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Abstract

Objective: Uterine serous carcinoma (USC) is an aggressive histologic variant of endometrial 

cancer which portends a poor prognosis. DHES0815A is a novel antibody-drug-conjugate (ADC) 

which binds specifically to HER2 overexpressing tumors at a distinct epitope from that bound 

by trastuzumab and pertuzumab after which it delivers the toxic payload, PBD-MA, a DNA 

mono-alkylating agent. The objective of this study was to evaluate the preclinical activity of 

DHES0815A against primary USC cell lines and xenografts.

Methods: Twelve primary USC cell lines were assessed by immunohistochemistry (IHC) 

for HER2 protein expression and for C-erbB2 gene amplification using fluorescent in situ 

hybridization (FISH) analysis. Cell viability and bystander killing in USC cell lines after exposure 

to DHES0815A, the non-targeted ADC, and the unconjugated antibody (i.e. MHES0488A) were 

evaluated using flow cytometry-based-assays. In vivo activity of DHES0815A was tested against 

HER2/neu overexpressing USC xenografts.
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Results: High HER2/neu protein expression was seen in 25% (3/12) of the primary USC cell 

lines. USC cell lines overexpressing HER2/neu were significantly more sensitive to DHES0815A 

when compared to the non-targeted control ADC (p<0.001). DHES0815A did not induce 

significant bystander killing of HER2/neu negative tumors when admixed with HER2/neu 

positive tumors. DHES0815A caused growth-inhibition and increased survival in USC HER2/neu 

overexpressing xenografts when compared to controls (p<0.01).

Conclusions: DHES0815A is both highly selective and toxic to USC tumors overexpressing 

HER2/neu both in vitro and in vivo. HER2-directed ADCs, alone or in combination with other 

HER2/neu targeted agents may represent a novel treatment option for patients with tumors 

harboring HER2/neu overexpression refractory to trastuzumab and traditional chemotherapy.
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INTRODUCTION

In developing countries, endometrial cancer is the most prevalent of all gynecologic 

malignancies. In the USA an estimated 65,620 cases will be diagnosed in 2020 and this 

disease will account for an estimated 2,590 deaths [1]. If current trends continue the 

incidence of endometrial cancer will double by 2030 [2]. There are two broad histologic 

categories of endometrial carcinomas designated as type I and type II tumors that have 

different patterns of molecular alterations, which underlie their pathogenesis and clinical 

outcomes [3,4]. Approximately 80% of endometrial carcinomas are type I tumors, which 

are those with grade 1 or 2 endometrioid histology and have a favorable prognosis. 

Type II tumors comprise only about 20% of endometrial carcinomas and include grade 3 

endometrioid tumors as well as other nonendometrioid histology’s such as serous and clear 

cell; however, these tumors have a more aggressive clinical course. In fact, approximately 

70% of patient with uterine serous carcinoma (USC) present with stage III or IV disease 

[5,6]. Although USC accounts for only 3 to 10% of all endometrial carcinomas it is 

responsible for a disproportionate 39% of all uterine cancer related deaths with an overall 

5-year survival rate of 45%, compared to 91% for those with endometrioid adenocarcinoma 

[7–9]. Despite surgery and multimodality adjuvant therapy the prognosis remains dismal 

for patients with USC. Therefore, the identification of novel treatment modalities for 

patients diagnosed with USC remains an unmet medical need. The human epidermal growth 

factor type 2 receptor (HER2 or HER2/neu) gene (i.e. c-erbB2) encodes the HER2/neu 

tyrosine kinase receptor which plays an important role in the coordination of the complex 

erbB signaling network that is responsible for the regulation of cell growth, survival and 

proliferation [10]. HER2 overexpression (i.e. HER2/neu 3+ expression by IHC or c-erbB2 

gene amplification by FISH) is present in approximately 30% of USC [11–14]. HER2 

overexpression and/or gene amplification appears to be a poor prognostic factor in both 

early as well as advanced USC patients [11–13]. The substantial unwanted toxic side effects 

of conventional chemotherapy treatments used in the fight against cancer highlights the 

need for newer agents that specifically target tumor cells while sparing the surrounding 

normal tissue. Trastuzumab (Herceptin, Genentech/Roche), a humanized antibody targeting 
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HER2/neu has recently demonstrated significant clinical activity in patients with HER2-

amplified advanced/recurrent USC overexpressing HER2/neu. Indeed, a recent multicenter 

randomized phase II trial demonstrated that trastuzumab in combination with carboplatin/

paclitaxel resulted in a significant improvement in progression-free survival and overall 

survival in patients with both advanced and recurrent HER2/neu-positive USC [11–12]. 

