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Abstract

Purpose: The aim of this study was to find the optimal scan time of
c-erbB2 antisense probe labeled with superparamagnetic iron oxide
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nanoparticles used for magnetic resonance imaging of BALB/c mice.

Procedures: The establishment of 30 SK-Br-3 tumor-bearing BAL- Received Date: November 10, 2017

B/c mice was finished before the study. Each tumor-bearing BALB/c
mouse underwent MR scan before injection, then the tumor tissues
of 5 mice were immediately taken and fixed by 10% formalin and
paraffin-embedded sections, underwent HE and Prussian blue stain-
ing, then were observed under microscope. The other tumor-bearing
BALB/c mouse was injected with antisense probe (the concentration
is 42.0 pug Fe/Kg), then underwent the MR scan in different time
points (60 min,180 min,360 min,720 min and 1440 min). After every
time point, the tumor tissues of 5 mice were immediately taken and
fixed by 10% formalin and paraffin-embedded sections, underwent
HE and Prussian blue staining, then were observed under micro-
scope. The signal strength of tumor and adjacent muscles was mea-
sured, and the signal intensity changes were compared between
different time points.

Accepted Date: February 09, 2018
Published Date: February 23, 2018

Citation: Wen Z-P, He H, Wen M, Zhou P, Qing H-M, et al. (2018) The
Investigation on the Optimal Scan Time of c-erbB2 Antisense Probe
Labeled with Superparamagnetic Iron Oxide Nanoparticles Used for
MR of BALB/c Mice. J Nanosci Nanomed Nanobio 2: 003.

\ J

probe, molecular imaging can make an early diagnosis of cancer in

noninvasive and real-time way, and develop a dynamic, visual way for
the warning of metastasis, predicting of the efficacy for treating ma-
lignancy [1].

Results: The rate of establishment of SK-Br-3 tumor-bearing BAL-
B/c mice was 100%. The signal intensity of 30 mice at different time
points before and after injection were compared and the signal inten-
sity changes of the tumor issue at 360 min after injection were most
obvious. The pathological examination revealed that tumor issue
structural disorder, a large number of special-shaped humor cell ex-
isted and arranged in the cancer nest shape. Before injection there
were no blue iron particles scattered in the tumor issue, and a large
number of punctuate blue iron particles scattered in the tumor issue
in each time point after injection. The distribution of iron particles
was most dense at 360 min after injection.

Superparamagnetic Iron Oxide (SPIO), the frequently used para
magnetism material, has magnetism aquare. SPIO can be arrange-
ment freely along magnetic field which cause tremendous micro-
cosmic phase difference in periphery proton, which resulting in the
protonic T2 desphase relaxation quickening, the signal of tissue’s T2
weight imaging reducing distinctly and signal difference between tis-
sues increasing distinctly. Its magnetism disappears rapidly when the
magnetic field is taken out. Therefore, it is a super para magnetism.
In addition, SPIO, which has lower toxin and less side effects, is an
ideal and safety contrast medium and molecular carrier, thus exten-
sively used in tracing vivo stem cells (such as nerve stem cell, embry
stem cell and mesenchymal tissue stem cell) [2,3]. C-erbB2 oncogene
is homologous gene of neu gene in human being, which amplify and
expression only in malignant tumors [4-6]. Moreover, cerbB2 onco-
gene have close correlation with pathologic grade, lymph node me-
tastasis and clinic stage of tumor, and frequently use as a major index
of clinic chemical treatment plan and prognosis judgments [7-10].
Therefore, this gene provides a good situs for targeting diagnosis, once
the amplification and over-expression of c-erbB2 oncogene can cause
cellular mRNA increase and provide more conjunctive targeting situs.
Because eugenic tumor cell membranes, have many transferrin recep-
tors which can guide SPIO-labeled antisense probe into tumor cells,
hence, the para magnetism materials increase [11-13]. After magnetic

