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Abstract
Long non-coding RNAs (LncRNAs) represent a novel class of noncoding RNAs that are longer 
than 200 nucleotides without protein-coding potential and function as novel master regulators 
in various human diseases, including cancer. Accumulating evidence shows that lncRNAs are 
dysregulated and implicated in various aspects of cellular homeostasis, such as proliferation, 
apoptosis, mobility, invasion, metastasis, chromatin remodeling, gene transcription, and post-
transcriptional processing. However, the mechanisms by which lncRNAs regulate various 
biological functions in human diseases have yet to be determined. HOX antisense intergenic 
RNA (HOTAIR) is a recently discovered lncRNA and plays a critical role in various areas of cancer, 
such as proliferation, survival, migration, drug resistance, and genomic stability. In this review, 
we briefly introduce the concept, identification, and biological functions of HOTAIR. We then 
describe the involvement of HOTAIR that has been associated with tumorigenesis, growth, 
invasion, cancer stem cell differentiation, metastasis, and drug resistance in cancer. We also 
discuss emerging insights into the role of HOTAIR as potential biomarkers and therapeutic 
targets for novel treatment paradigms in cancer.

Introduction

HOTAIR, a polyadenylated RNA with 2158 nucleotides and 6 exons, is transcribed from the antisense strand of the HOXC gene cluster, which is specifically located between HoxC11 
and HoxC12 on chromosome 12q13.13 (Fig. 1) [1]. HOTAIR has been shown to function as a key regulator of chromatin states and dynamics by binding to the specific chromatin modification complex polycomb repressive complex 2 (PRC2), thereby recruiting and affecting PRC2 occupancy on genes genome-wide [2, 3]. Knockdown of HOTAIR activates the gene transcriptional activity of the HOXD locus on chromosome 2 by decreasing H3K27 
trimethylation, which is the characteristic of gene silencing regulated by the histone methyltransferase enhancer of zeste homolog 2 (EZH2), a member of the PRC2 class (Fig. 
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2)[4]. However, no influence 
is exerted on the transcription 
of the HOXC gene cluster, 
where HOTAIR is coded. These observations suggest 
that HOTAIR regulates 
gene expression in the 
transregulatory fashion 
[5]. In addition, the effect 
of HOTAIR on EZH2 can 
be competed binding by 
BRCA1, a critical player in DNA damage response and 
genomic integrity [6]. HOTAIR 
is also shown to interact with the lysine-specific histone demethylase 1A (LSD1). The latter is a flavin-dependent 
monoamine oxidase, which 
regulates the methylation 
of lysine 4 of histone H3 (H3K4) and plays a central 
role in epigenetic regulation. Moreover, LSD1 can form a multiprotein complex via activation of the RE1-silencing transcription factor (REST) and CoREST, which are critical players in gene silencing (Fig. 2) [7]. Histone methylation is a complex and dynamic method of epigenetic modification involved in the regulation of gene transcription, chromosomal structure, and cell proliferation/differentiation. HOTAIR functions together with chromatin-modifying enzymes to promote the epigenetic activation or silencing of gene expression. Interestingly, PRC2 and LSD1 are disparate for the binding domains with HOTAIR: PRC2 binds to the 5’-end of HOTAIR (1–300 nt), and LSD1 binds to the 3’-end of HOTAIR (1500 to 2146 nt) (Fig. 2). The interaction between LSD1 and EZH2 modifies histone methylation at a certain gene locus and recruits to respective gene promoters, leading to epigenetic changes and transcriptional regulation [8]. Thus, PRC2 and LSD1 contribute to the targeted gene silencing and repress their transcription via H3K27 trimethylation (PRC2 activity) and H3K4 demethylation (LSD1 activity) (Fig. 2) [7–9]. In addition, HOTAIR affects miRNA–mediated suppression of target gene expression by competitive binding to miRNAs (Fig. 
2). Notably, HOTAIR occupancy is reportedly preserved upon EZH2 depletion, R57 which 
implies that HOTAIR binds to its targeted chromatin regions independent of PRC2 [2, 10]. HOTAIR can also alter gene expression at the post-transcriptional level by base pairing with 
translation factors or ribosomes to control translation or by binding to splicing factors to modulate splicing. Aberrantly increased HOTAIR expression has been detected in several tumors, and HOTAIR expression has been positively correlated with initiation, growth, 
angiogenesis, progression, drug resistance, recurrence, and poor prognosis by regulating several downstream targets via multiple signaling pathways in cancer [11–15] (Table 1). Polymorphisms of lncRNAs, including HOTAIR polymophisms, have been associated with the risk and susceptibility of the occurrence and development of human cancer; whether this is a potentially predictive and therapeutic biomarker remains undetermined [16–20]. Thus, lncRNAs, including HOTAIR, drive important cancer phenotypes by their interactions with other cellular macromolecules, including DNA, protein, and RNA. This finding renders these molecules attractive as targets for therapeutic intervention in cancer.

Fig. 1. Structure and genomic location of lncRNA HOTAIR, and as-sociation with a variety of human cancers. HOTAIR gene is located HoxC gene cluster from 12q13.13 on chromosome 12, specifically 
between HoxC11 and HoxC12. The expression of HOTAIR is associa-tion with occurrence and development of human cancers.
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HOTAIR in solid malignancies

HOTAIR in lung cancerLung cancer is the first leading cause of cancer-related deaths worldwide. Studies have shown that HOTAIR is highly expressed in non-small cell lung cancer (NSCLC) relative to that in normal lung tissues, and is involved in cell migration, growth, invasion, and metastasis [21–25]. Aberrant HOTAIR expression is correlated with metastasis and poor prognosis; in 
addition, it is considered a potential biomarker for patients with NSCLC. One study found that HOTAIR was significantly upregulated in NSCLC tissues and regulated invasion and 
metastasis by reducing homeodomain protein A5 or HOXA5, a tumor suppressor gene, in NSCLC cells [26]. Another study found that HOTAIR was negatively correlated with the FOXA1-to-FOXA2 ratio, members of the forkhead box containing the transcription factor family [27]. HOTAIR also interacted with the chromatin remodeling factor LSH, which prompted LSH binding to the promoter of FOXA1; this occurrence suggests that HOTAIR mediated in the regulation of the FOXA1-to-FOXA2 ratio, resulting in migration and invasion in lung adenocarcinoma cancer (LAD) [28]. In addition, plasma HOTAIR levels were shown 
to be higher in patients with NSCLC than in healthy controls and were associated with histology subtypes and tumor–node–metastasis stages; this finding suggests that HOTAIR 
exhibits potential as a biomarker for diagnosing and monitoring patients with NSCLC [29]. One study observed that cigarette smoke extract (CSE) stimulated HOTAIR expression and that cytokine interleukin-6 increased HOTAIR expression via a signal transducer and activator of transcription 3 (Stat3) signaling, which contributed to epithelial–mesenchymal transition (EMT) and formation of cancer stem cells (CSCs) induced by CSE. These findings suggest an association between inflammation and EMT mediated through HOTAIR, which was involved in lung carcinogenesis caused by CSE [30]. Currently, 
the mechanisms underlying the 
resistance to chemotherapeutic 
agents remain poorly 
understood. Accumulating evidence suggests that HOTAIR 
plays an important role in 
mediating drug resistance. For 
example, HOTAIR expression was significantly increased in cisplatin-resistant A549/DDP cells compared relative to that in parental A549 cells, Moreover, 
knockdown of HOTAIR can 
sensitize the responses of A549/DDP cells to cisplatin by 
regulating p21WAF1/CIP1 (p21) 
expression both in vitro and in 
vivo [31]. Another study showed 
that HOTAIR expression was higher in tissues of drug-
resistant patients with NSCLC than those of non-drug-resistant 
patients. HOTAIR expression was elevated in cisplatin-resistant cell strains (A549/CDDP), and 
reduction of HOTAIR increased the sensitivity of A549/CDDP cells to cisplatin [32]. 

