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Abstract. Oral squamous cell carcinoma (OSCC) is the 
most common type of malignancy of the head and neck. 
In the present study, the expression of Toll‑like receptor 4 
(TLR4) and myeloid differentiation primary response 
gene 88 (MyD88) was evaluated in 55 OSCC tissues and their 
corresponding adjacent tissues using immunohistochemistry 
and reverse‑transcription quantitative PCR. The results indi‑
cated that TLR4 and MyD88 were overexpressed in OSCC. 
Furthermore, high expression of MyD88 was negatively 
associated with a poor degree of differentiation, recurrence 
and metastasis of the tumor and was positively associated 
with underlying disease, including hypertension, heart 
disease and diabetes mellitus. Furthermore, high expression 
of TLR4 was positively associated with a long growth time 
of the tumor. In conclusion, the present study evaluated the 
expression levels of TLR4 and MyD88 in OSCC, as well as 
the association between them and clinicopathological factors, 
to provide markers for the prognosis and treatment of OSCC. 
These two genes may serve as biomarkers to optimize OSCC 
treatment, setting a new direction for stratifying patients and 
developing precise and personalized treatment regimens; the 
TLR4/MyD88 pathway may serve as a potential therapeutic 
target in the future.

Introduction

Oral cancer is a malignant tumor type that occurs in the lips 
or mouth (1). 90% of oral cancers are histologically originated 
from squamous cells (2) and oral cancer has traditionally been 
defined as oral squamous cell carcinoma (OSCC) (3). According 
to US government statistics, OSCC is the eighth most common 
cancer type among males and the 14th most common cancer 
type among females (4). The development of OSCC is a complex 
process modulated by genetic and environmental factors. The 
accumulation of multiple genetic alterations is regulated by 
hereditary predisposition, including sex and ethnicity. Despite 
recent advances in imaging, surgery, radiation and systemic 
therapy, the overall survival of patients with OSCC has not 
significantly improved over the past 20 years (5). Therefore, 
OSCC remains a major clinical challenge and there are 
currently no available biomarkers to guide treatment decisions. 
Identifying reliable biomarkers and novel molecular targets is 
critical to the stratification of patients to develop precise and 
personalized treatment regimens, helping physicians to deliver 
early and appropriate treatment regimens in a timely manner 
that may reduce the risk of squamous cell cancer recurrence (6). 
Numerous biomolecules are involved in OSCC development 
and may provide references for treatment and prognosis (6).

Toll‑like receptor 4 (TLR4), a transmembrane protein 
located on chromosome 9q32‑q33, is a member of the TLR 
protein family that has been well studied. TLR4 has a funda‑
mental role in various functions, including defense against 
pathogens, activation of innate immunity and regulation 
of chronic inflammation. Previous studies have indicated 
that stimulation of TLR4 expression on tumor cells may 
induce chronic inflammation and promote tumor growth (7). 
Overexpression of TLR4 has been observed in several types 
of human cancer, such as breast (8), melanoma (9), colon (10), 
ovarian (11) and prostate cancers (10).

MyD88 is a central regulator of innate immunity; it acts 
directly downstream of TLRs and cytokine receptors, while 
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also associated with carcinogenesis (12). MyD88 activates 
the TLRs or interleukin‑1 receptor (IL‑1Rs) pathways 
autonomously, or perhaps in relation to TNF receptor‑asso‑
ciated factor 6 signaling, allowing tumor cells to proliferate 
indefinitely (3). MyD88 is involved in oncogene‑induced 
inflammation and contributes to the development of cancers of 
the skin, liver, pancreas and colon, as well as sarcoma forma‑
tion (13), and its expression is associated with poor prognosis 
in colorectal cancer (14). Other studies have indicated that 
MyD88, coupled with TLR4, has an essential role in skin 
tumor promotion (3). Previous studies have indicated that 
activation of the TLR4/MyD88‑mediated signaling pathway 
promotes tumor occurrence and metastasis (15,16). MyD88 
also has a mucosal protective effect, involving downstream 
IL‑18R for mucosal repair during oncogenic virus carcino‑
genesis or during azomethane/sodium dextran sulfate‑induced 
colon cancer (8).

OSCC is a preventable disease and its risk factors and 
clinical relevance have been well documented (4); effective 
prevention and treatment may improve the prognosis of 
OSCC. The present study aimed to integrate the clinical and 
histological features as well as the expression of TLR4 and 
MyD88 in OSCC to verify the overexpression of TLR4 and 
MyD88. Furthermore, it aimed to explore the association 
between the development of oral cancer and the expression 
levels of TLR4 and MyD88 to elucidate the biological mecha‑
nisms of OSCC.

Materials and methods

Patients. The electronic medical record system of the School of 
Stomatology, Guangxi Medical University (Nanning, China), 
was searched to retrieve information on the cases of OSCC 
encountered at the Department of Oral and Maxillofacial 
Surgery from January 2020 to September 2020.

