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Background: Proteins contained in the conserved YTHS521-b homologous (YTH) domain, have m6A-dependent RNA binding
activity. As an important part of YTH domain family proteins, YTHDF1 and YTHDF3 were shown to be associated with many
cancers. This paper aimed to reveal the relationship between the expression of these two proteins and the clinical prognosis of OSCC,
providing certain guidance for clinical treatment of OSCC.

Methods: We detected the expression of YTHDF1 and YTHDF3 in 120 OSCC patients by immunohistochemical analysis. Statistical
analysis was used to determine whether the high or low expression of these two genes was significantly associated with age, gender,
histological type, clinical stage, or lymph node metastasis. The correlation curve and survival curve of the two genes were produced to
evaluate the potential clinical significance.

Results: We find the expression of YTHDF1 and YTHDF3 was increased in OSCC tissues compared to adjacent normal tissues. The
statistical analysis showed that the expression of YTHDF1 and YTHDF3 was significantly associated with the clinical stage and
histological type in OSCC patients. There was also a significant correlation between the expression of YTHDF1 and YTHDF3. A high
expression of YTHDF1 and YTHDEF3 was related to poor patient prognosis.

Conclusion: Our findings suggest that a high expression of YTHDF1 and YTHDF3 may be related to poor patient prognosis.
Keywords: YTHDF1, YTHDF3, PROGNOSIS, oral squamous cell carcinoma

Introduction

OSCC is the most common head and neck malignancy.' Although it has a relatively standard treatment protocol,
including surgery, radiotherapy, and chemotherapy, the prognosis of OSCC patients is still poor.® The 5-year survival rate
has not improved significantly. Therefore, it is particularly important to clarify the molecular mechanism behind OSCC
and deliver precisely targeted therapy.

MB6A is the most abundant internal modification in mammalian mRNAs.*> M6A is dynamically and reversibly regulated
by methyl-transferases, which act as writers, binding proteins, which act as readers, and demethylases, which act as erasers.
Despite its functional importance in various physiological events, the role of m6A in chemical carcinogenesis remains
largely unknown. M6A is known to regulate gene expression through m6A readers, which is a group of proteins that can
recognize the modification in m6A.° YTHDF1 and YTHDEF3 are the important compose of “readers”.YTHDF1, YTHDF2,
and YTHDEF3 are found in the cytoplasm of homologous YT domain family proteins.” YTHDF1 promotes the translation of
mo6A-methylated mRNA, and the translation of YTHDF2 accelerates the decay of m6A-methylated mRNA. YTHDF3,
YTHDEF2, and YTHDF1 were shown to significantly promote the metabolism of m6A-methylated mRNA.*'° The dynamic
interplay between m6A pathway components cooperatively regulates the fine-tuning of mRNA metabolism and
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translation.'" YTHDF1 and YTHDF3 are closely related to the prognosis of many cancers. Besides, YTHDF1 and
YTHDEF3 has been identified as a novel prognostic biomarker in a variety of cancers, including lung cancer, hepatocellular
carcinoma, and acute myeloid leukemia.'® However, the mechanism of YTHDF1 and YTHDF3 in OSCC has not been
established.

In our current study, we investigated that over-expression of Y THDF1 and YTHDF3 was correlated with clinical progression
and poor prognosis in patients of OSCC.AII the results laid the foundation for the biological mechanisms of OSCC.

Materials and Methods

Patients

One hundred and twenty cases of OSCC were retrieved from the Department of Oral and Maxillofacial Surgery between
2015 and 2020 by searching the electronic Hospital Information System Clinical and confirming that follow-up data were
available for all the study patients. All 120 patients studied were clinically and histologically proven to have primary
OSCC.The patients with an average age of 53 years. The results from all 120 cases recommended that none of patients
underwent chemotherapy and suffered from additional recurrences. The project was approved by the local ethics
committees, and informed consent was obtained from the study patients.

Tissue Specimens

Immunohistochemical analysis was performed on the formalin-fixed paraffin-embedded specimens of the clinically and
histologically proven OSCC cases and the corresponding adjacent non-tumoral tissues, including 18 stage-I patients, 51
stage-11 patients, 23 stage-III patients, and 28 stage-IV patients. TNM staging was performed according to the American
Joint Committee on Cancer (AJCC).Among the selected cases, 83 patients were lymph node-negative, and 37 were
lymph node-positive, indicating metastasis. With regard to the histological degree of differentiation, 71 cases were well-
differentiated, 29 were moderately differentiated, and 20 were poorly differentiated.

