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B7-H3 is over-expressed in multiple types of solid tumors, making it an ideal target for chimeric antigen receptor (CAR)-T therapy. Here, we first report a case of multiple basal cell carcinoma (BCC) patient treated with humanized monoclonal anti-B7-H3 CAR-T cells through direct intratumoral injection. After three dose-escalated injections, the lesion in the abdomen decreased by 40% in volume, shrank from bulging to flat, but was not eradicated completely. The large lesion in the forehead became dry from original ulcer and bleeding. The adverse events observed were itching, myalgia, and redness. Immunohistochemistry analysis demonstrated that B7-H3-positive tumor cells and B7-H3 expression intensity were reduced after injections of CAR-T cells. The number of infiltrating CD3 T cells increased significantly but mainly located outside the tumor region. Subsequently, high levels of TGF-β in the tumor area were observed, suggesting that solid tumor microenvironment may hinder the infiltration and effect of CAR-T cells. In summary, in this particular case report, intratumoral injection of B7-H3 CAR-T cells partially controls tumor growth in the BCC patient with minor adverse events. The efficacy and safety of B7-H3 CAR-T therapy need to be further investigated with a larger cohort of patients. Although only one clinical case is reported here, the anti-B7-H3 CAR-T cell therapy should be considered as a treatment option for solid tumors in the future. This clinical trial was registered at the Chinese Clinical Trial Registry (www.chictr.org.cn) with registration number ChiCTR2100044386.
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Background

Chimeric antigen receptor (CAR)-T cell therapy has achieved remarkable success for hematopoietic malignancies, including CD19 CAR-T for B-cell acute lymphoblastic leukemia (B-ALL) and BCMA CAR-T for multiple myeloma (MM) (1, 2). However, the same success has not been replicated for solid tumors (3). One of the challenges is to identify a CAR-T target specifically expressed on solid tumors, but not on normal tissues.

B7-H3 (also known as CD276) is an immune checkpoint molecule, with no or low expression on normal tissues, but with high expression on glioblastoma, ovarian cancer, non-small-cell lung cancer, squamous cell carcinomas, melanoma, and other malignant solid tumors. B7-H3 has been shown to contribute to tumor metastasis (4–6) and is generally associated with poor clinical prognosis. Based on these findings, B7-H3 has been considered as a promising target for cancer immunotherapy. B7-H3-targeted monoclonal antibody and its derivative forms with drug conjugation or with dual specificity were all being studied and have entered clinical stage. In addition, several studies have demonstrated that B7-H3-targeted CAR-T cells have potent preclinical activity in pediatric and adult solid tumors, including neuroblastoma, rhabdoid tumors, and other types of solid tumors (7–9).

Skin cancer is a commonly examined tumor model in the context of immunotherapy, since it is known for its immunogenic features. B7-H3 has been shown to be highly expressed on 90% of skin cancers (10, 11), including melanoma, basal cell carcinoma (BCC), and squamous cell carcinoma (SCC) (Supplementary Figure 1). Among them, BCC is the most prevalent pathological type of skin cancer (12, 13). For primary BCCs, standard surgical excision is often an appropriate treatment option. Although BCCs usually progress indolently, a small subset of BCCs can develop into metastatic or local advanced BCCs (LaBCCs) through local invasion (12, 14). For LaBCCs, and recurrent or unresectable BCCs, systemic therapy is necessary. However, treatment-emergent adverse events often lead to discontinuation of therapy (15); therefore, new therapeutic strategies need to be developed. Immunotherapy has become a powerful clinical strategy for treating malignant tumors (16). For treatment of BCCs, especially LaBCCs, immunotherapy is undoubtedly a highly promising choice, such as using PD-1 blockade (17, 18). Although the clinical utility of CAR-T in solid tumors is still relatively limited, a large number of studies have begun to address the efficacy and safety issues of its clinical application (3, 19–22). To our knowledge, there has yet been no report of CAR-T-based immunotherapy on BCCs.

In an effort to bring the powerful CAR-T therapy into skin cancer, we applied autologous B7-H3-CAR-T cells as a novel immunotherapy for BCCs. Here, we report a case of multiple BCC patient who has relapsed after multiple surgeries and therapies over the past 10 years. After three doses of autologous anti-B7-H3 CAR-T cells through intratumoral injection, the patient achieved partial response and had temporary and mild side effects. This study suggested a potential therapeutic strategy for patients with B7-H3-positive malignant solid tumors.



