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Abstract

The RG7787 mesothelin-targeted recombinant immunotoxin (RIT) consists of an antibody 

fragment targeting mesothelin (MSLN) fused to a 24-kD fragment of Pseudomonas exotoxin A for 

cell killing. Compared to prior RITs, RG7787 has improved properties for clinical development 

including decreased non-specific toxicity and immunogenicity and resistance to degradation by 

lysosomal proteases. MSLN is a cell surface glycoprotein highly expressed by many solid tumor 

malignancies. New reports have demonstrated MSLN is expressed by a significant percentage of 

triple-negative breast and gastric cancer clinical specimens. Here, panels of triple-negative breast 

and gastric cancer cell lines were tested for surface MSLN expression, and for sensitivity to 

RG7787 in vitro and in animal models. RG7787 produced >95% cell killing of the HCC70 and 

SUM149 breast cancer cell lines in vitro with IC50 < 100 pM. RG7787 was also effective against 

gastric cancer cell lines MKN28, MKN45 and MKN74 in vitro, with subnanomolar IC50’s. In a 

nude mouse model, RG7787 treatment (2.5 mg/kg I.V. qod x3-4) resulted in a statistically 

significant 41% decrease in volumes of HCC70 xenograft tumors (p < 0.0001) and an 18% 

decrease in MKN28 tumors (p < 0.0001). Pre-treatment with paclitaxel (50 mg/kg ip) enhanced 

efficacy, producing 88% and 70% reduction in tumor volumes for HCC70 and MKN28, 

respectively, a statistically significant improvement over paclitaxel alone (p < 0.0001 for both). 

RG7787 merits clinical testing for triple-negative breast and gastric cancers.
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Introduction

Recombinant immunotoxins (RITs) are novel anti-cancer therapeutics that consist of a 

modified bacterial toxin fused to an antibody fragment for targeting. Pseudomonas exotoxin 

A (PE) is a potent bacterial toxin derived from P. aeruginosa that rapidly halts all cellular 

protein synthesis and induces cell death by modifying and inactivating the critical cytosolic 

enzyme Elongation Factor-2 (eEF-2). PE can be specifically directed to the malignant cell of 

choice by replacing the native binding domain with an antibody against a cell surface 

protein differentially expressed between normal and cancer cells. Once the targeting 

antibody has selectively bound to its cognate antigen on the cancer cell surface, the entire 

RIT molecule is internalized with the target and processed within the cell to release PE into 

the cytosol. Delivery of only a small number of PE molecules into the cytosol is sufficient to 

induce apoptosis in many cells (1).

Immunotoxins containing a fragment of the PE catalytic domain called PE38 have shown 

considerable activity in early stage clinical trials for patients with leukemia, including 

induction of complete remissions in refractory patients (2–4). These immunotoxins target B-

cell differentiation antigens, which are not expressed in vital organs. This permits sufficient 

therapeutic window for clinical utility. Identifying an appropriate target for solid tumor 

malignancies has been historically challenging. Mesothelin (MSLN) is a cell surface 

glycoprotein that is expressed only by mesothelial cells lining the pleural, pericardial and 

peritoneal surfaces and not in any vital organs. Many solid tumor malignancies also express 

high levels of MSLN (5). SS1(dsFv)PE38 (SS1P) is a PE38-based RIT targeted against the 

MSLN. SS1P has been tested as a single agent in Phase I clinical trials and displayed a 

favorable safety profile (6, 7). Unfortunately, efficacy was limited because 90% of patients 

developed neutralizing antibodies against the bacterial toxin following administration of just 

one cycle of therapy. This prevented effective sustained treatment with the RIT. Recently, 

SS1P has been successfully administered for multiple cycles in combination with a 

lymphocyte depleting regimen. In this pilot study, three of 10 patients with chemotherapy 

refractory malignant mesothelioma developed major responses and required no subsequent 

therapy for more than 20 months (8). This study demonstrated that SS1P has marked clinical 

activity against a very challenging malignancy.