Immunohistochemical Staining
The resected OSCC specimens and their corresponding normal tissues were immediately immersed in 4% neutral-
buffered formalin, fixed overnight, and embedded in paraffin according to standard procedures. Serial sections (4-mm)
cut from representative formalin-fixed, paraffin-embedded cancer tissue onto glass slides were used for immunohisto-
chemical staining. Endogenous peroxidase activity was blocked using 0.3% hydrogen peroxide. After incubation with
normal goat serum (ZSGB-BIO), the sections were incubated with anti-YTHDF1 polyclonal antibody and anti-Y THDF-3
antibody (diluted 1:200) overnight at 4*C. The sections were then incubated with biotinylated goat anti-rabbit IgG
(ZSGB-BIO) at room temperature for 30 min. Between each step, the sections were washed with three changes of
phosphate-buffered saline (PBS) for 3 min. The reaction product was visualized with DAB stain for 2 min. The tissue
sections were then dehydrated with ethanol and xylene, mounted, and cover-slipped.

The expression of YTHDF1 and YTHDF3 was examined in five different fields at 20x magnification using
a microscope equipped to study the expression. Distinctly positive cells demonstrated a diffuse brown signal in the
cytoplasm, independent of intensity. To eliminate inter-observer bias, the expression of YTHDF1 and YTHDF3 was
analyzed independently by two pathologists unaware of the patients’ clinical information. Based on the immunostaining
scores, the specimens were divided into two groups to determine expression range through image j software.Those with
more than 45% immunopositive cells, which were considered positive for protein overexpression, and those with
immunostaining scores of 45% or less, which were considered negative for protein over-expression.

Statistical Analysis

Statistical analysis was carried out using SPSS26 software. The chi-squared test was used to examine possible associa-
tions between the pathology, immunohistochemical, and clinical results. The Kaplan-Meier method was used to calculate
the postoperative survival rate from diagnosis to the occurrence of disease-related death, and to test the difference
between the curves. The Log rank test was used to determine statistical significance. Spearman’s bivariate correlation
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was used to analyze the expression of YTHDF1 and YTHDF3 in OSCC tissues. A Cox proportional hazards model was
used to identify factors with an independent influence on survival; hazard ratios (HR) and 95% confidence intervals (CI)
were calculated. In the final multivariate Cox regression model, only those variables that were significant in the
univariate analysis were included. P < 0.05 was considered statistically significant.

Results
High Expression of YTHDFI and YTHDF3 is Correlated with Malignant

Clinicopathological Features in OSCC Patients

In a series of OSCC cases with a high expression of YTHDF1 and YTHDEF3, we tested the association between YTHDF 1
and YTHDEF3 levels and clinicopathological stages in the progression of OSCC. To further define the clinical significance of
protein expression levels in the progression of OSCC, we used statistical analysis techniques to examine the correlation
between YTHDF1 and YTHDF3 levels and disease stages. Our results showed that the expression of YTHDFI1 was
significantly correlated with the clinical stage (P = 0.028) and histological classification (P = 0.001). There was no
significant association with age (P = 0.183), lymph node metastasis (P = 0.155) and gender (P = 0.870). High YTHDF3
expression was related with clinical stage (P = 0.005) and histological classification (P = 0.013).There was no significant
association between age (P = 0.721), lymph node metastasis (P = 0.20) and gender (P = 0.631) (Table 1).

Immunohistochemical Findings

The results of the expression of YTHDFland YTHDF3 were as follows. The expression of YTHDF1 (Figure 1A) and
YTHDEF2 (Figure 1B) in normal tissues was rarely observed. YTHDF1 was mainly located in the cytoplasm (Figure 2),
whereas YTHDF3 was expressed in both the cytoplasm and nucleus (Figure 3). A comparison of the frequency of
expression of each histological grade of OSCC showed that the worse the degree of differentiation, the higher the level of
expression of both proteins. These results indicated that the overexpression of YTHDF1 and YTHDF3 may cause them to
act as oncogenes, involved in the occurrence and development of OSCC.

Table | Relations Between YTHDFI or YTHDF3 Expression and Clinicopathological Parameters