Case presentation

A 65-year-old man was initially diagnosed with multiple BCC in 2003, skin examination showed multiple dark-colored plaques or papules on the patient’s forehead and abdomen, and the larger plaques showed ulceration and bleeding. Histopathology of the abnormal skin tissue showed palisade-like basophilic basaloid epithelium with cleft forming from adjacent stroma. The patient had received multiple lines of chemotherapy and surgery thereafter. However, the disease relapsed and spread to all over the body. Some lesions, especially the large one (6 cm × 6 cm) in the forehead, were accompanied by ulcer exudate and pain, and were not removable by surgery. The patient requested for substitutive therapy options. Immunohistochemical staining of the tumor tissue showed positive for B7-H3, with 80% positivity and ++/+++ intensity (Figure 1A); thus, the patient was accepted to enroll in the clinical trial of B7-H3-CAR-T immunotherapy. The patient signed the informed consent before starting apheresis. Given that this was our first attempt to treat the patient with anti-B7-H3 CAR-T cells for the clearance of skin tumors, we performed intratumoral injection instead of intravenous injection, with the aim to increase the quantity and concentration of CAR-T cells in the local tumor area. Three doses of CAR-T injection were performed. The first intratumoral injection of CAR-T was administered in November 2020, the second one in December 2020, and the third one in January 2021.




Figure 1 | Clinical examinations in the sequential injection of B7-H3 CAR-T cell therapy. (A) Histological analysis of basal cell carcinoma sections by hematoxylin and eosin (H&E) and anti-B7-H3 staining for diagnosis. Slides were analyzed and scored by two individual pathologists independently. (B) Schematic diagram of B7-H3 CAR vector. VL, variable L chain; VH, variable H chain; TM, transmembrane domain. (C) The protocol of B7-H3 CAR-T injection. Intratumoral injection was performed at two tumor sites for a total of three times, on days 1, 14, and 62. (D) Detection of CAR-T (CD3+CAR+) cells in peripheral blood during immunotherapy. (E) Flow cytometry analysis of CD3+CAR+ cells in peripheral blood on days 67 and 69 after CAR-T cell injection. FITC-labeled recombinant B7-H3 protein was used to detect B7-H3-CAR transduced CD3+ cells.



A humanized single-chain variable fragment (scFv) against B7-H3 (Patent No. ZL 2020 1 0622482.X) was used to obtain the 4-1BB-based second-generation CAR-T (Figure 1B). The tumor-killing capacity of B7-H3-CAR-T cells was tested in vitro and in vivo; all results indicated the promising potential of CAR-T cells in killing B7-H3-positive tumor cells and controlling tumor growth in the tumor-bearing NSG mouse model (Supplementary Figure 2).

In this particular study, no lymphodepleting chemotherapy was given to the patient before CAR-T cell injection in order to keep the immune system intact. In this course of CAR-T therapy, the patient received autologous anti-B7-H3 CAR-T cells through intratumoral injection three times with dose escalation on day 1, day 14, and day 62 (Figure 1C). There were two different tumor sites that were treated in this patient (site 1 for abdominal tumor 1.8 cm × 0.6 cm; site 2 for forehead tumor 6 cm × 6 cm). Two batches of CAR-T cells were prepared for injections, CAR transduction rate was 52.50% and 42.16%, and the CD4/CD8 ratio was 3.25 and 1.89, respectively (Supplementary Figure 3). The expansion and percentage of CAR-positive T cells in peripheral blood after injection were analyzed by flow cytometry using FITC-labeled recombinant B7-H3 protein. Very low levels of CAR-T cells were detected in peripheral blood throughout the treatment. Only 2.5% of total T cells in peripheral blood was CAR positive at day 5 after the third injection (Figure 1D), and the percentage of CAR-T cells was decreased to undetectable levels 2 days later (Figures 1D, E).

The patient’s alanine transaminase (ALT) and aspartate transaminase (AST) levels were slightly increased about twofold after the first injection (Supplementary Figure 4A). After reaching the peak on day 6, the levels of ALT and AST began to slowly decline. However, we did not observe increased ALT and AST levels after the second and third injection (Supplementary Figure 4A). The plasma levels of γ-glutamyl transpeptidase (γ-GT) and alkaline phosphatase (ALP) of the patient were relatively stable during the treatment period (Supplementary Figure 4B). Meanwhile, the plasma IL-6 stayed at lower levels during CAR-T treatment (Supplementary Figure 4C). The patient’s body weight was stable over the treatment period (data not shown), without any treatment-related significant changes. There was no obvious abnormality in blood routine tests during CAR-T treatment, including cell counts of white blood cells (WBCs), neutrophils, platelets, lymphocytes, monocytes, and the concentration of hemoglobin (Supplementary Figure 5).

