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The bispecific antibody IMV-M was designed to selectively bind and cluster death receptor 5 (DR5) 
upon engaging the tumor antigen MUC16 through a novel mechanism—clustering multiple IMV-M 
molecules on a single MUC16 molecule. IMV-M demonstrated potent, MUC16-selective anti-tumor 
activity in vitro and in xenograft models without requiring secondary crosslinking, and a pilot non-
human primate toxicity study detected no toxicity. Our findings suggest that antibody clustering 
effectively induces DR5 clustering, resulting in anti-tumor activity. Unlike anti-MUC16 antibody-drug 
conjugates (ADCs), which rely on cytotoxic payloads, this approach offers a safer and more effective 
therapeutic strategy. Notably, MUC16 is overexpressed in substantial subsets of ovarian, pancreatic, 
and lung cancers, with minimal expression in normal tissues, suggesting the broad applicability of this 
bispecific antibody.

With the advent of monoclonal antibodies, extensive research has focused on developing cancer therapies that 
target antigens expressed on the surface of cancer cells1. It soon became apparent that, to effectively eradicate 
tumors, most antibodies needed to be armed or possess an additional function2. Several strategies for enhancing 
antibody-based therapies have shown success, including antibody-drug conjugates (ADCs)3, Bispecific T-cell 
Engagers (BiTEs)4, and related CAR-T cell therapies5. However, these approaches demonstrate efficacy in only 
subsets of patients and are frequently associated with severe side effects. ADCs rely on endocytosis for payload 
delivery, which limits their ability to effectively deliver cytotoxic agents inside target cells, and their maximum 
tolerated dose is constrained by the inherent toxicity of the payload3. CAR-T and BiTE therapies, while potent, 
particularly in hematologic malignancies, often trigger severe inflammatory responses5,6. In addition, ADCs 
and CAR-T therapies require complex and expensive manufacturing processes. Consequently, there is an urgent 
need for new targeted therapies that offer improved efficacy, reduced toxicity, and greater cost efficiency.

As an alternative, another approach has emerged: bispecific apoptosis triggers (BATs), bispecific antibodies 
designed to target both a tumor-associated antigen and death receptor 5 (DR5 or TNFRSF10B, TRAILR2)7,8. 
Apoptosis induced by DR5 occurs through the extrinsic apoptotic pathway. Upon binding its ligand TRAIL and 
clustering on the cell surface, DR5 recruits and activates pro-caspase-8 and/or pro-caspase-10. These initiator 
caspases, once activated, cleave and activate downstream effector caspases, which ultimately leads to apoptotic 
cell death characterized by DNA fragmentation, membrane blebbing, and cell disassembly9. BATs are presumed 
to selectively accumulate on cancer cells, subsequently engaging and activating DR5 to induce apoptosis 
and eliminate tumors7. However, since effective signaling and apoptosis induction require DR5 clustering, 
monovalent or bivalent binding to DR5 is insufficient to induce apoptosis10. Early BAT development efforts were 
often based on the premise that binding to an overexpressed tumor-associated antigen would create sufficient 
molecular crowding to induce DR5 clustering. In this study, we introduce IMV-M, a bispecific antibody targeting 
the tumor-associated antigens MUC16 and DR5. IMV-M was designed to selectively activate DR5 on MUC16-
positive tumors through a unique mechanism that uses the anti-MUC16 antibody component’s ability to bind 
multiple repeats in the MUC16 extracellular domain, bringing multiple IMV-M molecules adjacent to each 
other and thereby generating DR5 clustering.
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Results
The bispecific antibody IMV-M was designed to selectively cluster DR5 on cancer cells
To generate a bispecific antibody that could strongly cluster DR5 on cancer cells, we took advantage of (i) the 
structure of MUC16, which, unlike the majority of cell surface antigens, contains multiple similar segments 
(repeats) in its extracellular domain11, and (ii) Sofituzumab (hu3A5), an anti-MUC16 antibody, which is capable 
of binding multiple adjacent antibody molecules to the repeats on the same MUC16 molecule12. We hypothesized 
that a bispecific antibody comprised of Sofituzumab fused to an anti-DR5 component could enforce effective 
DR5 clustering on MUC16-positive cells. To test this hypothesis, we created an antibody with the following 
structure (Fig.  1a): Sofituzumab IgG antibody was fused with a scFv fragment of a fully human anti-DR5 
antibody via a flexible linker to allow an optimal geometry for DR5 clustering and activation. With this design, 
IMV-M was expected to promote DR5 clustering and subsequent activation on MUC16-positive cells (Fig. 1b), 
while on MUC16-negative cells, this bispecific antibody could bring together no more than two DR5 molecules 
(as shown in Fig. 1c). Furthermore, the high affinity of this anti-MUC16 antibody (KD ~ 0.3–0.9 nM13) along 
with a low-affinity anti-DR5 scFv (KD ~ 0.2 µM, Supplementary Information), enhanced the selectivity of the 
construct’s interaction with MUC16-positive cancer cells.

