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Abstract: Liver fibrosis is the outcome of a pathological process of repair in various liver injuries, and is important
to diagnose efficiently and noninvasively. Although liver biopsy is regarded as the gold standard method to diagnose
hepatic fibrosis, it is invasive and not easy to perform repeatedly. Our previous studies have shown that insulin-like
growth factor binding protein-related protein 1 (IGFBPrP1) may be a novel molecule involved in the development
of hepatic fibrogenesis. Contrast-enhanced ultrasound (CEUS) can assess microcirculation in the liver and is not
associated with radiation hazards. Accordingly, this study aimed to explore the value of IGFBPrP1 and CEUS in liver
fibrosis staging in a rabbit model. Healthy New Zealand rabbits were divided into a control group and experimental
group, in which thioacetamide (TAA) administration was used to generate liver fibrosis. The histological character-
istics of liver tissue were assessed using hematoxylin and eosin (HE) and Masson staining to stage from SO to S4.
Western blot revealed increases in liver tissue IGFBPrP1 levels in SO-S4 rabbits compared with the control group
(P<0.05). Moreover, ELISA analysis revealed increased serum IGFBPrP1 levels in SO-S4 rabbits compared with
control (P<0.05). Liver tissue and serum IGFBPrP1 levels demonstrated a significant positive correlation with liver
fibrosis staging (P<0.05). After CEUS examination, relevant parameters were calculated, including hepatic artery
arrival time (HAAT), portal vein arrival time (PVAT), hepatic vein arrival time (HVAT), hepatic artery to hepatic vein
transit time (HAHVTT), portal vein to hepatic vein transit time (PVHVTT) and portal vein to hepatic artery transit time
(HAPVTT). HAAT were shorter in S3-S4 rabbits than in the control group (P<0.05). Other parameters were shorter
in S1-S4 rabbits than in the control group (P<0.05). Moreover, these parameters showed significant negative cor-
relation with liver fibrosis staging (P<0.05). These results suggest that liver tissue and serum IGFBPrP1 levels, and
CEUS parameters can reflect liver fibrosis stage and may be important contributors to the diagnosis of liver fibrosis
and early-stage liver cirrhosis.
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Introduction fibrosis may significantly improve the prognosis
of chronic liver diseases.
Liver fibrosis is a common response to a variety

of liver injuries and is characterized by exces- Currently, there are numerous methods avail-

sive deposition of extracellular matrix (ECM).
Recent studies have shown that liver fibrosis is
a reversible step in the development of liver cir-
rhosis [1, 2]. Typically, patients with hepatic
fibrosis exhibit no significant clinical signs,
symptoms, or changes in the levels of serum
biochemical markers. Therefore, liver fibrosis
can advance to liver cirrhosis, and even hepato-
cellular carcinoma and liver failure [3-5]. Early
identification and dynamic monitoring of liver

able for diagnosing liver fibrosis including liver
biopsy, serological testing, and radiological im-
aging [6]. Liver biopsy is regarded to be the gold
standard; however, it is often avoided in clinical
practice because of its invasiveness, sampling
errors, and complications [7-9]. Although sero-
logical testing and radiological imaging are
noninvasive, a definitive diagnosis is often not
reached until late-stage liver cirrhosis. Thus,
these particular tests lack accuracy in detect-
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ing liver fibrosis and early-stage liver cirrhosis,
and cannot be used to grade pathological
changes [10-12]. Therefore, it would be advan-
tageous to develop a simple, sensitive, highly
specific, and noninvasive test for the identifica-
tion of liver fibrosis and early-stage liver cirrho-
sis, and to evaluate pathological grade.

Our previous studies showed that insulin-like
growth factor binding protein-related protein 1
(IGFBPrP1), also known as insulin-like growth
factor binding protein 7 (IGFBP7), was signifi-
cantly elevated in fibrotic and cirrhotic human
liver specimens, and in mouse liver tissue with
thioacetamide (TAA)-induced hepatic fibrosis
[13, 14]. Moreover, we demonstrated that
recombinant IGFBPrP1 was capable of trigger-
ing activation of hepatic stellate cells (HSCs)
and ECM production both in vitro and in vivo
[13, 15]. These findings suggest the potential
of IGFBPrP1 to be a novel diagnostic marker of
liver fibrosis.

