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Abstract: The present study aimed to investigate the feasibility of quantitative analysis of liver fibrosis using real-
time tissue elastography (RTE) and its pathological and molecule biological basis. Methods: Fifty-four New Zealand
rabbits were subcutaneously injected with thioacetamide (TAA) to induce liver fibrosis as the model group, and
another eight New Zealand rabbits served as the normal control group. Four rabbits were randomly taken every
two weeks for real-time tissue elastography (RTE) and quantitative analysis of tissue diffusion. The obtained twelve
characteristic quantities included relative mean value (MEAN), standard deviation (SD), blue area % (% AREA),
complexity (COMP), kurtosis (KURT), skewness (SKEW), contrast (CONT), entropy (ENT), inverse different moment
(IDM), angular secon moment (ASM), correlation (CORR) and liver fibrosis index (LF Index). Rabbits were executed
and liver tissues were taken for pathological staging of liver fibrosis (grouped by pathological stage into SO group, S1
group, S2 group, S3 group and S4 group). In addition, the collagen | (Col I) and collagen Ill (Col 1ll) expression levels
in liver tissue were detected by Western blot. Results: Except for KURT, there were significant differences among the
other eleven characteristic quantities (P < 0.05). LF Index, Col | and Col Ill expression levels showed a rising trend
with increased pathological staging of liver fibrosis, presenting a positive correlation with the pathological staging
of liver fibrosis (r = 0.718, r = 0.693, r = 0.611, P < 0.05). Conclusion: RTE quantitative analysis is expected for
noninvasive evaluation of the pathological staging of liver fibrosis.
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Introduction

Liver fibrosis is not only the common pathologi-
cal outcome of various chronic liver injuries, but
also an early reversible link in the progressive
development of chronic liver diseases. It is
mainly characterized by abnormal excessive
deposition of extracellular matrix (ECM), which
could be further developed into liver cirrhosis
[1, 2]. Early diagnosis and timely treatment of
liver fibrosis can significantly improve the prog-
nosis of chronic liver diseases. Due to the cur-
rent lack of non-invasive method of early diag-
nosis with strong sensitivity and high specifici-
ty, it has become one of the hotspots to explore
non-invasive examination that can dynamically
monitor liver fibrosis.

Diagnosis of liver fibrosis mainly relies on three
means: histopathology, Serological test and

imaging technique [3]. Liver histopathological
biopsy is the gold standard for the diagnosis of
liver fibrosis, but it is an invasive inspection,
with poor reproducibility. The specificity, sensi-
tivity and accuracy of serological liver fibrosis
indexes for the diagnosis of liver fibrosis can
not reflect the actual situation of liver fibrosis
yet. As an important imaging diagnostic mean,
ultrasound has become an important method
of imaging diagnosis for liver fibrosis due to its
simple and economical detection method and
dynamic observation. In recent years, the ultra-
sound elastography technique marked by ultra-
sound biomechanics has been rapidly devel-
oped [4], demonstrating good clinical applica-
tion prospect in quantifying the degree of liver
fibrosis and evaluating the pathological staging,
so that it is considered as a non-invasive, rapid,
repeated method for quantitative detection of
liver fibrosis. In this study, real-time tissue elas-
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Elastography for liver fibrosis

Figure 1. Masson staining pathology images of rabbit liver tis-
sues (x 100): A: normal control group, with normal liver tis-
sue. B: SO group: within SO stage, without fibrosis. C: S1 group:
within S1 stage, with periportal fibrosis enlargement limited
sinus and lobular fibrosis. D: S2 group: within S2 stage, with

into two groups, including the normal con-
trol group (8) and the model group (54). The
model group was given subcutaneous
injection of 4% TAA (dose of 1.0 ml/kg), two
times/week for 20 weeks.

Instrument

Hitachi’s HI Vision Preirus ultrasound diag-
nostic unit with L52 linear array probe with
a frequency of 7.5 MHz was selected,
equipped with RTE technology and soft-
ware for quantitative analysis of tissue
diffusion.

Protocols

Four rabbits were taken for ultrasound
elastography examination every two weeks.
The rabbits were then executed, and the 1
x 1 x 1 cm? rabbit liver tissues were taken,
which were fixed with 10% formalin solu-
tion for histopathological examination. In
addition, other liver tissues were frozen in
liquid nitrogen at -80°C for detection of Col
I and Col Il contents by Western blot. The
study was approved by the Animal Care and
Use Committee at the Shanxi Medical Uni-

periportal fibrosis, formation of fibrous septum and reserva- versity.
tion of lobular structure. E: S3 group: within S3 stage, with

fibrous septum and lobular structural disorder, without liver
cirrhosis. F: S4 group: within S4 stage, with early cirrhosis and

formation of pseudolobule.

tography (RTE) technique was used to detect
the pathological staging of rabbit liver fibrosis,
so as to explore the molecule biological basis.