Fig. 2. Functions and mechanisms of HOTAIR-mediated gene 
silencing, regulation of chromatin dynamics, and association be-
tween HOTAIR and miRNAs in human cancers. 1）HOTAIR reg-ulates the levels of genes through interaction with miRNAs as a competitive endogenous RNA (ceRNA). 2）The 5′-domain of HO-TAIR binds to polycomb repressive complex 2 (PRC2，including 

SUZ12，EED and EZH2). The 3′-domain of HOTAIR binds to the LSD1/CoREST/REST complex. H3K27 trimethylation and H3K4 demethylation were introduced by respectively PRC2 Complex2 and LSD1/CoREST/REST complex，which co-contribute to gene 
silencing. 3）With the bridge factors，HOTAIR can achieve the 
regulation of chromatin region and gene expression by guiding the histone modifiers, such as PRC2.

Figure 2
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Moreover, HOTAIR repression reversed chemoresistance in LAD cells partially by regulating the miR-326/SP1 pathways [33]. MiR-
326 is regulated by HOTAIR and Phox2a, a vertebrate 
homeodomain transcription factor. In general, miR-326 
regulates cell proliferation 
and migration by targeting Phox2a, which is regulated 
by HOTAIR in lung cancer cells [34]. Disruption of 
the p53 pathway is one 
of the major mechanisms 
underlying tumor formation and progression in various 
types of cancers, including 
lung cancer. A study found that HOTAIR was negatively 
correlated with p53 

functionality rather than expression in lung cancer; in 
addition, p53 protein could 
bind to the promoter region 
of HOTAIR and suppressed 
HOTAIR transcription. 
By contrast, HOTAIR 
inhibited p53 expression by enhancing H3K27 trimethylation (H3K27me3), 
a hallmark of gene silencing. This effect suggests a reciprocal regulation axis of lncRNA HOTAIR and p53, which reduces proliferation and invasion capacity in lung cancer cells [22]. A xenograft model of Lewis lung carcinoma in C57BL/6 mice was established to investigate the possible involvement of HOTAIR in radiotherapy. Overexpressed HOTAIR was found to reduce radiosensitivity, and radiotherapy was shown to induce apoptosis of Lewis lung carcinoma cells via inhibition of HOTAIR-mediated inactivation of β-catenin signaling [35]. Overall, the aforementioned findings indicate the involvement of HOTAIR in the control of apoptosis, growth, metastasis, DNA repair, tumor cell metabolism, development, and progression. With its dynamic role considered, HOTAIR may also serve as a novel biomarker and a therapeutic target, prevent the development of resistance, and inhibit metastatic spread, among others, in human lung cancer via multiple molecular mechanisms.

HOTAIR in hepatocellular carcinomaLiver cancer, the fifth leading cause of cancer-related deaths, has resulted in high mortality rates with poor prognosis worldwide. Accumulated evidence has shown the involvement of 
HOTAIR in tumorigenesis and its dysregulation in hepatocellular carcinoma (HCC). Studies on the potential functions and roles of HOTAIR in HCC have also been conducted. A study determined HOTAIR expression in 60 paired HCC samples and adjacent normal liver tissues. 
Consistent with other studies [36], the results indicated that HOTAIR expression was higher in HCC tissues than in adjacent non-cancerous tissues and significantly associated with poor differentiation, metastasis, progression, and recurrence [36–38]. Suppression of HOTAIR promoted the inhibition of cell proliferation and invasion by reducing of the 

 

Cancer type Expression Role Target genes References 

Lung cancer up 

Poor prognosis, promote cell 

proliferation and migration induce 

chemotherapy resistance 

p53, 14-3-3σ 

FOXA1/FOXA2,  

p21, MiR-326 

(22, 25, 28, 31, 33, 34) 

Hepatocellular carcinoma up 

Promote cell migration marker for liver 

cancer, promote liver cancer stem cell 

malignant growth 

β-catenin SETD2, 

MiR-218, RBM38, 

CCND1, MiR-1 

(37, 40, 42, 43, 44, 45) 

Prostate cancer Up 
Therapeutic targets, promote cancer 

progression 
AR, EZH2, DNMT1 (55, 58, 59) 

Breast cancer Up 
Promote metastatic; promote self-renewal 

capacity, poor prognosis 

p-AKT, p53, miR-

34a, MiR-206 
(63, 64, 66, 71) 

Gastric cancer Up 

Poor prognosis, promote Proliferation, 

migration, promote the epithelial-to-

mesenchymal transition 

MiR-126, MiR-

152, PRC2 
(77, 79, 80) 

Colorectal cancer Up 

Negative prognostic factor promote 

migration and Invasion, reduce 

radiosensitivity 

PRC2, EGFR, MiR-

218 
(86,87,90) 

Cervical cancer Up 
Induced radio-resistance, promote cell 

migration and therapeutic target 

p21, NOTCH1, 

miR148a MiR-17-

5p, mTOR 

(93, 95, 96, 97, 98) 

Ovarian cancer Up 
Promotes tumor metastasis, promote cell 

migration and invasion 

NF-kB, MAPK1,  

Wnt, EZH2 
(107, 108, 109,110) 

Endometrial carcinoma Up 
Correlate with metastases, promote 

endometrial tumorigenesis 

Beclin-1, MDR, P-

gp 
(113) 

Oral squamous cell 

carcinoma 
Up 

Therapeutic target, increase cell invasion 

and migration 
EHZ” (119) 

Nasopharyngeal carcinoma Up 
Promote tumor angiogenesis, diagnostic 

marker 

VEGFA, FASN , 

MMP9, p21 
(121, 123) 

Laryngeal Squamous cell 

carcinoma 
Up 

Diagnostic and prognostic biomarker 

promote endometrial tumorigenesis 
PTEN , EZH2 (125, 126) 

Esophageal squamous cell 

carcinoma 
Up 

Prognostic biomarker, promote cell 

proliferation 

WIF-1, Snail, β-

catenin 
(127, 133) 

Acute myeloid leukemia Up 
Poor prognosis, biomarker of potential 

therapeutic target 
EZH2, MiR-193a (138, 141) 

