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Abstract: The noncoding RNAs (ncRNAs) are small transcript sequences that do not encode 

proteins but participate in the regulation of gene expression at the post-transcriptional level playing 

important biological roles such as proliferation and differentiation. In the tumor microenvironment, 

the dysregulated immunological response can participate in the progression and negative 

phenotype of cancer, the variability of switch cell differentiation and activation of the different 

immune cell lineages showed differential regulation by the type of cancer. Recent evidence showed 

that the upregulation of lncRNA can be used as a biomarker and predictive indicator for cancer 

progression. The use of lncRNA to turn off the tumor immune response and activate the anti-

tumoral immune response is day by day a promising reality for the control of cancer. However, is 

imperatively elucidated the role of each ncRNA identified as well as its respective molecular 

pathways regulated, including the immune checkpoints, before its application at the clinical level. 

The correct delivery of lncRNA or mimics to inhibit its expression using the most efficient carriers 

to the cell or cellular organelle is a science that should continue to be developed. 
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1. Introduction 

The transcriptome analysis of humans, plants, fungi, and invertebrate genomes contains a large 

number of RNA transcripts that have low or null protein-coding potential, these sequences are 

defined as non-coding RNAs (ncRNAs) (1, 2). The ncRNAs can be separated into two classes, 

according to the length of the sequences, small and long ncRNAs (2-4). The first one involves the 

microRNAs (miRNAs), these ~22 nucleotides in length regulate gene expression mainly at the post-

transcriptional level. The endogenous small ncRNA comprises mainly: small transfer RNA (tRNA), 

ribosomal RNA (rRNA), small interfering RNA (siRNA), and microRNA (miRNA) (4). The last one 

is the evolutionary conserved RNA molecule that presents its precursors usually in clusters within 

intergenic regions and introns of protein-coding genes and is less found in exons and antisense 

transcripts. In general, it is widely accepted that siRNA binds to target mRNA, this mainly occurs in 

the cytoplasm to interfere with protein production with the assistance or not of the RISC complex (4).  
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On the other hand, long ncRNAs (lncRNAs) are sequences of more than 200 nucleotides that 

cannot encode proteins. LncRNAs have been classified, according to the genomic localization and 

orientation, into intergenic lncRNAs  (lincRNAs),  intronic lncRNAs, natural antisense transcripts, 

pseudogenes (without producing protein), and retrotransposons (5). Interestingly, lncRNAs can 

regulate the expression of nearby genes on the same allele (in cis) or regulate genes at other genomic 

locations across the genome (in trans) (6). In general, lncRNAs can display various biological roles 

such as proliferation, differentiation, and cell development by different cellular pathways (2). 

Regarding localization, lncRNAs have been found to localize at both nuclear and cytoplasmic 

compartments where they bind to DNA, RNA, or proteins to exert their functions. In the nucleus, 

they interact with transcription factors, chromatin-modifying complex, or ribonucleoproteins, 

thereby altering the transcription of target genes (7, 8). Likewise, in the cytoplasm, lncRNAs display 

the regulation of mRNA and proteins (9, 10). Importantly, various preclinical and clinical studies 

showed that dysregulated expression of lncRNA is associated with the development of several 

diseases, including cancer. In cancer, lncRNAs can act like tumor suppressor genes (11) or oncogenes 

(12) depending on the downstream target pathway regulated by them. Furthermore, the expression 

profile of certain lncRNAs can be used as a biomarker for disease progression, survival, and 

chemoresistance (13, 14). However, the majority of lncRNAs identified warrant further verification 

and clinical explorations (2). Further studies revealed that lncRNAs are implicated in the regulation 

of inflammatory signaling pathways, innate immune response, and T cell differentiation and 

activation (15-17). In this review, we summarize the current state of knowledge regarding the pivotal 

role of lncRNAs in regulating immune responses in cancer.  

2. Overview of tumor immunity 

The tumor microenvironment is orchestrated by several intricate factors that involve crosstalk 

between cancer cells, noncancer vicinity cells, extracellular matrix, immune cells, and inflammatory 

mediators e.g., chemokines and cytokines, where the regulation is by the stage of the disease and the 

organ affected (solid or not solid tumor) (18-20) (Figure 1).  

 

Figure 1. Long-non-coding RNA in the tumor microenvironment. A) Tumor cells produce different 

types of molecules including cytokines (e.g. TNF-α, IFN-Ɣ, VEGF, IL-6, IL-8), chemokines (e.g. CCL5, 

CXCL12, CXCL13), extracellular matrix (ECM) and lncRNA, which promotes angiogenesis and 

changes in the phenotype of organ cells and dysregulated cell proliferation. B) Healthy adjacent cells 

receive and recognize the cell signaling of lncRNA in cytoplasm and nucleus, additionally, the cellular 

immune system releases soluble mediators, taken together induce changes and transformation to 
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tumor phenotype cells. C) the analysis of systemic circulation to identify specific types of LncRNA 

can be used as biomarkers as predictive molecules for cancer status. D) Moreover, some lncRNA 

could be related to metastasis and tumor inductors. E) It is possible that naturally circulating lncRNA 

produced by the immune system, stem cells, or another source can participate in tumor control. F) 

Thus, the exogenous administration of specific lncRNA by the target organ could be used as a strategy 

to control angiogenesis, cell proliferation, inhibition of cell differentiation, regulation of ECM 

production, and regulation of immune cells. 

