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Abstract: Background: Tumor recurrence is one of the major problems that affect the postoperative efficacy of oral squamous cell carcinoma (OSCC) treatment. Autophagy is known to have a dual-sided effect on tumors. However, studies on autophagy and prognosis are limited. The purpose of this study is to analyze the relationship between autophagy and OSCC recurrence. Materials and Methods: 72 patients with OSCC were followed for 5 years after curative surgery. Tissue specimens from each patient were divided into tumor, normal, and marginal groups. Autophagy protein expression was assessed by western blotting and immunofluorescence. Statistical significance was evaluated using the chi-square test. The Kaplan-Meier method was employed to construct a survival curve, and the log-rank test was used to compare survival rates. Cox regression was utilized to describe independent prognostic risk factors. ROC analysis was performed to evaluate the utility of p62 and LC3II expression in assessing OSCC recurrence. Results: Correlations were observed between survival rates and T stage (p = 0.00439), lymph node metastasis (p < 0.001), tumor differentiation (p = 0.00423), and changes in p62 expression (p < 0.001). Multivariate analysis showed lower p62 protein expression in the tumor group compared to the normal group with a higher risk of recurrence (RR = 3.713), and lower p62 protein expression was found in the marginal group compared to the tumor group, with a lower risk of recurrence (RR = 0.170). Conclusion: Expression of p62 protein is one of the important factors influencing relapse in OSCC patients and can be used as an early predictor of OSCC relapse.
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1  Introduction

Oral squamous cell carcinoma (OSCC) is the second most malignant tumor with the worst prognosis in head and neck cancer (HNC) [1]. Despite recent advances in treatment modalities, the five-year survival rate of OSCC has not improved. Tumor recurrence leads to poor prognosis [2]. In China, the overall survival rate is within the range of 50%–70% [3]. Identifying recurrence factors of OSCC is an emerging issue in clinic practice.

To date, extensive local resection and intraoperative frozen section for marginal assessment have become the first choice for therapeutic surgery, coupled with the anatomical reconstruction of the head and neck [4]. Major challenges, such as low survival rate and poor prognosis, emphasize the need to propose novel therapeutic strategies. In 2011, Guo et al. [5] proposed the concept of “autophagy addiction”, which suggests that targeting autophagy and mitochondrial metabolism are valuable new approaches for aggressive cancers. In 2018, Zhu et al. [6] suggested that the autophagy-related gene expression profiles may be a biological indicator for the prognosis of OSCC. Under this background, we collected clinical information, tissue specimens and post-operative follow-up data of OSCC patients, and assessed expression changes of autophagy marker proteins in an attempt to investigate the correlation between autophagy protein expression and OSCC recurrence.

2  Materials and Methods

2.1 Patients

The following inclusion criteria for patients were: (I) previously received treatment for OSCC, (II) underwent surgical treatment, (III) neither chemotherapy nor radiotherapy was administered prior to surgery, and absence of distant metastases was confirmed by PET scan, (IV) primary OSCC was diagnosed by preoperative and postoperative pathologic examination. Complete clinicopathological and follow-up data were carefully retrieved from the medical archives of Beijing Tiantan Hospital, Beijing, China and Beijing Capital Medical University School of Stomatology, Beijing, China. Recurrence was defined as local recurrence in situ, regional lymph node metastasis, and death caused by OSCC. The recurrence time was determined by the duration from first pathological diagnosis to pathologic confirmation of recurrence.

The exclusion criteria were: (I) patients too old to suffer or refuse surgery treatment, (II) history of renal failure and hepatitis and poor performance status, (III) patients who died of other diseases within five years after surgery, (IV) lost to follow-up due to failure to re-examine on time or change in contact information.

Based on these criteria, 72 eligible patients (40 males and 32 females) were enrolled. After the consent of the patient and their family members, the tumor was surgically excised, and pathological examination was performed. Approval for tissue collection and patient clinical information for medical research purposes was granted by the Ethics Committee of the Beijing Tiantan Hospital, Capital Medical University (Approval No. KY2013-015-02).