Diffuse large B cell lymphoma Up 
Promote cell growth and inhibit 

apoptosis 

p-AKT, p-PI3K, p-

NFkB 
(144) 

Chronic myelogenous 

leukemia Gallbladder 

cancer 

Up Aggravate the acquired resistance MRP1, AKT/PI3K (146) 

Glioblastoma Up Promote cell cycle, tumor progression EZH2 (148) 

Osteosarcoma Up 
Poor prognosis, inhibit apoptosis 

promote proliferation 
MMP9, p53, Bcl-2 (149, 150) 

Renal carcinoma Up Promote cell proliferation and invasion EZH2 (151) 

Table 1. Expression and functional characterization of HOTAIR in 

cancer
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Wnt and β-catenin signaling pathways, sensitized tumor necrosis factor alpha-induced apoptosis, and increased chemotherapeutic sensitivity to cisplatin and doxorubicin in HCC cells. Thus, targeting HOTAIR can potentially become a novel therapeutic strategy and provide a prognostic biomarker for HCC [36, 37]. Cancer stem cells exhibit the capacity to self-renew, which may be the source of all tumor cells presented in a malignant tumor and provide capability to distant metastases, hence the resistance to chemotherapeutic agents. One study found that HOTAIR regulated the functions of IKKα/IKKβ/IKKγ axis in HCC stem cells, implying that the cooperation of IKKα, IKKβ, and IKKγ with HOTAR could be used as a potential novel therapeutic target for HCC treatment [39]. Another study indicated that HOTAIR promoted the growth of human HCC stem cell by reducing the SET domain-containing 2 (SETD2), a histone modifier for which mutations have been associated with the occurrence and progression of cancer [40]. Moreover, HOTAIR reduced the recruitment of transcription factors cAMP response binding protein, p300, and RNA polymerase II onto the SETD2 promoter region that inhibited activation and expression of SETD2. The current study proves the critical role of HOTAIR in promoting tumorigenesis in liver cancer stem cells [40]. HOTAIR also negatively regulated miR-218 expression in HCC via an EZH2-targeting miR-218 promoter regulatory axis. Silencing of HOTAIR inhibited cell viability and induced G1-phase arrest by stimulating miR-218 expression. Inhibition of HOTAIR also activated expressions of P16 (INK4a) and P14 (ARF), the main downstream targets of miR-218 and 2 tumor suppressor genes, by enhancing miR-218 and suppressing B lymphoma Mo-MLV insertion region 1 homolog (Bmi-1), a member of the polycomb-group gene family [41], resulting in 
the inhibition of tumorigenesis in HCC [42]. In addition, HOTAIR increased the migration and invasion of HCC cells by inhibiting the expression of RNA-binding motif protein 38 [43]. Knockdown of HOTAIR inhibited cell proliferation and induced G0/G1 cell cycle arrest in Huh7 HCC cells by reducing the expression levels of Stat3 and cyclin D1 [44]. Transcription 
factor FOXC1 binds to the upstream region of HOTAIR and stimulates HOTAIR expression in HCC cells, suggesting that HOTAIR is a FOXC1-activated driver of HCC progression [45]. The effect of HOTAIR overexpression on glucose metabolism was also examined by detecting lactate and glucose levels. HOTAIR promoted glycolysis by upregulating glucose transporter isoform 1 (GLUT1) and activating mammalian target of rapamycin (mTOR) signaling. The present study evaluated the relationship between HOTAIR and glucose metabolism 
in HCC cells [46]. In a recent study, HOTAIR stimulated HCC cell proliferation by regulating the opioid growth factor receptor, a negative biological regulator of cell proliferation [12]. Liver fibrosis is an active wound healing process that leads to portal hypertension and liver cirrhosis, resulting in HCC. Activation of hepatic stellate cells (HSCs) is the key process in liver fibrogenesis. HOTAIR was shown to significantly increase in human fibrotic livers and HSCs. HOTAIR overexpression promoted HSC proliferation. Mechanistically, HOTAIR as an endogenous “sponge” of miR-148b was found to regulate the expression of the DNMT1/maternally expressed gene 3 (MEG3)/p53 pathways in HSCs by enhancing PRC2 occupancy and histone H3K27me3 in the MEG3 promoter. This suggests that inhibition of HOTAIR may represent a potential therapeutic for liver fibrosis [47]. Overall, overexpression of HOTAIR is strongly associated with unfavorable prognosis for patients with HCC. HOTAIR promotes the carcinogenic activity of HCC cells via multiple mechanisms, such as the suppression of RNA-binding motif protein, triggering of EMT, and interaction with miRNAs, 
among others. This suggests that HOTAIR is a promising therapeutic target for HCC [48]. The role of HOTAIR in chemoresistance has also been examined. Knockdown of HOTAIR resulted in decreased cell proliferation and increased chemosensitivity to cisplatin in HCC cells by inactivating Stat3 and inhibiting the expression of ATP-binding cassette subfamily B member 1 [49]. In a study evaluating whether common single nucleotide polymorphisms (SNPs) in HOTAIR are related to HCC susceptibility, significant association was observed between HOTAIR rs920778 C>T polymorphism and risk of HCC occurrence; in addition, the rs920778 TT genotype induced significantly higher expression levels of HOTAIR, compared with the CC genotype. These findings suggest that the HOTAIR SNP rs920778 could be used to predict HCC development, although further studies were required to confirm the findings [50]. 
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Regardless, further research is greatly desired to elucidate the role and precise molecular mechanisms of HOTAIR in HCC occurrence, development, and progression, as well as the potential use of HOTAIR as a biomarker and effective therapeutic target for HCC.
HOTAIR in prostate cancerProstate cancer (PCa), the most common malignancy in men and comprises 13% of cancer-related deaths [51]. LncRNAs can promote castration resistance, cell proliferation, invasion, and metastasis in PCa [52]. LncRNAs are newly deciphered “codes” and "special emphasis" in PCa, and an understanding of the role of lncRNAs, while only in its infancy, should present ample opportunities for the discovery of new biomarkers and therapeutic targets in PCa [53]. HOTAIR acts as an androgen-repressed lncRNA. Early studies indicated 

