
EXPERIMENTAL AND THERAPEUTIC MEDICINE  17:  575-586,  2019

Abstract. Oral lichen planus (OLP) is a chronic mucosal 
inflammatory disease. The World Health Organization has 
described it as a potentially malignant condition. The patho-
genesis of OLP remains to be fully elucidated, but extensive 
evidence suggests that immunologic and inflammatory factors 
have important roles. MicroRNAs (miRs), which are small 
non‑coding RNAs, have been reported to be involved in OLP. In 
particular, miR‑155 is significantly upregulated in patients with 
OLP. miR‑155 has numerous functions and is closely linked 
to inflammation and immune system regulation. However, 
in‑depth studies of the mechanisms via which miR‑155 is 
involved in OLP are currently insufficient. Considering the 
close association between miR‑155 and immune regulation as 
well as the importance of immune factors in OLP, the role of 
miR‑155 in the immune system was herein summarized with a 
focus on OLP. The present review provides a basis for further 
study of the molecular mechanisms underlying the develop-
ment and progression of OLP.
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1. Introduction

Oral lichen planus (OLP) is a common mucosal inflammatory 
disease. It has the potential for malignant transformation (1,2); 
it has been reported that 1‑2% of patients with OLP develop 
oral squamous cell carcinoma (3). Although the pathogenesis of 
OLP remains to be fully elucidated, immune factors are thought 
to have important roles. A wide range of studies have indicated 
the importance of the immune response in OLP and have 
suggested that OLP is a T cell‑mediated chronic inflammatory 
disease (4,5). Various studies have suggested that microRNAs 
(miRNAs/miRs) also have an important role in the pathogenesis 
of OLP (6). miRNAs are short, single‑stranded RNAs that do 
not encode proteins; they have been linked to inflammatory 
diseases and immune diseases via the dysregulation of target 
mRNA expression (7,8). In an miRNA microarray analysis of 
mucosal tissues in patients with OLP and healthy controls, ~70 
miRNAs were identified to be significantly dysregulated (6,9-11). 
Gassling et al (10) identified 16 miRNAs that were differentially 
expressed in mucosal tissues between OLP patients and healthy 
individuals. A total of 6 miRNAs, including miR‑31, ‑146a, 
‑155 and ‑21, exhibited a >2‑fold increase, while miR‑923 and 
‑30a were downregulated in OLP patients (10). Our group has 
previously reviewed miRNAs associated with OLP, and it was 
identified that miR‑155 is closely linked to cytokines associated 
with OLP, rendering it a strong candidate miRNA regarding the 
involvement in OLP (9). Arão et al (6) reported that miR‑155 
expression is upregulated in patients with OLP. However, the 
precise role of miR‑155 in this disease has remained largely 
elusive. miR‑155 is a multi‑functional miRNA and is closely 
associated with inflammation, tumors and immune regula-
tion (12). Considering the importance of the immune response 
in the pathogenesis of OLP, the present study comprehensively 
reviewed the role of miR‑155 in immune system regulation and 
its potential association with OLP. The present review aims to 
provide a source of ideas for future research.
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2. OLP and miR‑155

OLP is a common oral mucosal disease. Its clinical manifesta-
tions are reticular, ulcerative and plaque‑like lesions (1). OLP 
predominately affects females with a prevalence of 0.1‑4%, 
and the World Health Organization (WHO) has defined it as 
a potentially malignant condition (13,14). A recent meta‑anal-
ysis of data from 20,095 patients demonstrated that 1.1% of 
cases of OLP develop oral squamous cell carcinoma  (15). 
The pathological features of OLP are degeneration of basal 
cells, basement membrane disruption and a dense infiltra-
tion of lymphocytes in the sub‑epithelial layer of connective 
tissue (16). Although the cause of OLP is remains uncertain, 
immune dysregulation is important in the development of this 
disease. CD4+ and CD8+ lymphocyte‑mediated local immune 
responses are involved in the pathogenesis of OLP (4,17,18). 
Despite extensive research regarding the pathogenesis of OLP, 
the current knowledge remains limited and further studies 
are required. Detailed study of the pathogenesis of OLP is 
indispensable.

miRNAs target the 3'‑untranslated region (3'‑UTR) of 
specific mRNAs and thereby regulate gene expression. 
Approximately 60% of all human protein‑coding genes are 
predicted to contain miRNA‑binding sites in their 3'‑UTR. 
Since their discovery <2 decades ago, >800 miRNAs have 
been identified in mammals, and a number of them are 
conserved across species. Their functions are only beginning 
to be elucidated. The roles of miRNAs are being intensively 
studied in a wide range of physiological and pathological 
processes, including proliferation, apoptosis, differentiation 
and oncogenesis  (19,20). In addition, miRNAs have been 
reported to regulate the immune system as well as inflam-
matory networks by affecting associated signaling pathways. 
The abnormal expression of miRNAs leads to inflammation 
and immune diseases (21,22). Various studies have indicated 
that miRNA expression profiles are altered in OLP (9,10). Our 
group has previously reviewed the miRNAs associated with 
OLP, revealing that miR‑155 is closely linked to the cytokines 
associated with OLP and is therefore a good candidate for 
further research (9).

