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Function of Mucin Glycoproteins

in Health and Disease

Katrin Beate Ishii-Schrade

Graduate School of Pharmaceutical Sciences
Laboratory for Cancer Biology and Molecular

Picture: Pedal boating in Syakujii Koen, Tokyo |

What are Mucins?

More than 50 percent of cellular proteins are
glycoproteins. Carbohydrate structures on glycoproteins
expressed on the cell surface produce numerous binding
sites for the docking of ligands. This provides the basis
for the interaction with other cells as well as with bacteria,
viruses and particles. Mucins are large, specialized
glycoproteins. They contain characteristic domains
called tandem repeats, regions where glycosylation sites
cluster. The highly glycosylated tandem repeat portion
can circumvent protein folding and assume an extended
structure that can stick out from the cell surface by several
100 nanometers and bind water molecules. In short,
many mucins resemble brush-like structures specialized in
lubricating and protecting the cell surface (Fig.1).

What is special about Mucin 21?

Mucin 21 (Muc21) was most recently formally added
to the mucin family, although it was discovered over
30 years ago on the surface of malignant tumor cells.
In my laboratory, mouse Muc21 and human MUC21
were cloned, and a knock-out mouse was made. We are
currently researching what functions Muc21/MUC21
perform in the healthy organism and how they are related
to various forms of cancer. Many mucins are expressed

Project Assistant Professor

Immunology, The University of Tokyo

in epithelia of inner surfaces of the body, i.e. the airways
and the gastrointestinal and reproductive tract. Muc21
is exceptional in that its expression seems to be limited
to mostly one type of epithelium - squamous epithelium.
This type of epithelium is found at sites where mechanical
damage is predominant, for example in esophagus, vagina
and cornea.

Muc21 and immune modulation—-what is that?

My current research focuses on the interaction
of Muc21 with the immune system. Mucins are
aberrantly glycosylated in many types of cancers and, if
overexpressed, responsible for the ability of cancer cells
to escape recognition and killing by immune cells. I am
studying how the type of carbohydrate attached to Muc21
affects the interaction of the protein with the immune
system. In my experimental system, a small model antigen
(MA) is fused to Muc21. Then, different glycoforms
of MA-Muc21 are injected into mice and the antibody
response to MA is measured (Fig.2). If and how Muc21
and the attached carbohydrates affect the anti-MA immune
response will tell me something about how mucins can
enhance or suppress immune reactions. The results will
be important for cancer immunotherapy and glycoprotein
drug design.

Non-Mucin

Glycoprotein
Tands_,-mRepeal =

arbohydrate

Y
Transmembrane
Domain

% Cytosolic Tail

Fig. 1 Structure of mucin and non-mucin protein, details in text

Mucin 21
Inject each into
Glycosylated separatesets
MA. with 3 different of nice
sugars (0, @, %)

Glycosylated
M with 2 different™
sugars(0,@)

different

M G!Ycosvlamd, sugars affect
with 1 sugar (O) :
the immune
Non- response
nglycosvlaled toMA?

Fig. 2 Mucin21 glycoforms and Immune response, MA : Model Antigen
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6H2

6R

582

582

5H

OB Professor Frederick Peter Guengerich
Vanderbilt University School of Medicine, USA

9H Professor Frederick Peter Guengerich
Vanderbilt University School of Medicine, USA

6H Profesor Jorn Piel
University of Bonn, Germany

48 s )IIREX
BRAE WFEH RIARECH—

58 Dr. Chih-Kuang Yeh
National Tsing Hua University, Taiwan
Dr. Sierin Lim
Nanyang Technological University, Singapore
Dr. Hua-Nong Ting
University of Malaya, Malaya
Dr. Yoichi Nakamura
Chiba University, Japan

4H Professor David A. Tirrell
California Institute of Technology, USA

8H Professor Gordon L. Amidon
Pharmaceutical Sciences, the University of Michigan, The
College of Pharmacy, USA

4B25H Professor Stefan Seeger
Institute for Physical Chemistry University of Zurich,
Switzerland

38138 CEA researcher Marie-Claude Clochard
Laboratoire des Solides Irradiés, CEA/DSM/IRAMIS/LSI,
Ecole Polytechnique, France

38 8H Professor Aiwen Lei
HIEXRZ RE

38 6H John Evans Professor of Pharmacology #1883k
Northwestern University Feinberg School of Medicine, USA

38 2B Vice-Chancellor Ashok Kumar
Chhatrapati Shahu Ji Maharaj University, India

38 28 ##HE KEES
BRI AFERZREREMCZNE

2B29H Assistant Prof. Eileen Fong
School of Materials Science and Engineering, Nanyang
Technological University, Singapore

2B28H Professor Raymond N. DuBois
The University of Texas MD Anderson Cancer Center, USA

p -

o iﬁ JE Reports
2012 2011
30 ETIFH 128 BFPBSEIRET &3 [Highlighting JAPAN]

2R

o=

FE—-RIZHE (E-T2%)
MO ABEIERTALE [F/ D7 RIV IERO1DRE

MR
FE-AIHE (E-IT2%)
FRE—BIZRICT VRIVINE

=h

=1

BF BHE (EFXR), B MALHE (EEXR)
HRDD [>T NIBERE] OERRATIRNS

118 €32 v—F)lvol.606
BF BHE (EFXXR)
SELORERBENSHE. HRODERKATHSE

118 ®E#HE
RAE-AIHR (BE-I%%)
BAFItILALVZDDS HIUADERBISRRICHRE RATI—THER
THSHIC

Awards

2012
6H

6H

6H

4H

4H

3R

18

ARER#HEE BFEEE
AT
Notch/Rbpj/Hes12 I FIUIC L 2MBRABLE LU ZEF 4 BEERED I

FNEBABEERFZRE HFMAEMESTE

KRBT

MRS — P IZZRVVCHEREBEFERICLORBEHNEBEED
F%

9th World Biomaterials Congress Young Scientist Award

Yuan Pang

Liver tissue engineering based on perfusion culture of
endothelialized rat hepatocyte aggregates loosely-packed with
biodegradable fibers

HABKHZES ANZBMS 2012 Travel Award
FHETFH
Notch/Rbpj/Hes1> T FIUIZ LDBMBRB1LES KUZE R 4 BIEFAED

World Congress on Osteoarthritis Young Investigator Award
Fumiko Yano

PREVENTION AND REPAIR OF CARTILAGE DEGENERATION BY A
NOVEL SMALL THIENOINDAZOLE-DERIVATIVE COMPOUND
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One-step synthesis of mutant protein library on an ultralarge-scale
integrated DNA microarray chip for high-speed molecular evolution
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128 RSNA Certificate of Merit
Kunimatsu A, Mori H, Sasaki H, Katsura M, Ohtomo K
Common and uncommon neuroimaging manifestations after
treatment of the CNS disease: What the radiologist needs to know.

118 2011 International Conference on Food Factors
Young Investigator Award
Byung-Geun Ha
STIMULATORY ACTION OF NEPODIN ON GLUCOSE UPTAKE AND
ITS ANTIHYPERGLYCEMIC EFFECT
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