that androgen receptor (AR) was not only important for the growth and differentiation of a healthy prostate but also played a crucial role in the pathogenesis of PCa. HOTAIR induced AR activation in an androgen-independent manner and played an important role for growth and invasion in PCa cells. HOTAIR also suppressed AR signaling by regulating the PRC2 complex, consequently increasing the stem/progenitor cell population and invasion in PCa cells. Thus, modulation of the PRC2 complex with HOTAIR at the AR promoter region would affect PCa resistance to androgen deprivation therapy [54]. Moreover, HOTAIR was shown to enhance the AR-mediated transcriptional program and drive castration-resistant prostate cancer (CRPC) [55]. Microarray analysis for expression profiling indicated that HOTAIR was highly regulated by genistein, a soy-derived isoflavanoid compound acting as a chemotherapeutic agent against several cancer types [56]. In the link to miRNA, silencing of HOTAIR decreased proliferation, migration, invasion, and induced apoptosis; miR-34a directly targeted HOTAIR in PCa cells, which showed that genistein inhibited the growth of PCa cells by downregulating oncogenic HOTAIR that was also targeted by the tumor suppressor miR-34a [57]. In addition, miR-193a acted as a tumor suppressor, inhibiting growth, migration and invasion in CRPC cells via the regulatory feedback loop of HOTAIR/EZH2/miR-193a. Thus targeting this aberrantly activated loop could provide a potential therapeutic strategy in PCs [58]. Polyphyllin I (PPI), one of the steroidal saponins in Paris 
polyphylla, reportedly exhibited antitumor activities. We recently observed that PPI inhibited the growth of CRPC cells by inhibiting HOTAIR expression, thereby repressing EZH2 and DNMT1. This result revealed a novel mechanism for HOTAIR-mediated regulation of DNMT1 and EZH2 in response to PPI in inhibiting the growth of CRPC cells [59]. Interestingly, one study demonstrated the association of HOTAIR polymorphisms and genetic variants with PCa. In the study, 3 HOTAIR polymorphisms (rs12826786, rs1899663, and rs4759314) were associated with the risk of PCa [20]. Whether this risk referred to a risk locus for the occurrence and development of PCa remained inconclusive. Together, the aforementioned observations suggested that HOTAIR could potentially be a novel biomarker for the diagnosis and prognosis of PCa. An understanding of the role of lncRNAs, including HOTAIR, in the pathogenesis of PCa may unveil better opportunities for the discovery of new biomarkers, therapeutic targets, and potential implication of PCa in the clinical setting.

HOTAIR in breast cancer
Breast cancer is the second leading cause of cancer death among women worldwide. LncRNAs play critical roles in cell proliferation, migration, invasion, and radiotherapy in breast cancer and may provide potential therapeutic targets for breast cancer [60]. A clinical study indicated that high HOTAIR expression in primary breast tumors was significantly associated with poor prognosis, particularly in patients with estrogen receptor (ER)-positive tumors; this finding suggests that HOTAIR could be used as an independent biomarker for predicting the risk of metastasis in ER-positive breast cancer patients [61]. Similarly, an 

early study showed that HOTAIR was highly expressed in primary and metastatic breast cancer tissues and that the HOTAIR level in primary tumors was an independent risk factor for metastasis and survival. In cell-based experiments, HOTAIR promoted breast cancer cell invasion by recruiting PRC2 to specific targets genes, leading to H3K27 trimethylation and 
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epigenetic silencing of suppressor genes [3]. Another study showed that upregulation of 
HOTAIR enhanced the resistance of breast cancer cells to radiotherapy by downregulating the expression of homeobox D10 (HOXD10), an mRNA encoding a transcriptional repressor that inhibits the expression of cell migration and invasion-associated genes [62]. Thus, HOTAIR can be regarded as a valid therapeutic target for the reversal of radiotherapy resistance in patients with breast cancer [63]. Moreover, knockdown of HOTAIR significantly decreased proliferation, migration, invasion in breast cancer cells by inducing the expression of p53, 
which might be the direct target of HOTAIR [64]. HOTAIR was also shown to contribute to the maintenance of CSCs. HOTAIR was found to regulate the proliferation, self-renewal capacity, tumor formation, and migration of breast cancer CSCs. It inhibited miR-34a, thereby upregulating the transcription factor Sox2, a target of miR-34a expressed in embryonic 
and adult stem cells [65]. Furthermore, tight transcriptional regulations of p53 and p21 by HOTAIR were observed in breast cancer cells [66]. An emerging mechanism underlying the upregulation of HOTAIR in cancer cells is the direct transcriptional activation of HOTAIR by classical oncogenes. For instance, both myocardin-related transcription factor-A, a Rho signaling-responsive co-activator of serum response factor (SRF) governed by the Rho GTPase actin signaling pathway, and SRF could affect HOTAIR expression by regulating HOTAIR gene promoter activity in a CArG box (CC(A/T)6GG sequences)-dependent manner in breast cancer cells [67]. FOXA1 and FOXM1, the 2 members of the forkhead box (FOX) transcription factor family and known to be highly expressed in several cancer types, activated HOTAIR expression in breast cancer [68]; the latter was negatively regulated by estrogen [69]. EMT contributes to tumor invasion and metastasis in many types of cancer and 
highly correlates with the acquisition of CSC characteristics. One study found that treatment with transforming growth factor beta 1 (TGF-β1) increased HOTAIR expression and triggered EMT formation. Conversely, blockade of HOTAIR reversed the TGF-β1-induced EMT and reduced the colony-forming capacity of breast cancer cells. This result indicated that HOTAIR was involved in multiple signaling pathways in EMT in breast cancer cells [70]. In a recent correlational study between HOTAIR and anti-apoptotic protein Bcl-w in breast cancer tissues, HOTAIR increased the expression of Bcl-w by sequestering miR-206 at the post-transcriptional level in breast cancer cells. This finding provided new insights into the mechanism of breast cancer mediated by HOTAIR [71]. Notably, in contrast to widely known studies in which HOTAIR was overexpressed in the majority of cancer types and played a key role in gene silencing via direct PRC2 recruitment, a report indicated that overexpression of HOTAIR led to subtle transcriptomic changes independent of PRC2 recruitment in breast cancer cells; this result suggests that HOTAIR-mediated transcriptional repression might not require PRC2 [10]. The reasons for the discrepancy with previous reports remain undetermined, requiring further experiments. From what have been discussed, HOTAIR may be a valuable predictor and a potential target for treatment of breast cancer. However, the 
biological functions and detailed mechanisms of HOTAIR may not be fully understood. More in-depth studies with large sample sizes are needed to understand the role of HOTAIR and elucidate the molecular mechanisms that facilitate more tumor-specific treatment options 
for patients with breast cancer.