Another approach to overcoming neutralizing antibody formation is to use protein 

engineering technology to design a less immunogenic PE38. Seven point mutations were 

introduced into the catalytic domain of PE to remove human B-cell epitopes (9). Deletion of 

the majority of domain II eliminated additional epitopes as well as protease cleavage sites 

that lowered efficiency of intracellular processing. This new generation PE (PE24) has 

similar in vitro activity to PE38, less reactivity with human anti-sera, and decreased non-

specific toxicity in rodent models in vivo, allowing safe administration of five- to ten-fold 

higher dosages (1).

The PE24 platform was used to develop a new mesothelin-targeted RIT called RG7787 in 

collaboration with Roche (see Fig. 1A & 1B). In RG7787, the new PE24 is fused to a 

humanized anti-MSLN antibody Fab fragment. RG7787 retains the same stability and 
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binding properties as previous mesothelin-targeted RITs but also benefits from less 

immunogenicity and a longer half-life than smaller dsFv-based PE24 molecules (10).

The clinical utility of mesothelin has resulted in increasing interest in this protein over 

recent years. While the large majority of epithelioid mesotheliomas (11, 12), serous ovarian 

cancers (13) and pancreatic adenocarcinomas (14, 15) have long been known to express high 

levels of surface mesothelin, new studies have also revealed significant expression in other 

tumor types. Tchou et al. demonstrated that 67% of triple negative breast cancers (TNBCs) 

express mesothelin (16). This important, poor-prognosis subtype of breast cancer that 

accounts for 15% of all cases is named for its lack of expression of estrogen receptor, 

progesterone receptor, and Her2 amplification, and was under represented in earlier studies 

of mesothelin expression in breast cancer. In addition, reports (17–20) have revealed that 

many gastric cancers express mesothelin, although levels of surface expression may be 

much lower than typically found in mesothelioma, ovarian and pancreatic cancers. Here, we 

have evaluated if these recently recognized mesothelin-expressing cancers are susceptible to 

immunotoxin therapy targeted against MSLN.

Materials and Methods

Cell culture and reagents

MKN7, MKN28, MKN45, and MKN74 were provided by Dr. Takao Yamori and have been 

described previously (21). Identity of MKN28 was confirmed by short tandem repeat (STR) 

testing within the past six months. HCC70, MDA MB 231, and MDA MB 436 cell lines 

were obtained from ATCC. SUM149 and HCC1143 were the gift of Dr. Stanley Lipkowitz 

(NCI, Bethesda, MD) and identity was confirmed by STR testing. The KB cell line was 

described in our previous publication (22). All cells were grown at 37°C with 5% CO2 in 

RPMI 1640 medium (Lonza) supplemented with 2 mmol/L L-glutamine, 1 mmol/L sodium 

pyruvate, 100 U penicillin, 100 μg streptomycin (Gibco Life Technologies) and 10% fetal 

bovine serum (FBS) (HyClone, Thermo Scientific). Immunotoxin SS1P was manufactured 

by Advanced BioScience Laboratories, Inc. SS1-LR and LMB11 were synthesized as 

previously described (23). RG7787 was manufactured by Roche and provided for these 

studies through a Collaborative Research and Development Agreement.

Mesothelin surface expression assay

TNBC and gastric cancer cell lines were assessed for surface mesothelin expression by flow 

cytometry. A minimum of 20,000 cells per sample were analyzed on a FACS Calibur (BD 

Bioscience) running CellQuest software (BD Bioscience). Data were processed using FloJo 

software (Tree Star, Inc., Ashland, OR). Cells were plated at sub-confluent density and 

grown for 48–96 hours in culture then harvested with trypsin. All subsequent steps were 

performed at 4°C. Live cells were washed, fixed in FACS buffer (5% FBS, 0.1% sodium 

azide in D-PBS without calcium or magnesium) then incubated with mouse anti-mesothelin 

antibody (MN, Rockland Immunochemicals Inc., Gilbertsville, PA) for 30 minutes. Cells 

were washed again and incubated for 30 minutes in the dark with PE-conjugated secondary 

antibody (R-Phycoerythrin-Conjugated AffiniPure (Fab′)2 Fragment Goat Anti-Mouse IgG, 

