W J

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/1007-9327office

wjg@wijgnet.com
doi:10.3748 / wijg.v16.i44.5611

World | Gastroenterol 2010 November 28; 16(44): 5611-5615
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2010 Baishideng. All rights reserved.

BRIEF ARTICLE

MRI of magnetically labeled mesenchymal stem cells in

hepatic failure model

Kyu Ri Son, Se Young Chung, Hyo-Cheol Kim, Hoe Suk Kim, Seung Hong Choi, Jeong Min Lee,

Woo Kyung Moon

Kyu Ri Son, Department of Radiology, Korea University Medi-
cal Center, Anam Hospital, Seoul 136-705, South Korea

Se Young Chung, Hyo-Cheol Kim, Hoe Suk Kim, Seung Hong
Choi, Jeong Min Lee, Woo Kyung Moon, Department of Ra-
diology, Seoul National University College of Medicine, Insti-
tute of Radiation Medicine, Seoul National University Medical
Research Center, and Clinical Research Institute, Seoul National
University Hospital, Chongno-gu, Seoul 110-744, South Korea
Author contributions: Moon WK designed the study; all au-
thors performed the experimental study; Son KR, Chung SY,
Kim HC, Kim HS, Choi SH and Lee JM analyzed the data; Son
KR, Kim HC and Moon WK wrote the paper; all authors re-
viewed the paper.

Supported by Innovative Research Institute for Cell Therapy,
No. A062260; Contract grant sponsor: National R&D Pro-
gram for Cancer Control, Ministry of Health and Welfare, No.
0920030; Basic Science Research Program Through the Nation-
al Research Foundation funded by the Ministry of Education,
Science and Technology, No. 20090080219; Korea Healthcare
Technology R&D Projects, Ministry for Health, Welfare and
Family Affairs, Republic of Korea, No. A091001
Correspondence to: Woo Kyung Moon, MD, Department of
Radiology, Seoul National University College of Medicine, In-
stitute of Radiation Medicine, Seoul National University Medi-
cal Research Center, and Clinical Research Institute, Seoul Na-
tional University Hospital, Seoul, #28 Yongon-dong, Chongno-
gu, Seoul 110-744, South Korea. moonwk@radcom.snu.ac.kr
Telephone: +82-2-20722584 Fax: +82-2-7436385

Received: April 26,2010 Revised: June 9, 2010
Accepted: June 15,2010

Published online: November 28, 2010

Abstract

AIM: To track intravascularly transplanted mesenchy-
mal stem cells (MSCs) labeled with superparamagnetic
iron oxide (SPIO) by using magnetic resonance imaging
(MRI) in an experimental rabbit model of hepatic failure.

METHODS: Human MSCs labeled with FDA-approved
SPIO particles (Feridex) were transplanted via the mes-

(4 9

Boishidengs  WIG | www.wjgnet.com

enteric vein into rabbits (7 = 16) with carbon tetrachlo-
ride-induced hepatic failure. Magnetic resonance (MR)
examinations were performed with a 3.0 T clinical scan-
ner immediately before and 2 h and 1, 3, and 7 d after
transplantation. Signal intensity (SI) changes on T2*-
weighted MRI were measured, and correlation between
MR findings and histomorphologic findings was also
investigated.

RESULTS: SI on T2*-weighted MRI decreased signifi-
cantly in the liver 2 h after injection of human MSCs and
returned gradually to the levels found before injection in
7 d. Changes in SI in the liver at 2 h, 1, 3, and 7 d were
41.87% + 9.63%, 10.42% =+ 4.3%, 5.12% =+ 1.9%,
3.75% = 1.2%, respectively (P < 0.001). Histologic analy-
ses confirmed the presence of MSCs in the liver, localized
mainly in the sinusoids in early period (2 h and 1 d) and
concentrated to the border zone in late period (3 and 7 d).
The number of iron-positive cells in the liver at 2 h and on
1, 3 and 7 d after transplantation was 29.2 + 4.8, 10.1 £
3.7,6.7 £ 2.2, and 5.8 £ 2.1, respectively (P = 0.013).

