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TRIM21 causes abnormal expression of IL-6 in
oral lichen planus via the TRIB2-MAPK signal axis
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Abstract: Objective: Oral lichen planus (OLP) is a common chronic inflammatory disease in the oral cavity, and has
the risk of developing into oral squamous cell carcinoma (OSCC). It is necessary to discover the role of TRIM21 in the
pathogenesis of OLP and its underlying mechanism. Methods: Western bolt and qPCR assays were used to detect
the effects of TRIM21 on cellular levels of ERK, p-ERK, AP-1, IL-6, TRIB2, IRF3, and IRF7, while co-immunoprecipita-
tion was performed to verify the interaction between Trim21 and TRIB2 protein. The TRIM21 effect on TH1/TH2 bal-
ance in T cells was also evaluated using ELISA. Results: The results of western blot showed that TRIM21 overexpres-
sion significantly increased p-ERK, c-fos, c-jun, IL-6 and TRIB2 levels in H9 cells (P<0.01 and P<0.001), however,
inhibited the IRF3 and IRF7 levels (P<0.05). On the other hand, TRIM21 did not regulate the phosphorylation of ERK
and the mRNA expression of AP-1 and TRIB2. In addition, TRIM21 was in relation to the proteasome degradation in
TRIB2-ERK. TRIM21 also regulated the level of TRIB2 not only by inhibiting the ubiquitination of TRIB2, but also by
affecting IL-6 through the ERK pathway. Conclusion: TRIM21 caused abnormal expression of IL-6 in OLP via regulat-
ing TRIB2-MAPK signal axis, leading to the disrupted Th1/Th2 balance in T lymphocytes.

Keywords: Oral lichen planus, tripartite motif-containing protein 21, tribbles homolog 2, mitogen-activated protein
kinase, interleukin-6

Introduction therefore it is of great significance to investi-

gate the pathogenesis of OLP in the aspects of

Oral lichen planus (OLP) is a common chronic
inflammatory disease of the oral mucosa with
approximately 0.5% to 4% incidence [1]. The
World Health Organization (WTO) lists OLP as a
potential malignant lesion in the oral cavity due
to the possibility of developing into oral squa-
mous cell carcinoma (OSCQC). It is known that
patients with OLP have 10 times higher chance
of getting oral cancer than healthy people [2].
The etiology and pathogenesis of OLP may be
involved in the immune system, genetic factors,
sociopsychological factors, and infection fac-
tors [3]. OLP has currently been confirmed as T
lymphocyte-mediated immune disease, and

diagnosis, treatment and prognosis.

Tripartite motif (TRIM) protein family, contains
more than 77 members, are implicated in a
wide range of physiologic processes, including
immune regulation, cell proliferation, anti-viral
processes, oncogenesis, and tumor metastasis
[4]. Many TRIM proteins function as the E3
ubiquitin ligases due to the presence of RING
domain [5]. The tripartite motif-containing pro-
tein 21 (TRIM21) is an important member of the
TRIM protein family which was first discovered
in 1988. TRIM21 is usually present in Hela cells
of the patients’ serum, and considered as an
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auto-antigen that causes Sjogren’s syndrome
and systemic lupus erythematosus [6]. In addi-
tion, TRIM21 is widely expressed in a variety of
cells and plays an important role in regulating
immune system. The E3 ligase activity of
TRIM21 links ubiquitin molecules to its sub-
strates, and thereby mediating protein degra-
dation through the ubiquitin-proteasome path-
way. TRIM21 can also play different biological
roles by interacting with different substrates
[7]. For example, TRIM21 can stimulate the
activation of transcription factors, such as
nuclear factor kB (NF-kB), protein 1 (AP) -1,
interferon regulatory factor 3 (IRF3), IRF5, IRF7
and IRF8, through its K63-linked ubiquitin
ligase activity [8]. The activation of these tran-
scription factors trigger the production of mul-
tiple pro-inflammatory cytokines and chemo-
kines, such as interleukin-6 (IL-6), [L-12p40,
tumor necrosis factor-a (TNF-a), type | interfer-
on (IFN), CXCL10, CCL2 and CCL4 in mouse
embryonic fibroblasts (MEFs) and macrophages
[9].

