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Abstract

AIM: To evaluate the occurrence of micronucleus
(MN), nucleoplasmic bridges (NPBs) and nuclear buds
(NBUDs) in the mitogen-stimulated lymphocytes of pa-
tients with non-alcoholic steatohepatitis (NASH).

METHODS: The study was performed in 25 (9 females,
16 males) patients newly diagnosed with NASH, and 25
healthy subjects of similar ages and genders were used
as a control group. None of the controls was known to
be receiving any drugs for medical or other reasons or
using alcohol. Hepatosteatosis was further excluded by
abdominal ultrasound imaging in the control group. The
numbers of MN, NPBs and NBUDs scored in binucleated
(BN) cells were obtained from the mitogen-stimulated
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lymphocytes of patients and control subjects. Statistical
comparisons of the numbers of BN cells with MN, NPBs
and NBUDs and ages between the patients with NASH
and control subjects were performed.

RESULTS: The mean ages of the patients and the con-
trol group were 41.92 + 13.33 and 41.80 *+ 13.09 years
(P > 0.05), respectively. The values of the mean body
mass index (BMI), HOMA-IR, hemoglobin, creatinin, as-
partate aminotransferase, alanine aminotransferase, tri-
glyceride, high density lipoprotein, and low density lipo-
protein were 31.19 + 4.62 kg/m’ vs 25.07 + 4.14 kg/m’,
6.71 £ 4.68 15 1.40 £ 0.53, 14.73 £ 1.49 g/dL vs 14.64
+ 1.30 g/dL, 0.74 £ 0.15 mg/dL vs 0.80 £ 0.13 mg/dL,
56.08 + 29.11 U/L vs 16.88 + 3.33 U/L, 92.2 + 41.43
U/L vs 15.88 + 5.88 U/L, 219.21 + 141.68 mg/dL vs
102.56 + 57.98 mg/dL, 16.37 £+ 9.65 mg/dL vs 48.72
+ 15.31 mg/dL, and 136.75 £+ 30.14 mg/dL vs 114.63
+ 34.13 mg/dL in the patients and control groups, re-
spectively. The total numbers and frequencies of BN
cells with MN, NPBs and NBUDs, which were scored us-
ing the CBMN cytome assay on PHA-stimulated lympho-
cytes, were evaluated in the patients with NASH and
control group. We found significantly higher numbers
of MN, NPBs and NBUDs in the BN cells of patients with
NASH than in those of the control subjects (21.60 + 9.32
vs 6.88 + 3.91; 29.28 + 13.31 vs 7.84 + 3.96; 15.60 +
5.55 vs 4.20 + 1.63, respectively, P < 0.0001).

CONCLUSION: The increased numbers of MN, NPBs
and NBUDs observed in the lymphocytes obtained from
patients with NASH may reflect genomic instability.

© 2013 Baishideng. All rights reserved.
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Core tip: We aimed to evaluate the micronucleus, nu-
cleoplasmic bridges and nuclear buds in the mitogen-

August 28,2013 | Volume 19 | Issue 32 |



Karaman H et a/. Genome instability and steatohepatitis

stimulated lymphocytes of patients with non-alcoholic
steatohepatitis (NASH). Genomic instability may be a
stage in the development of hepatic carcinogenesis.
NASH is a major cause of so-called cryptogenic liver cir-
rhosis and can result in hepatocellular carcinoma (HCC).
Our results support this suggestion; although none of
the patients had liver cirrhosis in our study, there is
high genomic instability in their mitogen-stimulated
lymphocytes. Further prospective studies are needed to
further clarify this topic, especially among patients with
HCC, cirrhosis and NASH.

Karaman H, Karaman A, Donmez-Altuntas H, Bitgen N,
Hamurcu Z, Oguz A, Karakukcu C. Investigation of genome
instability in patients with non-alcoholic steatohepatitis. World J
Gastroenterol 2013; 19(32): 5295-5301 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i32/5295.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i32.5295

INTRODUCTION
Non-alcoholic steatohepatitis (INASH) is an underdiag-

nosed liver disease characterized by steatosis and necro-
inflammation with hepatocyte injury (ballooning), with
or without fibrosis. Non-alcoholic fatty liver (NAFL) is
characterized by steatosis without inflammation and fi-
brosis"; its prevalence is 10%-30% in adults”. NASH is a
major cause of so-called cryptogenic liver cirrhosis™ and
cause hepatocellular carcinoma™”.