Jackson ImmunoResearch Laboratories, West Grove, PA). Geometric means were chosen as 
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mean fluorescence intensity (MFI). The MFI of cells was compared with the MFI from a 

standard curve of PE-conjugated calibration beads (BD QuantiBRITE™ PE quantitation kit, 

BD Bioscience) to estimate the number of mesothelin sites per cell.

SS1-LR photo screen

TNBC cell lines were plated at a density of 50,000 cells per well into two wells of a 24 well 

plate marked with registration grids. Cells were incubated for 24 hours to allow attachment, 

photographed under a phase contrast microscope, and then treated with SS1-LR (200 ng/

mL), vehicle or cycloheximide (10 μg/mL) for 72 hours, before reimaging the previously 

photographed field.

In vitro quantitative cell viability assay

Viability of cancer cells treated with immunotoxins was measured using the Cell Counting 

Kit-8 WST-8 assay (Dojindo Molecular Technologies, Inc.). TNBC lines were seeded at 5.0 

× 103/well into 96-well plates and incubated for 24 hours before treatment. Gastric lines 

were plated at 1.0 × 104/well and treated 4–6 hours later. The indicated concentrations of 

immunotoxin diluted in complete medium were added, then cells were incubated at 37°C for 

72 hours. WST-8 assay reagent was added per manufacturer’s instructions. Plates were 

incubated at 37°C, and absorbance at 450 nm was measured. Values were normalized 

between 0% viability for treatment with cycloheximide (10 μg/mL), which produces 

complete cell killing and 100% for addition of complete medium alone. All data were 

plotted in GraphPad Prism 6. Fit curve and interpolated IC50 values were also calculated 

using this program.

Mouse xenograft tumor model

All animal experiments were performed in accordance with NIH guidelines and approved by 

the NCI Animal Care and Use Committee. HCC70 cells (2 × 106) supplemented with 

matrigel (4.0 mg/mL) were injected into the intramammary fat pad of 4–6 week old female, 

athymic nude mice. For MKN28, 5 × 106 cells were injected subcutaneously into the flank. 

Tumors were allowed to grow to an average volume of 100–150 mm3 before initiation of 

treatment. Paclitaxel (50 mg/kg) was diluted in 0.2% HSA in D-PBS and injected into the 

peritoneum on the indicated days. All immunotoxins were diluted in 0.2% HSA in D-PBS 

and administered intravenously through the tail vein. Tumor size was measured in two 

dimensions by digital calipers at least twice weekly and tumor volume was calculated using 

the formula: 0.4 × width2 × length. Animals were sacrificed before tumor volume reached 

1000 mm3 or tumors became necrotic. Data were recorded and tumor growth curves plotted 

in Microscoft Excel.

Tumor excision and pathology

Mice were euthanized by exposure to 100% CO2, and then tumors were excised by 

dissection. Tumors were fixed in 10% formalin overnight before transfer into 70% ethanol. 

H&E staining and mesothelin immunohistochemistry was performed by Histoserv Inc. by 

standard methods. Anti-mesothelin IgG2a MN antibody (Rockland Immunochemicals, Inc) 
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was used at 1:100 dilution. IgG2a isotype control antibody (MyBiosource; San Diego, CA) 

was used at 1:100 for control.

Statistics

Excel and Prizm6 were used for all statistical calculations and curve fitting. All errors are 

reported as standard deviations. Two-tailed student t-test was used for all statistical 

comparisons.

