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A B S T R A C T   

Oral Lichen Planus (OLP) is a chronic inflammatory disorder whose exact etiology remains unknown. Inflam
matory mediators, cytotoxic CD8+ T cells and mast cells have been hypothesized to mediate the pathogenesis of 
OLP. COVID-19 pandemic caused by SARS-CoV-2 is marked by cytokine storms in the affected patients. Altered 
T-cell responses marked by exhaustion of T-cell count with hyperaggressive remaining T-cells and presence of 
cross-reactive antibodies render infected humans as fertile grounds for development of multisystem disorders. In 
addition, Vitamin D deficiency in COVID-19 patients can further modify the T cell mediated immunity. Increased 
circulating cytokines and hyperactive CD8+ T cells can alter the oral immune barriers rendering them suscep
tible to oral disorders. Due to the widespread immune dysregulation, it is possible that patients of COVID-19 may 
develop OLP in the aftermath or during recovery. The paper explores the pathogenic mechanism behind 
development OLP as post-COVID condition on account of their target receptor, T-cell responses, cytokine profile, 
mucosal immune barriers and nutrition deficiency.   

Introduction/Background 

Oral lichen planus (OLP) is a chronic inflammatory disorder which 
has a worldwide prevalence rate of 1.01% [1]. It is the oral counterpart 
of lichen planus (involve skin, nails, hair, scalp, eyes, urinary tract, 
larynx and nasal mucosa) [2]. Clinically, oral lesions have been classi
fied as: reticular, papular, plaque, atrophic, erosive, and bullous [3] and; 
are characterized by periods of exacerbation and remission and; 
morbidity associated with the recurring lesions [2]. 

The exact etiology of the disease is unknown although several the
ories of pathogenesis are afoot in the literature [4–6]. Immune dysre
gulation is considered to play a pivotal role in pathogenesis of OLP. 
Inflammatory mediators such cytokines, matrix metalloproteinases and 
chemokines cause epithelial-connective tissue interface damage or 
basement membrane liquefaction. Additionally, recruitment of cyto
toxic CD8+ T-cells to the lesional sites is mediated by the chemokines 
which further induce keratinocyte apoptosis leading to clinical erosive 
and ulcerative lesions [5,7]. 

Immune dysregulation and cytokine storms remain the hallmarks of 
the recent COVID-19 pandemic caused by spread of SARS-CoV-2 [8]. It is 
suggested to be alike autoimmune diseases in terms of it’s pathogenesis, 
manifestations and immune responses [9]. This led to initial identifi
cation of ‘immune mediated inflammatory diseases’ patients as a high 
risk group for contraction of SARS-CoV-2, though the same was not 
found to be true [10]. Nevertheless, the debilitating attack on the im
mune system by SARS-CoV-2 can render the patients susceptible to 
various co-infections and superinfections [11]. Since immune dysregu
lation is common to OLP and COVID-19, this paper attempts to explore 
the possibility of oral lichen planus as a part of the spectrum of post- 
COVID conditions. 

The Hypothesis/Theory 

Altered T-cell responses, cross-reactive antibodies, raised cytokine 
levels, altered immune permeability barrier and Vitamin D deficiency in 
patients of COVID-19 may lead to rise of OLP or exacerbation of pre- 
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existing OLP. 
The present theory is analogous to a five-legged stool wherein the 

following reasons are akin to the supporting pillars of the stool: 

1. Related target receptors: SARS-CoV-2 is a highly pathogenic, zoo
notic, enveloped virus which belongs to the β-coronovirus family. 
The target receptor for SARS-CoV-2 is the Angiotensin converting 
enzyme2 (ACE2) which facilitates the entry of the virus into the host 
cell. Since high numbers of these receptors are located in the respi
ratory system, cardiovascular system, urogenital system, gastroin
testinal tract and nervous system, they are principal systems affected 
in patients of COVID-19 [8,12]. Recent identification of high number 
of ACE2 receptors on the skin and oral mucosa-particularly the 
epithelial cells of the tongue- via RNA sequence profiling and single- 
cell transcriptomes flags these sites for their susceptibility to SARS- 
CoV-2 [13,14]. The local renin- angiotensin- aldosterone system 
(RAS) of the skin is involved in epidermal proliferation and wound 
healing. It has been implicated in dermatological disorders such as 
psoriasis, epidermolysis bullosa, melanoma and scleroderma 
[15,16]. Angiotensin converting enzyme has also been implicated in 
pathogenesis of lichen planus though it’s exact mechanism is un
known. A single case-control study in 2005 investigated the role of 
serum and tissue ACE in patients of lichen planus (LP) prior to the 
institution of therapy via spectrophotometric method using hippuryl- 
l-histidyl-l-leucine as a substrate. The authors reported significantly 
raised activity of serum ACE in cases of LP which decreased following 
therapy. Tissue ACE activity was also increased as evaluated in the 
biopsies obtained from the cases, however the finding was not sig
nificant. The authors pondered upon the potential role of ACE in the 
pathogenesis of LP- primary, pathogenic or secondary- while rec
ommending it as a biomarker for assessment of therapy effects [17].  

