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Characteristics of liver fibrosis with different gtiol®gif€'s
using a fully quantitative fibrosis asses§menfytool

Abstract
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diagnosis of severe liver fibrosis and cirrhosis in recent
years, but these methods are not effective in the diagnosis of
mild or moderate liver fibrosis. So currently, the noninvasive
diagnostic methods can not completely substitute liver
biopsy (5).

In recent years, a new concept of quantitative structure
has been proposed, which is based on a new technology
tool — gFibrosis analysis system (6). It relies on non-linear
second harmonic generation (SHG)/two-photon excitation
fluorescence (TPEF) microscopy imaging technique.
Combining organizational engineering, biophotonics and
clinical liver disease theory and technology, qFibrosis can
faithfully replicate traditional fibrosis score and detect
subtle quantitative fibrosis changes (7-10). SHG/TPEF
can analyze and quantify collagen fibers because it is very
sensitive in detecting dissymmetry in the structure of
fibrillar collagen molecules in stain-free biopsy sections.
This quantitative method for liver fibrosis evaluation is
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supposedly superior than traditional semi-quantitative
staging systems for it is objective, fully quantitative, less
sensitive to sampling error, and can mediate inter-/intra-
observer variation (6). The method has been recently
validated in chronic hepatitis B (6). However, its accuracy
to detect extensive fibrosis or cirrhosis in other chronic
liver diseases remains to be demonstrated.

The aim of this study is to assess the diagnostic
performance of qFibrosis for the evaluation of fibrosis and
histological stages in chronic cholestatic diseases of
primary biliary cirrhosis (PBC) and non-alcoholic steato-
hepatitis (NASH) by comparing with the results from
chronic hepatitis B (CHB), to analyze the characteristics of
different etiology liver fibrosis in different stages, and to
provide theoretical basis and data for further clinical
application of gFibrosis.

Material and Methods

Patients

Altogether 117 patients with liver fibrosis, including
50 patients with chronic hepatitis B (CHB), 49 patients with
primary biliary cirrhosis (PBC), and 18 patients with nol
alcoholic  steatohepatitis (NASH) were retrospectiy
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fibrosis p. en in portal area (portal expansion),
collagen i al area (bridging fibrosis), and collagen in
fibrillar area®fine collagen distributed in the pericellular/
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bis study. Collagen features were classified into three
f : collagen proportions including total, aggregated and
ed collagen percentages; collagen string properties
s the thickness, length, and width; and ratios of
t collagen string types. See Table 1 and Supple-
ary Table S1 for details.

tatistical analysis

The gFibrosis parameters for patients with CHB, PBC and
NASH were analyzed. One-way ANOVA test was also used
for parametemcomparison between different fibrosis stages. In
order to determine the characteristics of liver fibrosis from
different etiologies, Spearman correlation analysis was used
to analyze correlation between parameters and stages.

Results

Parameters of aggregated collagen in portal, septal
and fibrillar areas all increased significantly with higher
fibrosis stages in samples from PBC and CHB (P <0.05),
but parameters of distributed collagen did not increase
significantly (P> 0.05). There was no significant increase
in parameters in samples from NASH (P > 0.05) (Figure 1).

Spearman correlation analysis showed a significant
correlation between parameters in portal, septal and fibrillar
areas for both CHB and PBC samples (P<0.05), but no
significant correlation was found between collagen parameters
and stage of liver fibrosis for both CHB and PBC samples
(P>0.05). There was no significant correlation between
NASH parameters and fibrosis stages (P> 0.05) (Figure 2).

For CHB and PBC patients, the highest correlation
was between the septal parameters and stages of fibrosis,
in the middle was the correlation between portal param-
eters and stages, and the lowest correlation was between
fibrillar parameters and stages, which suggest that the
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Table 1. Characteristics evaluated in the study and their explanation.

Characteristics Explanation

String Known as collagen fiber, strip structure. These structures have specific attrj

Aggregated Collagen was processed with fibrosis, some were aggregated an

Distributed Collagen was processed with fibrosis, and some were scattg
fiber that contained morphological characteristics, which y
fibrosis and fibrosis dynamics were then estimated.

Portal Consisted of portal tract (including the hepatic vein, one hepa ery and one bile duct), central
vein, and other lumens (lymph-vessel, nerve branch etc.). Patff§aical outer layers were

adhered to a large number of collagen, according orpholo@#al characteristics of portal
collagen fibers, which were quantified, and the deg and fibrosis dynamics were
then estimated.

