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Abstract

Background—Avelumab has recently been approved by the Food and Drug Administration for 

the therapy of Merkel cell carcinoma and urothelial carcinoma. M7824 is a novel first-in-class 

bifunctional fusion protein comprising a monoclonal antibody against programmed death-ligand 1 

(PD-L1, avelumab), fused to the extracellular domain of human transforming growth factor beta 

(TGFβ) receptor 2, which functions as a TGFβ “trap”. Advanced urothelial tumors have been 

shown to express TGFβ, which possesses immunosuppressive properties that promote cancer 

progression and metastasis. The rationale for a combined molecule is to block the PD-1/PD-L1 

interaction between tumor cells and immune cell infiltrate and simultaneously reduce or eliminate 

TGFβ from the tumor microenvironment. In this study, we explored the effect of M7824 on 

invasive urothelial carcinoma cell lines.

Methods—Human urothelial (transitional cell) carcinoma cell lines HTB-4, HTB-1, and HTB-5 

were treated with M7824, M7824mut (M7824 that is mutated in the anti-PD-L1 portion of the 

molecule and thus does not bind PD-L1), anti-PD-L1 (avelumab), or IgG1 isotype control 

monoclonal antibody, and were assessed for gene expression, cell surface phenotype, and 

sensitivity to lysis by TRAIL, antigen-specific cytotoxic T lymphocytes and natural killer cells.
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Results—M7824 retains the ability to mediate antibody-dependent cellular cytotoxicity of tumor 

cells, although in some cases to a lesser extent than anti-PD-L1. However, compared to anti-PD-

L1, M7824 increases (a) gene expression of molecules involved in T-cell trafficking in the tumor 

(e.g., CXCL11), (b) TRAIL-mediated tumor cell lysis, and (c) antigen-specific CD8+ T-cell 

mediated lysis of tumor cells.

Conclusions—These studies demonstrate the immunomodulatory properties of M7824 on both 

tumor cell phenotype and immune-mediated lysis. Compared to anti-PD-L1 or M7824mut, M7824 

induces immunogenic modulation of urothelial carcinoma cell lines, rendering them more 

susceptible to immune mediated recognition and lysis. These findings show the relevance of the 

dual blockade of PD-L1 and TGFβ in urothelial carcinoma cell lines and thus support the rationale 

for future clinical studies of M7824 in patients with urothelial cancer.

Keywords

anti-PD-L1; TGFβ; Immunogenic modulation; CTL-mediated lysis; Antibody-dependent cellular 
cytotoxicity; Bladder cancer

1. Introduction

Urothelial carcinoma cancer represents 90% of all bladder cancers and is the sixth most 

common cancer in the United States [1]. About 25% of urothelial carcinoma are metastatic 

at the time of diagnosis. In this setting, cisplatin-based regimens represent the treatment of 

choice and are associated with an overall survival of 9–15 months [2, 3]. For patients who 

progress on that regimen or because of co-morbidities are not allowed to receive cisplatin, 

there are several treatment options [4]. In the European Union, vinflunine has been approved 

as a second-line therapy, while the Food and Drug Administration (FDA) recently approved 

five checkpoint inhibitors for patients who have progressed during or after platinum-based 

therapy [5]. Atezolizumab, an engineered humanized monoclonal antibody (MAb) IgG1 that 

binds programmed death-ligand 1 (PD-L1) and prevents its interaction with PD-1 and B7-1, 

was the first checkpoint inhibitor approved by the FDA in May 2016 for the treatment of 

patients with metastatic urothelial carcinoma who progressed on a platinum-based regimen 

[6] or for metastatic urothelial cancer patients who are not eligible to receive cisplatin-based 

chemotherapy [7]. Other clinical trials in patients with metastatic urothelial carcinoma led to 

the FDA approval of nivolumab (human IgG4 MAb that binds PD-1) [8] and durvalumab 

(selective human IgG1 anti-PD-L1 antibody) [9, 10]. More recently, pembrolizumab was 

approved by the FDA for patients with locally advanced or metastatic urothelial carcinoma 

who progressed after or within 12 months of neoadjuvant or adjuvant treatment with 

platinum-containing chemotherapy and for patients with metastatic or locally advanced 

urothelial carcinoma who are not eligible for cisplatin-containing chemotherapy.