The inclusion criteria were as follows: i) The patients were 
diagnosed with OSCC by pathological examination; ii) patients 
underwent radical resection of oral cancer; iii) all patients 
were initially treated and had no preoperative history of 
biological immunotherapy or other malignant tumors. In addi‑
tion, the following exclusion criteria were applied: i) Patients 
with another primary cancer or multiple primary cancers in 
the past or present; ii) cases accompanied with immune system 
diseases; iii) patients who objected to the use of their tumor 
specimens for the present study; iv) patients accompanied by 
acute or chronic infection, with long‑term allergy. The degree 
of differentiation of a patient's malignant tumor was derived 
from the patient's discharge diagnosis, which was issued by 
two pathologists from the Department of Pathology of the 
Stomatological Hospital Affiliated with Guangxi Medical 
University (Nanning, China). Clinical and follow‑up data were 
recorded for all included patients. There were 39 males and 
16 females, with a median age of 56 years (mean ± standard 
deviation; 54.64 ± 12.87 years; range, 27‑79 years). The mean 
follow‑up time was 4 months (range, 1‑9 months). The present 
study was approved by the Ethics Committee of the School of 
Stomatology, Guangxi Medical University (Nanning, China) 
and all patients enrolled provided written informed consent. 
Tumor growth time can be inferred from the patient's clinical 
admission record.

Specimen collection. For reverse‑transcription quantitative 
PCR, the removed tumor tissues and corresponding adjacent 
paracancerous tissues from patients with OSCC who under‑
went surgery on the same day were collected at the surgical 
operating room of the Stomatological Hospital Affiliated to 
Guangxi Medical University (Nanning, China) and were stored 
in RNA Keeper for later reverse transcription‑quantitative 
(RT‑q)PCR analysis.

For immunohistochemistry, the histological specimens of 
the 55 corresponding cases of OSCC were then formalin‑fixed 
and paraffin‑embedded and stored at the Department of 
Pathology for later analysis by immunohistochemistry. A retro‑
spective immunohistochemical analysis was performed on 55 
formalin‑fixed paraffin‑embedded specimens of clinically and 
histologically confirmed cases of OSCC and corresponding 
adjacent non‑tumoral tissues that had been examined and 
stored at the Department of Pathology, the Department of Oral 
and Maxillofacial Surgery, College of Stomatology, Guangxi 
Medical University (Nanning, China).

Immunohistochemistry. The tissue sections were first 
dewaxed in gradient xylene and then rehydrated with an 
alcohol gradient. After rinsing with tap water and soaking 
in pure water, the sections were immersed in sodium citrate 
buffer (Beijing Zhongshan Golden Bridge Biotechnology, 
Beijing, China) and microwave‑heated for 5 min to retrieve 
antigen. After the slices were cooled, they were rinsed with 
pure water 3 times and then 0.3% hydrogen peroxide was used 
to block endogenous peroxidase activity. Next, anti‑TLR4 
polyclonal antibody and anti‑MyD88 antibody (1:100 dilu‑
tion; Bioss; cat. nos. bs‑1021R‑50 and bs‑1047R‑50) were 
applied to the tissue sections with incubation overnight in 
the refrigerator at 4˚C. Biotinylated goat anti‑rabbit IgG 
(does not need to be diluted; ZSGB‑BIO; PV‑6000) was then 
dripped on tissue sections and they were incubated at 37˚C 
for 20 min. The sections were washed with PBS three times 
between all steps for 3 min each time. The sections were then 
stained with diaminobenzidine for 2 min to visualize the 
antibodies and counterstained with hematoxylin for 1 min. 
The tissue sections were then dehydrated with ethanol and 
mounted with glass slips.

The expression of TLR4 and MyD88 was examined 
in 5 different visual fields under a 20X enlargement factor 
microscope. Each section stained was observed and evaluated 
by two independent investigators. Sections were scored by 
cytoplasmic staining intensity and distribution. The staining 
intensity was rated as follows: 0, no staining; 1, weak staining; 2, 
moderate staining; 3, strong staining. The staining distribu‑
tion was divided into 4 grades according to the percentage of 
tumor cells stained: 0, 0%; 1, <25%; 2, 25‑50%; 3, 51‑75%; 4, 
>75% (17). The final staining scores were calculated as follows: 
Staining intensity multiplied by the score for the percentage of 
stained tumor cells. A final staining score of >3 was considered 
to indicate positive protein overexpression.

RT‑qPCR analysis. Total RNA was isolated from human 
OSCC tissues and paracancerous tissues using TRIzol® 
reagent (Takara Bio, Inc.) according to the manufacturer's 
protocol. Total RNA (1 mg) was reverse transcribed to cDNA 
with a PrimeScript RT reagent Kit (Takara Bio, Inc.). The 
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temperature and duration of reverse transcription were 42˚C 
for 2 min, followed by 37˚C for 15 min and 85˚C for 5 sec. 
qPCR was performed with the 2*RealStar Green Fast Mixture 
(Genebrick) using the following thermocycling program: 
Pre‑denaturation at 95˚C for 2 min, followed by 40 cycles 
of 95˚C for 15 sec, 60˚C for 15 sec and 72˚C for 45 sec, and 
a final extension at 72˚C for 30 sec. The primer sequences 
were as follows: TLR4 forward, 5'‑CCA AGA ACC TGG ACC 
TGA GCT TTA‑3' and reverse 5'‑CCA TCT TCA ATT GTC TGG 
ATT TCAC‑3'; MyD88 forward, 5'‑AGC CAG GCT GGA GCA 
AGG TA‑3' and reverse, 5'‑GGC AGC TAA ATG CCT CAA 
CAA GA‑3'; GAPDH forward, 5'‑GCA CCG TCA AGG CTG 
AGA AC‑3' and reverse, 5'‑TGG TGA AGA CGC CAG TGG A‑3'. 
Quantifications were performed using the ΔΔCq method (18), 
where GAPDH was used as a reference gene for normalization 
of RNA expression.