In liver fibrosis, it is well-known that changes in
hemodynamics, rather than significant mor-
phological changes, are observed. With the de-
velopment of contrast-enhanced ultrasound
(CEUS) technology, an ultrasound (US) contrast
reagent has been applied to evaluate organ
perfusion. Examination of the microcirculation
is limited with conventional US, Fibroscan,
computed tomography (CT) and magnetic re-
sonance imaging (MRI); however, it is possible
using CEUS. CT is associated with radiation
hazards and MRI is often too costly. Fibroscan
lacks anatomical information and is influenced
by various factors such as obesity and ascites
[16-19].

TAA is a weak carcinogen that causes changes
in hepatic fatty acid metabolism, which is con-
sistent with the characteristics of human liver
damage. Liver fibrosis and cirrhosis induced by
TAA is a classical animal model that can pro-
vide valuable information in understanding pa-
thological disease mechanisms [20, 21]. In the
present study, we evaluated dynamic changes
in IGFBPrP1 and a series of CEUS parameters,
and attempted to validate their clinical value in
diagnosing liver fibrosis and pathological grad-
ing in a rabbit model.

Materials and methods
Antibody and reagents

TAA was purchased from Sigma Aldrich (St.
Louis, MO, USA). The protein extraction kit and
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protein quantification kit were from Applygen
Technologies Incorporated (Beijing, China). The
enhanced chemiluminescence (ECL) kit was
from Thermo Scientific (Waltham, MA, USA). An-
tibodies against IGFBPrP1 and p-actin, and
horseradish peroxidase (HRP)-labeled goat an-
ti-mouse secondary antibody were from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). The
IGFBPrP1 ELISA assay kit was from Shanghai
Yifeng Biotechnology (Shanghai, China). The
ultrasound contrast reagent (SonoVue) was
obtained from Bracco Group (Milan, Italy).

Animal experiments

Healthy, 6-month-old male and female New Ze-
aland rabbits, weighing between 2.0 kg and 3.0
kg (ID number: 2013 JIN 070001), were pro-
vided by the Taiyuan Institute of Animal Science
(Taiyuan, China), and housed and fed in the ani-
mal care facility with a 12 h light-dark cycle at
22°C. All procedures were approved by the
Taiyuan Institutional Animal Care and Use Co-
mmittee. The rabbits were divided into the fol-
lowing groups: control (injected with saline
[n=8]); experimental (injected subcutaneously
with 4% TAA [1.0 mL/kg body weight, 2 times/
week for 20 weeks [n=54]). Every two weeks, 2
to 4 rabbits were examined using CEUS. Liver
tissues and sera were frozen at -80°C until fur-
ther analysis. The effective dose of TAA was
determined based on a mouse model of liver
fibrosis and some preliminary studies. The opti-
mal time point for euthanasia was chosen
according to preliminary studies [14, 22].

Liver histology

Liver tissue was fixed in 10% neutral formalin.
Next, paraffin-embedded liver tissue was cut
into sections (5 pm thick) and stained with
hematoxylin and eosin (HE) and Masson stain-
ing. The histological diagnosis of liver fibrosis
was determined according to the Guidelines of
Prevention and Treatment for Chronic Hepatitis
B (2010 version) [23].

Western blot analysis

Proteins from frozen liver tissue were extracted
according to the manufacturer’'s protocol. Ti-
ssue lysates were separated using sodium
dodecyl sulfate-polyacrylamide gel electropho-
resis and transferred to polyvinylidene fluoride
membranes (Bio-Rad Laboratories, Hercules,
CA, USA). The IGFBPrP1 protein was detected
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Figure 1. A-F. The histological characteristics of liver tissue in rabbits were assessed by HE staining, magnification x200. A: Control group; B: SO group; C: S1 group;
D: S2 group; E: S3 group; F: S4 group. The pathological stage of liver tissue was determined using a 5-point scale: SO (no fibrosis), S1 (portal area fibrosis or peri-
sinusoid fibrosis), S2 (bridging fibrosis), S3 (numerous septal fibrosis without cirrhosis), S4 (early-stage cirrhosis). G-L. The formation of collagenous fiber in rabbit
liver tissue were assessed by Masson staining, magnification x200. G: Control group; H: SO group; I: S1 group; J: S2 group; K: S3 group; L: S4 group.
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Table 1. IGFBPrP1 levels of liver tissue in
rabbits

Groups n IGFBPrP1/B-actin
Control 3 0.96+0.02
SO 3 1.04+0.022
S1 3 1.08+0.014°
S2 3 1.09+0.014°
S3 3 1.11+0.02%°
S4 3 1.12+0.032b¢
F 29.303

P 0.000

Note: 2P<0.05 compared with control group; °P<0.05
compared with SO group; °P<0.05 compared with S1

group.
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Figure 2. A. Protein expressions of IGFBPrP1 in rabbit
liver tissue were examined by Western blot analysis.
B. The relative protein levels were measured using
Bio-Rad Quantity One software. ?P<0.05 compared
with control group; °P<0.05 compared with SO group;
¢P<0.05 compared with S1 group.

