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The combination of radiotherapy and immunotherapy improves the survival rate of patients with malignancies developed through escape from T-cell-mediated immune surveillance. Immune checkpoint inhibitors, such as anti-programmed cell death protein-ligand 1 (anti-PD-L1) antibody, are used to rescue exhausted T cells. Simultaneously, dendritic cells (DCs) which are antigen-presenting cells that can initiate T-cell activation, are used to induce a tumor-specific immune response. However, the synergistic antitumor efficacy of the aforementioned combinational immunotherapy with intratumoral injection of low-dose DCs has not been reported, and the underlying therapeutic mechanism requires further investigation. Herein, we present the special case of a psoriatic patient with cutaneous squamous cell carcinoma (cSCC) in the right inguinal region, these two diseases characterized by opposing contradiction, further complicating treatments and side-effect management efforts. To treat the intractable SCC without exaggerating psoriasis, we developed the triple-regimen therapy (TRT) with the intratumoral injection of low-dose autologous DCs and anti-PD-L1 combined with radiotherapy. The injected DCs were obtained simply through leukapheresis without prior G-CSF administration for mobilization nor tumor-antigen loading for expansion. The patient received three radiation doses (24, 18, and 18 Gy) combined with three intratumoral injections of anti-PD-L1 antibody (40, 60, and 120 mg) plus autologous DCs (80% of the DC subpopulation being CD16+ myeloid DC with approximate amounts of 7.3 × 104, 2.5 × 106, and 1.7 × 107) within 10 weeks. The efficacy of the TRT was encouraging in shrinking tumor mass with remarkable SUVmax reduction (approximately 42%) on FDG PET-Scan despite relatively low-dose DCs were available. The low-dose intratumoral immunotherapy induced mild cutaneous side effects as expected. The transcriptomes were compared between pre-TRT and post-TRT biopsies to analyze underlying mechanical pathways of the TRT protocol. Over 10 highly significantly enriched T-cell-related pathways (P <0.0001) were identified in post-TRT biopsies. In addition, the activation of both innate and adaptive immunity was significantly enriched in post-TRT peripheral blood samples. We develop the easily accessible TRT which produces both local anti-tumor T-cell responses and systemic antitumor immunity for treating cSCC patients, especially for those with autoimmune disease.
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Introduction

Cutaneous squamous cell carcinoma (cSCC), which accounts for 20% of cases of non-melanoma skin cancer, has a strong metastatic capability and thus a high mortality rate (1). Surgical excision is primarily adopted for localized cSCC, and radiotherapy or chemotherapy is used for locally advanced cSCC with nonresectable tumors or metastatic cSCC (2). Immunotherapy uses immune checkpoint inhibitors (ICIs) such as anti-programmed cell death protein 1 (anti-PD-1) antibody, which is known to enhance antineoplastic immune responses by reducing T-cell exhaustion and then restimulating T cells (3). Anti-PD-1 antibody has been tested in a phase 1 trial for advanced cSCC and a phase 2 trial for metastatic cSCC (4) as an alternative management strategy for patients with cSCC and surgical contraindication. Moreover, the efficacy of dendritic cell (DC)-based immunotherapy has been demonstrated in clinical trials for cancers other than cSCC (5). However, the limitations of immunotherapy include low PD-ligand (PD-L) expression levels in some patients and high costs for immune cell processing. In this article, we describe the highly personalized protocol for enriching CD16+ myeloid DCs (mDCs) from the peripheral blood (PB) of a patient with PV who developed advanced cSCC. This treatment was implemented through a convenient process and exhibited efficacy for latent-stage cancer, when DC-enriched blood cells were combined with anti-PD-L1 immunotherapy plus radiotherapy.



Case Description

This is a 63-year-old man with a history of hepatitis B virus (HBV)-related cirrhosis with liver function impairment and also psoriasis vulgaris (PV) for more than 25 years. Notably, there was an unusual feature presented with a palpable mass in the right inguinal region that had reportedly existed for 3 months. Local excision of the subcutaneous mass was performed with poor wound healing during regular follow-up. The patient subsequently developed regional progression, with magnetic resonance imaging revealing a cystic lesion measuring 5.6 cm × 4.2 cm in the axial dimension and 9 cm in craniocaudal distance from the tumor encasement of the right superficial femoral artery. Repeated percutaneous transluminal angioplasty with excision biopsy of the tumor was conducted because of several episodes of massive bleeding, which was possibly caused by pseudoaneurysm rupture. Pathological findings revealed moderately differentiated SCC of soft tissue with 65% expression of PD-L1. Positron emission tomography (PET) was further arranged, which revealed an irregularly shaped fluorodeoxyglucose (FDG)-avid lesion in the right inguinal region (>10 cm) with clinical staging T2N0M0 according to the eighth edition of the American Joint Committee on Cancer Staging Manual.

