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Online Supplementary Appendix 

Supplementary Figure 1. Determination of suitable E:T ratios for co-culture 

experiments. A Specific killing of NALM-6 Luc and NALM-6 Luc-R110 cells incubated

at different E:T ratios (0:1, 1:1, 3:1, 5:1, 10:1) with healthy donor (HD) T cells and 2 

nM Blinatumomab. B Specific killing of primary CLL cells with HD T cells in different

E:T ratios (0:1, 1:1, 3:1, 5:1, 10:1) and 5 nM of Blinatumomab. Each bar plot represents 

the mean of three technical replicates with error bars as SD. C Specific killing of NALM-

6 Luc and NALM-6 Luc-R110 cells with an E:T ratio of 5:1 after 24 h of incubation with 

Blinatumomab, the monospecific R110-Ab or R110-bsAb. Each bar plot represents the 

mean of at least two technical replicates with error bars as SD. E: effector cells, T: 

target cells, bsAb: bispecific antibody. 
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Supplementary Figure 2. Efficacy of R110-bsAb in R110 positive cell line models. 

A Specific killing of OCI-LY1 G110/R110, NALM-6 G110/R110 and RAJI G110/R110 

cells incubated for 24 h with healthy donor (HD) T cells in a 5:1 ratio and 2 nM bispecific 

antibodies. B Percentage of activation marker expressing CD8+ HD T cells after 24 h 

of co-culture with different target cells and treated with 2 nM Blinatumomab or R110-

bsAb. Dots and squares are technical replicates representative for two different 

healthy donors used derived from N = 4 (OCI-LY1 G110/R110), N = 3 (NALM-6 

G110/R110) or N = 1 (RAJI G110/R110) independent experiments and error bars as 

SD. Statistical significances were determined by ordinary one-way ANOVA combined 

with a Šidák`s multiple comparisons test. T: target cells, E: effector cells, bsAb: 

bispecific antibody. 
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Supplementary Figure 3. Efficacy of R110-bsAb in primary CLL. Specific cell lysis 

of CLL462 and CL438 target cells with healthy donor (HD) T cells in a 5:1 E:T ratio 

incubated for 48 h with a non-serial dilution of Blinatumomab or R110-bsAb. Cell Lysis 

was normalized to the cell lysis of target cells without effector cells or bispecific 

antibody. Each bar plot represents the mean of two technical replicates with error bars 

as SD. T: target cells, E: effector cells, bsAb: bispecific antibody. 
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Supplementary Table 1: Clinical characteristics of CLL patients. 
  

Patient Sex Age range Previously treated 
at time of 
sampling 

IGLV3-21 R110 status 

CLL424 f 50-60 yes positive 
CLL438 m 80-90 yes positive 
CLL472 m 79-80 no positive 
CLL462 f 60-70 no negative 
CLL477 m 80-90 no negative 
CLL479 m undetermined no negative 

   



METHODS 

Cell lines, primary CLL and healthy donor blood cells 
 
Cell lines (DMSZ) and IGLV3-21R110 or IGLV3-21G110 light chain expressing variants 

thereof were generated as previously described (1). Suspension-adapted Chinese 

hamster ovary (CHO)-S cells purchased from Thermo Fisher Scientific were cultivated 

in CD CHO-Medium (Thermo Fisher Scientific) with 1% HT Supplement (Thermo 

Fisher Scientific) and 1% GlutaMax-I (200 mM L-Ala-L-Gln, Thermo Fisher Scientific) 

added to the medium. For antibody production, they were kept in CD OptiCHO 

supplemented with 1% GlutaMax-I,  1% Poloxamer 188, and 1% HAT-Supplement 

(CHO production medium, Thermo Fisher Scientific). 

Blood samples from CLL patients were collected after informed consent as approved 

by the ethics committees of the Universities of Hamburg–Eppendorf, Halle-Wittenberg 

and Basel. Peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll 

gradient centrifugation (Cytiva). If necessary, Pan T cells, Pan B cells or CD34+ 

hematopoietic stem cells were additionally isolated via magnetic-activated cell sorting 

(MACS, Miltenyi Biotec). PBMCs and T cells were resuspended in FCS + 10% 

Dimethyl sulfoxide (DMSO) and cryopreserved in liquid nitrogen. IGLV3-21R110 

expression was characterized by next-generation sequencing (NGS) of the light chain 

loci as previously described (2-11). 

