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Abstract 

Gamma-butyrobetaine hydroxylase 1 antisense RNA 1 (BBOX1-AS1), located on human chromosome 11 p14, emerges 
as a critical player in tumorigenesis with diverse oncogenic effects. Aberrant expression of BBOX1-AS1 intricately 
regulates various cellular processes, including cell growth, epithelial–mesenchymal transition, migration, invasion, 
metastasis, cell death, and stemness. Notably, the expression of BBOX1-AS1 was significantly correlated with clinical-
pathological characteristics and tumor prognoses, and it could also be used for the diagnosis of lung and esophageal 
cancers. Through its involvement in the ceRNA network, BBOX1-AS1 competitively binds to eight miRNAs in ten 
different cancer types. Additionally, BBOX1-AS1 can directly modulate downstream protein-coding genes or act 
as an mRNA stabilizer. The implications of BBOX1-AS1 extend to critical signaling pathways, including Hedgehog, 
Wnt/β-catenin, and MELK/FAK pathways. Moreover, it influences drug resistance in hepatocellular carcinoma. The 
present study provides a systematic review of the clinical significance of BBOX1-AS1’s aberrant expression in diverse 
tumor types. It sheds light on the intricate molecular mechanisms through which BBOX1-AS1 influences cancer initia-
tion and progression and outlines potential avenues for future research in this field.
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Introduction
Long non-coding RNAs (lncRNAs) are RNA molecules 
exceeding 200 nucleotides in length, devoid of protein-
coding ability [1–4]. Once considered “RNA junk,” 
they have emerged as rising stars, garnering increas-
ing attention as attractive targets in human diseases 

[5–8], particularly in cancers [9–12]. The lncRNAs can 
be broadly classified based on their relationship with 
neighboring protein-coding genes, falling into categories 
such as sense, antisense, intronic, bidirectional, or inter-
genic [13, 14]. The functions of lncRNAs are significantly 
influenced by their subcellular localization [1, 15]. In the 
nucleus, they participate in regulating gene expression at 
epigenetic and transcriptional levels. Conversely, in the 
cytoplasm, lncRNAs interact with proteins and modulate 
mRNA metabolism. In cancer, lncRNAs play an impor-
tant role in the ceRNA network [16–19]. By acting as 
“sponges” for microRNAs (miRNAs) and sharing miRNA 
response elements (MREs) with target mRNAs, lncRNAs 
competitively bind to miRNAs, influencing miRNA avail-
ability and indirectly regulating the expression of target 
genes [20]. Dysregulation of the ceRNA network involv-
ing lncRNAs has been observed in various cancer types, 
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where some lncRNAs act as oncogenic ceRNAs [21–24], 
while others function as tumor suppressor ceRNAs [25–
28]. The growing body of evidence underscores the criti-
cal role of lncRNAs as essential modulators of diverse 
biological processes relevant to tumorigenesis and cancer 
progression [29–31]. Their intricate involvement in the 
ceRNA network further highlights their significance in 
cancer biology, offering promising avenues for potential 
therapeutic interventions.

In humans, Gamma-butyrobetaine hydroxylase 1 (BBOX1) 
antisense 1 (BBOX1-AS1) is classified as an lncRNA gene. It 
is located on human chromosome 11 at position p14.2-p14.1. 
Comprising 7 exons, this gene spans a length of 172,928 
nucleotides (nt) (https:// www. ncbi. nlm. nih. gov/ gene/ 10369 
5435). The lncRNA produced by the BBOX1-AS1 gene exhib-
its five distinct splice variants, namely ENST00000525302.5, 
ENST00000530430.1, ENST00000531363.1, ENST000005  
26061.5, and ENST00000670273.1, each varying in size from 
471 base pairs (bp) for ENST00000526061.5 to 879  bp for 

ENST00000530430.1 (http:// www. ensem bl. org/ Homo_ sapie 
ns/ Gene/ Summa ry? db= core;g= ENSG0 00002 54560;r= 11: 
27047 186- 27220 113).

