

[image: Human Hyaluronidase PH20 Potentiates the Antitumor Activities of Mesothelin-Specific CAR-T Cells Against Gastric Cancer]
Human Hyaluronidase PH20 Potentiates the Antitumor Activities of Mesothelin-Specific CAR-T Cells Against Gastric Cancer





ORIGINAL RESEARCH

published: 13 July 2021

doi: 10.3389/fimmu.2021.660488

[image: image2]


Human Hyaluronidase PH20 Potentiates the Antitumor Activities of Mesothelin-Specific CAR-T Cells Against Gastric Cancer


Ruocong Zhao 1,2†, Yuanbin Cui 2,3†, Yongfang Zheng 2,3, Shanglin Li 2,3, Jiang Lv 2,3, Qiting Wu 2, Youguo Long 2, Suna Wang 2, Yao Yao 2, Wei Wei 4, Jie Yang 5, Bin-Chao Wang 6, Zhenfeng Zhang 7, Hui Zeng 1,8, Yangqiu Li 1,8* and Peng Li 2,3,9*


1 Department of Hematology, First Affiliated Hospital, Jinan University, Guangzhou, China, 2 Center for Cell Regeneration and Biotherapy, Guangzhou Institutes of Biomedicine and Health, Chinese Academy of Sciences, Guangzhou, China, 3 University of Chinese Academy of Sciences, Beijing, China, 4 Guangdong Cord Blood Bank, Guangzhou, China, 5 Guangdong Women and Children Hospital, Panyu, Guangzhou, China, 6 Guangdong Lung Cancer Institute, Guangdong General Hospital (GGH) & Guangdong Academy of Medical Sciences, Guangzhou, China, 7 Department of Radiology, The Second Affiliated Hospital of Guangzhou Medical University, Guangzhou, China, 8 Key Laboratory for Regenerative Medicine of Ministry of Education, Institute of Hematology, School of Medicine, Jinan University, Guangzhou, China, 9 Bioland Laboratory (Guangzhou Regenerative Medicine and Health Guangdong Laboratory), Guangzhou, China




Edited by: 
Rachel Koldej, Royal Melbourne Hospital, Australia

Reviewed by: 
Bhalchandra Mirlekar, University of North Carolina at Chapel Hill, United States

Haopeng Wang, ShanghaiTech University, China

*Correspondence: 
Yangqiu Li
 yangqiuli@hotmail.com
 Peng Li
 li_peng@gibh.ac.cn


†These authors have contributed equally to this work


Specialty section: 
 This article was submitted to T Cell Biology, a section of the journal Frontiers in Immunology








Received: 29 January 2021

Accepted: 28 June 2021

Published: 13 July 2021

Citation:
Zhao R, Cui Y, Zheng Y, Li S, Lv J, Wu Q, Long Y, Wang S, Yao Y, Wei W, Yang J, Wang B-C, Zhang Z, Zeng H, Li Y and Li P (2021) Human Hyaluronidase PH20 Potentiates the Antitumor Activities of Mesothelin-Specific CAR-T Cells Against Gastric Cancer. Front. Immunol. 12:660488. doi: 10.3389/fimmu.2021.660488



T cell infiltration into tumors is essential for successful immunotherapy against solid tumors. Herein, we found that the expression of hyaluronic acid synthases (HAS) was negatively correlated with patient survival in multiple types of solid tumors including gastric cancer. HA impeded in vitro anti-tumor activities of anti-mesothelin (MSLN) chimeric antigen receptor T cells (CAR-T cells) against gastric cancer cells by restricting CAR-T cell mobility in vitro. We then constructed a secreted form of the human hyaluronidase PH20 (termed sPH20-IgG2) by replacing the PH20 signal peptide with a tPA signal peptide and attached with IgG2 Fc fragments. We found that overexpression of sPH20-IgG2 promoted CAR-T cell transmigration through an HA-containing matrix but did not affect the cytotoxicity or cytokine secretion of the CAR-T cells. In BGC823 and MKN28 gastric cancer cell xenografts, sPH20-IgG2 promoted anti-mesothelin CAR-T cell infiltration into tumors. Furthermore, mice infused with sPH20-IgG2 overexpressing anti-MSLN CAR-T cells had smaller tumors than mice injected with anti-MSLN CAR-T cells. Thus, we demonstrated that sPH20-IgG2 can enhance the antitumor activity of CAR-T cells against solid tumors by promoting CAR-T cell infiltration.
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Introduction

Adoptive T cell therapies, including chimeric antigen receptor T cells, have produced substantial responses in patients with hematological malignancies (1, 2). However, the efficacy of CAR-T cells in solid tumor patients remains uncertain, and the microenvironment of solid tumors is accepted to be a major impediment which causes the lack of efficacy. It is believed that immunosuppressive cells and molecules in the TME inhibit the activation and proliferation of T cells (3–5). In addition, the tumor extracellular matrix (ECM) has been reported to play critical roles in tumor growth and metastasis (6, 7). Overproduction of ECM components including hyaluronic acid, an extracellular glycosaminoglycan, can result in increased interstitial fluid pressure and enhanced formation of physical barrier that protects tumor cells from being attacked by immune effector cells (8–13). HA is synthesized by hyaluronic acid synthase, and HAS1, HAS2 and HAS3 have been reported to be responsible for the production of HA in human tissues. Hyaluronidases are natural enzymes able to degrade polymeric high-molecular-weight hyaluronic acid into low-molecular-weight soluble hyaluronic acid molecules. PH20, a membrane protein that is naturally expressed by human sperm, was found to possess high hyaluronidase activity. A recombinant PH20 protein has been shown to be able to enhance the penetration of chemotherapeutic drugs and infiltration of immune cells (13–16). Since low infiltration efficiency is a limitation of T cell therapy against solid cancers, and PH20 may enhance the infiltrating capacity of CAR-T cells, therefore, the combination of PH20 with CAR-T cell therapy is of translational potential and remains to be explored.

In our previous study, we evaluated the feasibility of MSLN as a target of chimeric antigen receptor T cells for gastric cancer treatment. Our data suggested that efficient T cell infiltration into tumor tissue is a prerequisite for good CAR-T cell performance (17). We then sought to further enhance the infiltrative capacity of anti-MSLN CAR-T cells by incorporating other functional elements into the CAR-T cells. In this study, we reported that co-expression of a secreted form of PH20 was able to significantly enhance the HA-degrading capacity of anti-MSLN CAR-T cells. Moreover, sPH20-IgG2-expressing anti-MSLN CAR-T cells showed improved efficiency in infiltrating solid tumor tissue and were better able to regress gastric cancer xenografts in vivo. Our results suggested that the expression of sPH20-IgG2 could facilitate the anti-tumor activity of CAR-T cells against solid cancer.