Results

Mesothelin expression in TNBC cell lines

MSLN expression was previously observed in approximately two-thirds of surgical 

specimens from women with TNBC (16). Further, our analysis of the publicly available 

TCGA data set for breast cancer confirms that some TNBC patients, but not hormone 

receptor- or Her-2-positive patients, do express MSLN (Supplementary Fig. 1). To identify 

an appropriate TNBC model system for testing mesothelin-targeted RITs, we examined 

surface MSLN expression in a panel of established TNBC cell lines using FACS analysis. 

The number of surface MSLN binding sites per cell was quantified by comparison to PE-

bead standards, and values from multiple experiments were averaged to produce mean 

expression values. Figure 1C shows representative histograms of surface MSLN expression 

for each of the five cell lines. Expression levels varied by cell line and were found to be 

greatest for HCC70 and SUM149 (12,100 ± 1.4 and 15,700 ± 4.3 sites per cell, respectively) 

and absent for HCC1143 (<1 sites/cell). MDA MB 231 (4,600 ± 2.1 sites/cell) and MDA 

MB 436 (3,300 ± 0.81 sites/cell) had intermediate levels of expression. By comparison, the 

KB cervical cancer cell line that was used as a positive control had an average of 20,900 

sites per cell (data not shown). The levels of surface MSLN expression in the HCC70 and 

SUM149 cell lines compare favorably with the KB cell line that is known to be sensitive to 

SS1P.

Sensitivity of TNBC cell lines to MSLN-targeted RITs

We next screened the TNBC cell line panel for sensitivity to the SS1-LR RIT. SS1-LR 

consists of an anti-MSLN Fv fragment fused to a 24-kD fragment of PE that lacks the 

majority of the non-catalytic domain II (Fig. 1A). The deletion of domain II improves 

efficiency of post-internalization processing (1). Equal densities of cells were plated and 

allowed to attach overnight before treatment for 72 hours with 200 ng/mL SS1-LR. This 

dose of the immunotoxin was chosen because 1) our prior clinical trials of SS1P have shown 

that this is an easily achievable concentration in patient serum samples (6), and 2) at this 

concentration there is minimal non-specific uptake of immunotoxins in vitro such that 

cytoxicity depends only on available surface mesothelin (data not shown). Figure 1D shows 

serial photographs of a representative field taken immediately after addition of immunotoxin 

(0 hours) and the same field after 72 hours of immunotoxin exposure. Treatment with SS1-

LR kills the majority of HCC70 and SUM149 cells in the field (similar to the cycloheximide 

positive control) but has little effect on the HCC1143, MDA MB 231 and MDA MB 436 

cells that express little to no surface MSLN.
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Based on these results, we decided to further characterize the sensitivity of HCC70 and 

SUM149 cells using a quantitative cell growth inhibition assay. Equal densities of these 

cells were allowed to attach overnight before treatment for 72 hours with varying 

concentration of SS1P, SS1-LR or RG7787 and cell viability was measured by WST-8 

assay. Data from representative experiments with HCC70 and SUM149 are plotted in Figure 

1E and summarized in Table 1. A similar magnitude of sensitivity to RG7787 as SS1P was 

measured for HCC70 cells (IC50 3.4 versus 4.6 ng/mL, p = 0.38). SUM149, which has 

approximately one-third more surface mesothelin expression than HCC70, was less sensitive 

to SS1P than HCC70 (IC50 15.7 versus 4.6 ng/mL, p <0.05) but had similar IC50 when 

treated with RG7787 (4.8 ng/mL). IC50 values for all three mesothelin-targeted RITs 

measured in the subnanomolar range for these cell lines. No effect was seen using a negative 

control immunotoxin (LMB11) targeted against the B-cell differentiation antigen CD22 

(Supplementary Fig. 2A). These data suggest that some TNBCs might be a good target for 

mesothelin-directed therapy.

RG7787 efficacy in TNBC mouse xenograft model

Next, the in vivo efficacy of RG7787 in an HCC70 mouse xenograft model was evaluated. 

