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SEA technology: a novel strategy for enhancing antibody effector function
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Background

of monoclonal antibodies (mAbs) can be enhanced by a number of chemical and

genetic strategies. We describe a novel strategy, Sugar Engineered Antibody (SEA)
hnology, for enhancing antibody-d dent cellular cy icity (ADCC) through

modification of the mAb carbohydrate. A series of small molecule fucose analogs were added
to mAb-expressing Chinese hamster ovary (CHO) cells with the resulting mAbs showing a
significant reduction in their carbohydrate y We that these mAbs
show markedly increased ADCC activity and improved CD16 binding. The fucose analogs
inhibit GDP-mannose dehydratase (GMD), the first enzyme in de novo synthesis of GDP-
fucose, and lead to global depletion of intracellular GDP-fucose. We also demonstrate that
this strategy yields mAbs with significantly reduced fucosylation in large scale CHO cell
culture and is broadly active across a variety of mAbs and expression systems. Since genetic
modification of the mAb-producing cell line is not required, SEA technology can be readily

applied from the mAb ing to ing stage to g
enhanced therapeutic antlbodles
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Antibody cellular cy ity (ADCC) is an important component of antibody

efficacy. Antigen-bound mAbs engage CD16 on the surface of effector cells (NK and
macrophages), which release pore-forming proteins and proteases to Iyse the target cell.

ADCC activity can be improved through a variety of t g g the
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Fucose analogs 2-fluorofucose peracetate and alkynyl fucose peracetate (50 pM) were added

to the growth media of mAb-producing CHO cells. The ing mAb was trypsini: and

analyzed by mass spectrometry. About 95% (alkynyl fucose) and 98% (2-fluorofucose) of mAb

was non-fucosylated, with 1-2%of mAb fucosylated. Incorporation (3%) of alkynyl fucose and
| incorporation of 2-fl fi was also observed.
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Product Characterization

2-fluorofucose peracetate
Control
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Tryptic map of mAb from 3 L (shown) and 36 L (not shown) bioreactors with and without 2-
fluorofucose peracetate treatment. Only the peak indicated (+), the tryptic fragment

the car y , any change in retention time. Compared to control,

this peak had a reduction in molecular weight cor ding to the mass of fucose.

Fucose Biosynthesis
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fucokinase Sawa ef al. PNAS 2006
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GDP-fucose is synthesized from either fucose (: gt y) or cellular GDP-
mannose (de novo pathway). GDP-fucose is a known feedback |nh|b|tor of GMD. After
transport of GDP-fucose into the Golgi, mAbs are fucosylated by Fut8.

5. GC Incorporation Assay
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A. ADCC activity of two mAbs: fucosylated mAb with no detectable ADCC activity acquires
moderate activity when expressed in the presence of alkynyl fucose (left), while a
fucosylated mAb with moderate activity increases to robust activity when expressed in the
presence of alkynyl fucose (right).

B. CD16 binding increases ~10 fold after treatment with alkynyl fucose peracetate.

C. Fed batch 30 mL CHO cultures were treated with 2-fluorofucose peracetate, mAb purified,
and reduced heavy chains analyzed by HPLC and Q-Tof mass spectrometry. A dose-
dependent inhibition of fucosylation was observed with an EC50 of 11 uM. At 50 uM, broad

Mechanism of Inhibition
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A. Treatment of mAb producing CHO cells with alkynyl fucose peracetate or 2-fluorofucose
p caused a d ¥ pletion of the cellular GDP-fucose pool and
i p! ion of GDP-alkynylf and GDP-2-fluorofucose (UV-HPLC assay).

B. GDP-alkynylfucose and GDP-2-fluorofucose were inhibitors of GMD in CHO cell extracts
(rad-HPLC assay) and bii GMD (not shown).

] Conclusions

» We have identified modified sugars that inhibit the incorporation of fucose into the mature,
biantennary carbohydrate chains of mAbs

» The resulting mAbs show enhanced ADCC activity due to increased CD16 binding

» The fucose analogs are converted to their corresp g GDP I by the salvag
pathway and inhibit de novo synthesis of GDP-fucose by GMD, resulting in depletion of the
cellular pool of available GDP-fucose

» Sugar i A ly (SEA) y has several key advantages over current
approaches for improving the ADCC activity of mAbs:

» Can be applled to existing mAb produclng cell lines without genetic modification of the
cell line or ch the f: ing p or product quality

» Enables screening of mAb libraries for those with optimal ADCC activity

» Does not alter the mature, biantennary oligosaccharide structure other than minimizing

activity has been observed with dozens of mAbs from a variety of expression sy:
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