HOTAIR in gastric cancerGastric cancer (GC) ranks as the most common cancer worldwide, with relatively poor prognosis because of the lack of appropriate biomarkers. LncRNAs have been shown to be potentially valuable in GC diagnosis and prognosis evaluation. HOTAIR is one of the most widely studied lncRNAs at the preclinical level and has been recognized as a potent prognostic biomarker for major malignancies, including GC [72–74]. HOTAIR expression was higher in GC tissues than in the adjacent noncancerous tissues and was significantly correlated with lymph node metastasis, TNM stage, and invasion. High HOTAIR expression was also used as a predictor of poor overall survival in patients with GC [75, 76]. Inhibition of HOTAIR could reduce invasiveness and reverse EMT in GC cells by regulating the transcription factor snail and other epithelial markers, such as E-cadherin, vimentin, and 
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N-cadherin [76]. HOTAIR promoted cisplatin resistance in GC by targeting miR-126 to activate the phosphatidylinositol 3-kinase (PI3-K)/Akt/multidrug resistance-associated 
protein 1 (MRP1) genes. Specifically, HOTAIR was shown to directly bind to and inhibit miR-126, thereby promoting the expression of vascular endothelial growth factor A (VEGFA) and PI3-K regulatory subunit beta. Thus, HOTAIR acted as a competitive endogenous RNA to promote cisplatin resistance in GC [77]. A high HOTAIR expression level was observed in GC cells, and the antitumor effect of dioscin, a natural steroid saponin extracted from the 
roots of Polygonatum zanlanscianense, partly depended on the suppression of HOTAIR [78]. HOTAIR unregulated the expression of human leukocyte antigen (HLA)-G by inhibiting miR-152 levels. Thus, targeting HOTAIR could be a potential immunotherapy for better prognosis and improved survival in patients with GC [79]. In addition, HOTAIR binds to the multiprotein chromatin modifying complex PRC2, which is responsible for H3K27me3, an epigenetic hallmark of repressed chromatin, thereby repressing further the expression of miR-34a in GC [80]. Thus, HOTAIR be a potential prognostic biomarker and target for therapies in patients with GC. Polymorphisms of HOTAIR were also associated with GC susceptibility. For example, an increased risk for HOTAIR rs4759314 A>G polymorphism was determined in the GC group [81]. In addition, one study consisting of 5025 patients with cancer and 5657 controls showed that the rs4759314 polymorphism A allelic gene of HOTAIR was associated with a lower risk of GC, whereas the G allelic gene could be a genetic susceptibility factor for GC in the Chinese population [82]. SNP rs4759314 was also significantly associated with increased risk of GC. Further functional experiments revealed allele-specific effects on HOTAIR expression in GC tissues; individuals with the AG genotype showed higher HOTAIR expression compared with those carrying the AA genotype, Nevertheless, whether HOTAIR SNP rs4759314 could act as a biomarker for predicting GC occurrence has yet to be 
determined [83]. Overall, accumulating evidence indicated that HOTAIR, which is present 
in tissues, blood, and gastric juice, was dysregulated in GC and related to tumorigenesis, 
metastasis, and progression, exhibiting potential as a biomarker for the diagnosis and prognosis of GC.

HOTAIR in colorectal cancer
Colorectal cancer (CRC) is one of the most frequently diagnosed types of cancer and the third most fatal malignancy worldwide. In recent years, lncRNAs have been found to 

mediate the proliferation and progression of CRC and is involved in the tumor pathogenesis 
of CRC. Upregulation of HOTAIR in the primary tumors and blood of patients with CRC was associated with unfavorable prognosis, suggesting that HOTAIR can be used as a potential 
biomarker in sporadic CRC [84]. Increased HOTAIR expression was significantly associated with invasion, metastasis, and differentiation. Patients with CRC exhibiting high HOTAIR expression showed higher recurrence rates as well as lower metastasis-free and overall survival (OS), compared with patients exhibiting low levels of HOTAIR expression [85, 86]. 
HOTAIR also significantly promoted migration and invasion in vitro in CRC cells by reducing the expression of E-cadherin while increasing the expression levels of vimentin and MMP-9, a member of the matrix metalloproteinase family involved in the invasion and metastasis 
of cancer cells [85]. A study showed that miR-545 played an important role in the negative regulation of CRC cell proliferation, which was associated with the expression of EGF-R, a target of miR-545. High HOTAIR expression levels inhibited miR-545, thereby increasing CRC cell proliferation [87]. Reduced levels of HOTAIR expression led to a decrease in the survival 
of human CRC stem cells, and knockdown of HOTAIR suppressed CRC proliferation, colony formation, migration, and invasion. In particular, downregulation of HOTAIR expression improved radiosensitivity in CRC [88, 89]. One major reason for the failure of CRC treatment is the occurrence of chemoresistance; silencing of HOTAIR reversed fluoropyrimidine-based chemoresistance by increasing miR-218 expression and inactivating transcription factor nuclear factor-kappaB (NF-κB) signaling. Moreover, a high HOTAIR expression level 
was associated with poor response to 5FU treatment, thus, HOTAIR contributed to 5FU resistance by suppressing miR-218 and activating NF-κB signaling in CRC cells [90]. Genetic 
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variants of HOTAIR were also associated with the risk of human CRC, similar to other types of cancer. A case-control study evaluated the association between HOTAIR SNPs and the risk of CRC; individuals with the rs7958904 CC genotype showed a significantly decreased risk of CRC in both stage 1 and stage 2, compared with those carrying the GG genotype [91]. Collectively, the current data supported the role of HOTAIR in the diagnosis and prognosis of patients with CRC as well as its potentially therapeutic use in CRC. However, a significant 
discrepancy remains in understanding the function of HOTAIR in CRC, particularly the initiation, development, and progression of CRC. Thus, more efforts are need to be directed 
toward elucidating the underlying mechanisms of HOTAIR.

HOTAIR in cervical cancerLncRNAs have recently been implicated in the pathogenesis of many types 
of cancer, including gynecological tumors.Cervical cancer (CaCx) is considered the second 
highest contributor to the number of deaths in female malignancies, exceeded only by 
breast cancer and carrying high risks of morbidity and mortality. Thus, novel treatment targets and prognosis biomarkers need to be identified to improve the survival of patients 
with CaCx. Many lncRNAs emerged as pivotal regulators in various biological processes 
and played important roles in oncogenesis and progression of CaCx [92]. High HOTAIR 
expression in CaCx was significantly correlated with progression and poor prognosis, and elevated HOTAIR expression could induce radioresistance by inhibiting p21; this finding 
indicates that targeting HOTAIR is a potential therapeutic strategy in CaCx [93]. HOTAIR expression in the sera was significantly increased in patients with CaCx relative to that in normal controls. Elevated HOTAIR was associated with advanced tumor stage, lymphatic 
node metastasis, recurrence, and short OS. Thus, circulating HOTAIR may be used as a potent prognostic marker in patients with CaCx [94–96]. Loss-of-function experiments indicated that overexpression of HOTAIR promoted, whereas silencing of HOTAIR inhibited growth, invasion, and cell viability of CaCx cells in vitro and in vivo. Moreover, HOTAIR modulated the expression of human leucocyte antigen-G by competitively binding to miR-148a; this 
effect suggests that HOTAIR played an important oncogenic role in CaCx and might serve 
as a biomarker and a potential target to determine prognosis, as well as a therapeutic intervention for CaCx [96]. Pearson's correlation analysis indicated the negative correlation between the expression levels of miR-17-5p and HOTAIR. The luciferase reporter assay revealed that miR-17-5p directly targeted HOTAIR 3'-UTR, thereby controlling the growth 
of CaCx. Thus, targeting the tumor promoter HOTAIR in CaCx might provide a novel 
therapeutic target for the future treatment of CaCx [97]. Propofol, one of the extensively and commonly used intravenous anesthetic agents, reportedly played a role as an antitumor in various cancers, including CaCx. One report found that propofol significantly decreased viability and increased apoptosis, which were overcome by the overexpression of HOTAIR 
in CaCx cells. Moreover, exogenously expressed HOTAIR could resist the propofol-reduced 
expression of mTOR/p70S6K proteins, widely known Ser/Thr kinases that regulate cell growth, proliferation, survival, autophagy, and metabolism, among other functions. Similar results were observed in an animal study in which propofol inhibited tumor size and cell viability and promoted cell apoptosis via the HOTAIR-mediated inhibition of the mTOR/p70S6K pathway in CaCx [98]. In the evaluation of the association between 3 haplotype-tagging SNPs (rs920778, rs1899663 and rs4759314) in HOTAIR and the risk of CaCx, the SNP rs920778 in the intronic enhancer of HOTAIR was strongly associated with CaCx, and high HOTAIR expression was associated with the risk-associated allele T [99]; these results confirmed that functional SNP rs920778 regulated HOTAIR expression and might ultimately influence the predisposition for CaCx [99]. In addition, 1209 cases of CaCx and 
1348 controls were enrolled in a study using the TaqMan allelic discrimination method and 
the Cancer Genome Atlas (TCGA) database for analysis of allele-specific HOTAIR expression. A relation was found between the rs7958904 CC genotype and increased risk of CaCx relative 
to that of the GG/GC genotypes. The analysis using TCGA data indicated that CC tissues with the rs7958904 CC genotype exhibited higher HOTAIR expression compared with those 
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carrying the GG genotype. Thus, HOTAIR rs7958904 could influence CC susceptibility, and HOTAIR could be used as a diagnostic biomarker [100]. Another report demonstrated that 
the genetic variant exhibited an alteration in secondary structure propensities and a gain of a miR-22 binding site in HOTAIR, which was found to be concordant with the overexpression of miR-22 in low HOTAIR cases, compared with that in the control. Moreover, miR-22 expression was negatively correlated with HOTAIR and human papillomavirus (HPV) E7 oncogene expression in HPV16-positive cases and E7 transfected HPV-negative cells; this finding suggests that HOTAIR rs2366152C not only has the potential to serve as a marker 
for singling out CaCx cases lacking metastatic molecular signatures but also to explain the functional inactivation of HOTAIR in these cases [101]. Regardless, further studies are required to confirm this finding.