For this case, complete surgical excision was not possible because the tumor had caused vascular encasement; moreover, systemic chemotherapy is not recommended for the prevention of HBV reactivation (6). After a multidisciplinary discussion, triple-regimen therapy (TRT) comprising ICI, DC, and radiotherapy was initiated with signed consent (2-108-05-119_TSGHIRB).

The therapeutic schedule and regimens are presented in Figure 1A. Generally, DC immunotherapy requires multiple steps, namely, leukapheresis, elutriation, and purification, to achieve the claimed therapeutic effect because of the scarcity of DCs in peripheral circulation. However, the patient refused to undergo traditional DC immunotherapy because he considered it to be time consuming and costly. Therefore, we isolated monocyte-derived dendritic cells (MoDCs) from autologous PB mononuclear cells (PBMCs) without granulocyte colony-stimulating factor mobilization in vivo and further expansion in vitro, which were later enriched through leukapheresis with PB stem cells (PBSC) collection in the COBE Spectra Apheresis System (7). Next, 4–10 ml of the DC-enriched product was individually and intratumorally injected three times with simultaneous intratumoral injection of durvalumab (anti-PD-L1 antibody). The immunohistochemical stains revealed that PD-L1 expressed in 65% sampled cancer tissue (PD-L1 IHC 28-8 pharmDx Assay, Agilent/Dako). Each dose of 40, 60, and 120 mg of durvalumab was carefully injected into tumor tissue 5 min after each DC-enriched product was injected. Local radiotherapy in the right inguinal region was performed with a total dose of 60 Gy. The total dose was divided into 30 fractions with 2 Gy in each fraction for three treatment courses, which were implemented 5 days after the first and second courses of immunotherapy as well as 9 days before the third course. The main reason we chose the intermittent schedule in TRT for the treatment in this case is to prevent early radiation injury of the immune cells in the radiation field. After the TRT treatment, the patient had mild fever and mild swelling of the right thigh with desquamation and erythematous change. But the previously mentioned symptoms and signs can be relieved after the administration of corticosteroids.




Figure 1 | Peripheral blood (PB) CD16+ myeloid dendritic cell (mDC) enrichment of a patient with psoriasis and cutaneous squamous cell carcinoma (cSCC). (A) Protocol of intratumoral injection of autologous DC-enriched PB plus anti-PD-L1 antibody combined with local radiation. (B) Population of mDC and plasmacytoid DC (pDC) in PB before versus after DC enrichment. Blood cells were first gated on FSC-H versus SSC-H, single cells were gated on FSC-A versus FSC-H, and CD45+ leukocytes were gated for DC analyses in Lin− (CD3−CD14−CD19−CD20−CD56−) and HLA-DR+ cells. CD11c+ and CD123+ were then respectively used to identify mDCs and pDCs, with subsequent analyses of CD1c+, CD16+, and CD141+ mDC subpopulations. (C) Dimensionality reduction in multiparametric flow cytometry for pDCs, CD1c+ mDCs, CD16+ mDCs, and CD141+ mDCs in Lin−HLA-DR+ DC-enriched PB, assessed with a t-distributed stochastic neighbor embedding (t-SNE)-based algorithm. (D) Pooled data for frequencies of CD123+ pDCs and CD11c+ mDCs in the Lin−HLA-DR+ myeloid cells assessed through flow cytometry. ***P <0.001 using an unpaired t test. (E) Pooled data for frequencies of CD1c+, CD16+, or CD141+ cells in the Lin−HLA-DR+CD11c+mDC population of DC-enriched PB assessed using flow cytometry. ***P <0.001 using one-way analysis of variance with Tukey’s multiple comparison test.



The DC subsets in the purified PB samples were characterized through leukapheresis. The blood DC compartment was identified as Lin−HLA-DR+ and increased approximately fourfold compared with the PBMC sample without leukapheresis (Figure 1B). Moreover, most DC subsets in the DC-enriched PB were CD11c+ mDCs (approximately 80%) instead of plasmacytoid DCs (pDCs; approximately 1%) (Figures 1B, C, representative data; Figure 1D, pooled data for the three replicates). In these DC-enriched PB samples, CD16+ mDCs were the major subset in both the overall DC population (Figure 1C) and mDC subpopulation, with approximately 80% of the subpopulation being CD16+ and only approximately 15% and less than 1% being CD1c+ and CD141+, respectively (Figure 1B, representative data; Figure 1E, pooled data for the three replicates). The amounts of injected CD16+-predominant mDCs were approximately 7.3 × 104, 2.5 × 106, and 1.7 × 107. The number of injected DCs is relatively lower than other standard protocols that usually had ex vivo culture expansion. However, DCs in the peripheral blood of psoriatic patients had been identified and belong to inflammatory DCs (8). Compared with other DCs, those CD16+ DCs of psoriatic patients demonstrated superior antigen presentation capacity and drove a strong T cell response (9, 10). Therefore, even if only a few amounts of DCs were injected, it still exerted an immunological effect. According to the current protocol of leukapheresis, the total amount of DCs that can be obtained from peripheral blood is about 7–2,000 × 104. The number of DCs will fluctuate depending on the condition and treatment response. The leukapheresis machine recirculates about 7,000–9,000 ml of the patient’s whole blood into the interface to separate PB mononuclear cells (PBMCs) from other granulocytes and lymphocytes by elutriation. However, only 60–70 ml of concentrated PBMCs was obtained in the collection bag through the leukapheresis. We also remove the excess plasma by centrifuge. We can maximize the volume of recirculating whole blood to produce maximal PBMCs in collection bag but the amount of existing DCs in PB is limited as well as the injectable volume of DCs into tumor mass. These findings demonstrate the potential for CD16+ mDCs to be enriched through a specific leukapheresis procedure on PBMCs collected from patients with PV who have developed advanced cSCC.