Statistical analysis. SPSS 20 software (IBM Corporation) was 
used for statistical analysis. To examine the association of the 
immunohistochemical results with the pathological features 
and clinical outcomes of patients, Pearson's χ2 test was used 
(Table SI). For the RT‑qPCR results, the t‑test was used to 
investigate the possible association between mRNA expres‑
sion and the pathological and clinical results of the cases being 
studied (Table SII). For comparisons of >2 items, single factor 
analysis of variance was used, bonferroni correction was 
performed to mitigate variability when comparing multiple 
samples. Spearman's bivariate correlation method was used to 
detect the correlation between TLR4 and MyD88 expression 
in OSCC tissues (Table I). P<0.05 was considered to indicate 
statistical significance.

Results

Clinical and pathological features. All 55 patients were clini‑
cally and histologically confirmed to have primary OSCC. 
The patients' age ranged from 27 to 79 years, with an average 
age of 54 years at first diagnosis. Among the 55 patients, 
39 were males and 16 were females. Sections were examined 
independently by two pathologists. Well‑differentiated OSCC 
is similar to normal squamous epithelium, with varying 
numbers of basal cells and squamous cells with intercellular 
bridge, obvious keratosis, a small amount of mitotic figures, 
low frequency of atypical mitotic figures and multinucle‑
ated cells and no obvious pleomorphism of nuclei and cells. 
Moderately‑differentiated OSCC has a unique nuclear pleo‑
morphism and mitotic features, including abnormal mitotic 
features, infrequent keratosis and inconspicuous intercellular 
bridging. Poorly‑differentiated OSCC is dominated by imma‑
ture cells with a large number of normal or abnormal mitotic 
images, a low frequency of keratinization and almost no 
intercellular bridging (18). Histologically, the 55 patients were 
classified as well and moderately differentiated (51 cases) and 
poorly differentiated (4 cases). TNM staging was performed 
according to the Union for International Cancer Control, 
according to which 6 cases were stage I, 16 cases were stage II, 
20 cases were stage III and 13 cases were stage IV (19). No 
lymph node metastasis was detected in 29 patients and 
lymph node metastasis was confirmed in 26 patients. The 
last follow‑up ranged from 1 to 9 months (mean, 4 months). 

Recurrence was reported in 2 cases. A total of 12 cases were 
basic disease‑negative and 43 cases were basic disease‑positive. 
Underlying diseases mainly included diabetes, hypertension 
and heart disease.

Histological  localiza t ion of  TL R4 and MyD88. 
Immunohistochemical staining of intact paraffin sections of 
OSCC tissues and paracancerous tissues was performed using 
standard procedures. In oral squamous cells, it was observed 
that TLR4 was localized in the membrane and cytoplasm, 
while MyD88 was localized only in the cytoplasm. TLR4 
and MyD88 were indicated to be expressed in paracancerous 
tissues but the expression was weak. In addition, it was revealed 
that TLR4 and MyD88 were highly expressed in inflammatory 
cells and duct epithelium.

TLR4 and MyD88 are highly expressed in OSCC. Two 
pathologists separately evaluated all specimens using the 
same staining scoring criteria. TLR4 and MyD88 protein 
expression was analyzed in all 55 samples. The expression 
results of TLR4 and MyD88 were as follows: TLR4 and 
MyD88 were rarely expressed in paracancerous tissues, while 
positive staining was observed in most of the 55 OSCC speci‑
mens. In the OSCC area, staining for TLR4 was positive in 
49 cases and negative in 6 cases. Staining for TLR4 in their 
corresponding adjacent tissues was positive in 2 cases and 
negative in 53 cases and the difference from the tumor tissues 
was statistically significant (χ2=80.754, P<0.001). In OSCC, 
staining for MyD88 was positive in 46 cases and negative in 
9 cases. In normal adjacent tissues, staining for MyD88 was 
positive in 6 cases and negative in 49 cases and the differ‑
ence from the tumor tissues was statistically significant 
(χ2=58.355, P<0.001; Table II). The RT‑qPCR analysis also 
revealed elevated expression of TLR4 and MyD88 in OSCC 
(Table I). The results of the RT‑qPCR analysis were consistent 
with those of the immunohistochemical detection in terms of 
TLR4 and MyD88 being highly expressed in OSCC, while 
their levels in the corresponding tissue adjacent to carcinoma 
of TLR4 and MyD88 were low (Table I, Figs. 1‑3). Therefore, it 
was concluded that the expression levels of TLR4 and MyD88 
in OSCC were higher than the corresponding paracancerous 
tissues.