Materials and Methods


PH20 and CAR Vector Design

The human PH20 cDNA sequence was obtained from the UniProt database (ID: P38567), synthesized by Genscript Co. Ltd (Nanjing, China), and cloned into the pWPXLd-2A-eGFP lentiviral vector through the Pme1 and Spe1 restriction enzyme cloning sites, tandemly linked with a p2A peptide sequence enabling co-expression with eGFP cassette. The second-generation anti-mesothelin CAR containing a 4-1BB costimulatory domain was previously described (18), CAR expression cassette was cloned into pWPXLd lentiviral vector through pme1 and Nde1 restriction enzyme cloning sites. The transcription is driven by EF1αpromoter.



Lentivirus Production

Lentiviral particles were produced in HEK-293T cells via polyethyleneimine (Sigma-Aldrich, St. Louis, MO, USA) transfection. A pWPXLd-based lentiviral plasmid and two packaging plasmids, psPAX2 and pMD.2G, were cotransfected into HEK-293T cells in 10-cm dishes at a ratio of 3:1:4 (total amount: 24 µg). Lentivirus-containing supernatants were harvested at 24, 48 and 72 hours posttransfection and filtered through a 0.45-µm filter.



Generation of CAR T Cells

PBMCs were isolated from the buffy coats of 50-100ml peripheral blood from healthy donors using Lymphoprep (Fresenius Kabi Norge, AS, Berg i Østfold, Norway).more than 2×107 T cells were negatively selected from each aliquot of PBMCs using the MACS Pan T Cell Isolation Kit (Miltenyi Biotec, Bergish Gladbach, Germany) (CD3>90%), and were counted under microscopy with typan blue exclusion (Viability>80%), and activated using microbeads coated with anti-human CD3, anti-human CD2 and anti-human CD28 antibodies (Miltenyi Biotec) at a 1:1 bead:cell ratio for 24 hours in GT-T551H3 medium (Takara Biotechnology Dalian, China) supplemented with 10% heat-inactivated fetal bovine serum (FBS), 300 IU/ml IL-2, 10 mM HEPES, 2 mM glutamine and 1% penicillin/streptomycin. Every 1×106 T cells were transduced with 5-10 ml of CAR lentiviral supernatants in the presence of 8 μg/ml polybrene (Sigma) for 5 hours with 1 ml 10% FBS-containing medium, and 2 continuous rounds of transduction were conducted. After transduction, the T cells were cultured in fresh medium containing IL-2 (300 IU/mL). Subsequently, fresh medium was added every 2–3 days to maintain the cell density within the range of 0.5–1×106/mL. The healthy PBMC donors who provided the primary specimens gave informed consent for the use of their samples for research purposes, and all procedures were approved by the Research Ethics Board of Guangzhou Institutes of Biomedicine and Health (GIBH).



Cells and Culture Conditions

HEK-293T cells were maintained in Dulbecco’s modified Eagle’s medium (Gibco, Grand Island, NY, USA). BGC823 (human gastric adenocarcinoma), KATOIII (human gastric carcinoma), MKN28 (human gastric carcinoma), and MKN45 cell lines were obtained from bnbio (Beijing, China) and maintained in RPMI-1640 medium. Luciferase/GFP-expressing cell lines (BGC-823-GL and KATO-III-GL) were generated by transfection of the parental cell line with lentiviral supernatant containing luciferase-2A-GFP and were sorted for GFP expression on a FACS Aria™ cell sorter (BD Biosciences, San Jose, CA, USA). All cells were cultured at 37°C in an atmosphere of 5% carbon dioxide.



Flow Cytometry

All samples were analyzed using a NovoCyteTM (ACEA Biosciences), LSR Fortessa or C6 flow cytometer (BD Biosciences), and data were analyzed using FlowJo software (FlowJo, LLC, Ashland, OR, USA). The antibodies used for flow cytometry included biotinylated human mesothelin (catalog 296-580) (Acrobiosystems, Beijing, China), streptavidin-APC, and anti-human CD3-APC (clone UCHT1) (BioLegend, San Diego, CA, USA). The transduction efficiency of MSLN CAR-T cells was determined by incubation of 2×105 T cells with 1ug/ml biotinylated human mesothelin at 4°C for 30mins, then washed with PBS containing 1% FBS and incubated with streptavidin-APC for another 30 mins, followed by washing with PBS containing 1% FBS and resuspended with PBS for detection. All the other FACS-related staining procedures were performed on 4°C for 30min, and cells were then washed with PBS containing 1% FBS at 300g before cytometric analysis.



Hyaluronidase Activity Assay

In total, 1×106 total T cells or Jurkat cells were cultured in 2 ml of culture medium containing 200 µg high-molecular-weight hyaluronan (R&D, Catalog #GLR002) in a 48-well plate. Then, the supernatant was collected at different timepoints and centrifuged at 300 RCF for 5 min. One hundred microliters of supernatant was added to 200 µl of a solution containing 0.1% bovine serum in 24 mM anhydrous sodium acetate and 79 mM glacial acetic acid (pH 3.75). The turbidity was then recorded at 600 nm with a microplate reader.



Tumor Killing Assays

BGC823GL target cells were incubated with Mock-T cells, anti-MSLN-T cells or anti-MSLN-sP T cells at the indicated ratio in triplicate wells of white 96-well plates. Target cell viability was monitored 18 hours later by adding 100 µl/well D-luciferin (potassium salt) (Cayman Chemical, USA) at 150 µg/ml. Background luminescence was negligible (<1% of the signal from wells containing only target cells). The percent viability (%) was calculated as the experimental signal/maximal signal×100, and the percent lysis was equal to 100% - percent viability.



Cytokine Release Assays

ELISA kits for IL-2, IFN-γ, granzyme B and TNFa were purchased from eBioscience (San Diego, CA, USA), and all ELISAs were performed according to the manufacturer’s protocols. T cells were cocultured with target cells at an E:T ratio of 1:1 for 18 hours. The culture supernatants were then collected and centrifuged at 300 RCF for 5 min, and the supernatants were subjected to the protocols provided by the manufacturer.