Tumor, node, and metastasis classification were assessed according to the American Joint Committee on Cancer 7th edition criteria [7], and further classified as Stages I, II, III, and IV. Broders’ classification was used to evaluate histology tissues stained with hematoxylin/eosin and divided cell differentiation into highly, moderately, or poorly differentiated.

Besides common parameters, such as age, gender, date of diagnosis, date of primary operation, last follow-up date, date of recurrence, and tumor sites, the main variables used in our study were pathological T stage, N stage, degree of differentiation, and expression of autophagy protein.

2.2 Specimen Preparation

Biopsy specimens were excised from three regions: normal tissue, more than 20 mm from the resection edge, surgical margin tissue between tumor and normal tissue (1–5 mm) [8], and center tumor tissue of OSCC. Specimens from the same patient were divided into tumor group (T), normal group (N), and marginal group (M) for comparison to minimize the effect of individual and anatomical site differences. Specimens were stored in liquid nitrogen within 10 min after surgery.

2.3 Western Blot Analysis and Immunofluorescence Staining

To accurately estimate autophagic activity, it is essential to determine autophagic flux. In our study, we used microtubule-associated protein light chain 3 (LC3) as an autophagosome marker [9]. LC3-I is conjugated to phosphatidylethanolamine to form LC3-II, which is indicative of autophagosome formation [10]. Due to weak expression of LC3-I [11], glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used to calculate the amount of LC3-II (LC3-II/GAPDH). At the same time, sequestosome-1 (SQSTM1, also known as p62) binds to LC3 and is selectively degraded by autophagy, so that degradation of p62 is another marker to monitor autophagy flux [9].

The OSCC specimens were lysed in a complex buffer (Roche, Switzerland) and then centrifuged at 15,000 g at 4°C. Bicinchoninic acid protein assay kit (Pierce Biotechnology, Rockford, IL, USA) was used for protein concentration assay. The lysates, contained 40 μg protein, were loaded into 10% bis-Tris SDS-PAGE gels for each lane and transferred onto polyvinylidene fluoride membranes (Merck Millipore, Burlington, MA, USA). After being blocked in buffered saline, the membranes were incubated with antibodies against LC3-II (1:1,000; Thermo Fisher Scientific, Waltham, MA, USA), p62 (1:10,000; Abcam, Cambridge, UK), and GAPDH (1:8,000; Sigma-Aldrich, St. Louis, MO, USA), followed by incubation with horseradish peroxidase-conjugated secondary antibodies (Santa Cruz Biotechnology, Santa Cruz, CA, USA). The immunoreactive band intensity was quantitated using Image-Pro Plus 6.0 (Media Cybernetics, Rockville, MD, USA).

Prior to immunofluorescence staining, specimens were prepared into 5 μm frozen sections. Sections were incubated with anti-LC3-II (1:300) and anti-p62 (1:400) overnight, then developed with Alexa Fluor 594 chicken anti-rabbit IgG (1:200) and photographed with a confocal microscope (LSM 880 with Airyscan; Carl Zeiss Microscopy, Thornwood, NY, USA).

2.4 Follow-Up and Statistical Analysis

Patients were followed for five years until 2019 by out-patient re-examination.

The SPSS software (version 21.0; IBM Corp., Armonk, NY, USA) and SigmaPlot software (version 14.0; Systat Software, Inc., San Jose, CA, USA) were used for statistical analysis. Statistical significance of recurrence and autophagy expression was evaluated using the chi-square test. The Kaplan-Meier method was employed to draw a survival curve, and log-rank test was used to compare survival rates among T, N and M groups. ROC analysis was performed to evaluate the clinical utility of p62 and LC3-II expression for OSCC recurrence. Cox regression was utilized to describe independent prognostic risk factors of OSCC. All p-values were bilatetal, and p-values less than 0.05 were considered statistically significant.