The use of the cytokinesis-blocked micronucleus
(CBMN) assay on peripheral blood lymphocytes is one
of the most well-validated cytogenetic tests for measut-
ing DNA damage, genome instability and cancer risk!.
The CBMN assay allows once-divided cells to be recog-
nized by their binucleated (BN) cell appearances after
the inhibition of cytokinesis by cytochalasin B, This
method was initially proposed for the evaluation of the
micronucleus (MN) in BN cells. However, the CBMN
assay has more recently been considered a multipurpose
test because it can analyze the proliferation index (a
measure of cytostasis), cell death (a measure of cytotox-
icity) and DNA damagel&loj. It is often called a cytome
assayl“’lzj. The events of DNA damage are scored spe-
cifically in once-divided BN cells. The frequency of BN
cells with MN, nucleoplasmic bridges (NPBs) and nuclear
buds (NBUDs) provides a measure of genome instabil-
ity or DNA damage. MN is formed through different
processes, such as chromosome breakage or complete
chromosome loss that lags behind anaphase in cell divi-
sion. NPBs originate from asymmetrical chromosome
rearrangements and/or telomere end fusions. NBUDs
are considered biomarkers of gene ampliﬁcationp’lzj.

In this study, our objective was to determine the
spontaneous number of MN, NPBs and NBUDs in the
phytohemagglutinin (PHA)-stimulated lymphocytes of
patients with NASH.
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MATERIALS AND METHODS

Patients and controls

This study was conducted between August 2012 and
September 2012 in Kayseri Educational and Research
Hospital Department of Gastroenterology. Written in-
formed patient consent was obtained from each patient
before the procedure, and the study was approved by the
Ethics Committee of Kaysetri Educational and Research
Hospital. The study was performed on 25 (9 females, 16
males) patients newly diagnosed with NASH and on 25
healthy controls of similar ages and genders. None of
the participants was known to be receiving any drugs for
medical or other reasons or using alcohol. In addition,
hepatosteatosis was excluded by abdominal ultrasound

imaging in the control group.

Inclusion and exclusion criteria

Each subject in the NASH group had a history of
chronic serum alanine aminotransferase (ALT) elevation,
which was defined as an ALT > 40 U/L that occurred on
two separate occasions separated by at least 3 mo (90 d).
No patients or control subjects had an alcohol habit. The
subjects also underwent a work-up for other causes of
chronic hepatitis of unknown etiology, including serolog-
ical evaluation for alpha-1-antitrypsin, hepatitis B surface
antigen, hepatitis C antibody, copper, ceruloplasmin, anti-
nuclear antibody, anti-smooth muscle antibody, anti-liver
kidney microsomal antibody, and total immunoglobulin
G. None of the patients, controls, or any of their first
degree relatives had diabetes mellitus. Subsequently, the
NASH subjects underwent a standard-of-care liver bi-
opsy to identify the etiology and severity of NASH. To
be included in the study, the biopsy had to show mac-
rovesicular fat in a minimum of 5% of the hepatocytes,
the absence of other etiologies identifying the presence
of fat, and a pattern of injury consistent with NASH, as
determined by a pathologistm].

Our patients and control subjects were asked about
and examined for conditions affecting MN frequency,
including malnutrition, occupational or environmental
exposure to known genotoxic agents, smoking, and tea
or coffee drinking. None of the patients were receiving
medication.

Body mass index (BMI), homeostasis model assess-
ment insulin resistance (HOMA-IR), aspartate amino-
transferase (AST), ALT, triglyceride (T'G), low density
lipoprotein (ILDL), high density lipoprotein (HDL), he-
moglobin (Hb) and creatinin were measured or calculated

for both groups.

Lymphocyte cultures for CBMN assay

Three milliliter blood samples were collected in hepa-
rinized tubes from the antecubital vein after informed
consent had been obtained from all patients and control
subjects. Approximately 0.4 mL of heparinized whole
blood samples was cultured for 72 h at 37 'C in 5 mL of
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Table 1 Demographic and laboratory parameters of the