IMV-M inhibits proliferation and induces apoptosis of MUC16-positive cells
We evaluated the cytotoxic activity of IMV-M after a two-day exposure in a panel of human MUC16-positive cell 
lines derived from pancreatic, breast, gastric, ovarian, and non-small cell lung cancers. As selectivity controls, we 
used the parental anti-MUC16 monospecific antibody and a bispecific antibody, consisting of an anti-fluorescein 
IgG14 fused to the same anti-DR5 scFv as used in IMV-M. Exposure of cells to IMV-M  (Fig. 2a) resulted in 
effective cell killing even at the lowest tested concentration (0.16 nM), whereas the anti-MUC16 antibody showed 
no cytotoxic effect across the entire tested concentration range (0.16–10 nM), and the anti-fluorescein/anti-DR5 
bispecific antibody was unable to eradicate the cell populations even at the highest concentration (10 nM). 
We then evaluated the anti-proliferative and apoptosis-inducing activity of IMV-M in MUC16-positive PK-59 
pancreatic adenocarcinoma cell populations in real-time monitoring cell proliferation and apoptosis progression 
to its final stages in individual cells. Exposure of the cells to IMV-M resulted in a nearly complete arrest of cell 
proliferation even at the lowest tested concentration (40 pM) within the first 24 h (Fig. 2b) and activation of 
the effector caspases in most cells within the first 8 h (Fig. 2c). In contrast, the anti-MUC16 antibody showed 
no effect on cell growth, as cell proliferation remained exponential, and the antibody did not induce apoptosis 
across the entire range of tested concentrations (40 pM to 10 nM). The anti-fluorescein/anti-DR5 antibody 
caused only a partial slow-down in cell proliferation and induced apoptosis in a small fraction of PK-59 cells, 
even at the highest tested concentration (10 nM). These results demonstrate that IMV-M is highly potent and 
selective in killing MUC16-positive cells via apoptosis.

IMV-M exhibits strong anti-tumor activity in several MUC16-positive xenograft models
To identify xenograft cancer models expressing MUC16, we used immunohistochemistry. NIH:OVCAR-3 
xenografts served as a benchmark, as Genentech’s ADCs using the same anti-MUC16 antibody were previously 
tested on NIH:OVCAR-3 xenografts. As shown in Fig. 3 and summarized in Table 1, xenografts derived from 
various cancer cell lines displayed differing levels of MUC16 expression, ranging from strong (NIH:OVCAR-3) to 

Fig. 1.  Design and mode of action of IMV-M. (a) IMV-M consists of the high-affinity anti-MUC16 humanized 
IgG1 antibody hu3A5, fused at its heavy chain C-terminus to a low-affinity scFv fragment of the anti-death 
receptor 5 (DR5) antibody lexatumumab, connected via a flexible linker. (b) Proposed mechanism of action of 
IMV-M: Multiple IMV-M molecules bind to the repetitive units of the cell surface MUC16 molecule, bringing 
them into close proximity to each other and the surface DR5 molecules. This proximity promotes the lateral 
diffusion of multiple DR5 molecules across the membrane, crowding them together. The flexible linker allows 
the DR5 molecules to align in an optimal geometric configuration, enabling clustering. Once DR5 clustering 
occurs, extrinsic apoptotic pathway is activated, and the cell undergoes programmed death and elimination. 
(c) IMV-M is designed to exhibit low affinity for DR5 to minimize binding to DR5 on the surface of MUC16-
negative cells. Even in the rare instance where the binding occurs, the IMV-M molecules cannot bring together 
more than two DR5 molecules. These design features ensure that IMV-M cannot induce DR5 clustering or 
apoptosis in MUC16-negative cells.
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negative (negligible). Our findings of MUC16 expression closely aligned with data from the Cancer Dependency 
Map Project at the Broad Institute (https://depmap.org/portal/). We then examined the anti-tumor activity 
of IMV-M in these xenograft models. In mice bearing established (~ 130  mm3) xenografts of the pancreatic 
adenocarcinoma (PDAC)-derived cell line HPAC, a single intravenous injection of 5 mg/kg IMV-M resulted in 
pronounced tumor regression, while treatment with either a bispecific antibody containing a non-targeting IgG 
and the same anti-DR5 component, or with the parental anti-MUC16 monospecific antibody, had no impact 
on xenograft growth, similar to vehicle control (Fig. 4a). Furthermore, no body weight loss (Supplementary 
Information)  or any gross clinical abnormalities were observed in any animal group during the treatment 
period, indicating a lack of toxicity from IMV-M in mice. We investigated the dose-dependent anti-tumor 
activity of IMV-M using a xenograft model derived from the PDAC cell line PK-59. IMV-M demonstrated 
anti-tumor activity even at the lowest tested single dose of 1 mg/kg, with progressively stronger effects observed 
at the higher doses of 2.5 mg/kg and 5 mg/kg (Fig. 4b). Similar experiments with treatment at 5 mg/kg were 
carried out with several other PDAC and non-small cell lung cancer (NSCLC) xenograft models (Fig. 4c-g). 
IMV-M demonstrated strong anti-tumor activity in three out of five models with moderate MUC16 expression 
(HPAC, PK-59 and HCC827) and one out of two models with weak MUC16 expression (NCI-H1975). It showed 
marginal activity in two models with moderate MUC16 expression (Capan-2 and SW1990) and one with low 
MUC16 expression (NCI-H292).