Transwell Assays

For T cell migration assays, 500 µl of GT-T551H3 medium containing 10% FBS was added into the lower chamber of an 8-µm-pore 24-well transwell plate (Corning, New York, USA). High-molecular-weight hyaluronic acid was dissolved in GT-T551H3 medium at multiple concentrations (1 mg/ml, 2 mg/ml and 5 mg/ml) and then added into the upper chamber (500 µl) to form a hyaluronic acid matrix; GT-T551H3 medium served as the negative control. Bead-activated T cells (1×106) were then seeded on the top of the hyaluronic acid matrix, and at each timepoint (6 h, 12 h and 24 h), the T cells that migrated through the HA matrix into the lower chamber were counted under an optical microscope.

For Transwell killing assays, 2×105 target cells (BGC823GL or KATOIIIGL) were seeded in the lower chamber of an 8-µm-pore 24-well Transwell plate in GT-T551H3 medium containing 10% FBS. Then, high-molecular-weight hyaluronic acid was dissolved in GT-T551H3 medium at multiple concentrations (1 mg/ml, 2 mg/ml and 5 mg/ml) and added to the upper chamber (500 µl) to form a hyaluronic acid matrix; GT-T551H3 medium served as the negative control. Mock-T cells, MSLN-T cells or MSLN-sP T cells were then seeded on top of the hyaluronic acid matrix at each indicated effector-to-target ratio (1:1, 1:2, and 1:4). After 48 hours, the cells in the lower chamber were digested with trypsin and centrifuged at 300 RCF for 5 min. Then, they were resuspended in 100 µl of fresh medium and seeded in a white 96-well plate, and 100 µl/well D-luciferin (potassium salt) at 150 µg/ml was then added to measure the viability of target cells as described for the tumor killing assays. The supernatant of the lower chamber in the Transwell system was also collected for cytokine release assays as described above.



Animal Experiments

Animal experiments were performed in the Laboratory Animal Center of Guangzhou Institute of Biomedicine and Health (GIBH), Chinese Academic of Sciences. All animal procedures were approved by the Animal Welfare Committee of GIBH. All protocols were approved by the relevant Institutional Animal Care and Use Committee (IACUC). All mice were maintained in specific pathogen-free (SPF)-grade cages and were provided autoclaved food and water.

For the cell line-based gastric cancer s.c xenograft models, 1×106 BGC-823 cells or 2×106 MKN28 cells in 100 μL of PBS were injected subcutaneously into the right flank of NSI mice (6-8 weeks old). When tumor nodes were palpable, the mice were divided into 3 groups (Mock-T, anti-MSLN-T, and anti-MSLN-sP-T) and received 5×106 CAR-T cells in 100 μL of PBS via the tail vein. Tumor volume was measured every 3 days with a caliper and calculated by the following equation: tumor volume =(length×width2)/2. On day 30(BGC823 model) or day39 (MKN28 model) after tumor injection, the mice were sacrificed, and tumor tissues were weighed and then fixed with 10% paraformaldehyde.



Immunohistochemistry

Tumor tissue sections were fixed with 10% paraformaldehyde, embedded in paraffin, sectioned at a thickness of 4 μm, and stained using a standard hematoxylin and eosin technique. Paraffin sections were also immunostained with antibodies specific for human CD3 (Clone: OKT3, BioLegend, USA) overnight at 4°C, followed by secondary staining with goat anti-rabbit IgG (PV-9000) (ZSGB-BIO, Beijing, China). Images of all sections were obtained with a microscope (DMI6000B; Leica Microsystems, Wetzlar, Germany).



HA Quantification Assay

Tumor samples were weighed and grinded, then centrifuged at 500g for 10min and suspensions were collected. ELISA kits for HA were purchased from Abmart Shanghai Co Ltd(Shanghai China), and test were performed according to the manufacturer’s protocols. HA content in each tumor sample were calculated as HA concentration×test volume/tumor weight(g).



Patient Survival Analysis

Patient survival analysis was performed with gene expression profiling interactive analysis (GEPIA) database (http://gepia.cancer-pku.cn). The results were compared with Log-rank test with 95% Confidence Interval, Median survival was used as group cutoff with 50% high group and 50% low group.



Statistics

Data are presented as the means ± standard errors of the means. Student’s t test was used to determine the statistical significance of differences between samples, Two-way ANOWA test was used to determine the statistical significance of differences between groups. A P value <0.05 indicated a significant difference. All statistical analyses were performed using Prism software version 7.0 (GraphPad, Inc., San Diego, CA, USA).




Results


The Expression of HAS Is Negatively Correlated With the Disease Prognosis of Solid Tumor Patients Including Gastric Cancer

We firstly analyzed the influences of hyaluronic acid synthase (HAS) expression on patient survival in the gene expression profiling interactive analysis (GEPIA) database. The results showed that the expression of all three HAS family members (HAS1, HAS2, and HAS3) was negatively correlated with patient survival in stomach adenocarcinoma (Figure 1A), and high HAS2 expression was negatively correlated with patient survival in multiple types of solid cancers, including hepatocellular carcinoma (LIHC), lung squamous cell carcinoma (LUSC), colon adenocarcinoma (COAD), sarcoma (SARC), and cholangiocarcinoma (CHOL) (Figure 1B), suggesting that a high level of HA in tumor tissues negatively impacts the prognosis of patients with solid cancers. Taken together, these results demonstrate that HAS family negatively affects patient survival in a wide range of solid cancer types, including gastric cancer.




Figure 1 | The expression of HA synthase (HAS) is negatively correlated with the disease prognosis of cancer patients. (A) Data analysis of the correlations of hyaluronic acid synthase expression (HAS1, HAS2, and HAS3) with patients survival in STAD patients. (B) Analysis for the correlations of the expression of hyaluronic acid synthase 2 (HAS2) with patient survival. LIHC, liver hepatocellular carcinoma; LUSC, lung squamous cell carcinoma; MESO, mesothelioma; SARC, sarcoma; LGG, low-grade glioma. The results were compared with Log-rank test with 95% Confidence Interval, Median survival was used as group cutoff with 50% high group and 50% low group.