The dysregulated control of inflammation contributes importantly to the initiation, promotion, 

and metastasis of cancer. Clinical experiences have demonstrated that the use of anti-inflammatory 

drugs displays anticancer activity (21-23). NK cells act directly in the elimination of tumor cells; in 

the same manner, cytotoxic T lymphocytes can detect tumor antigens expressed on carcinoma cells 

and target those cells for destruction, and inhibit angiogenesis by secreting IFN-γ (24). Tumor-

associated Macrophages (TAM), mainly M2 phenotype, can promote tumor proliferation and 

metastasis, whereas myeloid-derived suppressor cells (MDSC) and regulatory T (Treg) cells are the 

main components of the immune suppressive tumor microenvironment (TME) that induce T cells 

dysfunction thereby increasing tumor progression and metastasis (25, 26). Furthermore, the 

exogenous regulation of several microenvironmental factors has been emerging as a promising 

strategy against cancer treatment (27) (Figure 1).  

The role of ncRNAs in tumorigenesis has been investigated in a wide array of cancers. In this 

setting, ncRNAs regulate proliferation, differentiation, apoptosis, necrosis, autophagy, immune 

response, and inflammation (17, 27-29). In colorectal cancer, it was reported that tumor suppressor 

miR-195-5p promotes TAM polarization by the suppression of NOTCH2 expression (30). 

Furthermore, the exosomal miRNAs (miR-934, miR-25-3p, miR-130b-3p, miR-425-5p) can induce the 

activation of the CXCL13/CXCR5 or CXCL12/CXCR4 axis in colorectal cancer cells, which in turn 

activate TAM polarization and metastasis to liver (31). On the other hand, lncRNAs such as lnc-EGFR, 

lncRNA SNHG1, Flicr, and Flatr can orchestrate the correct function and differentiation of Tregs (31). 

Moreover, lnc-EGFR has also been shown to stimulate Treg differentiation, inhibit cytotoxic T 

lymphocyte activity, and induce hepatocellular carcinoma (HCC) growth (32). In contrast, NIFK-AS1 

lncRNA inhibited the M2-like polarization of macrophages, proliferation, migration, and invasion of 

endometrial cancer, at least in part, by inhibiting miR-146a (33). The formation of an 

immunosuppressive microenvironment, has been observed by the activity of lncRNAs over immune 

check points, like as lncRNA, MALAT1, that can upregulate the expression of PD-L1 through miR-

195 and miR-200a-3, respectively (34). Additional information on lncRNA can be found below. The 

cellular communications through the different components in the TME are undoubtedly complex, 

however, during the last 10 years the role of immune response in regulating tumor development has 

made major progress. Nowadays, the concept of switching the negative immune response or tumor 

profile to an antitumor profile is latent, and possibly it will be a reality shortly (Figure 1). 

Nevertheless, is imperative a continuing study of the molecular and cellular pathways regulated and 

their clinical implications. Here, we emphasize the importance to eliminate the malignant cells to 

abrogate the drug resistance and their elimination without giving rise to an adverse 

microenvironment, using the owner immune modulation.  

3. Role of lncRNAs in cancer  

Cancer is the second leading cause of death globally which causes approximately 10 million in 

2020 (35). In the US, the lifetime probability of developing cancer is ~44% for men or ~38% for women, 

respectively (36). It is well known that cancer involves a heterogeneous group of diseases that possess 

important hallmarks such as: maintained proliferative signaling; evasion of growth suppressors; 

allowing replicative immortality; activation of metastasis; promoting angiogenesis and resisting cell 

death. Thus, in general, the unifying feature is the multiplication of abnormal cells that grow beyond 

their natural boundaries (37). The knowledge of lncRNAs is an area of biological interest that has 

already received great attention in recent years. Moreover, it has been shown that dysregulated 
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expression of lncRNAs has been detected in a wide array of cancers and they show differential 

expression patterns in different malignancies. Furthermore, some lncRNAs can act as oncogenes 

whereas others can act like tumor suppressor genes and this feature renders lncRNAs as potential 

diagnostic/prognostic biomarkers in cancers (38-40) However, this is not an easy task, because this 

requires considering the correct identification, stratification, patient personalization, drug delivery, 

and toxicity of the lncRNA (1, 3, 41).  