2. T-cell responses: Diverse T-cell responses have been reported in 
COVID-19 patients with majority of the studies conducted in hospi
talized individuals. Primarily, initial peripheral lymphopenia, 
increased functional activity of the remaining T-cells [18] with 
possible large scale recruitment of the activated T-cells to the lesional 
tissue sites [19] (p19) have been reported during the acute phase of 
COVID-19 infection. T-cell counts gradually recover during the re
covery phase [20] with deep immunoprofiling demonstrating raised 
levels of CD38+ HLA-DR+ CD8+ T cells with increased Ki67 
expression during the acute phase [21,22] and; presence of CD57+
HLA-DR+ CD11+ T cells [23] and SARS-Cov-2 specific CD8+ T cells 
[24] during the recovery phase. The long term effects of dynamic 
upregulation of T-cell subsets with increased expression of NK cell 
markers and raised cytotoxicity [22] during the convalescent phase 
are hitherto unknown though reports of cross-reactivity of both 
CD4+ and CD8+ T cells in SARS-Cov-2 exist in literature [25,26]. A 
recent study demonstrated cross-reactivity of SARS-Cov-2 antibodies 
with 28 human tissues (including gut and barrier proteins, gastro
intestinal system cells, thyroid, nervous system, heart, joint, skin, 
muscle, mitochondria and liver tissues) and highlighted them as 
potential triggers for auto-immune disorders. Selective epitope 
mapping revealed similarities between viral proteins and mito
chondrial M2 protein, F-actin and TPO protein [27]. Considering the 
same, the potential targeting of oral mucosal antigens via SARS- 
specific T cells is not unlikely given the distinct structural location 
(stratified squamous epithelium) of SARS-Cov-2 entry molecules 
(ACE2, transmembrane protease serine 2 /TMPRSS2, and furin) in 
the oral cavity [28]. This theory gains traction when one considers 
the well-established role of T-lymphocytes in production of OLP le
sions and that any factor promoting proliferation or cytotoxicity of T- 
cells will undoubtedly lead to destruction of oral mucosal mem
branes. Further credence is lent by the recently identified dysregu
lated mTOR signalling pathway in both SARS-Cov-2 infection and 
OLP: associated with dysfunctional T-lymphocytes [29,30].  

3. Raised cytokines: Several interleukins (IL) such as IL1, 2, 4, 5, 6, 8, 
10, 12, 17, and 18 have been implicated in the causation and pro
gression of oral lichen planus [7]. Genetic polymorphisms of IL-18 
[31], TNFα [32–35], IFNγ [36–38], IL-10 [33,35], IL-17[39], IL-1ß 
[34], IL-12 [40], IL-8[41], IL-4[37] have also been associated with 
OLP. Histopathologically, they damage the basement membrane and 
cause widespread tissue destruction leading to the formation of 
clinically observable lesions. 

Cytokine storms have been a hallmark of SARS-CoV-2 infection 
with IL-1, IL-6, IL-12, IFN-γ, and TNF-α been identified as proin
flammatory cytokines causing tissue damage. IL-2, IL-4, IL-7, IL-10, 
IL-13, IL-17 have also been reported to be raised amongst the pa
tients of COVID-19. In particular, IL-6 has been associated with poor 
prognosis and acute respiratory distress syndrome in COVID-19 
positive patients [42,43]. A linking molecule between T-cells, in
terleukins, antibody and viral immunity is TRIM21 (Tripartite motif 
containing-21): a cytosolic ubiquitin ligase which inhibits both viral 
replication and induces an anti-viral cellular state [44]. In enveloped 
viruses, TRIM21 gets activated when non-neutralizing anti-nucleo
protein antibody target viral nucleoprotein antigen which results in 
stimulation of viral specific cytotoxic T cells [45]. SARS-CoV-2 is a 
single-stranded RNA-enveloped virus and TRIM21 activation may be 
responsible for the large scale cytokine production and T-cell 
hypersignatures. Interestingly, overexpression of TRIM21 has also 
been identified in the lamina propria of OLP lesions via immuno
histochemistry (IHC). These TRIM21 over-expressed CD3+ T cells 
exhibit enhanced IL-6 secretion [46]. 

