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Abstract: Objective: To explore the ultrasound-guided gene transfection as well as the role of heat shock protein
72 (HSP72) siRNA combined with ultrasound micro-bubble contrast agents on rat hepatic ischemia-reperfusion
injury. Methods: 72 SD rats were divided into non-surgery group (group N), sham-operation group (group P) and
liver ischemia-reperfusion groups (I/R). In each group, rats were further divided into 4 subgroups according to the
different intravenous treatment: 220 ul saline solution (group A); 20 ul HSP72 siRNA plasmid vector + 200 ul saline
solution (group B); 20 ul HSP72 siRNA plasmid vector + 200 ul ultrasound microbubble contrast agent (group C);
20 ul HSP72 siRNA plasmid vector + 200 ul ultrasound microbubble contrast agent + ultrasonic irradiation target
region with MI11.0 (group D). Results: Certain degree hepatic tissue injury was observed in rats of group I/R A, B
and C. The expressions of liver tissue HSP72 mRNA and HSP72 protein and the concentrations of peripheral blood
HSP72, ALT and TNF-a were significantly increased at each I/R subgroup (vs group N and group P, P < 0.01). Among
them, the plasma concentrations of ALT, HSP72, and TNF-a and the liver tissue expressions of HSP72 mRNA and
HSP72 protein at group A were significantly higher than groups B, C and D (P < 0.01). And group D was significantly
lower than that of group A, B and C (P < 0.01). Conclusion: The liver tissue expressions of HSP72 mRNA and HSP72
protein and the liver injury degree of ischemia-perfusion were significantly reduced after the HSP72 siRNA was
combined with micro-bubble and radiated directionally by ultrasound.
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ter can be the critical mechanism for the
occurrence and development of these diseas-
es. During the apoptosis and necrosis of the

Introduction

Ischemia-reperfusion liver injury is the key

factor leading to acute liver failure and affect-
ing liver transplant survival. The pathogenesis
is not very clear. Recently, toll-like receptor
(TLR) plays an important role in non-infectious
inflammatory injuries such as ischemia-reper-
fusion, which increasingly captured people’s
attention [1, 2]. The primary biological charac-
teristics of TLR include recognizing exogenous
pathogen relating molecular patterns, starting
inflammatory response, inducing releasing
of pro-inflammatory/anti-inflammatory cytokine
[3]; although the presence of exogenous micro-
bial infection in coronary heart [4, 5], diabetes
[6, 7], fatty liver [8, 9] and a host of acute non-
infectious liver injuries is inconspicuous, non-
specific inflammatory response exists. The lat-

hepatic tissue cells, the expression and secre-
tion of inflammatory factors was still plentiful
and continuous despite of the absence of exog-
enous infective factors according to our previ-
ous acute liver injury animal model [10]. These
findings indicated that the releasing of some
endogenous risk factor (such as ones released
by necrotic core) might facilitate ischemia-
reperfusion liver injury.

Consequently, risk factors released by necrotic
cores such as heat hock protein 72 (HSP72)
can further induce the following TLR inflamma-
tory signal pathway. Inhibiting or interfering the
releasing of endogenous risk factors (such as
HSP72) perhaps can reduce inflammatory inju-
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ries. Accordingly, research and development of
HSP72 inhibitor for blocking the TLR-triggered
inflammatory signal pathway, mediated endog-
enous ligand, promise to be a new strategy to
control non-infectious diseases such as isch-
emia-reperfusion liver injury. As for the second
generation of therapeutic RNA [11, 12], small
interfering RNAs (siRNAs) has been used for
researches on gene therapy of a host of diseas-
es recently because of its special advantage.

To date, non-viral vectors or virus vectors [13]
are generally adopted for Gene transfection.
Though high rate of gene transfection by virus
vector, its security as well as the formidable
problem in body’s immune response to virus is
drawing our attention; while the mentioned dis-
advantages can be avoided by using non-viral
vectors such as plasmid and liposome, the
gene transfection is extremely low. In addition,
intravenous injection is lacking of targeting
while local injection has its limitation in applica-
tion scope and trauma. Ultrasound micro-bub-
ble contrast agents are a new gene transfec-
tion carrier in vivo, with objective genes
adhering to the surface or encapsulated in the
interior. After intravenous injection and suitable
ultrasound irradiation given to target cells or
tissues, it can improve the efficiency of gene
transfection and expression of local histiocytes
in vivo, which promises to be an ingenious
method of gene transfection having security,
concision, efficiency and certain targeting in
vivo [14-16].