Importantly, as a result of this trial, the National Comprehensive Cancer Network Uterine 

Neoplasm Guidelines have been revised and now endorse the addition of trastuzumab 

to standard cytotoxic chemotherapy as the preferred regimen for the treatment of Her2/

Neu-positive, advanced or recurrent USC [14]. Combination treatments may prove to be a 

highly effective therapeutic strategy to overcome inborn and/or acquired resistance to HER2/

neu-targeted therapies for patients harboring HER2-amplified USC tumors.

Antibody-drug conjugates (ADCs), such as T-DM1, have recently strengthened the 

armamentarium in the era of molecularly targeted therapy. ADCs are sophisticated in that 

they link a surface receptor-targeting antibody to a cytotoxic molecule [15]. This permits the 

selective delivery and internalization of a toxic payload to tumor cells expressing high levels 

of the antigen targeted by the ADC while sparing healthy tissue that expresses minimal 

levels of this targeted antigen [16]. T-DM1 is composed of trastuzumab covalently linked 

with a non-cleavable linker to the antimitotic agent emtansine (DM1). Once internalized into 

tumor cells DM1 it is cleaved from the antibody and binds to tubulin inhibiting microtubule 

assembly and resulting in apoptosis in dividing tumor cells [17–20]. However, there is a 

significant need for new HER2-targeted agents with novel mechanisms of action as well 

as acceptable toxicity profiles that may be combined with current established treatments 

to improve outcomes for patients with HER2-overexpressing/amplified USC tumors. In 

fact, results from studies of HER2-positive advanced breast cancer patients suggest that 

engagement of HER2 at multiple epitopes may confer an advantageous clinical benefit and 

that tumor-directed cytotoxic agents may yield a more optimal safety profile over systemic 

chemotherapy [21–23]. DHES0815A is a THIOMAB™ antibody-drug conjugate (TDC) 

that is comprised of an engineered humanized immunoglobulin G1 (IgG1) monoclonal 

antibody, MHES0488A, which binds specifically to HER2, conjugated to a novel DNA 

mono-alkylating agent, pyrrolo[2,1-c][1,4]benzodiazepine monoamide (PBD-MA), via a 

stable disulfide-based linker. DHES0815A was designed using THIOMAB™ technology 

enabling the conjugation of two PBD-MA linker drug molecules per antibody [24]. The 

released payload covalently binds to DNA, leading to DNA alkylation but not cross-linking. 

Importantly, only one of the two PBD moieties contains an amide functionality that is not 

involved in DNA alkylation, making it less potent than the corresponding bis-alkylator to 

potentially improve tolerability. In contrast to the ADC Trastuzumab emtansine (T-DM1), 

where the toxic payload DM1 is active only in dividing cells, PBD-MA has cytotoxic 

activity in dividing and non-dividing cells. Interestingly, DHES0815A binds to domain I 

of the HER2 extracellular domain and recognizes a distinct epitope from that bound by 

trastuzumab, pertuzumab and T-DM1 [25]. Taken together, DHES0815A will not compete 

with previously studied HER2 targeted agents when binding to the HER2 receptor and as 

such it can potentially be used in combination treatments while providing a more favorable 

toxicity profile for the patient. Therefore, we sought to evaluate the preclinical antitumor 

activity of DHES0815A in USC for the first time through in vitro and in vivo experiments 
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using several primary USC cell line models expressing different levels of HER2/neu and 

xenograft models.

MATERIALS AND METHODS

Establishment of USC cell lines

The Institutional Review Board (IRB) at Yale University approved this study and patient 

consent was obtained prior to tissue collection according to institutional guidelines. Twelve 

primary USC cell lines were established from fresh tumor biopsy samples obtained from 

chemotherapy naïve patients at the time of primary surgical staging. These fresh tumor 

biopsy samples were processed in a sterile fashion as previously described by our laboratory 

[26, 27]. The primary cell lines were then authenticated via whole exome sequencing 

(WES) at the Yale Center for Genome Analysis and subsequently cryopreserved [27]. 

