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Abstract

:

Meningiomas are primary tumors of the central nervous system with high recurrence. It has been reported that somatostatin receptor 2 (SSTR2) is highly expressed in most meningiomas, but there is no effective targeted therapy approved to control meningiomas. This study aimed to develop and evaluate an anti-SSTR2 antibody–drug conjugate (ADC) to target and treat meningiomas. The meningioma targeting, circulation stability, toxicity, and anti-tumor efficacy of SSTR2 ADC were evaluated using cell lines and/or an intracranial xenograft mouse model. The flow cytometry analysis showed that the anti-SSTR2 mAb had a high binding rate of >98% to meningioma CH157-MN cells but a low binding rate of <5% to the normal arachnoidal AC07 cells. The In Vivo Imaging System (IVIS) imaging demonstrated that the Cy5.5-labeled ADC targeted and accumulated in meningioma xenograft but not in normal organs. The pharmacokinetics study and histological analysis confirmed the stability and minimal toxicity. In vitro anti-cancer cytotoxicity indicated a high potency of ADC with an IC50 value of <10 nM. In vivo anti-tumor efficacy showed that the anti-SSTR2 ADC with doses of 8 and 16 mg/kg body weight effectively inhibited tumor growth. This study demonstrated that the anti-SSTR2 ADC can target meningioma and reduce the tumor growth.
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1. Introduction


Meningiomas are the most common primary tumors in the central nervous system. Malignant meningiomas have overall five-year survival rates of 64.6–68.5% due to the greater recurrence rate and mortality as reported by the Central Brain Tumor Registry of the United States (CBTRUS) 2020 [1]. A significant subset of meningiomas (WHO grade II and III) have aggressive features and are associated with uncontrollable growth and high rates of morbidity and mortality [2,3]. The tumors contain widespread genomic disruption (amplification, deletion, and rearrangement), inactivation of neurofibromatosis type 2 (NF2) tumor suppressor gene, and other mutations [4,5].



Somatostatin receptors (SSTRs), especially the SSTR2a subtype, are highly expressed in 90% of meningiomas [6,7,8], although the functional role of high SSTR density remains unclear [6]. Clinical studies demonstrated that SSTR2 is an ideal surface receptor to target meningiomas [7,9,10]. Clinicians have been using radio-labeled octreotide (a somatostatins analog), e.g., gallium-68 (68Ga)-DOTATATE [7,11], as a brain scintigraphy tracer to delineate the extent of meningiomas and to pathologically define extra-axial lesions. In addition to diagnosis and detection [12,13], somatostatin analog, in combination with other systemic therapy, such as everolimus/octreotide, has demonstrated the ability to inhibit meningioma tumor growth [14,15,16], although further investigation is needed [8,17,18]. Despite these achievements, it is imperative to develop a targeted therapy to treat SSTR2-positive low- and high-grade meningiomas.



Antibody–drug conjugates (ADCs) have been developed to treat cancers or tumors [19,20,21,22] and have demonstrated promising clinical efficacy and minimal adverse effects [23,24,25,26]. For instance, the gemtuzumab ozogamicin (anti-CD33 mAb-N-acetyl gamma calicheamicin conjugate) [27,28] for acute myeloid leukemia treatment, traztuzumab deruxtecan (anti-HER2 mAb-topoisomerase I inhibitor) [29] and trastuzumab emtansine (anti-HER2 mAb-Mertansine DM1 conjugate) [30,31] for chemotherapy refractory or advanced HER2-positive breast cancer, brentuximab vedotin (anti-CD30 mAb-MMAE conjugate) [32,33] for relapsed Hodgkin lymphoma, and 131I-Tositumomab (anti-CD20 mAb-Iodine 131) [34] and 90Y-Ibritumomab tiuxetan (anti-CD20 mAb-Yttrium-90) [35] for non-Hodgkin lymphoma have been approved by the FDA and used in clinics. Compared to standard chemotherapies, ADCs can specifically target cancer cells, deliver highly cytotoxic payloads, and reduce adverse effects. To our best knowledge, ADC therapy has not been developed for meningioma treatment so far. In addition to mAb and ADC, the nanobody (nAb) [36] and nAb–drug conjugates, such as FDA-approved abraxane [37], also showed great therapeutic potentials for cancer treatment.



The objective of this study was to develop and evaluate an ADC-based targeted therapy to treat aggressive meningiomas overexpressing SSTR2. Our mAb that targets the extracellular domain of surface SSTR2 was produced in fed-batch culture, purified using liquid chromatography, and conjugated with an FDA-approved potent payload, mertansine (DM1), which inhibits the polymerization of microtubules and cell proliferation [30,31,38]. The meningioma-specific targeting, pharmacokinetics, toxicity, and anti-tumor efficacy of the constructed ADC were evaluated in vitro using cell lines or in vivo using an intracranial xenograft mouse model. Our study showed that the anti-SSTR2 ADC can effectively target meningioma and inhibit the tumor proliferation with minimal toxicity.




2. Results and Discussion


2.1. Anti-SSTR2 ADC Construction


In this study, we constructed and evaluated the SSTR2-targeting ADC for meningioma treatment using our previously developed anti-human and mouse SSTR2 mAbs (IgG1 kappa) that targets the extracellular domain of SSTR2 [39]. We evaluated four mAb clones and the top clone that had high SSTR2 affinity (equilibrium dissociation constant of 6.6 nM) and meningioma specificity (binding rate >90%) was identified and produced in a stirred-tank bioreactor with a final titer of 100 mg/L in fed-batch bioproduction, as described in Materials and Methods. The produced mAb was conjugated with DM1 via sulfo-SMCC linker to construct ADC (Figure 1A) following our previously established ADC construction platform [38]. HPLC analysis showed that the average drug-to-antibody ratio (DAR) of the constructed ADC was 4.6. After i.v. administration, ADC circulates through the bloodstream and targets meningioma by binding the overexpressed surface receptor SSTR2. After surface binding, the ADC is internalized into the cytoplasm of meningioma cells through receptor-mediated endocytosis to form a late endosome, and free drug is released via lysosomal degradation [40]. Finally, the potent DM1 depolymerizes microtubulin, induces apoptosis and programmed cell death [41,42], and inhibits tumor cell proliferation (Figure 1B).




