11].   

HOTAIR molecules enhance the effect of certain oncogenes such as HER2, VEGF, 
vimentin and B-catenin, which are all tumor-stimulating genes [12]-[14]. Among 
all these effects, the gene expression of the HOTAIR molecule is closely related to 
the development, grade and recurrence of the tumor, evasion of the immune system, 
the occurrence of angiogenesis and drug resistance, which pose the greatest chal-
lenges in the therapeutic strategy of breast cancer [15] [16]. 

2. Objectives 

Our study aimed to evaluate the role of the level of change in the HOTAIR molecule 
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and its relationship with tumor characteristics in breast cancer patients. 

3. Materials and Methods 

• Study design: a prospective randomized case-control study. 
• Study place and duration: Lattakia University Hospital between August 2022 

and April 2024.  
• Study sample: a total of 30 recently diagnosed breast cancer patients with 10 

healthy controls (negative mammography). 

3.1. Inclusion Criteria 

1. A newly-diagnosed patient. 
2. Age above 19 years.  
3. Without any therapeutic interference. 

3.2. Exclusion Criteria 

1. A history of previous malignancies. 
2. A history of chemotherapy or hormonal therapy.  
3. A history of autoimmune diseases.  

4. Methodology 

Blood samples were drawn on EDTA tubes for qPCR testing and tissue biopsies 
were taken from the patients and sent to the Department of Pathological Anatomy at 
Lattakia University Hospital to study the characteristics of the tumor (grade, HER2 
receptors and HR receptors). HER2 and HR statuses were determined using IHC 
method for HER2 and Chemoluminuce technique for HR. 

RNA extraction: after the samples were collected through EDTA tubes, the 
samples were deposited at a speed of 12000 g at a temperature of 4C for 10 minutes 
and then we transfer the float to the working tubes, the triazol kit was used to extract 
all the RNA according to the instructions included in the kit. The concentration 
and purity of RNA were confirmed by measurement with the Nano Drop device in 
the PCR unit of the central laboratory at Lattakia University Hospital and the Atomic 
Energy Commission in Damascus. 

CDNA Synthesis: The Revert AID First strand CDNA kit was used, where 5 
ML of RNA from the sample was added to the kit, which contains a random hex-
amer primer mix that works on complete conversion of the RNA to the CDNA. 

Quantitatve reverse transcription 
Polymerase chain reaction QPCR: 
The change in the level of gene expression of the HOTAIR molecule in patients 

was assessed by performing a qPCR reaction using the rotor gene (Qiagen, Ger-
many), primers were designed by the Atomic Energy Commission of the company 
macrogen using the OLIGO program for the HOTAIR molecule:  

For word (GGTAGAAAAAGCAACCACGAAGC) reverse (ACATAAAC-
CTCTGTGTGTGAGTGCC). Primers have been designed for GAPDH, which is 
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from the house keeping gene (HKg): For word 
(GTGAAGGTCGGTGTGTGAACGG) reverse 
(GATGCAGGGATGATGTTCTG). 

The Rox qPCR Mastermix/Maxima SYBR Green kit was used according to the 
generalizations mentioned in the kit where the protocol was as follows: setting up 
10 minutes at a temperature of 95 C, then 40 heat cycles 15 seconds at a tempera-
ture of 95 then 1 minute at a temperature of 60 C. Melting Carve was performed 
to ensure the quality of the PCR products and then the calculation of gene expres-
sion was done using the Livak Equation.  

5. Statistical Analysis  

Statistical analysis was performed using IBM SPSS program (version 25). 
Descriptive data were measured by means with standard deviation (SD). The 

T-student test was used to compare two groups and the ONE-WAY ANOVA test 
to compare several groups. Results were considered statistically significant when 
(p-value < 0.05).  

6. Results 

The mean fold change of gene expression (F-ch) was 8.14 ± 6.77 in patients com-
pared to 1.017 ± 0.185 in controls with a statistically significant difference (p-value 
< 0.05). 