After three doses of injections, the volume of original lesion in the abdomen (site 1) was decreased by 40% (from 1.8 cm × 0.6 cm to 1.3 cm × 0.5 cm) in size, shrank from bulging to flat (Figure 2A). The large lesion in the forehead (site 2) became dry from original ulcer and bleeding (Figure 2B). We further performed surgery to remove the remaining tumor in the abdomen after the third dose of CAR-T injection. IHC analysis indicated that the percentage of B7-H3-positive cells was decreased from 80% to about 40%, and the B7-H3 intensity was decreased from ++/+++ to + after the third injection of CAR-T cells (Figure 2C). Meanwhile, CD3 T cells were enriched in the injection site within the tumor; however, majority of these T cells failed to infiltrate into neighboring tumor area, which was stained positive for B7-H3 and Ki67 (Figure 2C). Subsequently, the expressions of two common inhibitory signaling molecules TGF-β and PD-L1 were examined, and high expression level of TGF-β was observed in the tumor area upon CAR-T treatment (Figure 2D).




Figure 2 | Clinical manifestation of multiple basal cell carcinoma after CAR-T cell therapy. (A) Abdominal tumor at site 1. After each injection, the tumor gradually shrank in size. (B) The large lesion of forehead tumor at site 2 became dry from original ulcer and bleeding. (C) Staining of B7-H3, CD3, and Ki67 of abdominal tumor at site 1 by immunohistochemistry (IHC). B7-H3+ cells showed sub-epithelial localization and were widely observed within the tumor tissue. CD3 staining showed an enrichment of T cells at the injection site within the tumor. (D) Expressions of TGF-β and PDL1 within the tumor tissue examined by IHC. All IHC slides were analyzed and scored by two individual pathologists independently.



Eventually, tumor growth on both sites 1 and 2 was partially controlled after B7-H3 CAR-T treatment; however, the tumors were not entirely eradicated. In the follow-up visits, the patient was under stable physiological condition and showed no sequela upon CAR-T injections, and was continuously given with the routine non-surgical treatments on the tumorous skin.



Discussion

CAR-T technology targets a specific antigen rather than a single cancer disease; thus, the selection of targets is fundamental to the efficacy and safety of CAR-T therapy. In this case, we reported for the first time that a patient with skin tumors achieved a partial response after receiving repeated intratumoral injections of anti-B7-H3 CAR-T cells.

While B7-H3 protein is expressed at low levels in most of the normal tissues, it is aberrantly expressed on differentiated malignant cells and cancer-initiating cells, with limited heterogeneity, and in multiple tumor types, including lung, colon, breast, and ovarian cancers (23). Hence, B7-H3 has been proposed as an attractive target for CAR-T cell therapy. Recently, several CAR-T therapies targeting B7-H3 have generated promising preclinical results against hematologic and multiple solid tumors (7–9, 24–30), including acute myeloid leukemia, melanoma, natural killer/T-cell lymphoma, brain tumors, atypical teratoid/rhabdoid tumors, glioblastoma, neuroblastoma, anaplastic meningioma, and non-small cell lung cancer (NSCLC). Specifically, recent developed anti-B7-H3 CAR-T inhibited the growth of different B7-H3-positive melanoma xenografts in preclinical studies (9, 24).

In this study, after each injection, the patient reported mild subjective myalgia, which resolved within 48 h. This patient’s subjective symptoms were not attributable to IL-6 release (Supplementary Figure 4). In addition, the patient developed itchy and redness at the injection sites, which might be related to the local responses of CAR-T cells. Notably, patient’s serum levels of ALT and AST were slightly increased about twofold after the first injection of CAR-T cells, and then both ALT and AST levels began to decline and returned to normal range. However, no more increase of ALT and AST levels were observed after the second and third injections, even with much higher dosage of CAR-T cells (Figure 1C), indicating that the increased ALT and AST serum levels may not be related to the CAR-T therapy.

Similar to the previous study (31), a very low percentage (<3%) of CAR-positive T cells was detected in the circulating peripheral blood after intratumoral injection (Figure 1D), suggesting that extravasation of anti-B7-H3 CAR-T cells had occurred. However, unlike the surge in CAR-T cells when treating hematologic malignancies, the anti-B7-H3 CAR-T cells in the peripheral blood rapidly decreased over the next 2 days (Figure 1E), which may also indicate the restricted expression of B7-H3 in normal tissues. Given no serious adverse effects were observed in the patient, we postulated that systemic injection of anti-B7-H3 CAR T cells might be tolerated.

