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Tumour-infiltrating FoxP3+ regulatory T cells have been identified as both positive and negative prognostic factors in colorectal cancer (CRC) and rectal cancer (RC). In this study we investigated whether immune phenotypes, defined by CD8+ cytotoxic T cell density, may influence the prognostic association of FoxP3+ T cell densities in RC. Tissue microarrays from 154 rectal cancer resections were immunohistochemically double stained for CD8 and FoxP3. CD8+ and FoxP3+ cell densities were measured in the stromal and intraepithelial compartment. Stromal FoxP3+ cell densities were not associated with 10-year overall survival (OS). In the “immune-desert” phenotype, defined by very low stromal CD8+ cell density, a high density of stromal FoxP3+ T cells displayed a tendency towards an association with decreased 10-year OS (p = 0.179). In “inflamed” tumours, defined by high intraepithelial CD8+ T cell infiltration, the opposite was the case and high stromal FoxP3+ T cell densities were a positive prognostic factor (p = 0.048). Additionally, patients with an increased FoxP3/CD8 cell density ratio demonstrated a strong trend towards decreased 10-year OS (p = 0.066). These contrasting findings suggest functional heterogeneity within the group of FoxP3+ T cells. They are consistent with experimental studies which reported suppressive and non-suppressive populations of FoxP3+ T cells in CRC. Furthermore, our study demonstrates that CD8 immunohistochemistry may act as an instrument to identify tumours infiltrated by possibly functionally differing FoxP3+ T cell subtypes.
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Introduction

The relevant relationship of immune cell infiltration in colorectal and rectal carcinomas (CRC) and patient prognosis has been established in numerous studies (1–4). Yet, our understanding of the complex causal links between immune response and disease progression remains limited. Various molecular subtypes have been identified and their immunological importance is becoming more apparent (5–7). A crucial role in influencing and controlling the local immune response is attributed to tumour-infiltrating FoxP3+ regulatory T cells (Treg) (8). Treg are an important element of immunological tolerance, both for self-tolerance in healthy tissue and locally in tumours (9, 10). Targeting this cell type is regarded as a promising approach for improving the response rate of current immunotherapies (11). However, in order not to cross the fine line between the induction of immunity in tumours and fatal systemic autoimmunity, a profound understanding of the role of Treg in cancer is necessary (12). But even the fundamental question of whether increased Treg infiltration in CRC is a favourable or unfavourable prognostic factor is still undecided and several studies have reported conflicting results (13, 14). In this immunohistochemical study we investigated the prognostic relevance of FoxP3+ T cell density in the context of different degrees of intratumoural inflammation as signified by CD8+ T cell infiltration. Our results offer a possible explanation for inconsistent findings on the role of Treg in previous studies and give insights into the intricacies of Treg functionality in cancers.



Materials and Methods


Patients and Samples

Between 2006 and 2013, a total of 154 patients with advanced rectal cancer were treated at Universitätsklinikum Erlangen (University Hospital Erlangen) (Table 1). Tissue samples were obtained from surgical resection specimens after neoadjuvant treatment (Figure 1). The prognostic relevance of FoxP3+ and CD8+ T cell densities in general, cell-to-cell distances and distances to the epithelial-stromal interface have previously been reported in this cohort (15, 16).


Table 1 | Clinical characteristics of the studied patient cohort.






Figure 1 | Flow diagram of the patient and tissue sample selection process.



The use of formalin-fixed paraffin-embedded material from the Archive of the Institute of Pathology was approved by the Ethics Committee of the Friedrich-Alexander-University of Erlangen-Nuremberg on 24 January 2005 (21_ 19 B), waiving the need for consent for using the existing archived material. Written informed consent was obtained “front door” from all patients allowing the collection of their tissue and clinical data.



Treatment Protocol

All patients underwent neoadjuvant radiochemotherapy (RCT). A total radiation dose of 50.4 Gy was applied in 28 fractions of 1.8 Gy and 5-fluorouracil based chemotherapy as described earlier (17). After a period of 8 weeks treatment response was assessed and total mesorectal excision was performed to surgically remove the residual tumour. Additionally, 5-FU based adjuvant chemotherapy was administered.



Tissue Microarray Construction and Immunohistochemistry

Two formalin-fixed, paraffin-embedded tissue cores of 2 mm diameter from the tumour centre of resection specimens of each patient were arranged in tissue microarrays (TMA). The tumour centre was identified and marked by a pathologist on a section of the whole tissue block prior to extraction of the cores. Samples of patients with pathologic complete response after neoadjuvant RCT were not included in this study.

