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astrocytes are beneficial in limiting inflammatory cell infiltration in the subacute phase of
injury, before glial scar Completion (33), while others have indicated that the elimination of
reactive astrocytes is beneficial for SCI recovery at the subacute stage (37). Considering the
above-described contradictory roles of reactive astrocytes after SCI, an ideal treatment
strategy may involve inhibiting the aberrant development of hypertrophic reactive astrocytes
without eliminating normal quiescent astrocytes, thus preventing a cascading wave of
uncontrolled tissue damage. Based on our findings, the timing of NSC transplantation is
extremely important. On the basis of our previous studies regarding glial scar formation and

effective NSC migration (44), we have determined that the optimal timing of intravenous NSC

injection is 7 days after injury.

that exerts pleiotropic biological effects (3), and acts as a cell-cycle regulator to control the
re-entrance of cells undergoing aberrant cell-cycle progression into a senescence-like state
(15). Recently, it has been proven that IFNs block the constitutive activation of the MEK-ERK
signaling pathway (31,38,39,48), which is activated at the site of SCI (12). IFN-B also blocks
the infiltration of neutrophils and proinflammatory cytokines into sites of injury and stimulates
the expression of anti-inflammatory cytokines (7). In order to clarify the novel function of IFN-
B in the suppression of glial scar formation in this study, we attempted to identify the profile
changes in gene expression that occur during astrocytic gliosis. This systematic processing
revealed the statistically significant activation of many intriguing pathways (p < 0.05) (Fig. 1).
Of these, the TLR-4 pathway, which plays an important role in immune regulation in
astrocytes (8) and autoregulatory apoptosis in cells bearing the TLR-4 receptor (14,16), was

of particular note. TLR-4 can be detected in astrocytes in sites of SCI (16). The
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autoregulatory apoptosis of activated astrocytes is known to be initiated by TLR-4 and
proceeds by at least 2 pathways, one of which is IFN-B activation (14). Indeed, TLR-4 ligation
is essential for the autoregulatory apoptosis of cells bearing this receptor, which ultimately
acts to regulate glial scar formation (16). This function requires the presence of IFN-f3.
Furthermore, TLR-4 deletion significantly impairs the normal progression of SCI repair and
functional recovery (16). Our results demonstrate that TLR-4 inhibition results in impaired
functional recovery despite the administration of F3.CD.IFN NSCs. Therefore, we can
conclude from our findings that the combination of TLR-4 and IFN- plays a crucial role in

regulating post-SCI inflammation and gliosis.

Cyftosine deaminase gene as a fail safe modulator of uncontrolled proliferation of NSCs

The CD gene examined in this study encodes bacterial enzyme that catalyzes the

5-FC into the highly toxic 5-fluorouracil (FU). We have previously
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additive efficacy of NSC-delivered CD and IFN-B. NSCs have the ability to migrate to sites of
SCl, at which they induce the apoptosis of the surrounding reactive astrocytes via the
bystander effect. Thus, we anticipated that the combination of the actions of IFN-$ with the 5-
FC/CD-mediated bystander effect would exert greater suppression of reactive astrocytes
than either treatment alone. However, this combination therapy was not found to be superior
to IFN-B alone in vivo or in vitro in this study. Rather, our findings show that the addition of 5-
FC to astrocytes treated with F3.CD.IFN did not cause any greater decrease in astrocyte
number than treatment with F3.IFN alone. We speculate that sustained expression of [FN-[3
from F3.CD.IFN is required to produce an inhibitory effect in reactive astrocytes. Further, as
NSCs have neuroprotective functions, including the secretion of neurotrophic factors, the
presence of NSCs themselves may provide a partial explanation for functional recovery and

neuroregeneration after SCI. The F3 NSC line can produce an unlimited number of
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differentiated cells in vitro and in vivo, and could therefore be used in transplantation.
However, serious problems could arise when transplanted NSCs proliferate uncontrollably. In

order to avoid such problems, we generated an F3 human NSC line expressing both the

therapeutic IFN-$ gene and the CD suicide gene. The expression of CD gene provides a fail

safe guard to allow removal of cells in cases of uncontrolled proliferation of grafted cells.

