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RESULTS

Mean follow-up was 7.5+3.4 years. During the follow-up
period, 27 de novo malignancies were diagnosed in 26 liver
transplant recipients (Table 1). Colorectal cancer was the
most commonly detected malignancy (n=8) followed by
gastric cancer and carcinoid (n=3 and 1, respectively),
posttransplantation lymphoproliferative disorder (PTLD;
n=3), leukemia (Langerhans cell sarcoma was included;
n=3), skin cancer (Bowen’s disease was included; n=2), oral
and esophageal cancer (n=2), prostate cancer (n=2), renal
cell cancer (n=2), and breast cancer (n=1). Among these, 7
of 27 (26%) recipients died from the de novo malignancy
(Table 1). All but one gastrointestinal tract malignancy was
diagnosed by screening endoscopy: esophageal cancer (1 of
1 [100%]), gastric cancer (one carcinoid; 4 of 4 [100%]),
and colorectal cancer (7 of 8 [88%]). Seven of 13 (54%) were
diagnosed with stage I (according to the tumor-node-metastasis
classification) stomach or colorectal cancer. Among these, 5
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of 7 (71%) were treated with endoscopic submucosal dis-
section. In total, 18 of 27 (59%) of de novo cancers were di-
agnosed as limited local, and surgical procedure including
endoscopic submucosal dissection was applied to treat these
cancers (Table 1).

Mean age of recipients diagnosed with de novo ma-
lignancy was 56 years. When expressed in terms of incidence
per 100 person-years by age groups at the time of adult-to-
adult LDLT, the rates were 0.6, 1.1, 0.2, 1.0, and 4.2 in the
age groups of 18 to 29, 30 to 39, 40 to 49, 50 to 59, and 60 to
67 years, respectively (Fig. 1).

The subject of the study had similar sex and age dis-
tribution ratio with those of the Japanese population-based
study. In our study, 59% (16 male, 11 female) was male and
89% (n=3 for the 20-39 years old and n=24 for the 40-74
years old) of de novo malignancy recipients were 40 and
more than 40 years old at end of this study. Among the
malignancy patients in a Japanese population-based study,

TABLE 1. Clinical characteristics of the 27 patients with de novo malignancies
Age, Duration to Age at de novo Prognosis
sex  Primary disease Diagnosis diagnosis (yr) malignancy Treatment (death=1)
1 51/M PBC Oral 4.5 56 Radio il
2 63/M FHF Esophageal 2.4 65 Chemo 1
3 64/M PBC Gastric 11.7 76 Resection” 0
4 51/M PBC Gastric 3.9 55 Resection” 0
5 52/M LC (HBV), HCC Gastric 1.8 54 ESD” 0
6 63/F FHF Gastric (carcinoid) 7.7 71 ESD* 0
7 64/F FHF Colorectal (cecum) 8.9 73 ESD* 0
8 62/F PBC Colorectal (ascending colon) 8.3 70 Resection” 0
9 54/F PBC Colorectal (ascending colon) 7.2 61 Resection® 0
10 60/M LC (HBV) Colorectal (ascending colon) 2.0 62 Chemo 1
11 57/F ATH Colorectal (sigmoid) 10.5 67 Resection” 0
12 55/FE LC (HBV), HCC Colorectal (sigmoid) 4.5 60 Resection” 0
13 61/F LC(HCV), HCC Colorectal (rectal) 7.4 68 ESD* 0
14 56/M LC (HCV), HCC Colorectal (rectal) 5.6 62 ESD* 0
15 37/F PBC, HCV Breast 3.4 40 Resection® 0
16 63/M LC (HCV), HCC Prostate 5.4 68 Resection® 0
17 57/M LC (HCV), HCC Prostate 3.9 61 Resection” 0
18  39/F PBC RCC 4.1 43 Resection” 0
19 23/F BA RCC 1.6 24 Resection” 1
20 53/F PBC Skin (SCC) 14.7 68 Resection” 0
21 53/M LC(HCV), HCC Skin (Bowen’s disease) 7.4 60 Resection” 0
22 25/M PSC PTLD 8.1 35 Resection+ 0
chemo
23 62/M LC (HCV), HCC PTLD 6.0 68 Chemo 0
24 56/M LC (HCV), HCC PTLD 3.3 59 Chemo 1
25 49/F PBC, HCC Leukemia (Langerhans 4.4 53 Chemo 1
cell sarcoma)
26 30/M LC (HCV+HIV) Leukemia 3.2 33 Chemo 0
27 60/M FHF (drug) Leukemia (acute 1.4 61 Chemo 1
myelogenous)

“ De novo malignancy was diagnosed as limited local.

