RSC Advances

RSC Advances

ROYAL SOCETY
OF CHEMISTRY

ROYAL SOCIETY
OF CHEMISTRY

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been
accepted for publication.

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. This Accepted Manuscript will be replaced by the edited,
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the Ethical guidelines still

apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript
or any consequences arising from the use of any information it
contains.

WwWWw.rsc.org/advances



Page 1 of

3

20

RSC Advanct

Cite this: DOI: 10.1039/c0xx00000x

WWW.rSsC.0 rg/xxxxxx

RSC Advances

Dynamic Article Links »

PAPER

Development of Biocompatible Nanocubes asa T,-Contrast Enhancer
for MR Imaging of Primary and M etastatic Liver Cancer

Xiao-xia Song,® Xian-zhu Xu,” Hong-ping Wan,?and Qun Tang™®

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX

DOl 10.1039/b000000x

In this papeiT; contrast agent-enhanced Magnetic Resonance Imafjlmgpatic lesions in vivo was
systematically investigated using dextran-coatechkivhanocubes, a new type of contrast enhancer that
we have developed recently. The water-soluble navexwere simply synthesized via solution method.
They showed good crystallinity and highrelaxivities (12 mMt-s?). Cellular nanotoxicity issues
including cell proliferation, oxidative stress acell membrane integrality were evaluated, andhall t
results confirmed the dextran-coated KMmianocubes are highly biocompatible within the test
concentrations. In vivo organ distribution showedas predominantly taken up by liver and spleen, a
excluded out of the main organs within appropriagdual time. Histopathology of the six main organ
harvested within three days postinjection yieldedignificant signs of tissue damage. Hematology an
blood chemistry analysis further proved its higmbecompatibility and in vivo biocompatibility. Inwo
nanocube-enhanced hepatic MRI was applied for pyifnagr and metastatic liver cancer of mouse
model, clear tumor contrast was achieved for byl of liver cancer, enabling the lesions as sasall
0.4 mm to be detected. The liver cancer was coefirivy pathological section.

Introduction

Liver cancer includes primary liver cancer, alsookn as
hepatocellular carcinoma (HCC) and metastatic liegrcer from
other organs (e.g. colorectal cancer (CRC) liver netés). Early
diagnosis of small liver lesions is correlating hwitlinically
improved survival rates regardless of primary ortastatic
cancer. Liver is known for its enrichment with mouoclear-
phagocytic cells. Therefore, in the past yearsinants efforts
aiming to enhance Vvisibility of liver lesions haveeen
particularly focusing on the development of mondeac
phagocytic-system  (MPS)-entrapped  agénts.Excitable
nanoparticles (NPs) with appropriate sizea haven béee

dominant candidate for in vivo liver imaging duridgcades and

it is still expanding nowaday%.

Two nanostructural features as MPS-targeted MRI rasht

enhancer are well developed: superparamagnetic axide
nanoparticle (SPIO) and paramagnetic liposonfs the T,
agents SPIOs are considered to be taken up by P8 kfter
intravenous injection, primarily via phagocytosisKupffer cells,
the resident liver macrophages, in the liver simisahereas
there lacks of Kupffer cells in all types of cantissues. Dextran-

vascularization than primary tumors, which makenth&ess
accessible to nanoparticle agehtsxceptionally, some groups

so reported target-imaging or therapy of metastasis 8PIO-

enhanced MRI.Additionally, passive target to liver by the well-
known MPS effect is still the most promising way active
target to the cancer via bio-recognition, sometinest its target
function during its circulation in vivB Moreover, the dark signal

ss in T-weighted MRI can mislead the clinical diagnosiserdfore,

biocompatible paramagnetic nanoparticles with higlaxivity
and predominant uptake by liver MPS system havsipitisy to
be efficientT, hepatic contrast agent.