According to our previous research, during isch-
emia-reperfusion liver injury, the exceeding
HSP72 can be released out as the endogenous
ligand of TLR leading to the hepatocyte injury by
launching inflammatory response [17]. How-
ever, HSP72 siRNA has the function of prevent-
ing heat stress hepatocyte in vitro from releas-
ing HSP72 [18]. In the present study, HSP72
siRNA combined with ultrasound micro-bubble
contrast agents were transfected to hepatic tis-
sue on purpose. The expression of HSP72
siRNA in hepatocyte as well as the affection
was under observation.

Materials and methods
Experimental animal and main reagents

Totally seventy-two 6-8 week old SD male rats
of clean grade, weighting 220-260 g, were pro-
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vided by Laboratory Animal Center of Zhejiang
University. SonoVue was bought from Bracco
International B.V. Corporation; HSP72 siRNA
plasmid vector was prepared by our team [18];
RT-PCR and Western blot Kit came from
Invitrogen Corporation, USA.

Microbubbles preparation

5 ml saline solution was injected into a vial with
freeze-dried powder, and shake to dissolution
completely. Then the Diameter of SF6 was
around 2.5 um. After repeated calculation of
microbubbles concentration, the concentration
of microbubbles was an approximate of 300 x
108/ml. Microbubbles per hole was 30 ul, and
the volume fluid was 500 pl. Microbubbles
concentration was 300 x 108/ml x (0.03 ml/0.5
m1) ~1.8 x 107/ml per hole. ESAOTE MyLab30
was elected as Ultrasonic Diagnostic Equipment
with LA532E Probe (2.50 MHz), Model THT, M
setto 1.01.

Experimental classification

The rats were divided into the non-surgery
group (group N), the sham-operation group
(group P) and the liver ischemia-reperfusion
groups (I/R). Rats in group N were raised in a
routine way with no operation; rats in group P
were raised in a routine way before opening
and closing surgery; rats in group I/R were
anesthetized, and then the bile duct ligation
was separated, while the distal end of the first
bifurcation of portal vein was occluded by the
atraumatic vascular clamp causing 70% hepat-
ic ischemia. Then we preserved the vascular
clamp, closed the abdominal cavity and re-per-
fused the vein after 45 min. Each group Rats
were divided into 4 subgroups (each with 6)
according to the different intravenous treat-
ment 1 h before experiment in each group: 220
ul saline solution (group A); 20 pl HSP72 siRNA
plasmid vector + 200 ul saline solution (group
B); 20 pl HSP72 siRNA plasmid vector + 200 ul
ultrasound microbubble contrast agent (group
C); 20 pl HSP72 siRNA plasmid vector + 200 pl
ultrasound microbubble contrast agent + ultra-
sonic irradiation target region with MI1.0 (group
D). The liver was irradiated for 15 min in group
D with ultrasonic probe after injecting micro-
bubble. The method was swing the probe with
uniform velocity, and focusing on the screen at
the same time to ensure ultrasonic irradiation
of the whole liver. Six rats of each subgroup
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Figure 1. Hepatic tissue pathology of different groups in 24 h (HE staining, x 100). A: Group P; B: Group I/RA; C:
Group I/R B; D: Group I/R D.

were Killed after 24 h, the plasma and hepatic
tissue were collected.

Content measurements of ALT, HSP72, TNF-o

The plasma concentrations of ALT were detect-
ed by automatic biochemistry analyzer while
HSP72 and TNF-a were measured by ELISA fol-
lowing the operating instruction.