LncRNA BBOX1-AS1 has recently emerged as a key 
player in the pathogenesis of various diseases, includ-
ing recurrent pregnancy loss [32] and premature ovar-
ian failure [33]. Remarkably, its involvement in cancer 
progression has garnered growing interest. BBOX1-AS1 
demonstrates upregulation in a wide range of human 
tumors (Fig.  1), including pituitary adenoma (PA) [34], 
oral squamous cell carcinoma (OSCC) [35], nasopharyn-
geal carcinoma (NPC) [36, 37], non-small cell lung cancer 
(NSCLC) [38–40], esophageal carcinoma (EC) [41–45], 
hepatocellular carcinoma (HCC) [46, 47], gastric can-
cer (GC) [48], colorectal cancer (CRC) [49, 50], ovarian 
cancer (OC) [51], and cervical cancer (CC) [52, 53]. High 
expression levels of BBOX1-AS1 in tumor patients have 
been linked to adverse clinicopathological features and 
poor prognosis, including lymph node metastasis, tumor 

Fig. 1 LncRNA BBOX1-AS1 is highly expressed and studied in various human cancers

https://www.ncbi.nlm.nih.gov/gene/103695435
https://www.ncbi.nlm.nih.gov/gene/103695435
http://www.ensembl.org/Homo_sapiens/Gene/Summary?db=core;g=ENSG00000254560;r=11:27047186-27220113
http://www.ensembl.org/Homo_sapiens/Gene/Summary?db=core;g=ENSG00000254560;r=11:27047186-27220113
http://www.ensembl.org/Homo_sapiens/Gene/Summary?db=core;g=ENSG00000254560;r=11:27047186-27220113
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size, clinical stage, overall survival (OS), and disease-free 
survival (DFS). Furthermore, BBOX1-AS1 plays a cru-
cial role in vital biological processes, such as promot-
ing tumor cell growth and invasion while inhibiting cell 
apoptosis. Considering its pivotal role in tumor progres-
sion, BBOX1-AS1 is anticipated to serve as a valuable 
biomarker for the diagnosis, prognosis, and develop-
ment of effective therapeutic strategies across a range of 
malignancies.

In this review, we present a comprehensive sum-
mary of the most recent research progress regarding the 
roles played by BBOX1-AS1 in tumor development. We 
focus on BBOX1-AS1 expression patterns, associated 
clinical characteristics, its potential as a prognostic and 
diagnostic marker, and its biological functions in tumor 
development. Additionally, we delve into the underlying 
mechanisms driving BBOX1-AS1’s effects and explore 
its potential clinical applications in the context of differ-
ent malignancies. This review sheds light on the promis-
ing prospects of BBOX1-AS1 as a target for therapeutic 
interventions in various cancer types.

BBOX1‑AS1 expression and its associations 
with clinical features in human tumors
As a recently identified oncogene, BBOX1-AS1 exhibits 
significant upregulation in various types of cancerous 
samples originating from the human nervous, respira-
tory, digestive, and reproductive systems, as detailed in 
Table  1. Notably, Ensembl annotates five splice variants 
of BBOX1-AS1. We also listed the qRT-PCR primers 
used in each study and the specific variants of lncRNA 
BBOX1-AS1 detected (Table  2). It is worth noting that 
the studies conducted across these tumor types did not 
analyze the same variants.

Research has investigated the relationship between 
BBOX1-AS1 expression and clinicopathological fea-
tures in these cancer types (Table 1). In respiratory sys-
tem tumors, BBOX1-AS1 exhibits a significant positive 
correlation with larger tumor size, lymph node metas-
tasis, and advanced Tumour-Node-Metastasis (TNM) 
stage in NSCLC [39, 40]. Similarly, in digestive system 
tumors [41, 43, 44, 46–48], BBOX1-AS1 shows a signif-
icant positive association with larger tumor size, lymph 
node metastasis, or advanced TNM stage. Notably, 
high BBOX1-AS1 expression is positively correlated 
with lymph node metastasis in esophageal carcinoma 
[41, 44] and gastric cancer [48]. Elevated BBOX1-
AS1 expression is linked to positive vascular inva-
sion, higher tumor grade, and advanced clinical stage 
in hepatocellular carcinoma [46, 47]. In the context of 
reproductive tumors, high expression of BBOX1-AS1 
indicates more aggressive phenotypes [53], including 

larger tumor size, poor differentiation, distant metasta-
sis, and higher FIGO stage in cervical cancer.