miR‑155 is derived from an exon of the B‑cell integration 
cluster gene. It has numerous functions and is closely linked to 
inflammation, tumor development and immune regulation (12). 
The expression of miR‑155 is usually positively correlated 
with cytokine release. It may also target genes that encode 
proteins associated with inflammation  (23). Furthermore, 
miR‑155 is the first miRNA that was identified as an oncogene. 
In various cancer types, including breast, colon, cervical and 
lung cancer, miR‑155 expression is increased. This miRNA 
is important for tumor development, functioning mainly as 
a tumor‑promoting factor  (24). Of particular importance, 
miR‑155 has pivotal roles in immune responses. miR‑155 is 
upregulated in activated immune cells and has a significant 
impact on these cells. Therefore, the abnormal expression of 
miR‑155 results in impaired immune responses and is associ-
ated with a variety of diseases (25). Numerous studies have 
suggested that miR‑155 is upregulated in patients with OLP. 
Liu et al (11) reported that miR‑155 expression is upregulated 
in peripheral blood mononuclear cells and lesions of patients 
with OLP compared with that in the controls. In addition, its 

expression was identified to be closely associated with the 
severity of the disease. Hu et al (26) examined an erosive type 
of OLP, revealing that miR‑155 negatively regulates suppressor 
of cytokine signaling 1 (SOCS1) in CD4+ T lymphocytes. 
A positive interaction was identified between miR‑155 and 
interferon (IFN)‑γ, which may result in a T helper type 1 cell 
(Th1)‑mediated immune response in OLP. However, to date, 
in‑depth research on the mechanisms by which miR‑155 is 
involved in OLP is limited. As mentioned above, immune 
factors are of great significance in the pathogenesis of OLP. 
miR‑155 is closely linked to immune system regulation. 
Therefore, its roles in immune system regulation and its 
relevance in OLP were herein systematically reviewed.

3. Regulation of the immune system by miR‑155

miR‑155 is an important immune system regulator and loss 
of miR‑155 leads to impaired immune system responses (12). 
miR‑155 targets specific genes to influence signaling pathways 
and cellular phenotypes. An increasing number of studies 
have focused on signaling pathways and cytokines regulated 
by miR‑155 in the immune system, which are summarized in 
Table I.

Innate immune system. Innate immunity has a key role in 
the defence against pathogens. As the first line of defense, it 
provides the basis and pre‑condition for the adaptive immune 
system (27). Various studies have indicated that miR‑155 has a 
substantial influence on innate immunity (28).

Macrophages. When a host becomes infected, macrophages 
are the first to fight the pathogens. Based on their function, 
they may be classified into M1 and M2 macrophages (29). 
M1 macrophages promote inflammation and cause tissue 
lesions. M2 macrophages induce the restoration of tissues (30). 
miR‑155 regulates the dynamic balance of M1 and M2 macro-
phages (31). SOCS1, interleukin (IL) 13 receptor α1 (IL13Rα1) 
and SMAD2 are targets of miR‑155 in macrophages (32‑34). 
The polarization of M1 and M2 is controlled by SOCS1 (35). 
Previous studies have demonstrated that miR‑155 directly 
regulates SOCS1 to induce macrophage activation and has an 
important role in innate immunity (32). IL‑13, a representa-
tive Th2‑type cytokine, regulates the balance between the M1 
and M2 states. The activation of IL‑13 and IL‑13Rα1 leads to 
the differentiation of Th2 types (36). miR‑155 directly targets 
IL13Rα1, which makes macrophages prone to differentiation 
into M1 cells (33). Transforming growth factor‑β (TGF‑β) acts 
as an immunosuppressive and anti‑inflammatory cytokine in 
the inflammatory process (37). SMAD2 is a key signaling 
factor in the TGF‑β pathway, and TGF‑β regulates gene expres-
sion via SMAD (38). Evidence has indicated that SMAD2 is 
a direct target of miR‑155 in macrophages. miR‑155 decreases 
TGF‑β‑dependent gene expression by targeting SMAD2, 
thereby promoting the inflammatory response (34).