IMV-M does not affect MUC16-negative xenograft models
To evaluate whether IMV-M may harm MUC16-negative tissues we conducted in vivo studies on xenografts with 
marginal or no MUC16 expression, based on immunohistochemistry (IHC) results (Fig. 3) and data from the 
Cancer Dependency Map. IMV-M demonstrated no adverse effects on these xenografts (Fig. 4h-j), reinforcing 
the likelihood that it would not be toxic to MUC16-negative normal tissues.

Fig. 2.  Cytotoxic effects of IMV-M on MUC16-positive cell lines in vitro. (a) IMV-M is selectively cytotoxic 
to MUC16-positive cell lines derived from pancreatic, breast, gastric, ovarian and non-small cell lung 
cancers. Cells were treated with various concentrations of IMV-M (red), a bispecific antibody of a similar 
design incorporating a non-targeting IgG1 and the same anti-DR5 scFv (green), or the monospecific parental 
anti-MUC16 IgG1 antibody (blue) for 2 days, and the relative number of viable cells was assessed using the 
CellTiter-Glo assay. (b, c) IMV-M arrests cell proliferation and induces apoptosis in PK-59 cells. Cells were 
treated with the same antibody conditions as in (a), and individual cell proliferation, (b) and apoptosis, (c) 
were monitored in real time using the IncuCyte system as described in Methods. A representative subset of the 
apoptosis monitoring data is shown in panel c. Similar results were observed across the entire concentration 
range and throughout all monitored time points.
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The anti-tumor activity of IMV-M does not require interaction with the Fc gamma receptor II 
(FcγRIIB)
The in vivo anti-tumor activity of previously reported DR5-targeting monospecific IgG antibodies and the anti-
FOLR1/anti-DR5 bispecific antibody depended on secondary crosslinking through interaction with FcγRIIB, 
which is expressed on B cells present in nude mice15–17. In the absence of FcγRIIB interaction, anti-DR5 
antibodies lost their anti-tumor activity. This limited capacity of IgG1 anti-DR5 antibodies to cluster DR5 can 
be attributed to their bivalency, restricting them to linking only two DR5 molecules at a time. To assess whether 

Cell line Origin MUC16 expression

NIH:OVCAR-3 Ovarian adenocarcinoma Strong

HPAC PDAC Moderate

PK-59 PDAC Moderate

Capan-2 PDAC Moderate

SW1990 PDAC Moderate

HCC827 NSCLC Moderate

NCI-H1975 NSCLC Weak

NCI-H292 NSCLC Weak

MDA-MB-436 Breast carcinoma Negative

DU4475 Breast carcinoma Negative

Capan-1 PDAC Negative

Table 1.  MUC16 protein levels in tumor xenografts (IHC Fig. 3).

 

Fig. 3.  MUC16 expression in xenografts derived from cancer cell lines. MUC16 protein levels in xenograft 
tumors generated from cancer cell lines were evaluated using immunohistochemistry with an anti-MUC16 
antibody. The summarized results are provided in Table 1.
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the anti-tumor activity of IMV-M depended on FcγRIIB interaction, we compared the anti-tumor activities of 
several IMV-M variants at a 5 mg/kg dose:

	1.	 IMV-M-WT-LALA: Featuring two mutations (L234A and L235A) in the human IgG1 Fc region, which sig-
nificantly reduce IgG1’s affinity for FcγRIIB and other Fcγ receptors18–21.

	2.	 IMV-M-SE-LALA: Incorporating the L234A and L235A mutations along with an S267E substitution, which 
selectively restores the affinity of human IgG1 for FcγRIIB17,22.