Recently, some paramagnetic nanomaterials (e.g. MBH05)

soare newly developed a3; contrast agert. However, some

critical issues such as unknown toxicity, in vivaaxivity, and
pharmacokinetics) need to be fully addressed befiise
application for cancer diagnosis. Until now few cfie T,
hepatic nanoparticular contrast agent was reponed. have

es recently introduced anti-ferromagnetic KMpikanocube (NC) as

a new type ofl; contrast agent with ultra-high relaxivity, proper
plasma retention time and enhanced MR imaging ofsalneous
tumor?® In this paper, we systematically study dextrani@ta
KMnF; NC as a hepatic contrast enhancer. In vitro cellulc

coated SPIO (ferumoxides) has been applied as its frotoxicity and in vivo distribution were evaluatedrefully after

nanoparticle-based imaging agent for the detectibnliver

chemical synthesis and analysis. Two typical lis@ncer models

lesions! However, the fate of iron oxide as hepatic contrastnamed as chemical-induced HCC and CRC liver metasteses

agents remains unclear as some of the SPIO prochate
recently been withdrawn in USA and EurcpéMoreover,

establishedThe NCs remarkably enhanced MRI contrast of both
types of liver cancer. Commercial liver diagnosiic agent,

metastatic liver cancer presents diagnostic chgdietue to their 7 Mangafodipir trisodium (MnDPDP), was tested for garison.

smaller size, higher dispersion to organs,

and rdowe
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Experimental procedures

1 Dextran-coated KMnF;
Characterizations

5

Nanocube: Preparation and

Oleylamine-passivated monodisperse KMmi&nocubes with the

uniformly width of 15-20 nm were prepared usingravously

mM in serum-free DMEM medium. After the incubatifom 24 h,

e the cells were washed with PBS and incubated wijn®!/L
H,DCFDA for 40 min. The cells were then washed withSPB
eliminate free HDCFDA. After a further incubation in HBSS for
1 h the fluorescence intensity was measured using t
fluorescence reader (MWG-BiotechAG, Ebersberg, Geyna

es With an excitation wavelength of 488 nm and emissio

reported method® For the ligand exchange, 1 mL of oleylamine wavelength of 530 nm peak. Positive control wasiedrout via
-coated monodisperse KMgFnanocubes in chloroform (10 oxidation of HDCFDA by H,0, with in PBS.

10 mg/mL) was mixed with 1 mL of dextran in DMSO (2@#mL).
The mixture was shaken overnight. After centrifimat the
precipitate was rinsed with ethanol three times disgersed in 1
mL of deionized water. TEM images were obtainedgsi JEOL
2000EX transmission electron microscope. Hydrodynasize

15 was tested using a Malvern (Worcestershire, UKpgieer ZS90
from three measurements of z-average diameterseoNCs. In
vitro MR relaxivity was measured with 3 T Siemens B&anner
at room temperature.

202 MTT assay and Trypan staining

In vitro cytotoxicity of the dextran-coated nanocube waessed
by the  3-(4,5-dimethylthiazol-2-yl)-2,5-iphenyltafolium
bromide (MTT) assay. Kidney and liver cell wereragted from
2s newborn mouse and plated in 96-well flat-bottomrojitates at
10000 cells in 100uL. DMEM mediumper well. After 24 h
incubation at 37 °C, the medium was replaced wiulLGerum-
free DMEM medium containing NCs. Three tested growpse
subject to different concentrations of Mn (the Fiequivalent Mn
30 concentrations were 10, 1, and 0.1mM Mn/L). For toatrol
group, the same volume of culture medium without NGs
used. After 24 h incubation at 37 °C, the NC suspensias
removed and the cells were washed twice with PB& tlaen 10

4 Organ distributions and Hematological analysis
70
All the animal experiments were conducted in camfty with
Institutional guidelines for the care and use bblatory animals
in Nanchang University, and conformed to the Natldnstitutes
of Health Guide for Care and Use of Laboratory Algn&ix-
75 week old ICR mice were purchased with the weight fRthio 22
grams. The mice were randomly grouped (n=6) ane wgected
with dextran-coated nanocubes through a tail véidose of 5
mmol Mn/kg or saline as the control under anesthesit
different points (0.5, 2, 12, 48 and 96 h) posedtijon, the mice
so were sacrificed and perfused with saline, and sainmorgans
(brain, heart, lung, spleen, liver and kidney) weodlected and
homogenized with nitro-hydrochloride acid. A 180 blood was
also collected from the periorbital plexus underesihesia
through a heparinized capillary tube at each ofaheve time
85 points, and resolved by nitro-hydrochloride acich Mns in the
organs and blood samples were analyzed using arMERTr
ICP-AES (Agilent 7700).