A previous study has shown that compared
with healthy subjects, IL-6 level in the serum
of OLP patients was significantly higher [10].
Yet, whether this difference was regulated by
TRIM21 has not been reported before. This
study aimed to investigate the role and mecha-
nism of TRIM21 in the IL-6 expression of
patients with OLP through in vitro cell
experiments.

Methods
Cell culture

The human CD3*CD4* T cells from healthy vol-
unteers and H9 cell lines were purchased from
the Shanghai Institutes for Biological Sciences
(Shanghai, China). Cells were cultured in RPMI-
1640 medium supplemented with 10% fetal
bovine serum (FBS), 100 U/ml penicillin and
100 pg/ml streptomycin (complete medium)
and maintained at 37°C in a humidified atmo-
sphere of 5% CO..

Cell proliferation assay

Cell proliferation was analyzed using the Cell
Counting Kit-8 (CCK-8; cat. no. E606335-0500;
BBI Life Sciences). The CD3*CD4* T cells and
HO cell lines in the logarithmic growth phase
were seeded into a 96-well plate at a density of
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2x103 cells/well and placed in a cell culture
incubator. At 2-4 h before termination of cul-
ture, CCK-8 solution (10 yL) was added into
each well, and the mixture was incubated for 1
h. An enzyme-labeled instrument was carried
out to measure each well with the absorbance
values (OD value) at 450 nm. The results were
obtained from three independent experiments
in triplicate. The OD value was considered to be
directly proportional to the number of viable
cells in the culture.

Enzyme-linked immunosorbent assay (ELISA)

The levels of IL-6, IL-10, TGF-B1, IFN-y and IL.-4
in saliva were detected using ELISA kit in accor-
dance with the manufacturer’s instructions (IL-
6: EK106/2-48; IL-10: EK110/2-48; TGF-B1:
EK981-48; IFN-y: EK180-01; IL-4: EK104-01;
MultiSciences Biotech Co., Ltd., China). The
ELISA plate was treated and incubated with 50
pl of bovine serum albumin (BSA) blocking solu-
tion (10 mg/ml), 50 ul of serum and 50 ul of
biotin-conjugated detector mAb at 37°C for 1
hour, and probed with avidin-HRP solution (1:
100). After final rinsing with PBST, 100 pl of tet-
ramethylbenzidine (TMB) substrate solution
(10 mg/ml) was added for color reaction with
Ag-Ab complex. The relative absorbance was
measured at 450 nm using an automated
ELISA reader (Bio-Rad model 550, Irvine, CA).
The concentration was determined by compar-
ing the optical density with standard curve.

Transfection

The siRNAs targeting TRIM21 knockdown:
TGAGAAGTTGGAA GTGGAAATACC, TRIM21 pri-
mers: GAGTTGGCTGAG AAGTTGGAA and scr-
ambled controls: CCTAAGGTTAAG TCGCCCTCG
were purchased from GenePharma (Shanghai,
China). Cells were transfected with appropriate
miRNA, siRNA oligonucleotides and plasmids
using Lipofectamine 2000 reagent (Invitrogen)
following the manufacturer’s instructions. The
medium was replenished 6 h after transfec-
tion.

Western blot

The cells from different groups were collected
to extract and quantify proteins. Protein was
separated using sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE),
and the protein bands were then transferred to
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Table 1. Real-Time PCR primer sequences

Gene Primer sequence (5'—3’)
c-fos-F GGGGCAAGGTGGAACAGTTAT
c-fos-R CCGCTTGGAGTGTATCAGTCA
c-jun-F TCCAAGTGCCGAAAAAGGAAG
c-jun-R CGAGTTCTGAGCTTTCAAGGT
ERK-F TCACACAGGGTTCCTGACAGA
ERK-R ATGCAGCCTACAGACCAAATATC
TRIB2-F CTTTTGCCTGTCTGCTCATAGT
TRIB2-R ATAGCTTCGCTCAAAGAACACA
IRF3-F AGAGGCTCGTGATGGTCAAG
IRF3-R AGGTCCACAGTATTCTCCAGG
IRF7-F GCTGGACGTGACCATCATGTA
IRF7-R GGGCCGTATAGGAACGTGC
GAPDH-F GGAGCGAGATCCCTCCAAAAT
GAPDH-R GGCTGTTGTCATACTTCTCATGG

