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21 B B 55 0k 1) 4 e, 2 UK F 20 R S ) B N Y
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Figurel (Color online) Principle and modes of SPION surface modification
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UKL 5 200 6 2 T A EL i A FH 2 552 ) 41 A
WAL EE B 2, A 2R PH S T 9 A L iR (trans-
fection agents, TA)R 7 3 1A G % {7 SPION & i 4 717
IEHL s, AEARSPE R Al R A G o s AR, DA
30 3 F T 7 48 A PR BulteE A B4R Y i ]
B R AR BB A 1 16 1 SPION fiE % 184 hin 1 40 i b 0 1
Bt J5 5 Frank % AN A48, i F 22 58 #6182 (poly-L-
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B 7050 U B SPION, 3 4o ks 55 4 g 1) i e iz
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Lo A FH B — b4 k24 7 SPION, 7 b b4 b} 1) 25 4 7T LA
S E R A SRR, T 2 R fORS BE 1 nT LAGE B
PP R R R i 2 A 00, Rl BFIE S iF £ 5
£ B 1 B AN [R] TR B 18 i SPLON DX 41 i i A i
RHOREA B &P, Kim%: A\ BE SPION % 1 & Hii
T 5 O LA 1Y) 2- 2 3k £ K- — L (TMA), Xt
] 78 )5+ 41 g (human derived mesenchymal stem
cells, hMSC)#EF7hric, Bk W & KR & . A
F I TR YR, Sl AR sl & T hfrgm it
A4 1 SPION, A7 45¢ i 5 43 B 719 SPION i 718 47 71 L
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PLARAE FH & A R B ek 72 it 440 B A1 R 437 40 oK ks
RN, FAE201 2 904EAT, whH I T A H bk
MUk DNAZE R 53 1) 50 32 21 240 i v 1 i R A e
BultellF 5 28 35 i o ik v (75~400 V, 0.3~30 ms)Xf
Bk 1 o 25 T 41 i (neural stem cell, NSC)#47#5
ic, XF 40 AR A% L (40 mV) . £ ki (n=10)
Ja ZBARC B R 265, B, AT A0 ke n
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Figure2 (Color online) Physical field mediated cell labeling. (2) MEP mediated cell labeling; (b) MSP mediated cell labeling; (c) static/pulsed mag-

netic field mediated cell labeling
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— LU T MEPHIA RN, B, Kim&s A4S 1]
FH 25 FL X B A7 8] 72 5 1 21 fifg (adipose derived mesen-
chymal stem cells, ADMSC)i#E41#riE, &M 1 —FhE
A Ak U B ) v 2 AR B A R SO, B0 S T 4 e 3
9 7 IS ox L fan ok o e 4 (FRU 100V, Bk s
ABIN=5, 23 1195%), MRIZE 5 5 7R A % T35 1 I
B, k2R fLEA E R TIE R . BF 58 3% B it n
(1) E AR Bl A e R R ke, eI K 2
FEANE AT,