patient and control groups

Parameter n mean SD P

Age (yr) 0.977
Patient 25 41.92 13.33
Control 25 41.80 13.09

BMI (kg/m’) 0.001
Patient 25 31.19 4.62
Control 25 25.07 4.14

HOMA-IR 0.001
Patient 25 6.71 4.68
Control 25 1.40 0.53

Hb (g/dL) 0.80
Patient 25 14.73 1.49
Control 25 14.64 1.30

Creatinine (mg/dL) 0.12
Patient 25 0.74 0.15
Control 25 0.80 0.13

AST (U/L) 0.001
Patient 25 56.08 29.11
Control 25 16.88 3.33

ALT (U/L) 0.001
Patient 25 92.20 41.43
Control 25 15.88 5.88

TG (mg/dL) 0.001
Patient 25 219.21 141.68
Control 23 102.56 57.98

HDL (mg/dL) 0.52
Patient 25 46.37 9.65
Control 25 48.72 15.31

LDL (mg/dL) 0.02
Patient 25 136.75 30.14
Control 25 114.63 34.13

BMI: Body mass index; HOMA-IR: Homeostasis model assessment insulin
resistance; ALT: Alanine aminotransferase; AST: Aspartate aminotransfe-
rase; TG: Triglyceride; HDL: High density lipoprotein; LDL: Low density
lipoprotein; Hb: Hemoglobin.

peripheral blood karyotyping medium that was supple-
mented with 1.5% phytohemagglutinin-M to stimulate
T-lymphocytes (all from Biological Industries, Kibbutz
Beit Haemek, Israel).

In our study, two parallel cultures were prepared si-
multaneously for each patient and control subject to de-
termine their intra-individual differences. Different slides
of two parallel cultures were prepared'.

Forty-four hours after the initiation of the cultures,
the cells were blocked from entering cytokinesis by the
addition of cytochalasin-B to each culture tube at a final
concentration of 3 pg/ml. (Sigma-Aldrich)". The cul-
tures were stopped at 72 h after initiation, treated with
hypotonic solution (0.1 mol/L KCl) for 4 min and fixed
in two changes of methanol:acetic-acid (3:1)"”. The fixed
cells were spread onto glass slides and stained with 5%
Giemsa (Merck) in Sorensen’s buffer for 10 min.

CBMN cytome assay

Different slides of two parallel cultures from each patient
and control subject were prepared and evaluated. All
slides were evaluated blindly using a Nikon Alphaphot-2
light optical microscope. For each sample (patient and
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control subject), 1000 BN cells were scoted for the num-
bers of micronucleus (MN), NPBs, and nuclear buds
(BUDs) in the lymphocytes of the patients and control
subjects. The published criteria for the determinations of
BN cells, MN, NPBs and NBUDs were followed'"”.

Statistical analysis

Statistical comparisons of the number of BN cells with
MN, NPBs, NBUDs and the ages of the patients with
NASH with those of the control subjects were per-
formed using a non-parametric Mann-Whitney U test
for two independent samples. Spearman’s rho correlation
analysis was used to determine the relationships among
age and the numbers of MN, NPBs and NBUDs.

RESULTS

The mean ages of the patients and control group were
41.92 £ 13.33 and 41.80 *+ 13.09 years, respectively (P >
0.05). The demogtaphic and laboratory parameters of the
patient and control groups ate shown in Table 1. The to-
tal numbers and frequencies of BN cells with MN, NPBs
and NBUDs scored using a CBMN cytome assay in
PHA-stimulated lymphocytes from patients with NASH
are shown in Table 2, and those of the control group are
shown in Table 2. We found significantly higher numbers
of MN, NPBs and NBUDs in the BN cells of patients
with NASH than in those of the control subjects (21.60
1 9.32 »5 6.88 = 3.91; 29.28 *+ 13.31 »s 7.84 £ 3.96; 15.60
+ 5.55 15 4.20 + 1.63, respectively, P < 0.0001) (Table 3).

DISCUSSION

In the present study, the numbers of MN, NPBs and
NBUDs in the lymphocytes of patients with NASH
showed a significant increase compared to the control
group. Considering the lack of data in the literature relat-
ed to our values obtained for MN, NPBs and NBUDs, it
was not possible to make direct comparisons with other
studies. However, the formation of nuclear anomalies,
including MN, NPBs and NBUDs, have previously been
reported as events commonly observed in the eatly stages
of carcinogenesislﬁj. Therefore, we believe that the in-
creased presence of DNA damage biomarkers, including
MN, NPBs and NBUDs, in the lymphocytes of patients
with NASH may be associated with an increased risk of
developing liver cancer.