3  Results

3.1 Clinicopathologic and Histologic Features of Patients with OSCC

The clinicopathologic characteristics of 72 OSCC patients are summarized in Table 1. There were 40 (54.795%) males and 32 (43.836%) females (1.25:1). The age range was 25–81 years, and median age was 63 years.
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The highest incidence site of OSCC was the tongue (49.315%), followed by the gingival mucosa (27.397%), buccal mucosa (10.959%), floor of the mouth (6.849%), and palate mucosa (4.110%). In terms of TNM stage and histological differentiation, 26 patients (35.616%) had T-III tumors, 20 patients (27.397%) had T-II, while T-IV, T-I, and T-0 were observed in 18 cases (24.658%), 5 cases (6.849%) and 3 cases (4.110%), respectively. No lymph node metastases were found in 40 patients (54.795%), while 32 patients (43.836%) had positive lymph node metastases. 52 patients were described as highly differentiated, 16 patients were moderately differentiated, and 4 patients were poorly differentiated.

3.2 Comparison of Autophagy Marker Proteins in Different Regions

3.2.1 Expression of LC3 in OSCC Patients

Immunofluorescence qualitative detection and semiquantitative analysis of protein electrophoresis revealed that the number of LC3-II-positive puncta was markedly higher in tumor and marginal groups than in the normal group (red arrows, Fig. 1A). Western blotting revealed LC3-II expression was significantly higher in marginal (p < 0.0001) and tumor groups (p < 0.0001) than in the normal group (Figs. 1B and 1C). However, comparison among the T, N, and M groups did not show any significant difference in LC3-II expression between relapsed and non-relapsed patients (Fig. 1D).
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Figure 1: Expression of LC3-I/II in OSCC patients. (A) LC3-II dots in green marked with a red arrow in the tumor, normal, and marginal tissue by IF. It shows that in tumor and marginal region green fluorescent dots can be observed easily than in normal region. (B) Western blot assay showing the expression of LC3-I/II protein in the tumor, normal, and marginal tissue, which compared between patients with recurrence and non-recurrence. All protein bands were randomly selected from 72 samples. T: tumor N: normal M: marginal. (C) The expression difference of LC3-II in different regions. In T group, the expression value (MEAN ± SD) was 1.147 ± 0.0367; in N group, the value was 0.619 ± 0.0321; in M group, the value was 1.157 ± 0.0381. (D) The expression difference of LC3-II between no-recurrence patients and recurrence patients. In T group, the value of no-recurrence vs. recurrence was 1.1520 ± 0.0423 vs. 1.1330 ± 0.0749; in M group, the value of no-recurrence vs. recurrence was 1.1960 ± 0.0450 vs. 1.0550 ± 0.0682; in N group, the value of no-recurrence vs. recurrence was 0.6270 ± 0.0365 vs. 0.5980 ± 0.0672

3.2.2 Expression of p62 in OSCC Patients

In terms of p62 protein, a higher number of p62-positive puncta was observed in marginal and tumor groups than in the normal group (red arrows Fig. 2A). Western blotting also showed that p62, above the yellow line, was significantly upregulated in marginal (p = 0.003) and tumor groups (p < 0.001) (Figs. 2B and 2C). Similarly, comparison among the T, N, and M groups did not indicate any significant differences in p62 expression between relapsed and non-relapsed patients (Fig. 2D).
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Figure 2: Expression of p62 in OSCC patients. (A) p62 dots in green marked with red arrow in tumor, normal, and marginal tissue by IF. It shows that in tumor and marginal region green fluorescent dots can be observed easily than in normal region. (B) Western blot assay showing the expression of p62 protein (above the yellow line) in tumor, normal, and marginal tissue, which compared between patients with recurrence and non-recurrence. All protein bands were randomly selected from 72 samples. T: tumor N: normal M: marginal. (C) The expression difference of p62 in different regions. In T group, the expression value (MEAN ± SD) was 0.984 ± 0.0382; in N group, the value was 0.671 ± 0.0475; in M group, the value was 0.895 ± 0.0375. (D) The expression difference of p62 between no-recurrence patients and recurrence patients. In T group, the value of no-recurrence vs. recurrence was 0.9940 ± 0.0467 vs. 0.9310 ± 0.0736; in M group, the value of no-recurrence vs. recurrence was 0.8470 ± 0.0452 vs. 0.9480 ± 0.0664; in N group, the value of no-recurrence vs. recurrence was 0.6270 ± 0.0489 vs. 0.7870 ± 0.1130

