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The role of Sulfatasel and Sulfatase? in the development of

oligodendrocyte in the mouse spinal cord
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Summary of thesis contents

Heparan sulfate proteoglycans (HSPGs) are cell-surface and extracellular matrix
macromolecules that consist of core protein (glypican, syndecan, percan) and heparan sulfate
(HS) glycosaminoglycan (GAG) chain. HS consists of uronic acid-(1—4)-D-glucosamine
repeating disaccharide subunits and undergoes sulfate modifications on the 2-O position of
uronic acid and N, 3-O and 6-O positions of the glucosamine HS units. These sulfate
modifications of HS are important to HSPGs for regulating Shh signaling, which acts as a
morphogen to regulate the embryonic spinal cord development. Shh furnishes positional
information to control cell fate decision and organize structures of the ventral midline through
Shh concentration-dependent manner in the developing vertebrate ventral spinal cord. In the
mouse embryonic ventral spinal cord pMN domain, at early stage of embryonic development
from about embryonic (E) day 9-10.5, Olig2 progenitors give rise to Motor neurons (MNs), and
in the later (about E12.5) Olig2 progenitors change their fate from the generation of MN to that
of Oligodendrocyte Precursor cells (OPCs) and it is well known that Shh is indispensable for this
fate change.

Sulfatase (Sulf) is endo-enzyme that specially remove glucosamine 6-O-sulfate group in
HS, containing 2 members, Sulfl and Sulf2. Although there are several studies showing that
Sulfl acts as a regulator of Shh signaling during embryonic ventral spinal cord development,
there are no reports about the details of Sulf2 expression in the spinal cord or whether Sulf2 is
involved in the development of spinal cord. In this study, | found a novel function of Sulf2 as an
endo-sulfatase involved in the control of MN to OPC fate change by regulating Shh signaling in
the ventral spinal cord of mouse.

First 1 analyzed the expression pattern of Sulfs (Sulfl and Sulf2), Shh and Shh signaling
indicator Patchedl during mouse embryonic spinal cord development (E10.5-E12.5). In the
mouse, Sulf mMRNAs colocalized with Shh mRNA and gradually expanded dorsally from E10.5 to
E12.5, which always followed strong Patchedl signal. These expression patterns gave me an
hypothesis that in the mouse strong Shh signaling input was promoted by Shh released by Sulfs,
and strong Shh signaling in turn induced Shh and Sulfs dorsal expansion. Consistent with this
hypothesis, | found that in the Sulfl KO or Sulf2 KO mouse ventral spinal cord, Shh expression
was restricted to the floor plate at E11.5 and E12.5, and did not expand into p3 domian as in the
WT mouse. Moreover, in Sulfl KO or Sulf2 KO mouse, Patchedl expression was weaker than
that in WT mouse at E11.5 and remained as E11.5 expression pattern even at E12.5.

Shh is required for the ventral spinal cord domain formation and the MN to OPC fate change in
the pMN domain. Thus I checked the domain formation and progenitor differentiation in the
pMN domain. | found that the pMN and the p3 domains position shifted ventrally, MN neuron
generation prolonged and OPC generation was delayed at E12.5 in Sulfl KO or Sulf2 KO mouse.
These results showed that Sulf2 also plays an important role in MN to OPC fate change by
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regulating Shh signaling in the ventral spinal cord like Sulfl and thus has overlapping function
as Sulfl.

However, Sulfl or Sulf2 cannot compensate the loss of Sulfl or Sulf2 respectively, in the
developing mouse spinal cord. In vitro studies showed no evidence for Sulfl and Sulf2
interaction and sulfatase activity of Sulfl and Sulf2 was independent. Furthermore, similar
phenotypes with Sulfl or Sulf2 single KO mouse were also observed in the Sulfl, Sulf2 double
KO (Sulf1&2 DKO) and Sulf1, Sulf2 double heterozygote (Sulf1*/-Sulf2*/-) mice. Severe
phenotypes were not found in the Sulf1&2 DKO mouse. These results suggest that a sulfatase
threshold in the pMN domain required for precise MN to OPC fate switch change exists and
indicates that MN to OPC fate change is not linear against Shh dose. Only when Shh
concentration reaches a threshold, precise MN to OPC fate change can occurred.