Conclusion: The optimal scan time of c-erbB2 antisense probe
labeled with superparamagnetic iron oxide nanoparticles used for
Magnetic resonance imaging of BALB/c mice is 360 min.
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Introduction

Due to the lack of clinical method to early diagnosis, warning of
metastasis, predict of the efficacy for malignancy, cancer has become
a major cause of human death. Molecular imaging, which was devel-
oped in the end of the last century, has become a central issue in med-
ical imaging research. By the preparation of the associated molecular
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resonance imaging scanning, will get the imaging with clarity anatom-
ic structure, high noise-signal ratio and well contrast is obtained, so
oncogene specificity expression may be displayed from imaging.

In previous studies, reference to the antisense gene theory of
Molecular Biology, we chose c-erbB2 oncogene as targeted gene and
prepared the Antisense Oligodeoxynucleotide (ASODN) of comple-
mentary cerbB2 oncongene in gene synthesis technique and labeled
Superparamagnetic Iron Oxide (SPIO) nanometer using chemical
cross linking, and we prepared the c-erbB2 antisense probe labeled
with SPIO nanoparticles successfully [14,15]. The basic group can
complementarity and specifically combine with mRNA of oncogene
when inducted in body, so it can distribution special in tumor tissue
which have enlarge and over-expressive oncegene, and the location of
tumor tissue can be demonstrated when magnetic resonance imaging.
We also studied the pharmacokinetic and the distribution of c-erbB2
antisense probe labeled with superparamagnetic iron oxide nanopar-
ticles in mice major organs [16]. Based on this, our study used the
c-erbB2 antisense probe for the MR scan of SK-Br-3 tumor-bearing
BALB/c mice, observed the signal intensity changes at different time
points, expected to find the optimal scan time.

Materials and Methods

Materials

The c-erbB2 antisense probe labeled with SPIO nanoparticles
which made by ourselves (Chinese patent no.: ZL 200710092512.5)
[14,15]. Cancer cell Lines of SK-Br-3 which has high expression of
c-erbB2 oncogene. Thirty BALB/c mice (weight 10 ~ 15 g, male or
female) were obtained from the Chongqing Experimental Animal
Center. The equipment used included a 3.0-T MR scanner with a wrist
surface coil (GE Healthcare, Waukesha, W1, USA), which is widely
used clinically.

Methods
The establishment of SK-Br-3 tumor-bearing BALB/c

mice model

Referring to previous method, the SK-Br-3 Cancer cell Lines were
cultivated with DMEM (low glucose) medium which containing 10%
EBS in CO,-cubator, the cultivation temperature was 37 degrees and
the volume fraction of carbon dioxide was 0.05, then took the SK-Br-3
Cancer cell in logarithmic growth phase, dissolve the cell with 0.25%
trypsin, collected it to 5mL tube and had 1200r / min x 5 min centrif-
ugation, made the cell suspension with culture solution which had no
serum and antibiotic, then diluted it to 5x107/mL [17]. Thirty BALB/c
mice, had a hypodermic in left forelimb with the cell suspension about
0.2ml (the number of cells about 1x107). 15-20 days after hypoder-
mic, tumor diameter greater than 0.5cm, which prompt the success of
model establishment, then we can use the model to MR scan.

The c-erbB2 antisense probe labeled with superpara-
magnetic iron oxide nanoparticles used for MR of

BALB/c mice

Selection of SPIO dose: With reference to the literature and the pre-
liminary results of preliminary experiments, we decided the dose of

c-erbB2 antisense probe labeled with superparamagnetic iron oxide
nanoparticles was 42.0ug Fe/kg, [18,19].

Selection of magnetic resonance imaging scanning time points: MR
scanning time has no uniform requirement in the other literatures, be-
tween each other, both have a huge difference. The earlier experimen-
tal results showed that the concentration of antisense probe in spleen
and liver reached its peak in 180 min after injection, and peaked in 60
min after injection in kidney [16]. But the concentration of antisense
probe in muscle tissue increased gradually, the distribution in 360 min
after injection was different from the others. Based on the above, and
reference the other literatures, we finally determined the MR scanning
time points were before injection and 60 min, 180 min, 360 min, 720
min, 1440 min after injection (30 mice were randomly into six groups,
5 mice in each time point) [1,20-24].