To determine the efficacy of the aforementioned immunotherapy plus radiotherapy on our cSCC patient, we first assessed the wound condition using pelvis computed tomography and found that the wound healing process improved gradually with the course of ongoing TRT (Figure 2A); the right inguinal mass only measured 5.0 cm × 4.1 cm in the axial dimension and 5 cm in craniocaudal distance compared with pre-TRT imaging. To ascertain the therapeutic effect on the progressive tumor, a PET scan was performed to analyze the tumor size before and after TRT, which indicated a dramatic postintervention change in FDG avidity over the right inguinal mass and right external iliac regions. There was a remarkable SUVmax reduction (approximately 42%) on FDG PET-Scan despite relatively low-dose DCs were available (Figure 2B). However, a slight increase in FDG avidity of the paraaortic lymph nodes was noted, suggesting possible lymph node metastasis (LNMets) or immune activation of TRT. These findings support that the combination of immunotherapy—CD16+ DC-enriched PB plus anti-PD-L1 antibody—and radiotherapy is effective for treating locally advanced cSCCs with surgical contraindications.




Figure 2 | Therapeutic effect of intratumoral immunotherapy combined with local radiation. (A) Primary lesion conditions assessed (a) pre-TRT status, (b) after the first TRT course, (c) after the second TRT course, and (d) after the whole TRT period. (B) The tumor mass shrank with remarkable SUVmax reduction of 42% on FDG positron emission tomography (PET)-Scan. Tumor sizes before any treatment (left panel) and after the complete TRT period (right panel) were assessed using PET.



To identify the mechanisms underlying this TRT protocol and the potential of DC-mediated immunity, we compared the transcriptomes between pre-TRT and post-TRT biopsies using Metascape (11) to analyze T-cell-related pathways, with over 10 highly significantly enriched pathways (P <0.00001) identified in postintervention biopsies. These pathways included the following: leukocyte chemotaxis, positive regulation of T-cell proliferation, T-cell-mediated immunity, alpha-beta T-cell activation, interferon-gamma production, lymphocyte chemotaxis, alpha-beta T-cell differentiation, regulation of T-cell–mediated immunity, T-cell differentiation involved in immune response, and T-helper cell differentiation. These data indicated that T-cell-mediated immunity was locally induced after intratumoral injection with CD16+ mDC-enriched cells and anti-PD-L1 therapy (Figure 3A). We would like to provide more evidences about the alternations in immune microenvironment of the tumor after TRT, but the tumor samples were insufficient for relevant analysis. However, we analyzed the systemic immune response in pre-TRT and post-TRT PB; the results revealed that the top 20 clusters with corresponding representative terms were enriched in the Gene Ontology Biological Processes Kyoto Encyclopedia of Genes and Genomes Pathways and Reactome gene sets. The network is visualized using Cytoscape5, where the activation of both innate and adaptive immunity was significantly enriched in postintervention PB (Figure 3B, colored by cluster pathway; Figure 3C, list of top 20 enriched pathways with highly significant P-values (P <0.00001) for PB with TRT versus no treatment).




Figure 3 | TRT results in enrichment of local T-cell-related pathways and systemic antitumor immunity through Metascape analysis. (A) T-cell-related pathways were enriched in the gene ontology biological processes for tumors with TRT versus no treatment by P-values. (B) The upregulated pathways were composed of differentially expressed genes, presented as a network of enriched terms for peripheral blood with TRT versus no treatment. (C) Top 20 clusters of both innate and adaptive immunity-associated pathways were enriched in the gene ontology biology processes for PB with TRT versus no treatment by P-values.



These findings suggest that immunotherapy using CD16+ mDC-enriched cells plus anti-PD-L1 antibody could be effective for treating advanced cSCC through the upregulation of local T-cell-mediated immune responses and then systemic antitumor immunity that can reduce the tumor size when combined with radiotherapy.