Taken together, my study characterized a new role of Sulf2 as a positive Shh signaling
regulator to control MN to OPC fate change in the ventral spinal cord. My study also indicated
that there is a threshold in sulfatase activity (which probably reflects in the Shh dosage) to
induce MN to OPC fate switch.
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Summary of the results of the doctoral thesis screening

MR RS EEICHFET DA~ T VBT e T4 7Y > (HSPG) 1%, FA @R
\Z38 T Sonic hedgehog (ShZ B S FXEREN T X EMAEERT S Z LI2L D,
ZTOREANRIEESLY 7TV ZICBET 5, 2O HSPGDE 6 2iE, Zrvath v
D 6 N % GBS O B EEAL O BAL BN B & E A2 R -9, —J, HSPG ©» /L=
IO 6L FRNICUIMToBELLTHLT 7y X —FE 1 (Sulfh)e LT 7%
— 2 (Sulf2))BNFIET D, FHEEDOENFEOMEIE L TIX, Shh 7 F VU v 73 EH)
—a—BvYEENPLFVIT Rt A FNEASNDIEBREZFET L ERMOLNTED
DALy F T % Sulfl BHETLZERHRESNR TS, L2rLZoBERICZKEITS
Sulf2 OFENT N ETIELEALMON TR -T2, & 2 THEZEIIARMIE T~ v A EAEY
A8 86 D #h R FE BT BT D Sulf2 DFEEE D R & 3 A 72,

FTHEF LI~ ABAEHELOS 75 E12.5 DFEREIZE T D Sulfl & Sulf2 ORI/ —
Y& in situ NA TV HXA B =T a UIEICK VN L7, Sulfl O BT Y PEMRICERE L
TWEA, BILS T X0 EMO p3 SHIICHER L7z, —J7 . Sulf2 IFEAR IS I W\ T & Z B
THELHLIEHERICLIH SR L TV, T OEBHRERIL Sulfl OFHEERE —
BT DHZENRHLMNTR o7, Sulf2 2% Sulfl SR UHECTRIAT D LWV MERL . Sulfl
RE~TVANZBWCTHB=a—a VEANL A Y 7 Fat A FEAE SO D
AoEND E W) AT ZREORE RS Sulf2 28 Sulfl OELZMRE TER2 VW LR RBREN
7o FZ THIFE#E T Sulfl & Sulf2 DRI OWT E ST 21T->7-, £ 7. Sulfl K48
v U ADRAEBBEOEMBFHIZBIT S Sulf2 DRH|E % insitu N TV FAE¥—2 g VIET
AT A BN — BEEEQICHARLEEXTETIRAR LN -T2, S BIT,
Sulfl, Sulf2 DA X Z 7 B2 R L TRBREANTY L7 7 4 —BEMEZME L2, £
DFEFR Sulfl & Sul2 ZTENZENHMCRIFOEEZAT LI L, MAZLFIETHE
FHIEHEIIHENICEE L2V EBRHL N2,

WA AT B A R BE ORI AT B 1T 5 Sulf2 ORERE &2 B3 5 72 9 12, Sulf2
KE~ T ZADORBH Z Sulfl KE~ T R &g Laan bFEMICMT Lz, ZO/E., Sulfl
KPP~ T A, Sulf2 K~ 20T RICBWTEH, AR~y 2 TR LN D p3 SEIKICE T
% Shh OFHFEHE L Shh v 7 F Vv FTOENRZ 5T, EE=a—n v EENLAY 2
T RaY A FEASNOIRBAETLTWE, SOICHBEZRIIVY VY 7 ¥ —BiEKHOR S
& Shh > 7+ V7 L OBBREMIO D7D, Sulfl » Sulf2 ¥ 7 )V KE~ 7 A, Sulfl -
Sulf2 ¥ 7 ~7Fu~x 7 2BV THREBROMT 21T > 72, ZORE R W~ T X L $1T Sulfl
RE~ T ABLO Sulf2 XKP~V TV A LA LRBAMEZ RS ZLRPLNI o7z, THbHOD
BE»L | BAEYEMEN O EE R REAICBIT D Shh > 7 U > Z121F Sulfl & Sulf2
DTN ERVETHDL ZENEH IR, SHI1Z, EX¥A Shh 7+ U v 7oy
N7y B —BIEEORENFIET 52 2 &N RmBINT,

UbkoXsic, HEFIZ~ Y ZREHENFREOMRIEAEICE T 5 Sulf2 OEELZ I 5
MLz, &6, EF¥ARSh¥ 7 v 780077 2 —BIHEEOBREIZSNT
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wam L7c, ABFZEIZ, ~ vV ARAMBERAFEHOMRREICKTLIH VT 72— O&kE %
HOEMNILEEbD T, BEBMOEL T 347 0 OIEERIEICI T 5 HSPG DA & 2 %
THERMAZEALTEY, S%OLYENHFORBICET 20 EEXLND, Lizho
T, BEZBEEPARRBIIFMHLE L THIELWEDTH D &MWL,
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