”3 Therefore, it is important to
differentiate patients with NASH from patients with more benign forms of NAFLD.
Liver fibrosis accumulates with the progression of NASH toward cirrhosis, as is
reported in the case of viral hepatitis. Changes in many proteins associated with fibrosis
have been reported during the course of viral hepatitis. Matrix metalloproteinases (MMPs)

and their inhibitors (tissue inhibitors of metalloproteinases, TIMPs) are reportedly

associated with the progression of liver fibrosis ( 2007). It is unclear
whether changes in the gene expression of fibrosis-associated proteins occur in the liver of
patients with NASH, as they do in patients with viral hepatitis, and whether there are
differences in the gene expression patterns and serum levels of these proteins between
NASH and simple steatosis. In the present study, we investigated the gene expression
patterns of several fibrosis-associated proteins in the livers of patients with NAFLD,
comparing patients with and without NASH. Serum levels of fibrosis-associated proteins
were also investigated.

Patients and methods

Patients

The study population consisted of 64 patients (36 males and 28 females with a mean age of

51.0 £ 15.0 years) who underwent ultrasound-guided liver biopsy between 2008 and 2010
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for the diagnosis of NAFLD. They were patients who agreed with liver biopsy among 268
patients who had admitted to our clinics and had been advised to receive liver biopsy
because of the clinical diagnosis of NAFLD during the study period. Liver biopsy was
performed to examine the presence of NASH and to confirm the diagnosis. Patients were
clinically diagnosed with NAFLD prior to biopsy based on the following criteria: (i)
persistent abnormal liver function tests for more than 3 months, (ii) ultrasonographic
images showing steatosis, (iii) no evidence of alcohol abuse, and (iv) exclusion of other
liver diseases and other known causes of steatosis based on the results of specific clinical,
biochemical, or imaging studies. The ultrasonographic findings of steatosis were based on
established criteria such as hepatorenal echo contrast, liver brightness, deep attenuation,

7). The first two criteria were used as definitive

and vascular blurring (
criteria, while the latter two criteria were taken into account as needed. All patients were
confirmed not to have chronic viral hepatitis with negatiye results for hepatitis B virus
(HBV) surface antigen, HBV DNA, hepatitis C virus (HCV) antibody, and HCV RNA. No
patients were diagnosed as having autoimmune hepatitis, primary biliary cirrhosis, or other
liver diseases.

All patients underwent ultrasonography-guided fine needle liver biopsy using a

17G biopsy needle. NAFLD was pathologically diagnosed based on pathologic findings in
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the biopsied liver specimens. The liver biopsy specimens were stained with hematoxylin

and eosin, Masson’s trichrome, and periodic-acid Schiff stains and then examined by

experienced pathologists. The liver specimens were categorized into types 1-4

pathologically based on Matteoni classification (¥ WW«QQ, and types 3 and 4
wére defined as NASH. Patologic evaluations were performed by two pathologists
independently.

The study protocol was in compliance with the Helsinki Declaration and was
approved by the institutional review board of Ogaki Municipal Hospital. All patients
provided written informed consent for the use of their clinical data and the analyses of
biopsy specimens and serum samples.

RNA extraction and real-time PCR for gene expression analyses

Liver biopsy specimens were stored in AmbionéRNAlater solution (Life Technologies,
Carlsbad, CA, USA) at —80°C until RNA extraction. Total RNA was extracted using the
mirVana miRNA isolatidon kit (Life Technologies) according to the manufacturer’s
instructions.

c¢DNA was synthesized using the Transcriptor High Fidelity cDNA Synthesis Kit

(Roche, Basel, Switzerland). Total RNA (2 mg) in 10.4 pL of nuclease-free water was

added to 1 mL of 50 mM random hexamer. The denaturing reaction was performed for 10
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min at 65°C. The denatured RNA mixture was added to 4 mL of 5x reverse transcriptase
buffer, 2 mL of 10 mM dNTP, 0.5 mL of 40 U/mL RNase inhibitor, and 1.1 mL of reverse
transcriptase (FastStart Universal SYBR Green Master, Roche) in a total volume of 20
mL. The reaction ran for 30 min at 50°C (cDNA synthesis), and 5 min at 85°C (enzyme
denaturation). All reactions were run in triplicate. The Chromo4 detector (Bio-Rad,
Hercules, CA, USA) was used to detect mRNA expression. The primer sequences are
follows: TIMP1: 5'-cttggcttctgecactgatgg-3' (sense), S'-acgetggtataaggtggtct-3 (antisense);
TIMP2: 5'-agtggactctggaaacgaca-3' (sense); 5'-tctctgtgacccagtecate-3' (antisense); MMP2:
5'- aacgccgatggggagtactg-3' (sense); S'-cagggcetgtecttcagegtt-3' (antisense); MMP13:
5'-gaggctccgagaaatgeagt-3' (sense); 5'-atgccatcgtgaagtetggt-3' (antisense); and p-actin:
5'-ccactggcategtgatggac-3' (sense), 5'-tcattgccaatggtgatgacct-3' (antisense). Assays were
performed in triplicate, and the expression levels of target genes were normalized to the
expression of the B-actin gene as quantified using real-time quantitative PCR as an internal
control.