Discussion

We present a case in which combined radiotherapy and immunotherapy was applied for treating a psoriatic patient with cSCC and contraindications to surgery and chemotherapy, including vascular encasement by the tumor and risk of HBV reactivation.

In addition to contraindication of surgery and chemotherapy, there are remaining several dilemmas in treating the case. First of all, co-existence of cancer and autoimmune disease often created challenging circumstances for doctors and patients. Our patient diagnosed with either disease, these two opposing forces may collide, further complicating treatments and side-effect management efforts. However, substantial evidence implicates that psoriatic patients have an increased risk of squamous cell carcinoma (SCC) (SIR = 5.3, 95% CI 2.63–10.71) (12). Second, cutaneous toxicity is the most prevalent adverse effect of ICIs, and commonly presents as a maculopapular rash, lichenoid skin reactions, de novo autoimmune skin disease, or reactivation of previous autoimmune skin diseases, such as psoriasis (13–15). Although several types of immunotherapy are used to treat cancer, patients with autoimmune disease, may have a difficulty tolerating these immunotherapy drugs. Third, there was short of time for decision making because of repeated hypovolemic shock in this case. With the emergent event of pseudoaneurysm over right femoral region complicating aneurysm rupture and twice life-threatening hypovolemic shock, we had no choice but initiate the immediate intervention, instead of time-consuming therapeutic protocol (traditional DC-based tumor vaccine). Finally, the practice guideline of combinational intratumoral injection therapy with low dose autologous MoDCs for management of cSCC is absent.

The best solution to the aforementioned dilemmas is in situ vaccination by low-dose DCs and anti-PD-L1 with potentiation by local RT, the combinational strategy obviated the need for high dose boosting of immunotherapy and remitted the dose dependent adverse effects. We therefore checked specific expression levels of PD-L1 expressed in tumor specimen before versus after TRT in our transcriptomic array, and surprisingly found that the expression level of PD-L1 in tumor specimen after TRT was 16.72-fold higher than that before therapy, suggesting that combination of radiotherapy improved the therapeutic efficacy of anti-PD-L1 and DC-based immunotherapy in the cSCC patient. The synergistic effects of combining different immunotherapies, or immunotherapies and RT have been discussed, and showed promise (16, 17). However, to the best of our knowledge no case or preliminary result has thus far addressed the combination therapy of the three regimens.

Describing the role of DCs in the pathogenesis of psoriasis, IL-23/IL-17 axis is vital for Th17-mediated pathogenesis of psoriasis which represents chronic inflammation in skin composed of several types of DCs, namely, plasmacytoid DCs (pDCs), conventional DCs (cDCs), inflammatory DCs, and Langerhans cells (LCs). With external stimuli to cause keratinocyte damage, pDCs are activated via self-nucleotide-mediated TLR7 and TLR9 signaling, and then release a huge amount of type I IFNs which can further promote differentiation of peripheral monocytes into CD103+ cDC1, CD1c+ cDC2 or iDCs. cDC2 and iDCs which include 6-sulfo LacNAc DCs (slan-DCs) and TNF-α and iNOS-producing DCs (Tip-DCs) can secrete IL-23 for enhanced development and expansion of Th17 cells in response to these damage derivatives, while cDC1 can produce IL-2 for Th1 differentiation which may enhance the inflammatory damage. Moreover, IL-1β is produced from damaged keratinocytes to activate LC for IL-23 release and also facilitate Th17 differentiation. The population of slan-DCs have been demonstrated to express CD16 which is considered as an inflammatory DC subset in various types of autoimmune diseases. All of these DC subpopulations then contribute to strong inflammatory T-cell responses and drive psoriasis (8, 9).

CD16+ myeloid DCs, which are considered as a critical inflammatory DC subset to secrete cytokines for T-cell activation in autoimmune diseases, are specifically enriched in the cSCC patients who were previously diagnosed with psoriasis. We therefore chose the activated DC subset as the target of immunotherapy to potently improve the T cell immunity against cSCC. Although the role of CD16+ myeloid DCs in cSCC pathogenesis is poorly understood, one in vitro study demonstrated SCC cell lines can significantly upregulate CD16 expression on DCs with an immature phenotype (18), indicating that SCC may interfere with the function of CD16+ DCs but need more in vitro and in vivo data to explore its role for cSCC pathogenesis in detail. Since T-helper cells have been identified as critical to inhibit SCC growth in vivo (19), the functionally reversal cSCC-enriched CD16+ DCs by autoimmune psoriasis are likely to facilitate T-cell activation and differentiation into effector T-helper cells as we showed in the present case report. Although there is limited information of CD16+ DCs on cSCC, we give an insight into a therapeutic role of functional CD16+ DCs for cSCC and provide a convenient protocol for treatment of advanced cSCC.