Materials and methods
Reagents

Thioacetamide (TAA, Sigma Alorich), Collagen |
mouse monoclonal antibody (@b90395), and
Collagen Il mouse monoclonal antibody
(MAB6614); Protein Extraction Kit and Protein
Quantification Kit (Beijing Puli Lai Gene
Technology Co., Ltd.), ECL chemiluminescence
kit (Thermo Scientific), and p-actin mouse
monoclonal antibody (sc-47778).

Animals and modeling

There were a total of sixty-two New Zealand
rabbits, including half male and half female,
weighed 2~3 kg. They were randomly divided
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Ultrasound elastography

After anesthesia, rabbit hairs in the liver

region were removed. The rabbits were set
orthostaticly to significantly reduce the impact
of breathing on elastography. The left lobe of
liver below the xiphoid was selected in order to
avoid the intrahepatic large vessels, 0.5~1.0
cm away from the liver capsule, with a depth of
4 cm. The region of interest (ROI) was with the
perimeter of 46.1 mm and the area of 1.3 cm?.
A good two-dimensional slice was taken, and
the elastography was converted. The cardiac
impulse was used as the external force. The
intensity could be displayed through the wave-
form curves. There were five continuous and
stable troughs, one of which was selected for
observation of the elastogram (Figures 1, 2).
ROl was analyzed using software. The obtained
twelve characteristic quantities included rela-
tive mean value (MEAN), standard deviation
(SD), blue area % (% AREA), complexity (COMP),
kurtosis (KURT), skewness (SKEW), contrast
(CONT), entropy (ENT), inverse different mom-
ent (IDM), angular secon moment (ASM), corre-
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Figure 2. Rabbit elastography images: A: Normal control group. B: SO group. C: S1 group. D: S2 group. E: S3 group.

F: S4 group.

lation (CORR) and liver fibrosis index (LF Index).
Each patient was measured for three times and
the mean was calculated.

Pathological staging

1 x 1 x 1 cm® rabbit liver tissues were taken
and fixed with 10% formalin solution, routinely
embedded with paraffin serially sectioned,
stained with hematoxylin-eosin (HE), reticular
fiber and Masson, followed by pathological
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observation. According to the viral hepatitis
prevention and treatment standards jointly
revised by the Infectious and Parasitic Diseases
Branch, and Hepatology Branch of Chinese
Medical Association in 2000 [5], the degrees of
liver fibrosis were staged into SO: no fibrosis;
S1: periportal fibrosis enlargement, limited
sinus and lobular fibrosis; S2: periportal fibro-
sis, formation of fibrous septum and retain-
ment of lobular structure; S3: fibrous septum
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Table 1. ANOVA results of twelve characteris-
tic quantities of New Zealand rabbits

Characteristic Quantities F Value P Value
MEAN 8.029 0.000
SD 15.632 0.000
% AREA 15.544 0.000
COMP 4.721 0.001
KURT 1.330 0.255
SKEW 5.328 0.000
CONT 3.332 0.007
ENT 3.622 0.004
IDM 7.580 0.000
ASM 2.292 0.049
CORR 2.358 0.044
LF Index 19.199

Note: MEAN: relative mean value; SD: standard devia-
tion; % AREA: blue area %; COMP: complexity; KURT:
kurtosis; SKEW: skewness; CONT: contrast; ENT: entropy;
IDM: inverse different moment; ASM: angular secon mo-
ment; CORR: correlation; LF Index: liver fibrosis index.

with lobular structural disorder, without liver cir-
rhosis; S4: early liver cirrhosis.

Western blot detection

50 mg of frozen liver tissues were cut into piec-
es, added with tissue lysates and ground. The
total protein was extracted, added with sample
buffer and separated by electrophoresis, fol-
lowed by transmembrane, blocking, incubation
with Col | antibody (1:1000), Col Il antibody
(1:500) and B-actin antibody (1:1000) over-
night at 4°C, incubation with secondary anti-
body, ECL substrate chemiluminescence, deve-
loping, fixing, and scanning. Quantity one image
analysis system was used for analysis of the
average gray value (A value) of each band. The
A value of target band was divided by the A
value of internal reference in order to correct
the error. The results expressed the relative
expression levels of Col | and Col lll.