Athymic nude mice were inoculated in the intra-mammary fat pad with HCC70 cells on Day 

0 and tumors were allowed to grow to an average volume of 100–150 mm3 before initiation 

of treatment with RG7787 on Day 8. RG7787 was administered intravenously as a 2.5 

mg/kg bolus every other day for a total of four treatments. It was previously determined that 

this dose could be delivered safely at this schedule (data not shown); it is more than five-

times higher than the maximum dose of SS1P (0.4 mg/kg) that can be safely given. Control 

animals were treated with equal volumes of vehicle. Results of a representative experiment 

are shown in Figure 2A. Tumors in RG7787-treated mice had shrunk by 41% by the time the 

last dose of RG7787 was administered on day 14. Tumors in vehicle-treated mice continued 

to grow throughout this time. By the second RG7787 treatment, a statistically significant 

difference in tumor size between the two groups had developed. This difference continued 

for the remainder of the experiment, but reached a maximum at the fourth treatment (p < 

0.001). In addition, there was a statistically significant delay of 10 days (p = 0.023) in the 

amount of time required for tumors to reach the 500 mm3 volume in animals treated with 

RG7787 (46 ± 3 days) versus vehicle (36 ± 9 days). Weight loss was less than 5% with this 

regimen (Fig. 2B) and no toxicities were observed. Adding a fifth dose of RG7787 did not 

result in a further decrease in tumor size (data not shown), suggesting that single agent 

efficacy in this model plateaus. One explanation would be that repetitive RG7787 treatment 

eliminates HCC70 cells with higher surface MSLN expression, leaving behind residual 

tumor cells with insufficient MSLN to internalize cytotoxic amounts of RIT. To test this 

hypothesis, vehicle and RG7787-treated tumors were excised 4 days after the last dose of 

vehicle or RG7787, fixed in formalin, and sections stained for MSLN expression. MSLN 

expression remained robust in cells from tumors that had been treated with RG7787 (Fig. 

2C), suggesting a different mechanism is responsible for the incomplete effectiveness of the 

RIT.
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Mesothelin surface expression in gastric cancer cell lines

At least two-thirds of gastric cancer clinical specimens have detectable staining of 

mesothelin by immunohistochemistry (17–19) and surface MSLN expression was recently 

reported in some gastric cancer cell lines (19). To confirm this report, we tested a panel of 

gastric cancer cell lines for mesothelin surface expression by FACS analysis. Representative 

FACS traces are depicted in Figure 3A and summarized in Table 2. MKN28, which is 

sensitive to SS1P, had 16.1 × 103 sites/cell. MKN45 also had strong expression (9.9 × 103 

sites/cell), while MKN7 (5.6 × 103 sites/cell) and MKN74 (4.2 × 103 sites/cell) have lower 

levels of expression.

RG7787 in gastric cancer cell lines

The gastric cancer cell lines were tested for sensitivity to SS1P and RG7787 by WST-8 cell 

viability assay. Representative traces for MKN28 and MKN45 are shown in Figure 3B. Both 

MKN28 and MKN45 were highly sensitive to SS1P and RG7787 with IC50 values in the 

subnanomolar range. However, MKN28 cells were many fold more sensitive to SS1P than 

to RG7787 (IC50 0.34 versus 5.6 ng/mL), while the opposite was true of MKN45 (IC50 2.3 

ng/mL for SS1P versus 0.5 ng/mL for RG7787). MKN7 and MKN74 were also more 

sensitive to SS1P than to RG7787 (see Table 2). No cell killing was seen when MKN28 

cells were tested with the LMB11 control immunotoxin that targets CD22, demonstrating 

specificity of immunotoxin delivery (Supplementary Figure 2B). In vivo efficacy of RG7787 

was then tested in a subcutaneous MKN28 mouse xenograft model. Athymic nude mice 

were inoculated with MKN28 cells on Day 0 and tumors were allowed to grow for 5 days 

before initiation of treatment with RG7787. Results of a representative experiment are 

shown in Figure 3C. Average tumor volume in RG7787 treated mice decreased by 18.1%. A 

statistically significant difference in tumor volume appeared on Day 7 (p < 0.001) and 

continued for the remainder of the experiment. Treatment with SS1P or the anti-CD22 

immunotoxin LMB11 had no effect on tumor growth (Supplementary Figure 2C). These 

data demonstrate that RG7787 has single agent activity against gastric cancer.