	3.	 IMV-M-SE: Containing only the S267E substitution.
	4.	 IMV-M-WT: Featuring no Fc-region mutations.

To simulate the high IgG1 concentration in human patients, which competes with therapeutic antibodies for 
Fcγ receptor binding, certain groups of mice were co-injected with 30 mg/kg of non-targeting mouse IgG1, 
achieving an approximate blood concentration of 2 µM. Notably, mouse IgG1 has a higher affinity for mouse 
FcγRIIB (KD of 0.3 µM) compared to human IgG1 (KD of 8 µM)22,23. As shown in Fig. 4k, the anti-tumor activity 
of IMV-M was unaffected by either enhanced or attenuated affinity for FcγRIIB or by the presence or absence 
of mouse IgG1.

IMV-M exhibits favorable safety and pharmacokinetics in cynomolgus monkeys
Both the anti-MUC16 and anti-DR5 components of IMV-M cross-react with the corresponding cynomolgus 
monkey antigens (Supplementary Information and 12,24,25), indicating that the cynomolgus monkey species is 
a suitable preclinical model for evaluating the systemic toxicity of IMV-M. In a pilot study, two cynomolgus 

Fig. 4.  Anti-tumor activity of IMV-M in vivo in tumor xenograft models. (a) Nude mouse bearing established 
MUC16-positive HPAC PDAC-derived xenografts (~ 130 mm³) were divided into four cohorts (n = 5 mice per 
group). The cohorts were treated intravenously on day 1 with IMV-M (red), a bispecific antibody of similar 
design incorporating a non-targeting IgG1 and the same anti-DR5 scFv (green), the monospecific parental 
anti-MUC16 IgG1 antibody (blue), or vehicle only (black), each at a dose of 5 mg/kg. (b) Nude mice bearing 
established MUC16-positive PK-59 PDAC-derived xenografts (~ 130 mm³) were treated intravenously on day 1 
(n = 4 mice per group) with IMV-M (two-step purified) at 1 mg/kg (blue), 2.5 mg/kg (green), 5 mg/kg (red), or 
vehicle only (black). (c–g) Additional experiments were conducted using the same design as in a with MUC16-
positive xenografts: HCC827 (n = 5 mice per group), NCI-H1975 (n = 5 mice per group), SW1990 (n = 5 mice 
per group), Capan-2 (n = 4 mice per group), and NCI-H292 (n = 4 mice per group). (h–j) Similar experiments 
were carried out with MUC16-marginal xenografts: Capan-1 (n = 5 mice per group), MDA-MB-436 (n = 4 
mice per group), and DU4475 (n = 4 mice per group). (k) A separate experiment with MUC16-positive PK-59 
xenografts tested variants of IMV-M containing Fc region mutations designed to enhance or reduce its affinity 
for FcγRIIB (n = 4 mice per group). Some groups were co-injected with 30 mg/kg of a non-targeting (anti-
fluorescein) mouse IgG1. Data are presented as means ± SEM in all plots.
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monkeys were intravenously injected twice with IMV-M, with a 21-day interval between doses; one monkey 
received 10 mg/kg per dose, and the other received 20 mg/kg per dose. Toxicity was assessed by monitoring 
hematologic parameters and blood clinical chemistry (Supplementary Information). No abnormalities were 
observed, indicating an absence of toxicity in this study.

The half-life of IMV-M in the blood of monkeys was also assessed (Supplementary Information). IMV-M 
circulation half-life was approximately 5–7 days and remained consistent after the second injection. These 
findings suggest that IMV-M may be sustained in the bloodstream long enough to effectively reach tumors, with 
no observed immune response leading to its neutralization in monkeys.

Discussion
IMV-M exhibited anti-tumor activity exclusively in xenografts expressing MUC16 and had no effect on MUC16-
negative xenograft models, which were used to mimic healthy tissues. This demonstrates that MUC16 expression 
is a prerequisite for its anti-tumor activity. IMV-M had pronounced anti-tumor activity with three out of five 
xenografts with moderate MUC16 expression, and one out of two xenografts with weak MUC16 expression 
showing the tendency that a higher MUC16 expression was a favorable factor for a stronger activity. There was 
variability in the response of xenograft models to IMV-M. In two xenografts with moderate MUC16 expression 
and one with weak expression, IMV-M demonstrated only marginal anti-tumor activity. While further studies 
are needed to better understand this phenomenon, prior observations with ADCs provide some insights. Several 
key factors may contribute to the variability in xenograft response to IMV-M, despite comparable antigen 
expression. As shown in previous ADC studies, variations in vascular permeability and interstitial transport can 
lead to heterogeneous ADC distribution, affecting therapeutic outcomes26. Additionally, the ability of an ADC 
to induce bystander killing of neighboring antigen-negative cells may vary across tumor models27. While the 
bystander effect was reported in several bispecific antibodies targeting DR57, we have not evaluated the ability 
of IMV-M to induce bystander cytotoxicity. A study evaluating PSMA-ADC efficacy in patient-derived prostate 
cancer xenografts found significant variability in treatment response despite comparable PSMA expression 
levels28. This suggests that factors beyond antigen expression, such as the tumor microenvironment and intrinsic 
cellular properties, play a critical role in ADC efficacy. Even within the same tumor model, subpopulations 
of cells with different antigen levels can result in mixed treatment responses28. These examples highlight the 
need for a comprehensive evaluation of tumor characteristics beyond antigen expression to optimize therapeutic 
strategies for IMV-M.

