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Clinical implication of naive and memory T cells in locally advanced cervical cancer: A proxy for tumor biology and short-term response prediction
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Abstract: Background: This study was designed to investigate the feasibility of tumor-infiltrating immune cells with different phenotypic characteristics for predicting short-term clinical responses in patients with locally advanced cervical cancer (LACC). Methods: Thirty-four patients who received concurrent chemoradiotherapy and twenty-one patients who merely underwent radiotherapy were enrolled in this study. We retrospectively analyzed the T cell markers (i.e., CD3, CD4, CD8), memory markers (i.e., CD45, CCR7), and differentiation markers (i.e., CD27) in the peripheral blood and tumor tissues of patients with LACC before treatment based on flow cytometry. We also analyzed the relationship of T cell subsets between peripheral blood and tumor tissues, and their correlation with complete response or partial response. Results: The percentage of central memory CD8+TCM (CD8+CD45RA−CD27+CCR7+) cells in LACC patients was significantly lower than that of the control group. The percentage of CD8+TN in the peripheral blood of LACC patients was significantly higher than that of tumor tissues. CD8+TEM in the peripheral blood was significantly lower than that of tumor tissues. The percentage of CD8+TN and CD8+TCM in human papillomavirus (HPV) positive samples was significantly higher than that of HPV-negative samples. Similarly, the percentage of CD8+TCM in tumor tissues was significantly higher in cancer tissue samples with lymph nodes compared with those without. Conclusion: A higher proportion of CD4+TCM and a lower proportion of CD8+TN in the tumor microenvironment of LACC may contribute to the therapy response prediction.
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Introduction

Cervical cancer, ranked as the fourth most common cancer among the female population worldwide (Ferlay et al., 2019), is one of the major causes of cancer-related death (Bray et al., 2018). The prognosis of locally advanced cervical cancer (LACC) patients is poor with a high risk of recurrence (Chhabra, 2018) and an extremely lower 5-year survival rate due to a lack of effective treatment strategies (Chhabra, 2015).

Dysregulation of the immune system is a hallmark of cancer (Hanahan and Weinberg, 2011). Increasing evidence indicates that naive T cells and memory T cells-mediated host immune response plays a key role in the pathogenesis of cancer (Wörmann et al., 2014). Memory T cells have been confirmed to mediate the tumor microenvironment in anti-tumor immunity (Hu and Wang, 2017). Phenotypic expression of cell surface proteins (e.g., CCR7, CD45RA, and CD27) has been utilized to study the differentiation of memory T cells. Expression of the costimulatory molecules (e.g., CD27 and CD28, CD45RA or CD45RO) is associated with the function of naive, memory, and effector CD8+T cells (Hamann et al., 1997; Tomiyama et al., 2002). Additionally, flow cytometry analysisfor CD45RA and either CD27 or CCR7 contributes to the identification of TN (CD45RA+/CD27+/CCR7+), TEM (CD45RA−/CD27−/CCR7−), and TCM (CD45RA−/CD27+/CCR7+), respectively (Van Braeckel-Budimir et al., 2018; Weekes et al., 1999). Moreover, the stepwise differentiation of human memory CD4+T cells by CCR7 and CD27 indicated that these markers contributed to the identification of the distinct maturational stages of CD4 memory T cells with different functional activities (Fritsch et al., 2005). Furthermore, van Lier and colleagues defined two kinds of CD8 memory T-cell subsets based on the expression of CD45 isoforms (i.e., CD45RA and CD45RO) that lacked immediate cytolytic function, and CD45RA+CD27− effector cells with a low proliferative capacity and high perforin and cytotoxicity (Hamann et al., 1997). Such a technique is reported to provide a more precise determination of the maturational stages of T lymphocytes with different functions. In this study, three cell surface markers (i.e., CD45RA, CD27, and CCR7) were utilized to determine the stages of CD4 and CD8 memory T cells. Then, we investigated the feasibility of using tumor-infiltrating immune cells with different markers for predicting short-term clinical responses in LACC patients who underwent chemoradiotherapy and radiotherapy, respectively.

