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Abstract

AIM: To elucidate the possible crosstalk between
angiogenesis, cytokeratin-18 (CK-18), and insulin
resistance (IR) especially in patients with non-alcoholic
steatohepatitis (NASH).

METHODS: Twenty-eight patients with NASH and 11
with simple fatty liver disease (FL) were enrolled in this
study and underwent clinicopathological examination.
The measures of angiogenesis, CK-18, and IR em-
ployed were CD34-immunopositive vessels, CK-18-
immunopositive cells, and homeostasis model assess-
ment of IR (HOMA-IR), respectively. The correlations
of these factors with NASH were elucidated.

RESULTS: Significant development of hepatic neo-
vascularization was observed only in NASH, whereas
almost no neovascularization could be observed in FL
and healthy liver. The degree of angiogenesis was al-
most parallel to liver fibrosis development, and both
parameters were positively correlated. Similarly, CK-18

expression and HOMA-R were significantly increased in
NASH as compared with FL and healthy liver. Further-
more, CK-18 and HOMA-IR were also positively corre-
lated with the degree of neovascularization.

CONCLUSION: These results indicate that the crosstalk
between angiogenesis, CK-18, and IR may play an
important role in the onset and progression of NASH.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) ranges from
simple steatosis to cirrhosis. Fatty liver (FL) has been
recognized as a benign and non-progressive condition”,
However, non-alcoholic steatohepatitis (NASH) is now
widely known as a liver disease which may progress to
liver cirrhosis and finally hepatocellular carcinoma (HCC).
Fibrosis development is only seen in NASH but not
in simple FL. The pathogenesis of NASH is not well
understood, but it is unlikely that one of the recognized
mechanisms explains all pathogenic processes of NASH.
Thereby, NASH may develop as a consequence of a

multifactorial process”.
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Angiogenesis i.e. formation of new vessels by sprout-
ing from the pre-existing vasculature, is of central im-
portance for embryonic development and organogenesis.
Abnormally pathological angiogenesis is observed in
rheumatoid arthritis, psoriasis, diabetic retinopathy, tumor
growth, and even in ﬁbrogenesism. Although previous
studies conducted to determine the molecular process as-
sociated with fibrosis and angiogenesis were performed
independently, recent studies have revealed that both
biological phenomena developed synergisticallym. It was
shown that neovascularization significantly increased
during the development of liver fibrosis both in hu-
man and animal experimental studies™. In the NASH
experimental model, we previously demonstrated that
angiogenesis plays an important role in the progression
of NASH". We also reported that neovascularization
developed in patients with NASH whereas no marked
augmentation was observed in FL or the healthy liver,

Recent studies have suggested that increased hepa-
tocyte apoptosis has an important role in progression
from simple FL. to NASH, and correlates with disease
severity and hepatic fibrosis™", During apoptosis, some
intracellular proteins are cleaved by caspase. A neoepi-
tope in cytokeratin-18 (CK-18), the major intermediate
filament protein in the liver, becomes available at an
carly caspase cleavage event during apoptosis and is not
detectable in the viable or necrotic cells"". It has been
reported that CK-18 fragments were markedly elevated
in NAFLD patients as compared with healthy controls,
and that the plasma levels of CK-18 correlated with the
expression levels in the liver. A significant increase in
CK-18 expression could be observed in patients with
NASH as compared with the simple FL patients, and
the expression level of CK-18 correlated with the pres-

ence of fibrosis™”

. The same group recently conducted a
multicenter validation study which yielded similar results,
and CK-18 was identified as an independent predictor
of NASH"™,

NASH is well known as a liver disease that frequently
complicates insulin resistance (IR) status'”. Current
evidence points to IR and subsequent hyperinsulinemia
as the key pathogenic factors in NAFLD and progression
from simple FL to NASH". Tt has been reported that
IR accelerated the progression in a NASH animal model,
and that an insulin-sensitizing agent could reverse the
underlying pathogenesis involved through improvement
in IR"". We also have demonstrated that IR itself
significantly promoted liver fibrosis development in
diabetic rats'"”. Several studies have shown that insulin-
sensitizing agents improved the metabolic and histologic
parameters, most notably liver injury and fibrosis, not
only in experimental models, but also in patients with
NASH""'". Collectively, these findings indicate that
neovascularization, CK-18 expression, and IR status play
pivotal roles in the progression of NASH. We previously
demonstrated that angiogenesis and IR play important
roles in animal NASH models". However, no study
has been conducted as yet to examine the interaction
among these parameters in NASH using human cases.

