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Abstract 

CD33 (Siglec-3) is a cell surface receptor expressed in approximately 90% of AML blasts, making it 

an attractive target for therapy of acute myeloid leukemia (AML). While previous CD33-targeting 

antibody-drug conjugates (ADCs) like gemtuzumab ozogamicin (GO, Mylotarg) have shown efficacy 

in AML treatment, they have suffered from toxicity and narrow therapeutic window. This study aimed 

to develop a novel ADC with improved tolerability and a wider therapeutic window. GLK-33 consists 

of the anti-CD33 antibody lintuzumab and eight mavg-MMAU auristatin linker-payloads per 

antibody. The experimental methods included testing in cell cultures, patient-derived samples, mouse 

xenograft models, and rat toxicology studies. GLK-33 exhibited remarkable efficacy in reducing cell 

viability within CD33-positive leukemia cell lines and primary AML samples. Notably, GLK-33 

demonstrated anti-tumor activity at single dose as low as 300 µg/kg in mice, while maintaining 

tolerability at single dose of 20 – 30 mg/kg in rats. In contrast to both GO and lintuzumab vedotin, 

GLK-33 exhibited a wide therapeutic window and activity against multidrug-resistant cells. The 

development of GLK-33 addresses the limitations of previous ADCs, offering a wider therapeutic 

window, improved tolerability, and activity against drug-resistant leukemia cells. These findings 

encourage further exploration of GLK-33 in AML through clinical trials. 



3 

 

 

Introduction 

 

Siglec-3 (CD33; sialic acid-binding Ig-like lectin 3) is a marker of myeloid cells expressed on 

malignant cells in about 90% of AML patients (1). It is present in leukemia stem cells but absent 

from hematopoietic stem cells (2). Anti-CD33 antibodies such as lintuzumab (LN) were found to be 

well tolerated but had limited efficacy in AML patients (3). GO, a potent anti-CD33 calicheamicin 

ADC, was initially approved for AML in 2000 with activity both as a single compound and in 

combination treatments (4). However, due to unacceptable toxicities caused by the combination of an 

unstable linker and a very potent payload, GO was temporarily withdrawn from the market between 

2010 – 2017 (4). Currently, GO is administered with fractionated dosing, and it has been shown to 

significantly reduce the risk of relapse in patients with favorable cytogenetics, but not in high-risk 

patients with adverse karyotype (5). After the clinical validation of the therapeutic target by GO, new 

anti-CD33 ADCs have been developed, but with little success. AVE9633 carried low-potency 

maytansinoid payloads and had a more favorable safety profile than GO, but failed to show clinical 

activity (6). SGN-33A was based on highly potent pyrrolobenzodiazepine dimer (PBD) payloads and, 

unlike GO, was active against multi-drug resistant (MDR+) leukemia cells (7). However, SGN-33A 

showed severe toxicities and was discontinued. To date, anti-CD33 ADCs with a wider therapeutic 

window than GO are still lacking. 

We have previously developed a new auristatin ADC payload MMAU (8), which is a hydrophilic 

glucuronide prodrug of the potent tubulin inhibitor monomethylauristatin E (MMAE). Further, we 

have recently developed an optimized hydrophilic glycopeptide linker with superior systemic 

stability, pharmacokinetics, in vivo efficacy, and tolerability (9). The novel linker-payload, mavg-

MMAU, was conjugated to LN, which is an IgG1 antibody with strong Fc effector functions in 
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contrast to the IgG4 antibody gemtuzumab (10). The resulting ADC, GLK-33, showed excellent in 

vivo anti-leukemia activity and tolerability, wide therapeutic window, and activity against drug-

resistant leukemia cells. 

 

Methods 

 

ADC generation 

Palivizumab (Synagis) and GO (Mylotarg) were obtained commercially. LN was produced in-house in 

CHO cells using the ExpiCHO™ Expression System (Thermo Fisher Scientific) and the published 

amino acid sequence (11). Vedotin (mcvc-MMAE) was purchased from Levena Biopharma and 

maleimidoacetyl-β-Ala-Val-Ser(β-Glc)-para-aminobenzylcarbamate-monomethylauristatin U (mavg-

MMAU (9)) was manufactured at SyntaBio LLC (San Diego, CA, USA). DAR8 ADCs were 

generated by reducing the four interchain disulfide bonds with 20x molar excess tris(2-

carboxyethyl)phosphine (TCEP) to monoclonal antibody (mAb) and incubating for 1 hour at +37°C 

(8,9). 28x molar excess of maleimide-linker payload was added and incubated for 1 hour at +37°C (8). 