In the context of tumor-promoting actions of lncRNAs, Elsayed et al. revealed that PRKAR-1B 

AS2 lncRNA promotes tumor growth and survival of ovarian cancer and knockdown of PRKAR1B-

AS2 by specific siRNA reduced tumor growth and sensitized the response to cisplatin in both in vitro 

and in vivo mouse models of ovarian cancer. Mechanistically, PRKAR1B-AS2 lncRNA was found to 

promote tumor growth, at least in part, by positively regulating the PI3K/AKT/mTOR pathway (40). 

Furthermore, it was found that the steroid receptor RNA activator (SRA) serves as a coactivator of 

the progesterone receptor (PR), estrogen receptor (ER), glucocorticoid receptor (GR), and androgen 

receptor (AR); interestingly these steroid receptors have been implicated in tumors of reproductive 

organs in males and females (42). In 2011, almost 200 putative long ncRNAs derived from promoter 

regions of cell cycle genes were identified during the cell cycle, and their expression profiles showed 

alteration under certain oncogenic stimuli, stem cell differentiation, or DNA damage (43). The newly 

discovered long ncRNAs are more and more recognized as active molecules instead of 

“transcriptional noise” and pieces of evidence are accumulating that some of them have critical roles 
in carcinogenesis by influencing tumor cell proliferation (37). 

Moreover, cancer cells showed replicative immortality; it is known that in normal conditions cell 

death can be occurred by apoptosis. However, several studies have shown the ability of malignant 

tumors to attenuate apoptosis and become resistant to different therapeutic modalities. The death 

cellular process can be induced by various external or internal stimuli. Chemotherapeutic agents such 

as cisplatinum, and etoposide induce DNA damage, with subsequent induction of apoptosis via the 

p53-dependent pathway (44). Regarding tumors, they show an increased expression of survival 

factors or anti-apoptotic regulators like Bcl-2 and Bcl-xL (37, 45, 46). For example, two lncRNAs, with 

antiapoptotic functions were identified in prostate and squamous carcinoma cells, the PCGEM1 

(Prostate-specific transcript 1) and CUDR (cancer upregulated drug resistant). Multiple analyses by 

northern blot support the exclusive expression of PCGEM in the human prostate, additionally, the 

overexpression of this oncogenic lncRNA has been related to the risk of prostate cancer (47). 

Moreover, a functional study of PCGEM1 demonstrates that the overexpression of PCGEM1 In 

LNCaP cells (Lymph Node Carcinoma of the prostate) results in apoptosis inhibition induced by 

doxorubicin, briefly, the authors reported the significant delay of P53 and p21waf1/Cip1 induction in 

LNCaP cells overexpressing PCGEM1, after the treatment by doxorubicin compared with non-

overexpressed cells. The inhibition of PARP cleavage by PCGEM1 overexpression was also reported 

in LNCaP-PCGEM1 cells treated with etoposide and sodium selenite(48). Similarly, CUDR gene 

overexpression in human squamous carcinoma A431 and A10A cells was more resistant to drug-

induced apoptosis by doxorubicin and etoposide. The analysis by western-blot revealed that the 

stable transfection and overexpression of CURD results in the down-regulation of caspase 3 (49).; it 

is possible that shortly, these lncRNAs can be used as a therapeutic target for these types of tumors.  

Meanwhile, necrosis, which sometimes refers to "uncontrolled" cell death can either eliminate 

cancer cells or promote their expansion. Necrotic cells usually attract pro-inflammatory cells, which 

in turn can activate angiogenesis, cancer cell proliferation, and invasiveness (50). Thus, more studies 

are necessary to fully understand the double-edged nature of this process and how it can be 

manipulated to achieve a beneficial effect for the patient (51).  

4. lncRNAs as tumor biomarkers  

One of the features to increase the survival of cancer patients is the development of new 

biomarkers for the prompt diagnosis of different tumor types. Interestingly, some studies have 

indicated that aberrant expression of lncRNAs is associated with the development of certain cancers. 

Thus, lncRNAs could be good candidates as tumor biomarkers because they have high specificity 
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and sensitivity and do not require invasive procedures for their detection (52) (Figure 1). For example, 

regarding the aberrant expression of the lncRNAs, namely HULC and Linc00152, the authors report 

that their expression is significantly higher in hepatocellular carcinoma compared to normal liver 

tissues (53). Similarly, prostate cancer gene 3 (PCA3, a lncRNA) has been considered a biomarker of 

prostate cancer (54). Another example is the recent identification of many dysregulated lncRNAs in 

non-small-cell lung cancer (NSCLCs) where the authors propose that almost 30 lncRNAs could be 

used for screening of effective and specific biomarkers of NSCLCs (55, 56). Therefore, it is possible in 

the future that some lncRNAs which have immune modulating properties (e.g. lncRNA-Cox 2, linc 