M SP2 i o 88 75 AR T, I IS AT 00 b vl 2% 240
MR M. X TR ZEFL LRI, 5 A Sk 20 i
JIT AR B R 35 B BT (LI . 15 35 1) &8 8 /N,
FE 75 AR S0 0 A0 45 1R 3 ol 200 e 30 o 1 34 K
e, Bao%s A VCTIL5E 2] 19 540 i 76 G 4 R T 40
RS %ot K 1B I T O, i — B a3 s A
WS, PR P 23 AL R AT A0 M 25 25 R YT RO 1z
TFRE, Qiu A7 A T A X p 22 T 40 i C17. 23
17 THERRIE, XT40AE S minj5 b5 ic & ik 5] 5.22
po/cell, MRIK 5 W28 2] /N B 3 B 8 0915 5 389 58
AT AR 2 5 A S BT T AL, i R
RIEGEEE | 728 LS S 2 Rl S8, bR ek 5
8 po/cell. Lei%5 A\ O] P« dh A1 7 ik 75 o 2 8 o)
2T CL7. 23047 T #EFRIC, AHILFF R E, %
BT REWS W/ 20 B 75 e A%, Al g bR id & nT LLiA
#)26.8 pglcell, Ff HEALH 525 b B IE T 40 i dn
0, A S Ha S OV A ) B i K Y SPION M 4
JL PR SR A — R T M SPAE ) S gk,
I, TEE R A A I A & A0 nT DU B g — 25
BEBRER T AROR . Fande NP S R s T BA
AR B BC AR, BEAE 5 4N M 2 1 A Y 2 R
ghA, RULAEN MR b 5 75 e A R R R o
fL, SEEL A AN K ST b ARIC B A0 A ] P B 45
TURETE 40 M N B o0 A . B, ASHIF 9T BUAE O
T A8 e R R, RR VR R ULER 21 i 80% (1)
O TR R R0, X BT e IR B, mEtE
SARE A 3 40 7 A7 7 A0 o v, R 5 | A A 7 v
FEAIK.

1 37 /e FH 2 36 7 40 B 5 90k 3 008 7 Bsf it o e 47
PEPRCER. RO K P SPION 5 DNA%E &, 15
el 37 04 R W2 3 SPIONHEE A 3% 5%, Hy I DNA
Kk AN SE BT Rk g, mest e AR BT
2 ETERMM. SmithZ: ABA7E350 mT R/
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T, XFH T JeE M SPION S 27 1% K& i 1) SPIONARIC
i 225, 45 R BRbric T 4 5 K A9 SPIONTE
W E R b W E R 2, XA AL AT 3R
A f d7 n] REXT A B (R B T RIEH. X Tt
i Uk 0 i AL M, A BIE 9 A A R Y ek
AR e BUAURL UE A0 R B sh b BRI ) A b, T
S PP RE AR 0 R R AN, ko g ek &
BARERS L HEANMIARIC, Lee NG T —Fh i 4k i
1 5T () SPION,  #1 il v i BE 1 ok i 1 3 s 12 s B 149
HELAZIM, ®i¥pamEE h0.6 T, 1EH3K, BEKIE bR
6 s 45H W24 hig kb @G35 /E T Arid &2 1.9
po/cell$2 = 517.6 pglcell, 1E#FH B X —BLGFR N 2%
a7, AR SR F T R A ik b R 3 4 T R
GG . Py EE R e i S 50k L
it S K S S B At TS, Sk RS AR
10 SR 5T v B SR AT 55, A1 3 300 38 %k 40 i 7Y
ERRE R . HLAK T . BEPERR AR, DL RRRICSE 4
SPIONAH B.AEH A fp it — B0 5E.

1.2 MG FEEE G T4

SPIONARIC i — 4~ 3= 2L (7% PR il 2 G i 21 19 15 5
AN BEE I WL A0 i B9 5 MR DL S A e bR, S EURE
G A TE R A, o T o Al B 20 M Fr e 1) 3k 2
(M)A, W5 & FF & T — ot 40 B A7 5 e il 3Rk
SRR E S TR TMRUSAZ 007 B, T 5% e 1Y 5
PRI A i 4 35 A

H i B i 8 e R AR TP A S R,
Hf—REAREEdeBEANSRE Fikias
F A a2 32k AR e A B P T 5, DA T 8 i A il
% A TLE T2 AL MRI T 7= A 2 %k [ e 55581 4k
ARG BN S0 g i 24 i B, A e ARk
Shy 3 52 MR R i 500 200 4 B AR )7 3. Campang A [57)
FHON Ak 8 1 2 B A A #5266 TR 7 R P R B 400
AT FH S R 1 28 AR G A O JE R A 0 4 7 7 e S B R
A HAEA L Rk, A Al R IR o Rk
SESI AN 1E. Vande Veldes A 8e w5 145 54 ik
rhd R R A LB T2 I AUMRI B X LE BE B . A
W57 % P 3 Fl A L ATHAE 36 7] DU s — A3 i &
BRE AT, BRI R 2 g0 i R I B aE
MRIX H 4559,

