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ABSTRACT
Long noncoding RNAs (lncRNAs) have been found to associate with all major types of malignancies and 
play important roles in regulating several hallmarks of cancer by interacting with proteins, DNA, and 
RNA. The possible functions of lncRNAs and their roles in the regulation of tumour growth will be 
reported and discussed in the present review. In our recent report, based on genetic mice models and 
a series of systematic analyses, we suggested that lncRNAs also play critical roles in the regulation of 
antigen presentation in tumour cells and allow tumour cells to escape immune surveillance, which 
further broadens the scope of understanding lncRNA functions and how they relate to cancer immu
notherapy resistance.
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Identifying lncRNAs in cancer

Gene alteration is considered an important cause of tumorigen
esis [1]. With the advancement of large-scale sequencing tech
nology, numerous somatic mutations, copy number alterations, 
and cancer-related single-nucleotide polymorphisms (SNPs) 
have been discovered in clinical cancer patient samples [2]. 
Interestingly, the majority of these gene alterations are in the 
noncoding regions of the genome [3–5]. Among these non- 
coding genes, long non-coding RNAs (lncRNAs) are emerging 
as a new class of indispensable players involved in the tumor
igenesis [3,5,6]. Moreover, the dysregulation of a number of 
lncRNA targets has been reported to associate with the stage 
and prognosis of many tumor types [7,8] including breast cancer 
[9,10], lung cancer [11,12], and liver cancer [13,14], as well as 
linked to resistance against chemotherapy and targeted therapy 
[15,16]. For example, the overexpression of the lncRNAHOX 
transcript antisense intergenic RNA(HOTAIR) promotes the 
metastasis of breast cancer cells [17]. The overexpression of the 
lncRNA Breast Cancer Anti-Oestrogen Resistance 4(BCAR4) 
correlates with advanced breast cancer, metastasis and anti- 
oestrogen resistance [18]. Although much has been learned 
about the multiple functions of lncRNAs in tumour cell prolif
eration, apoptosis, migration, invasion, and maintenance of 
stemness during cancer development [19,20], little is known 
about their potential roles in regulating tumour immunity as 
tumour cell intrinsic factors that affect cancer immunotherapy. 

Potential roles of LncRNAs as tumour intrinsic factors 
in cancer immunotherapy

In recent years, breakthroughs in the field of tumour immu
notherapy have greatly improved the effectiveness of tumour 

treatments. Nevertheless, only a small percentage of people 
benefit from tumour immunotherapy, and the majority of 
patients develop primary or secondary resistance upon treat
ment [21]. Although there are many studies focusing on the 
causes of tumour cell resistance, the detailed mechanisms of 
this process are still unclear. Recently, some tumour asso
ciated lncRNAs have been recognized as tumour cell intrinsic 
factors that mediate tumour cell escape of immune surveil
lance. These tumour-associated lncRNAs may play a vital role 
in immunotherapy resistance [22,23]. For example, our 
laboratory and other groups have demonstrated that abnor
mally highly expressed lncRNAs in tumour cells can assist 
tumour cells with completing immune escape by mediating 
tumour cell antigen-presenting pathways and regulating 
tumor cell PD-L1 expression. In our recent work, we found 
that high expression of long intergenic non-coding RNA for 
kinase activation (LINK-A) facilitates breast cancer cell escape 
of immune surveillance [24]. Song et al. reported that 
HOTAIR overexpression in gastric cancer cells might also be 
involved in tumour cell immune escape mechanisms invol
ving HLA-G up regulation via inhibiting miR-152 [25]. The 
lncRNA metastasis-associated lung adenocarcinoma tran
script 1 (MALAT1) has been found to positively regulate the 
expression of PD-L1 in diffuse large B-cell lymphoma
(DLBCL) through sponging miR-195, thus promoting cancer 
cell migration and immune scape by regulating proliferation 
and apoptosis of CD8+ Tcells [26]. Alternative pathways 
through which lncRNAs may influence immunotherapy resis
tance in non-tumour cells, such as immune cells, require 
further investigation to comprehensively illustrate the role of 
lncRNAs in modulating immunotherapeutic efficacy. Taken 
together, lncRNAs have been found to play important roles in 
pathways associated with immune function, providing 
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a foundation for mechanistically exploring and establishing 
the significance of their expression in cancer cells.