Enhancing activity by pre-treatment with paclitaxel

While RG7787 alone was able to slow the growth of TNBC and gastric cancer xenograft 

tumors in vivo, no complete remissions were seen. Previously, we have demonstrated that 

pre-administration of paclitaxel prior to RIT improves delivery of RIT to tumors resulting in 

significant synergy in vivo but not in vitro (24–26). Paclitaxel is an approved drug for both 

TNBC and gastric cancer. Therefore, we tested the efficacy of RG7787 in combination with 

paclitaxel in our mouse models. In HCC70 tumors, combination treatment resulted in an 

88% reduction in average tumor volume compared to 52% with paclitaxel (p < 0.001) and 

48% with RG7787 alone (Fig. 4A). Tumor volume of paclitaxel-treated mice reached 

threshold of 500 mm3 at an average of 58 days (range 48–78 days) while combination 

treated mice took 92 days (range 69–125 days) to reach this volume (p < 0.005). Similarly, 

combination RG7787/paclitaxel treatment of the MKN28 gastric tumors resulted in 70% 

reduction of tumor volume. with complete regressions in 4 of 10 mice (Fig. 4B). Longer 

follow-up revealed that tumor volume reached the threshold of 300 mm3 at an average of 47 

days (range: 39–56 days) in mice treated with paclitaxel alone. By contrast, at 60 days, 
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tumor volume in mice treated with paclitaxel/RG7787 remained less than 100 mm3 in three 

of seven mice (Supplementary Fig. 3). Co-administration of RG7787 with paclitaxel in vivo 

enhanced the anti-tumor response compared to either drug given alone. In vitro pre-

treatment of HCC70 cells with paclitaxel prior to addition of RG7787 showed that paclitaxel 

is active against this cell type, but does not produce a synergistic response in combination 

with RG7787 (Supplementary Fig. 4).

Discussion

RG7787, an RIT with clinically optimized properties, is a highly active therapeutic that kills 

MSLN-expressing gastric and breast cancers with subnanomolar efficacy in vitro and 

displays marked anti-tumor activity in animal models of these malignancies. Surface 

expression of MSLN is much lower in the gastric and TNBC cell lines studied here than in 

cell lines previously studied in our laboratory, including mesothelioma cells from patients 

(27), ovarian cancer cells from patients (13) or A431/H9 cells transfected with a mesothelin-

expressing plasmid (28). While SS1P has insufficient therapeutic window to effectively treat 

tumors with modest levels of MSLN expression, these data demonstrate that clinical 

development of RG7787 for use in tumors with less robust levels of MSLN expression, like 

TNBC and gastric cancer, is warranted.

RG7787 in combination therapy

RG7787, like SS1P, has a unique mechanism of action and a toxicity profile that is 

dissimilar from all other drugs approved to treat solid tumor malignancies. We have 

previously demonstrated that combination of active chemotherapy drugs with SS1P can 

synergistically improve in vivo but not in vitro efficacy (24). Here, our data demonstrate that 

combining RG7787 with paclitaxel, a second active agent, results in improved anti-tumor 

activity against both TNBC and stomach cancers, with some complete responses observed. 

Importantly, no excessive toxicity resulted from combination treatment and both agents 

could be used at their full single agent dosages. These studies provide evidence that RG7787 

is an ideal therapeutic to use in combination therapy against solid-tumor malignancies.