YTHDFI P value YTHDF3 P value

High Low High Low
Gender
Male 82 38(46.3%) 44(53.7%) 0.870 34(41.5%) 48(58.5%) 0.631
Female 38 17(44.7%) 21(55.3%) 14(36.8%) 24(63.2%)
Age (years)
<60 52 23(44.2%) 29(55.8%) 0.183 20(38.5%) 32(61.5%) 0.721
<60 68 22(32.4%) 46(67.6%) 24(35.3%) 44(64.7%)
TNM stage
| 18 8(44.4%) 10(55.6%) 0.028 10(55.6%) 8(44.4%) 0.005
2 51 12(23.5%) 39(76.5%) 13(25.5%) 38(74.5%)
3 23 12(52.2%) 11(47.8%) 14 (60.9%) 9 (39.1%)
4 28 12(42.8%) 16(57.2%) 16 (57.1%) 12(42.9%)
Histological classification
H 71 18(25.4%) 53(74.6%) 0.001 24(33.8%) 47(66.2%) 0.0013
M 29 18(62.1%) Il (37.9%) 19(66.5%) 10(33.5%)
P 20 11(55%) 9(45%) 10(50%) 10(50%)
Metastasis
Yes 37 18(48.6%) 19(51.4%) 0.155 19(51.2%) 18(48.8%) 0.29
No 83 29(34.9%) 54(65.1%) 34(41%) 49(59%)

Notes: Histological classification. P-value <0.05.
Abbreviations: H, high differentiated; M, moderate differentiated; P, poor differentiated.
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Figure 3 YTHDF3 immunostaining showing expression in cytoplasm of OSCC (A) Well differentiated, (B) moderately differentiated, (C) poorly differentiated).

Up-Expression of YTHDF| and YTHDF3 Predicts Poor Prognosis of OSCC

Clinicopathological analysis verified our hypothesis that the expression of both proteins in cancer tissues would increase. We
calculated the postoperative survival curves of patients with high and low YTHDF1 and YTHDEF3 expression. All 120 follow-
up patients had a follow-up period of 100 months. The survival rate showed that YTHDF1 and YTHDF3 overexpression was
associated with shorter survival and poorer prognosis (Figure 4). As shown in Table 2, the univariate analysis of Cox
regression suggested that YTHDF1 expression (P=0.00053), TNM-stage (P=0.00064) were significant prognostic factors in
OSCC. Furthermore, the multivariate analysis of Cox regression suggested that YTHDF1 expression (P=0.045) and TNM-
stage (P=0.038) were determined as an independent prognostic factor for patients with OSCC. Meanwhile, as shown in
Table 3, the univariate analysis of Cox regression suggested that YTHDF3 expression (P=0.0041), TNM-stage (P=0.021) were
also significant prognostic factors in OSCC. Furthermore, the multivariate analysis of Cox regression suggested that YTHDF3
expression (P=0.039) and TNM-stage (P=0.045) were determined as significant risk factors with OSCC. (Table 2 and Table 3).

Association of YTHDFI and YTHDF3 in OSCC Tissues

We examined the correlation between YTHDF1 and YTHDF3 by Spearman correlation. The results indicated that similar
profiles of YTHDF1 and YTHDF3 were found in primary cancer tissues from most patients (P<0.05). Therefore, the
level of YTHDF1 might reflect the expression level YTHDF3 to a certain extent.
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Figure 4 (A) Survival rates demonstrated that patients with YTHDFI amplification had a trend towards shorter poor prognosis, (B) Survival rates demonstrated that

patients with YTHDF3 amplification had a trend towards shorter poor prognosis.

Discussion

Many studies have focused on the potential link between m6A and cancer.” The role of m6A modifications may be

different in different tumors. Changes in m6A also affect cancer progression, including proliferation, growth,

invasion, and metastasis.'? Proteins contained in the conserved YTH521-b homologous (YTH) domain, including
YTHDF1-3 and YTHDCI1-2, have m6A-dependent RNA binding activity.” Proteins containing the YTH domain
are involved in many RNA processes, such as mRNA splicing, nuclear export, translation, and post-transcriptional

regulation.'®' In recent years, studies have found that the protein containing the YTH domain plays an important

Table 2 Univariate and Multivariate Analysis of Clinicopathological Features in Patients with OSCC and YTHDFI

Factors HR 95% CI P Multivariate HR Analysis 95% CI P
Low High Low High

Age (260vs<60) 1.038 0.5376 1.934 0.325 - - -
Gender (Male vs Female) 1.037 0.6752 1.8354 0.223 - - - -
TNM stage (I, Il vs lIl. IV) 4.502 1.430 10.780 0.0064 2.243 1112 4.448 0.038
Histological classification 3.234 0.987 6.543 0.543 - - -
Metastasis (yes vs no) 1.187 0.6680 2.432 0.58212 - - -
YTHDFI (high vs low) 2.231 1.012 3021 0.0053 2.143 1.007 4.343 0.045

Note: P-value <0.05.