DR5 is an attractive target for inducing apoptosis in tumor cells, as it is broadly expressed across various 
cancers at levels sufficient to trigger apoptosis upon clustering and is upregulated in tumors relative to normal 
tissues7. Directly assessing the degree of DR5 clustering remains challenging10, making it unfeasible to compare 
anti-DR5 agents based on their clustering efficiency. However, preclinical in vivo antitumor activity serves as a 
valuable indirect indicator. Among previously reported agents, the anti-FOLR1/anti-DR5 bispecific antibody 
BaCa17 exhibited no anti-tumor activity in xenograft models in mice unless the S267E mutation was introduced 
into the Fc region of IgG1. This mutation enabled BaCa to engage Fcγ receptor IIB on B cells, providing secondary 
cross-linking15,16. Nude mice used for xenograft experiments have B cells, which can infiltrate tumors, but these 
mice have low levels IgG1 antibodies in their blood29,30, while concentration of IgG1 in human blood is very 
high and likely impeding the interaction of therapeutic antibodies with Fcγ receptor IIB in humans. As shown 
in Fig. 4k, the anti-tumor activity of IMV-M was robust and unaffected by either enhanced or attenuated affinity 
for FcγRIIB or by the presence or absence of mouse IgG1. ENb-TRAIL, an EGFR-targeted nanobody fused to 
a TRAIL derivative31 binds both death receptor 4 and death receptor 5, forming a trivalent interaction on both 
sides with potential super-clustering of death receptors. ENb-TRAIL exhibited cytotoxic and apoptosis-inducing 
activity in vitro and demonstrated anti-tumor efficacy in vivo using an unconventional delivery method. The 
delivered dose and versatility of ENb-TRAIL’s in vivo activity remain unclear. RG738632, a bispecific tetravalent 
antibody targeting FAP, an antigen expressed on tumor stromal cells and some cancer cells, and DR5, induced 
apoptosis in FAP-positive tumor cell lines and in mixed populations of tumor cells and FAP-expressing cells. 
RG7386 generally required high, multiple doses and/or combination with chemotherapy for efficacy. Its limited 
effectiveness in vivo may have been due to the spatial distribution of tumor cells in patient tumors, where not 
all cancer cells were in proximity to FAP-expressing stromal cells. In a clinical trial, RG7386 demonstrated 
marginal clinical activity33, leading to the discontinuation of its clinical development. A mixture of two self-
oligomerizing anti-DR5 antibodies, HexaBody-DR5/DR534,35 was designed to induce DR5 super-clustering. In 
preclinical studies, HexaBody-DR5/DR5 often required multiple doses for even a moderate activity in solid 
tumor models, except in the highly DR5-sensitive COLO-205 model34; its activity in multiple myeloma was 
dependent on chemotherapy35. During a clinical trial, many patients experienced serious adverse events, likely, 
due to an indiscriminate targeting of DR5. Due to these safety concerns and insufficient antitumor activity (​
h​t​t​p​s​:​​/​/​w​w​w​.​​h​r​a​.​n​h​​s​.​u​k​/​p​​l​a​n​n​i​​​n​g​-​a​​n​d​​-​i​m​p​r​o​​​v​i​n​g​-​r​​e​s​​e​a​r​​c​h​/​a​p​p​​l​i​​c​a​t​i​​o​n​-​s​u​​m​​m​a​r​i​e​​s​​/​r​e​s​e​​a​r​c​h​​-​s​​u​m​m​a​r​​i​​e​​s​/​g​e​​n​
1​0​2​​9​-​​i​n​​-​p​a​t​​i​e​n​t​s​​-​​w​i​t​h​​-​m​a​l​i​g​n​a​​​n​t​-​s​​​o​l​i​d​-​t​​u​m​o​u​r​s​/​?​​u​t​m​_​s​o​u​r​c​e​=​c​h​a​t​g​p​t​.​c​o​m), the study was terminated, and 
clinical development of HexaBody-DR5/DR5 was discontinued. García-Martínez and colleagues reported two 
bispecific antibodies targeting DR5: one directed against cadherin 17 (BI 905711 )24 and, more recently, another 
targeting cadherin 336. In preclinical studies, BI 905711 demonstrated anti-tumor activity in several xenograft 
models; however, the interpretation of its efficacy was challenging due to the inconsistent tumor growth in these 
models. In a Phase 1 trial37, BI 905711 exhibited only modest clinical activity, leading to the discontinuation of 
its clinical development. The bispecific antibody targeting cadherin 3 and DR5 demonstrated promising in vivo 
activity36. Interestingly, cadherin 3 has five extracellular domain repeats, though it remains undisclosed whether 
the antibody binds to these repeats. Among other DR5-targeting agents that entered clinical trials were two 
TRAIL derivatives, Aponermin38 and Eftozanermin α39 and two multivalent anti-DR5 antibodies, Aplitabart40 
and Ozekibart41. Of these, Eftozanermin α exhibited only moderate preclinical activity, even with multiple doses, 
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or in combination with chemotherapy39. In Phase 1 trials (NCT03082209 and NCT04570631), Eftozanermin α 
had modest clinical activity and its development was discontinued. In a preclinical study, Aplitabart40 required 
multiple high doses and showed only modest efficacy without additional chemotherapy. The clinical efficacy 
data for Aplitabart have not been publicly disclosed; its development was apparently stopped. Aponermin and 
Ozekibart, have shown promising results, and ongoing research continues to explore their potential as cancer 
therapies. Aponermin was approved in China for use in combination with thalidomide and dexamethasone 
for the treatment of patients with relapsed or refractory multiple myeloma42. Ozekibart, when combined with 
established chemotherapy regimens, shows promise as a potential treatment for advanced colorectal cancer 
(Inhibrx Biosciences January 2025 announcement). Thus, many anti-death receptor agents, had achieved only 
limited success in both preclinical and clinical studies. Agents with minimal preclinical activity demonstrated 
negligible clinical efficacy, while those showing moderate preclinical effects similarly yielded only modest 
outcomes in clinical trials or were too toxic. IMV-M was designed with an additional DR5 clustering mechanism 
distinct from those of other DR5-targeting agents, with one possible exception (anti-cadherin 3/anti-DR5)—by 
clustering multiple IMV-M molecules on a single antigen molecule. IMV-M exhibits robust anti-tumor activity 
across diverse xenograft models.