DAR4 ADCs were generated by limiting the reduction step by using 4x molar excess of TCEP 

followed by the linker-payload addition (9). 

Antibodies and ADCs were purified by protein A affinity chromatography using HiTrap MabSelect 

Sure column and Äkta HPLC purifier system (Cytiva). The sample was loaded and the column 

washed with PBS. 0.1 M citrate pH 3 was used for elution, after which the buffer was exchanged to 

PBS using HiTrap Desalting column (Cytiva). The purified samples were sterile filtered. 

Maleimidoacetyl-linker conjugates were stabilized by incubation at +37°C overnight. Stabilization 
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was confirmed by MALDI-TOF mass spectrometric detection of 18 Da mass increase of the payload-

conjugated light chain (9). Analytical methods are described in Supplementary Data. 

 

In vitro cytotoxicity assays 

HL-60, MV4-11, K562, Ramos, Daudi (ATCC), MOLM-13, KG-1, and OCI-M1 (DSMZ) cells were 

cultured according to the cell suppliers’ instructions. For toxicity assays, 6000-15000 cells/well were 

plated in 96-well plates. Serial dilutions of test compounds were added to triplicate or quintuplicate 

wells, and plates were incubated for 3-5 days at +37°C. Cell control was untreated cells in culture 

medium. The viability was measured with 2-4 hours incubation with PrestoBlue cell viability reagent 

(Life Technologies). Soluble human CD33 protein (sCD33) was from Sino Biological. ADCC and 

CDC assay procedures are described in Supplementary Data. Dose-response curves and IC50 values 

were obtained by four parameter logistic regression analysis using GraphPad Prism 9.1.5.  

 

Ex vivo drug sensitivity of primary AML samples 

Six AML patient samples were obtained from the Helsinki University Hospital Comprehensive 

Cancer Center after written informed consent (permit numbers 239/13/03/00/2010, 

303/13/03/01/2011, approved by Helsinki University Hospital Ethics Committee) and in compliance 

with the Declaration of Helsinki. Mononuclear cells were isolated by Ficoll gradient centrifugation 

and vitally frozen in fetal bovine serum with 5% dimethyl sulfoxide until tested in the ex vivo assays. 

Details of the assays are provided in the Supplementary Data and as previously described (12). 

 



6 

 

 

Metabolic assays 

Incubations with microsome preparates from human, Sprague-Dawley rat, cynomolgus monkey, and 

Göttingen mini-pig liver (tebu-bio) were performed at +37°C in 50 mM sodium acetate pH 4.5. 

 

Animal models 

Studies with HL-60 and MOLM-13 xenografts were performed at the Turku Center for Disease 

Modeling (TCDM), University of Turku, Finland, and the single-dose non-GLP rat tolerability study 

was performed at the Central Animal Laboratory, University of Turku, Finland. The Project 

Authorization Board of Finland (Care and Use Committee) has approved the procedures and protocols 

(license number for xenograft study: ESAVI/21485/2020 and license number for rat tolerability study: 

ESAVI/10594/2022) in accordance with the EU Directive 2010/EU/63 and Finnish national 

legislation (497/2013 and 564/2013) on the protection of animals used for scientific purposes. 

Experiment details are described in Supplementary Data. 

 

Data sharing statement 

For original data, please contact the corresponding authors. 
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Results 

 

Generation and characterization of a homogeneous lintuzumab-auristatin conjugate 

GLK-33 with a drug-to-antibody ratio of 8 (DAR8) was prepared by reducing all the four hinge 

disulfides of LN and conjugating the cysteine side chains with the mavg-MMAU linker-payload 

(Figure 1A). GLK-33 was highly homogeneous as judged by MALDI-TOF mass spectrometry, SEC-, 

HIC- and RP-HPLC (Figure 1B-E). A comparator ADC, lintuzumab vedotin (LV), was generated 

using the mcvc-MMAE linker-payload and limiting the reduction step so that an average of two 

disulfides were reduced, resulting in a mixture of DAR0-8 species with on average DAR4 

(Supplementary Figure S1), similarly as with approved MMAE ADCs (13). GLK-33 was efficiently 

bound and internalized to CD33+ leukemia cells (Supplementary Figure S2). Like previously reported 

(14), LN, the antibody component of GLK-33, did not bind to either monkey or mouse CD33-Fc 

fusion proteins (Figure 2A). GLK-33 and LN had comparable binding affinities to recombinant 

human CD33 and CD33-Fc in ELISA (Figure 2B, EC50 between 200-400 pM). 