In the current study, we elucidated the possible

correlation between angiogenesis, CK-18, and IR
especially in fibrosis development, which is one of the
specific characteristic features of NASH compared with
simple FL.

MATERIALS AND METHODS

Patients and methods

We recruited a total of 39 patients with NAFLD be-
tween 2001 and 2007 at Nara Medical University, and
three healthy volunteers were enrolled as a control
group. Twenty-eight patients with NASH (17 males and
11 females) and 11 patients with simple FL (seven males
and four females), diagnosed by histological examina-
tion, were enrolled in this study. First, all patients were
re-evaluated clinically for evidence of diseases including
diabetes mellitus and hypertension. Alcohol-induced
hepatitis was excluded according to each patient’s self-
report and was confirmed by the family. The height and
weight were measured, and the body mass index (BMI)
was calculated. Hepatitis B virus surface antigen and
hepatitis C virus antibody were negative in all patients.
The standard liver function tests were performed for all
patients. The fasting blood levels of glucose and insulin
were assessed, and the homeostasis model assessment
parameter of IR (HOMA-IR) was calculated. The serum
fibrosis markers, namely, hyaluronic acid, type IV col-
lagen 7S (7S-collagen), and amino-terminal peptide of
type-1ll pro-collagen, were measured by latex agglutina-
tion, enzyme immunoassay, and radioimmunoassay, re-
spectively, using routine laboratory methods. The serum
levels of leptin and adiponectin were measured by ELI-
SA kit (R&D systems, Tokyo, Japan) according to the

. . . . 18,19
manufacturer’s instructions as described previously' ™.

Histology and immunohistochemistry

Liver biopsies obtained for diagnostic purposes were
histologically examined. The liver biopsy specimens
exceeded 1.5-2 cm in length and 1.4 ¢cm in width, and
contained more than five portal areas in each sample
that was sufficient to perform the immunohistochemical
analysis. In all samples, serial sections were used for
analysis. The first section was routinely stained with
hematoxylin and eosin for histological examination.
Another section was stained with Sitius Red to detect
fibrosis development. The fibrosis stages was scored in
an FO to F4 scale, where FO means absence of fibrosis;
F1, portal fibrosis with few septa; F2, few septa; F3,
abundant septa with cirrhosis; F4, cirrhosis, as described
elsewhere™, Regarding the 28 patients with NASH,
10 had low-grade fibrosis (FO and F1), and 18 had
high-grade fibrosis (F2 to F4). For determination of
neovascularization, we employed immunohistochemical
detection of CD34, which is widely used as a marker
of neovascularization, using paraffin-embedded
sections as described previouslypu, We also performed
immunohistochemical staining of CK-18 in the liver. Liver
tissue samples were fixed in 4% formaldehyde solution
and embedded in paraffin. Then, 5 pm tissue sections
were incubated in 0.1% hydrogen peroxide in 70%
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Table 1 Characteristic features of patients with FL and NASH
(mean + SD)

NASH FL P-value
(n = 28) n=11)

Age (yr) 454 +147 43.6+14.1 0.587
Sex (M/F) 17/11 7/4 0.660
BMI (kg/m’) 28.5+6.91 258 +1.16 0.042
Total cholesterol (mg/dL)  218.6 +43.3 203.4 £48.3 0.350
Triglycerides (mg/dL) 186.1 +69.3 237.1+98.2 0.075
FFA (mmol/L) 0.532+£0.207  0.897+0.804  0.079
Fasting plasma glucose 113.3 £30.0 98.8+19.2 0.116
(mg/dL)