MUC16 is a promising therapeutic target, as it is overexpressed in the tumors of most ovarian cancer patients 
and in a significant proportion of patients with pancreatic adenocarcinoma (PDAC) and non-small cell lung 
cancer (NSCLC). It is also present in subsets of patients with other cancers, including endometrial, breast, 
esophageal, gastric, and colorectal adenocarcinomas43–55. MUC16 is largely absent in most normal tissues, 
appearing only on the free surface of select epithelia56,57 [http://gepia.cancer-pku.cn; ​w​w​w​.​h​u​m​a​n​p​r​o​t​e​o​m​e​m​a​p​
.​o​r​g​​​​​; www.proteinatlas.org], which minimizes its exposure to circulating IMV-M.

Additional evidence supporting IMV-M’s clinical promise comes from studies with two ADCs developed by 
Genentech, DMUC5754A and DMU46064A, which utilize the same anti-MUC16 antibody, hu3A5. Preclinical 
evaluations of these conjugates showed activity primarily in xenograft models with very high MUC16 expression, 
such as NIH:OVCAR-3 or greater12,13, and only at doses close to or exceeding their maximal tolerated doses in 
patients. Despite limited preclinical efficacy, these ADCs—especially DMU46064A—demonstrated promising 
activity (but narrow therapeutic window due to payload-related toxicity) in early clinical trials58,59. Given IMV-
M’s robust efficacy in xenograft models with MUC16 expression levels notably lower than NIH:OVCAR-3 
(Fig.  3) at doses several-fold lower than the predicted tolerable dose, it is likely to exhibit favorable clinical 
activity.

MUC16 undergoes proteolytic cleavage, leading to the shedding of its extracellular domain into the 
bloodstream. This process is essential for the release of the cleaved MUC16 fragment, known as CA125, which 
serves as a biomarker for ovarian cancer60. A key question is whether circulating shed MUC16 could hinder 
tumor targeting with IMV-M. The results from Phase 1 clinical studies of two ADCs utilizing the same anti-
MUC16 antibody provide valuable insights. Despite MUC16 being a poorly internalizing antigen—significantly 
limiting the anti-tumor efficacy of these ADCs (both were active only in preclinical models with exceedingly 
high MUC16 expression12,13)—there were clear indicators of clinical activity58,59. These included objective 
tumor responses at doses as low as 0.8 mg/kg and a sharp decline in CA125 levels in most patients by day 21 
of treatment. These findings are encouraging, suggesting that a dose as low as 0.8 mg/kg is not neutralized by 
circulating MUC16.