An immunohistochemical double-staining with anti-FoxP3- and anti-CD8-specific antibodies was performed on the sections of the TMA to identify CD8+ and FoxP3+ T cells. As described previously, sections were deparaffinised and rehydrated and antigen retrieval was performed in a steam cooker for 5 minutes (16). The FoxP3-specific antibody (1:100, Ab20034, abcam, Cambridge, United Kingdom) was applied overnight and detected with a Polymer-Kit (Fa Zytomed POLAP-100) and Fast Red as a chromogen. Then, the CD8-specific antibody (1:50, M7103, Agilent, Santa Clara, CA United States) was added for 60 minutes and detection was performed with the Polymer-Kit and Fast Blue as a chromogen.



Quantification of Cell Densities

Following immunohistochemical double-staining a high throughput scanner was used to scan sections at a magnification of 1:200 (Zeiss, Mirax MIDI Scan, Göttingen, Germany). Digital images of each tissue core were analysed using an image analysis software (Biomas, Erlangen, Germany). Stained cells were counted in a two-step process of automatic detection and manual correction by the examiner. Colour, shape, localization (nuclear for FoxP3 and membranous for CD8) and size were criteria for inclusion of stained cells. Cell densities (cells/mm²) were then calculated after measurement of the area of the stromal and intraepithelial compartment, respectively. For each patient the average cell density was determined by calculating the arithmetic mean of cell densities measured in the two cores.



Statistical Analysis

Kaplan-Meier plots and the log-rank test were used to describe and compare overall survival rates (OS) and no-evidence-of-disease survival rates (NED) of different groups. Optimized cut-off values for prognostic groups were determined through receiver operating characteristic curve analysis and X-tile software (Version 3.6.1, Yale University, New Haven, Connecticut, USA) (18). Student’s t-Test and one-way analysis of variance (ANOVA) were used to compare means of two or more groups, respectively. Frequency distributions of categorical variables in contingency tables were compared with chi-squared test and Fisher’s exact test. SPSS (Version 26, IBM, Chicago, Illinois, USA) and Microsoft Excel (Version 16, Microsoft, Redmond, Washington, USA) were used to perform statistical analyses.




Results

Among 154 patients suffering from rectal cancer, the respective OS and NED were 45% and 60% at 10 years (Figure 2A). Overall stromal FoxP3+ cell densities were not associated with 10-year OS (Figure 2B). In the intraepithelial compartment high densities of FoxP3+ cells were associated with improved 10-year OS (p = 0.018) (Figure 2C).




Figure 2 | (A) Overall survival and no-evidence-of-disease survival rate of the studied patient cohort analysed with the Kaplan-Meier method and log-rank test. (B, C) Overall survival analysed with the Kaplan-Meier method and log-rank test according to FoxP3+ tumour-infiltrating T cell densities in the stromal (B) and intraepithelial (C) compartment.



Three groups defined by different “immune phenotype” were established based on stromal and intraepithelial CD8+ cell densities (Figure 3A). Cut-off values of these groups were defined by serial comparison of different CD8+ cell density thresholds for their impact on the prognostic significance of stromal FoxP3+ cell densities on OS and NED. Accordingly, “immune-desert” tumours were defined by stromal CD8+ cell densities of less than 40 cells/mm², which was accompanied by very low levels of intraepithelial CD8+ cell densities (Figure 3B). In this subgroup stromal FoxP3+ cell density displayed a tendency towards an association with decreased 10-year OS (52% vs 40% 10-year OS, p = 0.179) (Figure 3C). Tumours with stromal CD8+ cell densities of equal to or more than 40 cells/mm² in combination with intraepithelial CD8+ cell densities of less than 170 cells/mm² were assigned to the “immune-excluded” group, indicating a phenotype characterized by stromal accumulations of cytotoxic T cells with a simultaneous lack of intraepithelial infiltration (Figure 3D). 10-year OS was not associated with FoxP3+ cell densities in this group (Figure 3E). “Inflamed” tumours were defined by intraepithelial CD8+ cell densities of ≥170 cells/mm². With stromal and intraepithelial median values of CD8+ cell densities of 237 and 415 cells/mm², respectively, this group was characterized by high levels of cytotoxic T cell infiltration (Figure 3F). Here, increased stromal FoxP3+ cell densities were associated with significantly improved 10-year OS (33% vs. 74% 10-year OS, p = 0.048 (Figure 3G).




Figure 3 | (A) Boxplots of stromal and intraepithelial CD8+ cell density distributions in different immune phenotypes. Outliers are marked with an asterisk (*). Horizontal black bars signify p < 0.05 in Student’s t-test. The “immune-desert” group was defined by stromal CD8+ cell densities < 40 cells/mm² (dotted blue line), “inflamed” tumours had intraepithelial CD8+ cell densities ≥ 170 cells/mm² (dotted red line). (B, D, F) Representative images of tissue microarray core sections from “immune-desert” (B), “immune-excluded” (D) and “inflamed” (F) tumours double stained for FoxP3 (red)/CD8 (blue) (200x magnification). (C, E, G) Overall survival analysed with the Kaplan-Meier method and log-rank test according to stromal FoxP3+ tumour-infiltrating T cell densities in “immune-desert” (C), “immune-excluded” (E) and “inflamed” (G) tumours. (H) Boxplots of stromal and intraepithelial FoxP3+ cell density distributions in different immune phenotypes.