  

In vitro cytotoxicity against leukemia cell lines 

GLK-33 cytotoxicity experiments were performed with six leukemia cell lines with variable CD33 

surface expression levels, as well as two CD33-negative lymphoma cell lines (Figure 2C, 

Supplementary Table S1). The inhibitory concentrations that reduced cell viability by 50% (IC50) 

ranged from 140 pM to 2.7 nM, except for 725 nM against the CD33-low cell line K-562. The 

specificity of the cytotoxic activity of GLK-33 against CD33 was shown with relevant controls, as 

exemplified with the leukemia cell line MOLM-13 (Figure 2D). The IC50 was picomolar for GLK-33, 
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whereas a non-binding isotype control ADC with the same linker-payload and DAR, palivizumab-

mavg-MMAU DAR8, had about 1000-fold higher IC50. The free payload MMAU had an IC50 of 

over 200 nM and LN had no activity. 

Next, we compared the cytotoxicity of GLK-33 to comparator ADCs LV and GO. In HL-60 cells, 

GLK-33 had 19-fold higher activity than LV (Figure 2E) but 40-fold lower than GO (Figure 2F). 

However, GLK-33 did not have any cytotoxicity to CD33-negative Daudi lymphoma cells even at 1 

µM concentration, whereas GO showed low-nanomolar off-target cytotoxicity (Figure 2F). 

Importantly, GLK-33 was more cytotoxic than GO against KG-1 AML cells (Figure 2F). The 

resistance of KG-1 cells to GO is caused by their MDR+ status and is reversible by the P-

glycoprotein/MDR1 inhibitor verapamil (15). Consistent with this, in the presence of 5 µM verapamil, 

GO had low-nanomolar IC50 against KG-1 cells, whereas IC50 was not reached without verapamil 

even at 100 nM GO (Figure 2G). Similarly, LV showed over 100-fold reduction in IC50 against KG-1 

cells when verapamil was used (Figure 2H). However, the activity of GLK-33 against KG-1 cells was 

increased only 3-fold with the addition of verapamil (Figure 2I). Taken together, GLK-33 showed 

potent and target-specific cytotoxic activity against CD33+ leukemia cell lines and was markedly 

more potent against MDR+ cells than either LV or GO. 

 

Antibody effector functions 

LN has been shown to elicit both antibody-dependent cellular cytotoxicity (ADCC) and complement-

dependent cytotoxicity (CDC), which were suggested to have a major role in the clinical anti-

leukemia activity of the naked antibody (16). In ADCC assays with natural killer (NK) cells from 

human donors (Figure 2J), GLK-33 showed target-specific ADCC activity with EC50 of 5 nM. The 
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activity was Fc receptor-dependent since there was no target cell lysis after enzymatic deglycosylation 

of GLK-33. However, GLK-33 had 17-fold lower ADCC activity than LN, while LV had only 2-fold 

lower activity than LN. Further, GLK-33 had CDC-inducing activity against HL-60 cells using rabbit 

serum as the complement donor, but several-fold less than LN (Figure 2K). In conclusion, GLK-33 

showed both ADCC and CDC at clinically relevant concentrations, but its Fc effector functions were 

attenuated compared to both LN and LV. 

 

Negligible inhibition by soluble CD33 

CD33 may be shed from leukemia cells in vivo and the resulting soluble CD33 (sCD33) can be found 

in bone marrow plasma at concentrations between 0.4 – 30 ng/mL (17), which might interfere with 

target cell binding and cytotoxicity of an ADC. However, the IC50 of GLK-33 against HL-60 cells 

was only marginally increased with 100 ng/mL sCD33 added to the assay (Figure 2L), with full 

efficacy at clinically relevant >10 nM concentrations of GLK-33. 