The sequences and parameters of magnetic resonance imaging
scan: The equipment used included a 3.0-T MR scanner with a wrist
surface coil (GE Healthcare, Waukesha, W1, USA), according to the
literatures, the sequence and parameters of MR scan were: (1) TIWI
FSE: TE/TR MinFull/600, echo train length 3, bandwidth 31.25, freq
320, phase 192, NEX 2, (2) T2WI FSE: TE/TR 85/600, echo train
length 18, bandwidth 41.67, freq 320, phase 256, NEX 2, (3) T2*GRE:
TE/TR MinFull/300, flip Angle 20, bandwidth 20.83, freq 320, phase
224, NEX 2 [22,25,26]. Every sequence had the coronal and axial po-
sition scan, the slice thickness was 4mm, layer distance was 0.5mm,
FOV was 14cm.

Magnetic resonance imaging scan: 30 mice were anesthetized by 2%
Phenobarbital (30mg/kg), and inhale appropriate isoflurane to inhibit
the breathing of mice which could reduce the image artifacts. Then
we made the mice lay face upwards on the foam board, put it in the
wrist surface coil, head in first. Each tumor-bearing BALB/c mouse
underwent MR scan before injection, then the tumor tissues of 5 mice
were immediately taken and fixed by 10% formalin and paraffin-em-
bedded sections, underwent HE and Prussian blue staining, then were
observed under microscope. After the MR scanning without injection,
the other tumor-bearing BALB/c mouse was injected with antisense
probe (the concentration is 42.0 pg Fe/Kg) in tail vein, then we had the
MR scan with the same sequences, parameters and the parts of mice in
the certain time points.

Analysis of the MR images: Measure the signal strength of tumor and
adjacent muscles (blank control group), choice the area of interest in
the biggest slice of the tumor, the range of pixels at least 50.

Pathological Examination

After the MR scanning in one-time point, immediately took the
tumor tissue of 5 mice, make the tissue fixed by 10% formalin and
paraffin-embedded sections, HE and Prussian blue staining, observed
under microscope.

Statistical Analysis

The date is reported as means + Standard Deviation (SD), the
comparison of each time points use the analysis of variance for repeat-
ed measurements in single factor, P<0.05 was accepted as indicating a
significant difference.
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Results
The establishment of BALB/c mice model

30 mice were all alive, and all the left forelimbs of the mice had
grown the tumor without ulceration, the rate of establishment of SK-
Br-3 tumor-bearing BALB/c mice was 100%. The MR scan showed
tumor tissue had equal signal in sequences T1WTI, slightly high signal
in sequences T2WI, there was no significant necrosis signal, so we can
use the model in further experiments (Figure 1).

Figure 1: The model of tumor-burdened nude mice.
A: 15d after inoculation. B: 20d after inoculation.

The antisense probe labeled with SPIO
used for MR of BALB/c mice

The changes of signal strength in sequence TIWI FSE: From the ta-
ble 1 and figure 2, we can find, the signal strength of tumor tissue sig-
nificantly increased between 0-60 min after injection, and slowly in-
creasing between 60-360 min, then peaked in 360 min which time we
can observed the changes in naked eye, after that the signal strength
began to decline. The differences in signal strength between the group
before injection and groups 60,180,360 min after injection were sta-
tistically significant (P<0.01), moreover the statistical significance of
group 360 min after injection was more notable. The signal strength of
tumor tissue recovered to the normal level 720-1440 min after injec-
tion (P>0.05). The signal strength of adjacent muscular tissue had an
increase in a small range, which had the statistical difference (P<0.05),
but it quickly reduced to the level same as before injection. The signal
tendency of tumor tissue was different from the adjacent muscular
tissue.