Noninvasive monitoring of axonal regeneration by diffusion tensor imaging

The evaluation of axonal fibers is important to assess the severity of SCI and the efficacy of
treatment; however, conventional methods such as tracer injection (e.g., biotinylated
dextraamine) in brain parenchyma are technically demanding and highly Invasive (27,35).

Because histological examinations are required {o evaluate tracer studies, it has been

onal fibers in living animals and follow the sequential growth of

a novel method capable of noninvasive evaluation.in clinical applications. With this in mind,
we determined that MRI is suited for use in the assessment of the state of SCls.
Conventional T1- and T2-weighted MRI of the spinal cord only shows ambiguous images of
the various spinal structures, making it difficult to identify the complicated array of
directionally oriented nerve fibers. However, DTl is one of the most versatile MRI modalities
for longitudinal evaluations of CNS disorders, énd is capable of following the orientation of
nerve fibers and tracing specific neural pathways such as the CST (19,29,32). In this study,
we chose a dorsal transection model because the disruption and regeneration of axons after
a transection injury can be more easily evaluated than that following a contusion injury
(30,486). Because of the ability to visualize longitudinal axonal tracts in variously oriented
neural fibers, DTI has tremendous potential for use in the diagnosis and evaluation of spinal
cord diseases. Several researchers have reported successful DTl in the human spinal cord

(4,5). To our knowledge, this is the first report of DTI-based visualization of axonal
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regeneration in the spinal cord of small rodents. Significant longitudinal axonal regeneration

was confirmed by DTl in F3.CD.IFN-3 NSC-treated mice 4 weeks after injury.

Conclusions

In conclusion, mice that received intravenous administration of genetically engineered NSCs

transduced with IFN-B gene after SCI exhibited extensive suppression of glial scar formation

in the lesioned spinal cord. This effect was shown to require the expression of both TLR-4
and IFN-B. Significant neurobehavioral and electrophysiological recovery was attained, as
measured by the Basso mouse scale for locomotion, inclined plane test and transcranial
MEPs. Axonal regeneration was also visualized noninvasively using DTI. Our results suggest
that IFN-B delivery by intravenous injection of genetically engineered NSCs inhibits glial scar

formation after SCI and promotes functional recovery through the functions of TLR-4. This
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Figure legends
Figure 1. (A) Significantly activated pathways at glial scar following spinal cord injury. (B)
Toll-like receptor-4 is markedly upregulated in the lesioned astrocytes. pAS, primary cultured

astrocytes; nSC, normal spinal cord; SCI-glia, glial scar in spinal cord injury.

Figure 2. F3 human neural stem cells migrate to mouse spinal cord injury (SCI) lesion site.
(A) A hematoxilin and eosin stained section shows that a large number of transplanted neural
stem cells infiltrated in the lesioned site. (B) Fluorescence microscopy reveals a large
number of Dil-labeled F3 cells at the lesion site. (C) Immunohistochemical staining with anti-
B-galactosidase (B-gal) antibody demonstrates that B-gal-positive cells are extensively

distributed in the lesioned area of a mouse injected with F3 cells expressing -gal (F3.LacZ).

(D) Higher magnification of panel C. (E) A control injured animal injected with PBS alone;

site of an animal injected with F3.CD.IFN-B cells;"SCI, SCI site of an animal injected with

PBS only.