HOTAIR in ovarian cancerOvarian cancer (OC) is the most deadly gynecological malignancy. Many lncRNAs are 
aberrantly expressed in OC and may serve as prognostic markers. HOTAIR expression was 
higher in epithelial OC tissues than in benign ones and was highly correlated with the stages, histological grades, lymph node metastasis, reduced OS, and disease-free survival (DFS). 
Thus, HOTAIR could be a novel prognostic marker and a potential therapeutic target in patients with OC [102]. HOTAIR expression predicted a poor outcome in carboplatin-treated patients with OC. Knockdown of HOTAIR suppressed cell proliferation, reduced invasiveness, and restored cisplatin sensitivity by enhancing cisplatin-induced cytotoxicity and apoptosis in OC cells [103]. Accordingly, increased HOTAIR-induced platinum resistance in OC and 
high HOTAIR expression were observed in recurrent platinum-resistant OC relative to 
those in primary ovarian tumors [104, 105]. All of these findings show that HOTAIR was an 
independent prognostic factor for predicting OS in patients with OC. A recent meta-analysis 
indicated that lncRNAs, including HOTAIR, could function as potential prognostic markers 
for patients with OC and that high HOTAIR expression was associated with shorter OS in OC [106]. Mechanistically, the results demonstrated that ectopic HOTAIR expression induced the activation of NF-κB signaling during DNA damage response (DDR) and induced the expression of the key NF-κB target gene interleukin-6 [106]; these actions indicate the critical role of 
HOTAIR in cellular senescence and platinum sensitivity. Thus, the NF-κB-HOTAIR regulatory axis triggered a positive-feedback loop cascade during DDR and contributed to cellular 
senescence as well as chemotherapy resistance in ovarian and other types of cancer [107]. Interaction with kinases, such as mitogen-activated protein kinase 1 (MAPK1), regulated the growth, migration, and invasion of OC cells [108]. Overexpression of HOTAIR promoted the 
progression, proliferation, and chemoresistance of the cell cycle by activating the Wnt/β-
catenin pathway in OC cells [109]. In one study, a peptide nucleic acid (PNA)-based approach 
was found to hinder the interaction of HOTAIR with EZH2, inhibiting the HOTAIR–EZH2 associated pathway and re-sensitized resistant OC to platinum; treatment of OC cells with overexpressed HOTAIR with PNAs decreased invasiveness and increased chemosensitivity, which were correlated with reduced activation and decreased expression of the NF-κB target genes MMP-9 and interleukin 6. These observations indicate a novel therapeutic approach in the treatment of OC [110]. Another study reported that HOTAIR expression or its surrogate DNAme signature could predicate poor outcome in carboplatin-treated patients with 
OC, further indicating that HOTAIR could be used as a potential biomarker and is a novel target to overcome carboplatin resistance in patients with OC [103]. In addition, the TT 
genotype and T allele of HOTAIR rs920778 were significantly associated with a reduction in OC risk. Moreover, TT and TC carriers showed a shorter OS. These findings imply 
that HOTAIR rs920778 polymorphism could influence OC susceptibility and prognosis; however, further research has to be undertaken [19].

HOTAIR in endometrial carcinoma
Endometrial carcinoma (EC) is the second most common form of gynecological malignancy and is associated with deregulated lncRNAs with specific biological functions of 
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tumor cells [52]. HOTAIR expression in EC tissues was significantly increased relative to that in normal tissues, and high HOTAIR expression was positively correlated with metastasis and shortened OS in EC. In addition, a significant association between HOTAIR expression 
and the EC grade and lymph node metastasis suggested that HOTAIR could be used as a novel 
prognostic biomarker in patients with EC [111]. Depletion of HOTAIR in vivo significantly 
suppressed endometrial tumorigenesis and reduced the size of tumors [52, 111, 112]. Knockdown of HOTAIR substantially inhibited proliferation, migration, invasion, and remarkable G0/G1 phase arrest in EC cells. Accordingly, a study in vitro found that silencing 
of HOTAIR significantly inhibited tumor growth in a xenograft mouse model [111]. In identifying whether HOTAIR participating in the regulation of cisplatin-resistant induced 
autophagy in EC cells, one study observed that silencing of HOTAIR reduced the proliferation and enhanced the autophagic activity of cisplatin-resistant Ishikawa cells. In addition, 
HOTAIR regulated the cisplatin resistance of human EC cells via autophagy regulation by influencing Beclin-1 expression, multidrug resistance, and P-glycoprotein [113].Overall, HOTAIR may be a predictor of poor prognosis in all estrogen-dependent tumors, specifically the cervical, ovarian, and endometrial types of cancer with distinct mechanisms associated. Future well-designed and larger-scale studies are needed to validate these findings. More experiments are required to determine the true functions of HOTAIR in 
tumorigenesis in these malignancies, which may constitute those of a therapeutic target and a biomarker aimed at improving therapeutic outcomes.