BBOX1‑AS1 as a diagnostic and prognostic marker 
in cancers
As previously mentioned, numerous studies con-
sistently demonstrate a significant upregulation of 
BBOX1-AS1 in tumor tissues when compared to their 
corresponding normal samples (Table  1). To compre-
hensively assess the expression pattern of BBOX1-AS1 
in various cancers, we conducted an extensive analy-
sis of its expression levels across 31 different tumor 
types. This analysis was performed using the GEPIA 
2 web server (http:// gepia2. cancer- pku. cn/# index) 
and is depicted in Fig.  2. The findings revealed that 
BBOX1-AS1 consistently exhibited elevated expression 
levels in the majority of cancerous lesions when con-
trasted with their corresponding normal tissues. Con-
versely, BBOX1-AS1 expression in most normal tissues 
remained relatively low. This significant dysregulation 
of BBOX1-AS1 in cancer tissues underscores its poten-
tial as a promising prognostic and diagnostic marker 
for various cancer types.

Several studies have reported a significant relation-
ship between aberrant BBOX1-AS1 expression and 
cancer patient prognosis. As indicated in Table 1, high 
expression of BBOX1-AS1 was found to predict poor 
overall survival in four types of cancers: non-small cell 
lung cancer [39, 40], esophageal squamous cell carci-
noma [41, 43, 44], hepatocellular carcinoma [46, 47], 
and cervical cancer [53], as well as inferior disease-free 
survival in hepatocellular carcinoma [47]. Additionally, 
several prognostic models that incorporate BBOX1-
AS1 have been developed. For example, a two-lncRNA 
panel (BBOX1-AS1 and FOXP4-AS1) displayed mod-
erate predictive accuracy in CRC [49], and an eight-
lncRNA signature associated with vascular invasion 
was identified, showing strong predictive capability for 
clinical outcomes in HCC patients [47].

In addition, BBOX1-AS1 has demonstrated diagnos-
tic significance in lung cancer [38] and esophageal car-
cinoma [43]. Receiver Operating Characteristic (ROC) 
analysis revealed that BBOX1-AS1 could effectively dis-
tinguish tumor tissues from normal tissues, achieving 
an AUC value of 0.983 in lung squamous cell carcinoma 
[38] and 0.7668 in esophageal squamous cell carcinoma 
[43]. However, the diagnostic potential of BBOX1-AS1 
in other types of cancers remains unexplored. Explor-
ing the diagnostic utility of BBOX1-AS1 in various 
cancer types presents a promising avenue for future 
research.

http://gepia2.cancer-pku.cn/#index
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Table 1 Expression of BBOX1-AS1 and its associations with clinical features, prognosis, and diagnosis in human tumor samples

Tumor type Expression Significant clinical 
features

Prognosis Diagnosis Ref.

Tumor vs. 
normal 
tissues

Fold change Sample size

Pituitary adenoma Upregulated ~ 6.5-fold 38 pairs of adenoma 
and adjacent normal tis-
sues (qRT-PCR)

– – – [34]

Oral squamous cell 
carcinoma

Upregulated ~ 4-fold 50 pairs of adenoma 
and adjacent normal tis-
sues (qRT-PCR)

– – – [35]

Nasopharyngeal carci-
noma

Upregulated ~ 2.5-fold 45 pairs of adenoma 
and adjacent normal tis-
sues (qRT-PCR)

– – – [37]

Nasopharyngeal carci-
noma

Upregulated ~ 6-fold 45 paired of adenoma 
and adjacent normal tis-
sues (qRT-PCR)

– – – [36]

Non-small cell lung cancer Upregulated ~ 1.5-fold 135 pairs of adenoma 
and adjacent normal tis-
sues (qRT-PCR)

Lymph node metastasis, 
TNM stage

OS – [40]

Non-small cell lung cancer Upregulated ~ 2-fold 76 pairs of adenoma 
and adjacent normal tis-
sues (qRT-PCR)

Tumor size, lymph node 
metastasis, TNM stage

OS – [39]

– 526 cancer and 59 normal 
samples in LUAD, and 501 
cancer and 49 normal 
samples in LUSC (starBase 
v3.0 database)

– 486 cancer and 338 
normal samples in LUSC 
(GEPIA database)

– GEO datasets (GSE18842 
and GSE19188)

Lung squamous cell 
carcinoma

Upregulated – 3 pairs of LUSC tissues 
and normal lung tissues 
(qRT-PCR)

Ethnicity – AUC of 0.983 
(95% CI 
0.973–0.993, 
P < 0.0001)

[38]

– 502 cancer and 49 normal 
samples in LUSC (TCGA 
dataset)

– GEO datasets (GSE19188, 
GSE30219, GSE103512, 
E-MTAB-5231)

Esophageal carcinoma Upregulated ~ 12-fold 45 pairs of adenoma 
and adjacent normal tis-
sues (qRT-PCR)