Liver histopathology

Liver tissue was fixed by formalin, embedded
with paraffin and stained with HE. The staining
areas of collagen fiber in hepatic tissue were
under Quantitative Analysis by image analysis
system; radiographs were read by experienced
pathologist. Comprehensive analysis was con-
ducted to confirm the damage degree of animal
model hepatic tissue cells.
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Detection of HSP72 mRNA expression in he-
patic tissue by RT-PCR

According to the Sequence of HSP72 mRNA in
Genbank, primers were designed by the molec-
ular biology software, 0ligo5.0. The upstream
primer: 5-GCC ATG GCC AAG AAC ACG GCG ATC
GGC ATC-3’; the downstream primers: 5-CTA
ATC CAC CTC CTC GAT GGT GGG TCC TGA GC-3'.
The primers were synthesized by Sangon
Biotech (Shanghai) Co., Ltd., and then purified
and quantified by PAGE. Total RNA were extract-
ed according to the operating instruction of
invitrogen, HSP72 mRNA expression in hepatic
tissue was detected by RT-PCR. The total RNA
were purified with trizol form rat liver homoge-
nate, A-MV were reverse transcripted at 42°C,
HSP72 cDNA were Amplified through RT-PCR,
the amplification parameter were: 94°C 5 min;
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Table 1. ALT (U/L), HSP72 (ng/ml) and TNF-& (ng/ml) (means = SD, n = 6) of different groups of rats

Group A B C D

N ALT 35.47 +8.17 35.43 £6.53 36.43 £9.55 36.43 £ 8.53
HSP72 15.36 + 5.34 14.73 £ 5.27 13.47 + 6.27 10.85+ 7.34
TNF-o 4.67 +1.36 5.02+1.25 4.87 + 1.38 4.76 + 1.02

P ALT 34.16 + 8.55 39.43 +£4.46 38.37 £ 6.25 39.74 + 5.83
HSP72 18.68 + 3.54 16.63 £ 3.82 16.44 + 2.54 14.58 £ 2.38
TNF-o 458 + 1.35 446 +1.46 451 +2.52 4.27 £ 1.37

I/R ALT 143.23 + 26.64 112.63 + 15.74 102.67 + 25.15 66.48 + 17.26
HSP72 84.28 + 16.19 68.37 + 17.62 63.57 + 12.32 28.09 + 13.23
TNF-o 61.28 + 2.57 43.73 £10.29 37.08 +11.42 12.62+4.72

Table 2. Comparisons of ALT, HSP72 and TNF-a among Statistic analysis

groups N, P and I/R

SPSS 10.0 statistical software was

Pvalue used. The data was informed as Means

Nvs. P Nvs. /R Pvs /R + SD. ANOVA was used to detect the dif-

ALT 0.987 0.001 0.001 ference among multiple groups. If P <
HSP72 0.950 0.002 0.003 0.05 in ANOVA test, post-hoc test analy-
TNF-a 0.999 0.006 0.007 sis was used to detect the differences

Table 3. Comparisons of ALT, HSP72 and TNF-a among

subgroups of group I/R

between two groups. P < 0.05 was con-
sidered as statistical significance.

Results

P value

Liver histopathology

Avs.B Avs.C Avs.D Bvs.C Bvs.D Cvs.D

ALT 0.008 0.009 0.001 0.893 0.009
HSP72 0.002 0.002 <0.001 0.757 <0.001 <0.001
TNF-a  0.005 0.004 <0.001 0.778 0.001

0.008 There was no significant tissue cell injury

in rats from group N or P with normal

0.001 structure of hepatic lobules and hepatic

94°C 40 s, 56°C 40 s, 72°C 90 s, total 36
cycles; elongation was at 72°C for 5 minutes.

Detection for expression of HSP72 by Western
blot

Liver protein lysate with 20 ul PBS as well as
1:1 2 x SDS were well mixed, and then heated
in boiling water for 10 min to pyrolysis. After
centrifugation and 10% SDS-PAGE electropho-
resis, the proteins were transferred from gels to
PVDF film in the electrophoresis tank, which
would be washed by TBS and closed at 4°C
overnight. The goat polyclonal anti-rat HSP72
antibody diluted by TBS (1:1000) were added
as the primary one, incubated at 37°C for 1.5 h
after membrane cleaning by TBS, biotin-IgG
were added as the second antibody. Incubated
at 37°C for 1.5 h, the membranes were
immersed in DAB after washed by TBS. Color
development was conducted at room tempera-
ture for 20 min, and stopped by distilled water.
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sinusoid. No degeneration or failure of

liver cells but a few part of infiltration of
neutrophilic was observed (Figure 1A); tissue
cells from group I/R A performed abnormal
structure with flaky vacuoles and uncrate/flack
Necrosis, stasis of RBC in local hepatic sinu-
soid and formation of microthrombi (Figure 1B);
liver cells from group I/R B and C performed
less disorder than group I/R A, structure of
hepatic lobules was almost normal while flaky
vacuoles were still obvious accompanied less
spotty necrosis. Stasis of RBC in local hepatic
sinusoid, and formation of microthrombi can be
seen in few cells (Figure 1C); cells in group I/R
were with normal structure of hepatic lobules
while a few part of infiltration of neutrophilic
and flaky vacuoles can be observed in group
I/R D (Figure 1D).