Avelumab has also recently been approved by the FDA for the therapy of locally advanced 

or metastatic urothelial carcinoma. Avelumab, a fully human IgG1 monoclonal anti-PD-L1 

antibody, differs from the other checkpoint inhibitors that target the PD-1/PD-L1 interaction 

in its ability to mediate antibody-dependent cellular cytotoxicity (ADCC) of tumor cells [11, 

12]. Avelumab was also shown to enhance antigen-specific T-cell activation when human 

peripheral blood mononuclear cells were stimulated with viral peptides [13]. A phase I 
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clinical trial showed a favorable safety profile and no evidence of depletion of PD-L1 

positive immune cell subsets [14–16]. Moreover, expansion cohorts and phase II clinical 

trials have shown that avelumab is well tolerated and associated with durable responses and 

prolonged survival in patients with refractory metastatic urothelial carcinoma [17], 

progressive or treatment-resistant non-small cell lung cancer (NSCLC) [18], and in 

advanced Merkel cell carcinoma [19].

M7824 is a novel first-in-class bifunctional fusion protein consisting of the extracellular 

domain of the human transforming growth factor beta (TGFβ) receptor 2, which functions as 

a “trap” for all three TGFβ isoforms, covalently linked to the C-terminus of the heavy chain 

of the anti-PD-L1 antibody derived from avelumab (Lan et al., manuscript submitted). The 

rationale for a combined molecule is to block the PD-1/PD-L1 pathway between tumor cells 

and immune cell infiltrate and simultaneously alleviate the immune suppressive effect of the 

high levels of TGFβ in the tumor microenvironment [20–23]. In addition, in advanced 

cancers, TGFβ has also been associated with epithelial to mesenchymal transition (EMT) 

and resistance to chemotherapy [24–26]. A recent study has shown that M7824 reverts 

features of TGFβ-mediated mesenchymalization, including attenuating expression of 

mesenchymal markers, proliferation suppression, and chemo-resistance [27]. In addition, in 

vitro studies have shown that M7824 is capable of mediating ADCC of human cervical, 

lung, breast, and prostate cancer cells [28]. M7824 has also shown anti-tumor efficacy in 

various murine models [29, 30] (Lan et al., manuscript submitted; Knudson et al., 

manuscript in preparation). M7824 has also been evaluated in a phase I clinical study, where 

it showed a manageable safety profile and signs of efficacy associated with clinical 

responses [31, 32].

There is a rationale to target both the PD-1/PD-L1 axis and TGFβ signaling in urothelial 

carcinoma. Several studies have shown that urothelial carcinoma express increased levels of 

PD-L1 in more advanced and metastatic tumors compared to the early stage disease [33, 34]. 

Moreover, increased PD-L1 expression has been associated with reduced overall survival 

and relapse-free survival following cystectomy, suggesting that the upregulation of PD-L1 is 

a relevant mechanism of immune escape [35, 36]. High preoperative plasma levels of 

TGFβ1 are associated with poor clinical outcome in patients with urothelial carcinoma [37]. 

Moreover, phosphorylation of SMAD2, which is involved in TGFβ signaling, is increased in 

high grade urothelial carcinoma and is associated with reduced survival and increased 

recurrence [38]. However, decreased expression of TGFβR1 in bladder cancer biopsies is 

associated with poor prognosis [39, 40].

In this study, we explored the relevance of the dual blockade of PD-L1 and TGFβ for the 

immunogenic modulation of tumor cells, and support the rationale for the use of M7824 

alone and in combination with other therapies in clinical studies in patients with urothelial 

carcinoma.
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2. Materials and methods

2.1. Tumor cell lines and culture conditions

Human bladder cell lines (HTB-4, HTB-1, HTB-5, UMUC-3, UMUC-5, HTB-2, and 

HTB-9) were purchased from American Type Culture Collection (ATCC, Manassas, VA) 

and cultured as recommended. Cisplatin-resistant HTB-4 and HTB-5 cells were developed 

by exposure to stepwise increased concentrations of cisplatin (APP Pharmaceuticals, Lake 

Zurich, IL,), up to 1 uM.

2.2. Luminex assay

Supernatants were collected from human bladder tumor cells following 24 hours of culture 

and assessed for the presence of TGFβ1, TGFβ2, and TGFβ3 by Luminex Performance 

Assay (R&D Systems, Minneapolis, MN) according to the manufacturer’s instruction. 