1992 / THRILL, lncRNA-IL7R, HOTAIRM1, and lnc-DC) could be included as routine biomarkers for 

cancer. Other important criteria to use lncRNAs as biomarkers are the detection methods, possible 

sources of circulating lncRNAs,  the outline of the biological functions, and expression level of the 

most significant lncRNAs in tissues, cell lines, and body fluids (whole blood, plasma, urine, gastric 

Juice, and saliva) of different kinds of tumors (52) (Figure 1). In the immunological context of   

Cytotoxic T lymphocytes (CTL) by miRNA, it has been reported the feasibility to detect tumoral CTL 

activity non-invasively using CD8 antibody-conjugated magneto-plasmonic nanoparticles (MPNs) 

that are suitable for whole-body magnetic resonance (MR), and local optical and photoacoustic (PA) 

imaging in an ovarian experimental model (57). Similar strategies can be used after lncRNA 

treatment. Moreover, to enhance the clinical translation potential of these therapeutic modalities, its 

necessary to address further developing non-invasive imaging methods using MPNs to monitor CTL 

activity in tumors following therapy. 

5. Activating antitumor immunity using long non-coding RNAs 

The high recurrence rate presents a major challenge in the clinical management of some cancers, 

such as high-grade serous ovarian cancer (HGSOC) with a high recurrence due to largely incomplete 

eradication of tumor cells by standard therapy (58, 59). The stimulation of own immune system to 

recognize and attack tumor cells is an attractive means to facilitate the complete elimination of tumors 

(60). It has been observed that infiltrating cytotoxic T-cells (CTLs) can be localized in tumor sites, 

however, these germinal cells are only present in a small proportion, probably T cell lack either 

distinctive antigenic peptides or the adhesion or co-stimulatory molecules necessary to elicit a correct 

primary T-cell response (61). The difficulty to induce an effective anti-tumor immune response 

largely stems from the highly immunosuppressive microenvironment present in tumors and thus far, 

no effective immunostimulatory strategies have been developed to effectively enhance CTL activity 

(61, 62). The use of specific lncRNAs to relieve the immunosuppressive networks in tumors could 

allow CTLs to infiltrate and kill tumor cells, as we argue in this review. LncRNAs can regulate 

multiple pathways simultaneously that can prevent pathway redundancy or resistance, a feature 

which cannot be achieved by many other therapeutic agents, therefore, they may serve as promising 

agents for enhancing CTL function in several tumors (41).  

6. LncRNAs and innate immune response 

The first report of the controlling immune gene by lncRNAs in innate immune responses was 

observed by Guttman et al. in 1999 (63, 64). In this sense, studies of the innate immune responses 

mediated by Toll-like-receptors (TLRs) showed a promising biological role in cancer regulation (65). 

TLRs are usually involved in the recognition of specific pathogen-associated molecular patterns 

(PAMPs) derived from bacteria, viruses, fungi, and protozoa.  The activation of the receptors allows 

a coordinated immune response to clear the infection and eliminate the pathogens (66, 67). Likewise, 

TLRs play a crucial role in tissue homeostasis by regulating wound healing, non-infectious 

inflammation, and tissue regeneration (68, 69). The regulation of inflammatory mediators (cytokines, 

acute proteins, antimicrobial peptides, among others) by lncRNAs via TLRs is not fully studied (70, 

71). However, some studies reported that TLR4 and TLR7/8 can be activated by specific agonists (LPS, 

and R848 synthetic antiviral compound) that increased the expression of lncRNA-Cox2 via MyD88-

NFkB pathway (16). The lncRNA-Cox2 showed nuclear and cytosolic localization in murine bone 

marrow-derived macrophages (BMDMs) (72); the regulation of lncRNA-Cox2 participated both in 
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the activation and repression of immune responses. Moreover, the complex of lncRNA-Cox2 with 

hnRNP-A/B and hnRNP-A2/B1 can regulate the repression of CCL5 (70, 73). This immune mediator 

participates in the recruitment of T cells, eosinophils, neutrophils, and basophils to the inflammatory 

site. Furthermore, CCL5 levels correlated with tumor progression and prognosis in patients with 

gastric cancer, whereas in breast cancer CCL5 produced by breast cancer cells increase the production 

of matrix metalloproteinase by T cells and/or monocytes. Interestingly systemic treatment of mice 

with neutralizing anti-CCL5 antibodies reduced the extent of subcutaneous tumors, liver metastases, 

and peritoneal carcinosis. In a similar context, knockdown of CCL5 from CT26 (mouse colon tumor 

cells) inhibits apoptosis of CD8+ and as a consequence reduces the size of the tumor in the mice model 

(74, 75). For example, the activation of natural killer cells (NK) is mediated by this inflammatory 

chemokine. In this setting, it is important to comment that NK cells display rapid and potent 

immunity against tumors and this promising therapy is currently being explored in clinical patients 

(75). It is feasible that the use of lncRNA-Cox2 could modulate cytokines production and, 

consequently, prevent or diminish cancer progression by the regulation of immune cells.  