CONCLUSION: Intravascularly injected SPIO-labeled
MSCs in an experimental rabbit model of hepatic failure
can be detected and followed with MRI.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

As a potential treatment, liver cell transplantation provides
an effective strategy for the treatment of liver failure!".
Transdifferentiation of stem cells of various types into
functional hepatocytes has been demonstrated, including
embryonic stem cells, hepatoblasts, hepatic oval cells, pan-
creatic progenitor cells, bone marrow hematopoietic stem
cells, and mesenchymal stem cells (MSCs)®". The use of
MSCs as a potent potential source for hepatocytic trans-
differentiation has been tried®” and bone marrow-derived
MSCs protected against carbon tetrachloride-induced liver
fibrosis in rats"’.

In the past several years, a great deal of research has
been focused on stem cell therapy. However, thete re-
main many important issues to be addressed regarding cell
therapy, and noninvasive and repeated monitoring of i vivo
transplanted stem cells is an important topic in these days.
Therefore, more recent research activities have focused on
in vivo real-time tracking and detecting the fate of transplant-
ed stem cells by using appropriate imaging technologies .

The use of magnetic resonance imaging (MRI) is well
suited to evaluate the ability of cells to migrate and engraft
to target organs, as MRI can provide a detailed anatomy
of target organs with excellent spatial resolution. Paramag-
netic or modified dextran-coated superparamagnetic iron
oxide (SPIO) contrast agents have been used to label cells,
allowing investigators to monitor cellular migration using
MRI"". However, few studies have been undertaken to
determine the feasibility of the use of 7z vivo MRI of cell
therapy in models of hepatic failure. The aim of the pres-
ent study is to assess 7z vivo MRI with the use of a clinical
3-Tesla MRI unit for the depiction of SPIO-labeled MSCs
in a rabbit model of hepatic failure.

MATERIALS AND METHODS

Cell culture and labeling

The method of cell culture and labeling was previously
reported'? and is only briefly described here. Human
MSCs (Bio-Whittaker, Walkersville, MD) were grown
in mesenchymal stem cell basal medium (MSCBM, Bio-
Whittaker) at 37°C and in a 95% air, 5% CO2 atmosphere.
Human MSCs were cocultured in MSCBM containing
FDA-approved SPIO particles (Feridex; Berlex, Wayne,
NJ). The iron concentrations of the SPIO preparations
were 125 pg/mL. Poly-L-Lysine (PLL) (Sigma-Aldrich, St.
Louis, MO) was used as a transfection agent.

Animal models
All animal work was conducted in accordance with the
guidelines provided by the Institutional Animal Control
and Utilization Committee. The experiments were pet-
formed with 24 New Zealand white rabbits weighing
2.5-3.2 kg. The average age of rabbits was 10 wk. The
rabbits were allowed food and water ad /bitun and wete
kept in 44 cm X 68 cm X 39 cm sized cage with 22 + 2°C
of temperature and 40%-60% of humidity.

Hepatic fibrosis was induced by intragastric admin-
istration of carbon tetrachloride (CCls) twice a week for
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2 wk with 0.1 mL/kg in olive oil (at a 1:1 ratio). One day
after the fourth administration of CCl4, rabbits were anes-
thetized with intramuscular injection of 25-50 mg/kg ket-
amine hydrochlotide (Yuhan Yanghang) and 10-20 mg/kg
2% xylazine hydrochloride (Bayer). After the abdomens
of the rabbits were opened to expose the mesentetic vein,
1 x 10° SPIO-labeled human MSCs were slowly injected
into the mesenteric vein in the experimental group (16
rabbits). One milliliter normal saline was injected into the
mesenteric vein in control group (8 rabbits).

MRI

In all 24 rabbits MRI was performed with a 3.0 T MRI
scanner (Signa Excite; GE Healthcare, Milwaukee, WI)
with a knee coil. MRI of the rabbit liver was carried out
immediately before, and 2 h, and 1, 3, and 7 d after injec-
tion of these stem cells. Transverse T2*-weighted gradient-
echo (repetition time msec/echo time msec, 600/20; flip
angle, 30°; section thickness, 3 mm; FOV, 18 c¢m; matrix,
256 X 160; number of signals acquired, two) sequences
were employed.