– – – [45]

Esophageal squamous cell 
carcinoma

Upregulated ~ 2-fold 78 pairs of adenoma 
and adjacent normal tis-
sues (qRT-PCR)

Tumor size, lymph node 
metastasis, TNM stage

OS [44]

– 182 adenoma and 286 
normal tissues (GEPIA 
database)

Esophageal squamous cell 
carcinoma

Upregulated ~ 2.75-fold 45 pairs of adenoma 
and adjacent normal tis-
sues (qRT-PCR)

Tumor size OS AUC of 0.7668 
(95% CI 0.6399 
to 0.8937, 
P < 0.001)

[43]

– 182 adenoma and 13 
normal tissues (GEPIA 
database)
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The functions of BBOX1‑AS1 in human tumors
Research into the involvement of BBOX1-AS1 in vari-
ous cancers has been conducted through in  vivo and 
in  vitro experiments, as summarized in Table  3. The 
expression of BBOX1-AS1 is significantly higher in 
numerous tumor cell lines when compared to their cor-
responding normal cells. This lncRNA is found in both 
the cytoplasm and the nucleus, with its primary loca-
tion reported to be in the cytoplasm for the majority 
studied tumor cell lines. BBOX1-AS1 plays an onco-
genic role in tumor development (Fig. 3). Overexpres-
sion of BBOX1-AS1 leads to enhanced cell proliferation, 
cell viability, migration, invasion, epithelial-mesen-
chymal transition (EMT), stemness, autophagy, drug 

resistance, tumor growth, and metastasis. Additionally, 
BBOX1-AS1 suppresses apoptosis, ferroptosis, and cell 
cycle arrest in tumor cells. These findings underscore 
the significance of BBOX1-AS1 as a critical regulator in 
various aspects of tumor progression.

Upregulated BBOX1-AS1 promotes cell prolifera-
tion in 10 different types of tumors and inhibits cell 
apoptosis in 9 different types of tumors. Epithelial-
mesenchymal transition (EMT) is a process that boosts 
cells’ capacity for invasion and metastasis [54, 55]. In 
non-small cell lung cancer and hepatocellular carci-
noma, elevated levels of BBOX1-AS1 lead to the pro-
motion of EMT. The migration and invasion ability of 
tumor cells decreases after BBOX1-AS1 knockdown in 

qRT-PCR quantitative reverse transcription polymerase chain reaction, LUAD lung adenocarcinoma, LUSC lung squamous cell carcinoma, OS overall survival, 
DFS disease-free survival

“–”: indicates missing or not applicable data

Table 1 (continued)

Tumor type Expression Significant clinical 
features

Prognosis Diagnosis Ref.

Tumor vs. 
normal 
tissues

Fold change Sample size

Esophageal squamous cell 
carcinoma

Upregulated – 182 adenoma and 286 
normal tissues (GEPIA 
database)

– – – [42]

– 162 cancer and 11 normal 
samples (starBase v3.0 
database)

Esophageal carcinoma Upregulated ~ 3.75-fold 45 pairs of adenoma 
and adjacent normal tis-
sues (qRT-PCR)

Lymph node metastasis, 
TNM stage

OS – [41]

Gastric cancer Upregulated ~ 3-fold 40 pairs of adenoma 
and adjacent normal tis-
sues (qRT-PCR)

Lymph node metastasis – – [48]

– 408 tumor samples 
and 211 normal samples 
(GEPIA database)

Hepatocellular carcinoma Upregulated ~ 2-fold 83 pairs of adenoma 
and adjacent normal tis-
sues (qRT-PCR)

Vascular invasion, TNM 
stage

OS – [46]

Hepatocellular carcinoma Upregulated ~ 2-fold 374 tumor samples and 50 
normal samples (GEN-
CODE database)

Vascular invasion, tumor 
grade, tumor stage

OS, DFS [47]

Ovarian cancer Upregulated – 426 tumor samples and 88 
normal samples (TCGA 
database)

– – – [51]

Cervical cancer Upregulated ~ 2-fold 100 pairs of adenoma 
and adjacent normal tis-
sues (qRT-PCR)

Tumor size, differentiation, 
distant metastasis, FIGO 
stage

OS – [53]

– 306 tumor samples and 13 
normal samples (GEPIA 
database)

Cervical cancer Upregulated – 306 tumor samples and 13 
normal samples (GEPIA 
database)

– – – [52]
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multiple tumors. BBOX1-AS1 also inhibits ferroptosis 
[44] and enhances stemness [42] in esophageal carci-
noma, promotes autophagy and sorafenib resistance in 
hepatocellular carcinoma [46]. Knockdown of BBOX1-
AS1 resulted in cell cycle arrest in lung squamous cell 
carcinoma [38] and hepatocellular carcinoma [47]. Fur-
thermore, BBOX1-AS1 could promote tumor growth 
and metastasis. The functions of BBOX1-AS1 in differ-
ent human tumors from publications are displayed in 
Fig. 4.