Materials and Methods

Subjects

Fifty-five LACC patients (34–83 yrs, median: 52 yrs; ICD-10, code C53.900) admitted to our hospital between August 2016 and April 2019 were recruited in this study. All the patients received no treatment before admission. The inclusion criteria were as follows: (a) pathologically confirmed with cervical squamous cell carcinoma; (b) at a stage of IB2-IVA by FIGO staging system; (c) aged >18 years old with a Karnofsky Performance Scale (KPS) of ≥70 points; (d) received no human papillomavirus (HPV) vaccination before; (e) showing no contraindications to radiotherapy or chemotherapy. The following patients should be excluded: (a) complicated with other neoplastic diseases, autoimmune-related diseases, as well as acute and chronic infectious diseases; (b) those with a history of transplantation. Twenty-six healthy subjects, who underwent physical examination in the Healthcare Center of our hospital at the same time, served as normal control. The clinical staging of each patient was based on the FIGO staging system (2009 Edition) (Pecorelli, 2009). Written informed consent was obtained from each patient and health control before entering the study. This study was approved by the Institutional Ethics Committee of the Affiliated Cancer Hospital of Xinjiang Medical University (No. K-2019001).

Treatment

All patients received external irradiation and intracavity brachytherapy, and the individualized treatment plan was formulated according to the 2019 National Comprehensive Cancer Network (NCCN) Cervical Cancer Guidelines (Koh et al., 2019), as well as the economic situation and personal desire of the patients. Radiotherapy mode was as follows: intensity modulated radiotherapy (in vitro irradiation) +Ir192 high dose rate intracavitary post-loading therapy (intracavitary irradiation). Synchronous chemotherapy methods were as follows: single cisplatin (30 mg/m2) via intravenous infusion, once a week, 4–6 cycles of chemotherapy; or paclitaxel (135 mg/m2, d1) combined with cisplatin (50 mg/m2, d1-3, via intravenous infusion), 3 weeks per cycle.

Flow cytometry

Peripheral blood samples (5 mL) were collected from each subject before any treatment, followed by lymphocyte assessment using a routine clinical flow cytometry assay (Lambert et al., 2020). Briefly, peripheral blood mononuclear cells (PBMCs) were isolated from fresh EDTA anticoagulant blood based on the Ficoll-Hypaque density gradient centrifugation. Cervical cancer tissue samples were obtained using the biopsy forceps, and then were cut into fragments (1–3 mm) with sterile surgical scissors and placed into a C tube (BD Biosciences) filled with RPIM 1640 (5 ml, Sigma-Aldrich) supplemented with enzymes in the tumor ionization kit (BD Biosciences). Single-cell suspension was obtained with a 70 μm cell filter, followed by rinsing twice with R10. Flow cytometry was performed to analyze the CD45RA, CD27, and CCR7 on CD4+T and CD8+T cells in the peripheral blood from LACC and healthy controls, as well as tumor biopsies from LACC patients. Flow cytometry data were analyzed using the BD FACS Diva flow cytometry analysis software.

Multi-chromatic flow cytometry staining

T cell differentiation phenotype was discriminated by the surface markers CD27, CCR7, and CD45RA. Cells derived from tumor tissues or PBMCs were stained with LIVE/DEAD® Fixable Aqua Dead Cell Stain Kit (Thermo Fisher Scientific, Waltham, MA, USA) for 20 min on ice before surface staining with conjugated antibodies in FACS washing buffer for another 20 min and fixed with 1×CellFix solution (BD Biosciences). Data were acquired using the BD LSR Fortessa™ cell analyzer (BD Biosciences). In order to ensure the quality of the FACS data, samples with viable CD3+T of less than 10,000 cells were ruled out.

Statistical analysis

Statistical analysis was conducted with the SPSS software (25.0 version). The figures were drawn using the GraphPad Prism Software (8.0 version). A Z-test was used for comparison of the measurement data. Data that were not normally distributed were compared using the Rank sum test. Paired sample t-test was performed to analyze the distribution difference of naive and memory T cells between tumor tissues and peripheral blood samples. Univariate and multivariate logistic regression analyses were used to evaluate the relationship between naive or memory T cell subsets and short-term responses. In addition, the odds ratio (OR) with 95% confidence interval (CI) was calculated. All the tests were performed at least in triplicate. p < 0.05 was considered to be statistically significant.