Oxidative stress, genetic defects in cell cycle check-
points, defects in DNA repair genes or environmental/
dietary factors can each cause the formation of MN iz
chromosomal rearrangements, altered gene expressions
or aneuploidy, all of which are associated with a chromo-
some instability phenotype that is observed primarily in
cases of cancer ',

Some previous studies have discussed the associa-
tion between the induction of MN and the development
of cancer. In untreated cancer patients and in subjects
with cancer-prone congenital diseases, such as Bloom
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Table 2 Total numbers and frequencies of binucleated cells with micronucleus, nucleoplasmic bridges and nuclear buds scored using

the cytokinesis-blocked micronucleus cytome assay in phytohemagglutinin-stimulated lymphocytes from patients with non-alcoholic
steatohepatitis and the control subjects

ID Age (yr) Sex No. of MN in BN cells'

Distribution of BN cells with

No. of BN cells with NPBs No. of BN cells with NBUDs

iMN 2MN 3MN 4MN 5MN

Patients with non-alcoholic steatohepatitis

1 45 M 19 15 - - 1 - 25 19
2 60 M 24 19 1 1 - - 46 11
3 50 M 33 24 1 1 2 - 33 22
4 66 M 41 39 1 - - - 20 22
5 22 M 8 8 - - - - 32 17
6 43 M 33 29 2 - - - 25 14
7 36 F 14 14 - - - - 21 17
8 51 F 9 9 - - - - 16 10
9 35 M 21 16 - - - 1 25 14
10 42 M 11 11 - - - - 12 15
11 30 F 28 24 2 - - - 50 20
12 22 M 11 7 2 - - - 17 15
13 31 M 12 10 1 - - - 21 16
14 41 M 15 13 1 - - - 18 25
15 33 M 10 10 - - - - 30 10
16 44 F 22 17 1 1 - - 58 21
17 47 M 20 13 2 1 - - 40 17
18 20 M 25 16 1 1 - 1 14 10
19 22 M 24 20 - - 1 - 32 8
20 46 F 37 27 2 2 - - 25 10
21 68 F 36 26 5 - - - 63 28
22 48 M 17 15 1 - - - 28 6
23 60 M 22 18 - - 1 - 36 19
24 45 F 24 20 2 - - - 25 14
25 41 M 24 19 1 1 - - 20 10
The control subjects

1 45 M 5 5 - - - 11 3
2 60 M 8 6 1 - - 10 5
3 50 M 7 7 - - - 6 5
4 66 M 11 9 1 - - 12 6
5 22 M 2 2 - - - 2 4
6 43 M 6 4 1 - - 1 4
7 36 F 3 3 - - - 9 4
8 51 F 9 5 2 - - 5 3
9 35 M 4 2 1 - - 4 1
10 42 M 6 6 - - - 7 5
11 30 F 8 8 - - - 1 4
12 22 M 2 2 - - - 8 4
13 31 M 2 2 - - - 10 5
14 41 M 7 5 1 - - 16 8
15 33 M 7 7 - - - 12 6
16 44 E 11 8 - 1 - 5 6
17 47 M 9 7 1 - - 4 2
18 20 M 1 1 - - - 8 4
19 22 M 4 4 - - - 9 1
20 46 F 11 7 2 - - 8 5]
21 65 F 17 15 1 - - 9 5
22 48 M 12 10 1 - - 14 6
23 60 M 6 6 - - - 13 3
24 45 iz 11 9 1 - - 5 5]
25 41 M 3 3 - - - 7 5

The numbers of micronucleus (MN), nucleoplasmic bridges (NPBs) and nuclear buds (NBUDs) were scored on 1000 binucleated (BN) cells per subject.
'Total number of MN: (IMNX1) + (2MNX2) + (3MNX3) + (4MNX4) + (5SMNX5). M: Male; F: Female.

Syndrome, an increased frequency of MN has been
shown"*'", Clinical chemoprevention trials on oral pre-
malignancies have used MN in the oral mucosa as a sur-
rogate endpoint of cancer”™". Another piece of corrob-
orating evidence concerning the association between the
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MN frequency and the development of cancer is the cor-
relation between genotoxic MN-inducing agents, such as
ionizing and ultraviolet radiation, and carcinogenesis[21’22].

Bonassi ¢ a/” evaluated the MN frequency in a total
of 6718 subjects selected from the database of Human
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Table 3 The numbers of micronucleus, nucleoplasmic

bridges and nuclear buds in phytohemagglutinin-stimulated
lymphocytes from patients and controls (means + SD)

Group Age (yr) No.of MN No. of BN No. of BN
in BN cells cells with cells with
NPBs NBUDs
Patients (n =25) 41.92+13.33 21.60+9.32 29.28 +13.31 15.60 +5.55
Controls (n =25) 41.80+13.09 6.88+391 7.84+3.96 4.20+1.63
P value 0.977 <0.0001'  <0.0001'  <0.0001"
Z value 0.029 5413 5.953 6.016

The numbers of micronucleus (MN), nucleoplasmic bridges (NPBs) and
nuclear buds (NBUDs) were scored on 1000 binucleated (BN) cells per
subject. 'Patients with non-alcoholic steatohepatitis exhibited statistically
higher numbers of MN, NPBs and NBUDs in 1000 BN cells than controls,
according to the two-tailed nonparametric Mann-Whitney U-test for the
comparison of the means of independent variables.