Changes in signal intensity (SI) were characterized by
use of region of interest (ROI) analysis on a well-centered
slice with an area of 1 mm’. A minimum of 15 pixels was
required per region as displayed on a picture archiving
and communication system (PACS) workstation (Marov-
iew; Marotech). The value of the ROI was determined as
the mean * SD after an estimated three times, and was
normalized to that of back muscle!””. ST changes in each
rabbit were calculated according to the use of the follow-
ing formula: [SI (pre) - SI (post)]/SI (pre) X 100; SI (pre)
and SI (post) ate the normalized SI values as compared to
back muscle before and after labeled cell injection.

Histological analysis

Two hours, and 1, 3, and 7 d after MRI, 4 rabbits each
time in the experimental group and 2 rabbits each time in
the control group wete sactificed for histological examina-
tion. Rabbit liver tissue blocks were fixed in 4% parafor-
maldehyde and were processed for paraffin embedding.
Microsections (4 um) were prepared with a microtome
and were used for Prussian blue staining to detect labeled
iron particles in the cells. An experienced board-certified
pathologist calculated the number of Prussian blue stain
positive cells per high power field (HPF) in each group.
Prussian blue stain positive cells were counted in at least
three HPFs per section and a minimum of six sections
were examined.

Statistical analysis

The Kruskall-Wallis test was used to evaluate differences
in SI changes and Prussian blue stain positive cells. P value
of less than 0.05 was considered to indicate a statistical
significance, and statistical computer software (SPSS 12.0;
SPSS, Chicago, I1I) was used.

RESULTS

In the experimental group (7 = 16), axial T2*-weighted
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Figure 1 T2*-weighted gradient-echo magnetic resonance images show signal intensity changes of the liver after injecting superparamagnetic iron oxide-
labeled human mesenchymal stem cells immediately before (A), 2 h (B) and 1 d (C), 7 d (D) after injection. Changes in signal intensity in the liver normalized to that
of back muscle at 2 h, 1d, and 7 d were 41.87% + 9.63%, 10.42% + 4.3%, and 3.75% =+ 1.2%, respectively (P < 0.001). Note a significant signal drop of the liver at 2 h
after injecting superparamagnetic iron oxide-labeled mesenchymal stem cells and gradual return of signal intensity compared with signal intensity before transplantation.

3L S

Figure 2 Photomicrographs of rabbit liver obtained after superparamagnetic iron oxide-labeled human mesenchymal stem cells injection via the mesen-
teric vein. A: Section obtained on day 1 shows distributions of Prussian blue stain-positive mesenchymal stem cells (MSCs) (arrows) in the liver parenchyma along
the sinusoids; B: Section obtained on day 7 shows the localization of superparamagnetic iron oxide-labeled MSCs (arrows) in the border zone between normal liver

parenchyma and hepatic injury areas.

images of the liver demonstrated a significant signal loss
of fine granular signal voids 2 h after intravascular admin-
istration of SPIO-labeled cells in comparison to baseline
(Figure 1). The change in SI of the liver on T2*-weighted
images peaked at 2 h after injection and subsequently de-
clined. Changes in SI in the liver at 2 h, 1, 3 and 7 d were
41.87% £ 9.63%, 10.42% * 4.3%, 5.12% * 1.9%, 3.75%
t+ 1.2%, respectively (P < 0.001). In the control group (#
= 8), no overt signal changes of the liver were observed.
CCl4 treatment of rabbits induced typical histopatho-
logical changes indicative of persistent damage and fi-
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brotic changes in the liver. Prussian blue staining studies
showed that the iron-containing cells were mainly dis-
tributed in the portal triad regions throughout the liver
2 h and 1 d after injection of human MSCs. These cells
showed amorphous shapes with positive iron staining in
their cytoplasms and tended to localize along the sinu-
soids (Figure 2A). However, the iron-positive cells in the
experimental group mainly appeared in the border zone
between normal liver parenchyma and hepatic injury areas
3 and 7 d after injection (Figure 2B). The number of iron-
positive cells in the experimental group at 2 h and on 1,

November 28, 2010 | Volume 16 | Issue 44 |



Son KR et a/. MRI of mesenchymal stem cells

3 and 7 d after injection was 29.2 + 4.8, 10.1 £ 3.7, 6.7 £
2.2, and 5.8 £ 2.1, respectively (P = 0.013). In the control
group, Prussian blue positively stained cells were absent
from the liver.