Results

Clinicopathological characteristics

All the 55 cases received radiotherapy, among which 34 received concurrent chemoradiotherapy. For the patients who underwent concurrent chemoradiotherapy, most patients received cisplatin-based chemotherapy, such as cisplatin monotherapy or cisplatin combined with paclitaxel. The clinicopathological characteristics of the LACC patients and healthy control are summarized in Table 1.
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Characterization of memory CD4 and CD8 T cells

We determined the expression of CD45RA, CD27, and CCR7 on CD4+T and CD8+T cells in the tumor biopsy samples of LACC patients, as well as the peripheral blood samples of LACC and healthy controls. Fig. 1 shows the representative images for CD45RA, CD27, and CCR7 in CD4+T cells (i.e., CD4+CD45RA+T cells, CD4+CCR7+T cells, and CD4+CD27+T cells) and CD8+T cells (CD8+CD45RA+T cells, CD8+CCR7+T cells, and CD8+CD27+T cells), respectively.
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Figure 1: Flow cytometric analyses on the CD45RA, CD27, and CCR7 in CD4+T and CD8+T cells in the peripheral blood of healthy controls, as well as the blood and tumor of LACC patients. The frequency of the different T-cell subgroups were then calculated by the function of Boolean Combination Gates in FlowJo software.

Comparison of the naive and memory T cell subsets between LACC patients and healthy controls

Upon characterizing the memory CD4 and CD8 T cells in the peripheral blood, we then compared the naive and memory T cells in the blood samples of the LACC group and healthy control. The changes in CD4+TN, CD4+TCM, CD4+TEM, CD8+TN, and CD8+TEM showed no statistical differences between the LACC group and health control. The percentage of the central memory CD8+TCM (CD8+CD45RA−CD27+CCR7+) cells was significantly lower than that of the control group (3.26 ± 3.02 vs. 5.41 ± 4.80, p = 0.005, Fig. 2).

[image: images]

Figure 2: Frequency of naive and memory T cell in CD4+T and CD8+T cells in the peripheral blood of 55 LACC patients and 26 healthy controls. The p value was determined using the unpaired Z-test. The expression level of the naive and memory CD4+T and CD8+T cells was expressed as a percentage of the total CD4 and CD8 T cells. **p < 0.01; NS, no significance.

Comparison of the naive and memory T cell subsets between the cervical tumor tissue and peripheral blood in the LACC patients

Then, we compared the naïve and memory T cells between the tumor tissues and blood samples in the LACC patients. The percentage of CD8+TCM showed no statistical differences between the peripheral blood and tumor tissue of the LACC patients. The percentage of CD4+TN and CD4+TCM in the peripheral blood of the LACC patients was significantly higher than in the tumor tissues (CD4+TN: 34.76 ± 18.93 vs. 2.29 ± 0.78, p < 0.001; CD4+TCM: 31.26 ± 14.03 vs. 14.86 ± 8.83, p < 0.001). The percentage of CD4+TEM in the peripheral blood was significantly lower than that of the tumor tissues (13.60 ± 11.21 vs. 46.52 ± 29.46, p < 0.001). The percentage of CD8+TN in the peripheral blood was significantly higher than that in the tumor tissues (20.93 ± 17.68 vs. 1.65 ± 0.48, p < 0.001). CD8+TEM in the peripheral blood was significantly lower than that of tumor tissue (11.67 ± 8.86 vs. 61.73 ± 31.25, p < 0.001, Fig. 3).
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Figure 3: Comparison of naive and memory T cell levels in the peripheral blood and tumor tissue of 55 LACC patients. The level of naive or memory on CD4+T cells or CD8+T cells was expressed as a percentage of the total CD4 and CD8 T cells. The p value was determined using an unpaired Z-test. ***p < 0.001; NS, no significance.

CD8+TCM was related to FIGO stage, HPV, local lymph node metastasis, and SCC-Ag in cervical cancer tissues

In this section, we determined the relationship between the proportion of naive and memory T cells with the clinical characteristics of tumor tissues, including age, FIGO stage, histological grading, HPV and lymph node metastasis, as well as SCC-Ag. Briefly, there were no statistical differences in the proportion of CD4+TN, CD4+TCM, and CD4+TEM between these with different clinical characteristics (p > 0.05, Table 2). In contrast, the percentage of CD8+TCM was significantly higher in the LACC patients at IIIA and IIIB stages than those at the IB2 and IIB stage (9.09 ± 15.56% vs. 1.96 ± 3.06%, p = 0.03). The percentage of CD8+TEM in the patients at IIIA-IIIB stage was significantly lower than those at the IB2-IIB stage (49.69 ± 34.36% vs. 69.50 ± 27.36%, p = 0.02). The HPV-negative samples showed a higher CD8+TCM level compared with that in the HPV-positive samples (6.30 ± 12.41% vs. 1.27 ± 2.45%, p = 0.02). Compared with the local LNM positive samples, the CD8+TCM level was significantly higher in the negative samples (10.37 ± 15.49% vs. 1.20 ± 2.00%, p = 0.01), while the CD8+TEM level was significantly lower (46.66 ± 31.27% vs. 71.21 ± 28.73%, p < 0.001). For the tumor samples with SCC-Ag of ≥1.5, the proportion of CD8+TCM was significantly higher compared with the samples with SCC-Ag of <1.5 (6.59 ± 12.65% vs. 1.11 ± 2.17%, p = 0.01).
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For the relationship between the proportions of naive and memory T cells with the clinical characteristics in peripheral blood samples, CD4+TN, CD4+TCM, and CD4+TEM showed no statistical differences between the samples with different characteristics (p > 0.05, Table 3). The CD8+TN proportion in the blood obtained from those aged higher than 52 yrs was significantly lower than that in those aged less than 52 yrs (16.55 ± 16.64 vs. 29.37 ± 18.43. p = 0.01). Besides, the proportion of CD8+TN in the blood obtained from those with FIGO stages of IIIA-IIIB was significantly lower than that of those with IB2-IIB (16.68 ± 12.10 vs. 26.01 ± 20.76, p = 0.04).
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Factors screened for predicting short-term response