All revived cell lines were used within 20 passages and cultured for less than 6 months 

before these experiments. Tumors were staged according to the International Federation of 

Gynecology and Obstetrics staging system. The corresponding cell blocks were analyzed 

for HER2 surface expression by IHC and c-erbB-2 gene amplification by fluorescent in 

situ hybridization (FISH) as described below. Patient and cell line characteristics as well as 

their respective HER2/neu expression are presented in Table 1. As this study involves work 

performed with human samples, all the study methodologies conformed to the standards set 

by the Declaration of Helsinki (World Medical Association, 2001).

Drugs

T-DM1 (batch N0001B02; Roche, Basel, Switzerland) was provided by Synthon 

Biopharmaceuticals BV, Nijmegen, the Netherlands. DHES0815A, the unconjugated 

antibody or unconjugated anti-HER2 THIOMAB™ (MHES0488A), and the non-targeting 

control ADC (CNJ3605) were obtained from Genentech, Inc. (South San Francisco, CA). 

DHES0815A and T-DM1 were dissolved in sterile phosphate-buffered saline (PBS) as 

20 μg/μL stock solutions for the in vitro experiments. MHES0488A and the non-targeted 

control ADC were dissolved in PBS as 15.4 μg/μL and 13.71 μg/μL respectively. The 

drug-to-antibody ratio (DAR) of DHES0815A and the control ADC were both 2.0. 

DHES0815A is a THIOMAB™ antibody-drug conjugate (TDC) that is comprised of an 

engineered humanized immunoglobulin G1 (IgG1) monoclonal antibody, MHES0488A, 

which binds specifically to HER2, conjugated to a novel DNA mono-alkylating agent, 

pyrrolo[2,1-c][1,4]benzodiazepine monoamide (PBD-MA), via a stable disulfide-based 

linker. DHES0815A was designed using THIOMAB™ technology enabling the conjugation 

of two PBD-MA linker drug molecules per antibody [24]. To achieve high stability in 

circulation and fast payload release at target cells, the PBD-MA payload was conjugated 

directly via a methyl-disulfide linker to the free thiols of the THIOMAB™ antibody light 

chain (LC-K149C); the site empirically identified for optimal stability. The non-targeted 

control ADC is comprised of a non-HER2 antibody conjugated with the same PBD-MA 

as DHES0815A. Of note, due to the intrinsic toxicity of pyrrolo[2,1-c][1,4]benzodiazepine 

monoamide (PBD-MA) when used as a free drug (unconjugated to an antibody), in vivo 
experiment with PBD-MA alone were not performed.
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Evaluation of HER2 expression via immunostaining of primary USC cell blocks

Cell blocks were obtained from all twelve USC cell lines and reviewed by a gynecologic 

surgical pathologist to confirm the presence of tumor cells. The level of HER2 expression 

was evaluated as previously described [26]. Briefly, HER2 immunohistochemical staining 

was performed on paraffin-embedded 5 μm sections of the cell blocks after deparaffinization 

and rehydration, using the c-erbB-2 antibody (Thermo Fisher Scientific) at a 1:800 dilution. 

HER2 protein expression was scored per the recent clinical trial scoring criteria [28].

Evaluation of HER2 expression via FISH analysis of primary USC cell blocks

FISH analysis was performed using the PathVysion HER2 DNA FISH Kit (Abbott 

Molecular Inc.) according to the manufacturer’s instructions. Cell block sections of 5 

μm were deparaffinized and rehydrated, followed by acid pretreatment and proteinase 

K digestion. A probe mix containing an orange probe directed against the HER2 gene 

(Vysis, Inc., LSI HER2) and a green probe directed against the pericentromeric region of 

chromosome 17 (Vysis CEP 17) were added and specimens were denatured for 5 minutes 

at 73 °C. Slides were then incubated overnight in a humidified chamber at 37 °C and 

washed the day after when a fluorescence mounting medium, containing 4,6-diamidino-2-

phenylindole (DAPI), was applied. Fluorescent signals in at least 30 nonoverlapping 

interphase nuclei with intact morphology were scored using a Zeiss Axioplan 2 microscope 

(Carl Zeiss Meditec, Inc.) with a 100x planar objective, using a triple band-pass filter that 

permits simultaneous blue, green, and red colors. Tumor cells were evaluated for the number 

of orange (HER2) and green (CEP 17) signals. A case was considered amplified when the 

ratio of the number of fluorescent signals of HER2 to CEP 17 was ≥2.0.