On the other hand, in the human monocyte cell line (THP-1), it was reported a positive and 

negative feedback system produce TNF-α and IL-6 cytokines via TLR2, and this production was 

found to be regulated by the lncRNA linc1992/THRIL (76). This regulation was analyzed by pull-

down assay and RIP assay, where linc1992 and hnRNPL showed a formation of an RNP complex in 

vivo. Moreover, the ChIP assay revealed that hnRNPL binds to the TNF-α promoter region, while the 
knockdown of linc1992 showed a reduced binding of hnRNPL to the TNF-α promoter region (76). 

TNF-α cytokines have potent anti-tumoral properties, as the name implies causing cancer cell death 

(77). TNF could be an endogenous tumor promoter because TNF stimulates tumor growth, 

proliferation, invasion, metastasis, and angiogenesis. However, TNF could be a cancer killer, and the 

antitumor role may involve immune responses e.g., promoting tumor stromal destruction by CTL or 

tumor-infiltrating macrophages (78). However, TNF-α could stimulate proliferation, survival, 
migration, and angiogenesis in most cancer cells resulting in tumor promotion. Conclusively, TNF-α 
plays the role of a double-edged sword that could be either pro- or anti-tumorigenic (77).  

In addition, lncRNA microarray analysis showed that the stimulation of THP-1 cells with a TLR4 

agonist (LPS) induces the expression of almost 443 lncRNAs by more than twofold and decreased the 

expression 718 lncRNAs more than twofold (73). In human peripheral blood mononuclear cells, Lnc-

IL7R was one of the most up-regulated lncRNA after TLR4 and TLR3 activation by 

lipopolysaccharide and Pam3CSK4, respectively (79). In addition, a negative expression of E-selectin, 

VCAM-1, IL-8, and IL-6 was observed following TLR4 stimulation (79). The mechanism by which 

lncRNA-IL7R regulated E-selectin and VCAM-1 is dependent on the methylation of histone H3 at 

lysine (H3K27me3) (79). Moreover, increased plasma levels of VCAM-1 and E-selectin are associated 

with the advanced stage of breast cancer and with the presence of circulating cancer cells (80). 

Activation of different TLRs in cancer cells results in an inflammatory response that promotes 

tumorigenesis, however, TLR has been found to induce strong antitumor activity by indirectly 

activating the tolerant host immune system to destroy cancer cells (65). Therefore, the specific 

modulation of TLRs by a novel or typical agonist could stimulate the expression of specific lncRNAs 

that participates in immune checkpoints. Those lncRNAs could be used as a promising new strategy 

to treat cancer cells. More examples of ncRNA and the regulation of innate immune response can be 

revised in detail in the recent extensive review published (16). 

7. lncRNA and cellular immune response  

It is known that immune cells have a direct relationship with the progression or resolution of 

cancer (6), however, a specific lineage differentiation induced by lncRNA as a therapeutic strategy 

against cancer, is not been explored yet. LncRNAs are expressed by monocytes, macrophages, 

dendritic cells, neutrophils, T cells, and B cells. Moreover, it has been reported that these expressions 

are in direct relation to their different immune cellular stages (6). The stimulus for lncRNA expression 

includes development, differentiation, activation, and immune responses through different 
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mechanisms, such as dosage compensation, imprinting, enhancer function, and transcriptional 

regulation (15, 81) (Figure 1).  

The differentiation of immune cells (myeloid and lymphoid lineage) occurs in normal 

conditions, however, under an infectious or inflammatory process, the immune cells can be 

differentiated (82, 83). Recently, several lncRNAs during the stages of B cells differentiation: pre-B1, 

pre-B2, immature, naive, and memory, as well the study involves the identification of lncRNA from 

plasma cells from human bone marrow, naive, memory, and plasma blast cells. This meta-analysis 

could be a previous step of lncRNA identification associated with malignant lymphomas originating 

from the distinct stages of normal B-cell, in particular from the germinal centers of B-cells (84).  

Furthermore, during the inflammatory process or infectious diseases, hematopoietic 

differentiation is an important feature that participates in the clearance or progression of infection or 

the inflammatory process (85). The lncRNA called HOX antisense intergenic RNA myeloid 1 

(HOTAIRM1) participates in the differentiation of hematopoietic cells. HOTAIRM1 is the most 

transcript expressed during induced granulocytic differentiation in NB4 promyelocytic leukemia cell 

line and neutrophils (86). Besides, neutrophils have a classical role in antimicrobial functions and can 

also have a significant impact on the tumor microenvironment; through cytokines and chemokines 

production, which allows inflammatory cell recruitment and activation. Additionally, reactive 

oxygen species and proteinases released by neutrophils have specific roles in regulating tumor cell 

proliferation, angiogenesis, and metastasis (87). However, it has been demonstrated that infiltrating 

neutrophils in bronchoalveolar carcinoma, melanoma, renal carcinoma, and head and neck 

squamous cell carcinoma (HNSCC) is an indicator of poor prognosis. Future studies need to be 

performed to induce or not neutrophil differentiation as a cancer strategy, thus the use of lncRNA 

can be a promissory strategy to do that.  

