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Abstract: Penta-O-glycosylated MUC1 peptide H-~ Val-Thr*-Ser*-Ala-Pro-Asp-Thr*-Arg-Pro-Ala-Pro-Gly-
Ser*-Thr*-Ala-Pro-Pro-Ala-His-Gly-OH (*a-D-GalNAcp) (2) hasbeen synthesized by a solid-phase method
on Sasrin resin using Fmoc-glycoaminoacids 3 and 4 as building blocks. The monoclonal antibodies SM3
and HMPV, specific to the MUCI1 peptide 1, also react strongly with 2.

Mucins are highly O-glycosylated (~75% of total weight), high molecular weight glycoproteins
expressed in endodermal epithelial cells, particularly those showing glandular secretory activity.! The core
polypeptide moiety of mucins has been characterized by the presence of repeating Ser- or Thr-rich
peptides consisting of 20 amino acid residues, as originally reported by Pigman and associates,® and
confirmed by cloning of mucin genes. The human mammary mucin is encoded by the MUCI1 gene and
contains an extracellular domain consisting of a tandem repeat sequence of the MUCT eicosapeptide 1°
(Fig. 1). O-Glycosylation of Ser and Thr residues contributes to polymorphism in the mucin molecule.
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Several monoclonal antibodies (mAbs), developed against either breast tumors or deglycosylated
human milk fat globule proteins, have been shown to react strongly against 1.4~ Since these mAbs have
identified the increased expression of this core peptide on breast carcinomas, it has been suggested that
formerly hidden mucin core peptides are exposed due to aberrant glycosylation by cancer cells.! It is also
well documented that these carcinomas accumulate incomplete glycosylation products known as tumor-
associated carbohydrate antigens (TACAs), including Tn (GalNAcal-»O-Ser/Thr) and sialosyl Tn
(NeuAca2—»6GalNAcal—»O-Ser/Thr) antigens.” It is conceivable that the glycosylation of Ser/Thr
residues would influence the mAb binding to the peptide core by altering peptide conformation®® or by
masking the epitope. It is, therefore, interesting to determine the effect of glycosylation on the MUCI
immunoreactivity. We have synthesized the penta-O-(N-acetyl-a-D-galactosaminyl)-MUCI peptide 2 and
determined its reactivity against anti-MUC1 mAbs SM3® and HMPV.¢

Boc-Val-OH, Fmoc-AA-OH, 3/4, Fmoc-Gly- [Sastin resin
solid-phase l
glycopeptide synthesis l :

Boc-Val-Thr*-Ser**-Ala-Pro-Asp(Boc)- Thr*-Arg(Pmc)-Pro-Ala-Pro-Gly-Ser**-Thr**-Ala-Pro-Pro-Ala-His(Tr)-Gly- [Sasrin resin]
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Scheme I. Reagents and conditions: |, (1) De-N-Fmoc: 1:1 piperidine-DMF, 20 min, (2) Activation: Fmoc-
AA-OH, 3/4, or Boc-Val-OH, HOBt, DMF, (-Pr) ;N*CeN(i-Pr),, 0°C— rt, 30 min, (3) Coupling: 1 h; i,

(1) 1:1:0.4 TFA-CH Clr-anisole, 1 h, (2) 0.08 M NaOH in aq. MeOH, 0°C, 1 h, (3) HPLC on C4, 100% H0
containing 0.1% TFA — 100% CH,CN containing 0.1% TFA, 5 mL/min.
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The glycopeptide 2 was synthesized on a Sasrin resin (Bachem Bioscience Inc., Philadelphia, PA,
USA) by a solid-phase method!? (Scheme I). Starting with Fmoc-Gly linked to the resin, Fmoc-amino
acids (except for Val which was used as Boc-Val-OH) and Fmoc-glycoamino acids 3/4! were successively
coupled in DMF by a standard 1-hydroxybenzotriazole (HOBt) protocol.!? The side-chain functions of
His, Arg, and Asp were protected, respectively, by Tr,'3 2,2,5,7,8-pentamethylchroman-6-sulfonyl (Pmc),'*
and #-Bu groups. For coupling of 3/4, the excess of glycoamino acid used was recovered after an aqueous
work-up, followed by flash column chromatography on silica gel (9:1 EtOAc—AcOH), in a 70-80%
recovery yield without any racemization. The glycopeptide was cleaved from the resin by treatment with
50% TFA in CH,Cl,, which also removed Boc, Tr, Pmc, 7-Bu groups. Saponification and subsequent
purification by reversed-phase HPLC yielded 2'° (Fig. 2).
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Fig. 2. HPLC profile of peptide 1 and glycopeptide 2. Condition: Alltech
Macrosphere RP300 C18, 5 , 250 x 4.6 mm; 100% H,0 (0.1% TFA) ~ 20% CH,CN
{0.1% TFA) in 60 min.

