Targeted drug delivery to bone : characterization
of human tissue-nonspecific alkaline phosphatase
tagged with an acidic oligopeptide
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Targeted Drug Delivery to Bone: Characterization of Human Ti ssue—nonspecific
Alkaline Phosphatase Tagged with an Acidic Oligopeptide
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Abstract

Hypophosphatasia is caused by deficiency of activity of the tissue-nonspecific alkaline
phosphatase (TNSALP), resulting in a defect of bone mineralization. Enzyme replacement
therapy (ERT) was attempted but little clinical improvement was achieved.

Attaining clinical effectiveness with ERT for hypophosphatasia requires delivering
functional TNSALP enzyme to bone. We tagged the C-terminal-anchorless TNSALP enzyme
with an acidic oligopeptide (a six or eight residue stretch of L-Asp), which markedly increased

" affinity for hydroxyapatite abundant in bone. We compared the biochemical properties of the
purified tagged and untagged enzymes derived from Chinese hamster ovary cell lines.

The specific activities of the purified enzymes tagged with the acidic oligopeptide were
‘the same as the untagged enzyme. In vitro affinity experiments showed the tagged enzymes had
10-fold higher affinity for hydroxyapatite thanm the untagged enzyme. Lectin affinity
-chromatography for carbohydrate structure showed little difference among the three enzymes.
Biodistribution pattern from single infusion of the fluorescence-labeled enzymes into mice
showed the amount of tagged enzyme retained in bone was 4-fold gréater than the untagged
enzyme. The tagged enzymes demonstrated longer retention in bone and were present in
higher concentration continuously up to one week. In vifro mineralization assays with each of
three enzymes in the presence of high concentrations of pyrophosphate provided evidence of
bone mineralization with the bone marrow from a hypophosphatasia patient.

These results show the anchorless enzymes tagged with an acidic oligopeptide are
delivered efficiently and function bioactively in bone mineralization, suggesting the potential

use of these tagged enzymes in ERT for hypophesphatasia.
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Tissue-nonspecific alkaline phosphatase (TNSALP) (XA & NIZTFEFE T 5  alkaline
phosphatase (ALP) D7 A VH A LD—D2>THV, IR, B, BLEORESRDL
ATV 5, Hypophosphatasia iZ TNSALP IFEHEDORBIC L > T ERZENIEBRTHY, &
WAL LTECBEOHREERR LN, TOREIEIL DR LIIERILEOKELZFT,
F 1 EERIOIC 7 DRBBEIIIEILS . BEOHAE CIIEB A2 ERERIC L 0 A%EE 2
BORMITRETLTLE 5, _

TNSALP (3B FMIICIRRE ST & 37 H & L TFFLE L, hypophosphatasia #% T R
bNBEBEOHAEEITX TNSALP NEOBEICEERREZ2E O LETERTEHDTH A,
FHFARIIBICBWTEEREZELEL, TRV VBILVC Y LARENTEETDZ LK
DARKIEPEZ 2, ARICOBSBITEFRENELETIEZL/NRANTEZ Y, £E/ I
YUBANY Y AREGOITHOIDICHERRREEZEIVH LTS, EE/MIIZOE L
IZ TNSALP %A LTk Y, TNSALP i pyrophophate (PP)) % monophosphate (P)) (2533 %
AR RO L 7B TNSALP O ABM 2R EITR B R(L O E/ER 1> PP & SR L.

ARG HERERSFTHD PRERT I LIV ARILERETHZETHE LE

ZBITWS, 2D & 512, hypophosphatasia “Ti TNSALP FEMEDKIZ L Y PP ASERE L,
BOEKREPHHSNDZ L TROEREEZ & THRBTH S,
Hypophosphatasia I13BERDORBIZ L > THER I ENDIEBTHDHDT, ZOEK

FELLT, RALCERLZH O BRARRENRA LN, LR, 4FETFb

#U7c hypophosphatasia BE 12X 2BEMFABIKILT L A EPRELRLTVRY, ZORKE
BEHFRESNEBRPBICB WV TERNICED R L VZEL TRV E DERRL S
NTRY, DHRNLBROE~OTFTIN) —REOBRERRECEATHILEZL2 LN
TW5, I, Kasugai HAEMET I VBN OB A Y IRTF RRLERER., BRI
BF~BITL, T~ BEDZLERRLE, SHIE, =X SO — N2 0BELY I
NTFFTEHTHIZLICEY, =R N O —LDOBE~DBRW TV SY —IZRII L.
SRBELIR~ U ADBEEEOKFEL, FEBIUVFBICRN TR b U4 —LOBIERD
BESRD N,