Dendritic cells (DCs). DCs are specialized antigen‑
presenting cells that recognize, capture and respond to 
antigens. They are generally classified into the following 
types: CD11b+‑like and CD8a+‑like, skin‑resident Langerhans 
cells (LCs), plasmacytoid DCs (pDCs) and monocyte‑derived 
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inflammatory DCs (39). As a consequence of the uptake and 
presentation of antigens, DCs initiate the adaptive immune 
response. They are the bridge that links innate and adaptive 
immunity (40). Numerous studies have demonstrated that DCs 
are controlled by miR‑155; this miRNA has a key role in the matu-
ration and function of DCs (41‑43). Martinez‑Nunez et al (42) 
reported that the maximum miR‑155 expression levels reached 
in DCs during maturation is 136‑fold higher in than that in 
immature DCs. Ceppi et al (41) monitored the expression of 
immunological miRNAs in activated myeloid (m)DCs and 
confirmed that miR‑155 expression exhibited the most obvious 
change. Surface molecules, including major histocompat-
ibility complex (MHC)‑II, MHC‑I, CD86 and CD83, are 
typically defining features of DC maturation. In lipopolysac-
charide (LPS) or specific antigen‑treated RAW264.7 cells, the 
expression of these molecules was induced by miR‑155 (44). 
In addition, miR‑155 knock‑out mice exhibited abnormal 
functioning of antigen‑presenting cells. The induction of 
T‑cell proliferation and differentiation is weakened when the 
expression of miR‑155 in DCs is decreased. IL‑12, which has 
an important role in the maturation and function of DCs, may 
be induced by miR‑155 (44). Collectively, these results indicate 
that miR‑155 is highly associated with the maturation and 
function of DCs. Multiple targets of miR‑155 associated with 
DCs have been identified. In the Toll‑like receptor (TLR)/IL‑1 
transduction pathway, TGF‑β‑activated kinase 1‑binding 
protein 2 (TAB2) is a crucial signaling molecule. Upon TLR4 
or IL‑1 receptor activation, it can induce the activation of the 
inflammatory response. During monocyte‑derived DC matu-
ration, the levels of TAB2 were increased. A previous study 
has demonstrated that TAB2 is directly regulated by miR‑155. 
Accordingly, miR‑155 may have an essential role in reducing 
the inflammatory response in human DCs by directly targeting 
TAB2 (41). PU.1 is a master transcription factor; it has an 
important role in DCs (42). DC‑specific intercellular adhe-
sion molecule‑3‑grabbing non‑integrin (DC‑SIGN), a C‑type 
lectin, is able to bind to a large array of pathogens. It also has 
a substantial capacity to trigger intracellular signaling mole-
cules that modulate DC maturation (45). PU.1 binds to motifs 
of the DC‑SIGN promoter region to regulate its expression. 
Previous studies have proven that PU.1 is a target of miR‑155. 
Martinez‑Nunez (42) indicated that miR‑155 indirectly inhibits 
DC‑SIGN expression and impairs DC pathogen‑binding ability 
by directly targeting PU.1. Src homology 2 domain‑containing 
inositol‑5‑phosphatase 1 (SHIP1) is an inositol polyphosphatase 
that regulates DC function and efficiently triggers Th2‑type 
responses (46). It has been evidenced that SHIP1 is a target 
of miR‑155 (47). DCs lacking miR‑155 exhibit an impaired 
capacity to induce a functional T‑cell response, and the down-
regulation of SHIP1 by miR‑155 may activate DC function 
in vivo (46). SOCS1 is able to impair the antigen recognition 
ability of DCs and cytokine reactions. When SOCS1 expres-
sion is inhibited, DC functions are augmented. SOCS1 is able 
to control IL‑12 secretion and associated signaling pathways 
in DCs to regulate tolerance against self tumor‑associated 
antigens (otherwise known as self‑tolerance) of these cells. 
The inhibition of SOCS1 regulated by miR‑155 is crucial for 
the ability of DCs to break self‑tolerance (48). Cyclic AMP is 
able to curb the secretion of inflammatory cytokines, and c‑fos 
is closely linked to this inhibitory process. It inhibits tumor 

necrosis factor (TNF‑α) expression and has an inhibitory role 
in DCs (49). It has been indicated that c‑Fos mRNA is indeed 
targeted by miR‑155. The suppression of c‑Fos by miR‑155 is 
beneficial for DC maturation and function (50).