I — A B A R v B 1 i 1 1 2R
FUR, (AR R =22 ) 72 A 0 110, Gilad: A 190



iE R

TR T—FIEL)R . nTREAR . & SR & E i
(lysine-rich protein, LRP)J 45 5E K, F1) FH 5 4 4 5 F
1R AEHBFRIC 5 7K A8 He () J5T - S B0 40 B % PR 25 Y
X3, I HAEZ A4 o 2 )5 o 5E 08 7= A5 16 5 i N
PR IE KA. HE T Al 2 58 4 i A FL 7% (chemical ex-
change sturation transfer, CEST)H i3, & S k52 R
(479K 2 2 5% ) 1 N NS & -1 vl DA el o™ A
PR LG, X R R A R R AR,
PR e B AR A A A 2 40D B, Mukherjees:
N85 BT — Tl T MRUSAR 4 397 25 4 45 R P 3R
T AR KB R AR, TRl 20Ky #i
JRHE, 45 A5 10% 0 20 i 3¢ 3k 7K 3 18 AR O DL
o 3 5

et FE R bR IC R S A T it IR A = Y
Z /0, DL RGOk B Rk 8 A B PR 1 1] SPION
WEPEAR IC A0 ML, JOURLTE B8 A5 2 28 Iy 4 i 9 1) B
f ARG, PR ARIC AR — e FE L b 22 B 40 i AR
WHASZ I, LR K+ D\ SPIONTE 48 it i i A% 38135 3h 7
T UEAT IR, UE— 2 X REMERRIC AR I AT HR T

2 SPIONAYZANE AT

SPION ) 241 Jfd P A 2 415 1 40 L P 28 7 328 4 114
AL W, SR AR, JEARIC T 40 P9 Bk AN
i/ (1 32 i PR =2 — (% [tk B ) SPION £ 41 it 1Y
A AR AL ] T L7 0 325 4 0 335 4 ) ) e 3 4 1
RIS 2 N N A AR B A 8] 1A
I L A N R i e A S P i K i
AR /N, 5 R 225 R A A
A AR /NS B A S, N A R T AR
N ECBURL A NS, T /I B HEA B R
PIJBER L PA AR 55 2 T 400

2.1 SPIONTINE MR

Vs it 7 2 401 i A f SPION 1) 3 B2 40 i %, 1 LA
XTERG W) S TCHVEAY FEA TR . fint, SPIONTE 4
T PN Y B as T AR SR 21 n AR, B R AFOT 4 R e
SPIONYE £l i 1 At 72 B AR 35 20 B, i A3 A < el A
W A3 A7 R AR Gk = . 30 H I Ok 5 T K SPION T 1k
ALK ES T, WS 76 20 3 5 PN 38 1 Fenton sz 7 i £k 41 g
W H07 A2 -OH, 51 &G TEAIE N, k=4 1741
i i S R A M g 1T B34, SPIONFY #: 1
5 15 40 M P9 SR BE AT ¢, Chens A 814 1 SPION