Flow-cytometry based cell viability assays

USC cell lines were plated in six-well tissue culture plates at a density of 25,000–100,000 

cells/well in RPMI 1640 media supplemented with 10% FBS, 1% penicillin/streptomycin, 

and 1% amphotericin. Cells were incubated at 37°C, 5% CO2 for 24 hours. After this brief 

incubation, cells were treated with DHES0815A, the non-targeted ADC, and MHES0488A 

at concentrations of 0, 0.01, 0.07, 0.1, 0.5, 5.0 μg/mL. The six-well plates were then 

incubated for 72 hours after which the cells were harvested and stained with propidium 

iodide (2μl of 500 μg/ml stock solution in PBS). The viable cells were then quantified 

using flow-cytometry as mean ± SEM relative to untreated cells as 100% viable controls. 

A minimum of 3 independent experiments per cell line were performed to determine the 

half maximal inhibitory concentration (IC50) of DHES0815A, the non-targeted ADC, and 

MHES0488A.

Bystander Effect

Briefly, a 1:1 ratio of 3+ HER2/neu USC cells (i.e. ARK2) and HER2/neu 0/1+ USC 

cells (i.e. ARK4) stably transfected with a Green Fluorescence Protein (GFP) plasmid 

(pCDH-CMV-MCSEF1-copGFP, a gift from Dr. Simona Colla, MDACC, Houston, TX), 

were mixed (40,000 cells/well of each cell type) and plated in 6-well plates (2 mL/well). 

After an overnight incubation, DHES0815A or non-targeted control ADC at a concentration 

of 1 μg/mL or vehicle were added. Cells were collected, centrifuged and stained with 
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propidium iodide (2μL of 500 μg/mL stock solution in PBS) after 72 hours of incubation 

to identify percentages of live versus dead cells in each well. Flow cytometry-based assay 

was performed to quantify live cells as a mean ± SEM relative to untreated cells. Bystander 

effect was then assessed by comparing the percentage of live HER2/neu negative cells 

(i.e. GFP-ARK4) when they are co-cultured with HER2/neu positive cells (i.e. ARK2) and 

treated with the non-targeted control ADC versus they are co-cultured and treated with 

DHES0815A.

In vivo treatment

The in vivo antitumor activity of DHES0815A was tested in a xenograft model with 

3+ HER2/neu expression. Briefly, 5- to 8-week-old severe combined immunodeficiency 

(SCID) mice (ENVIGO, Indianapolis, IN) were given a single subcutaneous injection of 

7×106 USC ARK-2 cells (HER2/neu 3+) in approximately 300 μL of a 1:1 solution of 

sterile PBS containing cells and Matrigel (BD Biosciences). Once the tumor volume was 

approximately 0.2 cm3, the mice were randomized into treatment groups (n= 6); those 

treated with DHES0815A (10 mg/kg), T-DM1 (10 mg/kg), non-targeting control ADC 

(10 mg/kg), MHES0488A the unconjugated anti-HER2 THIOMAB™ (10 mg/kg), and the 

vehicle being sterile saline. Drug dosages were chosen and given as a single intravenous 

injection according to previously conducted studies on different xenograft models [36–38]. 

Mice were observed for overall survival as the primary outcome measure. Tumor volume 

was determined using the formula (A2 x B)/2, where A and B represent the smallest 

perpendicular tumor diameter and largest tumor diameter respectively. The mice were 

euthanized when the tumor volume reached 1.0 cm3 or at the end of the study. All animal 

care and euthanasia were carried out according to the rules and regulations as set forth by 

the Institutional Animal Care and Use Committee (IACUC) which are in accordance with 

National Institutes of Health guide (NIH) for the care and use of Laboratory animals.

Statistical analysis

Statistical analysis was performed using GraphPad Prism version 8 (GraphPad Software, 

San Diego, CA). The differences in the inhibition of proliferation in the USC cell lines after 

exposure to treatments were evaluated by two-tailed unpaired student t-test. Tumor volume 

differences at specific time points were compared using an unpaired student t-test. Overall 

survival data were analyzed using the Kaplan-Meier method. Survival curves were compared 

using the log-rank test. A two-sided p-value < 0.05 was considered to be significant.