Figure 3. F3.CD.IFN-J cells inhibit growth of primary normal astrocytes. Astrocytes were co-
cultured with either F3.LacZ or F3.CD.IFN-B cells (F3.CD.IFN) at various ratios of astrocytes
to F3 cells (1:0, 20:1, and 40:1). (A) Immunofluorescence images of primary astrocytes alone
or co-culture (astrocyte:F3 ratio, 40:1) of astrocytes and F3.LacZ, F3.CD.IFN or

F3.CD.IFN+ 5FC, respectively. Green cells and red cells indicate GFAP-positive astrocytes

and Dil-labeled F3 cells, respectively. (B) Subsequently, cells were immunostained with anti-
GFAP antibody, and the total numbers of GFAP-positive cells were counted. The number of
astrocytes decreased significantly in F3.CD.IFN group. * P < 0.05. (C) To evaluate whether

TLR-4 is necessary for IFN- to exert this inhibitory effect on astrocyte growth, Dil-labeled
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NSCs were also co-cultured with primary astrocytes derived from TLR-4-deficient mouse in

40:1 ratio. (D) The number of TLR-4-deficient astrocytes did not change.

Figure 4. Intravenous administration of F3.CD.IFN-B neural stem cells spares host neural
tissue and enhanced axonal regeneration.

(A) Hematoxylin and eosin stained sections of spinal cord injury sites, showing severe
destruction of the dorsal half of the spinal cord above the central canal (arrow) and the
formation of a granular scar at the injury site.

(B) GFAP immunohistochemical staining, showing hypertrophy of GFAP-positive reactive
astrocytes even in the area ventral to the central canal. The intensity of GFAP staining is

markedly decreased in the F3.CD.IFN group as compared to that in the other groups.

(C) GFAP density was calculated quantitatively using NIH imaging. * P < 0.05.

Quantification of NF density.*P < 0.05.

Figure 5. The expression of GFAP and NF at the injury site was compared in mice treated
with F3.CD.IFN in the presence or absence of the TLR-4 inhibitor OXPAPC. While the dorsal
half of the spinal cord was destroyed equally in every group, the anterior half of the spinal
cord was found to be markedly preserved in the F3.CD.IFN group when compared to the
F3.CD.IFN+OxPAPC group (A). The intensity of GFAP staining was also significantly
decreased in the F3.CD.IFN group as compared to that observed in the F3.CD.IFN+OxPAPC
and F3.LacZ groups (B). NF-stained transverse sections also demonstrated a significant loss
of neural fibers in the F3.CD.IFN+OxPAPC and F3.LacZ groups, while neural fiber was

dramatically preserved in sections from the F3.CD.IFN group (C).
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Figure 6. Behavioral studies. (A) Basso mouse scale (BMS) for locomotion. We measured
the recovery of hindlimb motor function in 7 mice in each treatment group. Animals were
evaluated for locomotor recovery at 1, 2, 3, 4, 6, and 8 weeks after the injury. F3.CD.IFN
group showed a significant improvement in BMS scores compared to the other 3 groups.
Differences between the mean BMS of the F3.CD.IFN group and of the other groups were
statistically significant 4 weeks after injury and thereafter (* P < 0.05). (B) Inclined plane test.
It demonstrates significant recovery of performance 2 weeks following the injury in the
F3.CD.IFN group, whereas performance of the other 3 groups remained severely impaired (*
P < 0.05). (C, D) The improvements in the BMS scores and inclined plane test results that

were observed in the F3.CD.IFN group were shown to be inhibited by the OXPAPC TLR-4

inhibitor.

8 weeks after injury. Animals in the F3.CD.IFN group showed significantly better recovery at
both 4 and 8 weeks after injury (* P < 0.05). (B) OxPAPC administration in the F3.CD.IFN
group significantly worsened the mean MEP amplitude to 178 yV and 228 uV at 4 and 8

weeks, respectively (p <0.05).