Samples were acquired with Luminex Lx200, software Bioplex 6.0 (Luminex Corporation, 

Austin, TX).

2.3. Treatment

HTB-4, HTB-1, and HTB-5 cells were treated with M7824, M7824mut, anti-PD-L1 

(avelumab), or the IgG1 isotype control MAb at 20 ug/ml for 72 hours. The absence of any 

treatment also served as a control in all experiments. M7824 is a bifunctional fusion protein 

consisting of the extracellular domain of the human TGFβR2 covalently linked to the C-

terminus of the heavy chain of the anti-PDL1 antibody derived from avelumab. In 

comparison, M7824mut is able to bind TGFβ, but is mutated in the anti-PD-L1 portion of 

the molecule, so it does not bind PD-L1, while avelumab binds only to PD-L1. These agents 

were obtained from EMD Serono (Billerica, MA) as part of a Cooperative Research and 

Development Agreement with the National Cancer Institute.

2.4. Flow cytometric analysis

Human urothelial carcinoma cells HTB-4, HTB-1, and HTB-5 were treated as described and 

analyzed by flow cytometry (Supplementary Methods) for changes in expression of several 

immunologically relevant cell-surface markers. Proteins were defined as upregulated by 

treatment if either the percentage of positive cells or the mean fluorescence intensity (MFI) 

increased by > 20% compared to cells treated with the isotype control.

2.5. TRAIL assay

HTB-4 cells were treated as described, and assessed for sensitivity to recombinant killer 

TRAIL (Enzo Life Sciences, Farmingdale, NY) using the CellTiter-Glo luminescent 

viability assay (Promega, Madison, WI) (Supplementary Methods).

2.6. T-cell and natural killer (NK) tumor cell lysis assays

Human urothelial carcinoma cells were treated as described and used as targets in 

radioactive cytotoxicity assays with purified NK cells and carcinoembryonic antigen (CEA) 

specific CD8+ CTL cells as effectors (Supplementary Methods). In some experiments, NK 
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cells were incubated 3 hours prior to the assay with a functional grade purified anti-CD16 

antibody (eBioscience, San Diego, CA) or the corresponding isotype control.

2.7. NanoString

HTB-4, HTB-5, and HTB-1 cells were treated as described. RNA was extracted and 

analyzed using the nCounter PanCancer Progression Panel (NanoString Technologies, Inc., 

Seattle, WA) according to the manufacturer’s protocol (Supplementary Methods). Genes 

were considered upregulated or downregulated if in cells treated with M7824, M7824mut, or 

anti-PD-L1 there was a greater than 3-fold change compared to isotype control.

2.8. Statistical analysis

Statistical analysis was performed using GraphPad Prism (GraphPad Software, La Jolla, 

CA). Differences between treatments were assessed using an unpaired Student’s t test with a 

2-tailed distribution. Results are reported as p values calculated using a confidence interval 

of 95% (P values < 0.05 are considered statistically significant).

3. Results

3.1. Analysis of human bladder tumor cell production of TGFβ

To measure the production of TGFβ isoforms, seven human bladder cell lines (UMUC-3, 

UMUC-5, HTB-1, HTB-2, HTB-4, HTB-5, and HTB-9) were tested by Luminex assay for 

TGFβ1, TGFβ2, and TGFβ3. Supernatants were collected after 24-hour culture of cells and 

compared to media alone. Five of seven bladder cell lines produced varying levels of TGFβ1 

and/or TGFβ2 (Fig. 1). Based on the higher levels of TGFβ1, the urothelial (transitional 

cell) carcinoma cell lines HTB-1, HTB-4, and HTB-5 were selected for further studies. 

TGFβ3 isoform was undetectable in all the samples analyzed.