RESULTS

HER2/neu expression in primary USC cell lines

We evaluated HER2/neu protein expression by IHC and C-erbB2 gene amplification by 

FISH in twelve primary USC culture cell lines (Table 1). Gene amplification and high levels 

(3+ staining) of HER2 protein expression by IHC were detected in 25% of the USC cell 

lines (i.e. 3/12). Seven cell lines had low (1+) or negligible (0/1+) HER2 expression on IHC, 

while the remaining two had 2+ expression (Table 1).
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In vitro viability assays with DHES0815A, non-targeted control ADC, and MHES0488A in 
primary USC cell lines

Three primary HER2/neu 3+ USC cell lines (i.e. ARK-2, ARK-20 and ARK-1) and one 

primary HER2/neu 0/1+ USC cell line (ARK-4) were treated with scalar concentrations of 

DHES0815A, the non-targeted control ADC, and the unconjugated antibody MHES0488A 

for a total of 72 hours as described in the materials and methods section. The IC50 of 

DHES0815A, the non-targeted control ADC, and the unconjugated antibody MHES0488A 

were determined as described in the materials and methods section. As shown in Figure 

1, DHES0815A was significantly more potent (i.e. 53-fold, 19-fold, and a 11-fold increase 

in cell cytotoxicity against ARK-2, ARK-20, and ARK-1 respectively) when compared to 

the non-targeted control ADC (p<0.05). Unconjugated antibody MHES0488A (ie, naked 

antibody) demonstrated no significant toxicity against the primary USC cell lines (data 

not shown). When the HER2/neu negative cell line (i.e. ARK-4) was challenged with 

DHES0815A, there was no increase in cell cytotoxicity when compared to the control ADC 

(p=0.1) (Figure 1).

DHES0815A does not demonstrate bystander effects in vitro

The ability of DHES0815A to induce a bystander killing effect against USC with 

heterogeneous HER2/neu expression was tested by admixing ARK-2 USC cells (i.e. high 

HER2/neu expression) in vitro with low/negligible HER2/neu expressing cells (i.e. GFP-

ARK4 cells) for 72 hours as described in the methods and materials section. As shown in 

Figure 2 and consistent with the non-cleavable nature of the methyl-disulfide linker, there 

was no increase in bystander cytotoxicity of GFP-ARK4 cells seen when these and ARK-2 

were treated as co-cultures with 1 μg/ml of DHES0815A when compared to DHES0815A 

-treated ARK-4 monocultures (p>0.05).

In vivo antitumor activity

In vivo experiments comparing the antitumor activity of DHES0815A, the non-targeting 

control ADC, MHES0488A, T-DM1, and saline (control) were conducted in xenograft 

models with 3+ HER2/neu expression (i.e. ARK-2). Drug dosages were given as a single 

intravenous injection. The treatment with DHES0815A showed a statistically significant 

difference in tumor growth inhibition compared to the saline (control) (p=0.0001) and the 

non-targeting control ADC (p=0.006) (Figure 3A) that began at days 16 and 19 of the 

treatment respectively. The significant antitumor effects were evidenced throughout the 

study up to the time the control animals were euthanized due to disease progression (i.e. 

tumor volume >1.0 cm3). The mice treated with DHES0815A and T-DM1 had no tumor 

growth while on treatment, whereas mice treated with saline solution, the non-targeted 

control ADC or the unconjugated control MHES0488A antibody all demonstrated rapid 

disease progression (Figure 3A). DHES0815A caused growth-inhibition and increased 

survival in HER2/neu overexpressing xenografts when compared to control (p<0.01). The 

in vivo activity of DHES0815A in the USC ARK2 xenograft model was similar to the in 
vivo activity of T-DM1 (Figure 3B). Animals tolerated DHES0815A treatment well with no 

significant change in their body weight (Figure 3C).
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DISCUSSION

Uterine serous carcinoma is a highly aggressive endometrial malignancy with limited 

effective therapeutic options and as such the prognosis for patients unfortunately remains 

dismal. As HER2 overexpression and amplification appears to be a poor prognostic 

factor and is found in approximately 30% of USC tumors, it represents an attractive 

molecular target for novel therapeutic agents [11–14]. There are currently four Food 

and Drug Administration (FDA) approved monoclonal HER2-directed antibody drugs to 

treat patients with tumors overexpressing HER2 which are Trastuzumab (T), Pertuzumab 

