
The activity of monoclonal antibodies (mAbs) can be enhanced by The activity of monoclonal antibodies (mAbs) can be enhanced by a number of chemical and a number of chemical and 
genetic strategies. We describe a novel strategy, Sugar Engineergenetic strategies. We describe a novel strategy, Sugar Engineered Antibody (SEA) ed Antibody (SEA) 
technology, for enhancing antibodytechnology, for enhancing antibody--dependent cellular cytotoxicity (ADCC) through dependent cellular cytotoxicity (ADCC) through 
modification of the mAb carbohydrate. A series of small moleculemodification of the mAb carbohydrate. A series of small molecule fucosefucose analogs were added analogs were added 
to mAbto mAb--expressing Chinese hamster ovary (CHO) cells, with the resultingexpressing Chinese hamster ovary (CHO) cells, with the resulting mAbs showing a mAbs showing a 
significant reduction in their carbohydrate significant reduction in their carbohydrate fucosylationfucosylation. We demonstrate that these mAbs . We demonstrate that these mAbs 
show markedly increased ADCC activity and improved CD16 binding.show markedly increased ADCC activity and improved CD16 binding. The The fucosefucose analogs analogs 
inhibit GDPinhibit GDP--mannose mannose dehydratasedehydratase (GMD), the first enzyme in (GMD), the first enzyme in de novode novo synthesis of GDPsynthesis of GDP--
fucosefucose, and lead to global depletion of intracellular GDP, and lead to global depletion of intracellular GDP--fucosefucose. We also demonstrate that . We also demonstrate that 
this strategy yields mAbs with significantly reduced this strategy yields mAbs with significantly reduced fucosylationfucosylation in large scale CHO cell in large scale CHO cell 
culture and is broadly active across a variety of mAbs and expreculture and is broadly active across a variety of mAbs and expression systems. Since genetic ssion systems. Since genetic 
modification of the mAbmodification of the mAb--producing cell line is not required, SEA technology can be readiproducing cell line is not required, SEA technology can be readily ly 
applied from the mAb screening to manufacturing stage to generatapplied from the mAb screening to manufacturing stage to generate effector function e effector function 
enhanced therapeutic antibodies. enhanced therapeutic antibodies. 
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FucoseFucose BiosynthesisBiosynthesis7.7.

AntibodyAntibody--dependent cellular cytotoxicity (ADCC) is an important componentdependent cellular cytotoxicity (ADCC) is an important component of antibody of antibody 
efficacy. Antigenefficacy. Antigen--bound mAbs engage CD16 on the surface of effector cells (NK and bound mAbs engage CD16 on the surface of effector cells (NK and 
macrophages), which release poremacrophages), which release pore--forming proteins and proteases to forming proteins and proteases to lyselyse the target cell. the target cell. 
ADCC activity can be improved through a variety of techniques, iADCC activity can be improved through a variety of techniques, including removing the ncluding removing the 
fucosefucose residue from the mature, residue from the mature, biantennarybiantennary mAb carbohydrate. mAb carbohydrate. 

Unexpected Activity of Unexpected Activity of FucoseFucose AnalogsAnalogs3.3.

We have identified modified sugars that inhibit the incorporatiWe have identified modified sugars that inhibit the incorporation of on of fucosefucose into the mature, into the mature, 
biantennarybiantennary carbohydrate chains of mAbscarbohydrate chains of mAbs

The resulting mAbs show enhanced ADCC activity due to increasedThe resulting mAbs show enhanced ADCC activity due to increased CD16 bindingCD16 binding

The The fucosefucose analogs are converted to their corresponding GDP analogs by theanalogs are converted to their corresponding GDP analogs by the salvage salvage 
pathway and inhibit pathway and inhibit de novode novo synthesis of GDPsynthesis of GDP--fucosefucose by GMD, resulting in depletion of the by GMD, resulting in depletion of the 
cellular pool of available GDPcellular pool of available GDP--fucosefucose

Sugar Engineered Antibody (SEA) technology has several key advaSugar Engineered Antibody (SEA) technology has several key advantages over current ntages over current 
approaches for improving the ADCC activity of mAbs:approaches for improving the ADCC activity of mAbs:

Can be applied to existing mAb producing cell lines without genCan be applied to existing mAb producing cell lines without genetic modification of the etic modification of the 
cell line or changing the manufacturing process or product qualicell line or changing the manufacturing process or product qualityty

Enables screening of mAb libraries for those with optimal ADCC Enables screening of mAb libraries for those with optimal ADCC activityactivity

Does not alter the mature, Does not alter the mature, biantennarybiantennary oligosaccharide structure other than minimizing oligosaccharide structure other than minimizing 
core core fucosylationfucosylation