There were 5 (16.6%) patients in grade I of the tumor, 14 (46.6%) in grade II 
and 11 (36.6%) in grade III. The mean F-ch of gene expression was 2.157 ± 0.33 
in grade I group, 5.61 ± 3.42 in grade II, and 13.60 ± 7.80 in grade III. We found 
that gene expression had increased with high tumor grade (p-value < 0.05) (Table 
1). 

 
Table 1. Comparison according to tumor grade. 

Tumor grade Mean ± SD P value 

Grade I n:5 2.157 ± 0.33 

0.003 Grade II n:14 5.61 ± 3.42 

Grade III n:11 13.60 ± 7.80 

 
There were 18 (60%) patients in HER2 (0) group, 6 (20%) in HER2 (Low) group 

and 6 (20%) in HER2 (High) group. The means F-ch of gene expression were 4.56 
± 2.46, 8.90 ± 5.76, 17.63 ± 8.23, respectively, which indicated that gene expression 
increased as HER2 expression elevated (Table 2). In addition, 9 (30%) patients 
were in HR(−) group and 21(70%) in HR(+) group, the means F-ch of gene ex-
pression were 12.78 ± 9.66 and 6.006 ± 4.15 respectively. P-value recorded less 
than 0.05, which indicated that gene expression increased with negative HR (Ta-
ble 3). 
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Table 2. Comparison according to HER2 receptors. 

HER2 receptors Mean ± SD P value 

(0) n:18 4.56 ± 2.46 

0.004 (Low) n:6 8.90 ± 5.76 

(High) n:6 17.63 ± 8.23 

 
Table 3. Comparison according to HR receptors. 

HR receptors Mean ± SD P value 

(−) n:9 12.78 ± 9.66 
0.001 

(+) n:21 6.006 ± 4.15 

7. Discussion 

In our study, by measuring the gene expression of the HOTAIR molecule in the 
plasma of patients and comparing it with the gene expression in the plasma of 
controls, it was higher in patients with an important statistical difference, which 
suggests its role in the development of breast cancer and explains the tumor role 
through which HOTAIR affects the process of apoptosis, which is considered one 
of the most inviolable operations over the years of development, and this is man-
ifested in the histological homeostasis caused by the harmony between cell multi-
plication and death. This process is controlled by two types of proteins, Pro-apop-
totic like (Bad, Bax) and Anti-apoptotic like (Bcl1, Bcl2). Zhao et al. found that 
the HOTAIR molecule disrupts this compatibility by controlling certain pathways 
where it affects the HMG2 gene (one of the main genes contributing to the devel-
opment and growth of the body). In cancer cells, the gene expression of the HO-
TAIR molecule increases and this acts to inhibit the miR- 20- 5a molecule, which 
leads to an increase in the gene expression of HMGA2 [17]. By the same mecha-
nism, Ding et al. found that the HOTAIR molecule affects the (Bcl-w) gene (which 
is the gene opposite to the occurrence of cell death), where HOTAIR overexpres-
sion suppresses the effect of miR-601 on the Bcl-w gene and thus enhances the 
expression of the Bcl-w gene [18]. By studying the correlation between the level 
of gene expression of the HOTAIR molecule and the tumor grade, it was found 
that there is a proportionality between them so that the higher the tumor grade, 
the higher the expression of HOTAIR, this is in line with many experimental stud-
ies on cell lines that have demonstrated the role of HOTAIR in maintaining cancer 
cells in stem state and inhibiting the differentiation process. Deng et al. studied 
the effect of the HOTAIR molecule on a group of genes related to the cessation of 
differentiation and maintenance of cells in stem state (SOX1, SOX10, OCT4), and 
found that the HOTAIR molecule activates these genes and stops their inhibition 
via miR-34a, as the overexpression of the HOTAIR molecule inhibits miR-34a 
[19]. Lie et al. reported that HOTAIR targets the P53 gene (described as the pro-
tector of the genome and regulates the cellular cycle) and affects its transcription-
inducing binding of the P21 gene encoding protein P21, which inhibits a number 
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of cyclins and protein kinases, especially CDK2, responsible for the cell transition 
from phase G1 to phase S [20]. Thus, it prevents the occurrence of cellular hy-
perproliferation, and in the case of high HOTAIR expression, it silences the P53 
gene and stops the transcription of the P21 gene. Our study also clarified the rela-
tionship between the level of gene expression and the HER2 receptors as it was 
found that there is a strong correlation between the level of gene expression of the 
HOTAIR molecule and the positivity of the HER2 receptors (related to poor prog-
nosis). Wang et al. reported the role of the HER2 receptors in stimulating B-catenin, 
which in turn stimulates the expression of HOTAIR by binding to the LEF/TCF 
sites in the catalytic region of the HOTAIR molecule [21]. Yuan et al. confirmed 
the existence of a relationship between HOTAIR and HER2, where they found a 
decrease in HOTAIR expression after treatment with HER2 inhibitors [22]. In the 
approach of our study on the relationship of the expression level of the HOTAIR 
molecule and hormonal receptors, it was found that there is a statistically signifi-
cant relationship between the expression level of HOTAIR and the passivity of 
hormonal receptors, and this study agreed with Tang et al. study who found that 
high HOTAIR expression is closely related to poor prognosis depending on the 
molecular classification of breast cancer [23]. Based on previous findings, our 
study supports the possibility of targeting the HOTAIR molecule to improve ther-
apeutic response. 