HOTAIR in head and neck cancer
Head and neck cancer, the sixth most common cancer worldwide with high recurrence, 

metastasis, and poor treatment outcome, consists of carcinomas arising from the mucosal epithelia of the head and neck region as well as various cell types of salivary glands, and the 
thyroid [114]. The potential of HOTAIR as a therapeutic target in head and neck squamous cell 
carcinoma (HNSCC) remain undetermined. HOTAIR depletion induced tumor cell apoptosis via the mitochondrial cell death pathway (e.g., Bcl-2, BAX, Caspase-3, Cleaved Caspase-3, 
Cytochrome c) in HNSCC cells, suggesting that inhibition of HOTAIR could be developed as a new therapeutic target in the treatment of HNSCC [115]. Knockdown of HOTAIR and Hu 
antigen R (HuR), a ubiquitous RNA-binding protein that influences the stability and translation of several cellular mRNAs and one of the most widely studied regulators of eukaryotic 
posttranscriptional gene expression [116], decreased cell viability, cellular migration, and invasion. The expression levels of HuR and HOTAIR were positively correlated, and exhibited significantly high expression levels in tumors. These results show the existence of a regulatory loop in which the expression levels of HOTAIR and HuR were reciprocally regulated during the metastasis and progression of HNSCC [117]. HOTAIR expression also increased in oral 
squamous cell carcinoma (OSCC) and was associated with metastasis, stages, and histological differentiation. In addition, overexpression of HOTAIR indicated poor OS and DFS in patients 
with OSCC. By contrast, knockdown of HOTAIR decreased cell proliferation and colony formation, cell invasion, and migration and induced apoptosis in OSCC cells. Another study 
reported that HOTAIR was highly expressed in OSCC tissues and facilitated the growth of OSCC cells. Relative HOTAIR expression was correlated with tumor size and clinical stage. 
HOTAIR expression was higher in OSCC cells than in normal oral epithelial cells, which be 
used as an eligible diagnostic and prognostic molecular marker in OSCC [118]. In addition, a significant negative correlation was determined between the expression levels of HOTAIR and E-cadherin in OSCC tissues and cells: HOTAIR contributed to the regulation of E-cadherin by binding to EZH2 and H3K27me3 in the E-cadherin gene promoter. These findings suggest 
that HOTAIR expression could be one of the critical targets in progression and metastasis, as well as an indicator of poor survival in OSCC [119]. A recent study demonstrated that silencing 
of HOTAIR significantly inhibited OCSC stemness, invasiveness and tumourigenicity in xenograft mouse models; by contrast, excessive HOTAIR expression enhanced the metastatic 
potential and EMT characteristics in OSCC. This finding suggests that HOTAIR was a potential predictor of poor survival in patients with OSCC and could be used as a therapeutic target 
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in OSCC [120]. Human nasopharyngeal carcinoma (NPC) is a distinct type of head and neck 
cancer, occurring at a high frequency in southern China, Southeast Asia, and North Africa. 
Emerging studies show that lncRNAs play critical roles in carcinogenesis and progression. However, the roles and mechanisms of aberrantly expressed lncRNAs in the pathogenesis of NPC are not fully understood. HOTAIR expression was extremely high in NPC cells and clinical samples [121, 122], high expression levels of HOTAIR are correlated with poor prognosis in patients with NPC, and HOTAIR mediates the migration and invasion of NPC cells [122]. HOTAIR also promoted angiogenesis by directly activating the GRP78-mediated expression levels of the angiogenic factor VEGFA and Ang2 ( a member of the angiopoietin (Ang) family) in NPC cells [121]. Expression of fatty acid synthase (FASN) was positively correlated with 
that of HOTAIR in NPC samples, and knockdown of HOTAIR led to a decrease in FASN protein expression in NPC cells, thereby inhibiting cell growth and invasion [123]. Serum exosomal miR-21 and HOTAIR were significantly correlated with the clinical parameters of laryngeal squamous cell carcinoma (LSCC) and combined evaluation of their serum expressions may be considered a valuable biomarker and promising predicting tool for LSCC [124]. HOTAIR also 
played an oncogenic role in human LSCC. HOTAIR levels were significantly higher in LSCC than in corresponding adjacent non-neoplastic tissues; patients with poor histological grade or advanced clinical stage exhibited higher HOTAIR expression. The log-rank test in one study showed a significant association between high HOTAIR expression and poor prognosis in patients with LSCC. Multivariate Cox analysis suggested that HOTAIR was an independent 
prognostic factor for LSCC outcome. Thus, HOTAIR could serve as a biomarker and potential target for therapeutic intervention in LSCC [125]. HOTAIR and the core component of PRC2 EZH2 were overexpressed in LSCC tissues, and reduction of HOTAIR expression stimulated EZH2 expression, promoting proliferation and increasing sensitivity to cis-platinum in LSCC 
cells [126].

HOTAIR in esophageal and papillary thyroid carcinoma
Studies indicated that HOTAIR expression was significantly induced in esophageal 

squamous cell carcinoma (ESCC). In one study, patients with ESCC who exhibited 
high HOTAIR expression showed a significantly poorer prognosis than those who exhibited low HOTAIR expression [127]. Moreover, HOTAIR promoted the migration and invasion 
of ESCC cells in vitro. Mechanistically, HOTAIR directly decreased the expression of Wnt inhibitory factor-1 (WIF-1), a secreted antagonist that binds Wnt ligands by promoting histone H3K27 methylation in the promoter region, and activated the Wnt/β-catenin 
signaling pathway. The HOTAIR/WIF-1 axis revealed the molecular mechanism of metastasis and represented a novel therapeutic target in patients with ESCC [127]. Data analysis from several studies indicated that HOTAIR-mediated gene regulation played a critical role in ESCC progression and was a novel epigenetic molecular therapeutic target for ESCC. 
Thus, HOTAIR is a novel molecule involved in the progression and prognosis of ESCC. Several 
studies also found that serum HOTAIR might be used as a potential biomarker for the diagnosis and progression of ESCC [128–132]. The correlation and significance of HOTAIR and EMT-related factors in the occurrence and metastasis of ESCC progression were also evaluated. HOTAIR was positively correlated with Snail but negatively correlated with E-cadherin 
expression. HOTAIR could then be involved in the induction of EMT-related factors and thus 
associated with carcinogenesis and metastasis in patients with ESCC [133]. The functional SNP in HOTAIR may affect the expression and/or function of HOTAIR and is thus linked to the risk of ESCC occurrence. Allelic regulation of rs920778 on HOTAIR expression was observed in ESCC cells and normal esophageal tissue specimens, similar to other tumors, 
with a higher level of HOTAIR expression observed among the T allele carriers. These results demonstrate that functional genetic variants influencing lncRNA regulation might explain a fraction of ESCC genetic basis [134]. Together, these findings indicate that full elucidation 
of HOTAIR functionalities relevant to ESCC may provide opportunities for the use of lncRNAs (such as HOTAIR) in identifying novel drug targets and therapies for ESCC. The role of HOTAIR and its functional SNPs in papillary thyroid carcinoma (PTC) has also been investigated. One 
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study showed that HOTAIR expression was higher in PTC tissues than in normal tissues. A series of gain–loss assays demonstrated that HOTAIR acted as a PTC oncogene by promoting the tumorigenic properties of PTC cells, suggesting that HOTAIR could be considered a promising candidate as a diagnostic and prognostic biomarker and for the development of novel therapeutic approaches. In addition, the functional HOTAIR rs920778 genetic variant was reported to exhibit SNP of PTC susceptibility; this finding also indicates that SNPs could influence lncRNA expression, which may explain part of PTC genetic basis [135]. Nevertheless, 
the precise molecular roles of HOTAIR justify the need for further characterization.