On the other hand, dendritic cells (DCs) are considered "nature’s adjuvants" that can control 
immune tolerance and active immunity; these cells also participate as natural agents for antigen 

delivery. In addition, DCs displays immunologic effects on tumors (88). Mouse models of cancer 

demonstrate that DCs can capture tumor antigens that are released from tumor cells and cross-

present these antigens to T cells in tumor-draining lymph nodes. This results in the generation of 

tumor-specific CTLs that contribute to tumor rejection. Thus, DCs represent important targets for 

therapeutic interventions against cancer. Moreover, it was recently found that lnc-DC (a lncRNA) 

was upregulated during human DC development. In specific, lnc-DC bound directly to STAT3 and 

maintains its phosphorylation (89). Likewise, knockdown of lnc-DC was shown to have functional 

consequences, such as deficient expression of membrane receptors required for T cell activation that 

include CD80/86, HLA-DR, and CD40, impairment in antigen, and decreased IL-12 production after 

stimulation (90). Therefore, further studies are required to better understand the role of lnc-DC in DC 

differentiation. In the future, a concordance between lncRNA regulation and immune cell 

differentiation could be used as an alternative strategy that would define cancer progression. 

8. Adatative immunity  

Usually, adaptative immunity refers to B and T cells, it is known that ncRNA can exert important 

regulation in lymphocyte biology such as the relation of NKkB, NOTCH,  MYC, and TCR/CRR 

signaling, additionally, lncRNA are related to cell effect functions(16). Examples of lncRNA include 

lincrR-Ccr2-5AS, GAS5, and NeST, which regulate TH2 cells, TH17, and CD8+ cells, respectively. 

The analysis of expression and regulation of intergenic lncRNA during T cell development and 

differentiation revealed that lincrR-Ccr2-5AS, an associated gene involved in the chemokine-

mediated signaling pathway, plays and crucial role in cell differentiation and migration. Briefly, 

lymphocytes that were knocked down showed down-regulation of Ccr1 to Ccr5 (essential chemokine 

receptor for migration), moreover, the authors showed that CD45+ cells with low lincrR-Ccr2-5AS 

expression displayed impaired migration to the lungs in mice model (91). 

The correct proliferation of lymphocyte populations is necessary for the correct regulation of the 

immune response and prevention of leukemic and autoimmune disease, in this context the growth-

arrest-specific transcript 5 (GAS5) is crucial for the normal growth arrest in T-cell and 
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nondifferentiated lymphocytes. The overexpression of GAS5 results in an increased rate of apoptosis 

and reduction of cell-cycle progression promoting an important reduction f lymphocyte 

populations(92). The use of this lncRNA as a target can be used in the control of leukemia and/or 

other types of cancer.  

The NeST (nettoie Salmonella pas Theiler’s [cleanup Salmonella not Theiler’s]  showed in a 
murine model that binds to WDR5 (histone component H3 lysine 4 methyltransferase complex 

promoting the alteration of histone 3 methylation at the IFN-γ locus, thus the authors conclude that 

this lncRNA regulates epigenetic marking of IFN, promoting susceptibility to a viral and bacterial 

pathogen (93). This could be extrapolated to the human being, with the intrinsical consequences in 

the dysregulation of IFN-γ activity in cancer and other pathologies.   

It is important to mention that the immune and adaptative response works together in an 

intricate network for the correct function and elimination of pathogens or tumor cells. Thus, slight 

alterations in the correct function can affect the communication network and alternate the correct 

function of immunity. It is possible that in the coming years, a new lncRNA related to adaptative 

response can be incorporated in the field of cancer and other chronic and acute disease.     

9. Immune checkpoints and lncRNA  

Another mechanism of the cancer cell to evade the elimination by immune cells involve the 

expression of immune checkpoint molecules. The cell signaling of tumor cells promotes the 

downregulation of immunoreceptors, that in consequence causes the overstimulation of inhibitory 

immunoreceptors (94, 95). Thus, the block of the activation of inhibitory immunoreceptors could 

reactivate the antitumoral functions of immune cells, this has been explored at the experimental level 

and can be extrapolated into clinical settings shortly. At present, a variety of inhibitory 

immunoreceptors related to cancer have been identified such as PD-1, (programmed cell death 

protein 1) CTLA-4 (T lymphocyte-associated antigen), LAG-3 (lymphocyte-activation gene 3), TIM-3 

(T cell immunoglobulin domain and mucin domain-3), TIGIT (T-cell immune receptor with 

immunoglobulin and ITIM domain) and BTLA (94). 

