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ABSTRACT CD30 is a lymphoma tumor marker Humanized with an increase in affinity Increased FcγRIIIa binding affinity

XmAb™2513 is anti-proliferative XmAb™2513 mediates enhanced ADCC ADCC is enhanced at all E:T ratiosIncreased FcR-mediated antiproliferation
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To observe an anti-proliferative effect in vitro, many antibodies require crosslinking, usually accomplished by a secondary 
antibody. It has been proposed that corresponding in vivo effects for these antibodies may be dependent on Fc receptor 
mediated crosslinking (Shan et al, Wahl et al). Due to its higher affinity for Fc receptors, XmAb2513 may have correspondingly 
higher anti-proliferative effects in vivo.  To measure FcgRIIIa mediated antibody crosslinking: Karpas299 cells were grown with 
100 ng/ml of anti-CD30 and varying concentrations of eigher BSA or FcgRIIIa-GST with goat anti-GST antibody to cross link. 

FcRIIIa-GST (Solid lines); BSA control (Dotted lines)  (ng/ml)
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CD30 (also known as Ki-1), a member of the TNF-receptor superfamily, is normally expressed at low levels on activated 
lymphocytes and has been implicated in cell death and T-cell proliferation. CD30 is highly expressed in Hodgkin's disease, 
(HD) and in Anaplastic Large Cell Lymphoma (ALCL). Unmodified CD30 antibodies as well as anti-CD30 based bi-specific 
antibodies, antibody-toxin conjugates, and radioimmuno-therapeutics have examined CD30 as a therapeutic target in 
preclinical and clinical studies. Unmodified antibodies have met

 

with limited success and a lack of engagement of immune 
effector cells may be one of the major short-comings. Although bispecific antibodies proved among the most clinically 
effective through the recruiting of host effector functions to tumor cells, they pose significant manufacturing challenges. 
Similarly, toxin-

 

and radio-conjugates require complicated manufacture and handling. Recent advances in antibody 
engineering have led to the development of “naked”

 

antibodies with greatly enhanced effector function through mutagenesis 
at the Fc-receptor binding interface. This approach has been applied to a humanized antibody specific for CD30 to produce 
an antibody with enhanced potency and efficacy coupled with the ease of manufacture and handling of a traditional IgG 
antibody. The murine:human chimeric antibody cAC10 was humanized

 

using the novel method of human string content 
optimization. The humanized antibody (hAC10) has an affinity for

 

antigen 4-fold higher than that of the corresponding 
chimeric antibody. The humanized variable domain was then combined with a modified Fc region and exhibited an 
approximately 20 fold increase in affinity for the FcγRIIIA receptor resulting in the therapeutic lead XmAb2513. Expression 
levels from a stable cell-line were close to 1 gm/L in preliminary development. The cytotoxic activity of XmAb2513 was 
measured by Antibody Dependent Cell-mediated Cytotoxicity (ADCC) assay. ADCC assays used PBMC's isolated from 
peripheral blood as effector cells and the human Hodgkin's cell line L540 which expresses high levels of CD30 as the target 
at an effector:target ratio of 25:1; cytotoxicity was measured by release of LDH or cell counting. The activity of XmAb2513 
was compared to that of cAC10 with no Fc-receptor binding enhancement (IgG1) as well as to the antibody 5F11 (also 
human IgG1). Significant improvements were observed in both potency (concentration of antibody required to effect 50% of 
maximal lysis) and efficacy (maximal percent lysis at saturating

 

antibody concentration). The potency of XmAb2513 is ~3 
fold higher than that of cAC10-IgG1 and 10-fold higher than 5F11 with an increase in efficacy of 4-fold relative to cAC10-

 

IgG1. XmAb2513 has advantageous properties for a therapeutic compound against CD30-positive lymphomas including 
high levels of cytotoxicity and ease of manufacture and handling. The promising results reported herein clearly warrant 
further investigation.

Murine = mAC10
Chimeric = cAC10
Humanized = xAC10

VH

 

, 27 mutations
VL

 

, 15 mutations

Human String Content
VH

 

= 0.84%, VL

 

= 0.93%
4x increase in antigen binding affinity
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CD30 (Ki-1):
–

 

Member of the TNF receptor super family (TNFRSF8)
–

 

Integral membrane protein (120 kd)
–

 

Soluble (sCD30, 85 kd) produced by TACE cleavage
–

 

Lacks a Death Domain

Function:
–

 

Positive regulator of apoptosis (cell death)
–

 

Limits proliferation of autoreactive CD8+ T-cells

CD30 Expression is activation dependent:
–

 

Viral infected lymphocytes (EBV, HTLVI/II)
–

 

Variable proportion (3-31%) of circulating T cells may be CD30+, primarily 
CD8 Thymus medullary tissue