a nitrocellulose membrane and blocked with
5% skim milk at room temperature for 30 min.
The blots were incubated overnight at 4°C with
primary antibody and HRP-labeled secondary
antibody. The primary antibodies included
TRIM21 (1:1000, 92043, CST), ERK (1:1000,
4695, CST), p-ERK (1:1000, 4370, CST), c-fos
(1:1000, 4384, CST), c-JUN (1:1000, ab314-
19, Abcam), IL-6 (1:2000, ab208113, Abcam),
TRIB2 (1:1000, 13533, CST), IRF3 (1:1000,
11904, CST), IRF7 (1:12000, 4920, CST) and
glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) (1:20000, 5174, CST). After that, the
membranes were rinsed with TBST for 3 times
(5 min per each). An enhanced chemilumines-
cence (ECL) was applied to visualize the bands,
while the gel image was taken by Tanon-5200
gel imager (Tanon, Shanghai, China). The absor-
bance analysis was conducted by Quantity-One
software. The expression of the target protein
was represented as the ratio of the target pro-
tein absorbance to the corresponding GAPDH
absorbance. The experiment was repeated
three times.

Reverse transcription-quantitative polymerase
chain reaction (RT-gPCR)

Total RNA was extracted from H9 cell lines
using Trizol Reagent (15596-018, Invitrogen).
RNA was reverse transcribed to cDNA after
DNA elimination. The prepared cDNA was then
amplified using SYBR Green Master Mixture
(Takara, Otsu, Japan), of which the results were
calculated by ABI Stepone plus™ Real-Time
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PCR System (illumina eco). The thermocycling
conditions were started with 5 min of DNA
regeneration at 95°C, 40 cycles at 95°C for
30 sec, followed by primer annealing at 60°C
for 30 sec, and primer extension at 72°C for 5
min. The 222¢@ method was applied to normal-
ize the relative expression of genes to GAPDH.
The used primers are listed in Table 1. The
experiment was also repeated three times.

Co-immunoprecipitation

Cells were lysed in protease inhibitors-supple-
mented Tris lysis buffer (50 mM Tris buffer, 150
mM NaCl, 0.5% IGEPAL® CA-630, 5% glycerol
and 1 mM EDTA) after 24 h transfection. Prior
to immunoprecipitation (IP), protein lysates
were pre-cleared by incubation with Protein G
Agarose beads (Millipore, Cork, Ireland) at 4°C
for 30 min. Pre-cleared lysates were then incu-
bated with the antibody and Protein G Agarose
beads overnight in a rotary tube mixer at 4°C.
Immunoprecipitated proteins were washed
from beads by boiling at 95°C for 5 min in
Laemmli buffer and analyzed by Western
blotting.

Statistical analysis

Data were analyzed using SPSS software
(Chicago, IL, USA). Normally distributed data
are presented as the mean * standard devia-
tion (SD), while the non-normally distributed
data are presented as the mean = interquartile
range or as the median. One-way and two-way
ANOVA were used for comparison between
groups, and the Bonferroni test was carried out
for multiple comparisons. P<0.05 was consid-
ered as statistically significant.

Results

Effects of TRIM21 on cell activity and cytokine
secretion in primary CD3*CD4* T cells and H9
cell lines

The CCK8 result showed that in primary
CD3*CD4* T cells, the overexpression of trans-
fected TRIM21 plasmid significantly enhanced
cell viability compared with negative control
(NC) group (P<0.01). In contrast, the TRIM21
silencing significantly inhibited cell viability
(P<0.05, Figure 1A). Similarly, the overexpres-
sion of transfected TRIM21 plasmid signifi-
cantly increased cell activity in H9 cell lines
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Figure 1. Effect of TRIM21 on cell activity and cytokine secretion by primary CD3*CD4* T cells and H9 cell lines. In
primary CD3*CD4* T cells, (A) cell viability, the level of (B) IL-6, (C) IL-10 and (D) TGF-B1; In H9 cells, (E) cell viability,
the level of (F) IL-6, (G) IL-10 and (H) TGF-B1. *P<0.05, **P<0.01, ***P<0.001, compared with the Ctrl group. ns,
not significant.