Natural killer (NK) cells. NK cells have important roles in 
the defence against infection in the absence of specific immu-
nization. They have anti‑infection roles via cytolytic killing, 
cytokine secretion, and interactions with antigen‑presenting 
cells and activated T lymphocytes. Several studies have 
reported that miR‑155 is involved in the control of NK cell 
function (51). Upon stimulation, human NK cells exhibit upreg-
ulation of miR‑155. Trotta et al (52) indicated that miR‑155 
positively regulates NK cell proliferation, development and 
effector functions. miR‑155 also promotes IFN‑γ production in 
NK cells. These results demonstrate that miR‑155 is important 
in NK cells. Several targets of miR‑155 in NK cells have been 
identified. In human NK cells, SHIP1 negatively regulates 
the secretion of IFN‑γ (53). Previous studies have validated 
that SHIP1 is a direct target of miR‑155. Another study by 
Trotta et al  (54) demonstrated that miR‑155 promotes the 
production of IFN‑γ in NK cells by decreasing the expression 
of SHIP1. Phorbol‑12‑myristate‑13‑acetate‑induced protein 1 
(PMAIP1‑) is a member of the BH3‑only subfamily and is able 
to induce cell apoptosis. PMAIP1 and SOCS1 have been iden-
tified as direct targets of miR‑155. NK cells require miR‑155 
to suppress PMAIP1 and SOCS1 levels in order to increase 
cell survival and homeostasis. Therefore, the suppression of 
PMAIP1 and SOCS1 by miR‑155 contributes to the promo-
tion of NK‑cell function (55). Forkhead box (FOX)O3a is able 
to inhibit malignant transformation and tumorigenesis (56). 
Studies have identified FOXO3a as a target of miR‑155. In 
NK‑cell lymphoma, overexpression of miR‑155 suppresses 
FOXO3a expression, which increases cancer cell proliferation. 
The miR155/FOXO3a interaction may and serve as a useful 
marker and provide a theoretical basis for gene therapy for 
NK‑cell lymphoma (57).

Adaptive immune system. A proper adaptive immune 
response relies on the function of B and T lymphocytes. 
Rodriguez et al (58) examined B and T lymphocyte responses 
in miR‑155‑deficient mice. They identified that immuno-
globulin M (IgM) was decreased in miR‑155‑deficient mice. 
The levels of IL‑2 and IFN‑γ production were markedly 
lower in these mice than in healthy controls, indicating that 
miR‑155‑deficient mice were immune‑deficient (58). These 
results clearly demonstrate that miR‑155 has a crucial influ-
ence on the adaptive immune system.

B lymphocytes. Upon antigen stimulation, B cells may 
differentiate into plasma cells, which are able to synthesize 
and secrete Ig antibodies and are mainly involved in humoral 
immunity. The function of B cells depends on the normal 
expression of miR‑155 (59). Once B cells are activated, the 
expression of miR‑155 is upregulated. In miR‑155 knockout 
mice, the number of germinal center (GC) B cells is decreased, 
which is indicative of defective mature B cells (60). Compared 
with those of wild‑type equivalents, miR‑155‑/‑ mice presented 
with a decreased GC response and reduced production of IgM, 
IgG, and IgA antibodies, indicating that B‑cell responses were 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  17:  575-586,  2019 579

impaired (61). The germinal center is a primary lymphoid 
follicle region. In this region, mature antibodies and memory 
B cells are generated (62). Several studies have indicated that 
miR‑155 is indispensable for GC responses and the produc-
tion of Ig class‑switched plasma cells (63). Compared with 
wild‑type mice, miR‑155‑deficient mice were demonstrated to 
have fewer and smaller GCs (62). In addition, the secretion of 
antigen‑specific antibodies was significantly decreased. The 
production of TNF‑γ and lymphotoxin (LT)‑α was signifi-
cantly reduced in miR‑155‑/‑ B cells, and TNF‑γ and LT‑α 
were reported to be important for GC formation (58). These 
results demonstrate that appropriate B‑cell function depends 
on the normal expression of miR‑155. Several potential targets 
of miR‑155 have been identified in B lymphocytes.

GC can be distinguished to two distinct areas, called light 
and dark zones. Light zone B cells capture and present the 
processed antigen on MHC complexes to T cells. The recruit-
ment of polycomb repressive complex 2 to its specific targets 
may be disturbed by Jarid2, and Jarid2 has the potential to 
control the proliferation and differentiation of cells  (64). 
Studies have demonstrated that it is a target of miR‑155. 
Nakagawa et al (65) revealed that miR‑155 reduces apoptosis 
in GC B cells and promotes the survival of c‑MYC+ light 
zone B cells by directly inhibiting Jarid2 expression; thus, 
miR‑155 activates the GC response and affinity maturation. 
Various studies have suggested that PU.1 is required in the 
early stage of B‑cell differentiation. It is located downstream 
of the B‑cell receptor signaling pathway (66). In wild‑type 
B cells, the expression of Pu.1 was low and difficult to 
detect. By contrast, its expression was readily detected in 
miR‑155‑deficient B cells. Overexpression of PU.1 may impair 
class‑switch recombination and lead to defective generation 
of IgG1+ cells in stimulated wild‑type B cells (59,63). PU.1 is 
presumably a negative regulator of plasma‑cell differentiation 
and its repression by miR‑155 is necessary for the GC reac-
tion in B cells and for IgG1+ B‑cell generation (63). Somatic 
hypermutation and class‑switch recombination are two critical 
steps in the GC reaction to generate memory B cells and 
plasma cells. These two processes involve DNA mutagenesis 
and double‑strand DNA breaks, which must be fine‑tuned for 
a successful GC response (59). Bouamar et al (67) discovered 
an important role of miR‑155 in decreasing double‑strand 
DNA breaks and the p53‑induced DNA damage response in 
the GC reaction. Further studies have revealed that miR‑155 
exerts these effects by directly targeting activation‑induced 
cytidine deaminase (AICDA) and SOCS1 (67). In miR‑155 
knockdown mice, SMAD5 contributes to the impaired GC 
response and a decrease in the number of GC B cells. It has 
been demonstrated that miR‑155 directly targets SMAD5, thus 
contributing to mature B‑cell development (68,69).

