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Abstract
Studies of genome suggest that the protein coding regions represent only around 

1-2% of the genome. Recent studies indicate that the majority of the genome is 
transcribed into non-coding RNAs (ncRNAs), which play a key role in gene expression 
regulation. They are roughly classified into either short ncRNAs with less than 200 
nucleotides or long ncRNAs (lncRNAs) with more than 200 nucleotides. While the short 
ncRNAs, have been well studied, lncRNAs have only started to shed their lights recently. 
Except having regulation functions for various diseases, lncRNAs have been shown to 
play a role in immune-response and immune cells. In this mini-review, we summarized 
the subtypes of lncRNAs, and further list the mechanism of how lncRNAs play their 
functions in immune systems.
Keywords: Immunity; Genome; Rib nucleoprotein; Phosphorylation.
Abbreviations: ncRNAs: Non-coding RNAs; lncRNA: Long Non-coding RNAs; miRNA: 
MicroRNA; siRNA: Small Interfering RNA; piRNA: Piwi-interacting RNA; SLE: Systemic 
Lupus Erythematosus; lincRNAs: Intergenic long Noncoding RNAs; AID: Autoimmune 
Disease; satRNAs: Satellite RNAs

Introduction
LncRNAs have been extensively expressed in cells. By deep sequencing analyzing, 

they are shown to be cell type and tissue type specific at different developmental stages. 
For instance, some lncRNAs are shown specifically expressed in pancreatic cancer, and 
therefore could be considered as markers [1]. Researches showed that knock down or 
block the lncRNA could regulate its targeted gene expression. Theoretically, lncRNAs 
contain domains that allow them to bind to proteins or RNA/DNA sequences, thus they 
could control gene expression. The main way is regulating expression of neighboring 
genes, or by interacting with chromatin at remote locations across multiple chromosomes 
to regulate the expression of multiple genes.

Human body precisely controls various cell types involved in the immune systems. 
When challenged by antigens, the innate immune cells will very quickly response; then 
usually after three days; the adaptive immune response will start. How to control and 
regulate different immune cells needs a system of regulation. Recent studies showed 
that immune cells could also be regulated by lncRNAs. In addition, immune related 
diseases are controlled by lncRNAs in both human and plants. The most well studied 
case is autoimmune disease (AID). In this mini review, the above topics will be discussed.

What’s the lncRNA
RNA is traditionally considered as an intermediate bridge during protein translation 

process. However, the amount of these coding RNA only constitutes 1.5% of total RNA [2]. 
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The percentage of non-coding RNA counts for more than 
98% of total transcripts [3]. Increasing data showed that 
noncoding portions of RNA have been broadly involved in 
regulating the complexity of organisms. And the complexity 
of RNA sequence increases the ability of cells to store the 
huge information in genome [4,5]. This large group of ncRNA 
includes microRNA (miRNA), small interfering RNA (siRNA), 
piwi-interacting RNA (piRNA) and long non-coding RNAs 
(lncRNA).

Unlike small noncoding RNAs, which have widely studied, 
the importance of lncRNAs has only been recognized recently 
[6]. However, it has started to show its potential: in human, 
lncRNAs are considered to be located in more than 50,000 
different transcripts [7] of which, the number is nearly doubled 
than coding RNAs. In plant, lncRNAs are also shown largely 
involved in gene expression; around 6480 lncRNAs are related 
in gene profile of Arbidopsis thaliana [8].

Subtypes of lncRNAs
As one of the regulators for gene expression, lncRNAs 

could be grouped by its position of their target genes: (a) 
overlap, when it share same sequence with protein coding 
transcripts; (b) intergenic, when the lncRNA located between 
the coding regions of two protein; (c) intronic, when it sits in 
between two genes of one protein [9]. In addition to the 
position, the directions of transcripts and lncRNA also play an 
essential function for lncRNA’s regulation. Therefore, it could 
be further divided to (d) sense; (e) antisense and (f) bi-
direction three types (Figure 1) [10].

Due to these complexities of the lncRNAs’ position as well 
as their transcripts direction, the functions of lncRNAs and 
their mechanisms are very different, and it has been shown 
hugely involved in various pathways and in many types of 
diseases.

Functions of lncRNAs
Although the study of lncRNA started from recent years, it 

has been shown the important functions in different types of 
diseases. In heart failure, lncRNAMhrt could inhibit chromatin 
targeting and Brg1 regulated gene expression for chromatin 
remodeling [11]. LncRNAs have also been shown a role in 
cancer; for instance, in pancreatic cancer, tissue specific 
lncRNAs have been identified [1]. Specifically, such as 
lncRNAsH19, HOTAIR, are unregulated in tumorigenic 
pancreatic tissue and further cause cell proliferation, migration 
and invasion [12,13]. Besides, in lymph node-negative breast 
cancer, the profile of lncRNAs could be use as prognostic 
markers [14]. In brain, if stroke happens, the expression profile 
of lncRNAs also changed [15], the same group also showed 
that lncRNAFosDT could further promote the ischemic brain 
injury by interacting with chromatin-modifying proteins [16].