 

Ex vivo cytotoxicity against patient-derived leukemia blasts 

Next, we evaluated the efficacy of GLK-33 using six primary AML patient samples with CD33-positive 

blasts (Supplementary Table S1). Patient mononuclear cells were exposed to GLK-33, LN, MMAU, and 

GO for five days, after which the remaining viable blast cells were quantified using flow cytometry. 

GLK-33 was effective at targeting blasts with a median IC50 of 16 nM (Figure 3A, Supplementary Figure 

S3A). In contrast, both LN and MMAU displayed only modest activity against blasts, similarly as 

observed in the leukemia cell lines. GO demonstrated high efficacy against the blasts, with a median 

IC50 of 0.3 nM (Figure 3A). Subsequently, we assessed toxicity against lymphocytes (CD33-negative) 
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in the same samples. GLK-33, LN, and MMAU did not exhibit cytotoxic activity against lymphocytes, 

while GO displayed significant lymphocyte toxicity across all samples (median IC50 of 9 nM; Figure 

3B, Supplementary Figure S3B). These results indicate that GLK-33 has potent activity against patient-

derived blasts and does not demonstrate off-target lymphocyte toxicity in contrast to GO. 

 

In vivo anti-leukemia efficacy 

Anti-tumor efficacy of GLK-33 was evaluated in subcutaneous (s.c.) xenograft models in mice 

(Figure 4). A single 3 mg/kg i.v. dose of both GLK-33 and LV led to the disappearance of HL-60 

xenograft tumors in all mice (100% complete responses, CR), whereas 10 mg/kg LN and 3 mg/kg 

palivizumab-mavg-MMAU DAR8 (isotype ADC) only modestly inhibited tumor growth (Figure 4A, 

high dose). Also 1 mg/kg dose of GLK-33 removed the tumors in all mice (100% CR), in contrast to 1 

mg/kg dose of LV (33% CR; Figure 4A, middle dose; Figure 4C). With the lowest dose of 300 µg/kg, 

GLK-33 inhibited tumor growth (Figure 4A, low dose), and sustained responses to the end of the 

study in three of six mice (50% CR), in contrast to LV (17% CR; Figure 4C). Figure 4B shows 

comparison of individual tumor volumes on day 39 after tumor inoculation. GLK-33 significantly 

inhibited tumor growth compared to vehicle control down to 300 µg/kg single dose, whereas LV 

showed significant tumor growth inhibition only at 1 mg/kg dose. The higher activity of GLK-33 over 

LV was also visible in the progression-free survival curves at the middle and low dose levels (Figure 

4C). Taken together, GLK-33 had about 3-fold higher in vivo anti-leukemia activity than LV in the 

HL-60 xenograft tumor model. 

The ADC concentration of LV decreased rapidly following the administration and was 8-fold lower 

than GLK-33 ADC concentration after seven days, in accordance to the known in vivo instability of 
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the vedotin linker (18). In contrast to LV, the ADC concentration of GLK-33 did not fall relative to 

the total antibody concentration, demonstrating higher linker stability and 4-fold improved systemic 

ADC exposure and terminal half-life compared to LV (Supplementary Table S2). 

GLK-33 was further evaluated in another mouse model with s.c. MOLM-13 xenograft tumors (Figure 

4E-F). A single 3 mg/kg dose of GLK-33 eradicated the tumors in all mice (100% CR), whereas 10 

mg/kg LN and 3 mg/kg isotype ADC showed only minor tumor growth inhibition (Figure 4E, high 

dose). At middle and low dose levels, GLK-33 showed dose-dependent activity (Figure 4E, 

middle/low dose). GLK-33 significantly inhibited tumor growth down to 300 µg/kg single dose 

compared to vehicle control (Figure 4F). In conclusion, GLK-33 had potent, target-specific in vivo 

anti-leukemia tumor activity at single dose down to 300 µg/kg. 