The prognostic value of intraepithelial FoxP3+ T cell densities also changed from negative to positive comparing “immune-desert” and “inflamed” tumours, but this relationship was less pronounced than in stromal FoxP3+ T cells (Supplementary Figure 1). FoxP3+ cell density levels correlated with those of CD8+ cells and were distinctly higher in “inflamed” tumours than in those classified as “immune-desert” (Figure 3H).

Stromal FoxP3+ and CD8+ cell densities were moderately positively correlated in both “immune-desert” (Spearman correlation coefficient = 0.59, p = 0.001, n = 43) and “inflamed” tumours (Spearman correlation coefficient = 0.407, p = 0.014, n = 36).

There were no significant differences concerning the type of chemotherapy used between immune phenotype groups (p = 0.067, Supplementary Table 1).

Comparing patients with different immune phenotypes, the 10-year OS was identical (Figure 4A). NED status on the other hand was significantly longer in the “inflamed” group compared to “immune-desert” (52% vs. 41% 10-year NED, p = 0.049) (Figure 4B). The only clinicopathological categories with significant differences between the analysed groups were age at diagnosis and nodal status: Patients with an “inflamed” tumour phenotype were older than those with “immune-excluded” and “immune-desert” tumours (median age at diagnosis: 69 vs. 67 vs. 60 years, respectively) and were more often lymph node positive at diagnosis (N+: 86% vs. 65% vs. 59%, respectively). The phenotype with the highest ratio of FoxP3+ to CD8+ cell densities was “immune-desert” (Figure 4C). An increased FoxP3/CD8 ratio was moderately associated with decreased 10-year OS (p = 0.066) (Figure 4D).




Figure 4 | (A) Overall survival analysed with the Kaplan-Meier method and log-rank test according to immune phenotypes. (B) No evidence of disease status analysed with the Kaplan-Meier method and log-rank test according to immune phenotypes. (C) Boxplots of stromal FoxP3+/CD8+ cell density ratio distributions in different immune phenotypes. Horizontal black bars signify p < 0.05 in Student’s t-test. (D) Overall survival analysed with the Kaplan-Meier method and log-rank test according to the FoxP3+/CD8+ cell density ratio.





Discussion

One of the most commonly used markers for self-tolerance promoting regulatory T cells (Treg) is the transcription factor forkhead box protein P3 (FoxP3) (19). The prognostic relevance of FoxP3+ tumour-infiltrating Treg in colorectal cancer (CRC) and rectal cancer (RC) has been a frequently studied albeit controversial subject. While Treg are generally assumed to have an immunosuppressive and thus adverse prognostic effect, there is ample evidence that high densities of intratumoural FoxP3+ T cells can be indicative of improved prognosis in CRC and other types of cancer (14, 20–22). There are, however, also numerous studies that reported the opposite, linking increased FoxP3+ T cell densities with an unfavourable prognosis (23–25). Some of these inconsistencies were most likely the result of variations in measurement methods and treatment modalities. But the apparent prognostic ambivalence is also indicative of the possibility that there may be multiple subpopulations of FoxP3+ T cells in CRC, or that Treg may have different and at times opposing functions depending on other environmental factors (10).

In the present study, we investigated the prognostic relevance of FoxP3+ T cell density in RC depending on the degree of inflammation within the tumour. To this end we established immune phenotypes defined by the density of tumour infiltrating CD8+ T cells. The phenotypes “immune-desert”, “immune-excluded” and “inflamed” have previously been described as archetypical immune constellations in tumours (26). Chen et al. explained tumoural immunological tolerance for each of these constellations with different underlying causes. “Immune-desert” tumours were defined as immunologically cold tumours attracting only very few inflammatory cells. Here, an immunosuppressive environment as well as a lack of antigens or antigen presentation were assumed to be main factors promoting immunological tolerance. One of several possible immunosuppressive elements in this context were FoxP3+ Tregs, which were thus regarded as an unfavourable prognostic factor in “immune-desert” tumours. In the “immune-excluded” phenotype, the cellular immune response was limited to surrounding stromal tissue only. Infiltration of the intraepithelial compartment by inflammatory cells did not occur. Consequently, lack of T cell migration into the tumour was presumed to be the tolerance promoting factor in this setting. Lastly, tumours with ubiquitous high densities of immune cells were designated to the “inflamed” group: Inflammatory cells were numerous but rendered ineffective by local factors like, for example, the PD-1/PD-L1 pathway. As suppression of a cellular immune response obviously failed in this setting, a different and possibly prognostically favourable function was assumed for FoxP3+ T cells.