Table 2. Serum IGFBPrP1 contents in rabbits

Groups n IGFBPrP1 (ng/ml)
Control 8 2.06+0.26
SO 7 5.18+0.33°
S1 14 5.60+0.67°
S2 6 5.61+0.53¢°
S3 7 8.26+1.012bcd
S4 5 8.39+0.8820cd
F 88.216

P 0.000

Note: 2P<0.05 compared with control group; °P<0.05
compared with SO group; °P<0.05 compared with S1
group; “P<0.05 compared with S2 group.

11609

-
o
J

abcd abced

IGFBPrP1(ng/ml)
T %
(W]

N
1

0-
control SO S$1 S2 S3 S4

Figure 3. Serum IGFBPrP1 contents in rabbits were
measured by ELISA analysis. 2P<0.05 compared with
control group; PP<0.05 compared with SO group;
°P<0.05 compared with S1 group; 9P<0.05 com-
pared with S2 group.

by immunoblotting with IGFBPrP1 antibody
(1:500), B-actin antibody (1:1000), and HRP-
conjugated secondary antibody (1:20000). Im-
munodetection was performed using a com-
mercially available ECL detection system (Ch-
emiDoc™ XRS Imaging System, Bio-RadLabo-
ratories). The relative protein levels were mea-
sured using commercially available software
(Quantity One, Bio-Rad Laboratories).

ELISA analysis

Blood samples were obtained and serum |G-
FBPrP1 was measured according to the ELISA
Kit instructions. Briefly, a standard sample was
diluted to different concentrations to create a
standard curve, and accordingly, serum levels
of IGFBPrP1 were determined. All assays were
performed in duplicate, and optical density at
450 nm was measured using an automatic
microplate reader (Bio-Tek, Winooski, VT, USA).

CEUS

All ultrasonic examinations were performed by
an experienced radiologist using a color ultra-
sonic diagnostic apparatus (Philips, Amsterd-
am, Netherlands) equipped with contrast pulse
sequence technology; the mechanical index
was set at 0.06 to 0.08. First, conventional
two-dimensional US and color Doppler US were
used to observe morphology, intrahepatic ves-
sels of the liver, and the flow rate of the hepatic
artery, portal vein, and hepatic vein. The mode
was then switched to CEUS. SonoVue was rap-
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Table 3. Parameters of CEUS (HAAT, PVAT and HVAT) in Results
rabbits ) ] ) ]
Groups n HAAT (5) PVAT (5) HVAT (s) f:gg;ilsoglcal stage of liver tissue in
Control 8 9.10+£1.02 13.38+1.73 20.87+1.96
SO 7 8.75£1.63 12.63+1.11  20.00+1.81 The histological characteristics of liver
S1 14 8.05+1.11 10.14+0.822*  16.29+1.65%° tissue from rabbits induced with TAA
S2 6 7.61+0.88 9.45+0.84%°  14.46+0.992 ¢ were examined using HE staining
S3 7  7.48+0.73*°  9.05+0.75*¢  13.82+0.80%0¢ (Figure 1A-F) and Masson staining
sS4 5 5.63+0.53bcde G .82+0.44aPcde 8 81+(0.59abcde (Figure 1G'L), and diagnosed accord-
ing to fibrosis stage as follows: SO
F 7.626 34.576 54.153
(n=7); S1 (n=14); S2 (n=6); S3 (n=7);
P 0.000 0.000 0.000

and S4 (n=b5). Fifteen rabbits died.

Note: 2P<0.05 compared with control group; ®°P<0.05 compared with SO

group; °P<0.05 compared with S1 group; “P<0.05 compared with S2

group; °P<0.05 compared with S3 group.