 

ADC metabolism 

The cytotoxic activity of auristatin ADCs requires that the active payload MMAE or linker-payload 

metabolite (19) is liberated to the target cell causing tubulin inhibition and apoptosis. We have 

previously shown (9) that ADCs with the mavg-MMAU payload i) liberate both MMAE and Cys-

mavg-MMAE metabolites when the ADC is metabolized by both rat and human lysosomal enzymes, 

ii) the final metabolite is MMAE, and iii) the rate of metabolism is slower than that of vedotin ADCs 

(Figure 5A). Here, GLK-33 was incubated in vitro with human, rat, cynomolgus monkey, and pig 

liver microsomal preparates at the nominal lysosomal pH of 4.5 (Figure 5B). Analysis of the resulting 

ADC and payload fragments by MALDI-TOF mass spectrometry revealed that the metabolic 

pathways in the liver microsomal preparates were overall similar across species (Figure 5B). The 

glucuronide detached first (fragment L1) and free MMAE (metabolite P1) appeared as the final 
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metabolite in all four species. However, in the present study, Cys-mavg-MMAE (metabolite P2) was 

detected only in rat liver microsome preparates that had the highest metabolic activity. Very slow β-

glucosidase activity, cleaving the glucose off the glucoserine residue, was previously detected with rat 

and human lysosomal preparates (9), but it was not detected here with the liver microsome preparates. 

 

ADC toxicity and toxicokinetics in rats 

The initial safety of GLK-33 was evaluated in a single dose tolerability and toxicokinetic study in 

Sprague-Dawley rats (Figure 6 and Supplementary Figure S5). Study design and toxicology findings 

are described in Figure 6A. The ADC was well tolerated at doses of 10 – 20 mg/kg. The maximum 

tolerated dose (MTD) was between 20 – 30 mg/kg. ADC-related hematological changes were not 

observed until decreases in the amounts of white blood cells and platelets at ≥30 mg/kg doses, as well 

as decreases in red blood cells and hemoglobin at 40 mg/kg dose. Changes to clinical chemistry 

parameters included increases in alanine aminotransferase (ALT; marker for liver toxicity) and 

amylase (pancreatic toxicity) at ≥30 mg/kg doses, as well as a decrease in the albumin-to-globulin 

ratio (liver toxicity) at 40 mg/kg dose. ADC-related organ weight changes included decreased thymic 

weights (immune cell depletion) at ≥30 mg/kg doses. The effects were qualitatively similar, but 

milder, and occurred at higher doses compared to vedotin ADCs (20,21). 

Following the administration of GLK-33, plasma levels of the ADC, total human antibody and free 

MMAE were quantitated (Figure 6B-C and Supplementary Table 3), while free MMAU levels were 

below the limit of quantitation. ADC and total antibody exposures were comparable, indicating high 

in vivo linker stability. This was verified by immunoaffinity isolation and mass spectrometric analysis 

of the ADC from rat plasma samples, showing that there was no detectable loss of linker-payload 
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during at least nine days in circulation (Figure 6D). The free payload MMAU was well tolerated in rat 

at the highest administered dose of 2.55 mg/kg (Supplementary Data). 

 

Discussion 

 

The present report describes the preclinical evaluation of a novel ADC drug candidate against AML. 

GLK-33 is composed of LN, a clinically validated humanized anti-CD33 monoclonal antibody, 

conjugated to the potent auristatin family payload MMAU, a glucuronide prodrug of MMAE with 

increased hydrophilicity (8). We achieved a homogeneous drug loading of eight mavg-MMAU linker-

payloads per antibody (DAR8) unlike the majority of currently approved ADCs that have on average 

DAR4 and are heterogeneous mixtures of DAR0-8 components (22). Similarly, GO comprises up to 

50% of unconjugated antibody (23,24) that can block CD33 receptors from ADC internalization. The 

ability to generate DAR8 auristatin ADCs while increasing in vivo efficacy and tolerability surpasses 

the utility of the vedotin linker-payload (mcvc-MMAE). Homogeneous ADCs have been shown to 

have higher efficacy, better tolerability and wider therapeutic window than their heterogeneous 

counterparts (25). 

The DAR8 approach allows for delivery of high amounts of cytotoxic compounds to target cells. 