FEARTR pH ™ 3 A [ 1 2 il v v, E3fTR, £
S 1 B B R PR IR B, 40 5 SPION Hy T 3
P PR 5% 1 2 B0 O A Ak SUBE IS M, A fR HL0, ™ A
H,O, A&r=Agidtt. 25, Ha L gk pe
(prussian blue nanoparticles, PBNPs)# & B ELAT B 5
HKHEE M, AT Fes04 PBNPSTEA [ pHF 1
HA A ALY AR Bl 09 4E T, ol DLV B 4R H 25
T A H3E, AR/ N AR, SPIONTE 41 i Y
KRR A AR R b 2 B TS A B e, RRs
Ny DRI 2 A T AR Oy S e = L Bl A AF ST E
1 F AR iE AT SPION ) T 41 ffd Bk 41 21 5% 4 % SPION
FE 20 M P K R AR R AT T A, X il A
(200 ) FAES FUL 75 il 1 8 7 1 41 24 AR B L (0.5
mm) 3 9 FAS ] RUBE (4 20 B & 30 SPION Y R fift JL T
SERAEAE TR BIK, 27K 5 IS B4R B L N EAE
SPION, FEF#IE LW E 7o e A i s, ikl
PR, XMEOCR MBI KSR A ELA T
- e e BRSO FEARIC AN, B T UKL 40
M A 5 (B A5 B AT G, A0 N B B 2L B 8
SPION (1) 25 #4) AR BTt 23 7 A= 5 e, 3] G i A 448 i
Ji H T IRZ B R A0 T BN, ORI £ e
AR HTEAE S BIRE L IR 237 A AN [ AR
JEE 1 55 172,

T BB BIF 5% X6 W 4] /b SPION PN 75 1 A A 20 i 75
PR R LZEH. nTRER ISR 2 — I e A Uk i 1k
WA, ANAIFFE 4L PR 3 3% 06 B R, )
FIM SPXT HepG24i il #1745 i, WF ¢ 3 BH 48 7 28 £L

SPION
‘uuullthldu\hJUU{Hfra’flefrf .
.
/({
“,
2] ( %,
® HO %
[ ] =
g ® @

pH7.4 K

H,0,+0, OH
WATHER AT TS
% W PO

B 3 (M4 RU% ) AR ORI Bs% 0 . Reprinted with permis-
sion from Ref. [68], Copyright © 2012 American Chemical Society
Figure 3 (Color online) Dua enzyme-like activities of SPION. Re-
printed with permission from Ref. [68], Copyright © 2012 American
Chemical Society
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Je 3 FURE T4 A 20 S AN 2 e i AR
240 5 PAY S P ) R P 5 8 20 M A 9 A R K P
FREAR. 3 — b ARl I R R, (I A A
F1t) SPIONTE 5 7 iff Hiy ik 21 4 5 ey, DA i /)
SPION ) fiff 51 A 4 8 AL Dz 3. R TF 58 32 Wl Lad
i P AL S BT R Rk, — i A BRI
SMIB I 22, SRR A | AR, BN
ROBWRET . RAMUY | REHY . H R
B3 IRl ) W) ST TR R4, 1) A i i 7 | B0
ik, 0 o s e U gk 2 B P T e 7 kA 0.

2.2 SPION#ME

TE 5 A r [ it 14358 73 SPION A Bk 5 1 i JE 2 HE
S 40 B S5, T e T £ SPIONCKS i £, 2 7 4% 90 v 1
Rt 5 = HE 40, SPION M HE 4t 7858 3 55 B it
[ A7 B ST S B 40 K SR 4 R /) b 258 5 9 b
HE, 14, 50F174 nmff) & 9RAB0RL,  Fant: (9 He IRV A
35%, 10%F15%. FH[FIIBTIRILHRIE, A0 Ek s A
ALY 114 45 PR A K SO 174 i P s 553 1 i e A FH 42
5, DR O 20 B ORI T LA 3 R/ NI R i 178

BT A AR B M A, A0 A R AR S
I R A A 16 BE A5 K 4 A PN 1Y SPIONZ 2% 1) 241 fifd
A, B IO Y 3 2t A IR A I R AN P
W, TR AL A M B FARIC ). SPIONFgHEH 5 4
MR BAFAE—E B R, AP IR Z2 3 K 5 20 it i il
BTSN N BEW, 142 40~100 nm. Froeh-
licht®45 211, 44 K kY (14 38 i 43 5| S 4804k 17 38 %2 17,
AU £ Bt 35 201 P A 0 R AR A R SRS 22 T 2
AT 498 K SR (1 348 22 25 S SN AR B 3, e
fBC5E T LA 3 3k A I ke A2 2E 4 oK 0k B AhHE .
BT, Busato5 A EOF] 1] 40 it 5 SPIONFL I & i 5 28
B AR B AN IsAAC, BIF 5T 45 5 26 W 3 0 7 1 7
%5 BE 0% i HE S ) Ah W R BRI SPION, tiEsE T
A1 UM S — R AT =X