The changes of signal strength in sequence T2WI FSE: From the ta-
ble 2 and figure 3, the signal strength of tumor tissue significantly de-
creased between 0-60 min after injection, and slowly reduced between
60-360 min, then reached bottom value in 360 min, we can have ob-
served it in naked eye, after that the signal strength began to rebound.
The differences in signal strength between the group before injection
and groups 60,180,360,720 min after injection were statistically sig-
nificant (P<0.05), and the signal strength of group 360 min was the
lowest. The signal strength of tumor tissue recovered to the normal
level 1440 min after injection (P>0.05). The signal strength of adjacent
muscular tissue had a small decrease in 60-360 min after injection,
but the decrease wasn’t obvious as the tumor tissue, furthermore the

Figure 2: The signal change series of tumor tissue of each time point in TIWI FSE
sequence after injection of antisense probe.

a: before injection. b: 60 min after injection. ¢: 180 min after injection. d: 360 min after
injection. e: 720 min after injection. f: 1440 min after injection.

signal strength of 720 min group didn’t have the statistical difference
contrast with the group before injection (P>0.05). So the signal ten-
dency of tumor tissue was different from the adjacent muscular tissue
in sequence T2WI FSE too.

The changes of signal strength in sequence T2*GRE: The results are
shown in table 3 and figure 4. The signal tendency of tumor tissue in
sequence T2*GRE was basically same as the sequence T2WI FSE. The
signal strength of adjacent muscular tissue had a small decrease in
60 min after injection, then turn to the normal level in 360 min after
injection.

Pathological Examination

HE staining revealed that tumor issue structural disorder, there
are a large number of special-shaped humor cell exist, arranged in the
cancer nest shape, the tumor cell has scarce cytosolic, and had the
mitotic figure 5. Each specimen basically had the same performance.
With Prussian blue staining, there were no blue iron particles scat-
tered in the tumor issue which had no injection, and a large number of
punctuate blue iron particles scattered in the tumor issue in each time
point after injection. And the distribution of iron particles is most
densely in 360 min after injection (Figure 6).

Discussion

The early diagnosis is the most important purpose of Molecular
Imaging Research, magnetic resonance imaging scanning has many
advantages such as non-invasive, non-radiation, high-resolution
multi-parameter and multi-faceted. With a variety of related probes
have successful developed, MR Molecular Imaging will have a good
application prospect in early diagnosis of the cancer [1,21,22,27-29].

Using SPIO in magnetic resonance imaging scanning alone, be-
cause of the phagocytosis of Kupffer cells, SPIO will gather in the liver,
spleen, lymph nodes and other tissues, so there will be no specificity

e 60 min after 180 min after 360 min after 720 min after 1440 min after
Before injection e P S e .
injection injection injection injection injection
Tumor tissue T15%41 798+ 13% 814+21% 857+27* 755135 721£31
Adjacent muscular tissue 549+32 569+29% 588+23% 543+23 550+31 545+26

*P<0.05, vs. before injection.

Table 1: The signal strength of each time points in TIWI FSE sequence (n=5).
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e 60 min after 180 min after 360 min after 720 min after 1440 min after
Before injection I RIS PP N P
injection injection injection injection injection
Tumor tissue 521136 438+34% 3211£30%* 285142%* 462+26* 520138
Adjacent muscular
J tissue 244123 188+ 18* 228+20%* 232+99% 245123 242121

Table 2: The signal strength of each time points in T2WI FSE sequence (n=5).
*P<0.05, ¥¥P<0.001, vs. before injection.