HA Restricts T Cell Mobility and Inhibits the Antitumor Effects of CAR-T Cells

To simulate an HA-containing tumor extracellular matrix, we employed a Transwell assay to investigate the inhibitory effect of HA on T cell mobility and found that the HA concentration was negatively correlated with the number of T cells in the lower chamber at each time point (Supplementary Figures 1A, B), suggesting that the HA-containing matrix restricted T cell mobility. Efficient infiltration is important for the antitumor activity of CAR-T cells against solid cancers. To evaluate the inhibition of CAR-T cell mobility caused by HA, we utilized a second-generation anti-MSLN CAR containing 4-1BB as the costimulatory signal and a mock CAR with an anti-CD19 scFv (Figure 2A). Efficient transduction of the MSLN CAR into primary human T cells could be detected by flow cytometry with a biotinylated MSLN protein and streptavidin (Supplementary Figure 2A). We then seeded BGC823GL and KATOIIIGL gastric cancer cells that expressed mesothelin (17) as target cells in the lower chamber, while HA was added to the upper chamber at different concentrations, and CAR-T cells were seeded in the upper chamber in the HA matrix. Thus, the CAR-T cells that penetrated the matrix successfully migrated into the lower chamber and killed target cancer cells (Figure 2B). We utilized coexpression of GFP and luciferase to measure the viability of these cells with a microplate reader. The results of this assay demonstrated that HA could significantly decrease the killing activity of anti-MSLN CAR-T cells against both gastric cancer cell lines at each E:T ratio, and this effect was positively correlated with the concentration of HA (Figure 2C). Consistent with the luciferase assay results, the GFP intensity of BGC823GL cells in the Transwell coculture assay was much lower in the HA groups than in the control group (Figure 2D). Additionally, the amounts of IFN-γ and Granzyme B secreted by CAR-T cells were reduced in the HA groups compared with the medium control group (Figures 2E, F). Collectively, these data suggested that HA could restrict the mobility of T cells and prevent CAR-T cells from transmigrating and attacking cancer cells.




Figure 2 | HA restricts T cell mobility and inhibits the antitumor effect of CAR-T cells. (A) Schematic diagram of the structures of CAR gene expression cassettes. (B) Schematic diagram of the Transwell tumor killing coculture system. (C) Results of killing assays performed with anti-MSLN CAR-T cells targeting the gastric cancer cell lines BGC823GL and KATOIIIGL in the Transwell coculture system; error bars denote the S. D, and the results were compared with two-way ANOVA. **P < 0.01. (D) GFP fluorescence images of viable BGC823GL cells at the endpoint of the killing assay at each E:T ratio. (E) Concentrations of IFN-γ and (F) Granzyme B in the supernatant of Transwell chambers at each E:T ratio determined by ELISA; error bars denote the S. D, and the results were compared with an unpaired t test. **P < 0.01; ***P < 0.001.





sPH20-IgG2 Enhances the Transmigratory Capacity of Anti-MSLN CAR-T Cells in an HA-Containing Matrix and Promotes Their Anti-Tumor Activity In Vitro

To test whether enforced expression of the human hyaluronidase PH20 in T cells is able to confer an enhanced capacity to degrade an HA-containing tumor extracellular matrix, we constructed four types of lentiviral expression cassettes: two membrane-located forms with or without IgG2 Fc fragments and two secreted forms with or without IgG2 Fc fragments. The secreted form of PH20 was constructed by substituting the PH20 signal peptide with the tPA signal peptide. The incorporation of IgG2 Fc fragments was intended to stabilize the structure of PH20 due to the reported short half-life of this protein (Figure 3A). We first transduced Jurkat cells with these gene cassettes, and the results of a hyaluronidase activity test showed that only the Jurkat cells expressing PH20-IgG2 or secreted PH20-IgG2 were able to degrade HA, with stronger activity observed in the secreted PH20-IgG2 Jurkat cells (Supplementary Figure 3A). The degradation of HA by secreted PH20-IgG2-expressing Jurkat cells could be detected after 24 hours compared with mock Jurkat cells (Supplementary Figure 3B). To test whether sPH20-IgG2 could confer hyaluronidase activity to CAR-T cells, we then cotransduced sPH20-IgG2 with the anti-MSLN CAR into primary human T cells. Coexpression of the anti-MSLN CAR and sPH20-IgG2 in T cells (anti-MSLN-sP) could be detected by FACS (Supplementary Figure 4A). Hyaluronidase activity measurements showed that the expression of sPH20-IgG2 enhanced the hyaluronidase activity of anti-MSLN CAR-T cells (Figure 3B). In vitro killing and cytokine secretion assays suggested that the expression of sPH20-IgG2 did not affect the cytotoxicity or cytokine secretion of anti-MSLN CAR-T cells (Supplementary Figures 4B, C). Next, we again utilized a Transwell coculture system to evaluate the antitumor activity of anti-MSLN-sP T cells in the context of an HA-containing ECM. The results showed that the anti-MSLN-sP CAR-T cells were better able to attack target cancer cells (Figure 3C) and penetrate through the HA-containing matrix than conventional anti-MSLN CAR-T cells (Figures 3D, E). The amounts of IFN-γ and granzyme B in the lower chamber were also increased in the anti-MSLN-sP CAR-T cell group compared with the conventional anti-MSLN CAR-T cell group (Figures 3F, G). Collectively, these results suggested that sPH20-IgG2 expressed by CAR-T cells was able to degrade HA and enhanced the capacity of CAR-T cells to transmigrate through the HA-containing matrix.




Figure 3 | sPH20-IgG2 enhances the transmigratory capacity of anti-MSLN CAR-T cells in an HA-containing matrix and promotes their antitumor activity in vitro. (A) Schematic diagram of the four types of PH20 lentiviral expression cassettes. (B) Hyaluronidase activity of UT-T, MSLN-T, and MSLN-sP-T cells; error bars denote the S. D, and the results were compared with an unpaired t test. *P < 0.05; **P < 0.01; ***P < 0.001. (C) Viability of BGC823GL tumor cells in the lower chamber of a Transwell coculture system after coculture with UT-T, MSLN-T, or MSLN-sP-T cells at an E:T ratio of 1:1 with 5 mg/ml HA matrix in the upper chamber. (D) Percentage of CD3-positive T cells in the lower chamber of Transwell wells with UT-T, anti-MSLN-T, or anti-MSLN-sP-T cells at an E:T ratio=1:1 with 5 mg/ml HA matrix in the upper chamber. (E) Representative flow cytometry plot for (D). (F) The concentrations of IFN-γ and (G) granzyme B in the supernatant of chambers in the Transwell killing assay. Error bars denote the S. D, and the results were compared with an unpaired t test. *P < 0.05; **P < 0.01; ***P < 0.001.





sPH20-IgG2 Enhances the Infiltration and Antitumor Activity of Anti-MSLN CAR-T Cells in Xenograft Gastric Cancer Mouse Models