8. Conclusion 

It was found that the gene expression level of HOTAIR molecule may have a prog-
nostic significance in the diagnosis of breast cancer and the characteristics of the 
tumor responsible for increasing tumor virulence and poor prognosis. 

Declarations 
Ethical Approval 

This research received approval from the Scientific Research Committee at Latta-
kia University and Lattakia University Hospital. 

Disclosures 

The authors have no financial interests to disclose. This research didn’t receive 
any specific grant from funding agencies in the public, commercial or non-profit 
sectors  

Acknowledgements 

We are grateful for all patients included in this study and also respectfully thank 
all medical staff at Lattakia University Hospital for their hard work, even in great 
difficulties. 

Conflict of Interest 

The authors declare that there are no conflicts of interest with respect to the pub-

https://doi.org/10.4236/oalib.1112993


F. Redwan et al. 
 

 

DOI: 10.4236/oalib.1112993 7 Open Access Library Journal 
 

lication of this manuscript. 

References 
[1] Wilusz, J.E., Sunwoo, H. and Spector, D.L. (2009) Long Noncoding RNAs: Functional 

Surprises from the RNA World. Genes & Development, 23, 1494-1504.  
https://doi.org/10.1101/gad.1800909 

[2] Wapinski, O. and Chang, H.Y. (2011) Long Noncoding RNAs and Human Disease. 
Trends in Cell Biology, 21, 354-361. https://doi.org/10.1016/j.tcb.2011.04.001 

[3] Guttman, M., Amit, I., Garber, M., French, C., Lin, M.F., Feldser, D., et al. (2009) 
Chromatin Signature Reveals over a Thousand Highly Conserved Large Non-Coding 
RNAs in Mammals. Nature, 458, 223-227. https://doi.org/10.1038/nature07672 

[4] Lakhani, S.R., Ellis, I.O., et al. (2020) Who Classification of the Breast. IARC Press. 

[5] Polyak, K. (2011) Heterogeneity in Breast Cancer. Journal of Clinical Investigation, 
121, 3786-3788. https://doi.org/10.1172/jci60534 

[6] Perou, C.M., Sørlie, T., Eisen, M.B., van de Rijn, M., Jeffrey, S.S., Rees, C.A., et al. 
(2000) Molecular Portraits of Human Breast Tumours. Nature, 406, 747-752.  
https://doi.org/10.1038/35021093 