T lymphocytes. T cells are functional immune cells; they 
induce B cells and adjust the role of immune cells. CD4+ 
T cells mainly consist of the following types: Th1, Th2, 
T‑regulatory cells (Tregs) and Th17 (16). Effector CD8+ T 
cells are cytotoxic and secrete pro‑inflammatory factors (70). 
The relative frequency of T‑cell subgroups and relatively 
stable conditions are crucial for the immune system balance. 
Several analyses have demonstrated that miR‑155 is involved 
in the regulation of T‑lymphocyte function (71). One study has 

indicated that CD4+ T cells are most likely to differentiate into 
Th2 cells when miR‑155 is knocked down (58). Next, several 
mechanisms and targets of miR‑155 associated with the regu-
lation of T lymphocytes will be discussed. miR‑155 may affect 
T‑cell proliferation via direct targeting of arginase (Arg)2, 
a semi‑essential amino acid involved in multiple metabolic 
and cellular processes. Dunand‑Sauthier et al (43) identified 
Arg2 mRNA as a direct target of miR‑155. In activated DCs, 
miR‑155 represses the expression of Arg2 and thus prevents 
excessive arginine depletion in the extracellular microenvi-
ronment, which is critical for mature DCs to initiate T‑cell 
responses. They confirmed that miR‑155 actively regulates 
the function of T cells by directly targeting Arg2 (28,43). 
c‑Maf induces the differentiation of T cells into Th2 cells. 
Furthermore, it also induces Th2 cells to produce IL‑4, IL‑5 
and IL‑10 (72). Rodriguez et al (58) demonstrated that miR‑155 
directly targets c‑Maf. CD4+ T cells with sufficient miR‑155 
were able to suppress the differentiation of naive cells into 
Th2 cells by downregulating c‑Maf. SOCS1 is an important 
target of miR‑155 in T lymphocytes. CD4+CD25+ Tregs are 
a repressive Th cell subgroup and secrete anti‑inflammatory 
cytokines. They are able to maintain self‑tolerance and 
prevent inflammatory and immune disorders. Th17 mainly 
promotes the inflammatory response and contributes to 
immune defence (73,74). Yao et al (75) confirmed that miR‑155 
positively drives Treg/Th17‑cell differentiation by directly 
targeting SOCS1. Furthermore, Lu et al  (76) have demon-
strated that miR‑155 contributes to the competitive fitness and 
proliferation of Tregs by targeting SOCS1. In T cells, the ratio 
of Th1 and Th2 cell differentiation is regulated by the levels of 
SOCS1. Higher amounts of SOCS1 curb naive cell differentia-
tion into Th1 cells. miR‑155 can induce Th1 cell differentiation 
by down‑regulating SOCS1 (77). CD8+ T cells are the major 
effector cells in the immune system. Dudda et al (78) concluded 
that miR‑155 is a critical regulator of SOCS1 in CD8+ T cells. 
The impaired antiviral response in miR‑155‑/‑CD8+ T cells may 
be due to increased expression of SOCS1. The downregulation 
of SOCS1 mediated by miR‑155 is indispensable for efficient 
CD8+ T‑cell responses (78).

4. Pathways associated with the miR‑155/SOCS1 axis in 
the immune system

The studies mentioned above indicate that the miR‑155/SOCS1 
axis has vital roles in immune system regulation by mediating 
a variety of pathways, which are illustrated in Fig. 1 and 
further discussed below.

The Janus kinase (JAK)/signal transducer and activator 
of transcription (STAT) pathway. The JAK/STAT pathway 
mediates cell development, differentiation and apoptosis. 
This pathway leads to the expression of IFN‑inducible genes 
and drives M1 polarization (35). In DCs, it regulates IL‑12 
production and DC maturation  (48,79). Furthermore, the 
JAK/STAT pathway contributes to Treg and Th17 differentia-
tion, and regulates the competitive ability and proliferation 
of Tregs (75,76). SOCS1 negatively controls this signaling 
pathway. When STATs are activated, they induce the tran-
scription of SOCS1 and, subsequently, SOCS1 proteins 
bind to phosphorylated JAKs to turn off the pathway (80). 
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miR‑155 activates the JAK/STAT pathway by directly 
targeting SOCS1 (Fig. 2).