The raised cytokine profiles, dysfunctional T-cells and TRIM21 
activation might render the patients suffering or recovering from 
COVID-19 susceptible to development of oral lichen planus partic
ularly the co-morbid patients due to pre-existing altered immune 
barrier in them.  

4. Immune permeability barrier: The oral mucosa is guarded by the 
local immunity which develops and evolves in tandem with the 
commensal microbiota, their metabolites and the immune cells. 
Similar immune barriers are present in the GIT, brain and skin; are 
responsible for homeostatic immune responses [47]. Systemic dis
orders such as diabetes, hypertension and cardiovascular diseases 
alter oral immune barriers [48–50]. Increased circulating inflam
matory mediators and oxidative stress in these disorders may lead to 
increased susceptibility to cross-reactions with pathogenic organisms 
manifesting as oral lesions [50,51]. It takes centerstage in light of 
recent discovery of cross-immune reactivity between SARS-CoV-2 
antibodies and cell junction proteins- occludin, zonulin, beta- 
catenin [27]. 

A recent meta-analysis has identified hypertension, diabetes, car
diovascular disease, and respiratory disease as risk factors for mor
tality in COVID-19 patients [52]. In OLP: diabetes, hypertension, 
psychological stress, Hepatitis C virus, dyslipidemia have been 
identified as the risk factors [53]. Herein, one has to consider the role 
of Th17 helper cells (pro-inflammatory) in the induction of oral 
innate immune responses and; the raised levels of Th17 cells re
ported independently in both OLP and COVID-19 patients 
[47,54,55].  

5. Vitamin D receptor: Pre-existing T- cell mediated immunity has been 
theorised to account for varying responses to COVID-19 infection 
[56]. Vitamin D supplementation has been found to regulate T-cell 
mediated immunity by modulating T regulatory subsets (CD4+
CD25+ FOXP3+ CD127lo) in healthy individuals and in patients 
with autoimmune disorders. Higher Treg/total T cell ratios have 
been associated with higher Vitamin D levels [57]. A systematic re
view (2020) identifies Vitamin D deficiency as a risk factor for 
increased lesions of OLP [58]. Recent genetic polymorphic study on 
Vitamin D receptor in Chinese Han population have identified 
rs2239185 and rs7975232 variants of Vitamin D receptor for OLP 
susceptibility [59]. 
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Similarly, Vitamin D deficiency has also been identified as a risk 
factor for respiratory distress syndrome of COVID-19. Vitamin D 
receptor activation to improve lung function, regulating renin- 
angiotensin system and stimulating healing has been suggested by 
several authors [60,61]. 

Evaluation of the hypothesis/idea 

The design for evaluating the present hypothesis can include cross- 
sectional testing of each of the above-mentioned factors within two 
groups: OLP patients with positive history of COVID-19 and; OLP pa
tients without history of COVID-19. Further subgrouping may be done 
based on the concurrent morbidities. Apart from the mandatory 
recording of the demographic details, the methodology can revolve 
around: deep immunoprofiling or deep spatial immunoprofiling of 
lesional tissue followed by flow cytometry for identification of T-cell 
subsets; assessment of molecular expression of mTOR pathway via IHC, 
Western blot or immunofluorescence [62]; IHC based evaluation of 
TRIM21 and; assessment of 25(OH)D (Vitamin D) levels. Cytotoxicity of 
CD8+ T cells can be evaluated indirectly via measurement of IFNγ levels 
or directly via the recently described multiplex screening assay [63]. 

A prospective study can also be planned in the patients with positive 
COVID history which would include assessment of salivary biomarkers 
for OLP occurrence: peroxidation products, vitamin C, vitamin E, 
cortisol, immunoglobulins (IgG and IgA) [64]. 