2.2. High Surface Binding to Meningioma


Flow cytometry analysis was performed to assess the in vitro meningioma-targeting specificity of our anti-SSTR2 mAb. As presented in Figure 2A, the AF647-labeled mAb showed high surface binding to meningioma cell line CH157-MN (99.6%) and low binding to normal arachnoidal cell line AC07 (1.48%). Furthermore, we evaluated the in vivo meningioma specificity and biodistribution of anti-SSTR2 mAb and ADC using a CH157-MN-FLuc intracranially xenografted mouse model. As described in Figure 2A,B, live-animal IVIS imaging demonstrated that the bioluminescent signal (FLuc) and fluorescent signal (Cy5.5) well overlapped, indicating that mAb and ADC effectively targeted and accumulated in meningioma xenograft within 24 h post intravenous (i.v.) injection. These results also confirmed that the DM1 conjugation at the lysine residue did not change the antigen-binding capability of ADC. The non-specific targeting in normal organs, such as brain, heart, lung, kidney, and spleen, was not detected in ex vivo IVIS imaging (Figure 2D). As we reported before [39], anti-SSTR2 mAb has no cross reactivity among SSTR1–5 while it targets both human SSTR2 and mouse SSTR2. The in vivo targeting images in human meningioma xenografted mice indicated that anti-SSTR2 ADC can specifically target meningioma and effectively deliver the conjugated cargos (cyanine-5.5 or DM1).




2.3. In Vitro ADC Cytotoxicity Studies


The in vitro anti-meningioma cytotoxicity of ADC and free drug DM1 was tested with CH157-MN and AC07 cells in 96-well plates. Treatment with eight doses of DM1 in a three-day assay, including 0.1, 0.5, 2, 10, 30, 60, 100, and 300 nM, reduced cell viability to 24.82%, 7.09%, 6.25%, 3.32%, 2.03%, 0.83%, 0.80%, and 0.72% for CH157-MN and 26.88%, 11.12%, 7.65%, 3.99%, 2.87%, 2.05%, 1.84%, and 1.37% for AC07 (Figure 3A). The calculated IC50 value of DM1 was 0.31 nM for CH157-MN and 0.56 nM for AC07, which confirmed that DM1 is a highly potent cytotoxin without cancer or tumor cell selectivity [30,31]. Treatment with nine doses of ADC, including 0.5, 1, 2, 10, 25, 50, 100, 250, and 500 nM, decreased the final viability of CH157-MN to 95.70%, 96.48%, 96.30%, 41.26%, 18.90%, 11.80%, 10.35%, 7.96%, and 2.67% (Figure 3A) with an IC50 of 7.41 nM. These results reveal that SSTR2 ADC had a high cytotoxicity to meningioma cells.



In addition to DM1 and ADC, we also tested the possible cytotoxicity of mAb, somatostatin (SST) analogue, and octreotide. The three-day in vitro assay showed that neither anti-SSTR2 mAb (2 µM) nor octreotide (2 µM) caused cytotoxicity in CH157-MN as compared to the PBS control (Figure 3B). All together, the specificity study and in vitro cytotoxicity study indicated that the anti-SSTR2 mAb can effectively target meningioma and deliver the highly potent payload DM1.




2.4. Pharmacokinetics (PK)


The ADC was i.v. injected into NSG mice at doses of 10, 15, 20, and 25 mg/kg in the PK study. Approximately 10–15 µL serum samples were collected from a tail nick at 0.5, 2, 7, 24, 48, and 72 h post injection. The kinetic profile of the serum titers of ADC is presented in Figure 4A. The PK modeling described in Materials and Methods was performed to analyze typical PK parameters to guide the in vivo anti-meningioma study. Specifically, the calculated area under the curve (AUC) was 58.82–140.95 µg day/mL, half-life t1/2 was 1.67–2.27 days, recommended dose D was 8.06–17.96 mg/kg, and recommended dosing interval τ was 3.99–4.91 days (Figure 4B). The other parameters were volume of distribution Vd of 76.80–79.28 mL/kg, clearance CL of 24.16–31.70 mL/day/kg, and bioavailability F of 13.62–18.55%. Considering that anti-SSTR2 ADC targets and accumulates in meningioma tumor within 24 h post i.v. administration (Figure 2B), the half-life t1/2 of 1.67–2.27 days indicated a high circulation stability. Furthermore, the HPLC analysis did not detect cleaved DM1 and also confirmed the structural integrity and stability of injected ADC. Moreover, the calculated D and τ suggested the treatment strategies of doses of 8 and 16 mg/kg with an administration interval of 3 days in the following in vivo anti-meningioma animal study. The PK parameters of Lutathera have been reported as AUC of 41 ng h/mL, half-life t1/2 of 3.5 h, Cmax of 10 ng/mL, and CL of 4.5 L/h in adults [43] (https://reference.medscape.com/ (accessed on 26 April, 2021)), and AUC of 45.11–67.02 µg min/mL, t1/2 of 19.6–24.4 min, Cmax/Dose of 29.4–38.0 in rats (assessment report of the Europe Medicines Agency). As compared to Lutathera, the ADC has higher plasma stability.




2.5. In Vivo Anti-Meningioma Efficacy


The NSG mice carrying CH157-MN-FLuc xenografts were i.v. administrated with 8 mg/kg anti-SSTR2 mAb (control), 8 mg/kg ADC, or 16 mg/kg ADC in three groups. We started ADC treatment when an obvious (i.e., >1000) bioluminescent signal was detected in IVIS imaging on Day 9 post cells implantation. The xenograft mice with similar bioluminescence signals (i.e., tumor volume) were randomized into three groups (n = 4) for treatment. The tumor volume was monitored by measuring fluorescent flux using IVIS imaging. Figure 5 shows that meningioma tumor volume was significantly reduced by 84–88% in ADC treatment groups compared to the mAb control group (p ≤ 0.005). The total bioluminescent radiance intensities in the meningioma tumor (ROI) were 25.4 ± 3.7 (21.0–28.5), 3.8 ± 2.0 (1.3–5.9), and 3.3 ± 2.9 (1.1–6.5) × 105 photons/sec/cm2/sr for mAb (control), 8 mg/kg ADC, or 16 mg/kg ADC, respectively. Treatment was terminated when the control group showed obvious slow locomotion and body weight loss (>20%) on Day 15. These in vivo data indicate that anti-SSTR2 ADC can effectively control the tumor growth of aggressive meningioma.