AL TIL Hypophosphatasia DEERMERRIE LML THZ L 2 HME L, Bkt
TRFF REHR LT TNSALP 2R L, ZOREE B2 b0 TH B,
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TNSALP LERMEAY ST_7FF K4 TNSALP 2B 57-H, ZR5HDDNA 222 k
7 7 M &HB4E L7, TNSALP I glycosylphosphatidylinositol (GPI) %4 L CHlEIc k4 LT
Y TNITIL TNSALP & )7 D C RIFIZIFET 5 GPI anchoring signal peptide 284 EE
THH, T, TNSALP %5y BIDEER L35 7= TNSALP cDNA 75 GPI anchoring signal
peptide &1 — R DEFIZIR T & & L, FEEMEA Y I_7FF N4 TNSALP 37155
W, 6 DHBUNLE DDT AT R EE T — K45 DNA Bl % TNSALP 0 C i
ALz, THHDOBERZLT., rhTNSALP (W EEEFHEAB X E b TNSALP),
CD6-TNSALP (6 2 DT AT XU BRE & L W BB G FHEAEEZE b TNSALP),
CD8-TNSALP (8 DDT AT X V% AR Ul SW ARG FHELHZ £ F TNSALP) &I
):5:0 N .
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INB 3 D0 DNA ¥ ZNFNRE~NY & —IZ#8F#3iA Z, Chinese hamster ovary FiG
TBEICRREELL IS, TROLOBRD 95%UERZTOEE BRI WS h, 2
DHWRIT TR TOBRICBVTIZEE Lo, ZRENOREREKLERL. 70
Bk LA 12 RHEICEIR L TRER 21872, € DBERIE DEAE & Sephacryl S-400-HR 7 5
A% BRI, thTNSALP, CD6-TNSALP, CD8-TNSALP DIREIZZ N Fh 32%., 62%.
56%T& D\ thTNSALP DULEILN T Adx b DEEH E— 2 BME< . CD6-33 X 1 CDS8-TNSALP
DRI ~AEMETH - 72,

INODOBBENTBERITTRTISIERBEED specific activity 3 & U Michaelis &
BERALTHY, ZOBRBFHICBOTIEIEBESY S_7F FORBIITEA YL bR
olz, =5, BEZ Y IXTF FHEBRONAS FuF 7% 4 M oStz
BEER LB, KAEE LT VIO T ThHo7z,

F R HFOBEHIZEGCNTEERRR L O LML TEY, TNSALP i3

 XEOREFBETORBOIZLALENSTLVBTED LA TNS LW S e, 22T
RS NTBEROFEHEEL D725, lectin affinity chromatography % FiV /-, BEGEHEE T
DRI= >/ — R B OFFE % 7D concanavalin A (ConA) % V>, BEFE D ConA IZxtd
DEFEEZ R L. ZORR, T XTOBERITI ConA 1 T LM HIZIEE LVEHF—
ZRL, “RICKREY ) —RZ B ENTRREINE, £o, B ERORE 7T
BRI BV A % 555 wheat germ agglutlnm (WGA) 2AWVWT, BEREORBL TABROEHE
BZWSB LI, TORBR. U7 /VBEEEIX rhTNSALP > CD6-TNSALP > CDS-TNSALP @
IBTHD2 &R TFHREN, FEEVThoOBRLZTOEEBEETIISED
N-acetyl-D-glucosamine R A RO Z L AR E N7, F72. neuraminidase THESH DRI
TNVEREBRER, SDS-PAGE IL THFRDEEHRD & WTFHOBELREED S FEIE
THARBDLNZ, THODORKERML, BMEAY IX7F FIREEERIIIBBER L b
THRRRBCTNVBOEERDETRR LN, TOREIZBEVNLOTHELEZD
s,

BER DB ~DBITIHEL invivo THERT 5720, BREZHALTERL, vV A~2H
BE L, TO<UR% 6 Wl 24 FER, 72 BERA. 168 BERMIBICEBR L. KBEUH %
B/l RIBEBRB~OBESMEBET I L. AERICIIBROSHEIBOLNRI-
Te B3 BIRAGE S ICIIBER DO M E RO =, S Y IX7F FHRBERIIRE 6 BFHI%.
FHEER LB LT 4 FOBRVSHABRKETZICBD N, SHICEELY 2
TF FEREERIIRES 1 BEICD: 0 IEEEED 2 ~ 3 BORE AR ITE DT,
F 7= CD6-TNSALP & CD8-TNSALP DO TE~DAFICEITRD bz o7, "%’L)U’P\
DEER A % 5 L FFIRI bb?ﬁﬂﬁﬁb‘@i/\fﬁbww) LA, 3 DOBERM TEITRD
Nnizhol,