3.2.3 Correlation of p62 Expression with Recurrence of OSCC

Correlation between the level of p62 expression in each of two groups and the number of patients who relapsed was revealed (Table 2). Between the tumor and normal groups, p62 expression was higher in the tumor group with 9 relapsed patients, while p62 expression was higher in normal group with 11 relapsed patients (p < 0.001). Between the tumor and marginal groups, p62 expression was higher in the tumor group with 6 relapsed patients; otherwise, p62 expression was higher in the marginal group, with 14 relapsed patients (p < 0.001). Lastly, comparing the marginal group with the normal group, higher levels of p62 expression in marginal group was accompanied by 9 relapsed patients, while higher levels of p62 expression in normal group was associated with 11 relapsed patients (p = 0.001).
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3.2.4 Correlation of LC3-II Expression with Recurrence of OSCC

In terms of LC3-II expression, we found there was no significant difference in the pairwise comparison of tumor, normal, and marginal groups (Table 3).
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3.3 Univariate Analysis between Clinicopathological Variables and p62 Expression and Survival Rate

72 patients were followed up, 20 with recurrence (including death caused by OSCC, in-situ recurrence, and lymph node metastasis), and the overall survival rate was as high as 72.23% (Fig. 3A).
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Figure 3: Univariate analysis between clinicopathological variables and p62 expression and survival rate. (A) total survival analysis; (B) Tumor stage survival analysis; (C) nodes metastasis survival analysis; (D) Degree of differentiation of OSCC survival analysis; (E–G): expression of p62 in different regions survival analysis

On this basis, the possible prognostic risk factors, i.e., T stage, lymph node metastasis, tumor differentiation, and p62 protein expression, were analyzed using univariate cox regression.

3.3.1 Univariate Analysis of T Stage and Survival Rate

In this study, we analyzed the relationship between primary tumor size and OSCC prognosis. The results showed that the higher the tumor stage, the worse the postoperative prognosis (Fig. 3B). There was a statistical difference between TII and TIV (p = 0.00439 < 0.05), whereas no statistical differences between TI and TII (p = 0.831), TIII and TIV (p = 0.334), TI and TIV (p = 0.632) were observed.

3.3.2 Univariate Analysis of Lymph Node Metastasis and Survival Rate

In terms of lymph node metastasis, the statistical results showed that there was a statistical difference in the prognostic effect between those with and without lymph node metastasis (p < 0.001) (Fig. 3C).

3.3.3 Univariate Analysis of Tumor Differentiation Degree and Survival Rate

According to the analysis of tumor differentiation, it was shown that the prognosis for patients with highly differentiated tumors was significantly better than those with moderate and low differentiation (Fig. 3D). The p value between highly and moderately differentiated tumors was p = 0.00423 < 0.01, between highly and poorly differentiated p < 0.001, and between moderately and poorly differentiated p = 0.0000348 < 0.001.

3.3.4 Univariate Analysis of Differences in p62 Differentiation and Survival Rate

p62 expression in tumor, marginal, and normal regions and survival rates exhibited statistical differences. Statistical analysis revealed that prognosis was worse when p62 expression was lower in the tumor region compared to the normal region (p < 0.001) (Fig. 3E). Similarly, analyzing the ratio of p62 expression from tumor region to normal region (T/N) (p < 0.001), and tumor region to marginal region (T/M) (p < 0.001), there is better prognosis with a higher ratio of p62 expression (Figs. 3F, 3G).

3.4 ROC Analysis for Test Assessment

ROC analysis was used to evaluate the sensitivity and specificity of our test. An area under the ROC curve (AUC) of 0.5 indicates that the test has no discriminating ability, while an AUC of 1.0 shows that a test has strong discriminatory power.