HOTAIR in hematologic malignancies

HOTAIR in acute myeloid leukemia
Hematologic diseases affect people of all ages worldwide. In the recent decade, significant progress has been made in diagnostic and therapeutic strategies in hematology. 

Numerous studies have been conducted on lncRNAs, which function in the development 
of blood cells by regulating blood cell fates via epigenetic control of gene expression. Several lncRNAs and their targets become dysregulated during malignant hematopoiesis 
[136]. Among these lncRNAs, HOTAIR plays an important role in the development of many 
types of cancers, including acute myeloid leukemia (AML), chronic lymphocytic leukemia, 
and multiple myeloma, among others [137]. Relative to that of patients with low HOTAIR 
expression, the OS of patients with AML showing high HOTAIR expression was significantly 
reduced. In addition, the expression of the downstream genes of HOTAIR signaling, 
including EZH2, LSD1, DNMT3A, and DNMT3B, was also increased in patients with AML, demonstrating a significant positive correlation with high HOTAIR expression [138]. 
HOTAIR was highly expressed in patients with de novo AML relative to those in patients with AML-complete remission (CR) and normal controls. In addition, HOTAIR was significantly correlated with clinical–pathological prognostic stratification, leukemic burden, DFS, 
and OS in AML. Thus, HOTAIR can represent a potential biomarker of poor prognosis and a potential therapeutic target for AML treatment [139, 140]. Mechanistically, silencing of 
HOTAIR inhibited cell growth, induced apoptosis, and decreased number of colony-forming 
cells in AML. Moreover, HOTAIR regulated the expression of c-KIT, a type III receptor tyrosine 
kinase, by competitively binding to miR-193a; this action confirms that HOTAIR played an important oncogenic role in AML and could serve as a marker and a potential target for therapeutic intervention in AML [141]. Notably, a recent report indicated that HOTAIR might not be an informative and reliable biomarker for AML diagnosis. Thus, more studies should be conducted to confirm the differences in the expression levels of HOTAIR between patients with AML and healthy individuals, as well as to clarify conflicting findings [142]. Blockade 
of HOTAIR myeloid 1 (HOTAIRM1), a human HOXA gene cluster and a novel myeloid-specific 
lncRNA, resulted in the retained expression of many otherwise all-trans retinoic acid 
(ATRA)-induced cell cycle and DNA replication genes, abated ATRA induction of cell surface leukocyte activation, defense response, and other maturation-related molecules, all of which were accompanied by the retained expression of the alpha-4-integrin gene (ITGA4) (CD49d) 
and decreased induction of integrin alpha X (ITGAX) (CD11c) in NB4 acute promyelocytic leukemia cells. These results indicate that HOTAIRM1 provided a regulatory link among 
those genes in myeloid acute promyelocytic leukemia cell maturation by modulating integrin-controlled cell cycle progression at the transcriptional level [143].

HOTAIR in diffuse large B-cell lymphoma and chronic myelogenous leukemiaDiffuse large B-cell lymphoma (DLBCL) is one of the most common types of malignancy worldwide. Lack of clear symptoms and early detection make DLBCL difficult to diagnose 
early, leading to poor prognosis. A study showed that high HOTAIR expression in DLBCL 
tumor tissues and cells was strongly correlated with tumor size, clinical stage, symptoms, and prognostic index scores. Moreover, silencing of HOTAIR inhibited growth, induced cell 
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cycle arrest, and apoptosis via the PI3K/Akt/NF-κB pathways, suggesting that HOTAIR can be used as a novel marker and potential target for gene therapy in the treatment of DLBCL [144]. Imatinib, a breakpoint cluster region–Abelson murine leukemia tyrosine kinase inhibitor, 
has been used to treat chronic myelogenous leukemia (CML)[145]. LncRNA HOTAIR was 
considerably upregulated in patients with highly expressed MRP1 as well as in imatinib-resistant cells. Knockdown of HOTAIR inhibited MRP1 expression in K562-imatinib cells and resulted in increased sensitivity to imatinib treatment. In addition, activation of the PI3K/
Akt signaling pathway was markedly reduced when the HOTAIR gene was silenced in K562-imatinib cells. These findings indicate that knockdown of HOTAIR played a crucial role in improving acquired resistance to imatinib in CML K562-R cells via the PI3K/Akt pathway 
[146].Overall, although HOTAIR was involved in the development and progression of this type 
of malignancy and was associated with a poor clinical–pathologic prognostic stratification, the exact function and mechanism have yet to be elucidated. Numerous studies need 
to be conducted to further determine the role of HOTAIR in hematologic malignancies. 
LncRNAs such as HOTAIR may be useful as markers for the diagnosis and prognosis 
of cancer and as potential targets for novel therapies.

ConclusionThe application of next-generation sequencing to a growing number of cancer transcriptomes has revealed thousands of lncRNAs in which aberrant expressions are associated with oncogenesis progression and development of different cancer types; however, few have been functionally characterized. Studies in recent years led to significant progress in understanding the biology of lncRNA, including HOTAIR, and even in the development of potential biomarkers and therapeutic application. Regardless, the 
expression and function of HOTAIR in many human cancers remain undetermined. Further research has to be conducted to reveal the underlying role of HOTAIR in the occurrence, progression, and metastasis of cancer. Biomarker-driven personalized cancer therapy has recently drawn increased attention, and several technologies have been developed to detect 
biomarkers for predicting the response of cancer to particular therapies. With the use of innovative technologies, lncRNAs may currently be used as biomarkers in the diagnosis and 
prognosis of diseases, including cancer. Among these, circulating lncRNAs, such as HOTAIR, in patients with cancer have been used to diagnose early-stage tumors after surgical resection, 
chemotherapy/radiation treatment, and metastatic relapse. In addition, the potential role of HOTAIR polymorphisms as predictive or therapeutic biomarkers in cancer needs to be carefully evaluated and verified using further studies.Overall, the mechanism of action of HOTAIR is more complicated than we thought and thus needs to be fully determined. We believe that further insights into the biological functions of HOTAIR in tumor pathogenesis can provide an in-depth understanding of the malignancies by aiding in the identification of essential disease processes to provide useful therapeutic and prognostic biomarkers for cancer patients. Moreover, studies to elucidate 
the molecular mechanisms underlying the expression and regulation of HOTAIR, such as the biochemical and structural nature of HOTAIR–protein and HOTAIR–DNA interactions may offer promise for the development of potential therapeutic strategies for major types of 
human cancer in the future.
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