Measurement of serum levels of fibrosis-associated proteins

Serum levels of TIMP1, MMP2, and hyaluronic acid were measured in stored fasting
serum samples that had been obtained at the time of liver biopsy. Serum TIMP1 levels

were measured by enzyme immunoassay (hTIMP-1 kit, Daiichi Fine Chemical, Toyama,
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Japan). Serum MMP?2 levels were measured by enzyme immunoassay (hMMP-2 Activity
Assay System, GE Healthcare Japan, Tokyo, Japan). Serum hyaluronic acid was measured
by the latex agglutination method (Hyaluronic acid LT, Wako Pure Chemical Industries,
Osaka, Japan).

Statistical analysis

Quantitative values are expressed as means + SD. Between-group differences were
analyzed by the chi-square test. Differences in quantitative values between two groups
were analyzed by the Mann—Whitney U test. Correlation between liver tissue mRNA and
serum levels of TIMP1 and MMP?2 were evaluated with Spearman’s test. Multivariate
analysis was performed using logistic regression models. All p values were 2-tailed, and p
< 0.05 was considered to indicate statistical significance.

Results

Background characteristics of study patients

summarizes the characteristics of the study patients. Pathologic examination
revealed that all patients had steatosis involving at least 10% of the hepatocytes, and
NASH was diagnosed in 43 patients (67.2%). Among 43 patients diagnosed with NASH,

13 patients (30.2%) were diagnosed with stage 3 or 4 fibrosis according to the Brunt

. No significant differences were found between patients
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with and without NASH with respect to age, sex, body weight, laboratory data, and degree
of steatosis on pathologic evaluation (Supplemental Table 1).

Expression of TIMP1, TIMP2, MMP2, and MMP13 mRNA in liver
tissue in patients with NAFLD

compares the gene expression levels of TIMP1, TIMP2, MMP2, and MMP13
based on the quantification of mRINA in the liver tissue of patients with and without
NASH. The quantity of MMP mRNA was significantly higher in patients with NASH
(2.69 + 1.40, relative expression level) than those without (1.50 + 0.57; p < 0.0001). No
significant differences were found in the quantity of TIMP1, TIMP2, and MMP13 mRNA.
There were no differences in the quantity of TIMP1, TIMP2, MMP2, and MMP13 mRNA
according to the degree of steatosis (data not shown).

Serum levels of TIMP1, MMP2, and hyaluronic acid in patients with
NAFLD

compares the levels of TIMP1, MMP2, and hyaluronic acid in serum samples
obtained at the time of liver biopsy between patients with and without NASH. Serum levels
of TIMP1 and MMP2 showed a significant correlation with liver tissue mRNA levels,
respectively, although the correlation was not strong (p = 0.0003 and p = 0.472 for TIMP1,

and p < 0.0001 and p = 0.534 for MMP2, Supplemental Figure 1). The serum levels of
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MMP?2 and hyaluronic acid were significantly higher in patients with NASH than in
patients without (MMP2, p = 0.00198, and hyaluronic acid, p = 0.00042). No significant
differences were found in the serum levels of TIMP1 between patients with and without
NASH.

Univariate and multivariate analyses were performed for factors associated with
NASH . In the univariate analysis, serum aspartate aminotransferase (AST),
MMP2, hyaluronic acid, and type IV collagen levels were associated with NASH. In
multivariate analysis, serum AST, MMP?2, and hyaluronic acid levels were independently
associated with NASH.
Expression of MMP2 mRNA in liver tissue and serum levels of MMP?2,
hyaluronic acid, and type IV collagen in NASH patients with mild
fibrosis

When excluding patients with NASH and advanced fibrosis (Brunt’s fibrosis stage [m

991 3 or 4), the quantity of hepatic MMP2 mRNA remained significantly higher in
patients with NASH than those without (p = 0.0010, |[Figure 3)). Serum levels of MMP2
were also significantly higher in patients with NASH than those without (p = 0.0020,

. No significant differences in serum levels hyaluronic acid were observed (p =



0.1296, . In both univariate and multivariate analyses, only serum AST and
MMP2 levels were associated with NASH .