Due to common mechanisms being employed between the two im
mune dysregulating conditions, it becomes imperative that certain steps 
are undertaken on war-footing manner by the various oral health care 
workers worldwide. The present authors suggest a four- pronged strat
egy to deal with the OLP cases in the aftermath of COVID-19 infections:  

1. Tracking and recording of new OLP cases as part of longitudinal 
multi-country observational studies.  

2. Telephonic follow-up of pre-existing OLP cases and encouraging the 
patients for self-examination and maintenance of record diary.  

3. Frequent follow-up of COVID-19 cases with co-morbidities and 
encouraging the patients for self-examination and maintenance of 
record diary.  

4. Providing mental health assistance to individuals working in high 
stress environment or having history of psychological disorders. 

Discussion and consequences of the hypothesis 

Burgos-Blasco et al (2021) reported a single case report of a 56 year 
old female with oral lichen planus with past positive history of COVID- 
19 [65]. Since the patient did not have any relevant medical history and 
was negative for hepatitis C infection; the authors mulled over the idea 
of COVID-19 being a trigger for OLP. Routray et al has also predicted an 
increase in OLP in Indian females over 40 years particularly of lower 
socioeconomic strata due to the increased psychological stress induced 
via country wide lockdowns, lose of livelihood, lose of loved ones, etc 
[66]. 

A recent meta-analysis of 1786 patients on COVID-19 morbidities 
revealed the most common co-morbidities to be hypertension, cardio
vascular and cerebrovascular diseases and; diabetes [67]. OLP has also 
been associated with several systemic conditions including hyperten
sion, diabetes, psychosomatic disorders [68]. Various studies have re
ported high levels of stress, anxiety and depression in the aftermath of 
the COVID-19 pandemic [69]. While long term effects of these psycho
logical disorders within the general population remains to be seen, it is 
of note that anger control has been correlated with OLP suppression 
[70]. Hence, one can include anger assessment in the COVID-19 patients 
as a part of prospective analysis. 

OLP is characterized by recurrent period of exacerbation which is 
associated with patients’ immunological, mental and nutritional well 
being. Recovery from COVID-19 infections can be prolonged and 

tiresome in some individuals. The Mayo clinic reports that such ‘long 
haulers’ may take from weeks to months to recover completely [71]. 
Post-COVID-19 complications such as OLP can further hinder the re
covery process and account for life-long patient morbidity. Institution of 
the four pronged strategy will allow for early recognition of OLP and 
institution of treatment. Recognition of the specific pathogenetic 
mechanism for development of OLP in COVID-19 individuals will 
determine the treatment strategy. It can vary from simple institution of 
vitamin D supplementation to T-cell based immunotherapy. Identifica
tion of a cross reactivity mechanism will spur development of antibody 
drugs and institution of immunogenicity assays [72]. Targeted therapy 
of molecular signalling pathway can allow for the drug repurposing and 
specific management of the disorder. 
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[10] Martínez-Taboada VM, López-Hoyos M, Crespo J, Hernández JL. COVID-19 and 
immune-mediated inflammatory diseases: Why don’t our patients get worse? 
Autoimmun Rev 2020;19(12):102683. https://doi.org/10.1016/j. 
autrev.2020.102683. 

[11] Feldman C, Anderson R. The role of co-infections and secondary infections in 
patients with COVID-19. Pneumonia 2021;13(1):5. https://doi.org/10.1186/ 
s41479-021-00083-w. 

[12] Salamanna F, Maglio M, Landini MP, Fini M. Body localization of ACE-2: On the 
trail of the keyhole of SARS-CoV-2. Front Med 2020;7. https://doi.org/10.3389/ 
fmed.2020.594495. 

[13] Xue X, Mi Z, Wang Z, Pang Z, Liu H, Zhang F. High expression of ACE2 on 
keratinocytes reveals skin as a potential target for SARS-CoV-2. J Invest Dermatol 
2021;141(1):206–209.e1. https://doi.org/10.1016/j.jid.2020.05.087. 

[14] Xu H, Zhong L, Deng J, Peng J, Dan H, Zeng X, et al. High expression of ACE2 
receptor of 2019-nCoV on the epithelial cells of oral mucosa. Int J Oral Sci 2020;12 
(1). https://doi.org/10.1038/s41368-020-0074-x. 