(P<0.01), whereas the knockdown of TRIM21 In addition, the effects of TRIM21 on cytokine
remarkably suppressed cell activity (P<0.01, secretion by primary CD3*CD4* T cells and H9
Figure 1E). cells were detected by ELISA. The results dem-
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Figure 2. The efficiency of TRIM21 overexpression
and knockdown was evaluated by Western blot.
***P<0.001, compared with the Ctrl group.

onstrated that compared with the NC group,
the primary CD3*CD4* T cells had relatively
higher expression level of IL-6 in TRIM21-
overexpressed cells (P<0.001), while IL-6 level
in TRIM21-silenced cells was dramatically dro-
pped (P<0.001, Figure 1B). The similar results
were also obtained in H9 cell lines (Figure 1F).
The expression of TRIM21 had no obvious
effect on the secretion of IL-10 and TGF-B1 in
both CD3*CD4* T cells and H9 cells (Figure 1C,
1D, 1G, 1H).

The above results revealed that the expression
of TRIM21 had similar effects on both H9 cell
lines and in primary CD3*CD4* T cells, and
thereby H9 cell lines were selected for the sub-
sequent experiments in this study.

The mechanism of TRIM21 affecting IL-6
expression

In order to understand the mechanism of
TRIM21 in the IL-6 expression, TRIM21 overex-
pression plasmid or sh-TRIM21 plasmid were
transfected into H9 cells. The results of west-
ern blot demonstrated the successful transfec-
tion of overexpression or silence of TRIM21 into
H9 cells (P<0.001) (Figure 2).

The activations of TRIM21, ERK, p-ERK, AP-1,
IL-6, TRIB2, IRF3, and IRF7 were detected using
western blot. The results clarified that TRIM21
overexpression significantly elevated the p-
ERK, c-fos, c-jun, IL-6 and TRIB2 levels in H9
cells (P<0.01, P<0.001), however, remarkably
inhibited the levels of IRF3 and IRF7 (P<0.05).
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The suppression of TRIM21 expression notably
reduced the levels of p-ERK, c-fos, c-jun, IL-6,
and TRIB2 (P<0.05, P<0.01), and increased the
levels of IRF3 and IRF7 (P<0.05, P<0.01, Figure
3).

Furthermore, the mRNA expression of the
above factors were detected by RT-PCR, which
indicated the increase in mRNA levels of IL-6,
IRF3 and IRF7 with the overexpression of
TRIM21 (P<0.05, P<0.001 respectively), where-
as the changes of TRIM21 could not affect the
phosphorylation of ERK and the mRNA expres-
sion of AP-1 and TRIB2 (P>0.05, Figure 4).

TRIM21 affects TH1/TH2 balance in H9 cell
line

Interferon-gamma (IFN-y) is a cytokine pro-
duced by TH1 cells, while interleukin 4 (IL-4) is
produced by TH2 cells. The changes of IFN-y
and I-4 concentrations and IFN-y/IL-4 ratio
were detected using ELISA, which showed the
increase in the IL-4 concentration with the
TRIM21 overexpression (Figure 5A), and the
decrease in IFN-y concentration (Figure 5B).
Compared with the Ctrl group, the ratio of
IFN-y/IL-4 was significantly reduced in the OE
group (P<0.001), while this ratio was relatively
raised in the KD group (P<0.001, Figure 5C).

TRIMZ21 interacts with TRIB2

In order to confirm the effect of TRIM21 on
TRIB2 protein, actidione (CHX) and proteasome
inhibitor (MG132) were used to inhibit protein
synthesis and proteasome degradation respec-
tively. The western blot was applied to detect
the expressions of TRIB2, p-ERK, and ERK pro-
tein. In the CHX treatment group, the expres-
sion of TRIB2 was significantly elevated with
the TRIM21 overexpression (P<0.001), while
the knockdown of TRIM21 resulting in the
decreased expression of p-ERK protein (P<
0.001). After treatment with MG132, there
were no significant differences in the expres-
sions of TRIB2 and p-ERK protein were found
(P>0.05, Figure 6A, 6B).