Although the functions of lncRNAs in immune response 
have not been studied extensively as in cancer, it has been 

shown that immune diseases are also related to lncRNAs. 
Specifically, autoimmune disease (AID) is the one type of 
diseases, which has been relatively deeply studied. In 2014, 
Hrdlickova et al. showed compared AID to the whole genome, 
there was a significant difference in lncRNAs genome mapping 
loci of immune cells [17]. In the same year, Shi et al. showed 
that in Systemic Lupus Erythematosus (SLE), a prototypic 
system autoimmune disease, a lncRNA located on chromosome 
6q25.3 has been down-regulation in patient, comparing to 
the gene expression of healthy control, which indicate the 
lncRNA could has a distinct function [18,19].

LncRNA is not only related to specific types of disease, it 
also regulates different immune cell types. In natural killer 
cells (NK cells), the over expression of myeloid zinc finger 1 
(MZF-1) could decrease KIR expression, which is closely related 
to development of NKs. One lncRNA specifically expressed in 
NK cells, and was antisense to KIR has been found in progenitor 
cells or pluripotent cells could regulate KIR expression at the 
molecular level and further affected the development and 
differentiation of NK cells [20]. This lncRNA related regulation 
could balance the number of NKs in immune responses. In 
dendritic cell (DC), the lnc-DC was extensively expressed. The 
capacity of DC to present antigen to T cells and itself 
differentiation was reduced when the lncRNA was knockdown; 
this was because lnc-DC could promote the post-translational 
modification of STAT3 [21]. In addition to the examples above, 
intergenic long noncoding RNAs (lincRNAs), showed that 
during T cell differentiation, the cluster of lincRNA changed 
dynastically. Specifically, lincR-Ccr2-5’AS played a role for 
migration of Th2 cells [22]. The expression level of lincR-Ccr2-
5’AS was controlled by GATA-3, this was a transcription factor 
and essentially for the differentiation of Th2 cells. Therefore, 
without GATA-3, the level of lincR-Ccr2-5’AS would be down 
regulated and blocked the development of Th2 cells. For 
macrophages, lncRNAPtprj-as1 was shown highly enriched, 
and had antisense direction to Ptprj [23]. Using Clustal W 
alignment, RVista and TRANSFAC, the transcription factor-
binding sites were identified [23], which further showed the 
specificity of this lncRNA.

Not only in animals, in plant, lncRNAs also showed critical 
functions in plant immunity. One good example is satellite 
RNAs (satRNAs), which are 300-400bp long and therefore be 
considered as lncRNA, was shown a role between virus and 
host plant [24]. Specifically, this satRNA could improve the 
defense response to viruses by blocking the virus infection 
from plant’s defense system [25,26]. In cucumber mosaic virus 
induced infection, satRNA- derived siRNA can specifically 
bind to the 3’UTR of virus RNA and further degrade it, 
therefore protect the plant from infection [25].

As we indicated above, lncRNAs have various locations 
and directions; therefore, it is reasonable that lncRNA could 
regulate the target gene by different mechanisms. Here, we 
summary the different mechanisms of how lncRNAs regulate 
their target genes (Table 1). Most of samples are listed using 
cases related to immune response.
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Function Samples/ References

1 Modulation of 
microRNA/siRNA

Cytomegalovirus [27]
Cucumber mosaic virus infection [28]

2
Changed chromatin 

structure and 
modification

NeSTlncRNA regulates epigenetic of IFN-γ-
encoding chromatin [29]

LincR-Ccr2-5′AS regulates Ccr2 and Ccr3 by 
chromatin accessibility or recruitment of RNA 

polymerase II [22]

3 Direct transcriptional 
regulation

STAT6 binds and active TH2-specific lincRNAs in 
TH2 cells [22]

4 Regulation of RNA 
processing

lncRNAstransactivate STAU1-mediated mRNA 
decay by duplexing with 3′ UTRs via Alu elements 

[30]

5

At level of post-
translational regulation 
for protein activity and 

localization

Lnc-DC actives the phosphorylation of STAT3 [21]
LncRNAMALAT1changed the localization and 

activity of splicing factor localization and activity, 
and further altered a group of pre-mRNAs [28]

6
Facilitation of 

ribonucleoprotein (RNP) 
complex formation

LincRNA-Cox2 interact with heterogeneous 
nuclear ribonucleoprotein A/B and A2/B1 [31]

7 Regulation of genomic 
imprinting

The non-coding Air RNA is required for silencing 
autosomal imprinted genes [32]

*The majority of sample is selected from immune-response cases. 
The types of lncRNA functional mechanisms are modified from 

Exiqon websites (http://www.exiqon.com/ls).

Table 1: Function Summary of LncRNAs.

Conclusion
As a regulator of gene expression, lncRNAs have started 

to show their important functions recently. Considering non-
coding RNAs are accounts for the majority (above 95%) of 
genome, the function and mechanism of lncRNAs we know at 
the moment still very few. Both animals and plants require 
very precise control for their life; therefore, the response to 
the environment such as our immune response needs to be 
tightly controlled. As there are extensively genome information 
be stored in the cell, the regulation and functions of non-
coding RNAs, such as lncRNA should be paid more attentions.

Figure

Figure 1:
The subtypes of lncRNA by its position and transcript direction.
The solid blue box indicates protein coding genes, P1 means protein 
1, P2 means protein 2. The solid res box stands for lncRNAs. Blue 
arrow stands for the transcription direction for mRNA, while red 
arrow shows the direction for lncRNAs. The number (a-f) indicates 
different subtypes of lncRNAs according to the main text.
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