Hypophosphatasia BE 2 L& B HMEE H T, TN DOERIEBERORIET
HEPMER L, TOEHMIR% B-glycerophosphate 777 T T L T HAKILE R DB =
EBHRRP 0T BRLUEWThDOEREMZ 5 2 &2 X - T B-glycerophosphate 77
ETTARRILEZRBD, £, B-glycerophosphate DRV IZ P2 AV D &, BEEIEFET
THRKEBRA LN, PFEET CEBEREEMA THLZORKILICHEMAY R SIRIIZED SR
Mo, TNHDORERPL, I OFREHIEEEE RIZIV T TNSALP 13 -glycerophosphate 75°

-357-



b PR EHESEB Lok o TERILICHEST B 2 EWRRENE, b OBRIAER
B BERILOEENE Th 5 PP, ZMAKSET HZ LB TELNERRTHD, P FET
ORISR IC PP AT, PRIRIICE Y . P RFE TICHI 2 BRILIISELRICHEE
SN BHLIZWThOOBEREMZ D Z L1 X > THEK{LIZ PP EFIMEED 70 ~ 80%
IZETEE L, LEOFR LY rhTNSALP, CD6-TNSALP 3 X TF CD8-TNSALP DV v
b PPENETEILICL > TEORRILIIR LEETBZ L FRRENE,

i

ZOWRICBWTUTDOZ L 2ERAT B ENTE T,

1. TNSALP cDNA 7%>% GPI anchoring signal peptide # =— N+ AEFERET I &I

FWH L UT 95%LL EDBER PR EIEP A~ Sz, T GPI anchor @%f&i%ﬁ@

BEREHRMICEIRT 5 Z & 2/ HEIC LT,

2. 6DOBIVEODOBMMET I /BRI LRLDEEMEA Y FXTFF K% thINSALP 0 C Rz 3

BIEDHIEITEY, BROBEESLUZTOBEMEIZIZLALESRELX A LR

A FRF T84 F~ORFEE IR BEERO 10 U ECED B - LR TEE, :

3. HOBIEMER, B Y IRTF FHREB IO RBERE~ U R IR E Lo R, i

AV IRTF RIB~OEEOSE 1 BRICHY 2~4 FICE DI, M8, i, D5,

FE. MR K OB A~ D I I3 ER A Y :1/\7"7‘ NEEBREER L IR RBRBITEDE
RO bnahoatz,

4. BMEF) AT F FRBBERITIELEEER L FEIZ, hypophosphatasia BE M HEE

FEMIAE 2 AV e R RSBV T, OAKREEEER 2 &S PP, 20+ 3 - LIcL VAR

2B ETHZ RSN,

LLE, AR, Bt ) S_FF R & AV TB~0 drug delivery i B33 Hi /- 22 FTREME

ERTOLOTHD, PEVERRSFTHIBELE~FTIYANY —TX BT L.
hypophosphatasia {23317 2 BEERAHFTRIEOBKARGHEEZ KVICHFSE 3 LD TH B,
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Hypophosphatasia i tissue-nonspecific alkaline phosphatase (TNSALP) JE#DKIBIC & - CB| & X
NBERABTHD, FRAEL LT BOEEERE PR 5N %, Hypophosphatasia ic 33 3 BEEMFEED
RALNIED, TOWKRNEEHEZIZLALBDEN TV, 7T TEMZE. Miyamoto SHEIREL
oA FaFy 7R84 Hc;‘é‘:ﬁﬂ]lﬁ’éﬁﬁﬁl’?ﬁﬂ‘ UdRTF F% TNSALP LS L TRERENED S
NZOMERE L,

9, TNSALP 2B DBER & 3 % 7z 8 TNSALP cDNA O C K i1 i B 3 % GPI anchoring signal
peptide Z 3 — R'§ BEFIER 2. FFBtEA ) IRTF R TNSALP 2185728, 67 H B8
TOBKT BT AN FUBEI— N9 35 DNAEF|% TNSALP D CREICEBA L, chbOBES
Chinese hamster ovary cell NF 52X 727 MU, BREBRICOWE R, BEAY IRTF Rty
UrBERIE, JERBER L ZIERSOBRIEN 25, lectin affinity chromatography Ic & > TWF OB
FLIZEFAROMBMEE RO T, JEEBED 10 5L DN RuFs 7821 MRk ER
DTELARENT, TNEERVALEHBRE L TABRENOBROSHLERT 5 £, B4 Y X7 F
FHRERI, FHEBRL LR L TR 6 REE T 4ENBOGKRIESBISA L, 5% 1BMIcHh
7e b 2ELL EAHEE Ule, & 5IC. hypophosphatasia 25 5 DB EEMARICH L TR F FHBEERIZ n .
vitro TRIRILZEIERBI T L 2R Lz,

TDX3IC, HHREIX. hypophosphatasia IZ X5 3 BN ABREMFTBREICHE T DO RBRER L2 HE
Thh, Ft E®) 285I3ICETILFEI N
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