BBOX1‑AS1 modulates gene expression 
through a ceRNA network
The discovery of competing endogenous RNAs (ceR-
NAs) network has been on the rise. These ceRNAs act 
as protective shields for mRNAs against miRNA-medi-
ated inhibition. Within the context of cancer, the ceRNA 

regulatory network orchestrated by lncRNAs assumes a 
vital role [18, 56–58].

In the case of BBOX1-AS1, its ceRNA network 
involves eight miRNAs across ten different types of 
cancers (Fig.  5). These miRNAs include miR-3940-3p, 
miR-204-5p, miR-361-3p, miR-27a-5p, miR-506-5p, miR-
513a-3p, miR-125a-5p, and miR-125b-5p.

BBOX1-AS1 exerts its regulatory function in different 
tumors by competitively binding to various miRNAs. For 
example, in oral squamous cell carcinoma [35], BBOX1-
AS1 acts as a sponge for miR-3940-3p, resulting in the 
upregulation of LAMC2, which promotes tumor cell pro-
liferation and migration while inhibiting apoptosis.

Interestingly, BBOX1-AS1 can also participate in the 
development of the same tumor by interacting with 
multiple miRNAs. For instance, in NPC, two different 
ceRNA mechanisms involving BBOX1-AS1 have been 

Table 2 qRT-PCR primers used in each study and lncRNA BBOX1-AS1 variants detected in tissue samples

qRT-PCR quantitative reverse transcription polymerase chain reaction

“–”: indicates missing or not applicable data

Tumor type qRT-PCR primers LncRNA BBOX1-AS1 variants Ref.

Pituitary adenoma – – [34]

Oral squamous cell carcinoma Forward: 5′-TGT GTG TTT CCT GAG GCC TC-3′
Reverse: 5′-CGC CTC TCT TGG AAC ACC TT-3′

ENST00000526061.5 [35]

Nasopharyngeal carcinoma Forward: 5ʹ-TGT GTG TTT CCT GAG GCC TC-3′
Reverse: 5ʹ-CGC CTC TCT TGG AAC ACC TT-3′

ENST00000526061.5 [37]

Nasopharyngeal carcinoma Forward: 5′-TGC AAC TCC AAA CCT AAC GC-3′
Reverse: 5′-GAG TGA CTG GGG TCA GGG TA-3′

ENST00000525302.5 [36]

Non-small cell lung cancer – – [40]

Non-small cell lung cancer Forward: 5′-CAG ACT CCT GCT TTG CTC TT-3′
Reverse: 5′-GGA AGC ATC TTC TCA GCT TCT-3′

ENST00000530430.1 [39]

Lung squamous cell carcinoma Forward: 5′-GAT GGG CAC ATT TGG AAG TT-3′
Reverse: 5′-CAG CGT TAG GTT TGG AGT TG-3′

ENST00000525302.5
ENST00000530430.1

[38]

Esophageal carcinoma Forward: 5′-CCG CTG ACA GGT CTA GGA GT-3′
Reverse: 5′-AGT GAC TGG GGT CAG GGT AA-3′

ENST00000525302.5 [45]

Esophageal squamous cell carcinoma Forward: 5′- CAG ACT CCT GCT TTG CTC TT-3′
Reverse: 5′- GGA AGC ATC TTC TCA GCT TCT-3′

ENST00000526061.5
ENST00000525302.5
ENST00000530430.1

[44]

Esophageal squamous cell carcinoma Forward: 5′- CGA GAC TCC GTG GGC GTA GG-3′
Reverse: 5′- CGG GCG GCA CCT GGA AAA TC-3′

ENST00000531363.1
ENST00000530430.1

[43]

Esophageal squamous cell carcinoma – – [42]

Esophageal carcinoma Forward: 5′-CCG CTG ACA GGT CTA GGA GT-3′
Reverse: 5′-AGT GAC TGG GGT CAG GGT AA-3′

ENST00000525302.5 [41]