In head and neck squamous cell carcinoma (HNSCC) we were able to use stromal and intraepithelial CD8+ T cell densities as surrogate markers for the above-defined phenotypes and could demonstrate that the prognostic relevance of FoxP3+ T cell density depended on the degree of intratumoural inflammation (27). The results of the present work confirm that this phenomenon can also be observed in RC. High overall stromal FoxP3+ T cell densities had no prognostic impact, whereas in the “immune-desert” and “inflamed” subgroups they correlated with decreased and improved survival, respectively. Similar observations were also made in other types of cancer: A large immunohistochemical study reported that high densities of FoxP3+ TIL were only indicative of improved survival in HER2+/estrogen receptor negative (ER-) breast cancer if they coincided with accumulations of CD8+ TIL. Simultaneously, the negative prognostic significance of FoxP3+ TIL densities in ER+ breast cancer depended on the absence of CD8+ T cells (28). Another parameter that underlines this relationship is the ratio of FoxP3+ and CD8+ cell density, which was significantly increased in “immune-desert” tumours compared to the remaining two phenotypes. An increased FoxP3/CD8 ratio was a predictor of reduced survival in this study as well as in cervical cancer, esophageal cancer and lung cancer (29–31). Although the calculation of a ratio is less complicated than the proposed classification into immune phenotypes, it does not adequately express the prognostic ambivalence of FoxP3+ TILs observed here. Nonetheless, all the previous reports suggest functional and prognostic heterogeneity within the group of FoxP3+ TILs, which could be an innate feature of this cell type not limited to specific cancer entities (11, 32).

Conclusions drawn from our cohort regarding the functional heterogeneity of FoxP3+ T cells in RC are limited by the size of the cohort and methodology as an immunohistochemical association study. One possible rationale for the observed results could be a suppressive function of FoxP3+ TILs in “immune-desert” tumours and a lack of function in “inflamed” tumours. Correlations between FoxP3+ and CD8+ TIL densities in the inflammatory phenotype could mean that the former are simply a concomitant phenomenon of cytotoxic T cell infiltration. An extensive work by Saito et al., however, provided a different and very reasonable explanation to distinguish FoxP3+ T cells in “immune-desert” tumours from those in “inflamed” tumours. They postulated that two types of activated FoxP3+CD4+ cells exist in CRC: suppression-competent Fraction II effector Tregs (Fr-II eTregs) and non-suppressive, pro-inflammatory Fr-III non-Treg FoxP3+ T cells (33). Based on the frequency of non-suppressive Fr-III FoxP3+ T cells, they subdivided CRC into type A and B tumours. Type A CRC were characterized by low numbers of Fr-III non-Treg FoxP3+ T cells and increased numbers of immunosuppressive genes expressed. Increased levels of FoxP3 transcripts in quantitative real-time PCR were associated with poor prognosis in this CRC subtype. This is consistent with our “immune-desert” phenotype, in which immunosuppression was reflected by very low densities of cytotoxic T cells and in which high FoxP3+ T cell densities were a negative prognostic factor. In type B CRC on the other hand, high FoxP3 expression was associated with an improved prognosis, an inflammatory environment prevailed and overall FoxP3 expression levels were described as significantly higher than in type A. The authors hypothesised that this could also be associated with an increased density of CD8+ cytotoxic T cells. Again, all this applies to our “inflamed” subtype: FoxP3+ T cell densities were significantly higher than in “immune-desert/type A-like” tumours and they were positively associated with survival. Additionally, highly increased densities of CD8+ cytotoxic T cells indicated a state of intratumoural inflammation. The lack of prognostic relevance of FoxP3+ T cells in the “immune-excluded” phenotype in our study can be explained in several ways. FoxP3+ T cells could be without prognostic relevance since, as stated earlier, lack of T cell migration into the tumour was assumed to be the main immune tolerance promoting factor in this phenotype. Alternatively, “immune-excluded” could also be an intermediate “type A/B” subtype in which neither Fr-II eTregs nor Fr-III non-Treg FoxP3+ cells predominate.

With regard to the prognostic relevance of the three immune phenotypes, the “inflamed/type B-like” group exhibited a significantly improved NED status in contrast to “immune-desert/type A-like”, which is again consistent with the results of Saito et al. The fact that this benefit does not translate to overall survival can be attributed to the fact that patients of the former group were considerably older and had a higher proportion of lymph node involvement.