The peptide 1'° and glycopeptide 2 were conjugated with keyhole lympet hemocyanin (KLH) using
glutaraldehyde!” to increase their binding to a plastic plate, and their reactivities against mAbs SM3 and
HMPV were examined in an enzyme-linked immunosorbant assay (ELISA) (Fig. 3). Surprisingly, both
mAbs bind equally well to 1 and 2. Furthermore, binding of SM3 and HMPV to breast cancer mucin,
purified from patient pleural effusion, was inhibited by both 1 and 2 to a similar extent (Fig. 4). Since
SM3 and HMPV do not recognize mucin from normal tissucs,s'6 our results raise the question of what
degrees of glycosylation mask the peptide epitopes!® differentiating between normal and cancer tissues.
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Fig. 3. Reactivity of mAD SM3 (A) and HMPV (B) against KLH (@), peptide 1-KLH
conjugate (1), and glycopeptiie 2-KLH conjugate {(A). Tha antigens were coated on a
microtiter plate and the activity of mAbs was determined by ELISA,
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Fig. 4. Inhibition of SM3 (A} and HMPV (B) reactivity to human breast cancer mucin
by peptide 1 (0), glycopeptide 2 (A), and no inhibitor control (@), Breast cancer
m@mm&dmambuﬂsﬁaﬁemdﬂwhhibﬁbndmﬁwmmmmedby
ELISA.

The mAb SM3 has been shown to inhibit lysis of tumor cells by the cytotoxic T-lymphocytes {CTLs) from
patients with breast and pancreatic cancers.”® Therefore, it is possibile that these CTLs may recognize
glycosylated peptide sequences. This possibility is of interest in connection with the prevailing view that
only peptides are capable of inducing CTL activity.?>?' Further studies are currently under way.



Penta-O~(N-acetyl-oi-D-galactosaminyl)-MUCI eicosapeptide 1817

Acknowledgment. We are grateful to Dr. Fugiang Ruan for helpful discussion on a solid-phase
peptide synthesis, to Professor Koiti Titani (Fujita Health University, Aichi, Japan) for amino acid
analyses, and to Dr. Joyce Taylor-Papadimitriou (Imperial Cancer Research Fund, London, UK) and Dr.
Ian F.C. McKenzie (Austin Hospital, Heidelberg, Australia) for providing us with mAbs SM3 and HMPV,
respectively. We also thank Ms. Jennifer Stoeck for assistance in preparation of this manuscript. F.-Y.D.
was a travel grant awardee from the Conseil Régional du Centre (France). This study was supported by
funds from The Biomembrane Institute.

References and Notes

1. For reviews, see: Taylor-Papadimitriou, J.; Stewart, L.; Burchell, J.; Beverley, P. Ann. N.Y. Acad.
Sci. 1993, 690, 69. Devine, P.L.; McKenzie, LF.C. BioEssays 1992, 14, 619.

2, Pigman, W.; Downs, F.; Moschera, J.; Weiss, M. Blood and Tissue Antigens; Aminoff, D., Ed,;
Academic Press: New York, 1970; pp. 205~222. Downs, F.; Pigman, W. Biochem. 1969, 8, 1760.

3. Gendler, S.J.; Lancaster, C.A.; Taylor-Papadimitriou, J.; Duhig, T.; Peat, N.; Burchell, I.;
Pemberton, L.; Lalani, E.-N.; Wilson, D. J. Biol. Chem. 1990, 265, 15286. Gendler, S.; Taylor-
Papadimitriou, J.; Duhig, T.; Rothbard, J.; Burchell, J. J. Biol. Chem. 1988, 263, 12820.

4. Taylor-Papadimitriou, J. Int. J. Cancer, 1991, 49, 1. McKenzie, LF.C.; Xing, P.-X. Cancer Cells
1990, 2, 75.

5. Burchell, J.; Gendler, S.; Taylor-Papadimitriou, J.; Girling, A.; Lewis, A.; Millis, R.; Lamport, D.
Cancer Res. 1987, 47, 5476.

6. Xing, P.-X.; Prenzoska, J.; McKenzie, LF.C. Mol. Immunol. 1992, 29, 641.

7. For some reviews, see: Hakomori, S. Curr. Opin. Immunol. 1991, 3, 646. Singhal, A.; Hakomori,
S. BioEssays 1990, 12, 223.