The nuclear factor (NF)‑κB pathway. The NF‑κB pathway 
is essential for the development of lymphoid organ structures 
and immune responses. LPS, TNF and IL‑1 are able to acti-
vate the NF‑κB pathway (81). In the innate immune system, 
TLRs identify viral and bacterial products, resulting in 
NF‑κB pathway activation (82). NF‑κB molecules translocate 
into the nucleus, where they regulate target gene expression. 
In macrophages, the NF‑κB pathway drives M1 polariza-
tion (83). In T cells, the activation of this pathway induces the 
expression of NF‑κB‑dependent genes, which are required 
for T‑cell activation and proliferation (84). P65 is a subunit 
of NF‑κB. TIR domain‑containing adaptor protein (TIRAP) 
and IL‑1R‑associated kinase 1 (IRAK) are adaptor molecules 
of TLR. SOCS1 is able to bind to P65, TIRAP and IRAK to 
suppress the NF‑κB pathway. miR‑155 promotes this pathway 
by directly targeting SOCS1 (Fig. 3) (85,86).

The P53 pathway. P53 inhibits the occurrence and develop-
ment of tumors. It is involved in the regulation of cell growth 
and differentiation. Furthermore, it promotes DNA repair. 
In cells under stress associated with DNA damage, hypoxia, 
cytokines or oncogenes, p53 accumulates in the nucleus to 
exert its functions (87). The maturation of B cells involves 
DNA mutations, double‑strand DNA breaks and the activa-
tion of p53 (88). SOCS1 may combine with p53 and improve 
its phosphorylation, transcription and activity, providing a 
safeguard role in limiting the extent of DNA damage and p53 
activity. MiR‑155 directly targets SOCS1 and regulates p53 
function to appropriate levels in B cells (67).

5. Research on immune factors associated with OLP

Immune factors have important roles in the pathogenesis of 
OLP. Numerous studies have demonstrated that immune cells 
are closely linked to OLP.

Innate immune system. Macrophages are normally present 
in the inflammatory infiltrate of lesions in chronic OLP (89). 
M1 macrophages induce pro‑inflammatory agents, including 
TNF‑α, which may trigger the apoptosis of basal keratino-
cytes and induce basement membrane damage. In addition, 
M1 macrophages may increase inflammatory cells in lesions 
by inducing keratinocytes to secrete more chemokines (90). 
Therefore, macrophages actively participate in the patho-
genesis of OLP. In addition, OLP‑associated macrophages 
may induce matrix metalloproteinases (MMPs) and TNF 
to influence oral epithelial and sub‑epithelial stromal cells. 
In vitro, MMPs have been demonstrated to be associated with 
extracellular matrix damage and activation. Furthermore, 
they also promote tumorigenesis. TNF is involved in tumor 
growth and invasion, and in cutaneous tumors, it contributes 
to tumor development in the early phase. Taken together, 
OLP‑associated macrophages may participate in processes of 
the progression of OLP to cancer (91).

Previous studies have revealed an increase in DCs in 
OLP lesions, suggesting that these cells are involved in the 
occurrence of OLP (92‑94). Santoro et al (92) observed that 
skin‑resident LCs, pDCs and DC‑SIGN+ DCs were markedly 
upregulated in OLP lesions compared with those in a healthy 
control group. LCs are mainly situated in the epithelium. As a 
guardian of the oral mucosa, they may influence the responses 
of the immune system to external and endogenous antigens. 
Gueiros et al (93) evaluated the distribution and concentration 
of LCs in OLP and observed more LCs in OLP lesions than in 
adjacent non‑inflammatory tissues and normal mucosae. Once 
LCs identify antigens, they may be activated to stimulate T 
cells. pDCs may be detected in most patients with OLP and 
they are principally located in single epithelial cells and the 
lymphoid infiltrate zone (92). One of their functions is to secrete 
IFN‑α. An imbalance between pDCs and IFN‑α is linked to 
the occurrence of OLP (95). Yamauchi et al  (94) reported 
that thymic stromal lymphopoietin (TSLP) receptor+ mDCs 
are responsible for abnormal Th2 immune responses and the 
occurrence of OLP by regulating TSLP production. These 

Figure 1. Summary of the role of the miR‑155/SOCS1‑axis in the immune system. miR, microRNA; SOCs, suppressor of cytokine signaling; NK, natural 
killer; DC, dendritic cell; Th, T‑helper cell; Treg, T‑regulatory cell; GC, germinal center.
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studies suggest that DCs may be involved in the pathogenesis 
of OLP.