3.2. Effect of M7824 on expression of genes potentially involved in tumor progression and 
metastasis

To analyze the effect of M7824, M7824mut and anti-PD-L1 on expression of genes 

potentially involved in cancer progression, RNA from treated cells was extracted and 

analyzed with the NanoString PanCancer Progression Panel. This panel contains 770 genes 

associated with tumor progression, including angiogenesis, extracellular matrix components 

and remodeling, epithelial to mesenchymal transition (EMT), and genes involved in the 

metastatic process. Using a 3-fold cut-off compared to the isotype control MAb, different 

genes were upregulated or downregulated with M7824, M7824mut or anti-PD-L1 (Fig. 2A–

C). In HTB-4 (Fig. 2A) and HTB-5 cells (Fig. 2B) a greater number of genes were uniquely 

altered with M7824 compared to anti-PD-L1 or M7824mut; however, in HTB-1 tumor cells, 

a similar number of genes changed among the different treatments (Fig. 2C). A complete list 

of expression of genes ranked by fold change that were upregulated or downregulated 

following treatment with M7824 compared to the isotype control is provided in 

Supplementary Fig. 1. Changes in expression of these genes in cells treated with anti-PD-L1 

or M7824mut are also noted.
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To find a common gene signature associated with M7824 treatment, we investigated genes 

that changed in the same direction in at least two of the three cell lines analyzed. As 

indicated in Fig. 2D, 12 genes were upregulated (red) or downregulated (green) in two of 

three cell lines treated with M7824. These genes are involved in the angiogenesis process, 

remodeling of the extracellular matrix, and EMT. Only one gene, CXCL11, was upregulated 

in all three cell lines. CXCL11 is a chemokine involved in the trafficking and homing of T 

cells to tumor [41, 42]. Moreover, as shown in Fig. 2E, CXCL11 was upregulated to a 

greater extent in cultures treated with M7824 compared to anti-PD-L1 or M7824mut. 

Quantitative RT-PCR confirmed that CXCL11 is upregulated in HTB-4 and HTB-1 cells 

(Fig. 2F).

3.3. M7824 increases the sensitivity of human bladder cancer cells to NK-mediated lysis by 
ADCC

M7824 is a human IgG1 derived from the anti-PD-L1 antibody, avelumab, that has the 

ability to mediate ADCC [11]. To determine if M7824 increases the sensitivity of urothelial 

carcinoma cell lines to NK lysis, HTB-4, HTB-5 and HTB-1 cells were incubated with 

M7824, M7824mut or anti-PD-L1, and then assessed for lysis by NK cells (Fig. 3). The 

baseline level of lysis varied depending on the donor utilized and the cell line tested. HTB-4, 

HTB-5 and HTB-1 cells exposed to M7824 showed a statistically significant increased 

sensitivity to NK lysis compared to the isotype control (Fig. 3A–F). Two of three tumor cell 

lines treated with anti-PD-L1, however, showed higher levels of lysis compared to M7824. 

Employing HTB-4 cells, the difference observed in lysis between M7824 and anti-PD-L1 

appear to be dependent upon the donor NK cells used. Using NK cells from five healthy 

donors, four had a similar level of NK lysis with M7824 and anti-PD-L1, while one had a 

much higher level of lysis with anti-PD-L1 than M7824 (Table S1, Supplementary Material).

To confirm the ability of M7824 to mediate ADCC, human urothelial carcinoma cells treated 

with M7824, anti-PD-L1 or the IgG1 isotype control MAb were incubated with healthy 

donor NK cells that were pretreated with anti-CD16 blocking antibody. The percentage of 

lysis was significantly reduced when tumor cells treated with M7824 or anti-PD-L1 were 

incubated with NK cells pretreated with the anti-CD16 blocking antibody (Fig. 3G–I).

3.4. M7824 increases the sensitivity of cisplatin-resistant human urothelial carcinoma cell 
lines to NK-mediated lysis

Because checkpoint inhibitors have an indication in patients with locally advanced or 

metastatic urothelial cancer after cisplatin failure, we established HTB-4 (Fig. 4A) and 

HTB-5 (Fig. 4B) cisplatin-resistant cells, by exposing them to increased concentrations of 

cisplatin. Exposure of resistant cells (Fig. 4, triangles) to cisplatin initially decreased their 

number and viability similarly to cisplatin-naïve parent cells (Fig. 4, circles); however, they 

recovered in 7 to 10 days, in contrast to non-resistant cells that did not recover (Fig. 4A and 

B). After HTB-4 and HTB-5 resistant cells recovered from cisplatin treatment, they were 

exposed to M7824 or anti-PD-L1 for 3 days and then assessed in an NK killing assay. 

M7824 and anti-PD-L1 both increased the sensitivity of HTB-4 (Fig. 4C) and HTB-5 (Fig. 