5 Whole blood assay
90
A subset of the mice injected with dextran-KMr¥fCs or saline

pL MTT solution was added to each well. The cellsrave at a dose of 5 mmol/kg (n = 3 per group) were usedis study.

ss incubated for another 4 h, and then, the superhatas removed

As described above, blood was collected from theogstal

and 150uL DMSO was added to each well to dissolve the plexus at defined time points after injection arghsferred into

formazan crystals. Finally, a microplate reader weed to
measure the absorbance of all the samples. Celilitiebwere
determined by comparing the absorbance of the oalishated
40 with/without the NCs. Trypan blue staining proceduras
performed following the standard protocol. In brdidney and

os EDTA containing polypropylene microtubes (Becton Kixison).
Blood samples were analyzed using a Hemavet 850F& Mu
Species Hematology System (Drew Scientific) progresh with
mouse hematology settings. For blood chemistripstouaround
0.8 mL of blood was quickly withdrawn by cardiacngture

liver cells (18/ml) in serum-free DMEM medium were incubateeh under anesthesia using a 1 mL plastic syringe wi?6 gauge

with the NCs for 24 h at 37 °C, and the final added iMn

concentration is 1mM. The cells were incubated wrighan blue
4s dye for 1 — 2 minutes at room temperature. Theability was

evaluated by couting the blue stained nonviablks.cel

3 Oxidative stress

so The formation of intracellular ROS was measurednvimitoring
the increasing fluorescence of,72dichlorofluorescein (DCF).

needle before sacrifice. After 4 hours, blood sewas separated
by centrifugation at the speed of 3500 rpm for 1i&.mll the
blood chemical indexes were simultaneously measimethe
serum by blood biochemical analyzer (TC6020).

105

6 Histopathology

For the histopathology studies, the standard herylieeosin
(H&E) staining protocol was exploited to evaluakte tpossible

The cell-permeant #DCFDA, enters the cell where intracellulario organ toxicity caused by the injected NP. Specimees fixed

esterase cleave off the diacetate group. The negut,DCF is
retained in the cytoplasm and oxidized to DCF by ROSLG

in 10% buffered formalin and embedded in paraffifier cutting
4 um serial sections the H&E staining was performeetti®ns

ss liver cells or 1x160 kidney cells were seeded into each well of a were evaluated for various pathologic parameteisgua light

96-well plate (100uL) in DMEM containing 10% fetal bovine

microscope. Each mouse was monitored for 3 dags ifection

serum for 24 h. Subsequently, the cells were wasime@ with 115 of NC nanoparticles (5 mmol Mn/kg) and compared vsiditine

PBS and treated with nanocubes at a final Mn canagon of 1

as control (n = 3 per group). The sections of ladl six tissues
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harvested from the mice 0.5 hour to 3days aftexctipn were  More than 95% of the particles of the as-obtainddnk; were

stained with and then examined by optical microgcop s0 Shaped with a regular cube with a mean edge lesfg2-25 nm
from 300 measured particles. The crystallinity lo¢ tNCs was
7 Primary Hepatic Cancer M odel investigated by high resolution TEM and correspogdielected