In terms of p62 expression compared between tumor and normal regions, the AUC was 0.726, while the AUC comparing the marginal and normal regions was 0.669 (Fig. 4A). When LC3-II protein was considered, the AUC values were 0.892 and 0.890 when comparing tumor to normal sites and marginal to normal sites, respectively (Fig. 4B).
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Figure 4: ROC curve test for the correlation of p62 and LC3-II expression with recurrence of OSCC. (A) ROC for p62 expression (B) ROC for LC3II expression

3.5 Cox Multivariate Analysis of Survival and Other Clinicopathological Variables and p62 Expression

The multivariate cox hazard regression model revealed that the meaningful variables included lymph node metastasis, degree of differentiation, and p62 protein expression in different tissues (Table 4).
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p62 protein was an independent prognostic factor that was correlated with poor overall survival of OSCC patients. When expression of p62 protein in tumor group was lower than in normal group, there was a higher risk of recurrence (RR = 3.713, 95% CI: 1.247–11.053). When p62 protein expression in marginal group was lower than in tumor group, there was a lower risk of recurrence (RR = 0.170, 95% CI: 0.054–0.538).

Risk analysis of prognosis also revealed that lymph node metastasis is an independent risk factor. Compared with the occurrence of lymph node metastasis, the risk of recurrence and poor prognosis without lymph node metastasis was lower (RR = 0.096, 95% CI: 0.022–0.416). In terms of degree of differentiation, moderately and the highly differentiated OSCC showed a lower risk of recurrence than poorly differentiated OSCC (RR = 0.011, 95% CI: 0.002–0.074; RR = 0.013, 95% CI: 0.002–0.070, respectively).

4  Discussion

Autophagy is a dynamic process for degradation of cytosolic components in eukaryotic cells, which function is to eliminate misfolded/degrade proteins and damaged/aged organelles in order to maintain intracellular homeostasis [12].

At physiological conditions, basal autophagy maintains the relatively low levels of p62 due to continuous degradation together with the target cargo by the lysosomal system. Autophagy inhibition can cause p62 accumulation and p62 upregulation and/or reduced degradation have been linked with tumor formation, cancer promotion as well as in resistance to therapy [13]. Conversely, degradation of p62 during autophagy is critical for the restriction of p62-linked tumorigenesis [14]. Whether autophagy is an executioner or a savior is often determined in a context- and cell type dependent manner [15]. We also found that p62 protein was significantly elevated in OSCC patients with recurrence. We hypothesize that autophagic activity varies by tissue environment. High p62 expression in tumor and margin tissues restricted autophagic activity, increased aggregates of damaged proteins and organelles. On the other hand, the lower the expression in normal region, the better the prognosis This may be attributed to that low expression of p62 and physiological autophagic activity preventing the gradual accumulation of damaged proteins and organelles in normal tissue.

In our study, univariate analysis showed that the overall survival rate was related to the expression difference of p62 protein among different groups. We found that higher p62 protein expression in tumor and marginal tissues than in normal tissue is associated with a better prognosis.

Recently, Wang et al. [16] found that disulfiram can trigger excessive autophagy and induce cell death in OSCC. This conclusion is based on the belief that in some cancer types, cancer initiation and progression can be suppressed by autophagy [17]. In fact, autophagy is known to be a double-edged sword as a tumor suppressor and tumor promoter. Evidence showed that on the first stages in tumorigenesis, autophagy is regarded as a tumor suppressor; as tumor cells grow, autophagy can promote survival of tumor cell in hypoxic microenvironment through recycling of molecules in order to meet with altered metabolic requirements of cancer cell.

The association of high levels of p62 with tumorigenesis and poor prognosis has been reported in many papers. Yan et al. [18] reported that not only are high levels of p62 observed in tumor promotion, but these are strongly implicated in causing resistance to cancer therapy. Indeed, in human ovarian cancer cells, higher p62 expression levels may indicate insufficient autophagy for p62 degradation, which may also lead to resistance to apoptosis [19] In esophageal squamous cell carcinoma (ESCC) tissues, high p62 expression levels enhance cell apoptosis resistance and thus promote tumor growth. Feng et al. [20] reported that targeting high p62 expression is a reasonable strategy for the treatment of hepatocellular carcinoma (HCC). Our results, together with these reports, support that accumulation of p62 was observed in breast cancer, prostate cancers, HCC, and OSCC.