MyD88 is highly expressed in OSCC with a high and 
intermediate degree of differentiation compared with that in 
poorly differentiated OSCC. The positive expression rate of 
MyD88 in OSCC was compared among different histological 
grades. It was revealed that the expression rate of MyD88 was 
higher in well and moderately differentiated tumors than in 
poorly differentiated tumors (P=0.01; Table Ⅲ, Fig. 2). This 
result suggested that overexpression of MyD88 may be related 
to a higher degree of differentiation.

MyD88 is highly expressed in patients without short‑term 
recurrence. The expression of MyD88 was compared between 
OSCC tissues of patients with or without short‑term recur‑
rence (within a year). The expression of MyD88 was high in 
patients without short‑term recurrence, while it was low in 
patients with recurrence (P=0.022; Table Ⅲ). However, there 
were only 2 cases of recurrence, which was not sufficient to 
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signify that the overexpression of MyD88 is related to the 
prognosis of OSCC.

MyD88 is highly expressed in patients with underlying 
disease. The expression of MyD88 in OSCC tissues of patients 
with or without underlying diseases was then compared. It was 
revealed that the expression of MyD88 was high in patients 
with underlying disease, while it was low in patients without 
underlying disease (P=0.025; Table Ⅲ). This result indicated 

that overexpression of MyD88 may be related to underlying 
disease. The protein and mRNA expression levels of MyD88 
in OSCC tissues were not associated with to sex, age, ethnicity, 
smoking, alcohol consumption, tumor stage,nodal status,tumor 
site,TNM stage,contralateral lymph node metastasis and 
diabetes(Tables SI and SII).

TLR4 expression is significantly associated with tumor 
growth time. The RT‑qPCR results in Table IV indicated 
that the expression level of TLR4 was significantly associ‑
ated with the tumor growth time (P=0.001). A longer growth 
time of OSCC was associated with a higher expression of 
TLR4 protein; however, MyD88 was not associated with 
tumor growth time. The protein and the mRNA expression 
of TLR4 in OSCC tissues of patients are unconcerned with 
gender, age, nationality, smoking or drinking and so on 
(Tables SI and SII).

TLR4 is positively correlated with MyD88 expression in 
OSCC. Spearman's correlation analysis was performed to 
calculate the correlation between the protein and mRNA 
expression levels of TLR4 and MyD88. Analysis of the 
immunohistochemical results indicated a positive correlation 
between TLR4 and MyD88 protein expression levels in OSCC 
(r=0.653, P<0.001). Furthermore, the RT‑qPCR results also 
revealed a positive correlation between TLR4 and MyD88 
mRNA expression levels (r=0.431, P=0.001). In addition, the 
expression of MyD88 in OSCC was higher than that in TLR4 
(t=7.361, P<0.001). These statistical results indicated that 
because MyD88 is downstream of TLR4 (20), upregulation 
of TLR4 expression promoted the upregulation of MyD88 
expression.

Table I. mRNA expression of MyD88 and TLR4 in OSCC and pericarcinomatous tissue.

Tissue type N Myd88 t/F P‑value TLR4 t/F P‑value

OSCC 55 3.941±9.344 2.327 0.024 2.401±4.068 2.545 0.014
Pericarcinomatous tissue 55 1.012±0.036   1.005±0.006  

Values are expressed as the mean ± standard deviation. The results were obtained by reverse transcription‑quantitative PCR; quantification was 
performed using the ΔΔCq method with GAPDH used as a reference gene for normalization of mRNA expression. P<0.05 determined with 
the paired t‑test was considered to indicate a statistically significant difference. TLR4, Toll‑like receptor 4; MyD88, myeloid differentiation 
primary response gene 88; OSCC, oral squamous cell carcinoma.

Table II. Protein expression of MyD88 and TLR4 in OSCC and pericarcinomatous tissue.

 Myd88 TLR4
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Tissue type ‑ + χ2 P‑value ‑ + χ2 P‑value

OSCC   9 (16.3) 46 (83.7) 58.355 <0.001   6 (10.9) 49 (89.1) 80.754 <0.001
Pericarcinomatous tissue 49 (89.1)   6 (10.9)   53 (96.4) 2 (3.6)

Values are expressed as n (%). Results were obtained from immunohistochemical examination and analyzed by Pearson's χ2 test. P<0.05 was 
considered to indicate statistical significance. TLR4, Toll‑like receptor 4; MyD88, myeloid differentiation primary response gene 88; OSCC, 
oral squamous cell carcinoma.

Figure 1. RT‑qPCR analysis revealed higher expression of TLR4 and MyD88 
in OSCC than in corresponding paracancerous tissues. The mRNA expres‑
sion level of TLR4 and MyD88 was detected by SYBR Green I reverse 
transcription‑quantitative PCR and quantifications were performed using 
the ΔΔCq method, where GAPDH was used as a reference gene for normal‑
ization of RNA expression. *P<0.05 vs. Cancer‑adjacent tissue. RT‑qPCR, 
reverse transcription‑quantitative PCR; TLR4, Toll‑like receptor 4; MyD88, 
myeloid differentiation primary response gene 88; OSCC, oral squamous cell 
carcinoma.
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Figure 2. Immunohistochemical staining for MyD88 indicated positive expression in oral squamous cell carcinoma; positive cells are yellow or brown 
(anti‑MyD88 antibody diluted 1:100, original magnification, x20; scale bar, 100 µm). Degree of differentiation: (A) Well, (B) moderate, (C) poor; (D) paracar‑
cinoma tissue. MyD88, myeloid differentiation primary response gene 88.