(P), Trastuzumab emtansine (T-DM1, Kadcyla, Genentech/Roche) and Fam-trastuzumab 

deruxtecan-nxki, formerly known as DS-8201 [29–36]. The HER2-directed antibody 

antitumor activity of these drugs may result from 1) the inhibition of dimerization and 

consequent decreased intracellular signaling via the phosphatidylinositol 3-kinase (PI3K) 

and the mitogen-activated protein kinase (MAPK) pathways, 2) antibody-dependent and 

complement-dependent cytotoxicity (ie, ADCC and CDC) [37,38], and 3) the internalization 

of the cytotoxic payload linked to the antibody. While T-DM1 permits the selective delivery 

and internalization of its toxic payload, DM1, a maytansinoid, to tumor cells expressing 

only HER2/neu while sparing surrounding healthy tissue, other HER2/neu targeting ADC, 

(ie, SYD985, Synthon Biopharmaceuticals BV, Nijmegen, the Netherlands), which is 

composed of trastuzumab linked to the toxic payload valine-citrulline-seco DUocarmycin 

hydroxyBenzamide Azaindole (vc-seco-DUBA), via a cleavable linker, allows significant 

bystander killing of surrounding tumor cells that do not possess HER2/neu overexpression 

[29–31,39]. The toxic payload in SYD985 (i.e. DUBA), binds to the minor groove of 

DNA and subsequently causes irreversible DNA alkylation leading to DNA damage and 

ultimately cell death in both dividing as well as non-dividing cells [29–31,39]. SYD985 has 

demonstrated impressive preclinical antitumor activity in USC followed by clinical activity 

in a Phase II clinical trial (NCT02277717) [29–31,39].

In this present study, we investigated for the first time the in vitro and in vivo activity of 

DHES0815A, a novel ADC that couples a humanized HER2 monoclonal and PBD-MA via 

a stable linker, against primary USC cell lines and xenograft models. We found that primary 

tumor cell lines overexpressing HER2/neu were significantly more sensitive to DHES0815A 

with an 11-fold to 53-fold increase in cytotoxicity when compared to the non-targeted 

control ADC (p<0.05). In contrast, USC primary cell lines with low to negligible HER2/neu 

expression were not sensitive to the ADC. Additionally, a single DHES0815A infusion 

caused significant growth-inhibition and increased survival in HER2/neu overexpressing 

xenografts when compared to controls (p<0.0001). Taken together, these results suggest 

that the in vitro and in vivo cytotoxic effect of DHES0815A is the result of its high 

selectively to HER2/neu overexpressing tumor cells and mediated by the delivery of its toxic 

chemotherapy payload after ADC internalization.

One of the major challenges found with the use of targeted therapeutics in the treatment of 

gynecologic malignancies stems from the heterogeneity in the expression of target antigens. 

For instance, whole exome sequencing (WES) and confirmatory immunohistochemistry 

(IHC) and FISH studies demonstrated that over 50% of USC tumors overexpressing 

HER2/neu also displayed high heterogeneity (i.e. at least a two-degree difference in staining 
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intensity involving tumor cells) [27, 40–41]. One approach to overcome such an issue which 

may result in resistance of a tumor to targeted treatment is the use of a cleavable linker 

whereby the toxic payload may be released in tumors both intracellularly as well as in 

the tumor microenvironment. While this allows the targeted killing of HER2/neu positive 

tumor cells by intracellular uptake and bystander killing of HER2/neu negative tumor cells 

by release of the toxic payload in the microenvironment, this strategy may also result in 

increased toxicity from such a drug given the instability of the linker. In this regard, and not 

surprisingly, DHES0815A did not induce bystander killing of HER2/neu negative tumors 

when admixed with HER2/neu positive tumors due to the fact that its toxic payload is linked 

to a HER2 targeted monoclonal antibody via a stable disulfide-based linker [25].

One of the unique features of DHES0815A is the ability of this ADC to target a distinct 

epitope on the HER2 receptor when compared to other FDA approved antibody treatments 

targeting HER2/neu. This feature may allow in future studies the evaluation of potential 

treatment combination with traditional chemotherapeutic agents or newer agents such as 

ADCs (i.e. T-DM1 or SYD985) with additive and/or synergistic cytotoxic activity against 

cells that are HER2/neu positive. Another relevant feature of DHES0815A is that the toxic 

payload, PBD-MA, is a mono-alkylating agent which makes it less potent that corresponding 

bis-alkylators to potentially improve tolerability. Nevertheless, DHES0815A, unlike T-DM1, 

also demonstrates cytotoxic activity against both dividing and non-dividing cells.