2.6. Toxicity Evaluation


To evaluate the potential toxicity of ADC, we injected PBS, 16 mg/kg mAb, and 16 mg/kg ADC into NSG mice (n = 6). The body weight of mice was monitored daily for 21 days and, as expected, no obvious difference among the three groups was observed (Figure 6A). Moreover, there were no overt changes in general health, including water intake, breathing, and locomotion. At the end of the study, mice were sacrificed to collect major organs, such as brain, lung, heart, kidney, liver, and spleen, for further toxicity analysis via H&E staining. Pathologic assessment of H&E-stained organ sections did not show any signs of acute or chronic inflammation or apoptotic or necrotic regions in the PBS control group (not shown), mAb group (Figure 6B), and ADC group (Figure 6C). The Human Atlas Project reported high-level SSTR2 mRNA in brain, but the H&E-stained brain tissue did not show morphology changes or necrosis. Furthermore, the IHC staining of human cerebellum and cerebrum slides with our anti-SSTR2 mAb did not detect non-specific binding (Figure 6D), which was consistent with the flow cytometry analysis data (Figure 2A). Considering that ADC is a dose-dependent targeted therapy (Figure 3A), the toxicity caused by possible off-target ADC could be minimal. The anti-SSTR2 ADC had no obvious off-target effects on body weight, overall survival, and major organs, which indicates that it is a safe targeted therapy for SSTR2-positive meningioma.



The standard systemic therapies, such as sunitinib and everolimus/octreotide, have been evaluated to control aggressively recurrent meningiomas, but their clinical efficiency is poor [14,15,16]. More recently, the Lutathera combining [177Lu]Lu-DOTA-TATE with [68Ga]Ga-DOTA-TATE or [68Ga]Ga-DOTA-TOC DOTA-(D-Phe1, Tyr3)-octreotide is being evaluated in clinical trials for meningioma treatment [11,44,45]. The SST analogue octreotide targets meningioma and 177Lu damages DNA. The clinical trial data showed a median overall survival of 17.2 months in grade III patients (n = 8) and did not reach a median follow-up of 20 months in grade I (n = 5) and II (n = 7) patients [11]. In addition to limited clinical efficiency, the short radiopharmaceutical shelf life and decay of 177Lu causing active concentration changes also hampers its clinical application. Compared to Lutathera, the anti-SSTR2 mAb-based ADC has the advantages of a long shelf life, plasma stability, targeting specificity, and high anti-tumor efficacy. Compared to standard chemotherapies [46], the anti-SSTR2 ADC shows minimal side effects and high cancer or tumor specificity.





3. Materials and Methods


3.1. Cell Lines, Seed Cultures, and Media


Human meningioma cell lines, including malignant CH157-MN (kindly provided by Professor Yancey Gillespie at the University of Alabama at Birmingham, Birmingham, AL, USA) and CH157-MN-FLuc (generated in our lab by overexpressing FLuc in CH157-MN) were maintained in DMEM/F12 (Gibco, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS) in T25 or T75 flasks. The normal arachnoidal cell line AC07 (kindly provided by Professor Vijaya Ramesh at Harvard University, Cambridge, MA, USA) was maintained in DMEM with 15% FBS in T25 or T75 flasks as control cells. The anti-SSTR2 mAb-producing hybridoma cells were cultivated in Hybridoma-SFM with 4 mM L-glutamine in SF125 shaker flasks with agitation speed of 130 rpm. All these cultures were incubated at 37 °C and 5% CO2 in a humidified incubator (Caron, Marietta, OH, USA). The viable cell density (VCD) and viability were measured using a Countess II automated cell counter (Fisher Scientific, Waltham, MA, USA) or trypan blue. All basal media, supplements, and reagents used in this study were purchased from Fisher Scientific unless otherwise specified.




3.2. Mice and Intracranial Xenograft Model


The five-week-old NSG (NOD.Cg-Prkdc<scid> Il2rg<tm1Wjl>/SzJ) or Nude (J:NU) male and female mice (equal number) were purchased from Jackson Laboratory (Bar Harbor, ME, USA). Approximately 0.2 × 105 CH157-MN-FLuc cells in 3 µL of PBS were stereotactically implanted into the frontal region of the cerebral cortex, 2 mm lateral, 1 mm anterior, and 1.5 mm ventricle of bregma, at a rate of 0.4 µL per minute. The Stoelting Just for Mouse™ Stereotaxic Instrument equipped with a Cordless Micro Drill, Quintessential Stereotaxic Injector, and Hamilton™ 1700 Series Gastight™ Syringes (Thermo Fisher Scientific, Waltham, MA, USA) was used for intracranial xenograft mice model generation.




3.3. Anti-SSTR2 mAb and ADC Generation


The SSTR2 mAb was produced using hybridoma cells in a 2-L stirred-tank bioreactor (Chemglass, Vineland, NJ, USA), controlled at 37 °C, pH 7.0, DO 50%, and agitation 70 rpm [39,47]. The bioreactor was seeded with hybridoma cells at a VCD of 0.3 × 106 cells/mL in Hybridoma-SFM basal medium supplemented with 4 g/L glucose, 6 mM L-glutamine, and 3.5 g/L Cell Boost #6 on Day 0. Fed-batch production was performed by feeding 4 g/L glucose, 6 mM L-glutamine, and 3.5 g/L Cell Boost #6 on Day 3. The anti-SSTR2 mAb was purified using an NGC liquid chromatography system (Bio-Rad, Hercules, CA, USA) equipped with Protein A and ion exchange columns [38,48]. The ADC was constructed by conjugating DM1 with purified anti-SSTR2 mAb via sulfo-SMCC linker following our previously developed platform [38,49]. ADC product was concentrated and purified using 10 kDa MWCO concentrator (Fisher) to remove most linker and free drugs first. Then, a PD SpinTrapTM G25 column (GE Healthcare, Chicago, IL, USA) was applied to remove the chemicals used in conjugation. Finally, high-performance liquid chromatography (HPLC, Shimadzu, Columbia, MD, USA) equipped with an MABPac HIC-butyl column (Fisher) was used to remove unconjugated mAb and also analyze the drug–antibody ratio (DAR) of ADC. The purified ADC was neutralized to pH 7.0 with 1 M Tris solution, sterilized, and mixed with 0.1% sodium azide for long-term storage at −80 °C.




3.4. Flow Cytometry Analysis


The meningioma cell surface-binding of anti-SSTR2 mAb was analyzed using a BD LSRII flow cytometer (BD Biosciences, San Jose, CA, USA). The mAb was labeled with an Alexa Fluor™ 647 labeling kit to generate mAb-AF647. Approximately 1 × 106 meningioma CH157-MN cells or normal AC07 cells were stained with 1 µg mAb-AF647 in 100 µL PBS at room temperature for 30 min in the dark, and washed with PBS before flow cytometry analysis [50].