Gastric cancer Forward: 5′-TGC AAC TCC AAA CCT AAC G-3′
Reverse: 5′-GAG TGA CTG GGG TCA GGG TA-3′

ENST00000525302.5 [48]

Hepatocellular carcinoma Forward: 5′-CCT GAA TAC CAA AGA GGG CCG-3′
Reverse: 5′-TGA AGC CTC TCT CTG CTA GGT-3′

ENST00000525302.5, ENST00000530430.1, 
ENST00000531363.1, ENST00000526061.5, 
ENST00000670273.1

[46]

Hepatocellular carcinoma Forward: 5′-CCT GAA TAC CAA AGA GGG CCG-3′
Reverse: 5′-TGA AGC CTC TCT CTG CTA GGT-3′

ENST00000525302.5, ENST00000530430.1, 
ENST00000531363.1, ENST00000526061.5, 
ENST00000670273.1

[47]

Ovarian cancer – – [51]

Cervical cancer – – [53]

Cervical cancer – – [52]
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identified: BBOX1-AS1 can promote the proliferation, 
migration, and invasion of NPC cells by targeting miR-
3940-3p/KPNA2 axis [37] and miR-204-5p/MUC4 axis 
[36]. Similarly, in esophageal carcinoma [41, 42, 44, 45], 
BBOX1-AS1 interacts with three miRNAs (miR-506-5p, 
miR-513a-3p, miR-361-3p) and subsequently upregulates 
the expression of four target genes (EIF5A, SLC7A11, 
COL5A1, COL1A1), promoting tumor cell growth, 

migration, invasion, and accelerating the progression and 
metastasis of esophageal cancer.

Furthermore, BBOX1-AS1 can participate in the 
progression of various tumors by acting on the same 
miRNA. BBOX1-AS1 competitively binds miR-361-3p, 
leading to the upregulation of E2F1 in pituitary ade-
noma [34], COL5A1 and COL1A1 in oesophageal car-
cinoma [41, 45], MUC13 in gastric cancer [48], SH2B1 

Fig. 2 Gene expression of BBOX1-AS1 in 31 different tumor samples and normal tissues—dot plot (A) and bar plot (B)
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in colorectal cancer [50], PHF8 in hepatocellular carci-
noma [46], HOXC6 in cervical cancer [53], and PODXL 
in ovarian cancer [51], thereby promoting tumor cell 
proliferation, invasion and metastasis.

BBOX1‑AS1 regulates mRNA stability 
and downstream targets
BBOX1-AS1, as a pivotal player in gene regulation, exerts 
its influence not only by modulating gene expression 

Fig. 3 Effects of lncRNA BBOX1-AS1 on various tumor-related processes to regulate crucial aspects of cancer progression
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through the ceRNA network, as mentioned previously, 
but also by regulating mRNA stability and influencing 
downstream targets (Fig. 6).

In terms of mRNA stability, BBOX1-AS1 can interact 
with specific mRNAs and modulates their degradation or 
stabilization. By binding to certain mRNAs, BBOX1-AS1 
can protect them from degradation, leading to increased 
stability of these mRNAs. This extended stability results 
in higher levels of the corresponding proteins encoded 
by these mRNAs, thereby impacting various cellular 
processes. For example, in esophageal squamous cell 

carcinoma, BBOX1-AS1 targets miR-506-5p/EIF5A to 
maintain PTCH1 mRNA stability, leading to increased 
PTCH1 expression and enhanced cancer development 
[42]. Similarly, in cervical cancer, BBOX1-AS1 can inter-
act with HuR, enhancing the mRNA stability of HOXC6, 
subsequently upregulating the HOXC6 protein expres-
sion, and promoting cancer cell proliferation, migration, 
and invasion abilities [53].

Furthermore, BBOX1-AS1’s influence extends beyond 
the ceRNA network, as it can also impact downstream 
targets. For example, HOXB7 is an essential downstream 

Fig. 4 Diverse functions of lncRNA BBOX1-AS1 in ten different human tumors from in vivo and in vitro experiments

Fig. 5 The ceRNA network of lncRNA BBOX1-AS1 in various human cancers
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target of BBOX1-AS1, and HOXB7 is involved in the 
activation of the Wnt/β-catenin signaling pathway, con-
tributing to malignant phenotypes in esophageal squa-
mous cell carcinoma [43].