[7] Rinn, J.L., Kertesz, M., Wang, J.K., Squazzo, S.L., Xu, X., Brugmann, S.A., et al. (2007) 
Functional Demarcation of Active and Silent Chromatin Domains in Human HOX 
Loci by Noncoding RNAs. Cell, 129, 1311-1323.  
https://doi.org/10.1016/j.cell.2007.05.022 

[8] Raju, G.S.R., Pavitra, E., Bandaru, S.S., Varaprasad, G.L., Nagaraju, G.P., Malla, R.R., 
et al. (2023) HOTAIR: A Potential Metastatic, Drug-Resistant and Prognostic Regu-
lator of Breast Cancer. Molecular Cancer, 22, Article No. 65.  
https://doi.org/10.1186/s12943-023-01765-3 

[9] Chen, T., Liu, Z., Zeng, W. and Huang, T. (2019) Down-Regulation of Long Non-
Coding RNA HOTAIR Sensitizes Breast Cancer to Trastuzumab. Scientific Reports, 
9, Article No. 19881. https://doi.org/10.1038/s41598-019-53699-w 

[10] Weng, S., Wu, W., Hsiao, Y., Yang, S., Hsu, C. and Wang, P. (2018) Significant As-
sociation of Long Non-Coding RNAs HOTAIR Genetic Polymorphisms with Cancer 
Recurrence and Patient Survival in Patients with Uterine Cervical Cancer. Interna-
tional Journal of Medical Sciences, 15, 1312-1319. https://doi.org/10.7150/ijms.27505 

[11] Wang, Y., Yi, K., Liu, X., Tan, Y., Jin, W., Li, Y., et al. (2021) HOTAIR Up-Regulation 
Activates NF-κB to Induce Immunoescape in Gliomas. Frontiers in Immunology, 12, 
Article ID: 785463. https://doi.org/10.3389/fimmu.2021.785463 

[12] Fu, W., Lu, Y., Hu, B., Liang, W., Zhu, X., Yang, H., et al. (2015) Long Noncoding 
RNA HOTAIR Mediated Angiogenesis in Nasopharyngeal Carcinoma by Direct and 
Indirect Signaling Pathways. Oncotarget, 7, 4712-4723.  
https://doi.org/10.18632/oncotarget.6731 

[13] Wang, B., Chu, D., Cheng, M., Jin, Y., Luo, H. and Li, N. (2022) Progress of HOTAIR-
MicroRNA in Hepatocellular Carcinoma. Hereditary Cancer in Clinical Practice, 20, 
10. https://doi.org/10.1186/s13053-022-00210-8 

[14] Yao, J., Ma, R., Wang, C. and Zhao, G. (2022) LncRNA-HOTAIR Inhibits H9c2 
Apoptosis after Acute Myocardial Infarction via miR-206/fn1 Axis. Biochemical Ge-
netics, 60, 1781-1792. https://doi.org/10.1007/s10528-022-10185-9 

[15] Bossaghzadeh, F., Hajjari, M., Sheikhi, A., et al. (2022) HOTAIR Induces the Down-
regulation of miR-200 Family Members in Gastric Cancer Cell Lines. Iranian Bio-
medical Journal, 26, 77-84. 

https://doi.org/10.4236/oalib.1112993
https://doi.org/10.1101/gad.1800909
https://doi.org/10.1016/j.tcb.2011.04.001
https://doi.org/10.1038/nature07672
https://doi.org/10.1172/jci60534
https://doi.org/10.1038/35021093
https://doi.org/10.1016/j.cell.2007.05.022
https://doi.org/10.1186/s12943-023-01765-3
https://doi.org/10.1038/s41598-019-53699-w
https://doi.org/10.7150/ijms.27505
https://doi.org/10.3389/fimmu.2021.785463
https://doi.org/10.18632/oncotarget.6731
https://doi.org/10.1186/s13053-022-00210-8
https://doi.org/10.1007/s10528-022-10185-9


F. Redwan et al. 
 

 