3.5. In Vivo Imaging System (IVIS) Imaging


The growth of meningioma (CH157-MN-FLuc) tumors in xenografted NSG mice was monitored by measuring bioluminescent signal (FLuc) using an IVIS Lumina Series III (PerkinElmer, Waltham, MA, USA) every two days post cells injection. To monitor meningioma targeting, the anti-SSTR2 mAb or ADC was labeled with Cyanine 5.5 (Lumiprobe, Hunt Valley, MD, USA) according to the manufacturer protocol. The Cy5.5-labeled mAb or ADC was intravenously (i.v.) injected into mice via tail vein. At 24 h post injection, the xenograft mice were imaged under IVIS with a wavelength of 660/710 nm (excitation/emission) and an exposure time of 10 s to analyze the meningioma targeting and biodistribution in vivo. The important organs, including brain, heart, lung, kidney, and spleen, were also extracted to collect ex vivo images to check the possible off-target binding.




3.6. In Vitro Anti-Meningioma Cytotoxicity


In the in vitro anti-cancer cytotoxicity assay [38], CH157-MN cells or normal arachnoidal AC07 cells were seeded in 96-well plates in triplication with a VCD of 50,000 cells/mL in 75 μL of DMEM/F12 complete growth medium. After 24 h incubation at 37 °C in a CO2 incubator, 75 μL of medium-containing drug was added into each well to reach final DM1 concentrations of 0.1–300 nM or ADC concentrations of 0.5–500 nM. After 72 h incubation, the anti-cancer cytotoxicity was measured using CellTiter-Glo Luminescent Cell Viability Assay (Promega, Madison, MI, USA). The relative viability was calculated using the detected luminescent signal which is proportional to the viable cell number. The IC50 value was calculated using the ED50V10 Excel add-in.




3.7. Pharmacokinetics (PK)


The serum stability of ADC was investigated by i.v. administering 10, 15, 20, and 25 mg/kg into four groups of 6-week old NSG mice (n = 3). The serum samples were collected at 0.5, 2, 7, 24, 48, and 72 h and frozen at −80 °C for ELISA titration. The previously established PK modeling [39,49,51] was applied to calculate the area under the curve (AUC), half-life t1/2 =     0.693  V d    C L    , recommended dose (D) =    C  m a x . d e s i r e d    k e   V d  T   1 −  e  −  k e      1 −  e   k e    T    , and recommended dosing interval (τ) =     ln  C  m a x . d e s i r e d   − l n  C  m i n . d e s i r e d      k e    + T .   These PK parameters were used to decide the menginioma treatment strategy in the anti-tumor animal study.




3.8. In Vivo Anti-Meningioma Efficacy Study


When the detected bioluminescence intensity was over 1000 in IVIS imaging, the CH157-MN-FLuc intracranially xenografted NSG mice were randomized into 3 groups (n = 4), and i.v. administrated with 8 mg/kg anti-SSTR2 mAb, 8 mg/kg ADC, and 16 mg/kg ADC (empirically determined from the PK study) in 50 µL of saline via tail vein on Days 9 and 12. Two injections were conducted with an injection interval of 3 days during the treatment period until we observed slow locomotion and an obvious body weight drop in the control group on Day 15. Tumor volume was monitored with IVIS imaging every three days post meningioma implantation.




3.9. Hematoxylin and Eosin (H&E) Staining


All tissue samples were embedded, sectioned at 5 μm, and mounted on frosted microscope slides (Fisher Scientific) for H&E staining. After dewaxing with xylene, the slides were hydrated with gradient ETOH, stained with hematoxylin and eosin Y solutions, dehydrated in absolute alcohol, cleared in xylene, and mounted with cytoseal Xyl. The stained slides were imaged with a high-performance Nikon microscope (Irving, TX, USA).




3.10. Statistical Analysis


All statistical analysis was performed using GraphPad Prism. Two group comparisons were performed using unpaired Student’s t test to determine the probability of significance. Multiple comparisons were performed with ANOVA. The sample size in the animal study was determined following our previous ADC therapy study [39,50]. The p values were adjusted for multiple testing errors and ** p < 0.005 was considered as significant for all tests. All the experimental data were presented as mean ± standard error of the mean (SEM).





4. Conclusions


This study has developed and evaluated an anti-SSTR2 monoclonal antibody–drug conjugate for meningioma-targeted therapy. The constructed ADC significantly inhibited the meningioma tumor growth in an intracranial xenograft model. Importantly, the toxicity study and pharmacokinetics study did not detect adverse body weight, behavior changes, or histopathology. Taken together, the developed anti-SSTR2 ADC has a great potential to treat SSTR2-positive meningioma by the targeted delivery of a potent small molecule with minimal side effects. Despite the positive results, this study has some limitations to address in the future: (1) The full evaluation of toxicology and the treatment optimization of the SSTR2 ADC have not been performed; (2) The developed anti-SSTR2 mAb can be further engineered (such as by humanization) to meet the clinical requirement in the future; and (3) Alternative animal models such as the patient-derived xenograft (PDX) model or the humanized model should be developed to further evaluate the meningioma treatment efficiency. In the near future, we will further investigate factors relating to meningioma treatment with SSTR2 ADC, such as dosage optimization, survival, pharmacodynamics analysis, toxicology, and biodistribution, to collect translational data to facilitate the possible clinical evaluations. The correlation between the responses of benign meningioma and aggressive meningioma with the SSTR2 ADC will also be evaluated.







Author Contributions


Conceptualization, L.Z., X.H. and X.L.; Methodology, K.C., Y.S., J.O., S.K. and J.-S.G.; Validation, Y.S. and Y.Z.; Formal Analysis, J.-S.G. and X.L.; Investigation, X.L.; Data Curation, K.C., Y.S. and J.-S.G.; Writing—Original Draft Preparation, K.C. and Y.S.; Writing—Review and Editing, P.E., X.H. and X.L.; Supervision, X.L.; Funding Acquisition, X.H. and X.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the National Institute of Health (NIH) 1R01CA238273-01A1, 1R01CA242917-01A1 (X.L.), and R01NS095626 (X.H.).




Institutional Review Board Statement


The study was conducted according to the guidelines of Care and Use of Laboratory Animals published by the National Institutes of Health (NIH Publication No. 85-23), and approved by the Institutional Biosafety Committee of the University of Alabama at Birmingham under the animal project number of IACUC-22199 approved on 9 October 2020.