The programmed death protein 1 (PD-1) and its ligand 1 (PD-L1) are excellent examples of the 

importance of negative checkpoints in cancer. PD-1 is expressed on the surface of T cells and myeloid 

cells, whereas PD-L1 is present on the surface of tumor cells (96). The crosstalk between PDL-1 and 

PD-1 inhibits the proliferation and production of cytokines and turns off the cytotoxic activity of T 

cells (96). Currently, there are available antibodies against PD-L1 that showed great success in 

melanoma, leukemia, and lymphoma, however, their efficacy in solid tumors is limited (97). Recently, 

it was revealed that not only PD-1 and PD-L1 play a pivotal role in lung adenocarcinoma progression, 

but also lncRNAs derived from them. The authors found that the PD-L1 lncRNA splice isoform is 

upregulated by IFNγ, and promotes the proliferation and invasion of lung adenocarcinoma cells via 

the direct binding to c-Myc enhancing its transcriptional activity. The authors concluded that 

combined therapy of PD-Li and PD-L1-lnc needs to be considered in lung cancer treatment and it 

could be applied to other types of cancer as well (98). 

Additionally, for the regulation of PD-1/PD-1 pathway, it was reported that Lnc-OC1 enhances 

PD-L1 expression, allowing cell viability and inhibiting cell apoptosis in endometrial cancer cells (99). 

Similarly, many lncRNAs showed a positive correlation with PD-L1 in hepatocellular carcinomas 

(HCC), such as MIR155HG, PCED1B-AS1, and MIAT (100). The latter lncRNA was strongly related 

to the expression of PD-1, PD-L1, and CTLA4 in HCC, correlating with the immune escape by the 

regulation of JAK2, SLC6A6, KCND1 genes and resistance to sorafenib (100). During the last 5 years, 

several research groups have focused their efforts to obtain a prognostic, resistant, and aggressive 

signature of immune-related lncRNA in different cancers. The computational modeling and the 

simultaneous analysis of several cellular parameters allow for obtaining valuable information on 

immune checkpoints that probably can be used in clinical settings for the treatment of particular 

cancer patients shortly (101-103). 

10. Challenges in using lncRNAs for immunotherapy 
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As mentioned before, lncRNAs play complex and extensive roles in gene regulation through 

epigenetic, transcriptional, and post-transcriptional activity, hence lncRNA can be found in the 

cytoplasmatic and nuclear levels. Moreover, lncRNAs are transported to distal regions or organs into 

exosomes for intercellular communication (Figure 2). In the tumoral microenvironment, exosomal 

lncRNAs also display a pivotal role in the proliferation, immunosuppression, and chemoresistance 

of cancer cells (104). Considering the conditions mentioned above, the delivery of ncRNAs in specific 

cells can be considered one of the most important challenges. Another important challenge is the 

successful delivery of lncRNAs into tumor sites to enhance the immune response due to their rapid 

degradation in biological fluids by nucleases and the difficulty in their selective delivery to target 

cells. Moreover, the subsequent activity in the cytoplasm or nucleus is not an easy task during the 

design of therapeutic strategies for cancer treatment that involve the use of lncRNA. Several strategies 

to overcome the challenges of in-vivo delivery of lncRNA have been explored (105), such as cell-

penetrating peptides to induce dominant tolerance assisted by regulatory T cells (Treg) (106), the use 

of monoclonal antibodies for breast cancer (107) and aptamers to inhibit lung cancer cell invasion, 

tumor growth and angiogenesis (108). At present, the most common delivery strategies involve the 

use of viral and non-viral vectors.  

 

Figure 2. Transport and challnges of lncRNA. A) LncRNA are transported to distal organs by systemic 

circulation into exosomes, and microvesicles and bound to proteins, these lncRNA could participate 

in promoting tumors in other organs or as a mechanism to control the tumor microenvironment. B) 

The major challenge is the design of perfect formulation of carriers or strategies for the delivery of 

lncRNA, whatever of the strategies (lentiviral vectors, nanoliposomes, aptamers) allows maintain the 

stability of the lncRNA and does not produce immune reactivity. Moreover, the synthesis and 

administration of antibodies against lncRNA related to tumor development do not recognize proteins 

or molecules from the patient. C) Regarding the administration, the correct route needs to be 

performed and it is necessary to determine the standardized doses. D) Taken formulation and 

administration are part of the cornerstone to reaching the successful delivery of lncRNA in the cells 

at the cytoplasm, mitochondrial, or nuclei level. 

Lentiviral vectors are usually used in experimental conditions to achieve targeted lncRNA 

cellular overexpression and knockdown, but their real use is controversial (109). The third generation 

of lentiviral vectors has been showing safety in clinical trials to introduce genes in hematopoietic stem 

cells to correct primary immunodeficiencies, also the use of this strategy was explored to introduce 

genes into T cells CAR T-cell with clinical success in B malignancies. However, it is necessary more 

studies in the context of ncRNA and lentiviral vectors due to the theoretical possibility of insertion of 

oncogenes, however, this has not been demonstrated until now (110).  