Figure 3: The signal change series of tumor tissue of each time point in T2WI FSE sequence after injection of antisense probe.
a: before injection. b: 60 min after injection. c¢: 180 min after injection. d: 360 min after injection. e:720 min after injection. f:1440 min after injection.

e 60 min after 180 min after 360 min after 720 min after 1440 min after
Before injection c e . P P PP .
injection injection injection injection injection
Tumor tissue 619+39 523+41% 487+37** 332+30%* 531+32% 605140
Adjacent muscular
J tissue 648125 529+32% 632128 642121 646125 648126

Table 3: The signal strength of each time points in T2*GRE sequence (n=5).
*P<0.05, ¥¥P<0.001, vs. before injection.

Figure 4: The signal change series of tumor tissue of each time point in T2*GRE
sequence after injection of antisense probe.

a: before injection. b: 60 min after injection. ¢: 180 min after injection. d: 360 min after
injection. e: 720 min after injection. f: 1440 min after injection.

Figure 5: HE staining of tumor tissue 360 min after injection of antisense probe.
(X200).
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Figure 6: Staining with Prussian blue of tumor tissue 360 min after injection of
antisense probe (X400).

for tumor tissues [1]. Because of the biocompatibility of SPIO, our
study used it be the part for imaging, and connected it with oligo-
nucleotide which opposite to the c-erbB2 gene sequences in covalent
bond, so we got the magnetic antisense probe, furthermore we chose
the SK-Br-3 tumor cells which has the high expression of c-erbB2 on-
cogene to establish the tumor-bearing mice model [14,15]. Accord-
ing antisense gene theory, the oligonucleotide in antisense probe can
make the targeted binding with cancer gene, and achieve specific en-
richment at the tumor tissue, so the antisense probe can stay longer.
With the analysis of signal intensity changes in every sequence, we
can find that the signal intensity in tumor tissue has changed in 60
min after injection with antisense probe, and had a significant differ-
ence compared with the signal strength before injection (P<0.05). The
following data revealed, the signal strength of tumor tissue peaked in
360 min after injection: With the signal of T2 sequence as an example,
we can find that the signal intensity changes of the tumor tissue in 360
min after injection had a apparent decrease, and clearly displayed on
the MR images, then it slowly recovered to normal level, the signal
strength of adjacent muscle tissue also changed after injection, but the
changes was not obvious, and we can't find the vary in naked eye. With
Prussian blue staining, a large number of punctuate blue iron particles
scattered in the tumor issue, the distribution of iron particles is most
densely in 360 min after injection. The signal intensity changes and
pathological examination results could demonstrate of each other.

From the above results, we speculated that the oligonucleotide of
antisense probe makes the targeted binding with the c-erbB2 onco-
gene in tumor tissues, which made the antisense probe stay in tumor
tissue longer and obvious. Of course, whether the antisense probe can
make the antisense effect to c-erbB2 oncogene, and make the expres-
sion of oncogene was inhibited or blocked, we will take place in subse-
quent studies.

Conclusion

Our experimental results revealed, after the injection of antisense
probe, the signal intensity of tumor tissue was significantly altered,
and the signal intensity changes of the tumor issue in 360 min after
injection were most obvious which we can observed it in naked eye.
In summary, the optimal scan time of c-erbB2 antisense probe labeled
with superparamagnetic iron oxide nanoparticles used for magnetic
resonance imaging of BALB/c mice is 360 min.

Define the optimal scan time of c-erbB2 antisense probe labeled
with superparamagnetic iron oxide nanoparticles used for magnet-
ic resonance imaging of BALB/c mice, will be useful for the future
study such as the optimal scan dose, the optimal scan sequence of
c-erbB2 antisense probe labeled with superparamagnetic iron oxide

nanoparticles used for Magnetic resonance imaging of BALB/c mice.
And provide the foundation for the clinical diagnosis and treatment
of c-erbB2 antisense probe labeled with superparamagnetic iron oxide
nanoparticles.

Due to the limitations of laboratory equipment and conditions,
the time interval between every point was relatively long, meanwhile
might have a more accurate scan time, it also requires further experi-
ments to be improved.

All applicable institutional and/or national guidelines for the care
and use of animals were followed.
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