PD-L1 expression by DCs has been reported as critical in reducing T cell function in cancer (20, 21), which plays a part for cancer development and progression. The combination of anti-PD-L1 and DC-based immunotherapy is therefore becoming a promising immunotherapy (22), while radiotherapy has been confirmed to enhance the therapeutic efficacy of i.t. DCs by induction of IFN-γ-mediated T cell immunity (23). In this report, we aim to concurrently use anti-PD-L1, radiotherapy and DC-based therapy which were simply prepared through leukapheresis for the treatment of the cSCC patient previously diagnosed with psoriasis that may have strong activity of peripheral DCs to increase T cell function (8). At 24 h in peripheral blood with TRT, the frequency of CD4+ T cells was increased with the downregulation of both naïve and activated regulatory T cells (data not shown), indicating the immediate immune response towards inflammatory milieu after TRT. Our data demonstrate multiple T cell-mediated pathways involving activation, proliferation, and IFN-γ production were upregulated with TRT locally as well as the overall immunity enhanced systemically by bioinformatics analyses. Our findings implicated the feasibility of using the TRT for boosting T cell-mediated immunity against carcinoma in situ, while enhancing systemic immune response may help to prevent distant metastasis.

We first characterized PBSC apheresis samples derived from the PB of the patient, who had abnormal immune responses due to PV and high levels of CD16+ mDCs (24). Because the activation of peripheral CD16+ mDCs has been reported to be upregulated by the secretion of inflammatory cytokines in patients with other autoimmune diseases, such as systemic lupus erythematosus (3, 25) and Sjogren syndrome (26), we assessed whether CD16+ mDC-enriched cells isolated from the patient were potent for eliciting T cell response through intratumoral injection. In situ DC-based immunotherapy was supplemented with anti-PD-L1 and radiation because both measures have been demonstrated to disrupt the growth of tumor bulk and improve the efficacy of immunotherapy through the enhancement of immune responses. In addition, our protocol could produce more tumor antigen-specific DCs than could traditional DC immunotherapy because the mutated tumor antigens are unrecognizable during long-term DC expansion in vitro.

It is not excluded that the radiotherapy 1 week after intra-tumor injection of DC-enriched PB leukocytes could kill the injected leukocytes. However, we think that the combination of DCs and intramural-tumor injection of anti-PDL1 might have amplified antigen presentation and built the environment for recruiting systemic T cells one week after injection. Even the regional radiotherapy could kill some of the restimulating T cells, the environment could recruit systemic DCs and T cells to the lesion site. Together with 2nd and 3rd doses of intra-tumor Anti-PDL1 and DC-enriched PB leukocytes, the environment would enforce the mature and immature DCs to take up tumor antigens released after radiotherapy. This is the design to make sure that the combination of intra-tumor DCs injection and regional radiotherapy is effective.

Overall, the therapeutic effect of this TRT on the in situ cSCC was acceptable, despite the patient expiring 4 months later due to LNMets. We shared this easily accessible combinational regimen with time-saving, low cost, and less side effect of immunotherapy for treating a psoriatic patient with SCC, refractory to other treatments. Although the cause of the patient’s final death was respiratory failure, which was related to pulmonary edema and acute renal failure, and not related to the deterioration of PV. Except for the tumor shrinkage, the TRT also brought the time saving benefit, unlike the time-consuming therapeutic protocol for traditional DC-based tumor vaccine. It was very important to consider immediate and effective intervention for the patient as he had twice experienced life-threatening hypovolemic shocks.

It is difficult to differentiate the synergistic effects or each individual effects of immunotherapies and/or RT in this case. This huge progressive tumor resistant to chemotherapy would require a better combined therapy rather than radiotherapy alone. Thus, we chose to take advantages of intra-tumor immunotherapy with DC-enriched PB leukocytes and low dosage anti-PDL1 to augment the presentation of the tumor antigens released after radiotherapy. This is a pilot study to take advantages and limit disadvantages of combined regional therapies. It appears to prove the concept that a combination of radiotherapy and intra-tumor immunotherapy with DC-enriched peripheral leukocytes and low dosage anti-PDL1 could limit tumor progression resistant to chemotherapy, presumably through amplifying the antigen presentation of the tumor antigens released after radiotherapy.

In conclusion, we developed an effective DC-based immunotherapy approach based on the enrichment of autologous CD16+ mDCs. This immunotherapy protocol was implemented with an anti-PD-L1 plus radiotherapy, which improved the T-cell-mediated immunity and reduced the size of the cSCC. Further studies are warranted to optimize the protocol by increasing the number of injected CD16+ mDC-enriched cells.



Patient Perspectives

Throughout the process, the patient and his wife were informed of treatment options, risk, and the possibility of relapse. They realized the complexity of his unusual case and the patient provided written informed consent for the publication of his case. They appreciated the multidisciplinary group to initiate the affordable TRT to overcome the dilemmas in treating the cancer. After the patient passed away, his wife was happy to agree to publish this case report in hopes of expanding the medical knowledge in this field.