Figure 8. Assessment of regenerative sprouting of CST axons by 7-T MRI. Four weeks after
dorsal hemisection. MRI ( DTI) was performed in mice receiving PBS, F3.LacZ, or
F3.CD.IFN. Diffusion tensor of the thoracic spinal cord was visualized. The eigenvectors
associated with the tract was depicted as colors according to its orientation; blue illustrates a
longitudinal (superior-inferior) orientation. Continuity of this longitudinal tract demonstrated
functional regeneration of the axons. In the PBS and F3.LacZ groups, the injury site (arrow)

and its surrounding area display high intensity in T2-weighted sagittal sections (arrow
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heads), indicating spinal cord edema or necrotic tissue alteration, whereas high intensity is
not detected in the F3.CD.IFN group. DTI of the injured spinal cord in the PBS and F3.LacZ
groups reveals discontinuity of longitudinal fibers, while these fibers were mostly visible in the

F3.CD.IFN group.
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Nanodevices for magnetic resonance imaging of cancer were self-assembled to core—shell micellar
structures by metal complex formation of K,PtClg with diethylenetriaminepentaacetic acid gadolinium
(IH) dihydrogen (Gd-DTPA), a T;-contrast agent, and poly(ethylene glycol)-b-poly{N-[N'-(2-aminoethyl)-
2-aminoethyl]aspartamide} (PEG-b-PAsp(DET)) copolymer in aqueous solution. Gd-DTPA-loaded poly-
meric micelles (Gd-DTPA/m) showed a hydrodynamic diameter of 45 nm and a core size of 22 nm.
Confining Gd-DTPA inside the core of the micelles increased the relaxivity of Gd-DTPA more than 13
times (48 mm~! s~1). In physiological conditions Gd-DTPA/m sustainedly released Gd-DTPA, while the
Pt(IV) complexes remain bound to the polymer. Gd-DTPA/m extended the circulation time in plasma and
augmented the tumor accumulation of Gd-DTPA leading to successful contrast enhancement of solid
tumors. p-Synchrotron radiation-X-ray fluorescence results confirmed that Gd-DTPA was delivered to the
tumor site by the micelles. Our study provides a facile strategy for incorporating contrast agents, dyes
and bioactive molecules into nanodevices for developing safe and efficient drug carriers for clinical

application.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Early detection of neoplastic lesions is critical for success in
cancer therapy. Magnetic resonance imaging (MRI) provides
a powerful diagnostic imaging modality of cancer, because of its
non-invasiveness, high definition and precise three-dimensional
positioning ability [1,2]. Paramagnetic compounds are widely
used as MRI contrast agents (CAs) to amplify the signals of MRI
tomography and improve the contrast between magnetic similar
but histological dissimilar tissues [3,4]. Several low molecular
weight paramagnetic complexes of gadolinium(ill) are used for
clinical MRI as they can decrease the longitudinal relaxation time
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Ty of surrounding water protons {5—7]. Among these complexes,
Gd-DTPA, one of the most commonly used T;i-contrast agent for
clinical MRI, is featured by high thermodynamic and kinetic
stabilities, which reduce the release of toxic Gd>* ions, besides
a longitudinal relaxivity, r4, of ~3.5 mm~! s7! at 14 T [3,5.7].
Nevertheless, the inherent low relaxivity, short circulation time in
blood and low specificity to tissues limit its applications. From this
viewpoint, high relaxivity CAs with promoted tissue detection and
hindered release of free Gd3* jons are required to improve the
performance of imaging.

Nanodevices have been recently developed to selectively deliver
imaging agents to solid tumors by leaking out from circulation due
to the enhanced permeability of the tumor vasculature [8—12]. In
this way, macromolecules, liposomes, dendrimers and nano-
particles carrying high payloads of CAs have been developed to
enhance the MR contrast of solid tumors [13—25]. In most cases,
Gd-based CAs were covalently incorporated to the structures of
nanocarriers to increase the bloodstream circulation, the tumor
accumulation and, in some cases, the relaxivity of the loaded CAs
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[14,22,23]. Nevertheless, covalent binding of Gd-chelates to
macromolecular systems may increase the risk of Gd>* ion leakage
from the chelates due to the prolonged half-life in the body and
cumulative toxicity [26]. Thus, the design of tumor-targeted
nanodevices for Gd-based CAs should consider such issues for
constructing safe carriers, which could target the tumor position
and release Gd-DTPA easily from nanodevices.