[15] Aleksiejczuk M, Gromotowicz-Poplawska A, Marcinczyk N, Przylipiak A, 
Chabielska E. The expression of the renin-angiotensin-aldosterone system in the 

A. Sood et al.                                                                                                                                                                                                                                    

https://doi.org/10.1111/odi.13323
https://doi.org/10.1111/odi.13323
https://doi.org/10.1007/s00403-016-1667-2
https://doi.org/10.1007/s00403-016-1667-2
https://doi.org/10.1016/0030-4220(68)90194-1
https://doi.org/10.1016/0030-4220(68)90194-1
https://doi.org/10.1177/154411130201300405
https://doi.org/10.1177/154411130201300405
https://doi.org/10.1111/j.1600-0714.2010.00946.x
https://doi.org/10.1111/j.1600-0714.2010.00946.x
https://doi.org/10.1016/j.oooo.2016.03.011
https://doi.org/10.1016/j.oooo.2016.03.011
https://doi.org/10.1111/jop.12142
https://doi.org/10.3389/fimmu.2020.02037
https://doi.org/10.3389/fimmu.2020.02037
https://doi.org/10.1097/BOR.0000000000000776
https://doi.org/10.1097/BOR.0000000000000776
https://doi.org/10.1016/j.autrev.2020.102683
https://doi.org/10.1016/j.autrev.2020.102683
https://doi.org/10.1186/s41479-021-00083-w
https://doi.org/10.1186/s41479-021-00083-w
https://doi.org/10.3389/fmed.2020.594495
https://doi.org/10.3389/fmed.2020.594495
https://doi.org/10.1016/j.jid.2020.05.087
https://doi.org/10.1038/s41368-020-0074-x


Medical Hypotheses 156 (2021) 110681

4

skin and its effects on skin physiology and pathophysiology. J Physiol Pharmacol 
Off J Pol Physiol Soc 2019;70(3). https://doi.org/10.26402/jpp.2019.3.01. 

[16] Silva IMS, Assersen KB, Willadsen NN, Jepsen J, Artuc M, Steckelings UM. The role 
of the renin-angiotensin system in skin physiology and pathophysiology. Exp 
Dermatol 2020;29(9):891–901. https://doi.org/10.1111/exd.v29.910.1111/ 
exd.14159. 

[17] Alendar F, Huskič J, Babič N, Mulabegovič N. Serum and tissue angiotensin 
converting enzyme in patients with lichen planus. Bosn J Basic Med Sci 2005;5(3): 
59–62. 

[18] Shrotri M, van Schalkwyk MCI, Post N, Eddy D, Huntley C, Leeman D, et al. T cell 
response to SARS-CoV-2 infection in humans: A systematic review. PLoS ONE 
2021;16(1):e0245532. https://doi.org/10.1371/journal.pone.0245532. 

[19] T cell responses in patients with COVID-19 | Nature Reviews Immunology. 
Accessed July 23, 2021. https://www.nature.com/articles/s41577-020-0402-6. 

[20] Liu J, Li S, Liu J, Liang B, Wang X, Wang H, et al. Longitudinal characteristics of 
lymphocyte responses and cytokine profiles in the peripheral blood of SARS-CoV-2 
infected patients. EBioMedicine 2020;55:102763. https://doi.org/10.1016/j. 
ebiom.2020.102763. 

[21] Mathew D, Giles JR, Baxter AE, Oldridge DA, Greenplate AR, Wu JE, et al. Deep 
immune profiling of COVID-19 patients reveals distinct immunotypes with 
therapeutic implications. Science 2020;369(6508):eabc8511. https://doi.org/ 
10.1126/science:abc8511. 

[22] Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, et al. Pathological findings of 
COVID-19 associated with acute respiratory distress syndrome. Lancet Respir Med 
2020;8(4):420–2. https://doi.org/10.1016/S2213-2600(20)30076-X. 

[23] Anft M, Paniskaki K, Blazquez-Navarro A, et al. COVID-19 progression is 
potentially driven by T cell immunopathogenesis. medRxiv. Published online May 
19, 2020:2020.04.28.20083089. doi:10.1101/2020.04.28.20083089. 

[24] Kared H, Redd AD, Bloch EM, et al. SARS-CoV-2–specific CD8+ T cell responses in 
convalescent COVID-19 individuals. J Clin Invest. 131(5):e145476. doi:10.1172/ 
JCI145476. 

[25] Carvalho T. Cross-reactive T cells. Nat Med 2020;26(12). https://doi.org/10.1038/ 
s41591-020-01161-0. 1807-1807. 