AIH, autoimmune hepatitis; BA, biliary atresia; Chemo, chemotherapy; ESD, endoscopic submucosal dissection; FHE, fulminant hepatic failure; HBV,
hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HIV, human immunodeficiency virus; LC, liver cirrhosis; PBC, primary biliary
cirrhosis; PSC, primary sclerosing cholangitis; PTLD, posttransplantation lymphoproliferative disorder; RCC, renal cell carcinoma; Radio, radiotherapy; SCC,
small cell carcinoma.
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FIGURE 1. Incidence per 100 person-years by age
groups at the time of adult-to-adult LDLT. Malignancies
occurred most frequently in those 60 to 67 years old at liver
transplantation (4.2/100 person-years) followed by those 30
to 39 years old (1.1) and then those 50 to 59 years old (1.0).
LDLT, living-donor liver transplantation.

58% (253,210 male, 183,587 female) was male and 95%
(n=22,312 for the 20-39 years old and n=414,485 for the
4074 years old) of malignancy patients was 40 and more
than 40 years old.

Overall mortality of transplant recipients with de novo
malignancies was similar to findings of the Japanese general
population-based study (standardized mortality ratio [SMR] =
0.9; 95% confidence incidence [CI], 0.4-2.0). Overall, the in-
cidence of malignancy was significantly higher in transplant
recipients than in the Japanese general population (SIR=1.8;
95% CI, 1.3-2.7). The risk of malignancy was slightly higher
in female transplant recipients (SIR=1.9; 95% CI, 1.0-3.4)
than in male recipients (SIR=1.8; 95% CI, 1.1-2.9; Table 2).
The risk of malignancy was significantly higher in younger
recipients than in the Japanese general population: 20 to 29
years old (SIR=48.0; 95% CI, 6.9—-335.1), 30 to 39 years old
(SIR=8.6; 95% CI, 2.2-34.1), and 40 to 49 years old (SIR=2.5;
95% CI, 0.6-9.9). The risk of malignancy was similar in older
recipients: 50 to 59 years old (SIR=1.1;95% CI, 0.4-3.0), 60 to
69 years old (SIR=1.1; 95% CI, 0.6-1.9), and 70 to 74 years
(SIR=1.0; 95% CI, 0.4-2.5; Table 3). Malignancy sites or types
with a significantly elevated SIR were as follows: head and
neck (SIR=3.7; 95% CI, 0.5-26.6), esophagus (SIR=16.9; 95%
CI, 2.4-17.9), stomach (SIR=1.6; 95% CI, 0.6—4.3), colorectal
(SIR=3.5; 95% CI, 1.8-7.0) (8), prostate (SIR=2.2; 95% ClI,

TABLE 2. Total mortality rates and SMRs with 95% CI
and total, male, and female IRs (x100,000) and SIRs with
98% CI

n IR (x100,000) SIR 95% CI
Total mortality 7 259 0.9 0.4-2.0
Total incidences 27 963 1.8 1.3-2.7
Male 16 1085 1.8 1.1-2.9
Female 11 850 1.9 1.0-3.4
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TABLE 3. IRs (x100,000) and SIRs with 95% CI
according to age

Age, yr n IR (x100,000) SIR 95% CI
20-29 1 169 48.0 6.9-335.1
30-39 2 78 8.6 2.2-34.1
4049 2 60 2.5 0.6-9.9
50-59 4 45 11 0.4-3.0
60-69 14 115 1.1 0.6-1.9
70-74 4 172 1.0 0.4-2.5

CI, confidence interval; IR, incidence rate; SIR, standardized inci-
dence ratio.

0.6-8.9), kidney (SIR=6.4; 95% CI, 1.6-25.4), malignant
lymphoma (SIR=7.6; 95% CI, 2.5-23.6) (9), and leukemia
(SIR=15.1; 95% CI, 4.9—46.9) but not breast (SIR=0.9; 95%
CI, 0.1-6.4; Table 4).

The 3-, 5-, and 10-year estimated survival rates of re-
cipients with de novo malignancies were 93%, 81%, and 57%,
respectively, and those in recipients without de novo malig-
nancies were 95%, 93%, and 92%, respectively (P=0.0001).
The cumulative incidence of de novo malignancies at 3, 5, and
10 years after transplantation was 2%, 5%, and 10%, respec-
tively. After de novo malignancies were diagnosed, the 1-, 3-,
and 5-year estimated survival rates were 81%, 69%, and
61%, respectively.