In conclusion, our work demonstrated for the first time remarkable preclinical activity 

of DHES0815A, a novel HER2 targeting ADC, against HER2/neu overexpressing USC 

primary cell lines and xenografts both in vitro and in vivo. Therefore, DHES0815A 

alone or in combination with other HER2/neu targeted agents may represent a novel and 

less toxic treatment option for patients with tumors harboring HER2/neu overexpression 

refractory to trastuzumab and traditional chemotherapy. Taken together, this preclinical data 

strongly supports the design of clinical trials of DHES0815A as either a single agent or in 

combination treatment for patients harboring USC overexpressing HER2/neu.
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Highlights

• HER2/neu overexpressing USC cell lines are highly sensitive to DHES0815A 

in vitro.

• DHES0815A targets HER2/neu positive cells without collateral damage to 

surrounding cells as seen by the bystander effect.

• DHES0815A causes growth-inhibition and increased survival in HER2/neu 

overexpressing xenografts.
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Figure 1: 
IC50 of DHES0815A compared to control (non-targeted control in USC cell lines with 

high level of HER2/neu expression versus negative HER2/neu expression. High HER2/neu 

(3+) expressing USC cell lines (ARK2, ARK20, ARK1) demonstrated significantly lower 

IC50 values when compared to the non-targeted control ADC (53-fold, 19-fold, and a 11-

fold decrease, p<0.05). USC cell lines with negative HER2/neu (0/1+) expression (ARK4) 

showed no difference in IC50 values of DHES0815A when compared to the non-targeted 

control ADC.
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Figure 2: Bystander assay-
Solid gray bar no-border: Low/negative HER2/neu expressing ARK4 cell (ARK4-GFP 

cells), co-cultured without any treatment (control, CTRL). Stripes bar with no-border: 

Low/negative HER2/neu expressing ARK4 cell (ARK4-GFP cells), co-cultured with high 

HER2/neu expressing cells (ARK2) and treated with control ADC at 1 μg/mL. Squares bar 

no-border: Low/negative HER2/neu expressing ARK4 cell (ARK4-GFP cells), co-cultured 

with high HER2/neu expressing cells (ARK2) and treated with DHES0815A at 1 μg/mL 

concentration.
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Figure 3A: In vivo efficacy of DHES0815A.
Antitumor activity of DHES0815A was compared to controls including the non-targeted 

ADC, the unconjugated antibody (MHES0488A), and saline (control) in xenograft models 

with 3+ HER2/neu expression. (i.e. ARK-2). Mice were treated with a single intravenous 

injection as described in the methods section. The treatment with DHES0815A, showed 

a statistically significant difference in tumor growth inhibition compared to the control 

(p=0.0001) and the non-targeted control ADC (p=0.006) that began at days 16 and 19 

of the treatment respectively. Figure 3B: Overall survival. DHES0815A caused growth-
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inhibition and increased survival in HER2/neu overexpressing xenografts when compared to 

control (p<0.01). Figure 3C: Animal weight change. Animals tolerated DHES0815A well 

treatments with no significant change in their body weight.
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Table 1.

Patient and cell line characteristics and Her2/neu expression in tumors

Patient Age Race FIGO Stage
a Histology FISH IHC cell block

ARK1 
b 62 AA IVA Pure Amplified 3+

ARK2 63 AA IVB Pure Amplified 3+

ARK4 73 C IVB Pure Not amplified 0/1+

ARK6 62 C IB Mixed Not amplified 1+

ARK7 75 C IIC Pure Not amplified 2+

ARK11 80 AA IIIC Mixed Not amplified 1+

ARK19 65 C IA Pure Not amplified 2+

ARK20 42 C II Mixed Amplified 3+

ARK22 60 C IVB Pure Not amplified 0

ARK24 54 AA IIIC Pure Not amplified 1+

ARK25 77 C IIIA Mixed Not amplified 0

ARK26 68 C IVB Pure Not amplified 1+

Abbreviations: AA, African American; C, Caucasian

a
FIGO, International Federation of Gynecology and Obstetrics stage 1988.

b
Primary cell lines used in vitro validation experiments are listed in bold.
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