Among promising nanodevice systems for MRI, block copoly-
meric micelles, i.e. nanostructures consisting of a drug-loaded core
and poly(ethylene glycol) (PEG) protective shell, present excep-
tional advantages including their relatively small sizes, ability to
engineer drug loading mechanisms, controlled release of their
cargo, prolonged life in the bloodstream and enhanced accumula-
tion in solid tumors after intravenous administration [19-25].
Auspicious results from clinical trials of micelle formulations
incorporating anticancer agents indicate the potential clinical
application of polymeric micelles [27,28].

The aim of this study was to develop core—shell type micellar
nanocarriers of Gd-DTPA for tumor imaging, which can incorporate
Gd-DTPA via the reversible Pt-Gd-DTPA complexation, allowing
sustained release of free Gd-DTPA in biological environments. In
order to incorporate hydrophilic low molecular weight para-
magnetic complexes Gd-DTPA into polymeric micelle, we utilized
Pt(IV) ions to “cross-link” carboxyl groups of Gd-DTPA to amino
groups of PEG-b-PAsp(DET) copolymers. Gd-DTPA/m could
passively accumulate in solid tumors due to the enhanced perme-
ability and retention (EPR) effect. Thus, the improved tumor accu-
mulation of Gd-DTPA could enhance the T; weighed contrast of the
malignancies in mice. Otherwise, in physiological environments
such as plasma, the ligand exchange reaction of Pt(IV) from the
carboxylic group of Gd-DTPA to chloride ions results in sustained
release of free Gd-DTPA, which can be rapidly cleared from the
body via glomerular excretion.

2. Materials and methods
2.1. Materials

o-Benzyl-L-aspartate N-carboxy anhydride (BLA-NCA) was obtained from Chuo
Kaseihin Co., Inc. (Tokyo, Japan). Poly(ethylene glycol) (MeO-PEG-NH;)
(Mw = 12,000, My/M, = 1.03) were purchased Nippon Oil and Fats Co., Ltd. (Tokyo,
Japan). Benzene, N,N-dimethylformamide (DMF), n-butylamine, dichloromethane
(CH,Cly), diethylenetriamine (DET), potassium hexachloroplatinate(IV) (KoPtClg)
and N-methyl-2-pyrrolidone (NMP) were purchased from Wako Pure Chemical
Industries (Osaka, Japan) and distilled by a general method before use. Arsenazo 1l
and Gd-DTPA were purchased from Aldrich Chemical (Milwaukee, USA), and then
Gd-DTPA was converted to sodium salt by adjusting the pH to 7 with NaOH and
lyophilization. 400-mesh copper grids were obtained from Nisshin E. M. Spectra/
Por-6 membrane was purchased from Spectrum Laboratories (Rancho Dominguez,
CA). Dulbecco’s modified eagle’s medium (DMEM) was obtained from Sigma—
Aldrich Co. (St. Louis, USA). Fetal bovine serum (FBS) was purchased from MP
Biomedicals, Inc. (lllkirch, France). 96-well culture plates were purchased from
Becton Dickinson Labware (Franklin Lakes, USA). The Cell Counting Kit-8 was
purchased from Dojindo Laboratories (Kumamoto, Japan).

Murine colon adenocarcinoma 26 (C-26) cells were kindly supplied by the
National Cancer Center (Tokyo, Japan). Human umbilical vein endothelial cells
(HUVEC), and the endothelial cell growth medium-2 bullet kit (EGM-2 bullet kit)
were obtained from Lonza Ltd. (Basel, Switzerland). B16-F10 melanoma cells were
purchased from the American Type Culture Collection (Virginia, USA). All the cells
are maintained with medium in a humidified atmosphere containing 5% CO, at
37 °C. CDFy mice (female; 18—20 g body weight; 6 weeks old) were purchased from
Charles River Japan (Kanagawa, Japan) and, treated following the policies of the
Animal Ethics Committee of the University of Tokyo.