 

Bispecific antibody constructs 

The bispecific antibody construct is derived from the humanized antigen-binding 

fragment (Fab) of the IGLV3-21R110-specific antibody from AVA Lifescience GmbH 

(Denzlingen, Germany; patent EP 4 227 322 A1). The R110 bispecific antibody (R110-

bsAb) was designed as a heterodimeric IgG1-based antibody consisting of a fragment 



crystallizable region (Fc) attached to either an anti-IGLV3-21R110 Fab or an anti-CD3 

(UCHT1) single chain variable fragment (anti-CD3 scFv). Its light and heavy chain 

fragments were cloned into the pcDNA3.1(+) vector containing a CMV promotor for 

antibody expression in CHO-S cells. Knob-into-whole mutations (S354C, T366W vs. 

Y349C, T366S, L368A, Y407V) in the constant fragments (Fc) of its heavy chains 

facilitate heterodimerization (12). L234A and L235A point mutations were induced to 

reduce unspecific Fc-FcR interactions (13).  

 

Bispecific antibody production and purification 

Antibody production was performed using the MaxCyte STX Scalable Transfection 

Systems (14). In brief, CHO-S cells were cultivated at 37°C, 6% CO2, 145 rpm in serum 

free CD-CHO medium for at least 2 weeks before being transfected via the MaxCyte 

STX Scalable Transfection System (MaxCyte, (15)). Transfected cells were further 

incubated at 32°C, 6% CO2, 145 rpm for 24 h before sodium butyrate (Sigma) was 

added. During the following days, feed stock solution, which contained 70% CHO CD 

Efficient Feed A Stock Solution (Thermo Fisher Scientific), 14% Yeastolate TC UF 

(Becton Dickinson), 3.5% GlutaMax-I(200 mM)  

and 12.5% Glucose (450 g/L, Sigma), was added to the cells until the cell viability 

dropped below 50%. Supernatant containing the antibody was filtered. For purification, 

antibody was isolated with the Capture SelectTM CH1 Affinity Matrix (Thermo Fisher 

Scientific) following the manufacturer’s instructions. Multimers were excluded via size 

exclusion chromatography using the Äkta Chromatography System (Cytiva). The 

commercial bispecific antibody Blinatumomab (anti-CD19/anti-CD3, Blincyto®, 

Amgen) was used as positive control (16).  



 

In vitro cytotoxicity assay and cytokine quantification 

For in vitro cytotoxicity assays using NALM-6 Luc (-R110), NALM-6, RAJI or OCI-LY1 

(G110/R110) cells, 2x104 target cells were seeded with effector cells in a 96-well plate 

and co-incubated in complete media (RPMI 1640 Medium, GlutaMAXTM Supplement, 

100 U/mL penicillin and 100 mg/mL streptomycin, 50 µM beta-Mercaptoethanol, 

Thermo Fisher Scientific; 10% Human Serum) at 37°C and 5% CO2. For primary CLL 

target cells, 4x104 cells were seeded. The different E:T ratios as well as the bsAb 

concentrations used for experiments are indicated in the respective figure 

descriptions. Cell lysis of target cells was determined after 24 hours of co-culture via 

flow cytometry using a CytoFLEXTM (Beckman Coulter). Deviating incubation periods 

are indicated in respective figure descriptions. CD22 PE/Dazzle 594 (HIB22), CD2 

FITC (TS1/8) and CD3 APC-Cy7 (SK7, BioLegend) or CD3 FITC (SK7, BD 

Biosciences) as well as DAPI (Miltenyi) were used for differentiation of effector and 

target cells or live and dead cells. bsAb-dependent T cell activation was determined 

using CD8 FITC (SK1), CD25 PE (M-A251, BD Biosciences), CD8 BV650 (SK1), CD4 

BV605 (SK3), CD25 BV510 (M-A251) and CD69 APC (FN50, BioLegend) antibodies. 

The FlowJoTM Software (v.10.10.0) was used for flow cytometric analysis. The 

percentage of specific killing was determined by the following formula:  

%specific killing=100 x ((%Viabilityuntreated cells-%Viabilitytreated cells)/%Vaibilityuntreated cells) 

Specific target cell lysis was calculated by division of the untreated target cell lysis 

mean and the sample cell lysis with cell lysis being defined as the loss of CD22+ cells. 

Fold-change of activation marker-expressing effector cells was equally calculated by 

the division of the percentage of untreated CD69+/CD25+ effector cells and the 

percentage of activation marker positive, treated samples. The amount of released 



IFN-g in the supernatant of the 24 h co-culture was quantified using the LEGENDplex 

bead-based immunoassay (Biolegend) according to the manufacturer`s instructions. 