IMV-M offers an effective and safe alternative to MUC16-targeting ADCs: (i) IMV-M acts directly on the 
cell surface, while ADCs require internalization and lysosomal degradation to activate. Given MUC16’s low 
internalization efficiency, ADCs need very high MUC16 expression levels to be effective, whereas IMV-M 
demonstrated activity in xenografts with moderate MUC16 expression. (ii) IMV-M’s cell-killing mechanism is 
independent of drug resistance often acquired in chemotherapy-pretreated patients, making its activity less likely 
to be impacted by such resistance. (iii) The maximum tolerated dose of ADCs is limited by the inherent toxicity 
of their payload, leading to a narrow therapeutic window, as seen with DMUC5754A and DMU46064A. Other 
types of MUC16-targeting therapies have shown limited success to date. Clinical trials of a MUC16-targeted 
CAR-T and a BiTE (Ubamatamab) have reported disappointing results61,62. There is evidence suggesting that 
IMV-M will be safe for patients: (i) no signs of toxicity were observed in cynomolgus monkeys; (ii) the DR5 
component in IMV-M is a fragment of the antibody Lexatumumab, which was well tolerated by patients in 
clinical trials63–65; (iii) no MUC16-related toxicity was observed in clinical trials of the two MUC16-targeted 
ADCs, and the systemic toxicity observed was consistent with the typical profile of ADCs using this cytotoxic 
payload58,59.

Methods
Cell culture
HPAC (CRL-2119), NIH:OVCAR-3 (HTB-161), NCI-H1975, SW1990, NCI-H292, Capan-1, Capan-2, DU4475, 
MDA-MB-436, NCI-H1975, and HCC827 were obtained from the American Type Culture Collection (ATCC). 
PK-59 was obtained from Cobioer Biosciences Co., Ltd and the RIKEN BioResource Research Center. NCC-
StC-K140 was obtained from RIKEN, and HDQ-P1 was obtained from The Leibniz Institute DSMZ – German 
Collection of Microorganisms and Cell Cultures GmbH.

Expression of IMV-M and control proteins
Monospecific and bispecific antibodies for this study were generated at WuXi Biologics and BioIntron using 
standard transient expression procedures in CHO cells, followed by isolation through protein A chromatography. 
When indicated, additional purification was performed using MSS-Superdex 200 chromatography. The integrity 
and purity of the antibodies were assessed using reduced and non-reduced SDS-PAGE and SEC-HPLC.
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In vitro cytotoxicity and apoptosis testing
The CellTiter-Glo tests (Promega Corporation) were performed at Pharmaron and HD Biosciences (WuXi 
AppTec). Cells were plated into flat-bottom tissue culture 96-well plates. The following day, test reagents were 
added for an additional two days. The relative number of viable cells was then assessed using the CellTiter-Glo 
assay, following the standard manufacturer’s protocol. Inhibition of cell proliferation and activation of apoptosis 
in PK-59 cells were examined by monitoring individual cells in real time using the Incucyte S3, a live-cell 
imaging and analysis system (Sartorius AG) at Pharmaron. Cells were plated into a 96-well flat tissue culture 
plate at a density of 1500 cells/well. The following day, test reagents and monitoring dyes were added to the cells, 
and fluorescent images of individual cells were captured every two hours following the manufacturer’s protocol. 
Incucyte Nuclight Rapid Red Dye for nuclear labeling (Sartorius Cat. No. 4717) and Incucyte® Caspase-3/7 Green 
Dye for Apoptosis (Sartorius Cat. No. 4440) were used to detect cell proliferation (number of red-fluorescent 
objects) and apoptosis (number of green-fluorescent objects with activated caspase-3 and/or 7) to monitor the 
execution phase of apoptosis. All conditions in the in vitro cytotoxicity and apoptosis assays were tested in 
triplicate, and the mean values of a representative experiment were plotted. The SEM values were very small and 
therefore most would not be visible on the plots.

Immunohistochemistry (IHC) study
This study was performed at HD Biosciences (WuXi AppTec). Tumor tissues embedded in paraffin were cut 
with a microtome to a thickness of 4 μm. After heat-induced antigen retrieval in Citrate 6.0 (MXB #MVS0066), 
sections were immersed in a 3% hydrogen peroxide solution for 5 min. To avoid nonspecific staining, sections 
were then incubated in Dako REAL™ Antibody Diluent (Code S2022) supplemented with 5% normal goat 
serum (Kangyuan #KY-01021) for 30  min at room temperature, followed by exposure to the anti-MUC16 
antibody (Abcam #110640) at a 1:500 dilution in the same buffer overnight. The sections were then treated 
with HRP-conjugated Polyclonal Goat anti-Rabbit Immunoglobulins (Dako, cat# 4003) and visualized with 
diaminobenzidine according to the manufacturer’s protocol. The nuclei were stained with hematoxylin. Slides 
were scanned using an Aperio Scanner: Versa 8 (Leica) at 200X magnification. Images were opened with 
HALO software, and the pen tool was used to create an annotation layer, with necrotic areas excluded from the 
annotation layer.