Although CD33 is generally overexpressed in AML, it is a medium copy number target with about 

105 copies/cell in AML patients (26). The highly potent ADCs GO and SGN-33A both demonstrated 

efficacy in AML patients, while AVE9633, a DAR4 ADC utilizing the less-potent payload DM4, 

failed to show clinical activity even at super-saturating doses (6). GLK-33 showed high efficacy 

against several leukemia cell lines in vitro and was not inhibited by soluble CD33 at physiological 
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concentrations. GLK-33 was active against patient-derived CD33+ AML blasts in ex vivo assays with 

IC50 values between 200 pM – 211 nM, which is within the clinical Cmax of the anti-CD30 ADC 

brentuximab vedotin (BV) at 1.8 mg/kg dose (27). GLK-33 showed significant anti-tumor activity 

down to 300 μg/kg single dose in two xenograft tumor models. The present evidence thus suggests 

suitable efficacy potential for GLK-33. Further, GLK-33 was shown capable of eliciting both ADCC 

and CDC against leukemia cells at clinically relevant concentrations, however with attenuated 

efficacy compared to both LN and LV. Relative importance of Fc receptor-mediated effects to on-

target efficacy and off-target toxicity is currently under discussion in the ADC field (28,29). The 

unconjugated antibody LN failed to show significant therapeutic effect in phase 3 clinical trials (30). 

A known weakness of GO is its poor clinical efficacy against drug-resistant AML, especially disease 

with MDR-associated P-glycoprotein expression (31,32), which is detected in ~40% of AML patients 

(33). In addition to GO (15), also LV was poorly efficacious against MDR+ cells without co-treatment 

with P-glycoprotein inhibitor, consistent with the known sensitivity of MMAE to drug efflux pumps 

(34). In contrast, GLK-33 was active against the MDR+ cells. The ability of GLK-33 to overcome 

drug resistance by drug efflux pump activity is an important advantage over GO and vedotin ADCs. 

We hypothesize that the slow release of MMAE from mavg-MMAU linker-payload may form a long-

lasting lysosomal stock of payload to counteract drug efflux from a cytosolic stock of payload not 

bound by tubulin (35). Further, in contrast to vedotin, a poorly membrane-permeable metabolite (Cys-

mavg-MMAE) was also formed during GLK-33 metabolism. However, further studies are needed to 

establish the relative importance of the slow payload release and the hydrophilic metabolite in the 

increased ability of GLK-33 to counteract drug resistance. 

The major disadvantage of GO is its problematic toxicity profile, notably liver and hematologic 

toxicity as well as risk for veno-occlusive disease, which led to its temporary withdrawal from the 



15 

 

 

market during 2010 – 2017 (4). GO’s reapproval was based on improved safety and retained efficacy 

after halving the clinical dose with fractionated dosing, from two 9 mg/m2 doses on days 1 and 15 of 

induction therapy to three 3 mg/m2 doses on days 1, 4 and 7 (32,36). While the 9 mg/m2 dose had 

shown optimal saturation of CD33 in PB blasts (37), fractionated dosing was hypothesized to improve 

overall drug internalization to target cells (32,38). However, the in vivo saturation of CD33 in BM 

blasts was insufficient already at the 9 mg/m2 dose level (39). In contrast to GO, multiple cycles of 

both AVE9633 and SGN-33A were dosed in clinical trials to sustain the therapeutic dose for a longer 

time, and patients who responded to treatment were given over ten cycles with acceptable toxicity 

(6,40). GLK-33 had single dose rat MTD of 20 – 30 mg/kg, which is about 15-fold higher than that of 

GO (1.4 – 2 mg/kg (36)). The preclinical therapeutic index (TI) of GLK-33, based on conversion to 

the human equivalent dose (41), is between 130 – 200, whereas the TI of GO is between 3 – 4. The 

present results suggest that off-target toxicities should not prohibit dosing of GLK-33 to fully 

saturating levels. The most likely adverse events may instead be caused by on-target toxicity to 

myeloid cells, similar to other CD33-targeting agents (40,42). 

The overall toxicity profile of GLK-33 was similar to vedotin ADCs in rat, although shifted to higher 

doses, including bone marrow, liver and gastrointestinal tract toxicity (20,21). The MTD is high 

compared to vedotin ADCs, which are DAR4 ADCs in contrast to GLK-33. For example, the single 

dose rat MTD of BV was 15 mg/kg (21), and thus GLK-33 showed over 2.5-fold higher tolerability 

than BV per amount of delivered payload (Supplementary Figure S4A). The favorable rat tolerability 

result is not directly indicative of potential for high dose in humans, where there might be a risk for 

bystander toxicity in the bone marrow due to potentially increased target-mediated disposition. No 