Both co-immunoprecipitation and western blot
analysis were carried out to detect the interac-
tion between TRIM21 and TRIB2 in H9 cells.
The interaction between TRIM21 and IgG pro-
vides a false positive result. As indicated in
Figure 6C, the results of FLAG (TRIM21)/1gG
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antibody immunoprecipitation showed the
interaction between TRIM21 and TRIB2.

Furthermore, TRIB2-IP grade antibodies were
used for immunoprecipitation, and HA antibod-
ies were used to detect the ubiquitination of
the samples after IP. The results of western blot
showed that TRIM21 not only inhibited the
ubiquitination of TRIB2 and regulated the level
of TRIB2 in the cell, but also affected IL-6
through the ERK pathway (Figure 7).

Discussion

In the current study, the in vitro cell experi-
ments proved that TRIM21 caused the abnor-
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mal expression of IL-6 in OLP through regulat-
ing TRIB2-MAPK signal axis, suggesting the
imbalance of Th1/Th2 in T lymphocytes. The
interaction and mechanism between TRIM21
and TRIB2 proteins were also studied.

It is suggested to prevent the development of
OSCC by early detection of OLP. TRIM21 isa d
cytoplasmic antibody receptor that catalyzes
the formation of free K63 ubiquitin chains
through its RING domain, followed by activate
the AP-1, NF-kB and IRF3/5/7 signaling path-
ways, allowing the increased production of pro-
inflammatory cytokines in patients with OLP [8,
11]. IL-6 is a multifunctional cytokine which is
capable of stimulating inflammatory responses

Am J Transl Res 2020;12(8):4648-4658
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Figure 5. The levels of (A) IFN-y, (B) IL-4 and (C) IFN-y/
IL-4 in the supernatant of H9 cells were detected by
ELISA.

and various other biological processes. Several
studies have reported that IL-6 is highly
expressed in patients with OLP [10, 12, 13],
which is consistent with our ELISA results.
Moreover, TRIM21 is an important regulator for
the production of pro-inflammatory cytokines. A
significant increase in IL-6 (P<0.001) after the
overexpression of TRIM21 in T cells suggested
that TRIM21 may be the main pro-inflammatory
molecule. The major cause of the inflammatory
responses in OLP epithelial cells is the dysregu-
lated immune network formed by the epithelial
cell membrane surface and intracellular pro-
tein signaling pathways [14]. However, the
major signaling pathways that mediate the cel-
lular behaviors in OLP patients, especially
those key transcription factors, have not been
fully identified yet. As a potential malignant
lesion of the oral cavity, the pathogenesis of
OLP has certain implications for the relation-
ship between chronic inflammation and
tumorigenesis.
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A large number of studies have confirmed that
mitogen-activated protein kinase (MAPK) is
highly activated in some malignhancies, and the
activation of MAPK may be involved in the car-
cinogenic process [15-17]. The MAPK signaling
pathway is a conserved signal transduction
system that activates transcription factors
through a three-stage enzymatic cascade to
regulate specific gene expression, and thereby
cause inflammatory responses and cytokine
productions. Hence, we speculated that the
MAPK signaling pathway may be involved in
modulating the inflammatory responses
induced by OLP and the process OSCC conver-
sion. Extracellular signal-regulated kinase
(ERK1/2), also called as mitogen-activated
MAPK pathway, can promote cell proliferation
and differentiation after activation [18].
Theocharis et al. have found that over-activa-
tion of ERK signaling is closely related to the
malignant lesions of OLP [19]. TRIB2 plays a
role in the degradation of key proteins and the
regulation of MAPK signaling pathways, as well
as the survival and proliferation of hematopoi-
etic cells [20]. In our study, the overexpression
of TRIM21 resulted in the remarkably increased
level of p-ERK, TRIB2 (P<0.01, P<0.001), and
two proto-oncogenes: c-fos and c-jun (P<0.01,
P<0.001), indicating that TRIM21 overexpres-
sion in OLP can activate ERK and AP-1 signal-
ing. In order to further verify the effect of
TRIM21 on the TRIB2 protein, CHX and MG132
were used to inhibit protein synthesis and pro-
teasome degradation, respectively. The results
of western blot demonstrated that the effect of
TRIM21 on TRIB2-ERK was only related to pro-
teasome degradation. Moreover, there was an
interaction between TRIM21 and TRIB2, where
TRIM21 regulated the level of TRIB2 by inhibit-
ing the ubiquitination of TRIB2 and affected
IL-6 through the ERK pathway, suggesting that
TRIM21 triggered the inflammatory responses
in OLP, especially the expression of IL-6 via
modulating the TRIB2-MAPK signal axis.