[26] Lipsitch M, Grad YH, Sette A, Crotty S. Cross-reactive memory T cells and herd 
immunity to SARS-CoV-2. Nat Rev Immunol 2020;20(11):709–13. https://doi.org/ 
10.1038/s41577-020-00460-4. 

[27] Vojdani A, Vojdani E, Kharrazian D. Reaction of human monoclonal antibodies to 
SARS-CoV-2 proteins with tissue antigens: implications for autoimmune diseases. 
Front Immunol 2021. https://doi.org/10.3389/fimmu.2020.617089. 

[28] Sakaguchi W, Kubota N, Shimizu T, Saruta J, Fuchida S, Kawata A, et al. Existence 
of SARS-CoV-2 entry molecules in the oral cavity. Int J Mol Sci 2020;21(17):6000. 
https://doi.org/10.3390/ijms21176000. 

[29] Appelberg S, Gupta S, Svensson Akusjärvi S, Ambikan AT, Mikaeloff F, Saccon E, 
et al. Dysregulation in Akt/mTOR/HIF-1 signaling identified by proteo- 
transcriptomics of SARS-CoV-2 infected cells. Emerg Microbes Infect 2020;9(1): 
1748–60. https://doi.org/10.1080/22221751.2020.1799723. 

[30] Wang F, Zhang J, Zhou G. The mTOR-glycolytic pathway promotes T-cell 
immunobiology in oral lichen planus. Immunobiology 2020;225(3):151933. 
https://doi.org/10.1016/j.imbio.2020.151933. 

[31] Negi D, Urs AB, Kumar P, Mahajan B, Singh H, Polipalli SK, et al. Assessment of 
Interleukin-18 gene polymorphism and serum levels in oral lichen planus in an 
Indian population. J Oral Pathol Med 2019;48(3):244–50. https://doi.org/ 
10.1111/jop.2019.48.issue-310.1111/jop.12830. 

[32] Zhou Y, Vieira AR. Association between TNFα - 308 G/A polymorphism and oral 
lichen planus (OLP): a meta-analysis. J Appl Oral Sci Rev FOB 2018;26:e20170184. 
https://doi.org/10.1590/1678-7757-2017-0184. 

[33] Al-Mohaya MA, Al-Harthi F, Arfin M, Al-Asmari A. TNF-α, TNF-β and IL-10 gene 
polymorphism and association with oral lichen planus risk in Saudi patients. J Appl 
Oral Sci Rev FOB 2015;23(3):295–301. https://doi.org/10.1590/1678- 
775720150075. 

[34] Chauhan I, Beena VT, Srinivas L, Sathyan S, Banerjee M. Association of cytokine 
gene polymorphisms with oral lichen planus in Malayalam-speaking ethnicity from 
South India (Kerala). J Interferon Cytokine Res Off J Int Soc Interferon Cytokine 
Res 2013;33(8):420–7. https://doi.org/10.1089/jir.2012.0115. 

[35] Bai J, Jiang L, Lin M, Zeng X, Wang Z, Chen Q. Association of polymorphisms in the 
tumor necrosis factor-alpha and interleukin-10 genes with oral lichen planus: a 
study in a chinese cohort with Han ethnicity. J Interferon Cytokine Res Off J Int 
Soc Interferon Cytokine Res 2009;29(7):381–8. https://doi.org/10.1089/ 
jir.2008.0089. 

[36] Al-Mohaya MAM, Al-Otaibi L, Al-Harthi F, Al Bakr E, Arfin M, Al-Asmari A. 
Association of genetic polymorphisms in interferon-γ, interleukin-6 and 
transforming growth factor-β1 gene with oral lichen planus susceptibility. BMC 
Oral Health 2016;16(1):76. https://doi.org/10.1186/s12903-016-0277-x. 

[37] Bai J, Lin M, Zeng X, et al. Association of polymorphisms in the human IFN-gamma 
and IL-4 gene with oral lichen planus: a study in an ethnic Chinese cohort. 
J Interferon Cytokine Res Off J Int Soc Interferon Cytokine Res 2008;28(6):351–8. 
https://doi.org/10.1089/jir.2007.0056. 

[38] Kimkong I, Nakkuntod J, Sodsai P, Hirankarn N, Kitkumthorn N. Association of 
interferon-gamma gene polymorphisms with susceptibility to oral lichen planus in 
the Thai population. Arch Oral Biol 2012;57(5):491–4. https://doi.org/10.1016/j. 
archoralbio.2011.10.009. 