cross-reactive species has thus far been identified for either LN or GLK-33. Mouse and rat CD33 

sequences have only 49% – 53% amino acid sequence identity with human CD33, respectively, 
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whereas cynomolgus monkey and human CD33 amino acid sequences have 87% identity. We did not 

perform binding assays with rat CD33. However, no evidence of on-target myelotoxicity was 

observed in the rat tolerability study, and rats administered with GLK-33 showed markedly less 

toxicity on leukocytes, thrombocytes and erythrocytes than comparable doses of vedotin ADCs. The 

dose of BV and the other approved vedotin ADCs is generally limited by off-target toxicities (43) due 

to linker instability (18) and payload hydrophobicity (44) to between 1.5 – 2.5 mg/kg in human 

patients (20,45). GLK-33 was shown to release MMAE as its final metabolite, while improving both 

the efficacy and the tolerability aspects of the TI of vedotin ADCs (Supplementary Figure S4B), 

plausibly due to its higher linker stability and the improved terminal half-life and systemic exposure. 

Vedotin ADCs have demonstrated that MMAE has a mild toxicity profile, has the advantage of 

bystander cell kill activity (34), and combines effectively with checkpoint inhibitor therapies (46–48). 

Despite recent advances in molecularly targeted therapies such as FLT3 (49) and BCL-2 inhibitors 

(50), the standard chemotherapy for AML has remained the same since 1973 (51). In the United 

States alone, over 20,000 new AML cases and over 11,000 deaths from AML are expected in 2023. 

Five-year survival rates for AML are below 30%, with significantly poorer outcomes observed in 

older patients due to lower tolerance for intensive chemotherapy and higher prevalence of drug 

resistance (52). Therefore, there is a need for more efficacious and better-tolerated therapeutics for 

AML. GO is used to treat only a fraction of AML patients with favorable cytogenetic risk disease 

(53), although CD33 expression itself is associated with poor prognosis (54). An effective anti-CD33 

ADC combining a good safety profile with activity against drug-resistant disease, such as GLK-33, 

could be an attractive treatment option for both GO-eligible and wider patient populations. Mutations 

that are associated with increased expression of CD33, including NPM1 (55) and FLT3 (54), could 

be used to select patients that could benefit the most from CD33-targeted therapy for clinical trials. 
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GLK-33, like LN and GO, does not bind to the D2-CD33 splice variant of CD33, which could be 

used for further selection of AML patients (56). CD33 overexpression occurs also in other 

hematologic diseases (57–59), and GO as well as other CD33-targeting agents have been evaluated in 

acute promyelocytic leukemia (60,61), multiple myeloma (62), and myelodysplastic syndrome (63), 

however without drug approvals to date. 

In conclusion, the present study demonstrated broad-spectrum activity of GLK-33 in diverse models 

of CD33+ leukemia both in vitro and in vivo. GLK-33 has homogeneous high-DAR ADC design, and 

it showed high potency, ability to overcome drug resistance, excellent pharmacokinetics, and 

favorable off-target toxicity profile. These findings provide a scientific basis for clinical studies 

evaluating the safety and efficacy of GLK-33 in AML patients.  
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Figure Legends 

 

Figure 1. Structure and characterization of GLK-33. A. Generation of GLK-33 by conjugating mavg-

MMAU linker-payloads to the anti-CD33 monoclonal antibody lintuzumab (LN) with a drug-to-

antibody ratio of eight (DAR8). Red lines between the antibody chains represent the hinge region 

cysteine disulfides, which were 1) reduced and 2) conjugated with the maleimide-activated linker-

payloads (represented by stars), after which 3) the conjugated maleimides were stabilized by hydrolysis 

at physiological pH. For simplicity, only one hydrolyzed isomer is shown. Black dots between the 

antibody chains show the CH2 domain N-glycans. B. MALDI-TOF mass spectrometric analysis of 

GLK-33. x-axis shows m/z and y-axis shows relative signal intensity. LC = light chain detected as a 

singly charged ion [LC+H]+. HC = heavy chain detected as a doubly charged ion [HC+2H]2+. PL = 

maleimide-stabilized linker-payloads. C. Size-exclusion chromatography (SEC-HPLC) analysis. 

Aggregated high-molecular weight components (HMWC) elute before the monomeric ADC. D. 