The delivery of lncRNA using non-viral vectors includes the use of nanoliposomes; which has 

been used in preclinical studies, showing promising results (40, 111). Some nanoliposomes are 

composed of either cationic or cationic-anionic compositions. However, the composition that allows 
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the correct delivery in the nucleus is a continuous challenge. Nevertheless, the recent application of 

ASO-gold-TAT NPs targeting lncRNA MALAT1 in lung cancer noticeably suppressed tumor 

metastasis in an animal model, prolonging the survival of the animal until 80% (112). Additionally, 

innovative combinations of liposomes and lipid NPs are coupled with aptamers, antibodies, peptides, 

and protein ligands, among others to form an active or passive targeted drug delivery system (109). 

However, the stability, doses of lncRNA, immunogenicity, administration route, real risk, and 

pathological effects are uncertain, to diminish or eliminate these issues is necessary first a deep 

knowledge of lncRNA and its meticulous regulation. The approved drug database on the website of 

the FDA and EMA contains almost 14 types of liposomal products authorized, and two of them 

include the use of DOPC (1, 2-dioleoyl-sn-glycero-3-phosphocholine) for the delivery of adjuvants 

for vaccines and morphine and anesthetic delivery(113). It is important to consider the DOPC 

(nanoliposomes strategy because this has been providing successful in vivo trials of the effective and 

extensive delivery of miRNAs in the specific tissue in the miRNA system of ovarian cancer (114, 115). 

It is important to continue with the experimental and clinical trials to discover the most successful 

strategy for the delivery of lncRNA to resolve chronic and acute diseases, including the development 

of tumors or cancer by different etiologies.  

11. Conclusion and Perspectives 

The incessant study of lncRNA has provided new clues about the immune role in the tumor 

microenvironment; the implications include its use as a biomarker as well as a therapeutic target. At 

present extensive evidence about the control of immune response by several lncRNA has emerged 

(innate and adaptative immunity), this is an interesting field that can be explored to fight and 

eliminate tumors by harnessing the owner's immune modulation. However, before its clinical 

application, it is imperative to discriminate the role of each lncRNA by the type of cancer. Likewise, 

the development and design of novel strategies for the correct delivery of the ncRNA in the tumor is 

an essential challenge that needs to be resolved quickly in parallel studies. The correct combination 

of lncRNA target and delivery system can be reduced importantly the number of patients dying of 

cancer or could be used as an efficient tool to improve life expectancy in the coming years.  
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Abbreviations 

ncRNAs non-coding RNAs 

lncRNA long ncRNAsmiRNAs; microRNAs  

tRNA small transfer RNA 

rRNA ribosomal RNA  

siRNA small interfering RNA 

miRNA microRNA 

RISC complex RNA-induced silencing complex 

lincRNAs intronic lncRNAs   

TAM Tumor-associated Macrophages 

lncRNA SNHG1 long ncRNAs- small nucleolar RNA hot gene1 

Flicr Foxp3 long intergenic noncoding RNA 

Flatr Foxp3-specific lncRNA anticipatory of Tregs 

MDSC myeloid-derived suppressor cells 

TME tumor microenvironment  
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NOTCH2 Neurogenic locus notch homolog protein 2 

lnc-EGFR long ncRNAs- Epidermal growth factor receptor 

HCC hepatocellular carcinoma 

PD-L1 programmed death protein 1 ligand 

SRA steroid receptor RNA activator  

PR progesterone receptor 

ER estrogen receptor 

GR glucocorticoid receptor 

AR androgen receptor 

PCGEM1 Prostate-specific transcript 1 

CUDR cancer upregulated drug resistant 

Treg regulatory T cells 

DOPC 1, 2-dioleoyl-sn-glycero-3-phosphocholine 

PCA3 prostate cancer gene 3 

NSCLCs Non-small-cell Lung Cancer  

MPNs magneto-plasmonic nanoparticles 

MR magnetic resonance 

PA photoacoustic 

HGSOC high-grade serous ovarian cancer 

CTL cytotoxic T-cells 

TLRs Toll-like-receptors 

PAMPs pathogen-associated molecular patterns 

BMDMs bone marrow-derived macrophages  

NK natural killer cells 

THP-1 human monocyte cell line 

VCAM-1 Vascular Cell Adhesion Molecule 1 

HOTAIRM1 HOX antisense intergenic RNA myeloid 1 

HNSCC head and neck squamous cell carcinoma 

DCs dendritic cells 

CTLA-4 T lymphocyte-associated antigen 

LAG-3 lymphocyte-activation gene 3  

TIM-3 T cell immunoglobulin domain and mucin domain-3 

TIGIT T-cell immune receptor with immunoglobulin and ITIM domain 
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