[39] Gueiros LA, Arão T, Souza T, Vieira CL, Gomez RS, Almeida OP, et al. IL17A 
polymorphism and elevated IL17A serum levels are associated with oral lichen 
planus. Oral Dis 2018;24(3):377–83. https://doi.org/10.1111/odi.12718. 

[40] Jiang C, Yao H, Cui B, Zhou Y, Wang Y, Tang G. Association of interleukin 12A 
gene polymorphisms with oral lichen planus in Chinese population. J Oral Pathol 

Med Off Publ Int Assoc Oral Pathol Am Acad Oral Pathol 2015;44(8):602–6. 
https://doi.org/10.1111/jop.12271. 

[41] Dan H, Liu W, Zhou Y, Wang J, Chen Q, Zeng X. Association of interleukin-8 gene 
polymorphisms and haplotypes with oral lichen planus in a Chinese population. 
Inflammation 2010;33(2):76–81. https://doi.org/10.1007/s10753-009-9160-0. 

[42] Tang Y, Liu J, Zhang D, Xu Z, Ji J, Wen C. Cytokine storm in COVID-19: the current 
evidence and treatment strategies. Front Immunol 2020. https://doi.org/10.3389/ 
fimmu.2020.01708. 

[43] Magro G. SARS-CoV-2 and COVID-19: Is interleukin-6 (IL-6) the ‘culprit lesion’ of 
ARDS onset? What is there besides Tocilizumab? SGP130Fc. Cytokine 2020;2(2): 
100029. https://doi.org/10.1016/j.cytox.2020.100029. 

[44] Foss S, Bottermann M, Jonsson A, Sandlie I, James LC, Andersen JT. 
TRIM21—from intracellular immunity to therapy. Front Immunol 2019. https:// 
doi.org/10.3389/fimmu.2019.02049. 

[45] Caddy SL, Vaysburd M, Papa G, Wing M, O’Connell K, Stoycheva D, et al. TRIM21 
and induce T cell immunity. EMBO J 2021;40(5). https://doi.org/10.15252/ 
embj.2020106228. 

[46] Wei W, Wang Y, Sun Q, Jiang C, Zhu M, Song C, et al. Enhanced T-cell proliferation 
and IL-6 secretion mediated by overexpression of TRIM21 in oral lesions of patients 
with oral lichen planus. J Oral Pathol Med Off Publ Int Assoc Oral Pathol Am Acad 
Oral Pathol 2020;49(4):350–6. https://doi.org/10.1111/jop.v49.410.1111/ 
jop.12938. 

[47] Moutsopoulos NM, Konkel JE. Tissue-specific immunity at the oral mucosal barrier. 
Trends Immunol 2018;39(4):276–87. https://doi.org/10.1016/j.it.2017.08.005. 

[48] Altered oral mucosal homeostasis in Type 1 diabetes (162.19) | The Journal of 
Immunology. Accessed July 27, 2021. https://www.jimmunol.org/content/186/1_ 
Supplement/162.19. 

[49] Bernardi L, de Souza BC, Sonda NC, Visioli F, Rados PV, Lamers ML. Effects of 
diabetes and hypertension on oral mucosa and TGFβ1 salivary levels. Braz Dent J 
2018;29(3):309–15. https://doi.org/10.1590/0103-644020181868. 

[50] Ford PJ, Yamazaki K, Seymour GJ. Cardiovascular and oral disease interactions: 
what is the evidence? Prim Dent Care J Fac Gen Dent Pract UK 2007;14(2):59–66. 
https://doi.org/10.1308/135576107780556806. 

[51] Esposito K, Nappo F, Marfella R, Giugliano G, Giugliano F, Ciotola M, et al. 
Inflammatory cytokine concentrations are acutely increased by hyperglycemia in 
humans. Circulation 2002;106(16):2067–72. https://doi.org/10.1161/01. 
CIR.0000034509.14906.AE. 

[52] Zheng Z, Peng F, Xu B, et al. Risk factors of critical & mortal COVID-19 cases: A 
systematic literature review and meta-analysis. J Infect 2020;81(2):e16–25. 
https://doi.org/10.1016/j.jinf.2020.04.021. 

[53] Cassol-Spanemberg J, Rodríguez-de Rivera-Campillo M-E, Otero-Rey E-M, Estrugo- 
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