To test the functions of sPH20-IgG2-expressing CAR-T cells in vivo, we utilized cell line-derived xenograft mouse model. Firstly, NSI mice were subcutaneously inoculated with 1×106 BGC823 human gastric cancer cells. After 10 days, when tumors were palpable, 5×106 Mock-T cells, anti-MSLN CAR-T cells or anti-MSLN-sP CAR-T cells were injected via the tail vein. Tumor growth was monitored with a caliper. After 30 days, the mice were sacrificed, and the tumor tissues were weighed and dissected for IHC analysis (Figure 4A). The results showed that the conventional anti-MSLN CAR-T cells could significantly inhibit tumor growth compared with the Mock-T cells in these mice; However, the anti-MSLN-sP CAR-T cells showed a significantly stronger capacity to regress tumors, as depicted by combined tumor growth curves and tumor weight measurements (Figures 4B, C), as well as individual tumor growth curves (Figure 4D). Immunohistochemical staining for CD3 suggested that T cell infiltration in the anti-MSLN-sP CAR-T cell group was significantly higher than that in the conventional anti-MSLN CAR-T cell group (Figures 4E, F).




Figure 4 | sPH20-IgG2 enhances the infiltration and antitumor activity of anti-MSLN CAR-T cells in BGC823 gastric cancer mouse model. (A) Schematic diagram of the experiment,n=7 for each group. (B) Measurement of tumor volumes after treatment with Mock-T, anti-MSLN-T or anti-MSLN-sP-T cells; error bars denote the S. D, and the results were compared with two-way ANOVA. *P < 0.05, **P < 0.01. (C) Tumor weights of the Mock-T, anti-MSLN-T and anti-MSLN-sP-T cell groups on day 30 after tumor injection (time of sacrifice). (D) Tumor growth curves for the individual mice in the anti-MSLN-T and anti-MSLN-sP-T cell groups. (E) Representative images of IHC detection of tumor-infiltrated T cells in the anti-MSLN-T and anti-MSLN-sP-T cell groups. (F) Statistical analysis of tumor-infiltrated T cells in the anti-MSLN-T and anti-MSLN-sP-T cell groups. Error bars denote the S. D, and the results were compared with an unpaired t test. *P < 0.05; **P < 0.01.



Despite the above result, our drawback is the limited co-expression efficiency of sPH20-IgG2 with MSLN CAR. To improve the co-expression efficiency, we flow-sorted the GFP+ CAR MSLN+ double positive T cells which represents the co-expression of sPH20-IgG2 with MSLN CAR, and expanded these sorted cells in vitro. The results showed that the majority of sorted cells were GFP+ CAR MSLN+ double positive cells (Supplementary Figure 5A), and they possess substantial hyaluronidase activity in vitro (Supplementary Figure 5B).To further verify the in vivo efficacy of these T cells, we utilized another gastric cancer mouse model in which 2×106 MKN28 human gastric cancer cells were subcutaneously inoculated with NSI mice. After 18 days, when tumors were palpable, 5×106 Mock-T cells, anti-MSLN CAR-T cells or anti-MSLN-sP CAR-T cells were injected via the tail vein. Tumor growth was monitored with a caliper. After 39 days, the mice were sacrificed, and the tumor tissues were weighed (Figure 5A). The results showed that the anti-MSLN-sP CAR-T cells again exhibited stronger capacity to regress tumors (Figures 5B–D). Meanwhile, T cell infiltration in the anti-MSLN-sP CAR-T cell group was significantly higher than that in the anti-MSLN CAR-T cell group (Figure 5E). We then detected the level of HA in the tumor tissues by ELISA assay, and found that HA level was decreased in anti-MSLN-sP CAR-T cell treated groups compared with anti-MSLN CAR-T cell group (Figure 5F). Taken together, these results demonstrated that the expression of sPH20-IgG2 was able to enhance the tumor infiltration of anti-MSLN CAR-T cells and potentiate their anti-tumor activity against gastric cancer in vivo.




Figure 5 | sPH20-IgG2 enhances the infiltration and antitumor activity of anti-MSLN CAR-T cells in MKN28 gastric cancer mouse model. (A) Schematic diagram of the experiment, n=4 for Mock-T, n=6 for MSLN-T and n=5 for MSLN-sP-T group. (B) Measurement of tumor volumes after treatment with Mock-T, anti-MSLN-T or anti-MSLN-sP-T cells; (C) Tumor weights of the Mock-T, anti-MSLN-T and anti-MSLN-sP-T cell groups on day 39 after tumor injection (time of sacrifice). (D) Tumor growth curves for the individual mice in the anti-MSLN-T and anti-MSLN-sP-T cell groups. (E) Statistical analysis for the percentage of T cells in the tumor tissues of the anti-MSLN-T and anti-MSLN-sP-T cell treated groups. (F) ELISA detection of HA level in the in the tumor tissues of the anti-MSLN-T and anti-MSLN-sP-T cell treated groups. Error bars denote the S. D, and the results were compared with an unpaired t test. *P < 0.05; **P < 0.01.






Discussion

It has been widely reported that the tumor microenvironment suppresses the antitumor activities of T cells via immunosuppressive cells and molecules (19, 20). Multiple strategies targeting these cells and molecules have been developed or investigated (21–24). In addition, many solid tumors produce high levels of ECM components. Collagen, proteoglycans, laminins and HA have been recognized as major ECM molecules (25–27). The physical barrier produced by the overproduction of ECM molecules in tumor tissues prevents infiltration of immune cells and protects tumor cells from immune attack (9, 28–30). Therefore, degradation of the tumor ECM is an important process for the efficient trafficking and accumulation of T cells in tumor sites (31). HA, a glycosaminoglycan that is not conjugated with a peptide, is synthesized by a family of three transmembrane glycosyltransferases, termed hyaluronan synthetase1-3 (8, 32). Of note, HAS-2 is the most commonly expressed HAS isoform according to literature and it is reported to catalyze the synthesis of high molecular weight forms of HA, which may contribute to the formation of abnormal physical barrier to prevent immune cell infiltration (9, 10). Whereas HAS-3 drives the production of large amounts of low molecular weight chains of HA (9, 11). This may be the reason for the observation in our patient survival analysis which showed that HAS2 exhibits much stronger negative correlation with patient’s survival than the other two HAS family members. HA overproduction in tumors increases tissue interstitial fluid pressure and stiffness, both of which impede T cell migration and physical contact with tumor cells (9, 10). Therefore, overcoming the physical barrier established by HA is important for improving the antitumor activity of CAR-T cells against solid tumors.