The LncRNA LINK-A correlates with breast cancer 
development in a LINK-A-expressing mouse model 
and human breast cancer patients

Recent works from our lab further demonstrated how LINK- 
A functions to down regulate cancer cell antigen presentation 
and intrinsic tumour suppression [24]. LINK-A was originally 
identified in the cytoplasm and shown to be highly expressed 
in triple-negative breast cancer(TNBC). Further studies 
demonstrated that LINK-A-dependent signaling pathway acti
vation promotes breast cancer glycolysis reprogramming and 
tumorigenesis [27]. RNA Scope analysis further supported the 
conclusion that higher LINK-A expression correlates with the 
advanced lymph node metastasis stage and shorter survival 
times for breast cancer patients [9,27]. Recently, we reported 
that conditional expression of LINK-A in mouse mammary 
glands – MMTV-Tg(LINK-A) – results in mammary gland 
hyperplasia by 12 weeks of age and ductal carcinoma in situ 
(DCIS) by 19 weeks of age. The median tumour-free survival 
for MMTV-Tg(LINK-A) animals is 161 days (< 6 months), 
and about 90% of tumour-bearing mice exhibit lung metas
tases. Additionally, these tumours show morphological resem
blance to human breast adenocarcinoma. Genetically, 
MMTV-Tg(LINK-A) tumours harbour a similar mutation 
burden to human TNBC and exhibit non-silent somatic 
mutations of Trp53 and Pik3ca genes. MMTV-Tg(LINK-A) 
tumours also show transcriptional co-clustering with human 
basal-like breast cancers compared to other subtypes [24]. 

Metabolically, MMTV-Tg(LINK-A) breast tumours model 
human TNBC metabolic signatures.

LINK-A serves as tumour intrinsic factor that 
regulates antigen presentation in breast cancer cells

LINK-A facilitates the association between phosphatidylinosi
tol (3,4,5)-trisphosphate (PIP3) and inhibitory G-protein 
coupled receptors(GPCRs) (CNR2, HRH1, ADA2A, ACM4 
and OPRM), facilitating the recruitment of the Gi alpha sub
unit to GPCRs. The expression of LINK-A leads to reduced 
cyclic AMP (cAMP) levels, inactivation of cAMP-dependent 
protein kinase (PKA), and PKA-mediated phosphorylation of 
the E3 ligase TRIM71 (also known as LIN-41) at Serine 3. 
Consequently, TRIM71 catalyzes K48-linked polyubiquitina
tion and proteasome-mediated degradation of Rb, p53, and 
peptide-loading complex (PLC) components upon LINK-A 
expression (Figure 1). Treating MMTV-Tg(LINK-A) tumour- 
bearing mice with LINK-A Locked Nucleic Acids (LNAs) or 
Rauwolscine, an antagonist of Adrenoceptor Alpha 2A 
(ADA2A), led to stabilization of Rb, p53, and the PLC com
ponents and improved the infiltration and cytotoxicity of 
tumour-resident CD8+ Tcells in vivo. When combined with 
immune checkpoint blockers, the LINK-A LNAs or 
Rauwolscine treatments exhibit synergistic efficacy in repres
sing breast tumour growth. Most importantly, human breast 
cancer tissues with high LINK-A expression are associated 
with decreased activated CD8 + T cell and antigen- 
presenting cell (APC) tumor infilitration. LINK-A up regula
tion and PLC down regulation are correlated in TNBC 
patients whose tumours are resistant to anti-PD-1 immu
notherapy. Taken together, these research findings introduce 

Figure 1. Molecular mechanisms of the effect of LINK-A expression on antigen presentation machinery.
Under low LINK-A expression levels (top), cAMP-dependent protein kinase (PKA)-mediated phosphorylation of TRIM71 is uninhibited, preventing the poly- 
ubiquitination and subsequent degradation of PLC components. Under high LINK-A expression levels (bottom), the presence of LINK-A inhibits the PKA-mediated 
phosphorylation of TRIM71, which results in poly-ubiquitination of PLC components and diminished antigen presentation on the cell surface. 

1626 S. D. EGRANOV ET AL.



the new paradigm that specific lncRNAs act as oncogenes in 
the development of breast cancer that resembles human 
TNBC, situating lncRNAs as viable therapeutic targets. 
A lncRNA-directed targeted therapy using LNAs could serve 
as a promising strategy for improving breast tumour antige
nicity and sensitizing TNBC patients to immunotherapy. 
Further insights into the therapeutic potential of targeting 
lncRNAs in TNBC might therefore yield important considera
tions for improving the treatment efficacy and survival out
comes of future immunotherapies.

Concluding remarks and future perspectives

The discovery and functional study of lncRNAs as tumour 
intrinsic factors show promise for expanding our horizons on 
the regulatory mechanisms of cancer. Although we have rea
lized the importance of lncRNAs in regulating tumour cell 
immune escape, this represents only the tip of the iceberg. 
How lncRNAs affect the tumour microenvironment and reg
ulate the function of tumour immune cells still requires 
further research to determine clinical application prospects. 
Likewise, the emergence of lncRNAs as key players in the 
regulation of immunotherapeutic efficacy in tumour cells 
suggests that the study of tissue-specific lncRNAs and how 
they further influence immune resistance/immunotherapy 
may serve as an interesting direction for future research. 
Taken together, the expression of lncRNAs situates them as 
promising targets for cancer immunotherapy.
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