Data Availability Statement

The original contributions presented in the study are included in the article. Further inquiries can be directed to the corresponding author.



Ethics Statement

The study involving human participant was reviewed and approved by Tri-Service General Hospital. The protocol was approved with the number 2-108-05-119 on Jul 11, 2018. The patient provided his written informed consent to participate in this study. Written informed consent was obtained from the patient’s family for the publication of any potentially identifiable images or data included in this article.



Author Contributions

J-WH and C-LK wrote the manuscript and contributed equally to this work as co-first authors. L-TW and KS-KM performed the experiments, analyzed the data and co-wrote the manuscript. W-YH, F-CL and B-HY contributed to the planning, organization of the therapeutic regimen. KDY devised the project, the main conceptual ideas and provided critical edits. B-HY is the corresponding author for this manuscript. All authors provided critical feedback and approved the final manuscript.



Funding

The study was funded with support of open access publication fees by Ministry of National Defense-Medical Affairs Bureau (MAB106-036, MAB107-023), Teh-Tzer Study Group for Human Medical Research Foundation of Taiwan (B1081050).



Abbreviations

anti-PD-L1, anti-programmed cell death protein-ligand 1; MoDCs, monocyte-derived dendritic cells; DCs, dendritic cells; cSCC, cutaneous squamous cell carcinoma; ICIs, immune checkpoint inhibitors; antiPD-1, anti-programmed cell death protein 1; PD-L, PD-ligand; mDCs, myeloid DCs; PB, peripheral blood; HBV, hepatitis B virus; PET, positron emission tomography; FDG, fluorodeoxyglucose; TRT, triple-regimen therapy; PBMCs, PB mononuclear cells; PBSC, PB stem cells; LNMets, lymph node metastasis.



References

1. Burton, KA, Ashack, KA, and Khachemoune, A. Cutaneous Squamous Cell Carcinoma: A Review of High-Risk and Metastatic Disease. Am J Clin Dermatol (2016) 17:491–508. doi: 10.1007/s40257-016-0207-3

2. Gellrich, FF, Huning, S, Beissert, S, Eigentler, T, Stockfleth, E, Gutzmer, R, et al. Medical Treatment of Advanced Cutaneous Squamous-Cell Carcinoma. J Eur Acad Dermatol Venereol (2019) 33 Suppl 8:38–43. doi: 10.1111/jdv.16024

3. Henriques, A, Ines, L, Carvalheiro, T, Couto, M, Andrade, A, Pedreiro, S, et al. Functional Characterization of Peripheral Blood Dendritic Cells and Monocytes in Systemic Lupus Erythematosus. Rheumatol Int (2012) 32:863–9. doi: 10.1007/s00296-010-1709-6

4. Huang, YW, and Chung, RT. Management of Hepatitis B Reactivation in Patients Receiving Cancer Chemotherapy. Therap Adv Gastroenterol (2012) 5:359–70. doi: 10.1177/1756283X12450245

5. MacDonald, KP, Munster, DJ, Clark, GJ, Dzionek, A, Schmitz, J, and Hart, DN. Characterization of Human Blood Dendritic Cell Subsets. Blood (2002) 100:4512–20. doi: 10.1182/blood-2001-11-0097

6. Palucka, K, and Banchereau, J. Dendritic-Cell-Based Therapeutic Cancer Vaccines. Immunity (2013) 39:38–48. doi: 10.1016/j.immuni.2013.07.004

7. Rischin, D, Migden, MR, Lim, AM, Schmults, CD, Khushalani, NI, Hughes, BGM, et al. Phase 2 Study of Cemiplimab in Patients With Metastatic Cutaneous Squamous Cell Carcinoma: Primary Analysis of Fixed-Dosing, Long-Term Outcome of Weight-Based Dosing. J Immunother Cancer (2020) 8:e000775. doi: 10.1136/jitc-2020-000775

8. Wang, A, and Bai, Y. Dendritic Cells: The Driver of Psoriasis. J Dermatol (2020) 47:104–13. doi: 10.1111/1346-8138.15184

9. Hansel, A, Gunther, C, Ingwersen, J, Starke, J, Schmitz, M, Bachmann, M, et al. Human Slan (6-Sulfo Lacnac) Dendritic Cells are Inflammatory Dermal Dendritic Cells in Psoriasis and Drive Strong TH17/TH1 T-Cell Responses. J Allergy Clin Immunol (2011) 127:787–94.e1-9. doi: 10.1016/j.jaci.2010.12.009

10. Laurell, A, Lonnemark, M, Brekkan, E, Magnusson, A, Tolf, A, Wallgren, AC, et al. Intratumorally Injected Pro-Inflammatory Allogeneic Dendritic Cells as Immune Enhancers: A First-in-Human Study in Unfavourable Risk Patients With Metastatic Renal Cell Carcinoma. J Immunother Cancer (2017) 5:52. doi: 10.1186/s40425-017-0255-0