We determined the factors that functioned in predicting short-term response among the LACC patients. Logistic regression analysis revealed that patients aged <52 yrs showed a better short-term response compared with those aged ≥52 yrs (OR: 0.945, 95% CI: 0.897–0.995, p = 0.031). Patients at a FIGO staging of IIIA-IIIB had a poorer short-term response compared to those of IB2-IIB stage (OR: 0.137, 95% CI: 0.043–0.436, p = 0.001). There was significant difference in short-term response in low vs. high CD4+TCM subsets (OR: 0.953, 95% CI 0.909–1.000, p = 0.048) and there was also association between CD8+TN subsets and short-term response (OR: 1.038, 95% CI 0.732–1.459, p = 0.035, Table 4).
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Efficiency of naive and memory T cells in tumor as prediction markers for the short-term response in LACC

To test the efficiency of the naïve and memory T cells as prediction markers for LACC, we evaluated the short-term response based on the clinical data and CT/MRI by referring to RECISIT (version 1.1) one month after the first-line CCRT. Thirty-four cases (61.8%) showed complete remission (CR), and 21 (38.2%) showed partial remission (PR). An ROC analysis was employed to determine the efficiency of naive/memory T cell phenotypes in distinguishing CR and PR among the patients. Naive and memory T-cell subsets in tumor tissues was effective in predicting short-term CR and PR in the LACC patients (Fig. 4). The area under the curve (AUC) of CD4+TN and CD8+TN cell subsets was 0.997 and 0.993, respectively. The sensitivity of CD4+TCM, CD4+TEM, and CD8+TEM was 61.8%, 76.5%, and 79.4%, respectively (Table 5). According to the cut-off value, the target T cell subsets in the tumor tissue were divided into the lower group and the higher group. The CD4+TN, CD4+TCM, CD4+TEM, CD4+TN, CD4+TCM, and CD4+TEM in the peripheral blood were not feasible for use in distinguishing the CR and PR for the LACC patients (Fig. 5).
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Figure 4: ROC curves of immune cell for discriminating complete response and partial response for CCRT in tumor tissues. (A) CD4+TN, (B) CD4+TCM, (C) CD4+TEM (D) CD8+TN, (E) CD8+TCM, (F) CD8+TEM.
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Figure 5: ROC curves of immune cell to discriminate complete response and partial response for CCRT in peripheral blood. (A) CD4+TN, (B) CD4+TCM, (C) CD4+TEM, (D) CD8+TN, (E) CD8+TCM, (F) CD8+TEM.

Discussion

Cervical cancer is an immunogenic tumor correlated with the function of various immunocytes and inflammatory cells including naive T cells and memory T cells. However, their prognostic roles in the pathogenesis of LACC are still not well defined (Crespo et al., 2018). In a previous study, naive T cells expressing CD45RA that were usually functionally quiescent (Sallusto et al., 2004) would respond to stimuli, which subsequently produced a high level of chemokines (e.g., CXCL8). This mediated neutrophil migration to tumor tissues and promoted the tumor growth (Crespo et al., 2018). In this study, we focused on the expression of naive, central memory, and effector memory T cell subsets in the peripheral blood and tumor tissues of LACC patients. Additionally, we further explored its correlation with their clinical pathology. Our data showed that there were no differences in the percentages of CD4+ or CD8+T cells in the blood samples between LACC patients and healthy controls, except the CD8+TCM. In contrast, the percentages of CD4+ and CD8+ showed statistical differences between the peripheral blood and tumor tissues of LACC patients, except CD8+TCM. This phenomenon indicates a local defect in recruiting central memory CD8+T cells in the peripheral blood of LACC patients, which may be involved in the escape of tumor cells from the immune response.