Fasting plasma insulin 208 £11.5 10.0+3.91 0.018
(WU/mL)

HOMA-IR 579 +4.15 2.26 +0.96 0.038
HbA1c (%) 6.09 £1.29 5.25+0.53 0.130
Serum albumin (g/dL) 457 +0.33 454 +0.39 0.774
AST (IU/L) 63.4+27.0 37.5+10.0 0.012
ALT (IU/L) 105.5 + 65.7 69.8 +31.2 0.035
y-GTP (IU/L) 68.4+37.1 64.2+47.8 0.770
ZTT (kU) 7.87 +4.60 5.89+2.39 0.224
Total bilirubin (mg/dL) 0.80+0.25 1.00 +0.98 0.305
ICG R15 (%) 10.9 £4.28 9.00 £2.61 0.264
Procollagen-Il-peptide 0.83 +0.31 0.96 +0.23 0.454
(U/mL)

Collagen IV-7S (ng/mL) 446+1.83 440£1.52 0.762
Hyaluronic acid (ng/mL) 60.4 +57.6 15.0 £9.06 0.036
Platelets (10*/puL) 21.2+8.83 23.2+4.85 0.470
Leptin (ng/mL) 7.23+3.98 258 +0.43 0.040
Adiponectin (ng/mL) 5.06 +1.90 8.25 +0.95 0.016

FL: Fatty liver; NASH: Non-alcoholic steatohepatitis; M: Male; F: Female.

methanol for 30 min to inhibit the endogenous peroxidase
activity. Microwave antigen retrieval was performed at
500 W for 15 min with pH 9 antigen retrieval solution
(Nichirei Bioscience Inc., Tokyo, Japan). Then, 10% fetal
bovine serum with 0.3% Triton X was used to prevent
nonspecific staining. The slides were subsequently
incubated overnight at 4°C in humidified chambers with
primary rabbit polyclonal anti-CDD34 antibody at a dilution
of 1:100 and primary rabbit polyclonal anti-CK-18
antibody (DAKO, Kyoto, Japan) at a dilution of 1:100.
The sections were rinsed three times in a phosphate-
buffered solution and further incubated with a biotinylated
secondary antibody for 30 min at room temperature.
Antigen-antibody complexes were detected by the avidin-
biotin-peroxide method, using diaminobenzidine as a
chromogenic substrate (DAKO, Carpentaria, CA, USA).
Finally, the slides were counter-stained with hematoxylin
and then examined microscopically. Immunopositive
quantitation of CD34 and Sirius Red-positive liver fibrosis
areas were evaluated with Adobe Photoshop software
and NIH image software as described previouslym]. The
intensity of CK-18 staining was scored from 0 to 4 as
previously described™ with minor modification; 0: no
staining; 1: mild (punctured labeling); 2: mild to moderate
(dense labeling in a few lesions); 3: moderate; 4: strong
(dense and homogeneous labeling in large areas).

Statistical analysis
All data are expressed as mean = SD. The statistical
analysis was performed using the Xz test for independence,

Figure 1 Representative microphotographs of CD34-positive neovessels
and cytokeratin-18 (CK-18)-positive cells in the liver of patients. A: Marked
CD34-positive immunopositive vessels could be found in NASH along with liver
fibrosis development; B: The immunopositivity of CK-18 was mainly observed
in the hepatocytes. The arrows indicate CD34 and CK-18-immunopositivity in A
and B, respectively. The original magnification was x 100.

the two-tailed Student’s ~test, and simple regression
analysis. Correlation between two parameters was tested
by the Spearman rank correlation matrix.