The predictive value of serum levels of MMP2 and hyaluronic acid were analyzed
with receiver-operating characteristic (ROC) analysis. In all patients, serum MMP2 and
hyaluronic acid levels had comparable ability for predicting NASH among patients with
NAFLD with similar area under the ROC curves (AUROC) (MMP2, 0.73 and hyaluronic
acid, 0.77, Supplemental Figure 2). When NASH patients with advanced fibrosis were
excluded, the ability of serum hyaluronic acid levels to predict NASH decreased (AUROC,
0.63), whereas the predictive ability of serum MMP2 levels remained similar (AURQOC,
0.74, Supplemental Figure 3).

Discussion
In the present study, we observed enhanced gene expression of MMP?2 in liver tissue, along
with elevated serum levels of MMP2, both of which showed the correlation, in patients

with NASH compared to those with simple steatosis. MMP2 expression reportedly

increases during the progression of liver fibrosis (El
and our results indicated that liver fibrosis is proceeding in patients with NASH.
NASH is usually diagnosed by histological evaluation of specimens obtained by

liver biopsy and this is currently the only reliable and accepted method for the evaluation of
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liver fibrosis. However, liver biopsy is invasive and carries the risk of intraperitoneal
bleeding. Therefore, noninvasive indicators of NASH in NAFLD patients would be
important. Several biomarkers have been studied as indicators of NASH in patients with

t al, 2! g@ The serum level of hyaluronic acid is an

important marker for the identification of patients with NASH. Because serum hyaluronic

acid levels increase with the progression of liver fibrosis (Adam ) and the increase
can simply reflect accumulated fibrosis in the liver as a result of the progression of NASH,
it may not be an indicator of NASH but with mild fibrosis (i.e. early stage of NASH).
Although serum hyaluronic acid levels were significantly higher in patients with NASH
than those without NASH in the present study, we failed to find significant differences in
serum hyaluronic acid levels between NASH patients with mild fibrosis and those without
INASH. Whereas the AUROC for serum hyaluronic acid level in predicting NASH was
more than 0.7 in patients including advanced fibrosis in the study by Malik et al. and in the
present study, it decreased from 0.77 to 0.63 when focusing on patients with mild fibrosis
in the present study. Serum hyaluronic acid levels, therefore, do not appear to be useful for
distinguishing NASH patients with mild fibrosis from patients without NASH. In contrast,

the AUROC for serum MMP?2 levels in predicting NASH remains greater than 0.73 even in

the subpopulation with mild fibrosis. In clinical practice, it will be important to identify
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NASH patients with mild fibrosis, before the progression of liver fibrosis caused by
NASH, from NAFLD patients. Serum MMP?2 levels may be useful for this purpose.
Conclusion

In patients with NASH, gene expression of MMP2, a protein associated with liver fibrosis,

was enhancgd in the liver tissue and serum levels of MMP2 were increased, indicating the

initiation of liver fibrosis in this subpopulation. These results were also observed when

NASH patients with advanced fibrosis were excluded. MMP2 may be a noninvasive

indicator of early stage of NASH in patients with NAFLD.
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Table 1. Characteristics of study patients (n = 64).

Age (years) 51.0+15.0

Sex (male/female) , 36 (55.3)/28 (43.7)
B§d§ welght(kg) 70.3: + 1i.5' e
Body mass index (kg/m?) 27.1+3.5

Alam . notransferase (IU/L) ~ ; 885-_1- 76.4 k

Apatat aminotnstrase (UL 543325
Gamma-glﬁtémyi trénspeptidase 13)} | , 871-_.1- 646 -
Total bilirubin (mg/dL) 0712054
Albumin (g/dL) 422+051
Glucose (mg/dL)* 131.6 +61.3
Total cholesterol (mg/dL)* 197.8 +39.4
Tﬁglyceridc (mg/dL)* 162.1 + 84.3
Hemoglobin A;-c (%) 6.07 +1.55
Hemoglobin (g/dL) 14716
Platelet count (x103/pL) 238 +70

Ferritin (ng/mL) 231.0+190.7

Steatosis (<30%/30-50%/50-70%/70%=<y** 17 (26.6)/18 (28.1)/19 (29.7)/10 (15.6)
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Diagnosis (NASH/simple steatosis) 43 (67.2)21 (32.8)

Fibrosis (grade 1/2/3/4y***# 20 (46.5)/10 (23.3)/10 (23.3)/3 (6.9)

NASH, nozi&alcoholip steafohepatiﬁs

*Measured under fasting condmons

**Based on pathologic examination.

#Only in patients with NASH by Brunt élass'if’icz:it’ion, (Brlmt 1999) -
Table 2. Univariate and multivariate analyses for distinguishing between patients with

NASH and simple steatosis (n = 64).