Informed Consent Statement


Not applicable.




Acknowledgments


The authors would like to thank the Pathology Facility and High-Resolution Imaging Facility at the University of Alabama at Birmingham (UAB) for the services of tissue sections and imaging, respectively.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Ostrom, Q.T.; Patil, N.; Cioffi, G.; Waite, K.; Kruchko, C.; Barnholtz-Sloan, J.S. CBTRUS Statistical Report: Primary Brain and Other Central Nervous System Tumors Diagnosed in the United States in 2013–2017. Neuro Oncol. 2020, 22, iv1–iv96. [Google Scholar] [CrossRef]

	



Louis, D.N.; Ohgaki, H.; Wiestler, O.D.; Cavenee, W.K.; Burger, P.C.; Jouvet, A.; Scheithauer, B.W.; Kleihues, P. The 2007 WHO classification of tumours of the central nervous system. Acta Neuropathol. 2007, 114, 97–109. [Google Scholar] [CrossRef] [PubMed]

	



Perry, A.; Stafford, S.L.; Scheithauer, B.W.; Suman, V.J.; Lohse, C.M. Meningioma grading: An analysis of histologic parameters. Am. J. Surg. Pathol. 1997, 21, 1455–1465. [Google Scholar] [CrossRef] [PubMed]

	



Rouleau, G.A.; Merel, P.; Lutchman, M.; Sanson, M.; Zucman, J.; Marineau, C.; Hoang-Xuan, K.; Demczuk, S.; Desmaze, C.; Plougastel, B.; et al. Alteration in a new gene encoding a putative membrane-organizing protein causes neuro-fibromatosis type 2. Nature 1993, 363, 515–521. [Google Scholar] [CrossRef] [PubMed]

	



Bi, W.L.; Greenwald, N.F.; Abedalthagafi, M.; Wala, J.; Gibson, W.J.; Agarwalla, P.K.; Horowitz, P.; Schumacher, S.E.; Esaulova, E.; Mei, Y.; et al. Genomic landscape of high-grade meningiomas. NPJ Genom. Med. 2017, 2, 15. [Google Scholar] [CrossRef]

	



Silva, C.B.; Ongaratti, B.R.; Trott, G.; Haag, T.; Ferreira, N.P.; Leaes, C.G.; Pereira-Lima, J.F.; Oliveira Mda, C. Expression of somatostatin receptors (SSTR1–SSTR5) in meningiomas and its clinicopathological significance. Int. J. Clin. Exp. Pathol. 2015, 8, 13185–13192. [Google Scholar]

	



Nathoo, N.; Ugokwe, K.; Chang, A.S.; Li, L.; Ross, J.; Suh, J.H.; Vogelbaum, M.A.; Barnett, G.H. The role of 111indium-octreotide brain scintigraphy in the diagnosis of cranial, dural-based meningiomas. J. Neurooncol. 2007, 81, 167–174. [Google Scholar] [CrossRef]

	



Wu, W.; Zhou, Y.; Wang, Y.; Liu, L.; Lou, J.; Deng, Y.; Zhao, P.; Shao, A. Clinical Significance of Somatostatin Receptor (SSTR) 2 in Meningioma. Front. Oncol. 2020, 10, 1633. [Google Scholar] [CrossRef]

	



Chamberlain, M.C.; Glantz, M.J.; Fadul, C.E. Recurrent meningioma: Salvage therapy with long-acting somatostatin analogue. Neurology 2007, 69, 969–973. [Google Scholar] [CrossRef]

	



Norden, A.D.; Ligon, K.L.; Hammond, S.N.; Muzikansky, A.; Reardon, D.A.; Kaley, T.J.; Batchelor, T.T.; Plotkin, S.R.; Raizer, J.J.; Wong, E.T.; et al. Phase II study of monthly pasireotide LAR (SOM230C) for recurrent or progressive meningioma. Neurology 2015, 84, 280–286. [Google Scholar] [CrossRef]

	



Seystahl, K.; Stoecklein, V.; Schuller, U.; Rushing, E.; Nicolas, G.; Schafer, N.; Ilhan, H.; Pangalu, A.; Weller, M.; Tonn, J.C.; et al. Somatostatin receptor-targeted radionuclide therapy for progressive meningioma: Benefit linked to 68Ga-DOTATATE/-TOC uptake. Neuro Oncol. 2016, 18, 1538–1547. [Google Scholar] [CrossRef]

	



Ortola Buigues, A.; Crespo Hernandez, I.; Jorquera Moya, M.; Diaz Perez, J.A. Unresectable Recurrent Multiple Meningioma: A Case Report with Radiological Response to Somatostatin Analogues. Case Rep. Oncol. 2016, 9, 520–525. [Google Scholar] [CrossRef] [PubMed]

	



Valotassiou, V.; Leondi, A.; Angelidis, G.; Psimadas, D.; Georgoulias, P. SPECT and PET imaging of meningiomas. Sci. World J. 2012, 2012, 412580. [Google Scholar] [CrossRef] [PubMed]

	



Rogers, L.; Barani, I.; Chamberlain, M.; Kaley, T.J.; McDermott, M.; Raizer, J.; Schiff, D.; Weber, D.C.; Wen, P.Y.; Vogelbaum, M.A. Meningiomas: Knowledge base, treatment outcomes, and uncertainties. A RANO review. J. Neurosurg. 2015, 122, 4–23. [Google Scholar] [CrossRef] [PubMed]

	



Cardona, A.F.; Ruiz-Patino, A.; Zatarain-Barron, Z.L.; Hakim, F.; Jimenez, E.; Mejia, J.A.; Ramon, J.F.; Useche, N.; Bermudez, S.; Pineda, D.; et al. Systemic management of malignant meningiomas: A comparative survival and molecular marker analysis between Octreotide in combination with Everolimus and Sunitinib. PLoS ONE 2019, 14, e0217340. [Google Scholar] [CrossRef] [PubMed]

	



Graillon, T.; Sanson, M.; Campello, C.; Idbaih, A.; Peyre, M.; Peyriere, H.; Basset, N.; Autran, D.; Roche, C.; Kalamarides, M.; et al. Everolimus and Octreotide for Patients with Recurrent Meningioma: Results from the Phase II CEVOREM Trial. Clin. Cancer Res. 2020, 26, 552–557. [Google Scholar] [CrossRef]

	