DISCUSSION

Continuous improvements in surgical techniques and
immunosuppression regimens have greatly improved the long-
term results of LDLT. We reported the cause of death in 176
adult-to-adult LDLT recipients in 2005 with a median follow-
up period of 2.8 years and concluded that recurrent primary
disease, infection, and surgical complications in bile duct
anastomosis impact the long-term outcome (10). Similar to
the long-term findings of deceased-donor liver transplantation
recipients, however, de novo malignancies were the main cause
of death. According to previous reports (11-15), the overall
risk of malignancy is two to four times higher in transplant
recipients than in an age- and sex-matched population. In our

TABLE 4. IRs (x100,000) and SIRs with 95% CI
according to site or type of malignancy

Malignancy n IR (x100,000) SIR 95% CI
Head and neck 1 4 37 0.5-266
Esophagus 1 4 169 24-17.9
Stomach 4 15 1.6 0.64.3
Colorectal 8 30 35 1.8-7.0
Breast 1 8 09 0.1-64
Prostate 2 14 22 0.6-89
Kidney 2 7 64 1.6-254
Skin 2 7 64 1.6254
Malignant lymphoma 3 11 76  25-23.6
Leukemia 3 11 15.1  4.9-46.9

CI, confidence interval; IR, incidence rate; SIR, standardized incidence
ratio; SMR, standardized mortality ratio.

CI, confidence interval; IR, incidence rate; SIR, standardized inci-
dence ratio.
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cohort, the risk of malignancy was similar to that in previous
reports. Compared with the results of the general Japanese
population-based study, however, the standardized mortality
ratio (SMR) was 0.9.

Regarding the evaluation of the extent of the malig-
nancy at diagnosis, in our cohort, 18 of 27 (67%) of de novo
malignancies were diagnosed as limited local. According to
the general Japanese population-based study, although there
were no detailed stage data by the tumor-node-metastasis
classification, 35% of malignancy was limited local, 21%
was invaded to adjacent organ or lymph node metastasis,
and 14% had distant metastasis at diagnosis (the remaining
30% was unknown) (7). One of the reasons for early ma-
lignancy diagnosis in our cohort might be malignancy
screening rate. The rate of malignancy screening of Japanese
general population was 21% to 26%, which was disclosed in
public by Ministry of Health, Labour and Welfare of Japan
(16). The present study was biased by the small number of
patients; however, a malignancy surveillance protocol might
reduce mortality in this cohort.

Younger recipients had high risk for de novo cancer in
our study. There was a difference of type of malignancy
between the Japanese population-based study and our co-
hort. In the Japanese population-based study, in the younger
population (20-39 years old), the most frequent malignancy
was uterus, and the second to fifth most frequent were
breast, stomach, colorectal, and thyroid cancer, respectively,
which accounts for 70% of the younger malignancy popu-
lation (7). In our study, three younger (20-39 years old)
recipients developed malignancy. The type of malignancy of
these recipients consisted of breast cancer, PTLD, and renal
cell cancer. It is well known that younger recipients have risk
(17) of PTLD in solid organ transplant recipients. However,
further study is needed because of the small number of
younger recipients in our study.

Malignancy types differ between races. In a western
study, Buell and colleagues reported that nonmelanocytic
skin cancers are the most commonly reported de novo
malignancy in solid organ transplant recipients, with the
incidence varying in proportion to the degree of sun expo-
sure (18-20). In Asian countries, including our study, skin
cancer is less frequent. There are only a few reports from
Asian countries. In a Korean liver transplant recipient study,
stomach cancer was most frequent with a relative risk more
than 10-fold higher than that in the general Korean popu-
lation (21). In a Japanese population of renal transplant
recipients, the most frequent malignancy was stomach and
colorectal cancer when native renal cell cancer was excluded
(22). In our cohort, the most frequent malignancy was co-
lorectal cancer. The next most common malignancies were
stomach cancer and malignant lymphoma. Two of the re-
cipients in our cohort were diagnosed with skin cancer.
Colorectal and stomach cancers might be the main malig-
nancies in Asia. On the contrary, Penn reported that the
average time to first malignancy was 5.0 years (23). In recent
reports, Harwood reported skin cancer in organ transplant
recipients with a 22-year prospective study. In their report,
the median time to first skin cancer was 7.6 years (=60 years
old) to 24.1 years (30-39 years old) (24). In our study, mean
follow-up time was 7.5 years. Our study may still
underrepresent skin cancer risk.
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Despite the high risk of de novo malignancy for re-
cipients during the follow-up period, there is no consensus
regarding the appropriate malignancy screening program
after liver transplantation. Herrero and colleagues suggested
that deceased-donor liver transplantation recipients should
be screened periodically for malignancies common to the
general population, which may result in timely detection of
de novo malignancies (25). Our screening methods that
focus on gastrointestinal and colorectal cancers might be
suitable because prognosis after diagnosis with malignancy
was relatively favorable (61% at 5 years). Our findings re-
garding the prognosis seem to be higher than that in previous
reports. Herrero (5) reported that the 5-year prognosis after
diagnosis of de novo malignancy in 51 liver transplant re-
cipients diagnosed with a noncutaneous malignancy was ap-
proximately 40%. Age at diagnosis of malignancy is inversely
related to the ratio of PTLD as a de novo malignancy (26). In
our cohort, none of the younger recipients (<55 years old)
who were diagnosed with malignancy had colorectal or
stomach cancer. The three youngest recipients were diag-
nosed with renal cell cancer (24 years old), PTLD (33 years
old), and Burkitt’s leukemia (33 years old). Our screening
methods might thus not be suitable for younger recipients.