area electron diffractions (SAED) on a single méeti and both
Two-week-old mice were injected ip with a singlesd@f DEN indicated that each particle was a single crystagure 1b). A
(100mg/kg of body weight). After a treatment-fregerval of 2 ¢ Fourier transform infrared (FTIR) spectrum of thEsNis shown
weeks mice were intragastrically administrated wiy in Figure 1c. The surface coating of dextran wadenced from
acetylamino- fluoren¢2-AAF, dissolved in olive oil, 20 mg/kg), the characteristic band at 1080 tntorresponding to the large
and repeated two weeks later. And then feed undemal proportion of the primary C-OH groups ‘stretchinipration of
condition. All the mice were kept on a 12 h dadtiicycle and  the coated dextralt.Hydrophilic dextran-coated NC has a stable
had access to food and tap water ad libitum. Sirthlater all 7 hydrodynamic diameter of around 120 nm (Figure.ST9.
the mice were examined by MRI. After acquiring imaghe evaluate the Tenhancing capability of the dextran-coated NC, in
mice were sacrificed and livers were excised anchédiately  vitro relaxivity was measured with various Mn iarencentration

frozen in liquid nitrogen for pathology. at room temperature under the magnetic field of &Ia. T,
relaxivity of the NC in aqueous solution is 12 mM* by
8 Colorectal Cancer Liver Metastasis M odel 75 calculation the slope of the R (1/T) versus Mn comi@gion plots
(Figure 1d). Taken together, the dextran-coated RMWCs can
Colorectal cancer cell SW480 cells were maintaimedRPMI- be simply synthesized and greatly enhance signdl-eveighted
1640 medium supplemented with 10% fetal calf serl®d, U/ml sequences.

of penicillin and 100pug/ml of streptomycin (referred to as
“complete medium”). Cell cultures were kept in a Mdifred
incubator at 37°C with 5% GO Induction of colorectal liver
metastases by splenic injection was preceded &svil Under
anesthesia, the abdominal cavity was opened byb . left
sided transverse laparotomy. The spleen was ideh@ind lifted
up by a cotton wool tip. 5 x $®W480 cells in a total volume of
50 pl of PBS were injected subcapsularly into the splesing a
27 gauge needle. A cotton wool tip was pressed tr@dnjection
site for 30 seconds to prevent the leakage of canttethe cavity.
The closure of the abdominal cavity and post safgiain relief

were carried out as above. No surgery relateditiasgas seen W

following this spleen injection procedure. o 2
4000 3000 2000 1000 0.05 0.10 0.15 0.20
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91nvivo MRI and pathological section

so Fig. 1 (@) TEM image of the dextran-coated KMnRCs with well-
MR imaging was performed using a Siemens 3.0 Teslalev  dispersion, scale bar 50 nm. (b) HRTEM image oinaividual NC with
body clinical MR scanner. MR images were acquirsthg a a clearly resolved lattice fringe and correspond®#&ED pattern. (c) FT-
spin-echoT,-weighted MRI sequence (TR/TE = 549/16 ms, slice 'R Spectra of untreated and dextran-coated KMWEs. (d) Plot of the R

. L relaxation time of the dextran-coated KMnianocube solutions as a

thickness = 0.6 mm, FOV = 24 x 49, matrix size 2 29384) 85 function of Mn concentration obtained highvalue of 12 mNf.s™.
and evaluated by considering the brightness raticenhance the
visibility of small lesions, slice thickness wag s&s the lowest To evaluate the NC's cytotoxicity, liver and kidnegells
limitation of 0.6 mm. The tumor-bearing mice wereesthetized  extracted from newborn mouse were incubated withioua
and then dextran coated KMpRANC solution was injected concentrates of NC solution at ambient temperated.viability,
intravenously with Mn dosage of 5 mmol per kg. Bor control expressed as the percentage of viable cells coxhpasith
group, the same dosage of MNDPDP was injectedairtédl vein. < controls, was evaluated using the MTT (3-(4,5-dimkthiazol-2-
After MR images were acquired, all the mice wereiaed for yl)-2,5-diphenyltetrazolium bromide) assay. Thel céhbility
pathological examination. The procedure follows ndtad was able to maintain up to around 95% as the Mrcemmation

hematoxylin-eosin staining protocol. was 0.1 mM and 1 mM. With the concentration wavailed to
10 mM, the viability dropped rapidly to 50% for hotype of
Results and Discussion o5 cells, indicating its cellular toxicity only at Higvin concentration