RESULTS

Clinical features

The clinical features of both groups are shown in Table 1.
Most of the clinical features in the FL and NASH patients
were not significantly different except BMI, HOMA-
IR, serum aspartate aminotransferase (AST), hyaluronic
acid, leptin, and adiponectin. The NASH patients had
significantly higher BMI (28.8 £ 4.33 »s 25.6 = 1.20),
HOMA-IR (5.79 £ 4.15 »s 2.26 £ 0.96), AST (59.4 £
27.0 »s 37.5 = 10.0), hyaluronic acid (62.0 + 58.6 »s 15.0
+ 9.06), and leptin (7.79 + 4.47 s 2.58 + 0.43), than the
FL patients. On the other hand, significantly lower serum
adiponectin levels were observed in the NASH patients
compared with the FL patients (5.31 £ 1.70 5 8.25 £ 0.95).

Neovascularization

The typical features of CD34-immunopositive neovessels
in the liver are shown in Figure 1A. Apparent CD34-
positive vessels could be observed neither in the liver
of the healthy subjects nor in the FL patients, whereas
marked immunopositive vessels could be observed in
NASH livers along with the development of liver fibrosis.
In the liver of low-grade fibrosis, neovascularization could
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Figure 2 Semi-quantitative analysis of CD34 and possible correlation with
liver fibrosis development. A: Semi-quantitative analysis of the CD34-positive
neovessels in the liver in non-alcoholic fatty liver disease (NAFLD). There was
no difference between the control healthy liver and simple FL. In NASH, a
marked augmentation of neovascularization was found in the liver of NASH as
compared with FL. The magnitude of neovascularization in high-grade (F2 to
F4) liver fibrosis was more than in low-grade (FO, F1) fibrosis. The proportional
increase in neovascularization was almost parallel to the development of liver
fibrosis. "P < 0.01 vs control group; “P < 0.01 vs low-grade fibrosis with NASH
group. The number of patients in each group was as follows: Control (n = 3),
FL (n = 11), low-grade fibrosis (FO and F1: n = 10), and high-grade fibrosis
(F2 to F4: n = 18). MV: Microvessel density; B: The relationship between
the development of CD-34-positive vessels and fibrosis grade in NAFLD.
The degree of angiogenesis correlated with the development of fibrosis. The
equation was y = 509.82x - 6.7958. The correlation coefficient was 0.6288.

be observed around the central vein (zone III). These
neovessels progressed to the portal area (zone 1) and
were also observed along the fibrotic septa in high-grade
fibrosis. We next performed a semiquantitative analysis
of the CD34-positive neovessels in conjunction with liver
fibrosis development. There was no difference between
the normal control liver and the FL (Figure 2A), which
conformed with the immunohistochemical features. In
NASH, a marked augmentation of neovascularization was
found in the liver of NASH cases as compared with the
FL. The magnitude of neovascularization in high-grade
(F2 to F4) liver fibrosis was more than in low-grade (FO,
F1) fibrosis. The increase in neovascularization was almost
parallel to the development of liver fibrosis. As shown in
Figure 2B, the degree of CD34-positive vessels positively
correlated with fibrosis development (7 = 0.6288).

CK-18 and IR

We next examined CK-18 expression in the liver. The

HOMA-IR
(%2}
T
-

Control FL FO, F1 F2-4

NASH
Group

Figure 3 Semi-quantitative analysis of the CK-18-positive cells in
the liver (A) and HOMA-IR (B) in NAFLD. Similar to the CD34-positive
neovascularization, there was no difference between the control healthy
liver and FL. In NASH, a marked augmentation of CK-18 (A) and HOMA-IR
(B) was found in the liver of NASH as compared with FL. The magnitude of
neovascularization in high-grade (F2 to F4) liver fibrosis was more than in low-
grade (FO, F1) fibrosis. The number of patients in each group was as follows;
C (n =3), FL (n = 11), low-grade fibrosis (FO and F1: n = 10), and high-grade
fibrosis (F2 to F4: n = 18). °P < 0.01 vs control group; °P < 0.01 vs low-grade
fibrosis with NASH group.