The incidence of colon cancer in liver transplant re-
cipients was initially thought to be similar to that in the
general population (27, 28). A meta-analysis study, however,
reported a relative risk of 2.6 for colorectal cancer in
post—deceased-donor liver transplantation patients com-
pared with an age-matched general population (29). Pri-
mary sclerosing cholangitis is an important high-risk factor
for colorectal cancer. For example, Vera and colleagues (30)
found a 5% incidence of colorectal cancers in recipients with
primary sclerosing cholangitis versus 0.6% for recipients
without nonprimary sclerosing cholangitis. Nicolaas and
colleagues reported that overall transplant recipients (non-
primary sclerosing cholangitis) have an increased risk for
colorectal cancer compared with the general population
(relative risk: 1.8) (29). Thereby, they concluded that non-
primary sclerosing cholangitis transplant recipients do not
need an intensified screening strategy for colorectal cancer.
Based on our findings of a relatively high rate of colorectal
cancer and of malignancy in recipients more than 60 years of
age, we think that an active malignancy surveillance pro-
gram for colorectal cancer might be needed for liver trans-
plant recipients, especially those more than 60 years old and
Asian. In the present study, 88% of colorectal cancers were
diagnosed by screening colonoscopy. This study is a single-
institution experience and a relatively small cohort. Fur-
ther studies with a larger cohort of Japanese and/or Asian
recipients are needed.

Colorectal malignancies predominated in Japanese
liver transplant recipients. Although de novo malignancies
correlated with a poor prognosis, the SMR was 0.9 com-
pared with the Japanese population-based study.

MATERIALS AND METHODS
Between January 1996 and July 2012, 412 adult-to-adult LDLTs were
performed at the University of Tokyo Hospital. The subjects of the present
study were 360 adult LDLT recipients who survived more than 1 year after
transplantation and had no previous diagnosis of malignancy, excluding
hepatocellular carcinoma, at the time of transplantation. The indications
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for transplantation-included hepatitis B or C-related cirrhosis (n=161),
cholestatic liver disease (n=98), fulminant hepatic failure (n=38), biliary
atresia (n=19), alcoholic liver cirrhosis (n=11), metabolic diseases (n=10),
and others (n=23). Mean model for end-stage liver disease score (31) was
14.84£7.6. Mean recipient age was 49 years when transplantation was
performed. The number of male and female recipients was 192 and 168,
respectively. The mean age was 56 years when this study was performed. The
age distribution was as follows: 20 to 29 years (3%; n=10), 30 to 39 years
(890; n=30), 40 to 49 years (13%; n=47), 50 to 59 years (28%; n=99), 60 to
69 years (41%; n=149), and 70 to 79 years (7%; n=25).

Screening examinations were performed as a first step in evaluating re-
cipient candidates to exclude malignancy. Abdominal computed tomog-
raphy or magnetic resonance imaging, upper gastrointestinal endoscopy,
total colonoscopy, and several tumor markers (e.g., carcinoembryonic
antigen, carbohydrate antigen 19-9, and prostate specific antigen tests)
were examined. When malignancy other than hepatocellular carcinoma was
found, preparation for transplantation was discontinued and treatment
was started.

The transplantation procedure and donor selection criteria are described
elsewhere (32, 33). All survivors were followed in our outpatient clinic
through the end of July 2012. Mean follow-up period was 7.5%3.4 years.

The study protocol was approved by the University of Tokyo Ethics
Committee (No. 2317).

Immunosuppression

Basic immunosuppressive agents, tacrolimus and methylprednisolone,
were used. The target trough serum level of tacrolimus was 15 to 20 ng/mL in
week 1 after transplantation. Simultaneously, methylprednisolone (20 mg/kg)
was used before the anhepatic phase of surgery. Six months after sur-
gery, the target tacrolimus trough level was gradually decreased from 8 to
5 ng/mL. At the same time, the dose of methylprednisolone was subse-
quently reduced to the maintenance level (0.05 mg/kg) (34). In patients
who developed reversible posterior leukoencephalopathy syndrome as a side
effect (35), tacrolimus was replaced with cyclosporine therapy. Acute and
chronic rejection was diagnosed using the Banff schema classification (36,
37). When acute rejection was diagnosed, patients were treated with a bolus
of intravenous methylprednisolone.