The combined regulatory mechanisms involving 
ceRNA and mRNA stability modulation make BBOX1-
AS1 a multifaceted regulator of gene expression. Its 
dysregulation in cancer highlights its importance as a 
potential therapeutic target and emphasizes the need 
for further investigation into its precise functions and 
molecular interactions.

BBOX1‑AS1 influences the signaling pathways
Accumulating evidence suggests that lncRNAs play a sig-
nificant role in regulating multiple signaling pathways, 
offering insights into the development of targeted thera-
pies [58–63]. Currently, BBOX1-AS1 has been confirmed 
to participate in the regulation of the Hedgehog signaling 
pathway [42]. And the genes regulated by BBOX1-AS1 
are also associated with other cancer-related signaling 
pathways, including the Wnt/β-catenin signaling path-
way [43] and MELK/FAK signaling [39]. BBOX1-AS1’s 
involvement with these signaling pathways implies its 
broader impact on cancer cell behavior and therapeutic 
responses (Fig. 7).

The Hedgehog pathway is a fundamental cellular sign-
aling pathway involved in embryonic development [64, 
65] and tissue homeostasis [66, 67]. Dysregulation of 
this pathway also has been linked to the development 
and progression of various cancers [68, 69]. BBOX1-
AS1 has been shown to upregulate PTCH1 by sponging 
miR-506-5p, which in turn upregulates EIF5A, stabilizing 
PTCH1 mRNA and ultimately activating the Hedgehog 
signaling pathway [42]. By modulating this critical sign-
aling pathway, BBOX1-AS1 can impact ESCC cell prolif-
eration and stemness, both crucial processes involved in 
cancer development [70–72].

The Wnt pathway is essential for tissue development 
and cell fate determination [73, 74], and its aberrant acti-
vation can contribute to cancer initiation and progression 
[75, 76]. In ESCC, BBOX1-AS1 activates the Wnt/β-
catenin pathway by upregulating HOXB7 expression, 
enhancing the malignant behavior of ESCC cells, includ-
ing cell proliferation, migration, and invasion, thereby 
promoting tumor progression [43].

BBOX1-AS1 has been linked to the MELK (Mater-
nal Embryonic Leucine Zipper Kinase) and FAK (Focal 
Adhesion Kinase) signaling pathways. MELK and FAK 
are involved in cell proliferation, survival, and migra-
tion, making them critical players in cancer metasta-
sis and resistance to therapies [77–81]. In NSCLC, the 

Fig. 6 LncRNA BBOX1-AS1 functions as a direct regulator of downstream genes and an mRNA stabilizer in cervical cancer and esophageal 
squamous cell carcinoma
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upregulation of BBOX1-AS1, induced by KLF5, acts as 
a miR-27a-5p sponge, leading to the activation of the 
MELK/FAK signaling pathway. This results in enhanced 
cell proliferation, migration, invasion, and EMT, promot-
ing tumor progression [39].

BBOX1‑AS1 is involved in the drug resistance
Research has revealed that lncRNAs can contribute 
to sorafenib resistance, particularly in HCC [82, 83]. 
Sorafenib is a targeted therapy commonly used for treat-
ing advanced HCC, but the development of resistance to 
this drug remains a significant clinical challenge.

In the context of HCC [46], BBOX1-AS1 has been 
shown to promote tumor progression, autophagy, and 
drug resistance by upregulating a protein known as 
PHF8. The molecular mechanism involves BBOX1-AS1 
enhancing the stability of PHF8 mRNA by targeting 
the PHF8 inhibitor miR-361-3p. By binding to miR-
361-3p, BBOX1-AS1 effectively reduces the inhibitory 
effect of miR-361-3p on PHF8 expression, resulting 

in increased PHF8 levels in HCC cells. As a result of 
this regulatory axis, BBOX1-AS1 exerts its influence 
on various aspects of HCC pathogenesis. The elevated 
PHF8 expression, facilitated by BBOX1-AS1, contrib-
utes to tumor progression and increased autophagy 
levels in HCC cells. Moreover, the upregulation of 
PHF8 has been linked to the development of resist-
ance to sorafenib treatment, making it a crucial factor 
in drug resistance mechanisms. This axis represents a 
promising target for therapeutic interventions aiming 
at overcoming drug resistance and enhancing the effi-
cacy of sorafenib treatment in HCC patients. BBOX1-
AS1’s involvement in the miR-361-3p/PHF8 axis is a 
key determinant of HCC progression and sorafenib 
resistance. Understanding the molecular mechanisms 
underlying this regulatory axis could provide valu-
able insights for the development of targeted therapies 
to address drug resistance and improve clinical out-
comes for patients with HCC. Nevertheless, further 

Fig. 7 Signaling pathways mediated by lncRNA BBOX1-AS1 in tumorigenesis
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investigation is warranted to explore the full potential 
of targeting this axis in HCC treatment strategies.