4D) cisplatin-resistant cells to NK killing, demonstrating that even cisplatin resistant cells 

treated with M7824 or anti-PD-L1 are susceptible to NK lysis.
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3.5. M7824 induces upregulation of extracellular markers involved in immunogenic 
modulation

To examine the potential of M7824 to alter tumor cell phenotype, HTB-4 cells were exposed 

for 3 days to M7824, M7824mut or anti-PD-L1, and then analyzed by flow cytometry for 

the expression of several immunologically relevant molecules. Relative to the isotype 

control, M7824 increased the expression (percent positive or MFI) of ICAM-1, CEA, and 

Fas in HTB-4 cells (Table 1). No changes were observed in HTB-4 cells treated with anti-

PD-L1, except for an increase in PD-L1 MFI. Similar increases in ICAM-1 MFI were 

observed in HTB-1 cells but not in HTB-5 cells. In conclusion, M7824 induces an 

upregulation of molecules involved in immunogenic modulation of urothelial cancer cells, 

potentially rendering them more sensitive to immune-mediated killing.

3.6. M7824 increases the sensitivity of human urothelial cancer cells to TRAIL-mediated 
lysis

High levels of TGFβ are associated with the selection of tumor cells resistant to the 

cytotoxic effects of multiple agents, including radiation, chemotherapy, and to apoptosis-
inducing ligands such as TRAIL [26, 43]. To determine whether M7824 could play a 

functional role in reverting resistance to TRAIL, HTB-4 cells were treated with M7824, 

M7824mut or anti-PD-L1 and assessed for sensitivity to TRAIL. Untreated and isotype 

control exposed cultures were resistant to TRAIL. Treatment with anti-PD-L1 did not alter 

sensitivity to TRAIL; however, exposure of HTB-4 cells to M7824 or M7824mut 

significantly increased sensitivity to TRAIL (Fig. 5). These data indicate that the increased 

sensitivity to TRAIL lysis is mediated by the TGFβR2 component of M7824. HTB-1 and 

HTB-5 urothelial cancer cells were negative for TRAIL receptors and, therefore, were not 

tested.

3.7. M7824 increases the sensitivity of human urothelial cancer cells to antigen-specific 
CD8+ T-cell mediated lysis

High levels of TGFβ are also associated with immune escape due to a reduction of T-cell 

function [22, 23]. To determine whether M7824 increases the sensitivity to antigen-specific 

CD8+ T cells, HTB-4 cells were treated with M7824, M7824mut, or anti-PD-L1, and 

assessed for their sensitivity to CEA-specific CD8+ T cells. Untreated cells, as well as those 

exposed to the IgG1 isotype control, showed a baseline lysis of 25% and 18%, respectively 

(Fig. 6). Compared to the isotype control, cells exposed to M7824 showed a 2-fold increase 

in lysis. Cultures treated with M7824mut or anti-PD-L1 also had a significant increase in 

lysis, although to a lesser extent than M7824 (Fig. 6). Studies in our laboratory have shown 

that the use of an isotype control antibody is the appropriate control for an antibody-based 

treatment; however, because of the slight difference in lysis noted between untreated and 

isotype treated cells, cultures exposed to each agent were also compared to untreated 

controls. M7824 was the only agent that significantly increased lysis compared to untreated 

cells. HTB-1 and HTB-5 urothelial cancer cells were negative for CEA, and thus were not 

suitable as targets.
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4. Discussion

The recent approval of anti-PD-1/PD-L1 MAbs has changed the prognosis of patients with 

locally advanced or metastatic urothelial carcinomas and patients who are ineligible to 

receive cisplatin-based treatment [5]. In fact, the results of several clinical trials clearly 

showed significant anti-tumor activity, tolerable safety profiles and durable responses 

associated with a reduced recurrence rate in patients treated with checkpoint inhibitors 

compared to the standard of care [6, 10, 17]. Although the mechanisms of action of 

checkpoint inhibitors are not completely understood, the efficacy of immunotherapy seems 

to be driven by underlying molecular, genomic and, most of all, immunological factors at the 

tumor microenvironment.