Statistical analysis

SPSS 17.0 statistical software was used. All
measurement data were expressed as X + s.
One-way analysis of variance (One-Way ANOVA)
was used for comparison among groups.
Spearman rank correlation analysis was used
for correlation analysis. The receiver operating
curve (ROC) was constructed. P < 0.05 was
considered as statistically significant.
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Table 2. Correlation between twelve charac-
teristic quantities of New Zealand rabbits and
the pathological staging

Characteristic Quantities  r Value P Value
MEAN -0.462 0.000
SD 0.514 0.000
% AREA 0.546 0.000
COMP 0.317 0.001
KURT -0.058 0.494
SKEW 0.367 0.000
CONT 0.024 0.773
ENT -0.317 0.000
IDM 0.470 0.000
ASM 0.247 0.003
CORR 0.237 0.005
LF Index 0.718 0.014

Note: MEAN: relative mean value; SD: standard devia-
tion; % AREA: blue area %; COMP: complexity; KURT:
kurtosis; SKEW: skewness; CONT: contrast; ENT: entropy;
IDM: inverse different moment; ASM: angular secon mo-
ment; CORR: correlation; LF Index: liver fibrosis index.

Results
Pathological staging of rabbit liver fibrosis

There were eight rabbits in the normal control
group, and thirty-two rabbits were successfully
modeled in the liver fibrosis model group
(S1~S4 periods), with the successful modeling
rate of 59.3%. Pathological staging: seven in
SO stage, fourteen in S1 stage, six in S2 stage,
seven in S3 stage, and five in S4 stage.
According to the pathological staging, they were
grouped into SO group, S1 group, S2 group, S3
group and S4 group (Figure 1).

Correlation between quantitative parameters
of elastography and pathological staging of
liver fibrosis

In addition to the KURT (P > 0.05), there were
statistically significant differences among the
other eleven characteristic quantities (P < 0.05)
(Table 1). The correlation between eleven char-
acteristic quantities with statistically significant
differences and pathological staging was fur-
ther analyzed, and the results showed that LF
Index, SD and % AREA were with larger positive
correlation coefficients (Table 2), wherein, LF
Index was with the largest correlation (r =
0.718, P < 0.05) (Figure 2).
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Table 3. LF Index, % AREA and SD in evaluating the area under the curve (AUC) and cut-off value dur-

ing different pathological stages

S>S1

S>8S2 S>S3 S =54

Characteristic Quantities

AUC Cut-off Value AUC Cut-off Value AUC Cut-off Value AUC Cut-off Value

LF Index 0.754 2.525 0.945
% AREA 0.735 24.905 0.770
SD 0.719 60.750 0.718

2.699 0.983 3.107 0.924 3.333
25.525 0.794 26.215  0.755 32.170
61.700 0.738 65.050  0.689 65.150

Table 4. LF Index, Col | and Col lll expression levels of

New Zealand rabbits (X £ s)

ROC curve analysis

Group LF Index Col |

ROC curve was used to determine LF

Control group 2.33+0.25

Index, % AREA and SD for evaluation of
the area under the curve (AUC) and cut-

0.88+0.68 0.90+0.03

SO 250£0.42 093+0.61 0.91+0.01 off value during different pathological
S1 242 +£0.22 1.01+0.10 0.98+0.01 stages (Table 3). Among three parame-
S2 2.77+£0.25"% 1.07+£0.03"" 1.01+0.05""  ters, LF Index had the best effect in eval-
s3 3.45 + 0.41°*&%  1.04 + 0.06° 1.00 + 0.08" uating the pathological staging of liver
S4 3.53 +0.28"*&% 1.01 + 0.08"* 1.00 + 0.06" fibrosis, followed by % AREA.

F value 19.199 3.545 )

P value 0.000 0.034 Western blot assay of the expression

level of ECM

Note: “Compared with the 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.

Intergroup pairwise comparison of LF Index, %
AREA and SD

The correlation coefficient between LF Index, %
AREA or SD and pathological stage was rela-
tively larger. The differences of pairwise com-
parison during different pathological stages
were further analyzed, and the results showed
that there was statistically significant differ-
ences in LF Index between the control group
and S2 group, S3 group or S4 group (P < 0.05),
between SO group and S3 group or S4 group (P
< 0.05), between S1 group and S2 group, S3
group or S4 group (P < 0.05), between S2 group
and S3 group or S4 group (P < 0.05). The other
groups showed no significant difference
between any two groups (P > 0.05). There was
statistically significant difference in % AREA
between the control group and the S1 group,
S2 group, S3 group or S4 group (P < 0.05),
between the S1 group and S3 group or S4
group (P < 0.05), between S2 group and S4
group (P < 0.05). The other groups showed no
significant difference between any two groups
(P> 0.05). There was statistically significant dif-
ference in SD between the control group and
S1 group, S2 group, S3 group or S4 group (P <
0.05). The other groups showed no significant
difference between any two groups (P > 0.05).
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With the aggravation of the pathological