Future perspectives and conclusion
Numerous research teams have illuminated the regu-
latory role of BBOX1-AS1 in tumor development by 
influencing key molecules and genes associated with 
critical biological processes in tumorigenesis and dis-
ease progression (Fig.  8). These findings underscore the 
therapeutic potential of targeting BBOX1-AS1 in cancer 
treatment.

In recent years, BBOX1-AS1, an emerging lncRNA, 
has been found to be up-regulated in multiple of cancers. 
It shows potential as an oncogene and holds promise 
for tumor exploration and treatment. Importantly, high 
expression of BBOX1-AS1 is significantly correlated with 
various clinicopathological characteristics in these ten 
cancers, including tumor size, lymph node metastasis, 

distant metastasis, tumor differentiation, grade, and 
clinical stage. Moreover, up-regulation of BBOX1-AS1 is 
associated with poor prognosis in cancer patients [39–41, 
43, 44, 46, 47, 53], and it displays diagnostic value in lung 
and esophageal carcinoma [38, 43].

BBOX1-AS1 establishes a complex ceRNA network by 
competitively binding 8 miRNAs and upregulating the 
expression of 15 target genes in 10 cancers. BBOX1-AS1 
could also directly regulates downstream protein-cod-
ing gene HOXB7 [43] or acts as an mRNA stabilizer for 
PTCH1 mRNA [42] and HOXC6 mRNA [53]. BBOX1-
AS1 has been implicated in the regulation of the Hedge-
hog signaling pathway [42], Wnt/β-catenin signaling 
pathway [43] and MELK/FAK signaling [39]. Moreover, 
BBOX1-AS1 increases tumor cell resistance to chemo-
therapeutic agents, including sorafenib resistance in 
hepatocellular carcinoma [46].

Fig. 8 Summary of the role of lncRNA BBOX1-AS1 in regulating biological processes, related genes, and signaling pathways in tumor development
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Despite the progress made, our understanding of 
BBOX1-AS1 is still limited, and its role in cancer 
warrants further exploration. Additional studies are 
required to assess BBOX1-AS1 expression in various 
types of solid and hematologic tumors, while evaluating 
its impact on overall survival and relapse-free periods 
in larger study populations. Comprehensive evaluation 
of BBOX1-AS1’s diagnostic potential across various 
tumor types is imperative. This should include analy-
sis not only in clinical tissue samples but also in liquid 
biopsies, such as blood or other bodily fluids, to explore 
its clinical utility in early tumor diagnosis and monitor-
ing. Furthermore, BBOX1-AS1 exhibits diverse func-
tions in different types of cancers. While recent studies 
have portrayed it as a tumor promoter, it’s crucial to 
emphasize that the functional role of BBOX1-AS1 may 
be context-dependent. Its role can vary significantly 
based on the specific cellular or disease context, par-
ticularly in the case of hematologic malignancies and 
benign solid tumors, where its role remains largely 
unknown. The involvement of BBOX1-AS1 in tumo-
rigenesis is complex, and a deeper comprehension of 
the precise mechanisms underlying BBOX1-AS1 in dif-
ferent tumor types is indispensable. It’s plausible that 
BBOX1-AS1 is involved in distinct pathways and has a 
more extensive ceRNA network. Furthermore, further 
research is warranted to unveil potential associations 
between BBOX1-AS1 and drug resistance.

In conclusion, BBOX1-AS1 shows promise as both 
a tumor marker and a potential therapeutic target in 
various cancers. It might be a valuable tool for clinical 
prognosis and diagnosis, offering potential opportu-
nities for targeted interventions in cancer treatment. 
BBOX1-AS1 plays a significant role in the develop-
ment and progression of tumors, influencing multiple 
oncogenic signaling pathways and promoting malig-
nancy-related behaviors. These findings highlight the 
potential of BBOX1-AS1 as a predictive biomarker and 
an attractive target for cancer therapy. In the future, it 
is required to do more investigations of the regulatory 
mechanisms of BBOX1-AS1 in different cancer types 
and establish a more comprehensive BBOX1-AS1-
based network to provide a theoretical foundation for 
targeted therapies involving BBOX1-AS1.
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