M7824 is a novel first-in-class bifunctional fusion protein composed of an MAb against PD-

L1 (avelumab), fused to the extracellular domain of human TGFβ receptor 2, which 

functions as a TGFβ “trap”. The rationale for the combined molecule is to target two 

immunosuppressive pathways in the tumor microenvironment. Specifically, M7824 blocks 

the PD-1/PD-L1 interaction between tumor cells and immune effector cells, and 

simultaneously removes TGFβ from the tumor microenvironment, which, in addition to 

inhibiting T-cell function, suppresses the antitumor activity of innate immune cells including 

NK cells and dendritic cells [21, 23]. This concept is also supported by recent data from 

patients with hepatitis C virus infection, which showed an increase in Th1 cytokine 

production when PD-1 blockade was combined with TGFβ blockade [44]. These properties 

confer on M7824 unique characteristics in the checkpoint inhibitor class of molecules. 

Preclinical studies with M7824 have shown anti-tumor efficacy in several murine tumor 

models and associated modulation of immune infiltrate, including increases in CD8+ T cells 

and NK cells as well as reductions in suppressive immune cells including neutrophils and 

myeloid-derived suppressor cells [29, 30] (Lan et al., manuscript submitted; Knudson et al., 

manuscript in preparation). In addition, M7824 has also been evaluated in a phase I clinical 

study, where it showed a manageable safety profile and early signs of clinical efficacy [31, 

32].

In the present study, we analyzed the immunomodulatory properties of M7824 on human 

invasive urothelial cancer cell lines. While established cancer cell lines derived from human 

urinary bladder tumors reflect some of the genetic and morphologic alterations observed in 

human urothelial carcinoma, it is understood that they do not fully represent the spectrum of 

tumors found in patients, and their transitional potential is limited by in vitro cell culture 

conditions [45]. Compared to avelumab, we show for the first time that M7824 is able to 

induce immunologically relevant changes on urothelial cancer cells, rendering them more 

susceptible to immune-mediated attack. NanoString analysis shows that M7824 can 

influence multiple pathways related to the immune recognition of human urothelial cancer 

cells via mechanisms related to the remodeling of tumor vasculature, extracellular matrix 

and tumor stroma, and secretion of chemokines that potentially favor immune cell 

infiltration into the tumor. We show that M7824 induces upregulation of CXCL11, a 

molecule involved in the homing of T cells into the tumor [41, 42, 46]. This molecule has 

been described by Galon et al. as part of the immune signature in patients who had clinical 

benefit from ipilimumab [47].
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Because avelumab is able to mediate ADCC, we also evaluated the ability of M7824 to 

induce ADCC of urothelial cancer cells. We confirmed that M7824 retains the biological 

ADCC activity of avelumab but to a lower extent, using NK cells from some healthy donors 

as effectors, presumably due to steric hindrance caused by fusion of anti-PD-L1 to the 

TGFβR2 portion of the molecule. In the experiments performed with HTB-4 cells, the lysis 

by four of five different healthy donors was fairly similar between M7824 and anti-PD-L1. 

The underlying mechanisms of this finding will require more exploratory studies. In 

addition, as checkpoint inhibitors are approved for the treatment of metastatic urothelial 

cancer patients after cisplatin-based chemotherapy failure, we tested the ability of M7824 to 

mediate ADCC of cisplatin-resistant urothelial cancer cells. We found that M7824 is able to 

mediate ADCC of resistant cells to a similar extent as non-resistant tumor cells.

The studies reported here also showed the ability of M7824 to enhance cell death induced by 

TRAIL. HTB-4 urothelial cancer cells treated with M7824 were more sensitive to TRAIL-

mediated lysis compared to tumor cells that were untreated, treated with the isotype control, 

or treated with anti-PD-L1. The evidence that TRAIL-mediated lysis was partially enhanced 

also by M7824mut indicates that this effect is mediated by the TGFβR2 component of the 

molecule. It has previously been shown that treatment with certain agents, such as tyrosine 

kinase inhibitors, chemotherapy and radiation, can modulate the phenotype of 

immunologically relevant molecules on tumor cells, making them more sensitive to T-cell 

mediated killing in a process known as immunogenic modulation [48–50]. We found that 

HTB-4 cells treated with M7824 increased their expression of CEA, ICAM, and Fas. This 

translated to an increase in antigen-specific CD8+ T cell lysis; tumor cells treated with anti-

PD-L1, however, did not show an increase in antigen-specific CEA CD8+ T-cell lysis.