(Figure 2a). Trypan blue staining further confirntbdt the cells
Size-uniformed KMngE NCs were synthesized as reported were able to maintain the integrity of cell memizaafter
previously’® Biocompatible dextran was immobilized on the exposure for 12 hrs (Figure S2). Reactive oxygerispgROS)
surface of the NC via ligand exchange in bipolar M$lvent,  are well-known for their roles on many critical séding
rending the NCs water-soluble without detectabligregation for 10 pathways in cells. ROS generation is one of the rfreguently
weeks. The typical transmission electrical micr@scdTEM) reported NP-associated toxicities. Free ferric idegraded from
images of dextran-coated KMaMCs are shown in Figure 1a. SPIO was found in some cases to induce high leseROS,

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00-00 | 3
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resulting in apoptosis or inflammatiéf2,7-dichlorofluorescin
diacetate PCFDA) is one of the mostly used probes for k
detection as it can be oxidized into luminesce2,7'-
dichlorofluorescien (DCF)by oxidative species, which

s reflected as a peak emission at 530 Hs presented in Figu
2b there is no ROS production in both cells incubatdth

dextran-coated NCs for 24 hours.

= Kidney cell
520

o

- liver cell

Cell viability(%)
0

Intensity

T

0.1mM
Mn Concentration(mM)

525 530 535
Wavenumbers (nm)

1mM 10mM 540

Fig. 2 (a) Liver and kidney cell viability for dextr-coated NCs at

10 various Mn concentrations of dextranated NC: (b) Luminescent
spectrum of the probegith NCs as it was incubaten saline (a), kidney
cell (b), liver cell (c), and kD solution (0.1 M)ys comparison (.

We next evaluated the in vivo biodistribution arldacance o
dextran-coad nanocube in mice, as shown in Figure 3a.
1s results indicate that most of the nanocubes weoeiraglatec
predominantly in the liver and spleen after injewti but were
cleared from the organs after two days. Thirty resuafter
injection, the NC’ conpentration in the liver and spleen w
maximally 9ug/g and 8ug/g, respectively. Accumulation in
20 the major organs decreased with time, and two datey it
basically returned to the pipjected level. It was also noted ti
small fractions of nanotes were distributed into the kidne
maximally at 5xg/g, while a total of only - ug/g increments
were detected in other organs (e.g. heart and )briioreover,
25 there was no significant change in Mn contents feskin the
lung before and after injaon. Plasma retention curve show
that the circulation halfife of the NCs is approximately tw
hours (Figure 3b). The favorable retention time gasgs the
suitability of the NCs serving as an in vivo diagimmagent.
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Fig. 3 (a) Biodistribution of dextrageated KMnl; NCs, in the major

organs of the ICR mousaice including brain, hea kidney, liver, lung,

spleen. The data was recorded frafmole organ taken at indicated tirr

after injection. (b) Eliminated curve of dextraoated KMnl; NCs in the
35 plasmaBoth tests had the same dosages as 5mm

All six organs of those mice were simultaneouslgised anc
their pathological sections were analyzed to eveltize possibl
toxicity of the NC. Hematoxylin and Eosin (H&E) staig was
performed on all sections. As shown in Figdrehe surrounding
40 alveolar walls, blood vessel of heart, kidney, spland liver ar
occasionally dilated, and rarely hydroncus was aetein the
brain, lung. No inflammatory response was definedall the
organs withim three days after injection. NPs have been regh
to detect and alleviate allergy symptoms, suchnfiammation,

and also act as inducers of the immune responseetsoes.
Their immunocompatibility depens on the materials, size,
surface chemistry, asvell as the cell typ'* Undetectable

ss pathology werefound on the six main organs, which indice
that in vivo toxicity might be minimal which is pgibly due tc
the high compatibility of dextran and less toxieraknts the NC
contain.