Going forward we are planning to further characterise not only FoxP3+ Treg, but also CD8+ cytotoxic T cells, by evaluating the simultaneous expression of other important immunomodulatory factors in the phenotypes described here. The prognostically favourable “inflamed” phenotype with high Treg density could, for example, very likely contain a high percentage of CCR7+CD8+ T cells, which were described as a positive prognostic factor in CRC by Correale et al., especially in combination with increased Treg infiltration (34, 35).

In summary, our findings suggest that the prognostic relevance of FoxP3+ T cell density in RC depends on immune phenotypes defined by CD8+ cytotoxic T cell infiltration. In the context of our immunohistochemical study we can only speculate what distinguished FoxP3+ T cells in these individual subgroups. However, our findings are consistent with phenomena described by Saito et al. supporting the conclusion that there are suppressive and non-suppressive subpopulations of FoxP3+ T cells in CRC. The fact that it was possible to achieve very similar results with a completely different experimental approach underlines the possible role of two FoxP3+ T cell subtypes. These findings imply that the immunohistochemical detection of CD8+ T cells could serve as an inexpensive and widely available surrogate marker for identifying RC, which are predominated by either suppressive or non-suppressive FoxP3+ T cells. Clinically, this could become relevant for deciding whether a patient would benefit from a strategy of Treg depletion. Furthermore, other types of cancer like HNSCC or breast cancer should also be investigated more closely for functionally heterogenous FoxP3+ T cell subpopulations, as this feature and its prognostic relevance might not be limited to RC.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

The studies involving human participants were reviewed and approved by Ethics Committee of the Friedrich-Alexander-University of Erlangen-Nuremberg. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

Conceptualisation: LD, MB-H, CD, and SS. Resources: RF, AH, MB-H, CD, MH, and LD. Data Collection: SS, JH, and MH. Data Analysis & Interpretation: SS, LD, and JH. Writing - Original Draft: SS and LD. Writing - Review & Editing: LD, MB-H, CD, and SS. Supervision: LD, RF, MB-H, and CD. All authors contributed to the article and approved the submitted version.



Acknowledgments

We thank the Tumour Centre at the Friedrich-Alexander University Erlangen-Nürnberg, Erlangen, Germany for providing us with patient data.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.781222/full#supplementary-material



References

1. Huang, A, Xiao, Y, Peng, C, Liu, T, Lin, Z, Yang, Q, et al. 53BP1 Expression and Immunoscore Are Associated With the Efficacy of Neoadjuvant Chemoradiotherapy for Rectal Cancer. Strahlenther Onkol (2020) 196(5):465–73. doi: 10.1007/s00066-019-01559-x

2. Angell, HK, Bruni, D, Barrett, JC, Herbst, R, and Galon, J. The Immunoscore: Colon Cancer and Beyond. Clin Cancer Res (2020) 26(2):332–9. doi: 10.1158/1078-0432.CCR-18-1851

3. Galon, J, Costes, A, Sanchez-Cabo, F, Kirilovsky, A, Mlecnik, B, Lagorce-Pages, C, et al. Type, Density, and Location of Immune Cells Within Human Colorectal Tumors Predict Clinical Outcome. Science (2006) 313(5795):1960–4. doi: 10.1126/science.1129139

4. Pages, F, Berger, A, Camus, M, Sanchez-Cabo, F, Costes, A, Molidor, R, et al. Effector Memory T Cells, Early Metastasis, and Survival in Colorectal Cancer. N Engl J Med (2005) 353(25):2654–66. doi: 10.1056/NEJMoa051424

5. Roelands, J, Kuppen, PJK, Vermeulen, L, Maccalli, C, Decock, J, Wang, E, et al. Immunogenomic Classification of Colorectal Cancer and Therapeutic Implications. Int J Mol Sci (2017) 18:2229. doi: 10.3390/ijms18102229

6. Guinney, J, Dienstmann, R, Wang, X, de Reynies, A, Schlicker, A, Soneson, C, et al. The Consensus Molecular Subtypes of Colorectal Cancer. Nat Med (2015) 21(11):1350–6. doi: 10.1038/nm.3967

7. Angelova, M, Charoentong, P, Hackl, H, Fischer, ML, Snajder, R, Krogsdam, AM, et al. Characterization of the Immunophenotypes and Antigenomes of Colorectal Cancers Reveals Distinct Tumor Escape Mechanisms and Novel Targets for Immunotherapy. Genome Biol (2015) 16:64. doi: 10.1186/s13059-015-0620-6

8. Salama, P, Phillips, M, Grieu, F, Morris, M, Zeps, N, Joseph, D, et al. Tumor-Infiltrating FOXP3+ T Regulatory Cells Show Strong Prognostic Significance in Colorectal Cancer. J Clin Oncol (2009) 27(2):186–92. doi: 10.1200/JCO.2008.18.7229

9. Josefowicz, SZ, Lu, LF, and Rudensky, AY. Regulatory T Cells: Mechanisms of Differentiation and Function. Annu Rev Immunol (2012) 30:531–64. doi: 10.1146/annurev.immunol.25.022106.141623