Age (years) 0.4523 -
Sex (male/female) 0.9199 - - -
Body weight (kg) 0.4524 -
Body mass index (kg/m®) 0.2999 = - -
Alanine aminotransferase (TU/L) 0.2061 -
Aspartate aminotransferase (IU/L) 0.0146 ~ 0.0258 938.371 (4.9097-922101.2)
Gamma-glutamyl transpeptidase (IU) 0.5724° -
Total bilirubin (mg/dL) 0.1126 =
Albumin (g/dL) 0.1959 - -
Glucose (mg/dL)* B 0.1898 =
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Total cholesterol (mg/dL)* 0.2338 -

Triglyceride (mg/dL)* 0.1696 -
Hemoglobin A;-c (%) 0.9370 -
Hemoglobin (g/dL) 0.5974 -
Platelet count (x10%/uL) 0.0613 i~
Ferritin (ng/mL) 0.5443 -
TIMP1 (ng/mL) 0.2224 —
MMP2 (ng/mL) 0.0058 0.0275 364.171 (3.9968-174225.9)
Hyaluronic acid (ng/mL) 0.0228 0.0351 23346.68 (32:5694-298598)

Steatosis (<30%/30-50%/50-70%/70%<)** 0.8713 -

NASH, nonfalcoh(;ﬁc,steatohepatiﬁs; TIMP1, tissue inhibitor metalloproteinase-1; MM,PZ; matrix

metalloproteinase-2.

*Mg'a;ﬁfed during fasting conditions.

'**Based on pathologic examination.
Table 3. Univariate and multivariate analyses for distinguishing patients with NASH

simple steatosis, excluding NASH patients with advanced fibrosis (n = 51).

Age (years) 0.7699 -
Sex (male/female) 0.9730 =
Body weight (kg) 0.3069 -
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Body mass index (kg/m’)

Alanine aminotransferase (IU/L)
Ajspartate aminofransférase ‘(IU/L)
Gamma-glutamy! transpeptidase (IU)
Total bilirubin (mg/dL)

Albumin (g/dL)

Glucose (mg/dLy*

Total cholesterel (mg/dLy*
Triglyceride (mg/dL)*
Hemoglobin Aj-c (%)
Hemoglobin (g/dL)

Platelet count (x10°/uL)

Ferritin (ng/mL)

TIMPI (ng/mL)

MMP2 (ng/mL)

Hyaluronic acid (ng/mL)

Steatosis

(<30%/30-50%/50-T0%/T0%)**

02221
0.1769
0.0309
0.7185

0.1344

03718

0.5584

05173

0.1327
0.7368 -
0.8608
6,5635
0.8109

0.2302

0.0047

0.1007

0.2877

240.057 (3.5678-72252.5)

2759.72 (19.7697-2163013)
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Figure 1. Relative mRNA expression levels of tissue inhibitor metalloproteinase-1 and -2
(TIMP1 and TIMP2), and matrix metalloproteinase 2 and 13 (MMP2 and MMP13) in the
liver tissue of patients with nonalcoholic steatohepatitis (NASH) versus simple steatosis.
Figure 2. Serum levels of tissue inhibitor metalloproteinase-1 (TIMP1), matrix
metalloproteinase-2 (MMP2), and hyaluronic acid in all patients with nonalcoholic
steatohepatitis (NASH) versus simple steatosis. TIMP1, 277.4 + 64.6 ng/mL with NASH
vs. 256.5 £ 55.6 ng/mL with simple steatosis; p = 0.2906, MMP2, 427.8 £ 95.2 ng/mL with
NASH vs. 353.6 £ 55.1 ng/mL with simple steatosis; p = 0.0198, and hyaluronic acid,
111.0£131.5 ng/mL with NASH vs. 29.3 £21.2 ng/mL with simple steatosis; p =0.00042.
Figure 3. Quantity of matrix metalloproteinase-2 (MMP2) mRNA in liver tissue and
serum levels of MMP2, hyaluronic acid, and type IV collagen in nonalcoholic
steatohepatitis (NASH) patients without advanced fibrosis versus patients with simple
steatosis. MMP2 mRNA, 2.23 + 0.84 with NASH vs. 1.50 % 0.57 with simple steatosis; p =
0.0010, serum levels of MMP2, 441.8 + 99.6 ng/mL with NASH vs. 353.6 £ 55.1 ng/mL
with simple steatosis; p = 0.0020, and serum levels of hyaluronic acid, 143.1 £31.1 ng/mL

with NASH vs. 130.3 + 63.1 ng/mL with simple steatosis; p = 0.1296.
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