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O-glycans:
Immature, truncated (Tn, STn, T,..)
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Different pattern

Cancer

The Cancer Glyco-Phenotype

Cell Membrane O-glycoprotein (Mucin)

Cytosol

Cell surface

O-glycans



BiosyntheticBiosynthetic MapMap for Protein for Protein OO--GlycosylationGlycosylation in Manin Man
Step-by-step regulated synthesis
Specific glycosyltransferase enzymes involved
IgM auto-Abs naturally occuring for most incomplete structures (Tn, STn, T)



MUC1

Cell Membrane Mucins
MUC1, MUC4, MUC16 
MUC3A, MUC3B, MUC12, MUC13, MUC15, MUC17, MUC20
Membrane proteins with mucin domains (many)

Mucins are Prime Cancer Vaccine Targets
Overexpressed (CA125, CA15-3) 
Aberrantly glycosylated
Tandem repeated structure = repeated epitopes
Immunological tolerance lacking to aberrant glycopeptide epitopes



Breast Tumor Normal Breast

Mab HMFG2
Anti-MUC1

Sorensen et al Glycobiology 2006
Tarp et al Glycobiology 2007

MUC1
Overexpressed in most adenocarcinomas
Immunodominant cancer specific epitope identified
Lack of immunological tolerance in man to this epitope

VTSAPDTRPAPGSTAPPAHG n=25-125

CancerCancer--specific specific 
epitopeepitope (5E5)5E5)OverexpressedOverexpressed

EpitopeEpitope (HMFG1)(HMFG1)

=GalNAc



Sorensen et al., Glycobiology, 2006

Mab HMFG2
Anti-MUC1

Mab 5E5

Breast Tumor Normal Breast

Anti Tn/STn-MUC1

Tn/STn-MUC1

MUC1
Immunodominant cancer specific epitope identified



M1

Why is Tn-MUC1 Immunogenic and Removed From Circulation?

M1 M1 M1+Ca2+

Neutravidin
beads

MUC1 60mer 9Tn-MUC1 60mer 15Tn-MUC1 60mer

0,6% 0,8% 11% 11,2%

Binding to MGL on DCs
Presented through MHC I/II?
IgG autoantibodies detectable in cancer patients 

Napoletano et al., Cancer Res 2007
Wandall et al., Cancer Res 2010

VTSAPDTRPAPGSTAPPAHG n=25-125

=GalNAc

VTSAPDTRPAPGSTAPPAHG VTSAPDTRPAPGSTAPPAHG VTSAPDTRPAPGSTAPPAHG



VTSAPDTRPAPGSTAPPAHG

MUC1 Cancer Vaccine Production
Chemoenzymatic synthesis (105mer 25Tn-MUC1-KLH glycopeptide)

Enzymes + sugar nucleotides (GalNAc-Ts + UDP-GalNAc) 

VTSAPDTRPAPGSTAPPAHG VTSAPDTRPAPGSTAPPAHG VTSAPDTRPAPGSTAPPAHG VTSAPDTRPAPGSTAPPAHG

Peptide synthesis (105mer)

GalNAc-T2 enzymatic O-glycosylation

KLH coupling

GalNAc-T4 enzymatic O-glycosylation

105mer = 5TR

Bennett et al., J Biol Chem 1998



Array Analysis of IgG Induced by Tn-MUC1 vaccine 
25Tn-106-mer-KLH (3-5x sc) 20 disease-free breast cancer patients

Pre-immunization
IgG

Post-immunization
IgG

Cancer glycopeptide specific (Tn/STn-MUC1) immune response elicited in 19/20   

Sabattini et al., J Immunother Res 2007
Wandall et al., Cancer Res 2010



MUC1 Cancer Vaccine Design
Recombinant production of vaccine? suitable host cells?
Requires immature O-glycans (5Tn/TR)?

Glycosylation capacity of host cells
Cells generally selected/optimized for normal glycosylation (N-linked) 
Mammalian cells O-linked ST structures (CHO)

Insect cells Poor O-linked Tn/T (Sf9)
Yeast Competing Mannose O-linked
E.coli No secretory pathway, no O-linked

Plants Secretory pathway, no competing O-linked
No GalNAc/UDP-GalNAc
No competing O-linked glycosyltransferases

Hydroxylation and glycosylation of Pro?

VTSAPDTRPAPGSTAPPAHG VTSAPDTRPAPGSTAPPAHG VTSAPDTRPAPGSTAPPAHG VTSAPDTRPAPGSTAPPAHG VTSAPDTRPAPGSTAPPAHG

105mer = 5TR



Plants as Engineered Host Cells for Production of Aberrant Glycoproteins

Engineered Plants
Build-up GalNAc O-glycosylation capacity complete freedom!

1. UDP-GalNAc synthesis C4-epimerase
2. UDP-GalNAc Transporter (endogenous transporters function)
3. GalNAc-transferase (T1-T20?)

4. Substrate target
5. Elongation enzymes?

UDP-GlcNAc
4C-epimeraseUDP-GalNAc 1.

2.

3b

5.

3a

4. MUC1

UDP-GalNAc

UMP+Pi

UDP-GalNAc

UMP+Pi



Plants as Cell Factory for Tn-MUC1 Vaccine

Engineering strategy
Sec-MUC1(3.5TR)-YFP reporter construct in pCAMBIA

Bi-cistronic 4 epimerase-GalNAc-T2 with 2A auto-cleavage domain
Transient/stable Tobacco, BY-2, Arabidopsis, Lemna

Reporter Construct MUC1(3.5TR)-YFP

Sig - ALAEAVTSAPDTRPAPGSTAPPAHG VTSAPDTRPAPGSTAPPAHG VTSAPDTRPAPGSTAPPAHGVTSAPDTVLNL ----- YFP

O-Glycosylation Machinery 

Pseudomonas a.
Targeted to cytosol

Epimerase
Cytosolic

2A TM GalNAc-T2
Catalytic

Lectin

Human
Targeted to Golgi

3.5TR



Plants as Cell Factory of Tn-MUC1 Vaccine Transcient in Tobacco