A limited number of studies have assessed the impact of 
NK cells in OLP. In the inflamed skin of the lichen planus, 
substantial NK cells may be detected. Furthermore, in lesions 
of OLP, they co‑exist with pDCs in a chemerin‑dependent 
manner. NK‑cell dysfunction is closely linked to the occur-
rence of OLP (96).

Adaptive immune system. Local immune factors, including 
IgG and IgA responses, have defense functions in OLP. There 

are two types of Ig, i.e., membrane‑bound receptors located 
on the cytomembrane of B cells and dissoluble molecules 
produced by plasma cells. The occurrence of OLP is thought 
to be associated with Ig levels. IgG and IgA are the predomi-
nant Igs in normal serum (97). The levels of IgG and IgA 
in OLP remain to be clarified, and differences exist among 
previous studies. Certain studies have identified elevated 
serum IgG and IgA levels in OLP (98). However, Divya and 
Sathasivasubramanian (97) reported that the average serum 
levels of IgG were slightly increased and the average levels 
of IgA were somewhat reduced in OLP compared with those 

Figure 2. The JAK/STAT pathway is involved in the miR155/SOCS1 axis in the immune system. When immune cells are stimulated by cytokines, including 
IFN‑γ and LPS, the JAK/STAT pathway is activated. Phosphorylated STATs form a complex and are translocated to the nucleus, where they activate or 
repress the transcription of target genes. In macrophages, this pathway induces M1 polarization and promotes the production of tumor necrosis factor‑α, IL‑6 
and IL‑1β. JAK/STAT signaling also regulates IL‑12 production and DC maturation. Furthermore, the JAK‑STAT pathway contributes to Treg and Th17 
differentiation and regulates the competitive ability and proliferative potential of Tregs. SOCS1 negatively regulates the JAK/STAT pathway by binding to 
phosphorylated JAKs. miR‑155 targets SOCS1 and inhibits it expression, leading to decreased binding of SOCS1 to phosphorylated JAKs. Therefore, miR‑155 
positively regulates the JAK/STAT pathway. JAK, Janus kinase; STAT, signal transducer and activator of transcription; IFN, interferon; LPS, lipopolysac-
charide; miR, microRNA; SOCs, suppressor of cytokine signaling; Th, T‑helper cell; Treg, T‑regulatory cell; IL, interleukin; rbx, ring box; DC, dendritic cell.
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in the controls. They also reported that the amounts of sali-
vary IgG and IgA were low in patients with OLP and healthy 
individuals (97). However, other studies have indicated that the 

levels of salivary IgG and IgA are higher in patients with OLP 
than those in healthy individuals (99). Ghaleyani et al (100) 
also observed significantly higher salivary IgG and IgA 

Figure 3. Role of the NF‑κB pathway in the miR‑155/SOCS1 axis in the immune system. Exposure of cells to lipopolysaccharide or inflammatory cytokines, 
including TNF or IL‑1, as well as the recognition of bacterial and viral products by Toll‑like receptors on immune cells, results in NF‑κB induction. The 
interactions between T‑cell receptors and CD28 receptors with their ligands, MHC class II, and the co‑stimulatory molecules CD80 and CD86 on the surface 
of antigen‑presenting cells, trigger the NF‑κB pathway in T‑cells. NF‑κB becomes activated and translocates to the nucleus, where it induces the expression 
of its target genes. This pathway may induce M1 macrophage polarization. In T‑cells, it may lead to the expression of NF‑κB‑dependent genes, including 
IL‑2, IL‑2R and interferon, which are required for T‑cell activation and proliferation. SOCS1 may regulate NF‑κB signaling by binding to the p65 subunit of 
NF‑κB, the TLR adaptor molecule TIRAP, as well as IRAK. miR‑155 targets SOCS1 and inhibits its expression, therefore indirectly promoting the NF‑κB 
pathway. Ag, antigen; TCR‑CD, T cell receptor CD; NF, nuclear factor; IκB, inhibitor of NF‑κB; TLR, Toll‑like receptor; miR, microRNA; SOCs, suppressor 
of cytokine signaling; MHC, major histocompatibility complex; IL, interleukin; IL‑2R, IL‑2 receptor; TIRAP, TIR domain‑containing adaptor protein; IRAK, 
IL‑1R‑associated kinase 1; TOLLIP, Toll‑interacting protein; MyD88, innate immune signal transduction adaptor; TRAG6, TNF receptor‑associated factor 6; 
TNF, tumor necrosis factor; TAB2, TAK1‑binding protein 2; TAK1, transforming growth factor‑β‑activated kinase 1; IKK, IκB kinase.
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levels in an OLP group compared with those in a control 
group. Differences in the stage of OLP at which samples were 
obtained may explain for the differences among studies. Taken 
together, the observed alterations in the levels of IgG and IgA 
implicate Igs in the occurrence of OLP.