FucoseFucose analogs analogs 22--fluorofucose fluorofucose peracetateperacetate and and alkynylalkynyl fucosefucose peracetateperacetate (50 (50 µµMM) were added ) were added 
to the growth media of mAbto the growth media of mAb--producing CHO cellsproducing CHO cells. The resulting mAb was . The resulting mAb was trypsinizedtrypsinized and and 
analyzed by mass spectrometry. About 1analyzed by mass spectrometry. About 1--2% of mAb was 2% of mAb was fucosylatedfucosylated, with some , with some 
incorporation (3%) of incorporation (3%) of alkynylalkynyl fucosefucose and minimal incorporation of 2and minimal incorporation of 2--fluorofucose observed.fluorofucose observed.

GDPGDP--fucosefucose is synthesized from either exogenous is synthesized from either exogenous fucosefucose (salvage pathway) or cellular GDP(salvage pathway) or cellular GDP--
mannose (mannose (de novode novo pathway). GDPpathway). GDP--fucosefucose is a known feedback inhibitor of GMD. After is a known feedback inhibitor of GMD. After 
transport of GDPtransport of GDP--fucosefucose into the Golgi, mAbs are into the Golgi, mAbs are fucosylatedfucosylated by Fut8.by Fut8.

A. Treatment of mAb producing CHO cells with A. Treatment of mAb producing CHO cells with alkynylalkynyl fucosefucose peracetateperacetate or 2or 2--fluorofucose fluorofucose 
peracetateperacetate caused a dosecaused a dose--dependent depletion of the cellular GDPdependent depletion of the cellular GDP--fucosefucose pool and pool and 
concomitant production of GDPconcomitant production of GDP--alkynylfucosealkynylfucose and GDPand GDP--22--fluorofucose (UVfluorofucose (UV--HPLC assay).HPLC assay).

B. GDPB. GDP--alkynylfucosealkynylfucose and GDPand GDP--22--fluorofucose were inhibitors of GMD in CHO cell extracts fluorofucose were inhibitors of GMD in CHO cell extracts 
((radrad--HPLC assay) and recombinant GMD (not shown).HPLC assay) and recombinant GMD (not shown).

Mechanism of InhibitionMechanism of Inhibition8.8.
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Potency of Potency of FucosylationFucosylation InhibitionInhibition6.6.

Fed batch 30 Fed batch 30 mLmL CHO cultures were treated with 2CHO cultures were treated with 2--fluorofucose fluorofucose peracetateperacetate, mAb purified, , mAb purified, 
and reduced heavy chains analyzed by HPLC and Qand reduced heavy chains analyzed by HPLC and Q--TofTof mass spectrometry. A dosemass spectrometry. A dose--
dependent inhibition of dependent inhibition of fucosylationfucosylation was observed with an ECwas observed with an EC5050 of 11 of 11 µµM. At 50 M. At 50 µµM, broad M, broad 
activity has been observed with dozens of mAbs from a variety ofactivity has been observed with dozens of mAbs from a variety of expression systems.expression systems.

ADCC Activity and CD16 BindingADCC Activity and CD16 Binding5. 5. 
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Product CharacterizationProduct Characterization4.4.

TrypticTryptic map of mAb from 3 L (shown) and 36 L (not shown) bioreactors wimap of mAb from 3 L (shown) and 36 L (not shown) bioreactors with and without 2th and without 2--
fluorofucose fluorofucose peracetateperacetate treatment. Only the peak indicated (treatment. Only the peak indicated ( ), the ), the tryptictryptic fragment fragment 
containing the carbohydrate, showed any change in retention timecontaining the carbohydrate, showed any change in retention time. Compared to control, . Compared to control, 
this peak had a reduction in molecular weight corresponding to tthis peak had a reduction in molecular weight corresponding to the mass of he mass of fucosefucose..
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A. ADCC activity of two mAbs: A. ADCC activity of two mAbs: fucosylatedfucosylated mAb with no detectable ADCC activity acquires mAb with no detectable ADCC activity acquires 
moderate activity when expressed in the presence of moderate activity when expressed in the presence of alkynylalkynyl fucosefucose (left), while a (left), while a 
fucosylatedfucosylated mAb with moderate activity increases to robust activity when exmAb with moderate activity increases to robust activity when expressed in the pressed in the 
presence of presence of alkynylalkynyl fucosefucose (right). (right). 

B. CD16 binding increases ~10 fold after treatment with B. CD16 binding increases ~10 fold after treatment with alkynylalkynyl fucosefucose peracetateperacetate..
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