Figure 3. Immunohistochemical staining of TLR4 indicated positive expression in oral squamous cell carcinoma; positive cells are yellow or brown (anti‑TLR4 
antibody diluted 1:100; original magnification, x20; scale bar, 100 µm). Degree of differentiation: (A) Well, (B) moderate, (C) poor; (D) paracarcinoma tissue. 
TLR4, Toll‑like receptor 4.
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Discussion

OSCC is a global public health issue and a particular 
challenge for oral physicians. The major complaints asso‑
ciated with OSCC are impairment of speech, swallowing 
and chewing functions, with pain as the major symptom. 
According to the International Agency for Research 
on Cancer, OSCC has a high incidence rate globally, 
with >300,000 cases diagnosed each year and ~145,000 
deaths annually (21). Approximately one‑third of patients 
with OSCC are diagnosed with stage I/II disease (22). 
These patients have a good prognosis, with a cure rate 
of ~80% (stage I) and 65% (stage II) (23). However, 
two‑thirds of OSCC cases are diagnosed at the late stages 
of the disease (stage III or IV) (24), with a 5‑year survival 
rate of <50% and a cure rate of 30% (25). Therefore, early 
diagnosis and active treatment may effectively improve 
their prognosis. Current treatment options for OSCC 
include surgery, chemotherapy, biotherapy and radiation 
therapy (26). However, there are currently no reliable 
biomarkers to stratify patients and optimize the treatment 
for OSCC. Therefore, identifying reliable biomarkers and 
novel molecular targets is critical for stratifying patients 
to develop precise and personalized treatment regimens. 
Chronic inflammation is related to the occurrence and 

development of cancer and may promote cancer progression 
by activating oncogenic signaling pathways (27).

Wang et al (13) indicated that high expression of TLR4 is 
conducive to immune escape of tumor cells and promotes the 
proliferation, invasion and metastasis of tumor cells. MyD88 is 
an adaptor for the IL‑1 and TLR family of downstream inflam‑
matory signaling pathways. In addition, MyD88 signaling 
has an important role in regulating inflammation during 
bacterial infection and cancer development (28). Signaling 
molecules downstream of TLR4/MyD88, for instance NF‑κB 
and IKK/IκB/MAPK, as well as atypical Akt signaling 
pathways, are involved in tumor‑cell over proliferation (13). 
According to previous reports that TLR4/MyD88 signaling 
is dependent on cyclooxygenase, epidermal growth causes 
excessive proliferation of tumor cells. Activation of TLR4 
and MyD88 may increase the expression of prostaglandin E2 
and cyclooxygenase‑2, enhance EGFR signaling and promote 
the occurrence and development of inflammation‑related 
cancer (29).

In various studies, different tumor models have been 
previously used to reach contrasting conclusions. Of note, 
experimental data associated with TLRS/MyD88 signaling may 
be contradictory. TLRs have dual functions in tumor develop‑
ment: On the one hand, they may activate the death signal of the 
tumor; on the other hand, they facilitate proliferation, invasion 

Table Ⅲ. Association between the clinicopathological features and the protein expression of TLR4 and MyD88.

 Myd88 TLR4
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic N ‑ + χ2 P‑value ‑ + χ2 P‑value

Pathological differentiation grade    6.709 0.01   0.000  1.000 
  Well‑moderate 51   6 (11.8) 45 (88.2)    6 (11.8) 45 (88.2)  
   Poor 4   3 (75.0)   1 (25.0)   0 (0.0)  4 (100)  
Underlying disease    5.010 0.025   0.718  0.153 
  No 12   5 (41.7)   7 (58.3)   0 (0.0)  12 (100.0)  
  Yes 43 4 (9.3) 39 (90.7)     6 (14.0) 37 (86.0)  
Recurrence    5.214 0.022   0.000  1.000 
  No 53   7 (13.2) 46 (86.8)     6 (11.3) 47 (88.7)  
  Yes 2     2 (100.0) 0 (0.0)   0 (0.0)     2 (100.0)  

Values are expressed as n (%). Underlying diseases mainly include hypertension, diabetes and heart disease. Recurrent cases were collected 
until October 2020. P‑values are from a continuous correction algorithm. TLR4, Toll‑like receptor 4; MyD88, myeloid differentiation primary 
response gene 88.

Table Ⅳ. Association between the clinicopathological features and the mRNA expression of TLR4 and MyD88.