10. Savage, PA, Malchow, S, and Leventhal, DS. Basic Principles of Tumor-Associated Regulatory T Cell Biology. Trends Immunol (2013) 34(1):33–40. doi: 10.1016/j.it.2012.08.005

11. Tanaka, A, and Sakaguchi, S. Regulatory T Cells in Cancer Immunotherapy. Cell Res (2017) 27(1):109–18. doi: 10.1038/cr.2016.151

12. Shimizu, J, Yamazaki, S, and Sakaguchi, S. Induction of Tumor Immunity by Removing CD25+CD4+ T Cells: A Common Basis Between Tumor Immunity and Autoimmunity. J Immunol (1999) 163(10):5211–8.

13. Ladoire, S, Martin, F, and Ghiringhelli, F. Prognostic Role of FOXP3+ Regulatory T Cells Infiltrating Human Carcinomas: The Paradox of Colorectal Cancer. Cancer Immunol Immunother (2011) 60(7):909–18. doi: 10.1007/s00262-011-1046-y

14. Idos, GE, Kwok, J, Bonthala, N, Kysh, L, Gruber, SB, and Qu, C. The Prognostic Implications of Tumor Infiltrating Lymphocytes in Colorectal Cancer: A Systematic Review and Meta-Analysis. Sci Rep (2020) 10(1):3360. doi: 10.1038/s41598-020-60255-4

15. Rudolf, J, Buttner-Herold, M, Erlenbach-Wunsch, K, Posselt, R, Jessberger, J, Haderlein, M, et al. Regulatory T Cells and Cytotoxic T Cells Close to the Epithelial-Stromal Interface are Associated With a Favorable Prognosis. Oncoimmunology (2020) 9(1):1746149. doi: 10.1080/2162402X.2020.1746149

16. Posselt, R, Erlenbach-Wunsch, K, Haas, M, Jessberger, J, Buttner-Herold, M, Haderlein, M, et al. Spatial Distribution of FoxP3+ and CD8+ Tumour Infiltrating T Cells Reflects Their Functional Activity. Oncotarget (2016) 7(37):60383–94. doi: 10.18632/oncotarget.11039

17. Sauer, R, Becker, H, Hohenberger, W, Rodel, C, Wittekind, C, Fietkau, R, et al. Preoperative Versus Postoperative Chemoradiotherapy for Rectal Cancer. N Engl J Med (2004) 351(17):1731–40. doi: 10.1056/NEJMoa040694

18. Camp, RL, Dolled-Filhart, M, and Rimm, DL. X-Tile: A New Bio-Informatics Tool for Biomarker Assessment and Outcome-Based Cut-Point Optimization. Clin Cancer Res (2004) 10(21):7252–9. doi: 10.1158/1078-0432.CCR-04-0713

19. Hori, S, Nomura, T, and Sakaguchi, S. Control of Regulatory T Cell Development by the Transcription Factor Foxp3. Science (2003) 299(5609):1057–61. doi: 10.1126/science.1079490

20. Zhao, Y, Ge, X, He, J, Cheng, Y, Wang, Z, Wang, J, et al. The Prognostic Value of Tumor-Infiltrating Lymphocytes in Colorectal Cancer Differs by Anatomical Subsite: A Systematic Review and Meta-Analysis. World J Surg Oncol (2019) 17(1):85. doi: 10.1186/s12957-019-1621-9

21. Tsuchiya, T, Someya, M, Takada, Y, Hasegawa, T, Kitagawa, M, Fukushima, Y, et al. Association Between Radiotherapy-Induced Alteration of Programmed Death Ligand 1 and Survival in Patients With Uterine Cervical Cancer Undergoing Preoperative Radiotherapy. Strahlenther Onkol (2020) 196(8):725–35. doi: 10.1007/s00066-019-01571-1

22. Correale, P, Rotundo, MS, Del Vecchio, MT, Remondo, C, Migali, C, Ginanneschi, C, et al. Regulatory (FoxP3+) T-Cell Tumor Infiltration Is a Favorable Prognostic Factor in Advanced Colon Cancer Patients Undergoing Chemo or Chemoimmunotherapy. J Immunother (2010) 33(4):435–41. doi: 10.1097/CJI.0b013e3181d32f01

23. McCoy, MJ, Hemmings, C, Miller, TJ, Austin, SJ, Bulsara, MK, Zeps, N, et al. Low Stromal Foxp3+ Regulatory T-Cell Density Is Associated With Complete Response to Neoadjuvant Chemoradiotherapy in Rectal Cancer. Br J Cancer (2015) 113(12):1677–86. doi: 10.1038/bjc.2015.427