Plasma concentrations of ALT, HSP72 and
TNF-o in groups

After different treatments, the plasma concen-
trations of ALT, HSP72 and TNF-a of rats in
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Figure 2. Expression of HSP72 mRNA in rats liver tissue. N: control group
after injection of 220 pl saline solution; P: sham-operation group after injec-
tion of 220 pl saline; A: I/R group after injection of 220 ul saline solution;
B: I/R group after injection of 20 ul HSP72 plasmid siRNA (+)/200 ul saline
solution; C: I/R group after injection of 20 yl HSP72 plasmid siRNA (+)/200
pl ultrasound micro-bubble contrast agents; D: I/R group after injection of 20
ul HSP72 plasmid siRNA (+)/200 ul ultrasound micro-bubble (+)/Ultrasonic
irradiation target region with MI1.0.

HSP72

A B C D N P

Figure 3. Expression of HSP72 mRNA in rats liver tissue. N: control group
after injection of 220ul saline solution; P: sham-operation group after injec-
tion of 220 ul saline; A: I/R group after injection of 220 pl saline solution;
B: I/R group after injection of 20 ul HSP72 plasmid siRNA (+)/200 ul saline
solution: I/R group after injection of 20 ul HSP72 plasmid siRNA (+)/200 ul
Ultrasound micro-bubble contrast agents; D: I/R group after injection of 20
ul HSP72 plasmid siRNA (+)/200 pl Ultrasound micro-bubble (+)/Ultrasonic
irradiation target region with MI1.0.

Expressions of liver tissue
HSP72 mRNA and HSP72
protein

Expressions of liver tissue
HSP72 mRNA and HSP72 pro-
tein were detected in each
group (Figures 2 and 3; Table
4). Expressions in group N
and group P had no significant
change (P .., > 0.05; Ppm >
0.05) while were prominently
lower than that in other
groups (P__.. < 0.01; PmO <
0.01); Expressions in group A
from I/R were prominently
higher than that in other
groups (P__.. < 0.01; PmO <
0.01); HSP72 siRNA was
injected before ischemia
reperfusion (B, C and D).
Expressions of liver tissue
HSP72 mRNA and HSP72 pro-
teininrats|/RB,I|/RCandI/R
D were prominently lower
than group I/RA(P__ . <0.01;
P, < 0.01), and expressions
were especially lower in I/R D
after ultrasound irradiation.

Discussion

The pathophysiology of isch-
emia-reperfusion liver injury
is multifactorial. Diseases
such as microcirculation fail-
ure, the outbreak of oxygen
free radicals and neutrophil
are crucial of early stage,
which also determine the
damage degree of liver tissue
[19, 20]. According to our find-

group N and group P had no significant change
(P,; > 0.05; P, > 0.05; P, > 0.05), while in
groups I/R the concentrations were prominent-
ly higher (P, . < 0.01; P, < 0.01; P, < 0.01).
The concentrations of group A from I/R were
prominently higher than B, Cand D (P, ; < 0.01;
PHSP < 0.01; P < 0.01); there were no signifi-
cant changes between Band C (P, . > 0.05; P,
> 0.05; P, > 0.05); The concentrations of
group D from I/R were prominently lower than
A,Band C (Pyr < 0.01; Psp < 0.01; P < 0.01)

(Tables 1-3).
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ings, after simple ischemia-reperfusion, the
liver function damage of rats is distinct, and the
histopathology is suggestive of flaky vacuoles
and uncrate/flack necrosis of hepatocyte. In
addition, stasis of RBC in local hepatic sinu-
soid, formation of microthrombi, microcircula-
tion failure and prominent absence of neutro-
phil infiltration in hepatic sinusoid and around
the liver cells were also observed.