To date, how ECM molecules affect T cell therapy remains unknown. One group reported that overexpression of heparanase (HPSE) in CAR-T cells enhanced the abilities of the cells to degrade heparan sulfate proteoglycans and infiltrate tumor tissues (33). Therefore, ECM molecules are potential targets to improve the efficacy of T cell therapies. Considering the diverse composition of the ECMs of different tumors, strategies targeting different ECM molecules should be developed and may be incorporated to further improve the efficacy of CAR-T cell therapies. To target HA, some studies have applied PH20 with chemotherapies, monoclonal antibodies or oncolytic viruses. Research by Paolo and colleagues demonstrated that HA was enriched in the stroma of pancreatic ductal adenocarcinomas (PDAs) and that administration of PH20 with the conventional chemotherapeutic agent gemcitabine remodeled the tumor microenvironment and vessels, thereby improving antitumor efficacy (13). Netai et al. demonstrated that HA restricted the efficacy of monoclonal antibodies and that PEGylated PH20 could degrade the tumor pericellular matrix and enhance antibody-dependent cytotoxicity (ADCC) (16). Sonia et al. reported the construction of a PH20-overexpressing oncolytic adenovirus and showed that this modification enhanced the intratumoral spread of viruses, which resulted in better tumor control (34). Recently, Xiong et al. reported the construction of GPC3 targeted CAR-T cells with the overexpression of IL-7 and PH20 and found these two elements together can promote the tumor suppressor activity of these CAR-T cells in vitro and in vivo (35). Collectively, these reports and our present study together suggest the potential advantages of human hyaluronidase PH20 in cancer therapies. Considering the great heterogenity of solid tumors, detailed analysis for the composition of tumor ECM will make contribution for the development of therapeutic strategies targeting ECM molecules, and the safety of these strategies need to be tested in the suitable humanized animal models, which is also the limitation of the current study.

In the present study, we found that sPH20-IgG2-expressing CAR-T cells exhibited a strong capacity to degrade the hyaluronic acid matrix in vitro and showed an improved ability to suppress tumor growth in a xenograft gastric cancer mouse model. Our study highlights that PH20 can serve as an attractive functional element for adoptively transferred T cells, including CAR-T cells, to potentiate their infiltration into solid tumors and that this strategy is of substantial significance and should be tested in other research models or in the clinic.
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Supplementary Figure 1 | HA inhibits the transmigratory capacity of T cells in vitro. (A) Microscopy images of human T cells in the lower chamber of Transwell wells with different concentrations of HA (medium only, 1 mg/ml, 2 mg/ml, or 5 mg/ml) at different timepoints (6 h, 12 h, and 24 h). (B) Cell counts for T cells in the lower chamber of Transwell wells with different concentrations of HA (medium only, 1 mg/ml, 2 mg/ml, or 5 mg/ml). Error bars denote the S. D, and the results were compared with two-way ANOVA. *P < 0.05, **P < 0.01.

Supplementary Figure 2 | Representative flow cytometry image of CAR expression efficiency in transduced T cells.

Supplementary Figure 3 | In vitro functional screening of PH20-overexpressing vectors. (A) Hyaluronidase activity of PH20-IgG2-, PH20-, sPH20-IgG2-, and sPH20-transduced Jurkat cells, untransduced Jurkat cells and a medium control at 24 hours. (B) Hyaluronidase activity of sPH20-IgG2-transduced Jurkat cells, untransduced Jurkat cells and the medium control at different timepoints (12 h, 24 h and 48 h). Error bars denote the S. D, and the results were compared with an unpaired t test. *P < 0.05; **P < 0.01, ***P < 0.001.

Supplementary Figure 4 | Expression of sPH20-IgG2 does not affect the normal effector functions of anti-MSLN CAR-T cells. (A) Flow cytometric analysis of untransduced, anti-MSLN CAR-transduced, and anti-MSLN-sP CAR-transduced T cells. (B) Results of a direct killing assay with Mock-T, anti-MSLN-T or anti-MSLN-sP-T cells and the target gastric cancer cell line BGC823GL. Error bars denote the S. D, and the results were compared with two-way ANOVA. (C) Secretion of IFN-γ and Granzyme B by Mock-T, anti-MSLN-T and anti-MSLN-sP-T cells after coculture with BGC823GL cells for 24 h. Error bars denote the S. D, and the results were compared with an unpaired t test. n.s: not significant.

Supplementary Figure 5 | (A) Flow cytometric analysis of flow sorted anti-MSLN-sP CAR-transduced T cells.(B) Hyaluronidase activity of Mock-T, anti-MSLN-T and anti-MSLN-sP-T cells after flowcytometry sorting of CAR MSLN+GFP+ double positive population.Error bars denote the S. D, and the results were compared with an unpaired t test. *P < 0.05; **P < 0.01, ***P < 0.001.



References

1. June, CH, O'Connor, RS, Kawalekar, OU, Ghassemi, S, and Milone, MC. CAR T Cell Immunotherapy for Human Cancer. Science (2018) 359(6382):1361–5. doi: 10.1126/science.aar6711

2. Maude, SL, Frey, N, Shaw, PA, Aplenc, R, Barrett, DM, Bunin, NJ, et al. Chimeric Antigen Receptor T Cells for Sustained Remissions in Leukemia. N Engl J Med (2014) 371(16):1507–17. doi: 10.1056/NEJMoa1407222

3. Rodriguez-Garcia, A, Palazon, A, Noguera–Ortega, E, Powell, DJ Jr, and Guedan, S. CAR-T Cells Hit the Tumor Microenvironment: Strategies to Overcome Tumor Escape. Front Immunol (2020) 11:1109. doi: 10.3389/fimmu.2020.01109

4. Scarfo, I, and Maus, MV. Current Approaches to Increase CAR T Cell Potency in Solid Tumors: Targeting the Tumor Microenvironment. J Immunother Cancer (2017) 5:28. doi: 10.1186/s40425-017-0230-9

5. Martinez, M, and Moon, EK. CAR T Cells for Solid Tumors: New Strategies for Finding, Infiltrating, and Surviving in the Tumor Microenvironment. Front Immunol (2019) 10:128. doi: 10.3389/fimmu.2019.00128

6. Pickup, MW, Mouw, JK, and Weaver, VM. The Extracellular Matrix Modulates the Hallmarks of Cancer. EMBO Rep (2014) 15(12):1243–53. doi: 10.15252/embr.201439246

7. Walker, C, Mojares, E, and Del Rio Hernandez, A. Role of Extracellular Matrix in Development and Cancer Progression. Int J Mol Sci (2018) 19(10):3028. doi: 10.3390/ijms19103028