The dynamic balance of Thl and Th2 cells is
extremely important for maintain the normal
immune system. Numerous studies have
revealed that there is an imbalance of Thil
and Th2 in lesions, saliva, or tissue exudate of
OLP patients [21], suggesting the relationship
between OLP pathogenesis and Th cell imbal-
ance. In this study, after TRIM21 overexpres-
sion, the level of Thl type cytokine IFN-y was
significantly lower than in the Ctrl group
(P<0.001), whereas the Th2 type cytokine IL-4

Am J Transl Res 2020;12(8):4648-4658
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Figure 6. A, B. Western blot was used to detect the change of TRIB2, p-ERK, and ERK protein expression. C. Co-im-
munoprecipitation and western blot analysis validated TRIM21 and TRIB2 protein interactions. *P<0.05, **P<0.01,

***P<0.001, compared with the Ctrl group.

was relatively higher (P<0.001). Furthermore,
the ratio of IFN-y/IL-4 was significantly reduced
(P<0.001), which means there is a Th1/Th2
imbalance in OLP patients. Both IFN-y and IL.-4
are the co-immune etiological factors of differ-
ent types of OLP.

Conclusions

In conclusion, our research revealed the key
role of TRIM21 in patients with OLP. To our
knowledge, this is the first study investigating
the underlying mechanism of TRIM21 in the
inflammatory response of OLP pathogenesis.
Despite the occurrence and development of
OLP involve in a variety of immune-active cells,
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inflammatory cytokines and interferon conver-
sion factors, the specific mechanism still needs
to be further studied.
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Addre
ment

ss correspondence to: Guoyao Tang, Depart-
of Oral Medicine, Ninth People’s Hospital,

Shanghai Jiao Tong University School of Medicine,

639
E-mail

Zhizaoju Road, Shanghai 200011, China.
: tanggy@shsmu.edu.cn

References

(1]

(2]

(3]

(4]

(5]

(6]

4657

Baek K and Choi Y. The microbiology of oral li-
chen planus: is microbial infection the cause
of oral lichen planus? Mol Oral Microbiol 2017;
33:22-28.

Yang Q, Xu B, Sun H, Wang X and Ma X. A ge-
nome-wide association scan of biological pro-
cesses involved in oral lichen planus and oral
squamous cell carcinoma. Medicine 2017; 96:
7012.

Gangeshetty N and Kumar BP. Oral lichenpla-
nus: etiology, pathogenesis, diagnosis, and
management. World J Stomatol 2015; 4.
ChenY, Cao S, SunY and Li C. Gene expression
profiling of the TRIM protein family reveals po-
tential biomarkers for indicating tuberculosis
status. Microb Pathog 2017; 114: 385-392.
lkeda K and Inoue S. TRIM proteins as RING
finger E3 ubiquitin ligases. Adv Exp Med Biol
2012; 770: 27-37.

Smith S, Gabhann JN, Mccarthy E, Coffey B,
Mahony R, Byrne JC, Stacey K, Ball E, Bell A
and Cunnane G. Estrogen receptor o regulates
tripartite motif-containing protein 21 expres-
sion, contributing to dysregulated cytokine pro-
duction in systemic lupus erythematosus. Ar-
thritis Rheumatol 2014; 66: 163-172.

(7]

(8]

(9]

[10]

[11]

[12]

[13]

Stacey KB, Breen E and Jefferies CA. Tyrosine
phosphorylation of the E3 ubiquitin ligase
TRIM21 positively regulates interaction with
IRF3 and hence TRIM21 activity. PLoS One
2012; 7: 34041.

Mcewan WA, Tam JCH, Watkinson RE, Bidgood
SR, Mallery DL and James LC. Intracellular an-
tibody-bound pathogens stimulate immune
signaling via the Fc receptor TRIM21. Nat Im-
munol 2013; 14: 327-336.