3 SPIONXT T4 A= Bl I REM) M)

SPIONAE Jy + 40 Ml /R i i 3 52 37, X T 141 j
vl —Fe sk, dEAMMNTE S5 MM
KA, fEX AR, eI k. TR
S5 O I AR 5 5 A RS AR IS FE IR N IIRYT LK A
P 25 ) 18831 R bR T I A0 R B A R R
T FNIE R T 20 i —BUEA IR AT U
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PongracZ A B4 % 5 75 SPION X} T NSCHY 17 1 5%
Wiy, %% B0 SPIONFRIC I NSCsH 41 it P 2 e H ik 7k
SEREAR, 8 A A RIS, AT T Ak
YA, Sk A A A Ak L) S DNAJR 45 34 .
R OR 3R TR J2 B B 18 2% i SPIONXT T 41 At 179 25 14
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Stem cells are cells with self-renewal and multiple differentiation direction characters. Variety of studies have shown that
stem cells have broad prospects in tissue repair and regenerative medicine. However, some aspects of stem cellsin vivo
transplantation developed slowly, for instance, distribution, activity, differentiation direction and mechanism, which have
restricted the development of stem cell therapy. Thus, exploring novel technologies for tracing stem cell in vivo will play
a vita role in solving the above scientific problems. When stem cell are labeled magnetically, we can obtain a
noninvasive, safe, sustained and dynamic tracing in vivo by combining with magnetic resonance imaging (MRI). In
addition, major factors influencing the efficiency of in vivo trace contain cellular content of magnetic material, the
different methods for magnetic labeling and the maintenance of cell activity.

Here, we review the recent progresses on different ways for magnetic labeling stem cell, the metabolism of magnetic
substances and the impact on cell systematically. For magnetic labeling, one of the major aspects focuses on labelling
stem cells with magnetic materials like superparamagnetic iron oxide nanoparticles (SPION). Surface modification of
SPION and exerting additional physical field when stem cell incubated with SPION both have enhanced label efficiency,
however, it could not reflect the actual cellular activity in vivo which might bring out false-positive results by using this
approach. Therefore, the use of reporter gene is developed, which could provide strong tissue contrast after stable
transfection. However, whether the transfection alters stem cell properties remains to be proved. In addition, after SPION
is uptaken by cells, the labeling efficiency will be decreased by a series intracellular degradation and metabolism, most
particles is degraded by lysosomes into iron ions which could not provide effective MRI imaging. On the other hand, the
cellular reactive oxygen species (ROS) level will increase substantially through Fenton reaction which has toxic effect on
cell activity. Thus, SPION degradation in lysosome shows a huge negative influence on tracing, which could not be
ignored. Recent research reveals that cell properties such as migration and differentiation will be altered after labeling
with SPION.

By analyzing the working principles of existing label technology, we cover a detailed outlook on improving magnetic
stem cell labeling. We prospect that two momentous issues should be considered to achieve efficient cell labeling and
long-term tracing: Phagocytosis and metabolic pathway. More advanced methods ought to be devel oped to realize secure,
rapid, massive cell label. Meanwhile, regulation of intracellular metabolism pathway is aso critical for long-term cell
tracing. To some extent, coating materials of SPION that allows particles to escape from lysosomes degradation will
allow SPION longtime retention in cell. Moreover, labeling SPION extracellular also attracts our attention and its
advantage is that SPION labelled on externa of plasma membrane could not only be imaged, but also be escaped from
cellular metabolism.

stem cell tracing, stem cell labeling, magnetic resonance imaging, magnetic iron oxide nanoparticle, intracellular
iron metabolism

doi: 10.1360/N972017-00458

2311




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 650
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