8. Liu, M, Tolg, C, and Turley, E. Dissecting the Dual Nature of Hyaluronan in the Tumor Microenvironment. Front Immunol (2019) 10:947. doi: 10.3389/fimmu.2019.00947

9. Spinelli, FM, Vitale, DL, Sevic, I, and Alaniz, L. Hyaluronan in the Tumor Microenvironment. Adv Exp Med Biol (2020) 1245:67–83. doi: 10.1007/978-3-030-40146-7_3

10. Gupta, RC, Lall, R, Srivastava, A, and Sinha, A. Hyaluronic Acid: Molecular Mechanisms and Therapeutic Trajectory. Front Vet Sci (2019) 6:192. doi: 10.3389/fvets.2019.00192

11. Cyphert, JM, Trempus, CS, and Garantziotis, S. Size Matters: Molecular Weight Specificity of Hyaluronan Effects in Cell Biology. Int J Cell Biol (2015) 2015:563818. doi: 10.1155/2015/563818

12. Whatcott, CJ, Han, H, Posner, RG, Hostetter, G, and Von Hoff, DD. Targeting the Tumor Microenvironment in Cancer: Why Hyaluronidase Deserves a Second Look. Cancer Discov (2011) 1(4):291–6. doi: 10.1158/2159-8290.CD-11-0136

13. Provenzano, PP, Cuevas, C, Chang, AE, Goel, VK, Von Hoff, DD, and Hingorani, SR. Enzymatic Targeting of the Stroma Ablates Physical Barriers to Treatment of Pancreatic Ductal Adenocarcinoma. Cancer Cell (2012) 21(3):418–29. doi: 10.1016/j.ccr.2012.01.007

14. Weber, GC, Buhren, BA, Schrumpf, H, Wohlrab, J, and Gerber, PA. Clinical Applications of Hyaluronidase. Adv Exp Med Biol (2019) 1148:255–77. doi: 10.1007/978-981-13-7709-9_12

15. Khan, N, Niazi, ZR, Rehman, FU, Akhtar, A, Khan, MM, Khan, S, et al. Hyaluronidases: A Therapeutic Enzyme. Protein Pept Lett (2018) 25(7):663–76. doi: 10.2174/0929866525666180629121823

16. Singha, NC, Nekoroski, T, Zhao, C, Symons, R, Jiang, P, Frost, GI, et al. Tumor-Associated Hyaluronan Limits Efficacy of Monoclonal Antibody Therapy. Mol Cancer Ther (2015) 14(2):523–32. doi: 10.1158/1535-7163.MCT-14-0580

17. Lv, J, Zhao, R, Wu, D, Zheng, D, Wu, Z, Shi, J, et al. Mesothelin is a Target of Chimeric Antigen Receptor T Cells for Treating Gastric Cancer. J Hematol Oncol (2019) 12(1):18. doi: 10.1186/s13045-019-0704-y

18. Zhao, R, Cheng, L, Jiang, Z, Wei, X, Li, B, Wu, Q, et al. DNAX-Activating Protein 10 Co-Stimulation Enhances the Anti-Tumor Efficacy of Chimeric Antigen Receptor T Cells. Oncoimmunology (2019) 8(1):e1509173. doi: 10.1080/2162402X.2018.1509173

19. Wu, AA, Drake, V, Huang, HS, Chiu, S, and Zheng, L. Reprogramming the Tumor Microenvironment: Tumor-Induced Immunosuppressive Factors Paralyze T Cells. Oncoimmunology (2015) 4(7):e1016700. doi: 10.1080/2162402X.2015.1016700

20. Joyce, JA, and Fearon, DT. T Cell Exclusion, Immune Privilege, and the Tumor Microenvironment. Science (2015) 348(6230):74–80. doi: 10.1126/science.aaa6204

21. Fleming, V, Hu, X, Weber, R, Nagibin, V, Groth, C, Altevogt, P, et al. Targeting Myeloid-Derived Suppressor Cells to Bypass Tumor-Induced Immunosuppression. Front Immunol (2018) 9:398. doi: 10.3389/fimmu.2018.00398

22. Noy, R, and Pollard, JW. Tumor-Associated Macrophages: From Mechanisms to Therapy. Immunity (2014) 41(1):49–61. doi: 10.1016/j.immuni.2014.06.010

23. Pathria, P, Louis, TL, and Varner, JA. Targeting Tumor-Associated Macrophages in Cancer. Trends Immunol (2019) 40(4):310–27. doi: 10.1016/j.it.2019.02.003

24. Ries, CH, Cannarile, MA, Hoves, S, Benz, J, Wartha, K, Runza, V, et al. Targeting Tumor-Associated Macrophages With Anti-CSF-1R Antibody Reveals a Strategy for Cancer Therapy. Cancer Cell (2014) 25(6):846–59. doi: 10.1016/j.ccr.2014.05.016

25. Afratis, N, Gialeli, C, Nikitovic, D, Tsegenidis, T, Karousou, E, Theocharis, AD, et al. Glycosaminoglycans: Key Players in Cancer Cell Biology and Treatment. FEBS J (2012) 279(7):1177–97. doi: 10.1111/j.1742-4658.2012.08529.x

26. Hynes, RO, and Naba, A. Overview of the Matrisome–an Inventory of Extracellular Matrix Constituents and Functions. Cold Spring Harb Perspect Biol (2012) 4(1):a004903. doi: 10.1101/cshperspect.a004903

27. Naba, A, Clauser, KR, Hoersch, S, Liu, H, Carr, SA, and Hynes, RO. The Matrisome: In Silico Definition and In Vivo Characterization by Proteomics of Normal and Tumor Extracellular Matrices. Mol Cell Proteomics (2012) 11(4):M111 014647. doi: 10.1074/mcp.M111.014647

28. Mushtaq, MU, Papadas, A, Pagenkopf, A, Flietner, E, Morrow, Z, Chaudhary, SG, et al. Tumor Matrix Remodeling and Novel Immunotherapies: The Promise of Matrix-Derived Immune Biomarkers. J Immunother Cancer (2018) 6(1):65. doi: 10.1186/s40425-018-0376-0

29. Evanko, SP, Potter–Perigo, S, Bollyky, PL, Nepom, GT, and Wight, TN. Hyaluronan and Versican in the Control of Human T-Lymphocyte Adhesion and Migration. Matrix Biol (2012) 31(2):90–100. doi: 10.1016/j.matbio.2011.10.004