Tumor growth time (months) N Myd88 t/F P‑value TLR4 t/F P‑value

≤6 (A) 42   3.930±10.310 0.011 0.989 1.430±1.850 7.688 0.001
6‑12 (B) 4 3.380±1.800   2.920±2.270  
12‑18 (C) 9 4.220±6.590   6.650±8.150  

Values are expressed as the mean ± standard deviation. P‑values are from single‑factor ANOVA with Bonferroni correction. Between‑group 
comparisons for MyD88: A vs. B, P=1.000; A vs. C, P=1.000; B vs. C, P=1.000. For TLR4: A vs. B, P=1.000; A vs. C, P=0.001; B vs. C, 
P=0.281. TLR4, Toll‑like receptor 4; MyD88, myeloid differentiation primary response gene 88.
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and migration (30). TLR promotes inflammation, primarily 
through the previously mentioned TLRS/MyD88 signaling 
pathway. TLR has a tumor‑promoting effect when it acts as 
a proinflammatory factor and has an anti‑apoptotic effect. 
First, TLRs/MyD88 acts as an upstream signaling pathway to 
regulate the inflammatory pathway. Individuals with chronic 
inflammation over a long period of time are at a higher risk 
of developing cancer (31). Furthermore, the TLRs/MyD88 
signaling pathway activates NF‑κB, which controls the expres‑
sion of anti‑apoptotic genes and has a strong anti‑apoptotic 
effect (32). High expression of TLR and MyD88 contribute 
to proliferation, invasion and metastasis (33). Another study 
suggested that genetically engineered TLR4 overexpression 
increases the susceptibility of mice to inflammation‑induced 
neoplasia (15).

Furthermore, the TLRs/MyD88 signaling pathway has been 
reported to have antitumor effects. In clinical trials, patients 
with high TLR4 expression had a 36.9% higher decreased 
risk of cancer‑associated death within 5 years (32). Studies 
have indicated that TLRs and the promotion of downstream 
mediators may transform the immunomodulatory effects of 
TLRs/MyD88 into anti‑tumor effects (34,35).

The role of TLR as an anti‑tumor or pro‑tumor agent 
depends on the type of TLR, different tumor subtypes 
and the environment of tumor cells. Activation of the 
TLRs/MyD88 signaling pathway promotes the secretion of 
IFN and pro‑inflammatory cytokines, enhances the antigen 
presentation ability of dendritic cells (DC) and has anticancer 
effects (36). Pro‑inflammatory cytokines and the enhance‑
ment of the antigen presentation ability of DC have anticancer 
effects, which eventually lead to the maturation of DCs and the 
enhancement of the antigen presentation ability of DCs (37).

In the present study, a significant increase in the expres‑
sion of TLR4 and MyD88 in OSCC was observed. This result 
is consistent with the results of Sharma and Bala (38).The 
TLR4/MyD88 signaling pathway activates the expression 
of NF‑κB (39) and secondarily promotes the expression of 
pro‑inflammatory genes, thereby triggering the inflamma‑
tory response of the host. When activated by TLR4 through 
stress, injury, death of cells or degradation of extracellular 
matrix, two signaling pathways are activated, of which the 
MyD88‑dependent pathway is activated in a series of ways, 
and finally, the NF‑κB signaling pathway is activated. When 
cells are exposed to the outside stimulation, such as tissue 
injury or infection (40), the NF‑κB will be transferred from 
the cytoplasm into the nucleus to relate gene transcrip‑
tion, thus promote inflammation reaction and immune 
response (41).

To clarify the specific effects of TLR4 and MyD88 in 
OSCC, the association between biomolecular expression 
and clinicopathological features was further examined. The 
expression of MyD88 was greater in highly differentiated and 
moderately differentiated OSCC than in poorly differenti‑
ated OSCC. This suggests that overexpression of MyD88 is 
involved in tumor differentiation. The results are consistent 
with the results of Sharma and Bala (38), who also reported 
that high expression of TLR4 was associated with deep 
tumor invasion. He et al (42) indicated that activation of the 
TLR4‑MyD88‑NF‑κB signaling pathway may stimulate 
epithelial‑mesenchymal transition (EMT), which allows 

cancer cells to detach from the primary site and then invade 
lymphatic and/or blood vessels, resulting in loss of epithelial 
adhesion and polarity of cancer cells and promote tumor 
metastasis. Multiple biomarkers involved in EMT induction 
may be future therapeutic targets for oral cancer (43). Studies 
have suggested that blocking MyD88 signaling significantly 
improves anorexia and fatigue, decreases weight loss, reduces 
muscle catabolism and atrophy, decreases systemic and 
central nervous system inflammation, and ultimately improves 
survival (44‑46).

In addition, high expression of MyD88 was observed in 
patients with short‑term relapse in the present study, but the 
number of patients with short‑term relapse was too low (2 cases); 
therefore, further study is required to confirm this conclusion. 
To the best of our knowledge, the present study is the first to 
demonstrate that MyD88 is highly expressed in patients with 
OSCC, with underlying disease. However, MyD88 expression is 
not associated with diabetes (P=0.286; Table SI).