Schulz, C.; Mathieu, R.; Kunz, U.; Mauer, U.M. Treatment of unresectable skull base meningiomas with somatostatin analogs. Neurosurg. Focus 2011, 30, E11. [Google Scholar] [CrossRef]

	



Graillon, T.; Romano, D.; Defilles, C.; Saveanu, A.; Mohamed, A.; Figarella-Branger, D.; Roche, P.H.; Fuentes, S.; Chinot, O.; Dufour, H.; et al. Octreotide therapy in meningiomas: In Vitro study, clinical correlation, and literature review. J. Neurosurg. 2017, 127, 660–669. [Google Scholar] [CrossRef]

	



Zhou, L.; Xu, N.; Sun, Y.; Liu, X.M. Targeted biopharmaceuticals for cancer treatment. Cancer Lett. 2014, 352, 145–151. [Google Scholar] [CrossRef]

	



Almasbak, H.; Aarvak, T.; Vemuri, M.C. CAR T Cell Therapy: A Game Changer in Cancer Treatment. J. Immunol. Res. 2016, 2016, 5474602. [Google Scholar] [CrossRef]

	



Dai, H.; Wang, Y.; Lu, X.; Han, W. Chimeric Antigen Receptors Modified T-Cells for Cancer Therapy. J. Natl. Cancer Inst. 2016, 108, djv439. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, B.L.; Qin, D.Y.; Mo, Z.M.; Li, Y.; Wei, W.; Wang, Y.S.; Wang, W.; Wei, Y.Q. Hurdles of CAR-T cell-based cancer immunotherapy directed against solid tumors. Sci. China Life Sci. 2016, 59, 340–348. [Google Scholar] [CrossRef] [PubMed]

	



Kunert, R.; Reinhart, D. Advances in recombinant antibody manufacturing. Appl. Microbiol. Biotechnol. 2016, 100, 3451–3461. [Google Scholar] [CrossRef] [PubMed]

	



Parslow, A.C.; Parakh, S.; Lee, F.T.; Gan, H.K.; Scott, A.M. Antibody-Drug Conjugates for Cancer Therapy. Biomedicines 2016, 4, 14. [Google Scholar] [CrossRef]

	



Thomas, A.; Teicher, B.A.; Hassan, R. Antibody-drug conjugates for cancer therapy. Lancet Oncol. 2016, 17, e254–e262. [Google Scholar] [CrossRef]

	



Polakis, P. Antibody Drug Conjugates for Cancer Therapy. Pharmacol. Rev. 2016, 68, 3–19. [Google Scholar] [CrossRef]

	



Zhang, C.C.; Yan, Z.; Pascual, B.; Jackson-Fisher, A.; Huang, D.S.; Zong, Q.; Elliott, M.; Fan, C.; Huser, N.; Lee, J.; et al. Gemtuzumab Ozogamicin (GO) Inclusion to Induction Chemotherapy Eliminates Leukemic Initiating Cells and Significantly Improves Survival in Mouse Models of Acute Myeloid Leukemia. Neoplasia 2018, 20, 1–11. [Google Scholar] [CrossRef]

	



Gottardi, M.; Mosna, F.; de Angeli, S.; Papayannidis, C.; Candoni, A.; Clavio, M.; Tecchio, C.; Piccin, A.; dell’Orto, M.C.; Benedetti, F.; et al. Clinical and experimental efficacy of gemtuzumab ozogamicin in core binding factor acute myeloid leukemia. Hematol. Rep. 2017, 9, 7029. [Google Scholar] [CrossRef]

	



Stergiou, N.; Nagel, J.; Pektor, S.; Heimes, A.S.; Jakel, J.; Brenner, W.; Schmidt, M.; Miederer, M.; Kunz, H.; Roesch, F.; et al. Evaluation of a novel monoclonal antibody against tumor-associated MUC1 for diagnosis and prognosis of breast cancer. Int. J. Med. Sci. 2019, 16, 1188–1198. [Google Scholar] [CrossRef]

	



Zolcsak, Z.; Loirat, D.; Fourquet, A.; Kirova, Y.M. Adjuvant Trastuzumab Emtansine (T-DM1) and Concurrent Radiotherapy for Residual Invasive HER2-positive Breast Cancer: Single-center Preliminary Results. Am. J. Clin. Oncol. 2020, 43, 895–901. [Google Scholar] [CrossRef]

	



Lyseng-Williamson, K.A. Correction to: Trastuzumab Emtansine: A Review of Its Adjuvant Use in Residual Invasive HER2-Positive Early Breast Cancer. Drugs 2020, 80, 2001. [Google Scholar] [CrossRef] [PubMed]

	



Pereira, D.S.; Guevara, C.I.; Jin, L.; Mbong, N.; Verlinsky, A.; Hsu, S.J.; Avina, H.; Karki, S.; Abad, J.D.; Yang, P.; et al. AGS67E, an Anti-CD37 Monomethyl Auristatin E Antibody-Drug Conjugate as a Potential Therapeutic for B/T-Cell Malignancies and AML: A New Role for CD37 in AML. Mol. Cancer Ther. 2015, 14, 1650–1660. [Google Scholar] [CrossRef] [PubMed]

	



Richardson, N.C.; Kasamon, Y.L.; Chen, H.; de Claro, R.A.; Ye, J.; Blumenthal, G.M.; Farrell, A.T.; Pazdur, R. FDA Approval Summary: Brentuximab Vedotin in First-Line Treatment of Peripheral T-Cell Lymphoma. Oncologist 2019, 24, e180–e187. [Google Scholar] [CrossRef] [PubMed]

	



Brinkmann, U.; Kontermann, R.E. The making of bispecific antibodies. MAbs 2017, 9, 182–212. [Google Scholar] [CrossRef] [PubMed]

	



Stern, M.; Herrmann, R. Overview of monoclonal antibodies in cancer therapy: Present and promise. Crit. Rev. Oncol. Hematol. 2005, 54, 11–29. [Google Scholar] [CrossRef]

	



Jovcevska, I.; Muyldermans, S. The Therapeutic Potential of Nanobodies. BioDrugs 2020, 34, 11–26. [Google Scholar] [CrossRef]

	



Marra, A.; Viale, G.; Curigliano, G. Recent advances in triple negative breast cancer: The immunotherapy era. BMC Med. 2019, 17, 90. [Google Scholar] [CrossRef]

	