30. Jacobetz, MA, Chan, DS, Neesse, A, Bapiro, TE, Cook, N, Frese, KK, et al. Hyaluronan Impairs Vascular Function and Drug Delivery in a Mouse Model of Pancreatic Cancer. Gut (2013) 62(1):112–20. doi: 10.1136/gutjnl-2012-302529

31. Alaniz, L, Garcia, M, Rizzo, M, Piccioni, F, and Mazzolini, G. Altered Hyaluronan Biosynthesis and Cancer Progression: An Immunological Perspective. Mini Rev Med Chem (2009) 9(13):1538–46. doi: 10.2174/138955709790361485

32. Chanmee, T, Ontong, P, and Itano, N. Hyaluronan: A Modulator of the Tumor Microenvironment. Cancer Lett (2016) 375(1):20–30. doi: 10.1016/j.canlet.2016.02.031

33. Caruana, I, Savoldo, B, Hoyos, V, Weber, G, Liu, H, Kim, ES, et al. Heparanase Promotes Tumor Infiltration and Antitumor Activity of CAR-Redirected T Lymphocytes. Nat Med (2015) 21(5):524–9. doi: 10.1038/nm.3833

34. Guedan, S, Rojas, JJ, Gros, A, Mercade, E, Cascallo, M, and Alemany, R. Hyaluronidase Expression by an Oncolytic Adenovirus Enhances its Intratumoral Spread and Suppresses Tumor Growth. Mol Ther (2010) 18(7):1275–83. doi: 10.1038/mt.2010.79

35. Xiong, X, Xi, J, Liu, Q, Wang, C, Jiang, Z, Yue, S, et al. Co-Expression of IL-7 and PH20 Promote Anti-GPC3 CAR-T Tumour Suppressor Activity In Vivo and In Vitro. Liver Int (2020) 41(5):1033–43. doi: 10.1111/liv.14771



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.

Copyright © 2021 Zhao, Cui, Zheng, Li, Lv, Wu, Long, Wang, Yao, Wei, Yang, Wang, Zhang, Zeng, Li and Li. 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.2021.660488_cover.jpg
, frontiers
in Immunology

Human Hyaluronidase PH20
Potentiates the Antitumor Activities
of Mesothelin-Specific CAR-T Cells
Against Gastric Cancer





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Human Hyaluronidase PH20 Potentiates the Antitumor Activities of Mesothelin-Specific CAR-T Cells Against Gastric Cancer

      

        		

          Introduction

        



        		

          Materials and Methods

        

          		

            PH20 and CAR Vector Design

          



          		

            Lentivirus Production

          



          		

            Generation of CAR T Cells

          



          		

            Cells and Culture Conditions

          



          		

            Flow Cytometry

          



          		

            Hyaluronidase Activity Assay

          



          		

            Tumor Killing Assays

          



          		

            Cytokine Release Assays

          



          		

            Transwell Assays

          



          		

            Animal Experiments

          



          		

            Immunohistochemistry

          



          		

            HA Quantification Assay

          



          		

            Patient Survival Analysis

          



          		

            Statistics

          



        



        



        		

          Results

        

          		

            The Expression of HAS Is Negatively Correlated With the Disease Prognosis of Solid Tumor Patients Including Gastric Cancer

          



          		

            HA Restricts T Cell Mobility and Inhibits the Antitumor Effects of CAR-T Cells

          



          		

            sPH20-IgG2 Enhances the Transmigratory Capacity of Anti-MSLN CAR-T Cells in an HA-Containing Matrix and Promotes Their Anti-Tumor Activity In Vitro

          



          		

            sPH20-IgG2 Enhances the Infiltration and Antitumor Activity of Anti-MSLN CAR-T Cells in Xenograft Gastric Cancer Mouse Models

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-12-660488-g001.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-12-660488-g005.jpg
Tumor volume (mm3)
8§ & 8

H

g

0.

Tumor volume (mm3)
]

CD3+ T cell percentage

NOD-SCID
IL2Ry-/- mice

day0

day18

every3days  day39

2x100

Teelliv

MKN28 cells  injection

s injection

fary

‘Tumor weight ()

18 21 2 2 % @ % 3 days 00

Tumorwatch  Mice sacrifice

s
b
*
ey

R
&
&
MSLN-T 8 MSLN-sP-T
2 0
E
2
H
%
E
)
IEEEEEEE IR EEEEY)
days days
. .
0 .
o
Sw
.

e, oy

g

T I s o oy





OEBPS/Images/fimmu-12-660488-g003.jpg
przo [ PH20" ANEGEEN
PH201GG21 PH0T mserernen ANMNEGEEN

spHoo [ASPL PH20  [ANNNEGERNN
$PH20-IgG2

tPA SP:Tissue-type plasminogen activator signal peptide

c o
WigdE— o= e -
o8 ==

Bos

s

Soa
02
00 o

12h 24n a8h S
\’i&v‘\‘

46.1 718

s
IFN-gamma GzMB
1000 15000 .
150 . s0]
— £ 1000
E E"
S50 5, 7500
2 2
o
250 5000
2500
o
PR
SNE






OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/fimmu-12-660488-g002.jpg
M
Cancer cells.

ScFy S\lechmmvwmmlvnnubk region
TM: Transmembrane fegion

] Bace KATO Il reito.
MSLN-T(1mg/mi HA)
WS Tangmn

MSLN-T(Emgimi HA

! /

ETRao 11 12 14  ETRato 11 12

- I
-

ETRao 11
.
IFN-gamma Granzyme B

6007 aas S
2 w0 - 2o .
E) R 10000

200

5000

0. o.
ETRato 14 P A ETRatio 1:1 12 14





OEBPS/Images/fimmu-12-660488-g004.jpg
Tumor volume (mm3)

Tumor volume (mm3)

/Y, dap day10 every3days  day30
s
- 1x108 Teelliv i
NOD-SCID cel Tumor watch  Mice sacrifice
IL2Ry-/- mice BGCB23 cells injection
scinjection
< - MSLNPT
600 T = ”'SU‘T'
Zos.
400 Z 06
2 04
20 5
],. 04
2 0o
o 02
10 14 18 22 25 0 days
MSLN-T MSLN-sP-T
30 & 300
2
E
@ 200
200 g
3
100- g 100
5
2
0 10 14 18 22 26 30 days 0 10 14 18 22 26 30 days
g 1
MSLN-T MSLN-sP-T g
315 T
810
8
s S =2
- ®

MSLN.T

MSLN-SP.T