11. Sharma, P, and Allison, JP. The Future of Immune Checkpoint Therapy. Science (2015) 348:56–61. doi: 10.1126/science.aaa8172

12. Pouplard, C, Brenaut, E, Horreau, C, Barnetche, T, Misery, L, Richard, MA, et al. Risk of Cancer in Psoriasis: A Systematic Review and Meta-Analysis of Epidemiological Studies. J Eur Acad Dermatol Venereol (2013) 27 Suppl 3:36–46. doi: 10.1111/jdv.12165

13. Sibaud, V. Dermatologic Reactions to Immune Checkpoint Inhibitors: Skin Toxicities and Immunotherapy. Am J Clin Dermatol (2018) 19:345–61. doi: 10.1007/s40257-017-0336-3

14. Voudouri, D, Nikolaou, V, Laschos, K, Charpidou, A, Soupos, N, Triantafyllopoulou, I, et al. Anti-PD1/PDL1 Induced Psoriasis. Curr Probl Cancer (2017) 41:407–12. doi: 10.1016/j.currproblcancer.2017.10.003

15. Chia, PL, and John, T. Severe Psoriasis Flare After Anti-Programmed Death Ligand 1 (PD-L1) Therapy for Metastatic non-Small Cell Lung Cancer (NSCLC). J Immunother (2016) 39:202–4. doi: 10.1097/CJI.0000000000000121

16. Wilgenhof, S, Corthals, J, Heirman, C, van Baren, N, Lucas, S, Kvistborg, P, et al. Phase II Study of Autologous Monocyte-Derived Mrna Electroporated Dendritic Cells (Trimixdc-MEL) Plus Ipilimumab in Patients With Pretreated Advanced Melanoma. J Clin Oncol (2016) 34:1330–8. doi: 10.1200/JCO.2015.63.4121

17. Wang, Y, Deng, W, Li, N, Neri, S, Sharma, A, Jiang, W, et al. Combining Immunotherapy and Radiotherapy for Cancer Treatment: Current Challenges and Future Directions. Front Pharmacol (2018) 9:185. doi: 10.3389/fphar.2018.00185

18. Ramanathapuram, LV, Hopkin, D, and Kurago, ZB. Dendritic Cells (DC) Facilitate Detachment of Squamous Carcinoma Cells (SCC), While SCC Promote an Immature CD16(+) DC Phenotype and Control DC Migration. Cancer Microenviron (2013) 6:41–55. doi: 10.1007/s12307-011-0077-4

19. Sparano, A, Weinstein, G, Chalian, A, Yodul, M, and Weber, R. Multivariate Predictors of Occult Neck Metastasis in Early Oral Tongue Cancer. Otolaryngol Head Neck Surg (2004) 131:472–6. doi: 10.1016/j.otohns.2004.04.008

20. Mayoux, M, Roller, A, Pulko, V, Sammicheli, S, Chen, S, Sum, E, et al. Dendritic Cells Dictate Responses to PD-L1 Blockade Cancer Immunotherapy. Sci Transl Med (2020) 12:eaav7431. doi: 10.1126/scitranslmed.aav7431

21. Peng, Q, Qiu, X, Zhang, Z, Zhang, S, Zhang, Y, Liang, Y, et al. PD-L1 on Dendritic Cells Attenuates T Cell Activation and Regulates Response to Immune Checkpoint Blockade. Nat Commun (2020) 11:4835. doi: 10.1038/s41467-020-18570-x

22. Versteven, M, Van den Bergh, JMJ, Marcq, E, Smits, ELJ, Van Tendeloo, VFI, Hobo, W, et al. Dendritic Cells and Programmed Death-1 Blockade: A Joint Venture to Combat Cancer. Front Immunol (2018) 9:394. doi: 10.3389/fimmu.2018.00394

23. Teitz-Tennenbaum, S, Li, Q, Rynkiewicz, S, Ito, F, Davis, MA, McGinn, CJ, et al. Radiotherapy Potentiates the Therapeutic Efficacy of Intratumoral Dendritic Cell Administration. Cancer Res (2003) 63:8466–75.