The homeostasis of memory T-cell pool is under strict control, regardless of loss or over-production of memory T cells (Ucar et al., 2017). Generally, the pools will re-equilibrate to a normal number after increased input into the pool is caused by immune responses. Afterwards, it would lead to an expansion of the set threshold after T cell loss. In addition, a significant increase was seen in the proportion of memory T cells. Nevertheless, the absolute number of memory T cells showed no changes, which emphasizes that memory T cells did not ‘spill over’ into the void left in the presence of naive T cell loss (Akondy et al., 2017). The CD4+T cells functioned as central regulators for humoral and cellular immune responses. Absence of CD4+T cell subsets was associated with the compromising of CD8+T cell response and CD8+T cell memory, together with downregulating the effector responses. On this basis, it is reasonable to speculate that CD4+T cells are likely to be involved in the maintenance and control of protective immune responses. Furthermore, according to a global analysis of T-cell clones specific for Epstein-Barr virus or tetanus toxoid in human peripheral blood, the memory CD4+T-cell repertoire may be more heterogeneous than that of the memory CD8+T-cell pool. In addition, epigenetic evidence of age-associated differentiation was more pronounced for CD8+T cells than for CD4+T cells (Provinciali et al., 2009). A possible explanation was that central memory or stem-like memory CD8 T cells could revert back to a largely naive phenotype, which then contaminated the naive compartment (Sallusto et al., 1999). As CD4+T cell subsets contain more complex populations (e.g., Th1, Th2, Treg, and Th17), more studies are required to illustrate the relationship between CD4+T subsets and LACC. The remarkable diversity of CD4+T cells is linked to their challenging roles in the orchestration of immune responses. The CD4+T cells existed as multiple functionally and phenotypically distinct subsets, while the memory CD4+T cells, even within a single subset, persisted in interchangeable distinct states of differentiation. Such persistence may maximize their effectiveness upon re-encountering a pathogen. In this study, the CD4+TN and CD4+TCM in peripheral blood were significantly higher than those in tumor tissues, while the CD4+TEM in peripheral blood was significantly lower than those in tumor tissues.

No pre-existing immunity or adaptive immune response has been reported to rely on the naive lymphocytes (Almeida et al., 2001). CD8+T cells play a pivotal role in clearing intracellular pathogens and combating tumors. The hallmark of adaptive T immunity is the naive program, which actively maintains CD8+T cell quiescence until receiving appropriate activation signals. Indeed, a cardinal feature of T cell-mediated immunity is the establishment of immunological memory, where memory CD8+T cells are capable of rapidly responding to re-infection (Bourgeois et al., 2005). Reactivating CD8+T cell immunity against tumors using targeted checkpoint blockade therapy has led to the revolutionization of cancer treatment (Hu et al., 2020). In the past decades, the quiescence of immature T cells was in a “default” or “quiescent” state (Lalvani et al., 1997). However, it is now clear that maintenance of the CD8+T cell naivety is in an active process, which was speculated to evolve with the adaptive immune system. This thereby created obstacles to the default receptors and memory recognition programs for hosts under dynamic equilibrium conditions. In fact, receptor and memory CD8+T cells showed functional characteristics that were usually attributed to innate immunity. On this basis, a key difference between adaptive immunity and innate immunity was the presence of a real “infantile state”. For the quiescence in naive T cells, a threshold was required to be overcome for optimal CD8+T cell activation. Dysregulation of these restraint programs resulted in the lowering or removal of this activation threshold, which contributed to the development of autoimmunity or excessive antigen-specific responses to intracellular pathogens. Thus, in the design of novel vaccine strategies to induce CD8+T cell activation and subsequent robust responses, there should be a consideration towards targeting the negative regulators. Our data showed that the proportion of CD8+TCM and CD8+TEM cells in tumor tissues was correlated with FIGO stage, and the proportion of CD8+TEM cells was also correlated with HPV test, local lymph node metastasis, and SCC-Ag. Compared with patients at IB2-IIB, patients with IIIA-IIIB had a higher proportion of CD8+TCM cells and a lower proportion of CD8+TEM cells (p < 0.05). The proportion of CD8+TEM in tumor tissue was negatively correlated with HPV test and local lymph node metastasis, and positively correlated with SCC-Ag level. Moreover, in the patients with an HPV-positive status, higher percentages of CD8+TCM cells were observed compared with patients with an HPV-negative status. These findings could be an indication for the presence of anti-HPV immunity as has been described previously (Heusinkveld et al., 2012). HPV-specific immunity may contribute to the improved prognosis for patients with HPV-positive LACC. Notably, the CD8+TN ratio in the peripheral blood of patients with FIGO stage IIIA-IIIB was higher than that of patients with stage IB2-IIB. Compared with patients aged ≥52 years old, patients aged <52 years old had a higher proportion of CD8+TN cells in their peripheral blood. All these contributed to the development of regimens based on the immune response of the T cells to the malignancies.