At present, the typical non-infectious inflamma-
tion exists in ischemia-reperfusion liver injury,

Int J Clin Exp Med 2015;8(4):5746-5752
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Table 4. Comparisons of liver tissue HSP72
mRNA and HSP72 protein expressions
among groups N, P and I/R

HSP72 HSP72
mRNA protein

P value Nvs. P 0.136 0.482
Nvs. I/R <0.001 0.007
Pvs.I/R 0.008 0.001

I/RBvs. I/RA 0.008 0.004
I/RCvs.I/RA 0.007 <0.001
I/RDvs. I/RA 0.002 < 0.001

whose major mechanism may be the inflamma-
tory response of TLR induced by endogenous
ligand (HSP) [21]. Consequently, it may be help-
ful for relief of ischemia-reperfusion liver inflam-
matory injury by inhibiting or blocking TLR
inflammatory signal pathway. We detected the
increasing HSP72 mRNA and expression in
ischemia-reperfusion rats. The levels of HSP72,
ALT and TNF-a in peripheral blood were signifi-
cantly higher at the same time, which indicated
that ischemia reperfusion induced higher
expression of HSP72 as well as inflammatory
injury of liver tissue. As in other relative experi-
ments [17], the role of HPS72 in ischemia-
reperfusion inflammatory injury was starting
inflammatory response induced by TLR4 as an
endogenous ligand.

While positive efforts have been made all the
time, induction of exogenous genes to body
cells remains dissatisfaction in security and
efficacy, which becomes the major obstacle for
clinical application of gene therapy. To date,
non-viral vectors or virus vectors are generally
adopted for gene transfection such as retrovi-
rus, adenovirus and adeno-associated virus
(AAV) for virus vectors and plasmid DNA and
liposome for non-viral vectors. Both kinds has
its relative merits; virus vectors do well in effi-
ciency for gene transfection, while the security
limits the widely usage and body immune
response is formidable; non-viral vectors per-
form less toxicity, no immunogenicity, better
concentration in preparation, unfortunately far
less efficiency for gene transfection than the
virus one, moreover lack of targeting. Intra-
venous injection is lacking of targeting while
local injection has its limitation in application
scope and trauma. According to the latest
research [14-16], ultrasound micro-bubble con-
trast agents was a new gene transfection car-
rier in vivo with objective genes adhering to the
surface or encapsulated in the interior. After
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intravenous injection and suitable ultrasound
irradiation given to target cells or tissues, it
could improve the efficiency of gene transfec-
tion and expression of local histiocytes in vivo.
Consequently, targeted ultrasound micro-bub-
ble performs following advantages: security,
noninvasion, low immunogenicity, repeated
usage, organ specificity and general applicabil-
ity of accessing target organs.

Small interfering RNA (siRNA) can reject or
close the expression of specific genes [22]. As
a result, it may be rewarding to weaken isch-
emia-reperfusion injury by decreasing the
expression of HSP72 in liver with HSP72 siRNA,
which helps to inhibit even block the TLR inflam-
matory signal pathway induced by HSP72. In
the experiment, if recombinant HSP72 siRNA
vectors were injected before ischemia-reperfu-
sion injury, the prominent reducing expression
of HSP72 mRNA and proteins in hepatic tissue
cells as well as the lower content of HSP72, ALT
and TNF-a. These findings suggested that
recombinant HSP72 siRNA could control the
expression of HSP72 mRNA and proteins to a
degree based on ischemia-reperfusion injury.
Supposed the injection of recombinant HSP72
SiRNA vectors combined with ultrasound micro-
bubbles and local ultrasonic radiation to liver
tissue before operation of ischemia reperfu-
sion, the liver tissue injury decreased obviously
as well as the expression of HSP72 mRNA and
proteins and contents of HSP72, ALT and
TNF-a.

Therefore, HSP72 siRNA has expression in
hepatic tissue whose level will be higher if com-
bines with microbubbles after directional ultra-
sound irradiation in contrast with lower expres-
sion of HSP72 mRNA/proteins and decreasing
liver tissue injury. All of the above suggested
ultrasound microbubbles combined with target
genes can enhance effects for gene transfec-
tion after proper ultrasound irradiation. With
the silence of HSP72 mRNA expression caused
by constructing HSP72 siRNA target genes, the
inflammatory response of TLR induced by
endogenous ligand (HSP72) can be decreased,
which performs practical significance for clini-
cal relief of ischemia-reperfusion liver injury.
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