Interestingly, in 2017, Terabe et al. [21] believed that LC3 and p62 protein are associated with postoperative recurrence and poor prognosis. However, in our study, we did not find any significant differences in LC3-II expression among different regions.

Furthermore, the correlation of tumor margin tissue status to tumor recurrence has also been assessed. In 2018, Buchakjian et al. [22] emphasized the need to evaluate specimen marginal regions after oral cavity squamous cell carcinoma (OCSCC) resection. Subsequently, Hosni et al. [23] confirmed that patients with microscopic positive margins with cancer cell have a higher risk of relapse. Marginal status in OSCC is not only an important predictor for the recurrence, but also for patient overall survival with recurring disease [24]. In our study, tissue specimens from marginal region were also collected to improve the objectivity and veracity of the experiment.

AUC is a global measure of the ability of a test to discriminate whether a specific condition is present or not [25]. As shown in the results, AUC values were within the range of 0.669–0.892. This means that although our research has a certain degree of credibility. However, it still has shortcomings that need to be improved. First, a larger sample size and longer observation time need to be included. Second, the definition of tumor margin remains obscure [22], and precise margin sites are hardly achievable during operation. To achieve more reliable scientific results, larger scale and more in-depth studies need to be done.

5  Conclusion

Currently, the main treatment modality for oral squamous cell carcinoma is local expanded resection. Comparison of p62 expression levels in postoperative marginal area tissues and primary foci tissues can be used as a feasible technique to predict postoperative recurrence. High expression of p62 in postoperative normal tissue would be a poor prognostic indicator compared to tumor and margin regions.
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Table 1: Clinico-pathological characteristics of 72 patients with OSCC

Characteristics N Percentage (%)
Gender

Male 40 54.795
Female 32 43.836
Age (years)

Mean 62.639

Median 63

Range 25-81

TNM Classification

T-stage

TO 4.110
TI 6.849
TII 20 27.397
TIII 26 35.616
TIV 18 24.658
Node invasion

Negative 40 54.795
Positive 32 43.836
Histologic grading

Highly differentiated 52 71.233
Moderately differentiated 16 21.918
Poorly differentiated 4 5.479
Tumor site

Tongue 36 49.315
Buccal mucosa 10.959
Floor of the mouth 6.849
Gingiva mucosa 20 27.397
Palate mucosa 3 4.110
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Table 3: Expression of LC3 in tumor, normal, margin regions and recurrence of OSCC

Recurrence Total e p
Tumor > Normal 20 72 —
Tumor < Normal 0 0
Margin > Tumor 10 41 0.545 p =0.460
Margin < Tumor 10 31
Margin > Normal 18 67 0.400 p=0.527

Margin < Normal 2 5
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Table 4: Multivariate analysis of recurrence and multivariate cox regression

Variable Degree of freedom p RR 95.000% CI
Lower Upper
Lymph node metastasis 1 0.002 0.096 0.022 0416
Poorly differentiated 2 0.000
Moderately differentiated 1 0.000 0.011 0.002 0.074
Highly differentiated 1 0.000 0.013 0.002 0.070
p62 in tumor and normal | 0.018 3.713 1.247 11.053
p62 in margin and normal 1 0.003 0.170 0.054 0.538

Note: Independent predictors of local recurrence based on multivariate analysis.
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Table 2: Expression of p62 in tumor, normal, margin regions and recurrence of OSCC

Recurrence Total e JZ
Tumor > Normal 9 53 11.67 P <0.001
Tumor < Normal 11 19
Margin > Tumor 14 27 12.48 p <0.001
Margin < Tumor 6 45
Margin > Normal 9 52 10.23 p =0.001

Margin < Normal 11 20
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