Versteeg GA, Rajsbaum R, Sanchez-Aparicio
MT, Maestre AM, Valdiviezo J, Shi M, Inn KS,
Fernandez-Sesma A, Jung J and Garcia-Sastre
A. The E3-ligase TRIM family of proteins regu-
lates signaling pathways triggered by innate
immune pattern-recognition receptors. Immu-
nity 2013; 38: 384-398.

Liu J, Shi Q, Yang S, Wang Q, Xu J and Guo B.
The relationship between levels of salivary and
serum interleukin-6 and oral lichen planus: a
systematic review and meta-analysis. J Am
Dent Assoc 2017; 148: 743-749.

Wei W, Wang Y, Sun Q, Jiang C and Tang G. En-
hanced T-cell proliferation and ILsecretion me-
diated by overexpression of TRIM21 in oral le-
sions of patients with oral lichen Planus. J Oral
Pathol Med 2019; 49: 350-356.

Abdel-Haq A, Kusnierz-Cabala B, Darczuk D,
Sobuta E, Dumnicka P, Wojas-Pelc A and Cho-
myszyn-Gajewska M. Interleukin-6 and neop-
terin levels in the serum and saliva of patients
with lichen planus and oral lichen planus. J
Oral Pathol Med 2014; 43: 734-739.

Shahidi M, Jafari S and Gholami MS. Predictive
value of salivary microRNA-320a, vascular en-

Am J Transl Res 2020;12(8):4648-4658



(14]

[15]

(16]

[17]

TRIM21 affects IL-6 expression in oral lichen planus

dothelial growth factor receptor 2, CRP and
IL-6 in oral lichen planus progression. Inflam-
mopharmacology 2017; 1-7.

Farhi D and Dupin N. Pathophysiology, etiolog-
ic factors, and clinical management of oral li-
chen planus, Part I: facts and controversies.
Clin Dermatol 2010; 28: 100-108.

Qi X, Zhi H, Lepp A, Wang P, Huang J, Basir Z,
Chitambar CR, Myers CR and Chen G. p38gam-
ma mitogen-activated protein kinase (MAPK)
confers breast cancer hormone sensitivity by
switching estrogen receptor (ER) signaling
from classical to nonclassical pathway via
stimulating ER phosphorylation and c-Jun
transcription. J Biol Chem 2012; 287: 14681-
14691.

Basu M, Mukhopadhyay S, Chatterjee U and
Roy SS. FGF16 promotes invasive behavior of
SKOV-3 ovarian cancer cells through activation
of mitogen-activated protein kinase (MAPK)
signaling pathway. J Biol Chem 2014; 289:
1415-1428.

Lei YY, Wang WJ, Mei JH and Wang CL. Mito-
gen-activated protein kinase signal transduc-
tion in solid tumors. Asian Pac J Cancer Prev
2014; 15: 8539-8548.

4658

(18]

[20]

(21]

Liu CA, Zhu J, Cai B and Huang JL. Tetramethyl-
pyrazine protect rats against the inflammation
and AB25-35 induced ROS by targeting the
RAGE-ERK1/2-p38-NFkB pathway. J Chinese
Pharmaceut Ences 2014; 49: 1126-1132.
Theocharis S, Kotta-Loizou 1, Klijanienko J,
Giaginis C, Alexandrou P, Dana E, Rodriguez J,
Patsouris E and Sastre-Garau X. Extracellular
signal-regulated kinase (ERK) expression and
activation in mobile tongue squamous cell car-
cinoma: associations with clinicopathological
parameters and patients survival. Tumor Biol
2014, 35: 6455-6465.

Wei SC, Rosenberg IM, Cao Z, Huett AS, Xavier
RJ and Podolsky DK. Tribbles 2 (Trib2) is a nov-
el regulator of toll-like receptor 5 signaling. In-
flamm Bowel Dis 2012; 18: 877-888.

Liu WZ, He MJ, Long L, Mu DL and Chen QM.
Interferon- and interleukin-4 detected in serum
and saliva from patients with oral lichen pla-
nus. Int J Oral Sci 2014; 6: 22-26.

Am J Transl Res 2020;12(8):4648-4658