Role of domain II deletion in efficacy

SS1P, the mesothelin-targeted RIT currently being tested in clinical trials, contains a 38-kD 

PE toxin fragment, while the 24-kD LR toxin moiety in the RG7787 RIT lacks all of domain 

II except for the 10 residues that compose the furin cleavage site. We have previously 

demonstrated that the furin cleavage site is absolutely required for immunotoxin activity. A 

role for the region of domain II deleted from RG7787 has not yet been determined. Here and 

previously, we have observed that this region of the molecule affects toxin efficacy in a cell-

specific manner (29). For example, SUM149 is markedly more sensitive to the LR-based 

RITs SS1-LR and RG7787 than to SS1P. However, three of the four gastric cancer cell lines 

were more sensitive to SS1P than RG7787. Nevertheless, IC50 for RG7787 in MKN28 cells 

is still significantly less than 100 pM, and RG7787 was effective in vivo against MKN28 

xenografts. Currently, we are unable to predict which cells will be more sensitive to RG7787 

versus SS1P in vitro. Future studies examining the role of domain II in toxin activity could 

improve understanding of these differences.
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Partial response in vivo

In vivo, we have shown that single-agent RG7787 shrinks gastric and TNBC tumors and 

delays tumor progression. However, we observed no complete responses with the single 

agent RIT even though physiologic levels of RG7787 killed >95% of the same cell lines in 

vitro. We have demonstrated in our TNBC model that robust MSLN expression remains in 

xenografted tumors after repeated doses of RG7787, proving that loss of the target is not 

responsible for the incomplete responses in vivo. It is possible that insufficient RIT is 

reaching the tumor to kill all tumor cells. Although we calculate that the 2.5 mg/kg RG7787 

dosage used in our studies should give an initial serum concentration of 1,000 ng/ml, we do 

not know the local concentration of RIT within the tumor or how well the large RIT 

molecules are able to penetrate through densely packed tumors cells from blood vessels. In 

our previous work, we showed that tumor cell killing by SS1P is limited by inadequate 

delivery to the tumor in a MSLN-transfected H9 epidermoid cell model (26), but that 

paclitaxel does not improve immunotoxin delivery in the KLM1 pancreatic cancer model 

(30). Further studies are planned to determine whether incomplete RIT delivery limits toxin 

efficacy or whether the relative resistance we have observed in vivo is explained by 

differential activation of survival signaling in vivo versus in culture.

In conclusion, combining RG7787 with paclitaxel produced near complete regressions in 

animal models of both TNBC and gastric cancer. This data argues for clinical development 

of RG7787 for use against these and other mesothelin expressing cancers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
MSLN-targeted RITs in TNBC in vitro. (A) Structures of the MSLN-targeted RITs SS1P, 

SS1-LR and RG7787 are depicted in cartoon form to demonstrate the differences in the 

targeting and PE domain modules. Vh and VL domains (in blue) form the Fv anti-MSLN 

antibody region and are connected by engineered disulfide bond (gold bar). Vh, VL, CH1 

and CK (in purple) form the humanized anti-MSLN Fab of RG7787. Domain III (in red) is 

the catalytic subunit of PE. Domain Ia (in yellow) is also important for enzymatic function. 

Residues 274–284 of domain II (green) contain the furin cleavage site that is critical for 
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intracellular processing of PE. GGS is a recombinant linker that improves flexibility of the 

molecule following the large deletion of Domain II in the newer molecules. A slightly 

modified linker is used in RG7787. (B) Ribbon diagram depicting the predicted structure of 

RG7787. Position of point mutations that eliminate human B-cell epitopes are indicated. (C) 

Five different TNBC cell lines were tested for MSLN surface expression by FACS analysis. 