DOI: 10.4236/oalib.1112993 8 Open Access Library Journal 
 

[16] Bhan, A., Hussain, I., Ansari, K.I., Bobzean, S.A.M., Perrotti, L.I. and Mandal, S.S. 
(2014) Bisphenol-A and Diethylstilbestrol Exposure Induces the Expression of Breast 
Cancer Associated Long Noncoding RNA HOTAIR in Vitro and in Vivo. The Journal 
of Steroid Biochemistry and Molecular Biology, 141, 160-170.  
https://doi.org/10.1016/j.jsbmb.2014.02.002 

[17] Zhao, W., Geng, D., Li, S., Chen, Z. and Sun, M. (2018) LncRNA HOTAIR Influences 
Cell Growth, Migration, Invasion, and Apoptosis via the miR-20-5a/HMGA2 Axis in 
Breast Cancer. Cancer Medicine, 7, 842-855. https://doi.org/10.1002/cam4.1353 

[18] Ding, W., Ren, J., Ren, H. and Wang, D. (2017) Long Noncoding RNA HOTAIR 
Modulates MiR-206-Mediated Bcl-W Signaling to Facilitate Cell Proliferation in 
Breast Cancer. Scientific Reports, 7, Article No. 17261.  
https://doi.org/10.1038/s41598-017-17492-x 

[19] Deng, J., Yang, M., Jiang, R., An, N., Wang, X. and Liu, B. (2017) Long Non-Coding 
RNA HOTAIR Regulates the Proliferation, Self-Renewal Capacity, Tumor Formation 
and Migration of the Cancer Stem-Like Cell (CSC) Subpopulation Enriched from 
Breast Cancer Cells. PLOS ONE, 12, e0170860.  
https://doi.org/10.1371/journal.pone.0170860 

[20] Lei, K., Li, W., Huang, C., Li, Y., Alfason, L., Zhao, H., et al. (2019) Neurogenic Dif-
ferentiation Factor 1 Promotes Colorectal Cancer Cell Proliferation and Tumorigen-
esis by Suppressing the p53/p21 Axis. Cancer Science, 111, 175-185.  
https://doi.org/10.1111/cas.14233 

[21] Wang, Y., Overstreet, A., Chen, M., Wang, J., Zhao, H., Ho, P., et al. (2015) Combined 
Inhibition of EGFR and c-ABL Suppresses the Growth of Triple-Negative Breast Can-
cer Growth through Inhibition of HOTAIR. Oncotarget, 6, 11150-11161.  
https://doi.org/10.18632/oncotarget.3441 

[22] Wang, Y.-L., et al. (2019) Long Non-Coding RNA HOTAIR in Circulatory Exosomes 
Is Correlated with ErbB2/HER2 Positivity in Breast Cancer. Breast, 46, 64-69. 

[23] Tang, S., Zheng, K., Tang, Y., Li, Z., Zou, T. and Liu, D. (2019) Overexpression of 
Serum Exosomal HOTAIR Is Correlated with Poor Survival and Poor Response to 
Chemotherapy in Breast Cancer Patients. Journal of Biosciences, 44, Article No. 37.  
https://doi.org/10.1007/s12038-019-9861-y 

 
 

https://doi.org/10.4236/oalib.1112993
https://doi.org/10.1016/j.jsbmb.2014.02.002
https://doi.org/10.1002/cam4.1353
https://doi.org/10.1038/s41598-017-17492-x
https://doi.org/10.1371/journal.pone.0170860
https://doi.org/10.1111/cas.14233
https://doi.org/10.18632/oncotarget.3441
https://doi.org/10.1007/s12038-019-9861-y

	The Predictive Role of LncRNA Molecules (HOTAIR) in Breast Cancer Prognosis
	Abstract
	Subject Areas
	Keywords
	1. Introduction
	2. Objectives
	3. Materials and Methods
	3.1. Inclusion Criteria
	3.2. Exclusion Criteria

	4. Methodology
	5. Statistical Analysis 
	6. Results
	7. Discussion
	8. Conclusion
	Declarations
	Ethical Approval
	Disclosures
	Acknowledgements
	Conflict of Interest

	References