Reversed phase chromatography (RP-HPLC) analysis. DAR was calculated based on integrated 

absorbances at 280 nm (y-axis). E. Hydrophobic interaction chromatography (HIC-HPLC) analysis. 

Figure 2. In vitro evaluation of GLK-33. A.-B. CD33-binding assays of LN and GLK-33. Half-

maximal effective concentrations (EC50) are shown. x-axis shows the concentration and y-axis shows 

the relative amount of bound antibody or ADC based on ELISA (absorbance at 450 nm). Error bars 

show the standard deviation. A. LN bound to human CD33 but not to either monkey or mouse CD33. 

B. LN and GLK-33 bound to human CD33-Fc and CD33 with comparable affinities. C.-I. Cytotoxicity 

assays. y-axis shows the relative viability of target cells (% of control). LV, lintuzumab vedotin; GO, 

gemtuzumab ozogamicin; Isotype ADC, palivizumab-mavg-MMAU DAR8. J. Antibody-dependent 



 

 

cellular cytotoxicity (ADCC) assay. y-axis shows the specific lysis of target cells (% of control). K. 

Complement-dependent cytotoxicity (CDC) assay. y-axis shows the relative cytotoxicity (% of 

control). L. Cytotoxicity assay of GLK-33 with and without soluble CD33 (sCD33). 

Figure 3. Ex vivo cytotoxicity assays with patient-derived samples. Cells were incubated with the 

indicated compounds for five days and IC50 values are presented against A. leukemia blasts and B. 

lymphocytes. * = Significant difference according to Kruskal-Wallis test with post-hoc Dunn’s test and 

Bonferroni correction. 

Figure 4. In vivo evaluation of GLK-33. A.-D. HL-60 human leukemia tumor model. Subcutaneously 

xenografted mice received a single i.v. dose of vehicle, LN, or ADC. Error bars show the standard 

error of the mean (SEM). Plotting is stopped when the first animal in the group dies due to disease 

progression. LV, lintuzumab vedotin; Isotype ADC, palivizumab-mavg-MMAU DAR8. Red arrows 

show the time of treatment and black arrows show the time of the plots in panel B. Box and scatter 

plots of individual tumor volumes at the latest common time point of the groups. Filled box shows the 

interquartile range (IQR) between the 25th percentile (Q1) and the 75th percentile (Q3). Whiskers 

show the minimum (Q1 – 1.5 × IQR) and the maximum (Q3 + 1.5 × IQR). Solid line inside the box 

shows the median and dashed line shows the mean. * = significant difference (p<0.05) compared to 

vehicle according to Kruskal-Wallis test with post-hoc Dunn’s test and Bonferroni correction. C. 

Kaplan-Meier plot of progression-free survival (time after treatment until restart of tumor growth) in 

the middle/low dose groups. D. Total human antibody (TAb) and total ADC concentrations in mouse 

serum. E.-F. MOLM-13 human leukemia tumor model. For explanations see panels A.-C. 

Figure 5. In vitro assays of ADC metabolism with liver microsome preparates from four mammalian 

species. A. Structure of GLK-33 linker-payload and the major metabolic pathways in liver microsome 

preparates. B. Summary of MALDI-TOF mass spectrometric analysis of the ADC degradation 



 

 

reactions. Fragment codes refer to panel A. * P1 and P2 fragments were analyzed as [M+Na]+ ions. 

**Cys-mavg-MMAE has previously been detected in both rat and human lysosomal preparate 

metabolism studies (9). 

Figure 6. Tolerability and toxicokinetics of GLK-33 in rats. A. Overview of study design and observed 

toxicities. * GLK-33 batch used in the rat study had 10% heavy chain overconjugation (Supplementary 

Figure S5). B. Plasma concentrations of total antibody, ADC based on antibody-conjugated MMAU, 

and free MMAE at the 20 mg/kg GLK-33 dose level. MMAU concentrations were below the 

quantitation limit. Error bars show the standard deviation. C. Toxicokinetic parameters at 10, 20, and 

30 mg/kg GLK-33 dose levels. D. In vivo stability of GLK-33. Human antibody was affinity-isolated 

from rat plasma on time points up to 9 days after dosing of 30 mg/kg GLK-33 and analyzed by 

MALDI-TOF mass spectrometry. No signs of linker-payload degradation were observed. 
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