immunopositivity of CK-18 was mainly observed in the
hepatocytes (Figure 1B). Similar to CD34, CK-18 expres-
sion was significantly increased in the NASH patients
as compared with simple FL and healthy liver. Staining
of CK-18 was barely visible in the healthy liver and FL,
whereas most NASH cases showed positive staining.
Among the NASH patients, those with high-grade fibro-
sis had greater hepatic expression of CK-18 than those
with low-grade fibrosis (Figure 3A). We observed that
the magnitude of CK-18 expression positively correlated
with CD34-positive neovascularization (# = 0.6512,
Figure 4A). We also examined the possible role of IR in
progression of NASH, and observed that HOMA-IR
was significantly higher in NASH patients than in simple
FL and healthy liver. The HOMA-IR also increased with
the progression of NASH, and there was a positive cor-
relation between HOMA-IR and hepatic neovasculariza-
tion (Figure 3B and Figure 4B, respectively).

DISCUSSION

Recent studies have revealed that angiogenesis plays an
important role in many pathological events, including
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Figure 4 The relationship between angiogenesis, CK-18-positive vessels
(A), and HOMA-IR (B). The degree of angiogenesis correlated with the CK-18-
positive cells (A) and HOMA-IR (B). A: The magnitude of expression of CK-18
correlated positively with CD34-positive neovascularization. The equation was
y = 500.63x + 4.6606. The correlation coefficient was 0.6512; B: Similarly, there
was a positive correlation between HOMA-IR and hepatic neovascularization.
The equation was y = 233.75x - 339.39. The correlation efficient was 0.6184.

liver fibrosis development. Although previous studies
conducted to determine the molecular processes as-
sociated with fibrosis and angiogenesis were performed
independently, recent studies have revealed that both
biological phenomena emerged concomitantly™. Angio-
genesis in the liver is charactetized by capillarization of
the sinusoids”. It has been shown that capillarization
and phenotypic changes of the hepatic sinusoidal en-
dothelial cells (ECs) occur during liver fibrosis develop-
ment'™, Tt has been reported that CD34 is not expressed
by healthy ECs, but when ECs alter their phenotype,
they can express CD34™, Much attention is focused on
a possible association with chronic liver diseases™. A
recent study on chronic hepatitis C (CHC) has shown
that the number of CD34-positive new vessels was sig-
nificantly increased and positively correlated with the
fibrosis stage”™. As well as CHC, in the current study
we found a significant development of hepatic CD34-
positive neovascularization in NASH, whereas almost
no development could be observed in FL. The degree
of angiogenesis was almost parallel to the development
of liver fibrosis in NASH. These results are consistent
with our previous experimental finding that angiogen-
esis increased stepwise during hepatic fibrosis develop-
ment in several fibrosis models, including the rodent
dietary NASH model®”. We also observed that HOMA-
IR was significantly higher in NASH along with liver

fibrosis development, and that it positively correlated
with the development of neovascularization. We previ-
ously reported that the IR status, i.e. co-existence of
high glucose and insulin, itself significantly promoted
liver fibrosis development in rats along with augmenta-
tion of neovascularization. Furthermore, high glucose
and insulin stimulated 7z vitro neovascularization, and
the combination treatment with glucose and insulin sig-
nificantly promoted the effect as compared with either
agent alone'™. Collectively, it is likely that TR-mediated
neovascularization is involved in the development and
progression of NASH.

Because NAFLD is 2 common manifestation of
metabolic syndromes, vatious adipocytokines are involved
in the progression of NASH”"*, Among them, adiponectin
and leptin are well known to be involved in the
pathogenesis of NASHP*, Adiponectin administration
alleviates NAFLD progression in mice, and liver fibrosis
is accelerated in adiponectin knockout mice, indicating
the protective effect of adiponectin against liver fibrosis
development in NASH"". In the NASH patients, the
circulating adiponectin is reportedly decreased””, and
we also observed that the serum level of adiponectin in
NASH decreased significantly more than in FL. On the
other hand, recent reports have revealed that leptin exerts
pro-fibrogenic activity. Hepatic fibrogenesis is impaired in
leptin- and leptin receptor-deficient animals™7. Leptin
also enhances proliferation of activated hepatic stellate
cells (HSCs), which play a central role in the development
of liver fibrosis™. In addition to these direct effects on
HSC, recent studies have revealed that leptin possesses
angiogenic activity[7‘34]. We previously reported that
leptin exerted a potent angiogenic effect, and that leptin-
mediated neovascularization played an important role
in the development of liver fibrosis in the rat NASH
model”. In the current study, the serum leptin level was
significantly higher in NASH than in FL. However, we
only measured the serum level of leptin in the current
study. The role of leptin in fibrosis development in
NASH is still controversial. It has been reported that local
leptin plays a more important role than serum leptin in
the progression of NASH"™. Further studies are required
to elucidate the local leptin and leptin receptor interaction
with zn situ hybridization in the future.