DISCUSSION

It is widely accepted that efficient monitoring of the dis-
tribution, migration, and differentiation of transplanted
stem cells holds the key to the development of effective
methods in stem cell therapym. Because of its high reso-
lution and sensitivity, MRI has been regarded as a method
of first choice compared to other imaging modalities.
MRI can be broadly defined as a non-invasive and repeti-
tive modality of imaging for targeted cells and cellular
processesm, which entails proper labeling of cells with
appropriate magnetic resonance (MR) contrast agents.

In most reports that have described MRI of grafted
stem cells, local implantation has been used as the route
for cell grafting into the rat brain and spine“s’wj. After im-
plantation, these cells are concentrated in a localized area
rather than dispersed throughout the target organ, as oc-
curs after intravascular injection. These locally implanted
stem cells were observed to migrate only at a rate of a
few millimeters a week**”. This stereotactic method can
hardly be applied in a hepatic failure model because liver
damage often has a widespread distribution. Thus, we
injected MSCs into the mesenteric vein, as a large number
of MSCs could be directly transferred to the whole liver.

Our results and others” demonstrate that MSCs are
particularly present along the sinusoids where the cells
can be mechanically trapped after injection into the por-
tal vein. Recently, the process of migration of stem cells
from the spleen to the liver in rats was tracked 7 vivo by
labeling stem cells with superparamagnetic particlesm],
which showed that the majority of iron-positive cells ap-
peared in the liver at 3 h of post-transplantation. This is
similar to our findings. The results together suggest that
direct intravascular transplantation is an efficient way of
delivering MSCs to the liver.

The histological data obtained in the present study
showed that Prussian blue stain-positive cells were found
mainly in the border zone between normal liver parenchy-
ma and the hepatic injury areas 3 and 7 d after injection.
The exact reason why MSCs were concentrated in the
border zone in liver damage is not known. This phenom-
enon may be caused by secreted cytokines such as hepa-
tocyte growth factor which is secreted by mesenchymal
cells and has a major role in adult organ regeneration and
in wound healing””. We speculate MSCs might contribute
the healing process of liver damage.

SI on T2*-weighted images decreased substantially
in the liver 2 h after injection of MSCs and gradually re-
turned to the levels found before injection. The gradual
increase of SI in the liver may be the result of mobiliza-
tion of labeled cells out of the liver, dilution of intracel-
lular iron as a result of cell division, or cell death resulting
from immune rejectionmj. In our study, SI decreased more
quickly than that reported in other study“21 and this was
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probably due to the use of human MSCs in our study
that induces more potent immune rejection than previous
study.

There are some limitations to this study. First, we used
only commercially available human MSCs, and not rabbit
MSCs, because we focused on the validity of MRI for the
depiction of SPIO-labeled MSCs in hepatic failure model
rather than to access recovery of hepatic function. Sec-
ond, we did not perform immunohistochemical analysis
on human MSCs under the conditions that we tested with
the rabbit model, and therefore could not confirm wheth-
er Prussian blue stained positive cells were associated with
SPIO-labeled MSCs i vivo.

In conclusion, SPIO-labeled MSCs could be detected
in vivo by the use of a clinically available 3-Tesla MR unit
after intravascular injection in a rabbit model of hepatic
failure.

COMMENTS

Background

Stem cell transplantation provides an effective strategy for the treatment of liver
failure. Noninvasive and repeated monitoring of in vivo transplanted stem cells
is one of important topics in these days.

Research frontiers

In vivo real-time tracking and detecting the fate of transplanted stem cells by
magnetic resonance imaging (MRI) would be a good way to evaluate the abil-
ity of cells to migrate and engraft to target organs. However, few studies have
been undertaken to determine the feasibility of the use of in vivo MRI of cell
therapy in models of hepatic failure.

Innovations and breakthroughs

This study showed the possibility of stem cell tracking by the use of a clinically
available 3-Tesla magnetic resonance unit.

Applications
In vivo real-time tracking transplanted stem cells by MRI might facilitate clinical
use of stem cell.

Terminology

Mesenchymal stem cells: multipotent stem cells that can differentiate into a
variety of cell types including osteoblasts (bone cells), chondrocytes (cartilage
cells) and adipocytes (fat cells).

Peer review

Itis a well-written but moderately designed study, with interesting and important
scientific merit.
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