It was noted that the percentage of effector memory T cells increased from stages IB2 and IIB tumor patients and subsequently declined again in stages IIIA and IIIB. However, naive T cells in the peripheral blood of LACC patients showed an opposite trend. It can be envisioned that a small tumor load could be expected to show limited effects on the immune system in LACC patients, while with the increase of tumor load in locally advanced or even advanced stages, tumors may exert immune suppressive effects, leading to a decline in effector T cells. In addition, we also found a decrease in the proportion of CD8+TEM in the LACC patients with regional lymph node metastasis, as regional lymph node metastasis is also associated with a higher tumor burden. Therefore, we concluded that a higher tumor load before initial treatment may indicate a deficiency in the autoimmune function. As we described before, both naive and memory T cells showed their prognostic roles in various tumors, but few studies have been performed in cervical cancer. Our data showed that there was no correlation between CD4+TN, CD4+TCM, CD4+TEM, CD8+TN, CD8+TCM, and CD8+TEM in peripheral blood and CD4+TN, CD4+TEM, CD8+TCM, and CD8+TEM in tumor tissues with the short-term response of LACC patients. However, a higher CD4+TCM baseline and a lower CD8+TN were positively correlated with a better short-term response. In addition, among these six T cell subsets, only CD4+TCM (OR: 0.953, 95% CI 0.909–1.000, p = 0.048) and CD8+TN showed independent prognostic impacts in tumor tissues according to the multivariate analysis (OR: 1.038, 95% CI 0.732–1.459, p = 0.035). Intriguingly, most of the data reported in the previous literature were derived from peripheral blood, which involved the ratio of immature to memory T cells (Liu et al., 2019; Yang et al., 2017). In this study, the elevated CD4+TCM and CD8+TN in tumor tissues was correlated with a better short-term response. These results suggest that naive and memory T cells were more suitable to reveal the systemic inflammatory response to LACC. In line with previous studies (Provinciali et al., 2009; Saule et al., 2006), our data demonstrated that there was an increase in the number of circulating memory T cells, especially CD4+ memory T cells. Besides, the naive T cells were negatively correlated with the age. These facilitated an understanding of the characterization of the CD4+ and CD8+ cells and their roles in predicting the prognosis of LACC.

There are some limitations in this study. First, the sample size of the patients involved in determining the change of naïve and memory T cells during the first-line treatment was not large. Second, it was not clarified whether there was an inherent relationship between the increased proportion of CD4+TCM and the decreased proportion of CD8+TN in tumor microenvironment. Third, an external validation cohort is still required in the future to make the results more convincing.

Conclusions

CD4+TCM and CD8+TN showed independent effects on the prognosis of LACC patients. A higher proportion of CD4+TCM and a lower proportion of CD8+TN in the tumor microenvironment of LACC may provide a simple and easily implemented tool for predicting the response after treatment. Therefore, these two cell subsets can be used as biomarkers to predict the short-term response of LACC patients.
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TABLE 1

Baseline clinicopathological characteristics of 55 LACC patients

and 26 healthy controls

Group Variables Results

LACC patients Age, years 52 (34-83)

(n = 55) FIGO staging, IB2-TIB 30 (54.5%)
FIGO staging, IITA-IIIB 25 (45.5%)
Histological grading, 22 (40.0%)
G1-G2
Histological grading, G3 33 (60.0%)
Maximum tumor 24 (43.6%)
diameter, < 4 cm
Maximum tumor 31 (56.4%)
diameter, >4 cm
HPV qualitative results, 12 (21.8%)
negative
HPV qualitative results, 43 (78.2%)
positive
Regional lymph node 24 (43.6%)
metastasis, negative
Regional lymph node 31 (56.4%)
metastasis, positive
SCC-Ag (ug/L) 4.80 (0.60-234.74)
TSGF (p/ml) 57.00 (23.99-78.00)
Peripheral blood samples
CD4"TN 30.60 (5.84-77.90)
CD4'TCM 30.00 (12.30-61.70)
CD4"TEM 10.10 (1.20-52.40)
CD8'TN 16.40 (0.76-77.70)
CD8"TCM 2.04 (0.00-23.00)
CD8"TEM 7.73 (0.23-45.40)
Tumor tissues
CD4"TN 0.02 (0.00-13.80)
CD4"TCM 2.89 (0.00-66.10)
CD4"TEM 53.60 (2.49-95.20)
CD8'TN 0.02 (0.00-9.89)
CD8"TCM 1.06 (0.00-56.80)
CDS8'TEM 73.00 (0.00-97.10)