Live cells were incubated with anti-MSLN primary antibody, followed by secondary 

incubation with appropriate PE-conjugated antibody (detected as FL2-H). Gray filled area 

shows detection of PE-labeling in minimum of 20,000 cells. Black trace shows negative 

control where incubation with anti-MSLN antibody was omitted. Traces are representative 

runs from at least three separate experiments. (D) TNBC cell lines were treated with a 

physiologic dose of the MSLN-targeted immunotoxin SS1-LR for 72 hours. Cells were 

photographed prior to treatment (left), and then the same field rephotographed after 72 hours 

of SS1-LR exposure (left center). Cells were also photographed after 72 hours of treatment 

with vehicle (right center), or 10 μg/mL of the protein synthesis inhibitor cycloheximide as 

positive control (right). Photographs are representative images of at least duplicate fields 

taken in duplicate wells in at least two experiments. (E) HCC70 (above) and SUM149 

(below) were treated with the indicated concentrations of SS1P or RG7787 and incubated 

for 72 hours before assessment of cell viability by WST-8 assay. Viability for vehicle-

treated cells was normalized to 1.0, and that for cycloheximide (a positive control which 

reliably produces nearly 100% cell kill) was normalized to 0. Each data point represents 

measurements of six treated wells.
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Figure 2. 
Effect of RG7787 on TNBC mouse xenograft tumor model. (A) Female athymic nude mice 

were innoculated in the intramammary fat pad with HCC70 cells at time 0. Intravenous 

treatment with RG7787 (2.5 mg/kg) or vehicle was begun on day 8 and continued every 

other day for a total of four doses. Each data point represents average of mean tumor volume 

for n = 7 animals treated with RG7787 or vehicle. Arrows indicate the days that treatment 

was administered. There is a statistically significant difference between the two groups 

beginning at day 10, with p < 0.0001 by day 14. Results shown are representative of three 
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similar experiments. (B) Change in baseline weight for mice treated with the regimen 

described above is plotted over time. Weight dropped less than 5% in RG7787-treated 

animals over the course of therapy. (C) MSLN expression in tumors excised from vehicle 

and RG7787 treated mice was examined by IHC in formalin-fixed paraffin embedded tissue. 

Prominent staining was observed with anti-MSLN antibody (above) but not in control 

specimens labeled with isotype control antibody (below). Photographs were taken at 40X 

magnification.
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Figure 3. 
Gastric cancer is a target for MSLN-targeted RITs. (A) Four different gastric cancer cell 

lines were assessed for surface expression of MSLN as described in Figure 3A. Traces are 

representative runs from at least duplicate experiments. (B) MKN28 or MKN45 were treated 

with the indicated concentrations of SS1P or RG7787 and incubated for 72 hours before 

assessment of cell growth inhibition by WST-8 assay. Viability for vehicle-treated cells was 

normalized to 1.0, and that for cycloheximide (a positive control which reliably produces 

nearly 100% cell kill) was normalized to 0. Each data point represents measurements of 

three treated wells. (C) Female nude mice were inoculated subcutaneously with MKN28 

cells at time 0. Intravenous treatment with RG7787 (2.5 mg/kg) or vehicle was given on 

days 5, 7 and 9. Each data point represents average of mean tumor volume for n = 10 

animals treated with RG7787 or n = 5 vehicle treated animals. Arrows indicate the days that 

treatment was administered. There is a statistically significant difference between the two 

group beginning on day 7. Results shown are representative of more than three similar 

experiments.
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Figure 4. 
Pre-treatment with paclitaxel enhances RIT anti-tumor response. Female athymic nude mice 

were inoculated with tumor cells at time 0. Animals were treated with vehicle, RG7787 with 

IP vehicle injection, paclitaxel with IV vehicle injection, or paclitaxel and RG7787 

combination. Paclitaxel (50 mg/kg) was administered by IP injection on days marked with 

long arrows. RG7787 (2.5 mg/kg) was administered IV on days indicated by short arrows. 

Mean tumor volumes are indicated by the markers. For vehicle control five mice were 

followed. Results of both experiments were confirmed by repeat. (A) HCC70 TNBC tumor 

xenografts. There is a statistically significant difference between paclitaxel and combination 

treatment beginning at day 13 (p ≤ 0.001, n = 6 per treatment group). (B) MKN28 gastric 

cancer tumor xenografts. There is a statistically significant difference between paclitaxel and 

combination treatment beginning at day 10 (p ≤ 0.001, n= 8 per treatment group).
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