In summary, we show for the first time that in contrast to PD-L1 inhibition alone, dual 

blockade of PD-L1 and TGFβ, using a novel bifunctional fusion protein, modulates human 

urothelial cancer cell phenotype, rendering cells more susceptible to TRAIL and antigen-

specific CD8+ T-cell mediated lysis. In addition, we show that M7824 mediates ADCC of 

tumor cells, although to a lesser extent than anti-PD-L1 alone, using NK cells as effectors 

from some donors. All together, these data suggest that M7824 could be active in patients 

who do not respond to anti-PD-L1 treatment or to other checkpoint inhibitors. M7824 could 

also be employed in patients with urothelial carcinoma in combination with recombinant 

vaccines directed against urothelial carcinoma associated antigens or vaccines directed 

against neo-antigens identified from patient tumor biopsies. Since M7824 has also been 

shown in the present study to mediate ADCC of urothelial carcinoma cells, a potential 

combination therapy would consist of M7824 and the IL15 superagonist fusion protein 

ALT-803; ALT-803 has been shown in preclinical studies [28, 51] to enhance both the level 

of NK cells and their ability to mediate ADCC of carcinoma cells. Finally, a recent study 

[27] has demonstrated that M7824 can alter the phenotype of carcinoma cells from a more 

mesenchymal to an epithelial phenotype, and consequently render tumor cells more sensitive 

to a range of chemotherapeutic agents. These findings also provide the rationale for potential 

clinical studies employing M7824 in combination with chemotherapy in patients with 

urothelial carcinoma. The data presented here thus support the rationale for future clinical 

studies of M7824 in urothelial cancer patients.
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Supplementary Material
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HIGHLIGHTS

• M7824 consists of anti-PD-L1 and TGFβR2 which functions as a TGFβ 
“trap.”

• M7824 induces immunogenic modulation of urothelial carcinoma cells.

• M7824 increases expression of genes involved in T-cell trafficking.

• M7824 increases T cell–mediated lysis of urothelial carcinoma cells.

• M7824 mediates ADCC of urothelial carcinoma cells.
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Fig. 1. 
Human urothelial cancer cells produce TGFβ1 and TGFβ2. Seven human bladder cell lines 

were screened for the production of TGFβ1, TGFβ2, and TGFβ3 by Luminex bead array. 

Supernatants were collected after 24-hour culture of 1×106 cells, and exposed to acid and 

base immediately prior to the assay to detect TGFβ isoforms. Based on the high level of 

TGFβ1, HTB-4, HTB-5 and HTB-1 urothelial cancer cells were selected for further studies. 

TGFβ levels were also assessed in complete media (with serum) and media lacking serum 

(without serum). TGFβ3 was undetectable in all cell lines analyzed.
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Fig. 2. 
Genes upregulated or downregulated with M7824, M7824mut, and anti-PD-L1. Human 

urothelial carcinoma tumor cell lines were treated with M7824, M7824mut, anti-PD-L1, or 

IgG1 isotype control MAb (20 ug/ml) for 3 days. RNA was extracted and a NanoString 

nCounter PanCancer Progression Panel was run. The number of genes that changed >3 fold 

compared to the isotype control with M7824, M7824mut, or anti-PD-L1 are represented in 

the Venn diagrams, for HTB-4 (A), HTB-5 (B) and HTB-1 (C) cells. Heat map represents 

genes that changed >3 fold compared to the isotype control (in red genes that are 

upregulated, in green genes that are downregulated) in at least two of the three bladder cell 

lines when treated with M7824 (D). Fold change compared to the isotype control are 

indicated. A complete list of genes that changed >3 fold for HTB-4, HTB-5 and HTB-1 is 

provided in Figure S1 of Supplementary Material. CXCL11 (indicated in bold) is the only 

gene upregulated in all three bladder cell lines analyzed. A greater increase in CXCL11 gene 

expression is observed when cells are treated with M7824 compared to M7824mut or anti-

PD-L1 and the isotype control (E). HTB-4, HTB-5 and HTB-1 cells were also assessed by 

quantitative RT-PCR for expression of CXCL11 (F). Bars indicate mean±SEM. Statistical 

analyses were performed with an unpaired t test. P values <0.05 were considered significant.
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Fig. 3. 
Anti-PD-L1 and M7824 increase NK-mediated lysis of human urothelial cancer cells by 

ADCC. HTB-4 (A and D), HTB-5 (B and E), and HTB-1 (C and F) cells were treated with 

M7824, M7824mut, anti-PD-L1 or the IgG1 isotype control MAb (20 ug/ml) for 3 days. 