Mouse xenograft studies
These studies were conducted at Pharmaron and HD Biosciences (WuXi AppTec). All procedures related to 
animal handling, care, and treatment were performed according to guidelines approved by the Institutional 
Animal Care and Use Committee (IACUC) of HD Biosciences, adhering to the standards set by the Association 
for Assessment and Accreditation of Laboratory Animal Care (AAALAC). BALB/c nude female mice 
(GemPharmatech Co., Ltd., Beijing, China), aged 6–8 weeks at the time of inoculation and weighing 16–20 g, 
were used for the study. Tumor cells in the exponential growth phase were used for inoculation. Each mouse 
was inoculated subcutaneously on the right flank with tumor cells to establish tumor growth. Treatments were 
initiated when the mean tumor volume reached approximately 130  mm³. Mice were randomly assigned to 
treatment groups based on tumor volume to ensure similar average starting tumor sizes across groups. The 
test compounds were administered intravenously via the tail vein. Throughout the study, mice were monitored 
for tumor growth and general health, including behavior, mobility, food and water consumption, body weight, 
eye/hair condition, and other signs of abnormal effects. The studies are reported in accordance with ARRIVE 
guidelines. The measurement of tumor size was conducted twice weekly with a caliper and the tumor volume 
(mm3) is estimated using the formula: TV = a × b × b/2, where “a” and “b” are long and short diameters of a 
tumor, respectively. The TVs are used for calculation of the tumor growth inhibition and tumor growth delay. 
For the tumor growth inhibition (TGI), the value using the formula:

	 a. % ∆T/∆C = (TreatedTVfinal − TreatedTVinitial)/(VehicleTVfinal − VehicleTVinitial) × 100.

	 b. % TGI = (1 − ∆T/∆C) × 100.

The “TVfinal” and “TVinitial” are the mean tumor volumes on the final day and initial day of dosing.
Statistical tests were conducted, and the level of significance was set at 5% or P < 0.05. The group means, 

standard deviations were calculated for all measurement parameters as study designed. Chi-square test and 
Two-way RM ANOVA followed by Tukey’s correction for multiple comparisons were applied among groups. 
Statistical difference between the positive and control groups in Fig. 4a-d, k were highly significant with P < 0.01–
0.001, except Fig. 4b 1 mg/kg (P < 0.05). Statistical difference between the positive and control groups in Fig. 3e-j 
had P > 0.05.

Exploratory non-GLP toxicokinetics and safety assessment in non-human primates
Two naïve female cynomolgus monkeys (WuXi AppTec Co., Ltd., Nanjing, Jiangsu Province, 210031, China) 
were used in this study. All procedures related to animal handling, care, and treatment were performed according 
to guidelines approved by the Institutional Animal Care and Use Committee (IACUC) of WuXi AppTec, 
adhering to the standards set by the Association for Assessment and Accreditation of Laboratory Animal Care 
(AAALAC). Animal 1 received IMV-M (IMV-M-WT-LALA with a two-step purification)  via intravenous 
bolus administration at a dose of 10 mg/kg on Days 1 and 22, while Animal 2 received IMV-M via intravenous 
bolus administration at 20 mg/kg on the same days. Serum samples were collected at various time points, and 
IMV-M concentrations were measured using an enzyme-linked immunosorbent assay (ELISA), as described in 
Supplementary Information. Hematology and clinical chemistry samples were collected at multiple time points. 
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Hematology parameters analyzed included leukocyte count, red blood cell (RBC) distribution width, erythrocyte 
count, platelet count, hemoglobin, mean platelet volume, hematocrit, white blood cell (WBC) differential, mean 
corpuscular volume, mean corpuscular hemoglobin, reticulocyte count, and mean corpuscular hemoglobin 
concentration. Clinical chemistry parameters analyzed included alanine aminotransferase, creatinine, aspartate 
aminotransferase, calcium, total protein, phosphorus, albumin, total cholesterol, globulin, triglycerides, 
albumin/globulin ratio, total bilirubin, alkaline phosphatase, sodium, γ-glutamyltransferase, potassium, glucose, 
chloride, urea, and creatine kinase. The study is reported in accordance with ARRIVE guidelines.

Data availability
Derived data supporting the findings of this study and all amino acid sequences are available from the corre-
sponding author upon request.
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