As well as neovascularization, we observed that the
hepatocyte apoptosis marker, CK-18, was also significantly
increased in NASH as compared with simple FL. This
finding was consistent with recent reports suggesting
that the CK-18 expression can detect the presence of
NASH"*"**. Uncontrolled hepatocyte apoptosis proved
to be an important event triggering liver ﬁbrogenesism.
We also observed that the expression of CK-18 was
increased along with liver fibrosis development in NASH.
Moreover, there was a positive correlation between
the CK-18 expression and hepatic neovascularization.
These results suggested that there was some crosstalk
between CK-18 and angiogenesis in the liver of NASH.
As well as being a marker of apoptosis, CK-18 has been
found to enhance the migratory and invasive potential
of tumor cells””. Furthermore, it has been reported
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that CK-18 expression was significantly higher in HCC
than in CHC™. We previously reported that hepatic
neovascularization increased in a stepwise manner during
hepatocatrcinogenesis, and the increase in angiogenesis was
mainly observed in the glutathione-S-transferase placental
form (GST-P)-positive pre-neoplastic lesions as compared
with the adjacent tissues™ . A recent report has shown
that CK-18 expression also significantly increased in GST-
P-positive lesions'"'!. These results indicate that, as well
as being a marker of apoptosis, CK-18 may have a direct
association with hepatic neovascularization.

It is important to elucidate whether the correlation
among these factors is a cause or consequence of NASH.
However, in this study, we could not identify what factors
were the causes or consequences in the progression of
NASH. Although the respective factors interact with each
other, further sequential studies are required in the future
to determine what factors developed prior to other factors
during the progression of NASH. Also, the number of
patients was not high enough in the current study. We are
acquiring a larger number of patients’ files and when the
sample of patients with NASH and simple FL is adequate,
we will perform an advanced analysis of the current
parameters.

In conclusion, we have shown that only the liver of
NASH cases had marked neovascularization whereas
simple FL. and healthy livers did not. The hepatic
neovascularization was proportional to the increase in
grade of liver fibrosis. CK-18 expression and HOMA-IR
were also significantly increased in NASH as compared
with FL and healthy liver. Furthermore, CK-18 and
HOMA-IR also positively correlated with the degree
of neovascularization. These results indicate that the
crosstalk between angiogenesis, CK-18, and IR may play
an important role in the onset and progression of NASH.

COMMENTS

Background

It has been reported that angiogenesis, cytokeratin-18 (CK-18), and insulin
resistance (IR) play important roles in the development of non-alcoholic
steatohepatitis (NASH). The aim of the current study was to elucidate the
possible crosstalk between angiogenesis, CK-18, and IR especially in patients
with NASH.

Research frontiers

Significant development of hepatic neovascularization was observed only in
NASH, and the degree of angiogenesis was almost parallel to liver fibrosis
development. Similarly, CK-18 expression and IR were significantly increased
in NASH. Furthermore, CK-18 and IR also positively correlated with the degree
of neovascularization.

Innovations and breakthroughs

Only NASH was associated with marked neovascularization, which was
proportional to the increase in grade of liver fibrosis. Moreover, the degree of
neovascularization positively correlated with CK-18 and IR in NASH. These
results emphasize the new findings that the crosstalk between angiogenesis,
CK-18, and IR plays an important role in the onset and progression of NASH.
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The novel findings may lead to a new alternative therapy for NASH in the near
future.
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results.
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