Malignancy Surveillance Program After
Liver Transplantation

For patient management in the outpatient clinic, we recommend that pa-
tients undergo an annual medical checkup provided by their company or
municipal government in accordance with the ordinance of the Ministry of
Health, Labor, and Welfare of Japan. These medical checkups include a
chest X-ray, gastrointestinal X-ray examination, stool occult blood for patients
more than 40 years old, and/or breast physical examination (palpitation and
mammography), and uterine cervical smears in women more than 40 years
old. Additionally, we performed screening examinations as follows: abdominal
computed tomography or magnetic resonance imaging, upper gastrointes-
tinal endoscopy, and total colonoscopy and immunochemical fecal occult
blood test every 1 to 2 years. Complete blood count and liver function
tests with tumor markers (carcinoembryonic antigen, carbohydrate anti-
gen 19-9, and prostate specific antigen tests) were performed every 1 to
3 months after LDLT. The diagnosis of de novo malignancy was based on
histologic examination of obtained biopsies or surgical specimens of the tu-
mors. The date of malignancy diagnosis was defined as the date of initial
pathologic confirmation.

Statistical Analysis

As for incidence per 100 person-years of de novo malignancies by age
group at the time of adult-to-adult LDLT, person-year was calculated at
the end of July 2012 (total of 2705 person-years). When de novo malignancy
was developed, patient was classified based on the age at the time of
liver transplantation.

The estimated malignancy incidence and incidence rate in the Japanese
general population was adopted from published data (7). The ratio of ob-
served to expected number of malignancies, the SMR, and the SIR were
calculated by dividing the observed number of LDIT recipients with
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malignancies by the expected number of malignancy patients (actual
number of recipients multiplied by mean follow-up period divided by
malignancy mortality (or incidence) rate of the 2006 Japanese population-
based study (7). The 95% CI of SMR and SIR were determined using
the Poisson distribution with Excel 2010 software (Microsoft Japan,
Tokyo, Japan).

For comparison with a Japanese population-based malignancy study,
we obtained published data available on a Web site (http://ganjoho.jp/
professional/statistics/index.html) (7). Kaplan—Meier life table analysis with a
log-rank test was used to assess whether de novo malignancies significantly
affected posttransplantation patient survival using GraphPad Prism 5
(GraphPad Software, San Diego, CA). Data are expressed as meantstandard
deviation. P<0.05 was considered to be statistically significant.
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Abstract

Background ¢ Aims: Non-alcoholic fatty liver disease (NAFLD) is believed
to be a type of metabolic syndrome. MicroRNA-122 (miR-122) is the most
abundant microRNA in the liver and is an important factor for the metabo-
lism of glucose and lipids. In the present study, we examined the correlation
between the hepatic and serum miR-122 expression levels and the clinico-
pathological factors of patients with NAFLD. Methods: We extracted the
total RNA, along with preserved miRNAs, from liver biopsy samples of 67
patients with NAFLD. In 52 of these 67 patients, the total RNA was extracted
from serum. The miR-122 that was obtained by quantitative reverse tran-
scription-polymerase chain reaction was quantified using TagMan Micro-
RNA assays. Results: A significant correlation was detected between serum
and hepatic miR-122 expression (correlation coefficient, 0.461; P = 0.005).
Patients with mild steatosis (<33%) showed significantly lower levels of hepa-
tic miR-122 compared with patients with severe steatosis (>33%) (hepatic
miR-122: mild/severe = 2.158 + 1.786/4.836 + 7.506, P = 0.0473; serum
miR-122: mild/severe = 0.002 £ 0.005/0.007 + 0.001, P = 0.0491). More-
over, hepatic and serum miR-122 levels were significantly higher in patients
with mild fibrosis than in those with severe fibrosis (hepatic miR-122: mild/
severe = 5.201 + 7.275/2.394 + 1.547, P = 0.0087; serum miR-122: mild/
severe = 0.008 + 0.011/0.002 £ 0.004, P = 0.0191). Conclusions: We found
that the hepatic and serum miR-122 levels were associated with hepatic stea-
tosis and fibrosis. The serum miR-122 level can be a useful predictive marker
of liver fibrosis in patients with NAFLD.
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Non-alcoholic fatty liver disease (NAFLD) is one of the
most common causes of chronic liver disease worldwide
(1-8). NAFLD is considered to represent the hepatic
manifestation of metabolic syndrome. In Japan, an
increase in the incidence of metabolic syndrome has led
to an increase in the prevalence of NAFLD (5). NAFLD
was traditionally considered as a relatively benign liver
disease. However, some patients with NAFLD progress
to liver fibrosis, cirrhosis and hepatocellular carcinoma
(8-13). Therefore, the precise diagnosis and staging of
NAFLD patients is clinically important. Liver biopsy is
the gold standard for the evaluation of NAFLD patients
in terms of staging. However, liver biopsy is an invasive
technique, and the identification of non-invasive bio-
markers is required.