Ou, J.; Si, Y.; Goh, K.; Yasui, N.; Guo, Y.; Song, J.; Wang, L.; Jaskula-Sztul, R.; Fan, J.; Zhou, L.; et al. Bioprocess development of antibody-drug conjugate production for cancer treatment. PLoS ONE 2018, 13, e0206246. [Google Scholar] [CrossRef]

	



Si, Y.; Kim, S.; Ou, J.; Lu, Y.; Ernst, P.; Chen, K.; Whitt, J.; Carter, A.; Bibb, J.; Markert, J.; et al. Anti-SSTR2 Antibody-drug Conjugate for Neuroendocrine Tumor Therapy. Cancer Gene Ther. 2020. [Google Scholar] [CrossRef]

	



Saunders, L.R.; Bankovich, A.J.; Anderson, W.C.; Aujay, M.A.; Bheddah, S.; Black, K.; Desai, R.; Escarpe, P.A.; Hampl, J.; Laysang, A.; et al. A DLL3-targeted antibody-drug conjugate eradicates high-grade pulmonary neuroendocrine tumor-initiating cells in vivo. Sci. Transl. Med. 2015, 7, 302ra136. [Google Scholar] [CrossRef]

	



Barok, M.; Joensuu, H.; Isola, J. Trastuzumab emtansine: Mechanisms of action and drug resistance. Breast Cancer Res. 2014, 16, 209. [Google Scholar] [CrossRef] [PubMed]

	



Faiao-Flores, F.; Suarez, J.A.; Maria-Engler, S.S.; Soto-Cerrato, V.; Perez-Tomas, R.; Maria, D.A. The curcumin analog DM-1 induces apoptotic cell death in melanoma. Tumour Biol. 2013, 34, 1119–1129. [Google Scholar] [CrossRef] [PubMed]

	



Hosono, M.; Ikebuchi, H.; Nakamura, Y.; Nakamura, N.; Yamada, T.; Yanagida, S.; Kitaoka, A.; Kojima, K.; Sugano, H.; Kinuya, S.; et al. Manual on the proper use of lutetium-177-labeled somatostatin analogue (Lu-177-DOTA-TATE) injectable in radionuclide therapy (2nd ed.). Ann. Nucl. Med. 2018, 32, 217–235. [Google Scholar] [CrossRef] [PubMed]

	



Braat, A.; Snijders, T.J.; Seute, T.; Vonken, E.P.A. Will (177)Lu-DOTATATE Treatment Become More Effective in Salvage Meningioma Patients, When Boosting Somatostatin Receptor Saturation? A Promising Case on Intra-arterial Administration. Cardiovasc. Intervent. Radiol. 2019, 42, 1649–1652. [Google Scholar] [CrossRef]

	



Makis, W.; McCann, K.; McEwan, A.J. Rhabdoid papillary meningioma treated with 177Lu DOTATATE PRRT. Clin. Nucl. Med. 2015, 40, 237–240. [Google Scholar] [CrossRef] [PubMed]

	



Little, M.; Kipriyanov, S.M.; Le Gall, F.; Moldenhauer, G. Of mice and men: Hybridoma and recombinant antibodies. Immunol. Today 2000, 21, 364–370. [Google Scholar] [CrossRef]

	



Si, Y.; Kim, S.; Zhang, E.; Tang, Y.; Jaskula-Sztul, R.; Markert, J.M.; Chen, H.; Zhou, L.; Liu, X.M. Targeted Exosomes for Drug Delivery: Biomanufacturing, Surface Tagging, and Validation. Biotechnol. J. 2019, 15, e1900163. [Google Scholar] [CrossRef]

	



Xu, N.; Ou, J.; Si, Y.; Goh, K.Y.; Flanigan, D.D.; Han, X.; Yang, Y.; Yang, S.-T.; Zhou, L.; Liu, X. Proteomics insight into the production of monoclonal antibody. Biochem. Eng. J. 2019, 145, 177–185. [Google Scholar] [CrossRef]

	



Si, Y.; Xu, Y.; Guan, J.; Che, K.; Kim, S.; Yang, E.; Zhou, L.; Liu, X. Anti-EGFR antibody-drug conjugate for triple-negative breast cancer therapy. Eng. Life Sci. 2020, 21. [Google Scholar] [CrossRef]

	



Si, Y.; Guan, J.; Xu, Y.; Chen, K.; Kim, S.; Zhou, L.; Jaskula-Sztul, R.; Liu, X.M. Dual-Targeted Extracellular Vesicles to Facilitate Combined Therapies for Neuroendocrine Cancer Treatment. Pharmaceutics 2020, 12, 1079. [Google Scholar] [CrossRef]

	



Xu, N.; Liu, M.; Liu, M. Pharmacology, Pharmacokinetics, and Pharmacodynamics of Antibodies. Biosimilairs Monoclon. Antib. 2016. [Google Scholar] [CrossRef]








[image: Pharmaceuticals 14 00427 g001 550] 





Figure 1. ADC-based targeted therapy for meningiomas. (A) Construction and structure of ADC: mAb is conjugated with mertansine (DM1) via sulfo-SMCC linker. (B) Mechanism of ADC to treat meningiomas: 1. Surface targets and binds the SSTR2 receptor overexpressed in meningiomas; 2. Internalizes and releases drug; 3. DM1 depolymerizes microtubulin and inhibits tumor cell proliferation. 
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Figure 2. Meningioma targeting by anti-SSTR2 mAb and/or ADC. (A) Evaluation of the SSTR2 surface binding rate of mAb-AF647 in meningioma cell CH157-MN (blue) and normal arachnoidal cell AC07 (control, red) by flow cytometry analysis. Cells were stained with 1 μg of mAb-AF647 per million cells at room temperature for 30 min. (B) In vivo evaluation of specific targeting to meningioma (CH157-MN-FLuc) xenograft in NSG mice by anti-SSTR2 mAb-Cy5.5 using IVIS imaging. (C) In vivo meningioma targeting by anti-SSTR2 ADC-Cy5.5 in nude mice. (D) Ex vivo images of tumor and important organs including brain, heart, lung, kidney, and spleen. Total of 30 µg mAb-Cy5.5 or ADC-Cy5.5 was i.v. injected into mice (n = 3) through tail vein. Live-animal or ex vivo images were taken at 24 h post ADC injection. 
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Figure 3. In vitro anti-meningioma cytotoxicity. (A) Evaluation of free drug and ADC using CH-157-MN and AC07 cells. (B) Effect of PBS, mAb, and octreotide (controls) in CH-157-MN cells. Data represent mean ± SEM, n = 3. 
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Figure 4. PK study of ADC. (A) Analysis of circulation stability by PK, n = 3. (B) The representative PK modeling parameters of ADC. Data represented as mean ± SEM. 
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Figure 5. In vivo evaluation of the anti-meningioma efficacy of ADC. (A) Representative IVIS images of meningioma xenograft mice treated with mAb or ADC. (B) Tumor volume post treatment. The anti-SSTR2 mAb (8 mg/kg) or ADC (8 and 16 mg/kg) were administrated on Days 9 and 12 post intracranial xenograft. Tumor growth was monitored through measuring FLuc bioluminescence using IVIS. ** p < 0.005 vs. control using ANOVA followed by Dunnett’s t-test. Data represent mean ± SEM, n = 4. 
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Figure 6. Evaluation of potential toxicity. (A) Body weight change of non-meningioma-carrying NSG mice post treatment with PBS, mAb, and ADC. (B,C) Evaluation of toxicity by H&E staining of important organs, including brain, heart, lung, kidney, spleen, and liver, in mAb- and ADC-treated groups. Scale bar equals 50 µm. (D) The high-resolution IHC images showed no binding of our anti-SSTR2 mAb to normal brain tissues (cerebellum and cerebrum). Scale bar equals 50 µm. 