Cells were then harvested, washed, labeled with 111In and co-incubated with NK cells from 

healthy donors (at effector:target ratio of 25:1) for 4 hours (A, B, and C) or 14 hours (D, E 

and F). Supernatants were harvested and 111In release measured. % tumor lysis = 

[(experimental cpm-spontaneous cpm)/(maximum cpm-spontaneous cpm)] × 100. NK cells 

from healthy donors were incubated with anti-CD16 antibody or isotype control (20 ug/ml) 

3 hours prior to the assay and co-incubated with HTB-4 (G), HTB-5 (H) and HTB-1 (I) 

tumor cells for 14 hours. Bars indicate mean±SEM. Statistical analyses were done with 

unpaired t test. P values <0.05 were considered significant.
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Fig. 4. 
Anti-PD-L1 and M7824 increase NK-mediated lysis of cisplatin-resistant urothelial cancer 

cell lines. HTB-4 (A) and HTB-5 (B) cells that were naïve or resistant to cisplatin were 

exposed to 1 uM of cisplatin for 24 hours and assessed for cell viability by trypan blue 

exclusion. Following 8–10 days from the last exposure of cisplatin, HTB-4 (C) and HTB-5 

(D) resistant tumor cell lines were treated with M7824, M7824mut, anti-PD-L1 or the IgG1 

isotype control MAb for 72 hours. Cells were then harvested, washed, labeled with 111In and 

co-incubated with NK cells from healthy donors (at effector:target ratio of 25:1) for 14 

hours. Supernatants were harvested and 111In release measured. % tumor lysis = 

[(experimental cpm-spontaneous cpm)/(maximum cpm-spontaneous cpm)] × 100. Bars 

indicate mean±SEM. Statistical analyses were done with unpaired t test. P values <0.05 

were considered significant.
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Fig. 5. 
M7824 increases TRAIL-mediated lysis of human urothelial cancer cells. HTB-4 cells were 

treated with M7824, M7824mut, anti-PD-L1 or the IgG1 isotype control MAb (20 ug/ml) 

for 3 days. Cells were then harvested, washed, and incubated with several concentrations of 

TRAIL for 14 hours. Values indicate mean±SEM from one representative experiment 

performed in triplicate. Experiment performed three times with similar results. P values 

<0.05 were considered significant; * P < 0.05, ** P < 0.01. Red stars indicate the 

significance of M7824 and purple stars the significance of M7824mut vs the isotype control.
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Fig. 6. 
M7824 increases CEA-specific T-cell mediated lysis of human urothelial cancer cells. 

HTB-4 cells were treated with M7824, M7824mut, anti-PDL-1, or IgG1 isotype control 

MAb (20 ug/ml) for 3 days. Cells were harvested, washed, labeled with 111In and co-

incubated with CEA-specific CD8+ T cells (at effector:target ratio of 25:1) for 14 hours. 

Supernatants were harvested and 111In release measured. % tumor lysis = [(experimental 

cpm-spontaneous cpm)/(maximum cpm-spontaneous cpm)] × 100. Bars indicate mean

±SEM. Statistical analyses were done with unpaired t test. P values <0.05 were considered 

significant. Experiment performed two times with similar results.
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Table 1

M7824 induces immunogenic modulation in HTB-4 urothelial cancer cells

HTB-4 CD54 % (MFI) CEA % (MFI) PD-L1 % (MFI) Fas % (MFI)

No treatment 99.6 (2478) 10.5 (685) 99.9 (3413) 98.5 (471)

Isotype control 99.5 (2605) 7.20 (638) 99.8 (3393) 98.2 (479)

M7824mut 99.1 (3221) 8.01 (670) 99.4 (2395) 99.3 (561)

Anti-PD-L1 99.4 (2553) 7.15 (690) 99.7 (5005) 98.4 (487)

M7824 98.8 (3335) 19.9 (694) 99.1 (3368) 99.4 (583)

HTB-4 cells were treated with M7824, M7824mut, anti-PD-L1, or isotype control (20 ug/ml) for 3 days. Cells were then harvested and stained for 
cell surface expression of immunologically relevant markers. Markers that changed >20% in either percent positive or mean fluorescence intensity 
(MFI) compared to the isotype control are indicated in bold. Experiment performed three times with similar results.
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