staging of liver fibrosis, the expression

levels of Col I, Col lll in liver tissues
showed a rising trend overall. The Col | and Col
lIl expression levels in liver tissue were posi-
tively correlated to the pathological staging of
liver fibrosis (r = 0.693, P < 0.05;r=0.611, P<
0.05). The Col | expression levels in S2 group,
S3 group and S4 group were significantly higher
than the normal control group, with statistically
significant differences (P < 0.05); the Col |
expression levels in S2 group and S4 group
were significantly higher than SO group, with
statistically significant differences (P < 0.05).
The Col lll expression levels in S2 group, S3
group and S4 group were significantly higher
than the control group, with statistically signifi-
cant differences (P < 0.05); the Col Ill expres-
sion level in S2 group was significantly higher
than SO group, with statistically significant dif-
ference (P < 0.05) (Table 4).

Discussion

The activation of hepatic stellate cells (HSC) is
the central link of liver fibrosis [6]. While liver
damage, HSC in a stationary state located in
the perisinusoidal Disse cavity is transformed
into myofibroblast-like cell (MFBC) with activi-
ties of proliferation, contraction and migration,
promoting inflammation and fibrogenesis phe-
notype, followed by synthesis of a large number
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of ECM, which are deposited in the liver and
caused liver fibrosis, leading to changes in liver
stiffness and liver elastic parameters. There-
fore, liver elasticity (stiffness) measurement
has become a non-invasive method for the
diagnosis of liver fibrosis received attention in
recent years. The researches showed that the
hardness of the liver tissue was related to the
degree of liver fibrosis [7-15]. The basic princi-
ple of ultrasound elastography was that an
internal (including itself) or external dynamic or
static (quasi-static) excitement was applied to
the tissue, in addition with the use of the probe
or probe squeeze plate device, the tissue was
longitudinally compressed along the probe.
Under the role of elasticity, biomechanics and
other physical factors, the tissue would pro-
duce a response, such as displacement and
strain. The elasticity distribution within tissues
could be evaluated by using ultrasonic imaging
method and combining with digital signal pro-
cessing or digital image processing techniques,
which could directly or indirectly reflect the dif-
ferences of the modulus of elasticity and other
mechanical properties within the tissue.
Transient elastography technique (Fibroscan,
FS) is a method widely used currently. A num-
ber of studies have been conducted in patients
with liver fibrosis, such as chronic hepatitis C
[8, 9, 12] and liver fibrosis caused by other eti-
ologies. The diagnostic value has been validat-
ed to a certain extent. But for patients with
obvious obesity, fatty liver, massive ascites,
intercostal space stenosis, acute hepatitis and
extra liver biliary obstruction, FS was difficult to
succeed and could not directly display the liver
image. Compared with FS, RTE technique used
in this study [16] was more simple, which could
carry out elastography based on two-dimen-
sional ultrasound, visualize the liver ultrasound
images, and perform the elasticity detection of
the target liver tissue under direct vision in
order to obtain quantitative parameters.