Micro-RNAs (miRNAs) are endogenous, small, non-
coding RNAs of approximately 21-22 nucleotides that
have important gene regulatory functions in animals
and plants. miRNAs bind to the messenger RNAs of
protein coding genes to direct their post-transcriptional
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repression (14—16). miRNAs have been reported to play
important roles in cell proliferation (17) and apoptosis
(18), lymphocyte development (19), and adipocyte dif-
ferentiation (20). Several recent studies have indicated
that miRNAs play important roles in metabolism and
metabolic diseases (21-23). MicroRNA-122 (miR-122)
is the most abundant miRNA in the liver, and it regu-
lates metabolic pathways, including cholesterol biosyn-
thesis, fatty acid synthesis and oxidation (22, 23).

Recently, extracellular miRNAs were detected in
serum, plasma and other body fluids. These circulating
miRNAs have been reported to be predictive biomarkers
for various cancers and in liver diseases (24, 25). How-
ever, the significance of miR-122 expression in the
serum and liver of NAFLD patients has not been studied
in detail.

In the present study, we analysed the relationship
between the clinicopathological features and the expres-
sion of miR-122 in the serum and liver of NAFLD
patients.
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Patients and methods
Patient groups

In this study, we examined consecutive NAFLD patients
who visited the Department of Gastroenterology and
Hepatology at Nagasaki University Hospital. The
patients who exhibited positive results for hepatitis B
virus surface antigen or hepatitis C virus antibody, or
those showing evidence of inherited, autoimmune,
cholestatic or drug-induced liver disease were excluded
using clinical, laboratory, imaging and histological crite-
ria. In addition, patients with a history of current or
past excessive alcohol intake, as defined by an average
daily consumption of more than 20 g of alcohol, were
excluded from the study.

Non-alcoholic fatty liver disease was diagnosed by per-
cutaneous liver biopsy and ultrasonography. Liver biopsy
specimens were fixed in 10% formalin, cut to a thickness
of 4 pm and subjected to haematoxylin—eosin and Azan-
Mallory staining. Steatosis was classified as mild (>30%)
or severe (30%). Inflammation was scored on a scale of
0-9 according to the standards proposed by the Non-
alcoholic Steatohepatitis Clinical Research Network (26).
Fibrosis staging was performed using a five-grade scale
as follows: FO, no fibrosis; Fl, pericellular fibrosis in
zone 3; F2, pericellular fibrosis in zone 3 with periportal
fibrosis; F3, bridging fibrosis; and F4, cirrhosis defined
as mild fibrosis (FO or F1) and severe fibrosis (>F1).

miRNA extraction and quantification

RNA was extracted from a total of 67 liver biopsy speci-
mens. Total RNA, including the miRNA, was isolated
from formalin-fixed paraffin-embedded (FFPE) liver
biopsy specimens using the Recover All Total Nucleic
Acid Isolation Kit for FFPE (Ambion, Carlsbad, CA,
USA) according to the manufacturer’s protocol. In 52 of
67 patients, total RNA, along with preserved miRNAs,
was extracted from 400 pL of serum using the Trizol
reagent (Invitrogen, Carlsbad, CA, USA). Synthetic
miR-39 was added to serum samples prior to RNA
extraction as an internal control.

The miR-122 obtained by quantitative reverse tran-
scription-polymerase chain reaction was quantified using
TagMan MicroRNA assays (Applied Biosystems, Foster
City, CA, USA), according to the manufacturer’s proto-
col. miR-122 expression was calculated by the relative
standard curve method and normalized to RNU6 expres-
sion in the liver and cell-miR39 expression in the serum.

Statistical analysis

Data are presented as mean + standard error of the
mean (SEM). Data were analysed by the Student’s t-test
for comparison of paired data. Correlations were analy-
sed using the Spearman rank correlation coefficient. A
P value of <0.05 was considered statistically significant.
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Results

The characteristic of this study population are show in
Table 1.

Correlation between hepatic and serum miR-122
expression and clinical factors

No significant correlations were observed between clini-
cal factors and the expression of hepatic (Table 2) or
serum (Table 3) miR-122. However, a significant corre-
lation was observed between the serum and hepatic
miR-122 expression levels (Fig. 1).

Correlation between hepatic miR-122 level and the
pathological findings of NAFLD patients

Patients with mild steatosis (<33%) showed significantly
lower levels of hepatic miR-122 than patients with
severe steatosis (>33%) (mild/severe = 2.158 + 1.786/
4.836 + 7.506; P = 0.0473). No significant correlation
between serum miR-122 level and the NAFLD activity
score (NAS) was observed. In contrast, hepatic miR-122
level showed a significant negative correlation with the
fibrosis stage [correlation coefficient: —0.292 (—0.497 to
~0.056); P =0.0161] (Table 2). Moreover, hepatic
miR-122 expression was significantly higher in patients
with no or mild fibrosis than in those with severe fibro-
sis (mild/severe = 5.201 & 7.275/2.394 £ 1.547; P =
0.0087) (Fig. 2).