Table 4. Parameters of CEUS (HAHVTT, PVHVTT and

HAPVTT) in rabbits

IGFBPrP1 levels of liver tissue in rab-
bits

Western blot analysis revealed that
IGFBPrP1 levels in liver tissue were

increased in SO-S4 rabbits compared

Groups _n HAHVTT (S) PVHVTT (s) HAPVTT (5) with controls (P<0.05); increased in
Control 8 11.78+2.13 7.4942.32 4.29+1.01 S1-S4 rabbits compared with SO rab-
SO 7 11.25+0.80 7.38+1.54 3.88+1.08 bits (P<('_)(:)5)7 and increased in S4 rab-
S1 14  8.25+0.952° 6.16+1.092 2.09+0.813* bits compared with S1 rabbits (P<0.05)
S2 6 6.85+0.59*°¢  501+0.51*°  1.84+0.50%° (Table 1 and Figure 2A, 2B). Ad-
S3 7 6.34+0.972bc A4.77+0.97abe 1.56+0.722b> ditionally, liver tissue IGFBPrP1 levels
s4 5 3.18+0.65%b0%¢ 1.99+0.4500c0e  1.19+0.328b¢ were positively and significantly corre-
F 47.743 13.742 17.417 lated with liver fibrosis stage (r=0.914;
P<0.05).
P 0.000 0.000 0.000

Note: 2P<0.05 compared with control group; ®°P<0.05 compared with SO

Serum IGFBPrP1 contents in rabbits

group; °P<0.05 compared with S1 group; “P<0.05 compared with S2

group; °P<0.05 compared with S3 group.

idly infused through the cubital vein (0.1 mL/
kg) followed by rapid infusion of 3 mL of saline.
The following parameters were determined and
restored by the QLAB-intensity curve software:
hepatic artery arrival time (HAAT); portal vein
arrival time (PVAT); hepatic vein arrival time
(HVAT); hepatic artery to hepatic vein transit
time (HAHVTT [HVAT - HAAT]); portal vein to
hepatic vein transit time (PVHVTT [HVAT -
PVAT]); and portal vein to hepatic artery transit
time (HAPVTT [PVAT - HAAT)).

Statistical analysis

All data were analyzed using SPSS version 17.0
(SPSS, Inc., Chicago, IL, USA). The results were
expressed as mean + standard deviation (SD).
One-way analysis of variance (ANOVA) with
Dunnett’s T3 post hoc test was used to com-
pare values between different groups. Cor-
relation analysis was performed using Spear-
man’s correlation coefficient. P<0.05 was con-
sidered to be statistically significant.

11610

According to ELISA analysis, serum

IGFBPrP1 contents were higher in SO-
S4 rabbits than in the control group (P<0.05),
and higher in S3-S4 rabbits than in the SO, S1
and S2 rabbits (P<0.05) (Table 2 and Figure 3).
Importantly, serum IGFBPrP1 levels were posi-
tively correlated with liver fibrosis stage
(r=0.869; P<0.05).

Parameters of CEUS in rabbits

CEUS analysis revealed the following: PVAT,
HVAT, HAHVTT, PVHVTT, and HAPVTT were
shorter in S1 rabbits than controls (P<0.05),
and PVAT, HVAT, HAHVTT, and HAPVTT were
shorter than in SO rabbits (P<0.05); PVAT, HVAT,
HAHVTT, PVHVTT, and HAPVTT in S2 rabbits
were shorter than in controls and SO rabbits
(P<0.05), and HVAT and HAHVTT were shorter
than in S1 rabbits (P<0.05); HAAT, PVAT, HVAT,
HAHVTT, PVHVTT, and HAPVTT were shorter in
S3 rabbits than in controls (P<0.05), and PVAT,
HVAT, HAHVTT, PVHVTT, and HAPVTT were
shorter than in SO rabbits (P<0.05), and PVAT,
HVAT, HAHVTT, and PVHVTT were shorter than

Int J Clin Exp Med 2017;10(8):11606-11615
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Figure 4. Time-intensity curve after infusion of ultrasound contrast of CEUS. Red: hepatic artery; yellow: portal vein; green: hepatic vein. A: Control group; B: SO
group; C: S1 group; D: S2 group; E: S3 group; F: S4 group.
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Figure 5. Parameters of CEUS were determined and restored by the QLAB-
intensity curve software, including hepatic artery arrival time (HAAT), portal
vein arrival time (PVAT) and hepatic vein arrival time (HVAT). 2P<0.05 com-
pared with control group; ®°P<0.05 compared with SO group; °P<0.05 com-
pared with S1 group; 9P<0.05 compared with S2 group; ¢P<0.05 compared

with S3 group.

in S1 rabbits (P<0.05); and finally, HAAT, PVAT,
HVAT, HAHVTT, PVHVTT, and HAPVTT were
shorter in S4 rabbits than in controls, and in
SO and S1 rabbits (P<0.05), and HAAT, PVAT,
HVAT, HAHVTT, and PVHVTT were shorter than
in S2 and S3 rabbits (P<0.05) (Tables 3 and 4;
Figures 4-6). Moreover, HAAT, PVAT, HVAT,
HAHVTT, PVHVTT, and HAPVTT demonstrated a
significant negative correlation with liver patho-
logical stage (r=-0.603, -0.870, -0.910, -0.895,
-0.729 and -0.792, respectively; P<0.05).