Liver kidney spleen lung heart brain

oh
0sh

2h

12h )
48h

36h

Fig. 4 H&E staining of liver, kidneyspleel, lung, heart and brain tissues

harvested at indicated time poingfter injectior with dextran-coated

KMnF; NCs (5mmol/kg dosageYhe samplecollected at the 0 h points
60 are the control group without injectiof NCs.

70 Considering that dextrareated nanocubes were applied as
intravenously injected agent, we need to addresspibssible
hemotoxicity of this exogenous probe. He-toxicity was
evaluated bya complete set of hematology assay, as shov
Figure 5. The dngitudinal monitoring continued for three d:

75 due to its retention time in the plasma. The hetogioresults
showed the blood counts were within the normal eatigougt
all the tested time point after administration, fatample, the
number of white ldod cell had slight increase within half to t
hours after injection, but recovered to the norteakl 12 hour:

so later. Dextran-coated KMnF NCs showed similar her-
compatibility to the PEGylation 10 nanoparticle tegh on the
mice except discrepancy timify.
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Fig. 5 Hematology of mice administrated with Dext-coated KMnk
so NCs. Red blood cell number, white blood cell humbeemoglobir
concentration, hematocrit, mean corpuscular volu(wCV), mean
corpuscular hemoglobin  (MCH), mean corpuscular gdakin
concentration (MCHCYed cell distribution widt (RDW) platelets (PLT),
platelet hematocrit (PCT), mearlajele volume (MPV) and platelet
ss distribution width (PDW) of midelood were measured from 0.5 h to
three days after intravenous injection with the disage of (5 mmol/kg
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Blood chemistry assay is commonly used to deterrmineivo
toxicity on the organs. We mainly focused on analyzthose
enzymes highly related to liver damage. The blobdntigry
results, as shown in Figure 6, showed tishegendent variation ¢
biochemical indexes associated with liver functidter injection
of dextraneoated NCs. Among these factors aspa
transaminase (AST), alanine transaminase (ALT) gliutamyl
transgptidase (GGT) that are enzymes mainly associaiéu
the hepatocytes in the liver, were found to inceesightly within
two hours after injection and then return to thenma level.
Since the nanocubes are taken up in the Kupffés oethe liver,
the cappingarganic residue (e.g. oleylamine) might be degra
which caused enhancement of the AST and ALT levdlaline
phosphatase (ALP) was iniatially decreased butversdl aftel
12 hours, which is also consistent with elevatidrbitirubin’s
corcentration. Other blood indexes for renal functigere within
the normal range (data nehown). The blood chemistry res
behaved similarity as a previous report with plic-coated 10
nanocomposites tested in rats, including the respdming®
Overall, the data of toxicity, bidistribution, histopathology
hematology, and blood chemistry of the dex-coated KMnk
nanocube suggest its favorable biocompatibility. kifig
advantage of the fact that the nanocubes are piedointaker
up by liver, and applied for in vivo MRlepatic cancer detecti,
we established two typical animal models of livemas:
chemical-induced HC@nd CRC liver metastases, to assess
potential utility of dextran-coated KMRRNCs for detection ¢
both types of liver aacer. As described in the experimer
procedures, primary liver tumor was successfullguced by
feeding the mouse with diethylnitrosamine (DEN), icht
recapitulate the early stage of human liver tu'’ Colorectal
liver metastases model was establishi®d injecting SW48(
human colorectal cancer cells into spleen, whichastasize vii
the splenic vein to form liver metastases, as agecuin the
patients'® It is clinically difficult to detect the early stagf liver
cancer or metastasis progressionMigl due to their small size
Clinically detectable lesions are typically over entmeter ir
diameter. After administration difie contrast agents, normal lix
tissues were enhanced on Weighted images, whereas |
40 contrast of cancer lesions remaunschanged due to its lack
MPS system to phagocytes the contrast agents.r&iffation of
the NP’s uptake resulted in a clear tumor cor. Therefore, the
contrast-enhanced MRI is useful fdiagnosis otboth types of

liver cancer.
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Fig. 6 Liver disease-relatethlood chemistry of mice injection of

concentration of dextran-coated KMnIRCs Aspartate transaminase

(AST), alkaline phosphatase (ALP), alanine transase (ALT)
glutamyl transpeptidase (GGT), total bilirul§ifB), direct bilirubin(DB),
total protein (TP), serum albumin (ALB) mi©0.5 hours to three de
after intravenous injection with the dosage of mol Mrn/kg).
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=}