Control Age, yrs 52 (28-64)

(n = 26)

Lymphocyte subsets

CD4"TN
CD4"TCM
CD4"TEM
CD8'TN
CD8'TCM
CDS8'TEM

31.70 (0.09-59.40)
2.40 (0.06-6.56)

30.50 (2.60-48.90)
12.55 (3.65-64.30)
21.05 (0.90-66.80)
16.90 (0.55-53.40)
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TABLE 3

Relationship between naive and memory T cells with the clinical characteristics in peripheral blood

Variables CD4"IN CD4"TCM CD4"TEM CD8"IN CDS8'TCM  CDS8'TEM
Age, <52 yrs 39.79 £ 1691 3146 £ 12.37 14.14 £ 841 29.37 £ 1843 2.80 £ 2.31 17.29 + 15.64
Age, 252 yrs 3125 £ 19.79 3243 + 1440 14.06 £ 8.73 16.55 + 16.64 3.65 + 4.89 17.36 + 11.7
p value 0.1 0.79 0.97 0.01 0.44 0.98

FIGO stage, IB2-IIB 3591 £ 18.94 33.83 £ 14.60 14.56 £8.72  26.01 £20.76 3.84 £ 4.38 19.93 £ 14.25
FIGO stage, IIIA-IIIB 37.55 + 2385 28.05+ 1526 12.17 £9.13 16.68 + 12.10 6.31 £1245 14.79 = 10.17
p value 0.78 0.16 0.33 0.04 0.34 0.13
Histological grading, G3 3234 £ 17.84 3142 £ 14.10 1452 +9.10 21.88 £ 18.26 3.99 £4.77 19.20 £ 13.75
Histological grading, G1-2 37.80 £ 20.18 32.75 £ 1294 13.60x792 2196 +£1892 246 273 15.08 £ 12.80
p value 0.29 0.72 0.7 0.99 0.16 0.26

HPV, positive 3441 £ 19.33 28.00 £ 12.83 13.86 £ 8.64  26.64 £ 2095 4.21 £6.25 17.38 £ 13.22
HPV, negative 3494 + 19.09 33.15 + 13.58 14.16 £859  20.60 £17.65 3.04 +3.19 17.32 £ 13.57
p value 0.93 0.25 0.92 0.32 0.38 0.99

Local lymph node metastasis, positive ~ 37.33 £ 19.76 31.17 + 13.68 14.22 £+ 936  24.67 £20.98 327 £3.15 1792 + 14.73
Local lymph node metastasis, negative 31.82 £ 17.88 33.06 £ 1342 1396 £7.57 18.61 £ 1442 331 +£492 16.63 +11.79
p value 0.29 0.61 0.91 0.23 0.97 0.73

SCC-Ag, <1.5 3098 £ 17.41 3234 £ 13.94 17.47 £1497 2396 £ 20.10 243 + 246 11.74 £ 11.29
SCC-Ag, =21.5 3635 + 18.88 3247 £13.71 11.01 £7.89  20.67 £ 1644 3.76 £ 4.57 12.02 + 12.60
p value 0.35 0.98 0.14 0.54 0.31 0.94

Note: All the data are presented as percentages except the p values.
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TABLE 4

Univariate and multivariate analysis of prognostic factors for short-term response in patients with LACC

Uni-variate analysis

Multi-variate analysis

Characteristics OR 95% CI p value OR 95% CI p value
Age, yr 0.945 0.897-0.995 0.031 0.817 0.703-0.949 0.008
FIGO staging

IB2-1IB vs. IIIA-IIIB 0.137 0.043-0.436 0.001 0.009 0.000-0.203 0.003
Histological grading