Figure 6. Evaluation of potential toxicity. (A) Body weight change of non-meningioma-carrying NSG mice post treatment with PBS, mAb, and ADC. (B,C) Evaluation of toxicity by H&E staining of important organs, including brain, heart, lung, kidney, spleen, and liver, in mAb- and ADC-treated groups. Scale bar equals 50 µm. (D) The high-resolution IHC images showed no binding of our anti-SSTR2 mAb to normal brain tissues (cerebellum and cerebrum). Scale bar equals 50 µm.



[image: Pharmaceuticals 14 00427 g006]













	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
A B Rialimi -
1600 - ACO07, 1.48% Bioluminescence x103 Fluorescence 2(_10
| (12
_ ] . :
400_- CH157-MN, 99.6% »
200 - 10
O .
A 0-
103 0 108 104 10°
SSTR2-AF647 >

x108 D Bioluminescence
I Brain gEigarEg L ung L Kidneys Spleen

Me G

- 22

Fluorescence
Brain isecit s oL URG G KIdneys Splean

@05






nav.xhtml


  pharmaceuticals-14-00427


  
    		
      pharmaceuticals-14-00427
    


  




  





media/file2.png
Linker
(Sulfo-SMCCQC) oo

mAb DM1 (Mertansine)

B SSTR2 Meningioma cell
DM1

#* **

1. ADC surface
binding

2. ADC 3. Microtubulin
internalization depolymerization





media/file5.jpg
—&—CH157, DM1
-6-AC-07, DM1
-m-CH157, ADC

0 1

Log DM1 (nM)

PBS mAb Octreotide





media/file3.jpg
's00- ACO7, 1.48%

400 CH157-MN, 99.6

200

ssc

o

08 0 108 10¢ 10°
SSTR2-AF647 ————=

o

Bioluminescence x10¢

Fluorescence

i
- ot W

B _Bioluminescence

xi00 D
23

| 22

ran

- i

x10° _ Fluorescence _ x107
12

20
ol |
15 10
9

10
- - | 83

Bioluminescence

Lynon Kidneys Spigeo!

0G0

Fluorescence

L R

‘ x ’;."





media/file1.jpg
DM1 (Mertansine)

B Meningioma cell
DM1
* o K *
1.ADC surface 2.ADC 3. Microtubulin

binding internalization depolymerization





media/file7.jpg
>
IS
1
5

w
=3
3

100

Serum ADC (ug/mL)
n
S
3

0 20 40 60
B Time (hrs)
PK Parameters Cal. Value
Area under curve AUC (ug
day/mL) 58.52-140.95
Half life t;, (days) 1.67-2.27
Calculated recommended dose 8.06-17.96
D (mg/kg) . :
Calculated recommended dosing 3.99-4.91
interval « (days) ) )






media/file10.png
A mAb 8 mg/kg ADC 8 mg/kg ADC 16 mg/kg

25 000 35,000
20.000 30,000
25 000
15,000
20 000
10,000 15,000
5000 10 000
B 35
30 -
e
>
e Eﬂ =
= |
= 15 -
g 10 -
o o o
= B3 mm
(_I o

mAb ADC 8mg/kg ADC 16 mg/kg





media/file12.png
A 15 D
. Cerebellum Cerebrum
(=] - Y T T ¥ YO = £
=10 - o P e ¢ 7
& L A S e
= R % "t ew s g
_‘:u Ay ‘;:, "‘.’; ?‘ t“?"%,‘ ‘t A ?
(&) » i "“ " p= ) %
5 - O‘f " a t‘.c ¥ 4
; {? s ."" .. : ‘g » oy 4 4
m : % e e * X
.hé"'r 4,1'3 ) g .;"w i .s )
0 3 B 1 8
PBS ADC
B Brain Heart Lung C Brain Heart Lung
Kidney ~ Spleen Liver Kidney ) Spleen Liver





media/file9.jpg
A mAb 8 mg/kg ADC 8 mg/kg ADC 16 mg/kg

25,000 35,000
20,000 30,000
25,000
15,000
20,000
10,000 15,000
5000 10,000
B 35
30
z
225
=
x 20
3
= 15
g1
- e
" B =
0

mAb ADC 8 mg/kg ADC 16 mg/kg





media/file0.png





media/file8.png
A 400

— ——25 mg/kg

-l

= 300 —&—20 mg/kg

g -®- 15 mg/kg

= - 10 mg/kg

]

I

£

=

)

7))

0 - ' '
0 20 40 60 a0
Time (hrs

B (hrs)
PK Parameters Cal. Value
Area under curve AUC (ug 58 52-140.95
day/mL) | .
Half life t,, (days) 1.67-2.27
Calculated recommended dose 8 06—17.96
D (mg/kg)
Calculated recommended dosing 3 99-4 91

interval c (days)






media/file11.jpg
>

D
- Gerebelm
g
gn
H 4
5
]
o
s mav  aoc
B Brain Heart Lung C__ Brain Heart
ey Speen Lver

Gerebrum






media/file6.png
120
=100 - ——CH157, DM1

-6-AC-07, DM1
—m-CH157, ADC

>

Relative viability (%
@)
o

Log DM1 (nM)

120

100 -

60 -
40 -
20 -

Relative viability (%) 00

PBS mAb Octreotide