It has been established that the immune system has a 
leading role in the initiation and maintenance of hyperten‑
sion. However, the process by which the immune response is 
initiated has remained to be fully elucidated (47). The innate 
immune system activates the adaptive immune system through 
direct molecular interactions and the release of immune medi‑
ators (48); components of innate immunity may be involved 
in the initiation of hypertension. Certain TLRs are associated 
with hypertension (49). These TLRs utilize MyD88 for intra‑
cellular signal transduction and activate a pro‑inflammatory 
cascade. It has been indicated that TLR4 is an important 
receptor for signal transduction in the innate immune system 
and may influence various cardiovascular diseases, such as 
heart failure and hypertension (47).

Angiotensin II (Ang II) is the major effector peptide of the 
renin‑angiotensin system. Ang II type 1 receptor promotes blood 
pressure regulation by interacting with Ang II (50). Singh et al (47) 
observed that TLR3 and TLR4 differentially induced hyperten‑
sion and cardiac hypertrophy by Ang II and MyD88 inhibited the 
pro‑inflammatory hypertensive effects of Ang II.

In the TLR4 signaling pathway, the MyD88‑dependent 
signaling pathway is an important activator of NF‑κB and 
its subsequent regulation (51). Agarwal et al (52) demon‑
strated that the increase of various pro‑inf lammatory 
cytokines activates the NF‑κB signaling pathway and leads 
to increased production of extracellular reactive oxygen 
species, resulting in intracellular redox state transfer 
leading to NF‑κB activation and enhancement of the NF‑κB 
signaling pathway. The activation of NF‑κB was further 
upregulated. This vicious cycle eventually leads to the 
development of hypertension.

Hypertension is frequently associated with impaired 
glucose tolerance, insulin resistance and obesity. Consequently, 
numerous individuals with hypertension develop diabetes (53). 
Hypertension is a recognized risk factor for cardiovascular 
disease, regardless of diabetes (54). Hypertension is more 
common in patients with type 2 diabetes, and those who have 
both hypertension and diabetes are at higher risk of developing 
cardiovascular disease than those who have either disease 
alone (55).

The TLR pathway is thought to have a key role in the 
mechanisms leading to diabetes in human and animal 
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models (56). Duparc et al (57) reported that MyD88 has a 
role in developing glucose intolerance and hepatic steatosis. 
Androulidaki et al (58) identified MyD88 signaling as an 
important pathogenic factor in autoimmune diabetes. The 
MyD88 signaling pathway promotes the development of 
diabetes in non‑obese diabetic mice by accelerating the onset 
of diabetes.

A clear and unambiguous link exists between diabetes 
and the incidence of coronary artery disease (58). Given the 
high incidence of coronary artery disease among patients 
with diabetes, it is not surprising that diabetic patients are 
at high risk of developing ischemic cardiomyopathy and 
heart failure. Although the majority of cases of heart failure 
in patients with diabetes are caused by progression from 
coronary artery disease to ischemic cardiomyopathy (59), the 
long‑term metabolic disorders of diabetes may also be toxic to 
the heart muscle (60). Diabetes mellitus is widely recognized 
as an important risk factor for the development of heart failure 
and is an independent risk factor for increased mortality in 
patients with heart failure (61). Dong et al (62) reported that 
the TLR4 signaling pathway may lead to myocardial injury in 
patients with diabetes. Type 2 diabetes and congestive heart 
failure occur simultaneously due to common risk factors, such 
as coronary artery disease, and the direct cardiotoxic effects 
of type 2 diabetes (62). Follow‑up data from the Framingham 
study collected over 20 years indicated that diabetes is an inde‑
pendent risk factor for the development of heart failure (62).

Myocardial inflammation caused by coronary microembo‑
lism (CME) is the major cause of cardiac injury (39). Su et al (39) 
indicated that TLR4/MyD88/NF‑κB signaling is involved in 
myocardial inflammation after CME, activating the NOD‑like 
receptor protein 3 inflammasome, promoting the inflamma‑
tory cascade and aggravating myocardial injury. Numerous 
studies have indicated that the TLR4/MyD88/NF‑κB signaling 
pathway controls the production of pro‑inflammatory factors and 
induces the inflammatory response of myocardial tissue, which 
is the major cause of myocardial tissue injury (39). The role of 
MyD88 (39) and TLR4 (63) has been demonstrated in myocar‑
dial infarction and aortic band‑induced cardiac hypertrophy.

To sum up, hypertension, heart disease and diabetes affect 
each other and the TLR4/MyD88 pathway has an important 
role in the occurrence and development of hypertension, heart 
disease and diabetes, which may explain the high expression of 
MyD88 in basic diseases.

Furthermore, the present study also suggested that 
TLR4 expression levels were significantly associated with 
tumor growth time; a longer tumor growth time was linked 
to a higher TLR4 expression level. These results prove that 
TLR4 is closely related to the occurrence and development 
of OSCC. TLR4 may be involved in and promote the devel‑
opment of cancer, and its high expression may indicate a 
poor prognosis for OSCC.These results further confirm the 
previous assumption that TLR4 and MyD88 are related to 
tumor progression.

A study by Park et al (64) on inflammation suggested that 
lipopolysaccharide was able to regulate the oligomerization of 
TLR4. It binds to five TIR domains, including MyD88 (65). 
Among them, the combination of TLR4 and MyD88 is able to 
initiate NF‑κB and thus upregulate pro‑inflammatory genes 
to activate the inflammatory response to infection (66). In the 

present study, the expression levels of TLR4 and MyD88 were 
determined to be closely correlated in OSCC. Combined with 
those of previous studies, the present results indicated that 
TLR4 also regulates MyD88 in oral cancer.