2.2. Synthesis of PEG-b-PAsp(DET)

As shown in Scheme S1, poly(ethylene glycol)-b-poly(B-benzy! r-aspartate)
(PEG-b-PBLA) with different degree of polymerization (DP) (DP = 25, 35, 45) were
synthesized by ring-opening polymerization of BLA-NCA initiated by MeO-PEG-NH,
(Mw = 12,000) according to previously reported method with minor modification
[29]. Briefly, BLA-NCA (1.1 g, 4.5 mmol) was dissolved in DMF (2 mL) and then
diluted with CHpCl; (20 mL). MeO-PEG-NH; (1.2 g, 0.1 mmol) dissolved in CHyCl,

was added to the solution of BLA-NCA. The reaction was carried out with stirring for
2 days at 35 °C. All the procedures above were under dry argon protection. PEG-b-
PBLA was collected by precipitating in excess amount of diethyl ether, filtration and
vacuumed to dry. In Figure S1, the 'H NMR spectrum of PEG-b-PBLA was measured
in dg-DMSO at 80 °C with a JEOL EX300 spectrometer (JEOL, Tokyo, Japan) using
tetramethylsilane (TMS) as an internal standard, and the degree of polymerization
(DP = 25, 35, 45) was calculated from the peak intensity ratio of protons both in
phenyl groups of PBLA (CsHsCH,—, § = 7.3 ppm) and methylene units (—CHyCHo—,
6 = 3.6 ppm) of PEG. The polydispersity of PEG-b-PBLA was characterized by gel
permeation chromatography (GPC) system (HLC-8220, TOSOH Co., Japan) equipped
with TSK-gel columns (TOSOH Co., Tokyo, Japan) and an internal refractive index (RI)
detector at 40 °C. NMP containing 50 mwm LiBr was used as mobile phase with a flow
rate of 0.35 mL/min and linear PEG standards were used for calibration. As shown in
Figure S2, the GPC chromatogram of the prepared PEG-b-PBLA has a unimodal
molecular weight distribution (My/My: 1.03).

PEG-b-PAsp(DET) with different DP (25, 35, 45) were prepared separately via
aminolysis reaction of PEG-b-PBLA with DET following the protocol modified from
our former reported method [30]. Briefly, lyophilized PEG-b-PBLA (200 mg,
0.01 mmol) was dissolved in NMP (2 mL) and maintained at 5 °C. DET (2.3 mL, 50-
equivalent to BLA) was diluted with NMP (2.3 mL) and kept at 5 °C. PEG-b-PBLA was
added to DET solution and reacted with stirring at 5 °C for 1 h. The reacted mixture
was neutralized by 5 m HCl aqueous solution (13 mL, equivalent to the added amino
groups) in an ice bath, then dialysis (MWCO: 6000—8000) against 0.01 M HClI
aqueous solution, then dialyzed with Milli-Q water under 4 °C. PEG-b-PAsp(DET) as
the chloride salt form was collected via freeze-dry of final solution. "H NMR (D50)
measurement showed the disappearance of signals belonging to the benzyl group
and all the signals featured with PEG-b-PAsp(DET) (Figure S3). Degree of polymer-
ization (DP = 25, 35, 45) was calculated by comparing the peak intensity ratio
between methylene protons of the «, B-Asp segment (peak f, § = 2.8 ppm) and
methylene units (—CH>CH>—, 6 = 3.6 ppm) of PEG. GPC measurements of block
copolymers were carried out utilizing a HPLC system (JASCO, Japan) equipped with
Superdex 75 10/300 GL column (GE Healthcare UK, Ltd.) and UV detector set at
220 nm. The column was eluted with 10 mm AcOH buffer containing 500 mm NaCl
(pH 7.4) at a flow rate of 0.5 mL/min at room temperature. The GPC chromatogram of
the obtained PEG-b-PAsp(DET) was unimodal (Figure S4).