G3 vs. G1-G2 1.381 0.486-3.926 0.544 - - -
Tumor diameter,

<4 cm vs. 24 cm 0.396 0.118-1.329 0.134 - - -
HPV test

Negative vs. positive 1.205 0.327-4.439 0.779 - - -
Lymph node

Positive vs. negative 0.464 0.153-1.405 0.174 - - -
SCC-Ag,

>1.5 pug/L vs. <1.5 ug/L 1.000 0.984-1.016 0.978 - - -
TSGF

264 U/ml vs. <64 U/ml 0.979 0.936-1.023 0.348 - - -
Treatment

Radiotherapy vs. 0.286 0.083-0.982 0.041 - - -
Chemoradiotherapy

Tissue

CD4™T cell subsets

CD4"TN low vs. high 1.121 0.822-1.528 0.471

CD4"TCM low vs. high 0.953 0.909-1.000 0.048 0.901 0.828-0.981 0.016
CD4"TEM low vs. high 1.020 1.000-1.040 0.050 - - -
CD8'T cell subsets

CD8'TN low vs. high 1.038 0.732-1.459 0.035 0.510 0.320-0.810 0.004
CD8"TCM low vs. high 0.955 0.900-1.014 0.134 - - -
CD8'TEM low vs. high 1.024 1.005-1.043 0.015 - - -
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TABLE 2

Relationship between naive and memory T cells with the clinical characteristics in tumor tissues

Variables CD4"IN CD4"TCM CD4'TEM CD8"IN CD8"TCM CDS8'TEM
Age, <52 yrs 042 +1.18 10.31 £16.52 43.11 £3091 0.19+047 3.89 = 10.97 62.02 + 33.07
Age, 252 yrs 1.06 £ 2.86 7.65 + 13.62 49.50 + 28.59 0.71 £2.15 6.21 = 10.97 59.32 + 31.7
p value 0.31 0.52 0.43 0.2 0.45 0.76

FIGO stage, IB2-IIB 1.13 £ 288 7.14 £ 12.58 53,55+ 2883 057 +186 196 % 3.06 69.50 + 27.36
FIGO stage, IIIA-IIIB 036 +1.21 1082 1727 38.15%28.77 037140 9.09 = 15.56 49.69 + 34.36
p value 0.2 0.38 0.06 0.67 0.03 0.02
Histological grading, G3 082 +2.63 5.66 * 29.54 52.6 + 26.24 036 + 1.3 6.71 + 14.13 57.87 + 35.82
Histological grading, G1-2 073 +177 13.19£1949 38,53 +£32.38 0.64 +2.07 3.10 +4.30 64.15 + 26.2
p value 0.88 0.1 0.09 0.55 0.18 0.45

HPV, positive 0.16 £ 0.28 8.1 + 13.84 56.84 £ 3142 0.3 £ 0.06 1.27 £ 2.45 73.22 £ 31.06
HPV, negative 096 + 257 9.01 £ 15.29 43.89 + 28.71 0.60 £1.85 6.30 £ 12.41 56.95 + 31.73
p value 0.29 0.85 0.18 0.29 0.02 0.12

Local lymph node metastasis, positive ~ 0.43 £ 1.30  4.99 + 8.87 51.89 £29.51 038+ 1.77 1.20 £ 2.00 71.21 + 28.73
Local lymph node metastasis, negative  1.25 £ 3.11  13.76 £ 19.26  40.03 £ 28.77 0.60 £ 1.52  10.37 + 1549  46.66 + 31.27
p value 0.24 0.47 0.14 0.62 0.01 <0.001
SCC-Ag, <1.5 1.52 £ 399 4.50 + 10.62 57.86 £ 26.52 1.07 +2.67 1.11 £ 2.17 71.88 £ 26.09
SCC-Ag, =21.5 053129 10.29 +£15.9 4291 +2983 028 £1.09 6.59 + 12.65 56.61 + 33.21
p value 0.38 0.13 0.1 0.29 0.01 0.12

Note: All the data are presented as percentages except the p values.
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TABLE 5

The value of tissue lymphocyte subsets in predicting the short-term response of LACC

T cell subset Cut-off Sensitivity Specificity Yoden index AUC 95% CI p value
CD4"TN <8.84 97.1% 100% 0.971 0.997 0.990-1.000 <0.001
CD4"TCM >0.93 61.8% 90.5% 0.523 0.804 0.686-0.922 <0.001
CD4"TEM =20 76.5% 81% 0.575 0.863 0.767-0.959 <0.001
CDS8"TIN <3.13 97.1% 100% 0.971 0.993 0.978-1.000 <0.001
CDS"TCM >0.04 88.2% 38.1% 0.501 0.675 0.512-0.838 0.030
CDS"TEM >54.35 79.4% 81% 0.604 0.819 0.706-0.932 <0.001
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