OLP is a chronic mucosal inflammatory disease mediated 
by T cells. The quantity of CD4+ T cells in OLP was obviously 
greater than that in control subjects, suggesting that CD4+ 
T cells are involved in the pathogenesis of OLP. CD4+ T cells 
are mainly distributed in the lamina propria and subepithelial 
layer of OLP lesions (16). Once activated, CD4+ T cells bind 
to receptors located in the cytomembrane of CD8+ T lympho-
cytes, and they secrete pro‑inflammatory cytokines. Finally, 
cytotoxic T lymphocytes are induced and contribute to chronic 
inflammation in local lesions (90). In addition, Tregs maintain 
peripheral immunological tolerance and control the prolifera-
tion of conventional T lymphocytes. A recent study indicated 
that, despite increased Tregs in OLP, the functions of these 
cells were defective. This may explain, at least in part, why the 
increased Tregs do not reduce the occurrence of OLP (101). 
In the intra‑epithelial area and the basement membrane of 
OLP lesions, CD8+ T cells are present and are associated 
with apoptotic keratinocytes in OLP  (102). These results 
suggested that CD8+ T cells contribute to the occurrence of 
OLP, and that CD8+ T cells induce apoptosis in keratinocytes 
in this disease. CD8+ T lymphocytes identify and potentially 
eliminate antigens presented by class I MHC molecules. Once 
CD8+ T cells are activated, they may induce keratinocyte 
apoptosis via secretion of TNF‑α and granzyme B, as well 
as Fas ligand receptor expression (90). In brief, these results 
suggest that T lymphocytes are involved in the pathogenesis 
of OLP.

6. Conclusions

OLP is a chronic oral mucosal inflammatory disease and has 
been identified as a potentially malignant condition by the 
WHO. Extensive evidence suggests that immunologic factors 
have vital roles in the pathogenesis of OLP. An improved 
understanding of the mechanisms underlying OLP may 
provide novel approaches for potential therapeutic strategies 
for this disease. Several studies have indicated that miR‑155 
expression is significantly upregulated in OLP (6). However, 
the roles of miR‑155, a multi‑functional miRNA associated 
with immune system regulation, in OLP have remained to 
be fully elucidated. miR‑155 controls macrophage differen-
tiation and function by directly targeting SOCS1, IL13Rα1 
and SMAD2 (32‑34). In DCs, miR‑155 targets TAB2, PU.1, 
SHIP1, SOCS1 and c‑Fos to regulate cell maturation and 
function (41,42,46‑48,50). In addition, miR‑155 promotes the 
production of IFN‑γ in NK cells by decreasing the expression 
of SHIP1 (54). It also suppresses PMAIP1 and SOCS1 levels to 
increase NK cell survival and homeostasis (55). miR‑155 has a 
crucial role in the adaptive immune system. It directly targets 
Jarid2, PU.1, AICDA, SOCS1 and SMAD5 to maintain an 
adequate B‑cell function (63,65,67‑69). Furthermore, c‑Maf, 
SOCS1 and Arg2 have been identified as targets of miR‑155 
in T lymphocytes (43,59,75‑78). Previous studies have demon-
strated that these immune cells actively participate in the 
pathogenesis of OLP. The miR‑155/SOCS1 axis has important 

roles in immune system regulation by mediating a variety of 
signaling pathways, including the JAK/STAT, NF‑κB and P53 
pathways. NF‑κB and associated cytokines, including IL‑1α, 
IL‑6, IL‑8 and TNF‑α, have beneficial effects in the inflam-
matory microenvironment of OLP (103). The expression of 
p53 is upregulated in OLP, but the reason for this remains to be 
determined. The increased p53 expression may be due to DNA 
damage occurring. In addition, the increased cell proliferation 
in OLP may lead to the upregulation of p53 expression. An 
elevated expression of p53 is thought to be associated with the 
pathogenesis of OLP (104).

miR‑155 is upregulated in OLP, but the underlying 
mechanisms remain to be fully elucidated. It is well known 
that miR‑155 is important for immune system regulation. 
Immune regulation has an important role in the pathogenesis 
of OLP. Therefore, it is possible that miR‑155 is involved in 
the pathogenesis of OLP by regulating the immune system and 
associated targets, including SOCS1. Ostensibly, this interac-
tion requires further experimental validation. With this regard, 
the present review provides a basis for future research and may 
facilitate further investigation of the pathogenesis of OLP, 
particularly with regard to the roles of miR‑155.
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