2.3. Preparation of Gd-DTPA-loaded micelles (Gd-DTPA/m)

K2PtClg (0,1, 2.5, 5 and 10 mm) was dissolved in Milli-Q water adjusted to pH 7.4
using trace amount of NaOH or diluted in 5 mm PBS buffers, then mixed with Gd-
DTPA (5 mm) to incubated at 37 °C for 24 h. PEG-b-PAsp(DET) (DP = 25, 35, 45;
[DET] = 5 mm) was added to Pt/Gd-DTPA mixture ([Gd-DTPA}/[DET] = 1.0) and
incubated at 4 °C for 120 h to spontaneously form Gd-DTPA loaded micelles (Gd-
DTPA/m). The micelle was purified by dialysis (MWCO: 6000--8000) against Milli-Q
water and ultrafiltration (MWCO: 30,000) to remove free drug and polymer in the
solution. Size distribution of the Gd-DTPA/m was evaluated by dynamic light scat-
tering (DLS) measurement at 25 °C using Zetasizer Nano ZS90 (Malvern Instruments,
UK). The contents of platinum and gadolinium of micelles were determined by
inductively coupled plasma-mass spectrometry (ICP-MS) (4500 ICP-MS; Hewlett
Packard, USA).

2.4. Transmission electron microscopy (TEM)

The morphology of micelle was observed on a Transmission Electron Microscope
(JEM-1400, JEOL, Japan) operated with 100 kv acceleration voltages and 40 uA beam
current. Diluted micelle was stained by mixing with uranyl acetate solution (2%, w/
v) and placed on 400-mesh copper grids. The diameters of the core of micelle and
size distribution were calculated with Image ], which was designed and provided by
National Institutes of Health (NIH). The elements distribution inside micelle was
characterized using JEM-2100F (JEOL, Japan) under the scanning transmission
electron microscopy (STEM) pattern and scanned by energy dispersive X-ray (EDX)
spectra. The specimen for the elements measurements was prepared only loading
micelle on 400-mesh copper grids without staining.

2.5. Arsenazo Ill colorimetric assay

Free Gd*>* was determined by the absorption of Gd-Arsenazo I complex
referring one arsenazo III method [31). Briefly, equal molar ratio of arsenazo Il
solution was mixed with of Gd-DTPA/K,PtClg mixtures, and then the absorbance
spectra were measured using with an UV—vis spectrometer (V-570 UV/VIS/NIR
Spectrophotometer, JASCO, Japan) at 660 nm. The absorbance of arsenazo HIjGd(Cls,
arsenazo llI/Gd-DTPA, and arsenazo 1l were measured. All the solutions above were
maintained at pH 74.

2.6. Release rate of Gd-DTPA from Gd-DTPA/m
The release characterization of Gd-DTPA from the micelle was evaluated by a

dialysis method. 1 mL of Gd-DTPA/m solution and 1 mL PBS buffer (20 mm PBS
with 300 mm NaCl) were put into dialysis bag (MWCO: 6000—8000) and
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Scheme 1. Scheme illustration of the Gd-DTPA loaded micelle formation via polymer—metal complex formation.

incubated in 98 mL buffer of physiologic conditions (buffer: 10 mm PBS with 2.7. Characterization of ry relaxivity
150 mm NaCl, temperature at 37 °C). 0.1 mL solution outside of the dialysis bag
was sampled at defined time, and then the concentration of Gd-DTPA was The proton longitudinal relaxivity ry, which is a parameter to evaluate the ability
measured by ICP-MS. of contrast agents for MR, can be determined from the change of the relaxation rate
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Fig. 1. Change in (a) average diameter and (b) polydispersity index (PDI) of Gd-DTPA/m with different Pt/Gd molar ratios, Gd-DTPA concentration was fixed at 5 mm, and Pt
concentration ranged from 0 mum to 10 mm. (c) Size distribution measured by DLS. (d) and (e) TEM of Gd-DTPA/m. (f) Size distribution by number from TEM (n = 1012) calculated
from Figure S6.