To evaluate the efficacy of dext-coated KMnk NCs on
enhancing MRI contrast of hepatic lesions, in viv® lnzging
95 was conducted on a 3 T humsganner with a proper animal cc
To increase the spatial resolution tslice thickness was set as
the minimal value of 0.6 mm although the signakeaiatio (SNR
was compensated;-weighted MR images were acquired bet
and after intravenous administration of 5 mmol Mndf the NC¢
w0 into the mice bearing liver cancer. As expectedstmaf the
lesions were undetectable, while only a few of themre
obscurely visualized on pentiast MRI (Figure 7), By contrast,
after administration the cancer tissues in therliappeared &
dark spots on th&;-weighted MR images, whereas surrounc
10s normal tissues with particle accumulations wereehniypiense, a
clearly seen in Figure 7. Evehetlesions as small 0.4 mm in
diameter, their shapes and boundaries were clelafipned by
viewing the image. For these metastatic lesiong thave
normally irregular shapes, their boundaries aré asicertained
110 Note that althoughsome reports dernstrated that enhancing
effect is due to the ions released from the °in this report we
considered the NP itself is the effective specigstimaintain
highly stable in the similar pH surrounding since no foees car
be detected and its morpholokgeps unchang (data not shown
us here). B/ comparison we also performed contrast enhance
MRI with the commercial MNDPDP on the metastatic dtiy
cancer mouse model. Much less tumor contrast than of
dextran-coated KMn&=NCs was achieved with MnDPI, as
shown in Figure S3. d validate the MRI findings, pathologic
120 €xamination was performed on the liver sectionghefmice. All
the sections contained small cancer lesions or stetis in the
liver (Figure S4), correlating well with those seen MRI.
Current imaging methods rarely detect the early igegjon o
primary or spread of metastatic liver cancer, wigobhibits early
wsand most likely efctive interventions, for exampl
micrometastases (0Z2xm in size) can rarely be detected be
on chages in perfusion by radionuclide imaging or Dop
perfusion techniques. Clinically fi-year survival rate of primary
liver tumor after excision can be as high as 80%séflesion siz:
130 IS smaller than 2 cm. Our results have clearly pdothat dextre-
KMnF; NCs are applicable for early diagnosis of primary
metastatic liver cancerwhich lays foundation for ultima
clinical translation.

Pre-injection  Post-injection Pre-injection  Post-injection

Mouse A ¥

HCC model Metastatic model
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Fig. 7 Typical MR Images of the mice bearing primary aetastatic liver
cancer, Thirty minutes after administration of dartcoated KMngFNCs
(5mmol Mn/kg dosage for each mouse). Two mice wanelomly chosen
for each type of liver cancer. All the lesions hdke size ranged from
5 0.4mm to 2 mm (e.g. the lesion pointed by red ampomts is 0.8 mm).

Note that metastatic lesions typically have irragshape, as compared toes

the relatively spherical primary lesions.

Conclusions

In summary, biocompatible dextran-KMnF NCs were
10 synthesized by a simple solution method. Those NEs@at only
compatibility with liver cells, but also display dgfi hemo-
compartibility and proper plasma life-time. Moreovéhey are

capable of shortenin@; relaxation time of excited hydrogen, ags

applied for MR imaging of hepatic lesion in vivogthevidently
15 enhanced the contrast of the lesion in the livighee for primary
cancer or metastatic cancer. Our results indicgtedt potential

of dextran-KMnk NCs for biomedical imaging. Expandedso

investigations of the utility of NCs on the diagisosf other liver
cancers by MRI are currently in progress.
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