24. Ye, L, Zhang, T, Kang, Z, Guo, G, Sun, Y, Lin, K, et al. Tumor-Infiltrating Immune Cells Act as a Marker for Prognosis in Colorectal Cancer. Front Immunol (2019) 10:2368. doi: 10.3389/fimmu.2019.02368

25. Xu, X, Ma, J, Yu, G, Qiu, Q, Zhang, W, and Cao, F. Effective Predictor of Colorectal Cancer Survival Based on Exclusive Expression Pattern Among Different Immune Cell Infiltration. J Histochem Cytochem (2021) 69(4):271–86. doi: 10.1369/0022155421991938

26. Chen, DS, and Mellman, I. Elements of Cancer Immunity and the Cancer-Immune Set Point. Nature (2017) 541(7637):321–30. doi: 10.1038/nature21349

27. Echarti, A, Hecht, M, Buttner-Herold, M, Haderlein, M, Hartmann, A, Fietkau, R, et al. CD8+ and Regulatory T Cells Differentiate Tumor Immune Phenotypes and Predict Survival in Locally Advanced Head and Neck Cancer. Cancers (Basel) (2019) 11:1398. doi: 10.3390/cancers11091398

28. Liu, S, Foulkes, WD, Leung, S, Gao, D, Lau, S, Kos, Z, et al. Prognostic Significance of FOXP3+ Tumor-Infiltrating Lymphocytes in Breast Cancer Depends on Estrogen Receptor and Human Epidermal Growth Factor Receptor-2 Expression Status and Concurrent Cytotoxic T-Cell Infiltration. Breast Cancer Res (2014) 16(5):432. doi: 10.1186/s13058-014-0432-8

29. Liang, Y, Lu, W, Zhang, X, and Lu, B. Tumor-Infiltrating CD8+ and FOXP3+ Lymphocytes Before and After Neoadjuvant Chemotherapy in Cervical Cancer. Diagn Pathol (2018) 13(1):93. doi: 10.1186/s13000-018-0770-4

30. Zhu, Y, Li, M, Mu, D, Kong, L, Zhang, J, Zhao, F, et al. CD8+/FOXP3+ Ratio and PD-L1 Expression Associated With Survival in Pt3n0m0 Stage Esophageal Squamous Cell Cancer. Oncotarget (2016) 7(44):71455–65. doi: 10.18632/oncotarget.12213

31. Kinoshita, F, Takada, K, Yamada, Y, Oku, Y, Kosai, K, Ono, Y, et al. Combined Evaluation of Tumor-Infiltrating CD8 + and FoxP3 + Lymphocytes Provides Accurate Prognosis in Stage IA Lung Adenocarcinoma. Ann Surg Oncol (2020) 27(6):2102–9. doi: 10.1245/s10434-019-08029-9

32. Miyara, M, Yoshioka, Y, Kitoh, A, Shima, T, Wing, K, Niwa, A, et al. Functional Delineation and Differentiation Dynamics of Human CD4+ T Cells Expressing the FoxP3 Transcription Factor. Immunity (2009) 30(6):899–911. doi: 10.1016/j.immuni.2009.03.019

33. Saito, T, Nishikawa, H, Wada, H, Nagano, Y, Sugiyama, D, Atarashi, K, et al. Two FOXP3(+)CD4(+) T Cell Subpopulations Distinctly Control the Prognosis of Colorectal Cancers. Nat Med (2016) 22(6):679–84. doi: 10.1038/nm.4086

34. Correale, P, Rotundo, MS, Botta, C, Del Vecchio, MT, Ginanneschi, C, Licchetta, A, et al. Tumor Infiltration by T Lymphocytes Expressing Chemokine Receptor 7 (CCR7) Is Predictive of Favorable Outcome in Patients With Advanced Colorectal Carcinoma. Clin Cancer Res (2012) 18(3):850–7. doi: 10.1158/1078-0432.CCR-10-3186

35. Correale, P, Rotundo, MS, Botta, C, Del Vecchio, MT, Tassone, P, and Tagliaferri, P. Tumor Infiltration by Chemokine Receptor 7 (CCR7)(+) T-Lymphocytes Is a Favorable Prognostic Factor in Metastatic Colorectal Cancer. Oncoimmunology (2012) 1(4):531–2. doi: 10.4161/onci.19404




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Schnellhardt, Hirneth, Büttner-Herold, Daniel, Haderlein, Hartmann, Fietkau and Distel. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The Prognostic Value of FoxP3+ Tumour-Infiltrating Lymphocytes in Rectal Cancer Depends on Immune Phenotypes Defined by CD8+ Cytotoxic T Cell Density

      

        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Patients and Samples

          



          		

            Treatment Protocol

          



          		

            Tissue Microarray Construction and Immunohistochemistry

          



          		