Correlation between serum miR-122 level and the
pathological findings of NAFLD patients

Patients with mild steatosis (<33%) showed significantly
lower levels of serum miR-122 than patients with severe
steatosis (>33%) (mild/severe = 0.002 + 0.005/0.007 =+
0.001; P =0.0491). No significant correlation was

Table 1. Clinical characteristics of liver samples (67 cases)

Patient age (years) 51.8+17.4
Male:female 27:40

BMI 285+4.2
Type 2 diabetes 46 cases

AST (IU/L) 717 +42.4
ALT (IU/D) 102.7 + 64.1
ALP (1U/L) 286.3 +117.3
v-GTP (IUL) 103.6 £ 121.6
T-cho {(mg/dl) 195.1 £454
TG (mg/dl) 144.7 £ 60.1
Plt (10%/mm3) 217 +£7.4
FBS (mg/dl) 1157 +£41.4
HbA1c (%) 6.7 +2.0

y-GTP, y-glutamyl transpeptidase; ALP, alkaline phosphatase; ALT, ala-
nine aminotransferase; AST, aspartate aminotransferase; BMI, body
mass index; FBS, free blood sugar; HbA1c, glyco haemoglobin A1lc; Pit,
platelet; T-cho, total cholesterol; TG, triglyceride.
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Table 2. Relation between hepatic microRNA-122 level and
clinical factors

Correlation coefficient P-value
Age 0.025 (—0.216 t0 0.264) 0.8385
BMI —0.107 (-0.342 10 0.141) 0.3984
AST ~0.142 (-0.369t0 0.102) 0.2541
ALT —0.042 (-0.279t0 0.201) 0.7390
ALP —0.072 (-0.307 t0 0.142) 0.5657
y-GTP -0.082 (—0.31810 0.163) 0.5125
T-cho 0.054 (—0.199 to 0.300) 0.6785
TG 0.125(—0.119t0 0.354) 0.3152
Plt 0.123(—0.121 10 0.352) 0.3422
FBS 0.224 (—0.034 to 0.454) 0.0878
HbA1c 0.250 (—0.017 to 0.483) 0.0660
NAS 0.053 (—0.190 to 0.289) 0.6732
Fibrosis —0.292 (—0.497 to —0.056) 0.0161

v-GTP, y-glutamyl transpeptidase; ALP, alkaline phosphatase; ALT, ala-
nine aminotransferase; AST, aspartate aminotransferase; BMI, body
mass index; FBS, free blood sugar; HbA1c, glyco haemoglobin Alc;
NAS, NAFLD activity score; Plt, platelet; T-cho, total cholesterol; TG,
triglyceride.

Table 3. Relation between serum microRNA-122 level and dlinical
factors

Correlation coefficient P-value
Age —0.183 (—0.434 t0 0.095) 0.1959
BMI —0.042 (-0.314 t0 0.236) 0.7708
AST (1U/L) —0.049 (—0.317 to 0.386) 0.7340
ALT (IU/L) 0.126 (~0.152 t0 0.136) 0.3750
ALP (IU/L) —0.143 (-0.400 t0 0.136) 0.3146
y-GTP (UL —0.125(~0.387 10 0.156) 0.3849
T-cho 0.089 (—0.194 to 0.358) 0.5420
TG —0.061(-0.32910 0.215) 0.6667
Plt —0.035 (—0.305 10 0.240) 0.8044
FBS 0.212 (—0.087 to 0.476) 0.1626
HbA1c 0.114(-0.193 t0 0.401) 0.4695
NAS 0.138 (—0.140 to0 0.396) 0.3312
Fibrosis —0.316 (—0.543 10 0.048) 0.0218

v-GTP, y-glutamyl transpeptidase; ALP, alkaline phosphatase; ALT, ala-
nine aminotransferase; AST, aspartate aminotransferase; BMI, body
mass index; FBS, free blood sugar; HbA1¢, glyco haemoglobin Alc;
NAS, NAFLD activity score; Plt, platelet; T-cho, total cholesterol; TG,
triglyceride.

detected between serum miR-122 levels and the NAS.
Serum miR-122 expression in the liver showed a sig-
pificant inverse correlation with fibrosis stage [corre-
lation coefficient: —0.316 (—0.543 to 0.048);
P = 0.0218] (Table 3). Moreover, serum miR-122 lev-
els were significantly higher in patients with mild
fibrosis than in those with severe fibrosis (mild/
severe = 0.008 = 0.011/0.002 + 0.004; P =0.0191)
(Fig. 3).

To compare the ability of the blood tests to predict
the fibrotic stage, we constructed receiver operating
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Correlation coefficient 0,461
P value = 0.0005
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Fig. 1. Correlation between liver and serum miR-122 levels. The
serum miR-122 levels were significantly correlated with hepatic
miR-122 levels (Spearman correlation coefficient: 0.461;

P = 0.0005).

Hepatic levels of miR122/RNUG levels
£

Wild fibrosis firosis
Fig. 2. Correlation between hepatic miR-122 level and the fibrosis
stage. Comparisons between groups were performed using the
Student’s t-test (P = 0.0087).