Discussion

In the present study, TAA administration
was used to generate a rabbit model of liver
fibrosis. Liver fibrosis stages in rabbits were
assessed using HE and Masson staining. In
the normal group, liver cells were arranged reg-
ularly. Liver lobular architecture was in-
tact, and few fibers formed in the blood vessel
walls and biliary duct walls. In contrast, howev-
er, livers in the experimental group exhibited
pathological characteristics in different stages
such as portal area fibrosis or peri-sinusoid
fibrosis, bridging fibrosis, numerous septal
fibroses, and even the formation of pseu-
dolobules.

IGFBPrP1 is a secreted protein and a member

of the insulin-like growth factor family. It is
extensively expressed in normal liver, kidney,
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was significantly increased in
the metaphase of HSC activa-
tion. Our previous studies
demonstrated that IGFBPrP1
contributes to the develop-
ment of liver fibrosis and may
be involved in the progression
of hepatic fibrogenesis. Our
recent in vitro and in vivo stud-
ies revealed that IGFBPrP1
induces liver fibrosis by mediating the activa-
tion of HSCs via the Smad2/3 and ERK1/2 sig-
naling pathway [30, 31]. In this study, liver tis-
sue and serum levels of IGFBPrP1 in rabbits
with TAA-induced fibrosis were increased com-
pared with the control group (P<0.05).
Furthermore, liver tissue and serum IGFBPrP1
levels demonstrated a significant and positive
correlation with liver fibrosis stage (P<0.05).
These findings suggest the promising potential
of IGFBPrP1 as a novel diagnostic biomarker of
liver fibrosis and early-stage liver cirrhosis.

Among radiological imaging methods, CEUS is
not associated with radiation hazards and is
less expensive than CT or MRI. Additionally,
CEUS can assess microcirculation in the liver.
Hepatic fibrosis is the outcome of a pathologi-
cal process of repair in various liver injuries dur-
ing which intrahepatic hemodynamics are
altered. For example, activation of HSCs and
sinusoid capillarization, leading to blood flow
resistance, are increased. These changes
result in a shunt between the portal and hepat-
ic veins. In addition, ECM deposition and fiber
separation can alter liver anatomy. Liver fibro-
sis may lead to reconstruction of hepatic lob-
ules and formation of communicating branches
between arteries and veins [32-34]. These fac-
tors caused changes in HAAT, PVAT, HVAT,
HAHVTT, PVHVTT, and HAPVTT. They were
shorter in the experimental group than in the-
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Figure 6. Parameters of CEUS also including hepatic artery to hepatic
vein transit time (HAHVTT=HVAT-HAAT), portal vein to hepatic vein transit
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(HAPVTT=PVAT-HAAT). 2P<0.05 compared with control group; °P<0.05 com-
pared with SO group; °P<0.05 compared with S1 group; “P<0.05 compared

with S2 group; ¢P<0.05 compared with S3 group.

control group (P<0.05). Moreover, HAAT, PVAT,
HVAT, HAHVTT, PVHVTT, and HAPVTT demon-
strated a significant negative correlation with
liver pathological stage (P<0.05). These
results suggest that CEUS can mirror the
changes in microcirculation and hemody-
namics in liver fibrosis and early-stage liver
cirrhosis.

Accurate diagnosis is often difficult using a sin-
gle method, and all methods have inherent
advantages and disadvantages. Examination
of IGFBPrP1 combined with CEUS may improve
the diagnostic efficiency of liver fibrosis and
early-stage liver cirrhosis. Additional studies
involving large animals (e.g., dogs) and humans
are needed before our results can be appliedin
clinical practice.

Conclusion

Dynamic observation of both IGFBPrP1 and
CEUS in rabbits with TAA-induced liver fibrosis
demonstrated that liver tissue and serum
IGFBPrP1 levels and CEUS parameters can
reflect liver fibrosis stage, and may be impor-
tant contributors to the diagnosis of liver fibro-
sis and early-stage liver cirrhosis.
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