For fluorescence imaging, RAJI R110 cells were seeded at twice the usual quantity 

and incubated for 20 hours at 37°C and 5% CO₂. Following Hoechst and Nile Red 

staining (1:100, Sigma-Aldrich), images were captured using the Zeiss LSM 710 

confocal microscope and the 20x/0.8 Plan-Apochromat objective. 

 

In vivo killing assays 

For cell line-based xenograft assays, healthy donor T cells were activated with 25 

µL/mL Immunocult Human CD3/CD28/CD2 T cell activator (STEMCELL) and 

expanded for 9 days in culture in Prime-XV T cell CDM supplemented with 10 ng/ml 

IL-7 and IL-15. A total of 10 NSG (NOD/SCID/IL2rγnull) mice were injected 

subcutaneously (s.c.) into the right flank with 2x106 NALM-6 R110 lymphoma cells 

suspended in Corning® Matrigel® Matrix High Concentration Phenol-Red-Free diluted 

1:1 in phenol red-free DMEM without additives. On day 7, 3x106 expanded healthy 

donor T cells were injected intravenously either alone or with R110-bsAb (0.5 

mg/kg/dose). Afterwards cells were treated biweekly with R110-bsAb for a total of 5 

times. Tumor volume was measured every 2 to 3 days starting on day 10 and 

calculated according to the formula: D/2 x d x d, with D and d being the longest and 

shortest tumor diameter in mm, respectively.  

Patient-derived xenograft assays were conducted as described previously (17). For 

each mouse, 20x106 PBMC were combined with 0.5x106 of pre-activated T cells from 

the same CLL patient in a 40:1 ratio. T cell activation was achieved via CD3/CD28 

dynabeads and recombinant IL-2 (R&D Systems) treatment over a period of 7 days. 



The cell mixture was then injected intravenously in a total of 15 NSG mice. After 10 

days, the mice were divided equally into three groups (n = 5 per group) and treated 

intravenously with either PBS, 0.25 µg/g R110-bsAb or 0.25 µg/g Blinatumomab. The 

bispecific antibodies were further readministered biweekly. After three weeks, the mice 

were sacrificed and the spleens were harvested. T and B cell populations were 

quantified by flow cytometry using anti-human CD19 PE-CF594 (HIB19) and anti-

human CD3 PE-Cy7 antibodies (SK7, BD Biosciences). Animal studies were 

performed in compliance with experimental protocols approved by the Institutional 

Animal Care and Use Committee (IACUC) of the Feinstein Institute for Medical 

Research.  

Lastly, the effect of R110-bsAb on healthy, polyclonal PBMC, was analyzed using 3–5 

month old NFA2 (NOD.Cg-Rag1tm1Mom Flt3tm1Irl Mcph1Tg(HLA-A2.1)1Enge Il2rgtm1Wjl/J) mice 

that were injected intraperitoneally (i.p.) with 2.5 × 106 PKH26-labelled PBMCs 

originating from two different donors, either alone or in the presence of 0.25 µg/g of 

R110-bsAb or Blinatumomab (in total n = 18). NFA2 mice were housed under a 12 h 

light/12 h dark cycle (lights on: 6 am, lights off: 6 pm) at temperatures from 21–24 °C 

with 35–70% humidity. After 16 hours, the mice were sacrificed, and peritoneal cells 

were collected via lavage and analyzed by flow cytometry. Mice in which PBMC cells 

could not be detected by flow cytometry were excluded from the dataset to control for 

unsuccessful i.p. injections. The antibodies anti-human CD19-BUV661 (HIB19, BD 

Biosciences) and Zombie NIR™ Fixable Viability Kit (Biolegend) were used for the 

analysis. 

  

Statistical analysis 



Ordinary one-way Analysis of Variance (ANOVA) or 2way ANOVA combined with a 

Šidák`s multiple comparisons testing was used for the comparison of cell lysis of target 

cells and activation marker expression on effector cells in the absence or presence of 

bsAb. For in vivo anaylsis, the non-parametric Kruskal-Wallis test was used. Non-

linear regression models were further utilized to highlight the dose-dependent 

decrease of target cell viability and increase of T cell activation marker expressing 

effector cells. For statistical analyses, the GraphPad Prism software (v10.3.0 (461)) 

was used.  
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