0.01
0.009

Serum levels of miR122/cell miR39

Mild fibrosis Severe fibrosis

Fig. 3. Correlation between serum miR-122 level and the fibrosis
stage. Comparisons between groups were performed using the
Student’s t-test (P = 0.0191).

characteristics (ROC) curves for serum miR-122, hyal-
uronic acid and type IV collagen; the area under the
ROC curves for miR-122, hyaluronic acid and type IV
collagen were 0.82, 0.74 and 0.72, respectively (Fig. 4).
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Fig. 4. Receiver operating characteristic (ROC) curve for serum
miR-122, hyaluronic acid and Type IV collagen. The area under the
ROC curve for serum miR-122 (A), hyaluronic acid (B) and type IV
collagen (C) are 0.82, 0.74 and 0.72, respectively.

Discussion

Recent studies have indicated the value of the miR-
122 level as a predictive factor of liver disease (27—
30). The progression of NAFLD is associated with
visceral fat deposition and insulin resistance. miR-
122 is a key factor of lipid metabolism (23, 24). In
the present study, patients with severe fat deposition
showed high miR-122 expression levels in the liver.
The role of miR-122 in lipid metabolism has been
demonstrated in vitro and in vivo. In in vitro stud-
ies using HEP G2 cells, silencing of miR-122 led to
the upregulation of the expression of lipid metabo-
lism genes such as fatty acid synthase (FAS), 3-
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hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
reductase and sterol binding element binding protein
(SREBP), whereas overexpression of miR-122 led to
a significant decrease in the levels of these genes
(31). In in vivo studies, inhibition of miR-122
expression in mice led to the promotion of hepatic
fatty acid (FA) oxidation, decreased FA levels, and
decreased liver steatosis (23). Thus, these results sup-
port our finding that the expression of miR-122 is
correlated with liver steatosis.

However, the liver and serum miR-122 levels did not
correlate with the NAS and alanine aminotransferase
levels. Several recent studies showed that the miR-122
level is associated with liver inflammation (27-29),
which was not observed in the present study. However,
the previous studies included patients with other liver
diseases such as viral hepatitis. In the present study,
most of patients had mild inflammation, which may
contribute to the lack of a significant difference in miR-
122 expression. Moreover, the NAS—established as a
scoring system for NAFLD—evaluates not only inflam-
mation but also steatosis. Thus, this discrepancy could
be attributed to the different categories of liver disease
included in each study.

In the present study, liver miR-122 levels significantly
correlated with the liver fibrosis stage. This result is in
agreement with those of previous studies, which
reported a decrease in liver miR-122 levels at the later
stage of fibrosis in patients with liver disease (27-29).
Persistent liver injury results in liver cell death, loss of
hepatic cells and the accumulation of extracellular
matrix. Moreover, the liver miR-122 levels did not
correlate with the NAS, which was reflected the inflam-
mation grade of the NAFLD patients. However, hepato-
cytes are the main source of miR-122. Thus, the
progression of liver fibrosis results in the replacement of
hepatocytes by extracellular matrix, and thus leads to a
decrease in the levels of hepatic miR-122.

Recently, Li et al. reported that miR-122 suppressed
collagen maturation in hepatic stellate cells and inhib-
ited the proliferation of activated hepatic stellate cells
(32). Therefore, decreased miR-122 expression appears
to lead to increased collagen maturation and extracellu-
lar matrix production, which is consistent with the
present results.

In the present study, decreased serum miR-122 levels
were detected in association with mild steatosis and
advanced fibrosis stage. These results are similar to those
noted for hepatic miR-122 expression. Moreover, serum
miR-122 expression was well-correlated with hepatic
miR-122 expression, which suggests that the miR-122
released from hepatic cells enters into the bloodstream.

The evaluation of liver fibrosis is important to predict
the prognosis of patients with NAFLD. Follow-up liver
biopsies or repeat liver stiffness assessment is currently
necessary to assess liver fibrosis. However, these meth-
ods have some limitations. Liver biopsy is an invasive
technique and is associated with certain complications
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(33, 34). In addition, the utility of liver stiffness mea-
surement is low in obese patients and in those with asci-
tes and hepatic inflammation (35, 36). In the present
study, serum miR-122 levels inversely correlated with
liver fibrosis, and decreased miR-122 expression was
associated with advanced fibrosis stage. Moreover, the
ROC curves showed that the ability of the serum miR-
122 to predict fibrosis was superior to that of hyaluronic
acid and type IV collagen. Therefore, serum miR-122
may be a valuable tool to predict liver fibrosis.

In conclusion, hepatic and serum miR-122 levels are
associated with hepatic steatosis and fibrosis, and the
serum miR-122 level can serve as a useful predictive
marker of liver fibrosis in patients with NAFLD.
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