8. Urge, L.; Gorbics, L.; Otvos, L., J1. Biochem. Biophys. Res. Commun. 1992, 184, 1125. Andreotti,
A H.; Kahne, D. J. Am. Chem. Soc. 1993, 115, 3352.

9, Jentoft, N. TIBS 1990, 15, 291. Matsuura, H.; Takio, K.; Titani, K.; Greene, T.; Levery, S.B;
Salyan, M.E K.; Hakomori, S. J. Biol. Chem. 1988, 263, 3314. Rose, M.C,; Voter, W.A; Sage, H.;
Brown, C.F.; Kaufman, B. J. Biol. Chem. 1984, 259, 3167.

10.  For recent examples of solid-phase synthesis of glycopeptides, see: Kunz, H. Pure & Appl. Chem.
1993, 65, 1223, Christensen, M.K.; Meldal, M.; Bock, K. J. Chem. Soc., Perkin Trans. 1 1993, 1453,
Reimer, K.B.; Meldal, M.; Kusumoto, S.; Fukase, K.; Bock, K. J. Chem. Soc., Perkin Trans. 1 1993,
925. Polt, R.; Szab6, L.; Treiberg, J.; Li, Y.; Hruby, VJ. J. Am. Chem. Soc. 1992, 114, 10249.
Peters, S.; Bielfeldt, T.; Meldal, M.; Bock, K.; Paulsen, H.J. Chem. Soc., Perkin Trans. 11992, 1163.



1818

11.

12.

13.
14.

15.

16.

17.
18.

19.

2L

F.-Y. DUPRADEAU et al.

Liining, B.; Norberg, T.; Tejbrant, J. Glycoconjugate J. 1989, 6, 5. Paulsen, H.; Adermann, K. Liebigs
Ann. Chem. 1989, 751.

Stewart, J.M.; Young, J.D. Solid Phase Peptide Synthesis; 2nd ed.; Pierce Chemical Co.: Rockford,
IL, 1984; p. 83.

Sieber, P.; Riniker, B. Tetrahedron Lett. 1987, 28, 6031.

Green, J.; Ogunjobi, O.M.; Ramage, R.; Stewart, A.S.J.; McCurdy, S.; Noble, R. Tetrahedron Lett.
1988, 29, 4341.

The glycopeptide 2 was characterized by 1D- and 2D-'H NMR spectroscopy, amino acid analysis,
and electrospray MS. The detailed NMR study will be reported elsewhere (F.-Y. Dupradeau, S.
B. Levery, S. Hakomori, and T. Toyokuni, manuscript in preparation).

The peptide 1 was synthesized using an Applied Biosystem 430A peptide synthesizer (Foster City,
CA).

Briand, J.P.; Muller, S.; Van Regenmortel, M.H.V. J. Immunol. Methods 1988, 78, 59.

A Molecular modeling study of the MUCI1 peptide containing the H type-3 trisaccharide
Fucal—+2GalB1—+3GalNAcal-» linked to the Thr residue of the Pro-Asp-Thr-Arg-Pro pentapeptide
has suggested that the Fuc residue could mask the MUCI epitopes. See: Bara, J.; Imberty, A.;
Perez, S.; Imai, K.; Yachi, A.; Oriol, R. Int. J. Cancer 1993, 54, 607.

Jerome, K.R.; Barnd, D.L.; Bendt, K.M.; Boyer, C.M.; Taylor-Papadimitriou, J.; McKenzie, 1.F.C.;
Bast, R.C., Jr.; Finn, O.J. Cancer Res. 1991, 51, 2908.

Ishioka, G.Y.; Lamont, A.G.; Thomson, D.; Bulbow, N.; Gaeta, F.C.A; Sette, A.; Grey, HM. J.
Immunol. 1992, 148, 2446. Harding, C.V.; Roof, R.W.; Allen, P.M.; Unanue, E.R. Proc. Natl. Acad.
Sci. USA 1991, 88, 2740.

There are some reports indicating that carbohydrates can influence a T cell response. For example,
see: Singhal, A.; Fohn, M.; Hakomori, S. Cancer Res. 1991, 51, 1406. Fung, P.Y.S.; Longenecker,
B.M. Cancer Res. 1991, 51, 1170. Mehra, V.; Brennan, P.J.; Rada, E.; Convit, J.; Bloom, B.R.
Nature 1984, 308, 194.

(Received in USA 5 May 1994; accepted 20 June 1994)