            Quantification of Cell Densities

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-13-781222-g004.jpg
>

m=m |[Mmune-desert
=== |mmune-excluded

Overall survival
No evidence of disease

6
Follow up (years)

»

(]
o

N w
o o
1

>
1
Overall survival

FoxP3/CD8 cell density ratio

o
1

1.04

Inflamed

0.8

0.64

0.41 Immune-desert
p = 0.049
0.2 atrisk:
A4 v 25 22 20 12
36mmu26 24 21 12
0 2 4 6 8 10

Follow up (years)

- <0.684
FoxP3/CD8 ratio
0.8+
0.6+
> 0.684
FoxP3/CD8 ratio
0.4
p = 0.066
0.2 1 atrisk:
54 s 52 a4 39 24
g5mmm72 54 42 24
0 2 4 6 8 10

Follow up (years)





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu.2022.781222_cover.jpg
’ frontiers

in Immunology

The Prognostic Value of FoxP3+
Tumour-Infiltrating Lymphocytes in
Rectal Cancer Depends on Immune

Phenotypes Defined by CD8+
Cytotoxic T Cell Density





OEBPS/Images/fimmu-13-781222-g002.jpg
Survival

o
n

o
o

-
N

B Stromal Intraepithelial
FoxP3+ cell densities FoxP3+ cell densities
1.0 1.0 2175.9 FoxP3+
overall survival _ > 113.2 FoxP3+ | _ cells/mm?
©0.81 2| '®
g 0.8 - cells/mm 20.8
——
2 e 2
50.61 % 50.6
[0} '\_‘_ 0]
no evidence of disease = S =
©0.41< 113.2 FoxP3+ cells/mm? ©0.41< 175.9 FoxP3+ cells/mm?
(9] (7]
> p = 0.387 > p = 0.018
at risk: o 0.2 1 atrisk: Oo_z at risk:
154w 95 84 75 42 75 68 51 42 24 125m=109 83 69 34
154==138 109 90 50 77mmugy 56 46 25 28 mm28 25 20 15
2 4 6 8 10 0 2 4 6 8 w 0 2 4 6 8 10

Follow up (years)

Follow up (years)

Follow up (years)





OEBPS/Images/fimmu-13-781222-g001.jpg
Tumour samples of 223
patients with advanced rectal
cancer treated between 2006

and 2013 at
Universitatsklinikum Erlangen

Excluded (n = 69)

¢ only pre-RCT samples available (n = 33)

+ pathologic complete response (n = 16)

+ insufficient tissue; and / or tissue damaged
during staining / scanning process (n = 20 )

CD8+/FoxP3+ cell
density data from post-
RCT central tumour
samples of 154 patients






OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/table1.jpg
Gender:

male: 118 (76.6%) female: 36 (23.4%)

Age (years):
Primary tumour:
Regional lymph
nodes:

Distant metastasis:

UICC stage:
Grading:
Chemotherapy:

mean: 63,8+ 11,1; min.: 32 max.: 88
T1: 3 (1.9%) T2: 17 (11%) T3: 113 (73.4%) T4: 21 (13.6%)
NO: 49 (31.8%) N1: 80 (51.9%) N2: 25 (16.2%)

MO: 129 (83.8%) M1: 25 (16.2%)

I: 11 (7.1%) Il: 46 (29.9%) Ill: 72 (46.8%) IV: 25 (16.2%)
G1: 3 (1.9%) G2: 121 (78.6%) G3: 30 (19.5%)

5-FU: 48 (31.2%) 5-FU + Oxaliplatin: 89 (57.8%) other: 17
(11%)





OEBPS/Images/fimmu-13-781222-g003.jpg
Overall survival

A 1500

1000

[ intraepithelial

©
£
o
@
[]

500 .

CD8+ cell density (cells/mm?2)

Immune- Immune- Inflamed

desert excluded (n = 36)
(n=43) (n=73)

IfIamed

———— 1 = 247.2 FoxP3+
1 cells/mm?

I_____..__.I
L--”----- 1

< 247.2 FoxP3+
cells/mm?

> 12.1 FoxP3+ cells/mm?2 *

> 209.4 FoxP3+ cells/mm? ©

Overall survival
Overall surviva

p=0.179 p=0.617 p = 0.048
at risk: 0.2 atrisk: 0.2 atrisk:
14 w13 12 10 44} s 40 34 26 E 10 2/ e 22 15 13
29mmm 26 18 15 20mm=23 17 15 12 12mmm12 11 9
2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
Follow up (years) Follow up (years) Follow up (years)
H AE————
—~ 1000
o
£
s E
— 750 o
(D] )
8 [7)]
- B
=
@ 500
(]
©
]
© 250
+
™M
[
X
(@]
L

Immune- Immune-
desert excluded I(?,ﬂiné‘é‘;
(n = 43) (n =73)