Table 3 Univariate and Multivariate Analysis of Clinicopathological Features in Patients with OSCC and YTHDF3
Factors HR 95% CI P Multivariate HR Analysis 95% CI P

Low High Low High

Age (260vs<60) 1.539 0.576 2432 0.421 - - -
Gender (Male vs Female) 1.212 0.459 1.678 0.201 - - -
TNM stage (I, Il vs lIl. IV) 3911 1.332 9.876 0.021 2.440 1.023 4.231 0.045
Histological classification 3.0 0.882 5.443 0.369 - - -
Metastasis (yes vs no) 1.023 0.665 4.432 0.341 - - -
YTHDF3 (high vs low) 2.134 1.789 3.541 0.0041 2276 1.023 3.965 0.039

Note: P-value <0.05.
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role in the process of post-transcriptional modification, regulating the expression of genes related to cancer and
other processes.14 However, the relationship between YTHDF1, YTHDEF3, and OSCC needs to be studied further.

Here, our research is the first study, to our knowledge, to assess the association between YTHDF1, YTHDF3
expression and clinicopathological features in OSCC. We found that the high expression of YTHDF1, YTHDF3 was
not statistically related to age (P=0.183, P=0.732), gender (P=0.870, P=0.631), or lymph node metastasis (P=0.115,
P=0.29). However, it was closely related to the histological type (P=0.001, P=0.0013) and TNM stage (P=0.028,
P=0.005). We also evaluated the effect of YTHDF1 and YTHDF3 on the survival of patients with OSCC (Figure 4).
We found that patients with a high expression of YTHDF1 and YTHDF3 had poor survival outcomes (P<0.05). In
addition, the results of the univariate analysis showed that YTHDF1 and YTHDF3 were independent risk factors for
OSCC (Table 2 and Table 3). Meanwhile, the high expression of YTHDF1 and YTHDF3 was also closely related to the
poor prognosis of HCC and BRC patients.'>'® The expression pattern of YTHDF1 and YTHDF3 related regulatory
factors may be considered as prognostic biomarkers.

To further investigate the mechanism of the carcinogenesis process, immunohistochemical method was used to detect
the expression of YTHDF1 and YTHDF3 in OSCC tissues. The study showed that there were considerable differences
between OSCC tissues and the corresponding adjacent non-tumor tissues and that the expression of YTHDFI and
YTHDF3 was increased significantly in cancer tissues. YTHDF1 was mainly expressed in the cytoplasm (Figure 2).
YTHDF3 was expressed in the cytoplasm and also in the nucleus (Figure 3). This was similar to the expression of
YTHDF1 and YTHDF3 in breast cancer and OSCC,'® indicating that YTHDF1 and YTHDF3 may be contributing
factors to the expression of cancer.

According to previous studies, YTHDF1 could promote the translation of m6A-modified mRNA in the cytoplasm,
and the over-expression of YTHDF1 could enhance the expression of c-Myc protein, indicating that YTHDF1
expression promoted c-Myc expression. At the same time, YTHDF1 can directly interact with c-Myc mRNA,
which indicates that YTHDF1 regulates the expression of c-Myc mRNA in a certain way.!” YTHDF3 plays
a leading role in accelerating the decay of mRNA and can regulate the RNA accessibility of YTHDF1-2. YTHDF3
affects the translation and decay of methylated mRNAs through synergy with YTHDF1 and YTHDF2. YTHDF3 can
affect the functions of YTHDF1 and YTHDF2,'*'® suggesting that YTHDF1 and YTHDF3 may be involved in the
activation of some signal pathways in OSCC, and then activate tumor expression. In the course of our research, we
were surprised to find that the expressions of YTHDF1 and YTHDF3 were very similar according to Spearman
correlation. All tumour sections studied showed a positive correlation of YTHDF1 and YTHDF3 (Figure 5, P<0.05).
This association is statistically significant, it is worth pondering whether the direct regulation of YTHDF1 and
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Figure 5 Scatter plot showing there is a correlation between YTHDFI and YTHDF3 in the OSCC observed.
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YTHDEF3, activates the tumour via a variety of signaling pathways of cancer, and further promotes the progression of
the tumour.

Therefore, a comprehensive understanding of the molecular and biological characteristics of YTHDF1 and YTHDF3
will expand our understanding of the role of m6A modifications in tumors, provide potential markers and prognostic
evaluation for OSCC, and propose new therapeutic targets.

Conclusion

Our study revealed differences in the expression of YTHDF1 and YTHDF3 in OSCC and analyzed the relationship
between gene expression and clinicopathology and patient prognosis. We found that the expression of YTHDF1 and
YTHDF3 was increased in OSCC and played an important role in long-term patient prognosis. The in-depth study of
these two genes may be helpful for a better understanding of OSCC. This study has laid the foundation for further study
of the biological mechanisms of OSCC.
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