24. Shaughnessy, PJ, Bachier, C, Lemaistre, CF, Akay, C, Pollock, BH, and Gazitt, Y. Granulocyte Colony-Stimulating Factor Mobilizes More Dendritic Cell Subsets Than Granulocyte-Macrophage Colony-Stimulating Factor With No Polarization of Dendritic Cell Subsets in Normal Donors. Stem Cells (2006) 24:1789–97. doi: 10.1634/stemcells.2005-0492

25. Zhou, Y, Zhou, B, Pache, L, Chang, M, Khodabakhshi, AH, Tanaseichuk, O, et al. Metascape Provides a Biologist-Oriented Resource for the Analysis of Systems-Level Datasets. Nat Commun (2019) 10:1523. doi: 10.1038/s41467-019-09234-6

26. Wildenberg, ME, Welzen-Coppens, JM, van Helden-Meeuwsen, CG, Bootsma, H, Vissink, A, van Rooijen, N, et al. Increased Frequency of CD16+ Monocytes and the Presence of Activated Dendritic Cells in Salivary Glands in Primary Sjogren Syndrome. Ann Rheum Dis (2009) 68:420–6. doi: 10.1136/ard.2008.087874




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 © 2021 Huang, Kuo, Wang, Ma, Huang, Liu, Yang and Yang. 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/Images/fimmu.2021.752563_cover.jpg
, front|ers

n In 10logy

Case Report: In Situ Vaccination by
Autologous CD16* Dendritic Cells
and Anti-PD-L 1 Antibody Synergized
With Radiotherapy To Boost T
Cells-Mediated Antitumor Efficacy In A
Psoriatic Patient With Cutaneous
Squamous Cell Carcinoma





OEBPS/Images/fimmu-12-752563-g001.jpg
Radiation Radiation Radation
Week 0 4 8 (24Gy) 11 (18 Gy) (18Gy) 18
= ww e mw m mm me nem W ———— - - ————— -
Admission g;:'::gm DC injection & DC injection & DC injection &
g i-PD-L1 (4 i-PD- i-PD-
with SCC anti (40 mg) anti-PD-L1 (60 mg) anti-PD-L1 (120 mg)
B CD11c*CD123- gated
96.7% 4 79.3% 4 461% 4531% Na2.7%/
Before
x Y X S )
O Q Q —— -
0 7] 7] [=]
* o 98.4% - 33.2% o
After f‘ —
84.3%
> > > >
FSC-A CD45 Lineage HLA-DR CD16
D E o
[[] ungated (HLA-DR*Lin" cells) 100 . 100 —
[l coiz23+cptic 80 80
CD141* CD11¢*
> [l © S £ 6
u M co1ct cprte Q &
7]
= [ co1e* co11c 40 2 a0
0

pDC mDC cbict cD141* cD16*





OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/fimmu-12-752563-g003.jpg
Treat vs. Pre-treat

G0:0030595: leukocyte chemotaxis

G0:0042102: positive regulation of T cell proliferation
G0:0002456: T cell mediated immunity

G0:0046631: alpha-beta T cell activation

G0:0032609: interferon-gamma production

G0:0048247: lymphocyte chemotaxis

GO0:0046632: alpha-beta T cell differentiation

G0:0002709: regulation of T cell mediated immunity
G0:0002292: T cell differentiation involved in immune response
G0:0042093: T-helper cell differentiation

0 20 40 60 80
-Log4o(P-value)

M Lymphocyte activation
M Leukocyte migration
B Immunomodulatory interactions between a lymphoid and non-lymphoid cell
M Regulation of cell activation
i signaling by interleukins
" PID IL12 2PATHWAY
M Hematopoietic cell lineage
[ Response to molecule of bacterial origin
[ Regulation of hemopoiesis
" Humoral immune response
T cell selection
Cellular defense response
[ Leukocyte activation involved in immune response
- ™ " Positive regulation of cytokine production
" NF-kappa B signaling pathway
© [ PID NFAT TFPATHWAY
B cell activation
. Natural killer cell mediated cytotoxicity
I Response to wounding
Pathways in cancer

G0:0046649: lymphocyte activation

G0:0050900: leukocyte migration

R-HSA-198933: Immunoregulatory interactions between a Lymphoid and a non-Lymphoid cell
G0:0050865: regulation of cell activation

R-HSA-449147: Signaling by Interleukins

M54: PID IL12 2PATHWAY

hsa04640: Hematopoietic cell lineage

G0:0002237: response to molecule of bacterial origin
G0:1903706: regulation of hemopoiesis

G0:0006959: humoral immune response

G0:0045058: T cell selection

G0:0006968: cellular defense response

G0:0002366: leukocyte activation involved in immune response
G0:0001819: positive regulation of cytokine production
ko04064: NF-kappa B signaling pathway

M60: PID NFAT TFPATHWAY

G0:0042113: B cell activation

ko04650: Natural killer cell mediated cytotoxicity

G0:0009611: response to wounding

hsa05200: Pathways in cancer

15 20
Jog10(P)






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Case Report: In Situ Vaccination by Autologous CD16+ Dendritic Cells and Anti-PD-L 1 Antibody Synergized With Radiotherapy To Boost T Cells-Mediated Antitumor Efficacy In A Psoriatic Patient With Cutaneous Squamous Cell Carcinoma

      

        		

          Introduction

        



        		

          Case Description

        



        		

          Discussion

        



        		

          Patient Perspectives

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-12-752563-g002.jpg
Pre-TRT SUVmax = 8.9 Post-TRT SUVmax = 5.1