Septa Complete septa linked some portal to portal tracts and@fidged some portal tracts to central
veins, forming a special morphological characteristic ca “septa”, and collagen fibers with

estimated.

Fibrillar Tissue fibrosis, (except portal and . Fibrillar fibrosis resulted in collagen fiber,
which also had one important fedice from hepalic fibrosis sinus cells, fibrosis of extracellular
matrix. Morphological charactgristi ied, and the degree of fibrosis and fibrosis
dynamics were then estimafi#¥.

Cross-link Collagen fibers that were i @fvay in the process of fibrosis. Confirming the

number of nodes is helpWfor glfly liverfibrosis progression evaluation.

StrOrientation

f one-way ANOVA analysis of parameters in portal, septal and fibrillar areas with liver fibrosis stages in samples from
(CHB), primary biliary cirrhosis (PBC), and non-alcoholic steatohepatitis (NASH). Orange, light blue and gray colors
erentiation of different parameters. SHG, second harmonic generation; AGG: aggregated collagen percentage; DIS:
lagen percentage. See Supplementary Table S1 for details.
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Figure 2. Spearman correlation analysis of parameters in portal, septal and fibrillar §eas with stages for chronic hepatitis B (CHB),
primary biliary cirrhosis (PBC) and non-alcoholic steatohepatitis (NA Orange, light blue and gray colors are used for differentiation of
different parameters. SHG, second harmonic generation; AGG, ollagen percentage; DIS, distributed collagen percentage.
See Supplementary Table S1 for details.

septal parameter is the most important for predicti
fibrosis progression (Figure 3).

From the second harmonic generation and
excited fluorescence images, the pathologi
fibrosis are different in different etiologies
stained in green and liver cell structur
(Figure 4).

g descriptive diagnosis. By analyzing pathological
ges of liver diseases, researchers establish disease
seVerity according to pathological characteristics, such as
ecrosis in portal or septal area, degeneration or foci
necrosis in fibrillar area, portal veins inflammation and
liver fibrosis (13). In order to differentiate mild from severe
liver diseases with a semi-quantitative analysis, patho-
logical changes such as liver tissue inflammation and
fibrosis have been given scores. However, it is reported
that the intra- and inter-observer discrepancy in the
etiology  available semi-quantitative systems can be as high as
r fibrosis, 35% (15-17).

Discussion

Liver biopsy is still the g standard i
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Figure 4. Second harmonic generation and two-photon excited fluorescence ima
etiologies. Collagen is stained green and liver cell structure is stained red. A, Prima
tracts (arrow). B, Chronic hepatitis B, in which expanded portal tracts are linked by fibrou
to a portal tract and central vein (arrows). C, Non-alcoholic steatohepatitis, showing pe
individual and small groups of hepatocytes and vacuoles cells (arrows).

Effort is made to assess the progression of liver
fibrosis by the proportion of collagen fibers in the liver.
Morphological assay (morphometry) is frequently used in
clinical studies. In this method, collagen fibers from a
stained area are calculated and compared with the whole,
area under analysis to get the collagen proportiong
area (CPA). CPA, also called collagen area ratio, j
to 7% in normal liver and 12 to 36% in liver cirrhosi
CPA can be further subdivided, and it is use
independent predictor for cirrhosis (18). Despi

stages (6).

gFibrosis quantitative analysis
includes quantitative and structural i
which can reflect changes of fibr
bution. Combining the staging m
tive fibrosis analysis can also s

performance of
and histological
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erent patterns of fibrosis by different

. ¢
@ which fibrosis began in portal

ge and slender bridge septa are connected
lar fibrosis, fibrous lattice surrounding

second was between portal parameters and
and the lowest correlation was between

ers and fibrosis stages, which suggest that

pared with parameters of distributed collagen,
bters of aggregated collagen in portal, septal and
areas seem to be more suitable for assessment

ologically, for PBC patients, liver fibrosis progression
happens in the septal area, although it starts in the portal
rea. For CHB, parameters in the portal and septal areas
were strongly correlated with progression of stages, which
suggests that the parameters in these two areas, partic-
ularly the &ggregated collagen parameters, could be
used in the assessment of liver fibrosis progression and
reversion. The gFibrosis candidate parameters based on
CHB are also applicable for quantitative analysis of liver
fibrosis in PBC. In this study, the parameters for NASH
were not significantly correlated with fibrosis stages, sug-
gesting that the candidate parameters of qFibrosis based
on CHB are not suitable for quantitative assessment of
liver fibrosis in NASH. Further studies are necessary to
reach a stronger conclusion, because of the small sample
size of NASH cases in this study.
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