We also found that the expression of B7-H3 on tumors was decreased after three doses of injections (Figure 2C), indicating that tumor cells with high expression of B7-H3 were eliminated preferentially. A group of infiltrating CD3+ T cells in tumor tissue was found at the injection site on day 7 after the third intratumoral injection. However, we cannot distinguish the origin of these T cells since no lymphodepletion conditioning was performed on the patient before CAR-T treatment (Figure 2C). Nevertheless, these T cells appeared to be concentrated around the injection sites only, and excluded from the neighboring tumor area. We assumed two reasons to explain this phenomenon. First, injected CAR-T cells have cleared the local B7-H3-positive tumor cells at the injection site; however, they failed to migrate into the adjacent tumor region. Second, as shown in Figure 2D, high level of TGF-β and scattered expression of PD-L1 were observed within the tumor area, and these immune inhibitory molecules suppressed the infiltration of CAR-T cells into the neighboring tumor area. Altogether, these observations suggested that solid tumor microenvironment might deter CAR-T cell infiltration and function.

Based on the current case report, anti-B7-H3 CAR-T cell treatment exhibited promising potential in treating skin cancers, although the patient in this study achieved partial response after three doses of intratumoral injections. To further evaluate the efficacy and safety of anti-B7-H3 CAR-T cell treatment on skin cancers, a larger cohort study is warranted.



Conclusions

In conclusion, one patient with basal cell carcinoma received anti-B7-H3 CAR-T treatment, and the tumor growth was partially controlled after three doses of intratumoral injections; meanwhile, minor and manageable side effects were observed. These clinical outcomes might indicate the great efficacy of anti-B7-H3 CAR-T in treating skin cancers, although these data were obtained from only one patient. A larger cohort study to further evaluate the efficacy and safety issues of anti-B7-H3 CAR-T therapy is required in the near future.
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Supplementary Figure 1 | Immunohistochemistry detection of B7-H3 expression in skin tumors. (A) B7-H3 expression in malignant melanoma with skin tissue array (DC-MaL11011; 24 cases/24 cores). (B) High expression levels of B7-H3 were observed in melanoma, basal cell carcinoma (BCC), and squamous cell carcinoma (SCC). All IHC slides were analyzed and scored by two individual pathologists independently.

Supplementary Figure 2 | B7-H3-CAR-T exhibited excellent antitumor efficacy in vitro and in vivo. (A) B7-H3-CAR-T was effective in killing a variety of solid tumor cells in vitro in a dose-dependent manner. PL45, human pancreatic cancer cells; PC9, human non-small cell lung cancer cells; HepG2, human hepatocellular carcinoma cells; SiHa, human cervical cancer cells. (B) B7-H3-CAR-T effectively cleared transplanted tumors in immuno-deficient NSG mice. Tumor cells (Hep3B, A375 and SiHa) carrying luciferase gene were inoculated subcutaneously on the back of mice for more than 10 days, and the mice were then injected intravenously with B7-H3-CAR-T cells (3×106 cells/mouse were given in mice bearing Hep3B and A375, three therapeutic doses were given in SiHa transplanted mice). (C) Tumor volumes were measured with a vernier caliper, and the results showed that B7-H3 CAR-T completely eliminated the transplanted tumors in mice.

Supplementary Figure 3 | Characterizations of the B7-H3-CAR-T cells. (A) The table shows the identification results of two batches of B7-H3-CAR-T cells. CAR-T cell activity was determined by Smart Cell Counter NucleoCounter® NC-200TM (ChemoMetec, Danmark). 200 µL suspended cells was added into Vial-CassetteTM containing dried acridine orange (AO) and DAPI dyes. Dead cells were dyed with AO/PI and counted by NucleoCounter. The cell activity was presented as (total cell number - dead cell number)/total cell number × 100%. A single copy gene (RPPH1)-based duplex qPCR assay was used to determine vector copy numbers (VCNs) in CAR T cell products. (B) Percentages of CD3, CD4, CD8, CAR positive T cells were determined by flow cytometry analysis.

Supplementary Figure 4 | Monitoring of liver damage and IL6 levels in blood during immunotherapy. (A, B) The levels of alanine transaminase (ALT), aspartate transaminase (AST), alkaline phosphatase (ALP), and gamma-glutamyl transferase (γ-GT) were examined to evaluate the liver function after CAR-T cell injections. (C) Levels of IL-6 remained low after CAR-T cell injections.

Supplementary Figure 5 | Measurement of blood components before and after the CAR-T treatment.
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