Real-time tissue elastography (RTE) is a kind of
oppressive elastography technique [16]. Its
principle is based on different elastic coeffi-
cients of different tissues. Coupled with differ-
ent strains after force or alternating vibration,
different fragment signals were collected dur-
ing a certain period of time. The combined
autocorrelation method (CAM) was used for
analysis of the echo signals reflected before
and after the oppression. The displacements at
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different positions within the tissue were esti-
mated to calculate the degree of deformation,
and then imaging in grayscale or color encod-
ing. At present, many studies have shown that
RTE had achieved a high degree of accuracy in
the differential diagnosis of benign and malig-
nant tumors in breast, thyroid and other super-
ficial organs [17, 18]. The new generation of
RTE technology was equipped with quantitative
analysis of tissue diffusion. Based on the prin-
ciple of RTE, the imaging solely relied on the tis-
sue compression formed by patient’s own car-
diovascular pulsatile capability reduced the
impact of manual pressure, free from the limi-
tations of intercostal space stenosis, restric-
tions ascites, fatty degeneration and other fac-
tors. The method was performed by using ana-
lytical software for analysis of ROl in order to
obtained eleven characteristic quantities,
including [19] relative mean value (MEAN): the
mean value of the relative deformation data
within ROIl; standard deviation (SD): the stan-
dard deviation value of the relative deformation
within ROI; blue area % (% AREA): the ratio of
pixels of relative deformation below the thresh-
old within ROI; complexity (COMP): the relative
deformation within ROl was squared and calcu-
lated by the perimeter and area of the blue
area; kurtosis (KURT): the asymmetry of defor-
mation data distribution, presenting the char-
acteristic number of peak height in the proba-
bility density distribution curve at the mean
value; skewness (SKEW): the deviation of defor-
mation data distribution and the mean value,
presenting the characteristic number of the
degree of asymmetry relative to the mean value
in the probability density distribution curve;
contrast (CONT): the distribution of deforma-
tion data relative to the principal diagonal, that
was, the greater the resolution was, the greater
the contrast would be; entropy (ENT): the equal
degree of deformation data distribution, that
was the average amount of information; inverse
different moment (IDM): the inorganic deforma-
tion of distribution data and the complexity of
characteristic quantities’ own properties; angu-
lar secon moment (ASM): the specific number
of pixels set and correlation of the whole data,
consistency of the characteristic quantities’
textures, and entropy within ROI; correlation
(CORR): the directivity of characteristic quanti-
ties’ textures, reflecting the degree of similarity
of characteristic quantities’ elements in the
row and column directions. These eleven char-
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acteristic quantities were calculated by a mul-
tiple regression equation, ultimately, the liver
fibrosis (LF Index) was obtained for comprehen-
sive reflection of the elastic characteristics of
the tissue.

Studies have confirmed that RTE could be used
for non-invasive evaluation of liver fibrosis [20-
22]. This real-time tissue elastography tech-
nique had more obvious advantages than con-
ventional two-dimensional ultrasound and
color Doppler ultrasound in evaluating liver
fibrosis. This study showed that among twelve
characteristic quantities, the correlation
between LF Index, SD or % AREA and the patho-
logical staging of liver fibrosis was relatively
larger, wherein, LF Index was the maximum (r =
0.718, P < 0.05). ROC curve analysis also
showed that LF Index had the best effect in
assess evaluating the pathological staging of
liver fibrosis, indicating that as a comprehen-
sive parameter to reflect the elastic character-
istics of liver tissue, LF Index could better eval-
uate the pathological staging of liver fibrosis.
The differences of pairwise comparisons of LF
Index, SD and % AREA were further analyzed
during the pathological stages, and the results
showed that LF Index, SD and % AREA were dif-
ferent in distinguishing the differences of differ-
ent pathological stages, wherein, LF Index, SD
and % AREA were all significantly different
between the control group and S2 group,
between S2 group, S3 group and S4 group,
indicating that the elastic parameters could not
distinguish the subtle lesions in liver tissue dur-
ing the S2 stage. If S2 period was considered
as the boundary of mild and severe liver fibro-
sis, the results would show that there was a
statistically significant difference in LF Index
between S1 group and S2 group, S3 group or
S4 group (P < 0.05), between S2 group and S3
group or S4 group; there was a statistically sig-
nificant difference in % AREA between S1 group
and S3 group or S4 group (P < 0.05), between
S2 group and S4 group (P < 0.05), indicating
that LF Index and % AREA might have potential
abilities in distinguishing mild and severe liver
fibrosis.

The synthesis and degradation of ECM was in
dynamic equilibrium in normal liver tissues.
While liver fibrosis, the amount of ECM genera-
tion was increased and the amount in degrada-
tion was reduced, which caused a large number
of ECM deposition in liver tissues, leading to
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increased liver stiffness and changes in liver
elastography parameters. The molecular biolo-
gy technique could detect the expression level
of ECM. The main component of ECM was
Collagen | (Col I) and Collagen Il (Col ). In this
study, Col | and Col Ill expression levels were
detected by Western blot. It was found that Col
I and Col Ill showed a rising trend with the
aggravation of liver fibrosis staging, confirming
the molecule biological basis of increased LF
Index with the aggravation of liver fibrosis
staging.

There are also limitations of this study. Rabbit
spontaneous breathing had certain impact on
the collection of elastic data. In this study, the
modeling method of TAA-induced liver fibrosis
could cause more obvious liver inflammation
and necrosis, which might affect the analysis of
the quantitative elastic parameters.

Since animal experiments were carried out in
this study, the results were to be clinically prov-
en. It was believed that with extensive research-
es and clinical practices, RTE quantitative anal-
ysis of tissue diffusion was expected for nonin-
vasive evaluation of the degree of liver fibrosis.
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