–

 

Parafollicular areas of LN
–

 

Eosinophils

Neoplasms
–

 

Hodgkin’s and Reed-Sternberg cells of classic Hodgkin’s disease
–

 

Anaplastic Large Cell Lymphoma/Cutaneous T cell
–

 

Mediastinal B cell tumors
–

 

Embryonal Cell Carcinoma, mesothelioma

Binding to the FcγRIIIa receptor expressed on NK 
(natural killer) cells mediates ADCC. The relative binding 
affinities of XmAbTM2513 and a chimeric IgG1 antibody 
with the humanized hAC10 variable domain were 
determined in a competitive binding assay. Briefly, each 
antibody was added at the indicated concentrations to 
an AlphaScreenTM

 

binding assay in which a biotinylated 
IgG1 antibody bound to streptavidin donor beads reacts 
with an FcRIIIa-GST†

 

fusion bound to acceptor beads to 
generate a chemiluminescent signal. Competition for this 
antibody receptor interaction decreases the signal 
proportionately.
†Glutathione-S-Transferase
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LDH Release Assay Cell Counting Assay

XmAb™2513 mediates ADCC on low 
CD30 expressing cell lines 

L540

 

T-cell like HD
Karpas299

 

ALCL
L428
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B-cell like HD

Despite lower levels of CD30 expression, ADCC is 
mediated by XmAb™2513 in all CD30+ lymphoma 
types tested. ADCC against these low expressing 
cell lines has not previously been reported. The 
extent of ADCC under the assay conditions with a 
fixed ratio of effector:target cells is dependent on the 
level of CD30 expression.
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Xenograft studies
Murine xenograft models are being developed that are responsive to improved ADCC as a mechanism of action.  Initial 
studies using a subcutaneous xenograft of the L540 cell line in effector function deficient mice showed equivalent 
efficacy to an IgG1 non-XmAb™ analog.  Further studies will test the response with murine effector function and with 
human PBMC engrafted mice. We wish to thank the many Xencor employees who supported this work. In particular we thank Dr. Seung Chu and Collin 

Edler for proliferation and ADCC studies.

The XmAb™2513 engineered antibody has been shown to have enhanced potency

 

and efficacy as compared to IgG1 
antibodies.  This was observed both in ADCC assays as well as in

 

antiproliferation assays where the antibody 
crosslinking required for an antiproliferative effect was mediated by Fc receptor binding.  Published results from clinical 
trials with bispecific antibodies directed to CD30 provide clinical evidence in Hodgkin’s Lymphoma that enhanced 
recruitment of effector function is a successful means of generating a cytotoxic antibody. However, manufacturing 
limitations prevent bispecifics from being practical in widespread use.  Preclinical results with XmAb™2513  support 
further testing in the clinic to validate the role of enhanced Fc effector function.

Antibody dependent cell-mediated cytotoxicity was measured by both lactate dehydrogenase (LDH) release and cell counting 
(Guava). Human PBMC

 

effector cells were purified from a leukopack using a ficoll gradient.  L540 Hodgkin’s lymphoma target 
cells were seeded into 96-well plates at 10,000 (LDH) or 15,000 (Sorting) cells/well and opsonized using antibody at the indicated 
concentration.  Effector cells were added at 25x E:T and the plate incubated at 37°C for 4 hrs prior to assay.  For LDH, data were 
normalized to maximal (Triton X100 lysis of target cells alone) and minimal (PBMCs alone) lysis. Reported cytotoxicity was 
derived from LDH data.

Effector function competence will vary between patients and it has been reported that effector function is reduced in 
some Hodgkin’s patients. ADCC was therefore tested over a range of effector to target cell ratios using the cell sorting 
assay.
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Differences in anti-proliferative effects between anti-

 

CD30 antibodies have been attributed to different epitope 
clusters (Horn-Lohrens et al); AC10 is a cluster C 
antibody while 5F11 is a cluster A antibody to CD30. To 
determine antibody effects on cell proliferation, either 
Karpas299 or L540 cells were grown for 4 days in the 
presence of antibody at varying concentrations with 10x 
molar access of cross linking antibody. Cell growth was 
measured using an ATP dependent luminescence assay. 
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XmAb2513 Production 
in Bioreactors

Although bispecific antibody constructs have demonstrated clinical efficacy through the targeted recruitment of effector cells, 
their clinical use has been greatly limited by difficult production. The use of Fc modified XmAb™ technology achieves the same 
goal of effector function recruitment with much greater ease of manufacture. For production of XmAb™2513

 

a stable cell line 
was created using GPEx®

 

technology (Cardinal Health). Growth conditions were optimized using shake flasks and 
correspondingly high yields (~1.4 g/L) have been achieved in a bioreactor.
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