Existing studies reported on numerous inhibitors targeting 
TLR4 and MyD88. Eritoran (E5564) (67) is an investigational 
drug for treating severe sepsis and acts as an inhibitor of TLR4. 
Curcumin, a polyphenol, suppresses the TLR4/MAPK/NF‑κB 
pathway to inhibit excessive inflammatory mediators (68). 
Reversed retinoic acid targets TNF‑α and hydrogen oxide 
synthase 2 inhibitors through TLR4/NF‑κB signaling pathways. 
This may resemble a novel treatment strategy for oral cancer (69).

In the present study, TLR4 and MyD88 were only 
assessed at the tissue and molecular levels and the analysis of 
TLR4 and MyD88 remains insufficient. Both of them involve 
complex networks and various pathways, which should 
be improved by experiments at the cellular and animal 
levels, which is a goal of future research by our group. The 
results of the present study are based on 2D cross‑sections, 
while 3D organotypic models are receiving increasing 
attention due to their ability to reconstruct precise tissue. 
Human physiology is profoundly different from the mouse 
model system. Common drugs such as ibuprofen (70) and 
warfarin (71), which are metabolized differently in the 
livers of humans and rodents, where ibuprofen is used to 
treat pain, fever and inflammation and warfarin is used as 
an anticoagulant, are both toxic to mice. It is not surprising 
that there are large metabolic differences between human 
and laboratory models. Most drug candidates do not enter the 
market due to unrepresentative two‑dimensional preclinical 
models and poor correlation between preclinical and clinical 
trial results. Even when drugs are approved for clinical use, 
certain products may be recalled due to serious adverse reac‑
tions. 3D tissue cultures may produce samples suitable for 
low‑cost, high‑throughput drug screening and predict human 
drug responses in vitro in a timely manner.

Organ on a chip is a promising tool for the preclinical 
testing of drugs. Tumors have a complex microenvironment, 
including a dense extracellular matrix and a wide variety 
of stromal cells and immune cells (72). Irregular blood 
vessels and limited perfusion of nutrients may significantly 
affect the efficacy of administration therapy. By combining 
3D organic culture systems with microfluidics to form an 
‘organ on a chip’, in vitro controlled microfluidics are able 
to stimulate blood flow within the organ and reproduce 
the dynamic distribution of nutrients (73). By connecting 
different organs on a chip, microfluidic systems may simulate 
complex multi‑organ metabolism and pharmacokinetics of 
drugs. Cellular behavior, particularly drug responses, may 
be easily monitored. The organ‑on‑a‑chip approach has been 
used to model various healthy and diseased organs, such as 
kidney (74) and lung (75).

The quasi‑human organ is a three‑dimensional culture 
system derived from stem cells that have the potential to 
reconstruct the structure and physiology of human organs 
in remarkable detail. Human organoids are already being 
used to study infectious diseases, genetic diseases and 
cancer through genetic engineering of human stem cells, 
and may also be generated directly from a patient's biopsy 
sample (76).
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3D culture systems are highly similar to actual human 
organs and in certain cases, they are histologically indistin‑
guishable. A feature common to all organoids is that they are 
composed of pluripotent stem cells or adult stem cells (also 
known as tissue stem cells), mimicking human development 
or organ regeneration in vitro. Thus, analysis of the formation 
of organ‑like systems may provide valuable information on 
the mechanisms of human development and organ regen‑
eration, highlighting its value in basic biological research 
and its potential applications in drug testing and molecular 
medicine.

Establishing an animal model for a particular disease 
requires prior knowledge of the pathogenic conditions or 
genes involved. Organ models may be generated directly from 
affected patients without prior knowledge of the specific genes 
involved. This is particularly relevant to polygenetic diseases 
(such as inflammatory bowel disease, if the pathology is caused 
by the affected epithelial cells) and cancer, where cancer‑like 
organs may be isolated directly from the patient (77). One 
drawback of organ‑like systems is the lack of inter‑organ 
communication. There is the possibility of generating a cavity 
device that combines organic research with organ‑on‑a‑chip, 
allowing different organ‑like types to be cultivated sepa‑
rately, thereby preventing organ‑like uncontrolled fusion 
while allowing organ‑like communication (78,79). Human 
organ‑like systems will offer unprecedented opportunities to 
improve human health.

In conclusion, the present study confirmed differences in 
TLR4 and MyD88 expression between OSCC and paracan‑
cerous tissues and analyzed the relationship between TLR4 and 
MyD88, as well as clinical pathology parameters and patient 
prognosis. It was demonstrated for the first time that MyD88 
is overexpressed in patients with underlying conditions, such 
as hypertension and diabetes, and may have an important role 
in long‑term prognosis. Furthermore, TLR4 expression levels 
were significantly correlated with the tumor growth time. 
These gene expression experiments verified that MyD88 and 
TLR4 may be used as biomarkers, that may provide guidance 
for decision making regarding the treatment of OSCC.
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