Micronucleus Projects, and they followed the subjects for
cancer incidence or mortality. After a median duration for
follow-up of 8 years, 219 incident cancers and 56 cancer
deaths were detected. The subjects in the medium/high
MN frequency groups demonstrated a significant correla-
tion between overall cancer incidence and MN frequency
(the P values were 0.001 and 0.03, respectively). The risks
associated with specific cancer sites were also tested. All
cancer sites except for the hepatobiliary and pancreas
primaries (RR = 0.163; 0.27-1.44) were shown to have
higher relative tisks in the medium/high MN groups. The
most prominent risk increase was found for bladder and
kidney cancers (RR = 8.23; 1.08-63.0). The group con-
cluded that MN frequency in PBL is predictive of cancer
risk!.

The MN technique provides a convenient and reliable
index of both chromosome breakage and chromosome
loss"®*. No studies have been conducted regarding MN
formation in the lymphocytes of patients with NASH.
In our study, a significant increase in the number of MN
was found in the stimulated lymphocytes of patients with
NASH. These results strongly support the theory that
genomic impairment is elevated in the lymphocytes of
patients with NASH.

In addition, the number of MN may be related to
other factors, such as micronutrients (folate and ribo-
flavin concentration), occupational or environmental
exposure, genetic polymorphisms, lifestyle, smoking and
tea or coffee drinkingm%]. Our patients and control sub-
jects were free from any conditions affecting their MN
frequency, such as malnutrition, occupational or environ-
mental exposure. The smoking, tea and coffee habits of
the patients and control subjects were similar.

It has been reported that patients who are affected
by familiar cutaneous malignant melanoma®” or cancer-
prone congenital diseases, e.g., Bloom syndrome or ataxia
telangiectasia, have abnormally high MN frequencieslzsj.
Morteover, Karaman ¢ a/*” observed a significant in-
crease in the MN levels of the lymphocytes of patients
with colorectal adenocarcinomas and neoplastic polyps.
Hamurcu ¢z ol showed a clear increase in the frequency
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of MN in the peripheral lymphocytes of untreated can-
cer patients. In our previous study, we reported high
MN, NPB and NBUD ratios in patients with ulcerative
colitis™. Additionally, increased MN frequency has been
reported in patients with diseases with high cancer risks,
such as acromegalym and polycystic ovary syndrome™.

There are some reports about NASH-related hepato-
cellular carcinoma (HCC)™ ™, Takuma ez a/™” reviewed
the literature and reported 105 cases (11 of them were
their patients) of NASH-associated HCC. They reported
that patients with non-cirrhotic NASH may be a high-
risk group for HCC. Our results support this suggestion;
although none of the patients had liver cirrhosis in our
study, there was high genomic instability in their mitogen-
stimulated lymphocytes.

Further studies are required to understand the im-
portance of MN, NPBs and NBUDs on NASH-related

genomic damage and hepatocellular carcinoma.
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Non-alcoholic steatohepatitis (NASH) is an underdiagnosed liver disease char-
acterized by steatosis and necroinflammation with hepatocyte injury (ballooning),
with or without fibrosis. NASH is a major cause of so-called cryptogenic liver
cirrhosis and can result in hepatocellular carcinoma. The use of the cytokinesis-
blocked micronucleus assay on peripheral blood lymphocytes is one of the most
well-validated cytogenetic tests for measuring DNA damage, genome instability
and cancer risk. Authors evaluated the risk of genomic instability in patients with
NASH in this study.

Research frontiers

The micronucleus (MN) technique provides a convenient and reliable index of
both chromosome breakage and chromosome loss. The technique is simple
and inexpensive, but it provides important knowledge about genomic instability
and DNA damage.

Innovations and breakthroughs
This is the first study that investigates DNA damage in patients with NASH us-
ing this method.

Applications

Patients with NASH show genomic instability, but further studies investigating
genomic instability in patients with cirrhosis and hepatocellular carcinoma are
necessary.

Terminology

MN is formed through several different processes, such as chromosome break-
age or complete chromosome loss, that lag behind anaphase in cell division.
Nucleoplasmic bridges originate from asymmetrical chromosome rearrange-
ments and/or telomere end fusions; nuclear buds are considered biomarkers of
gene amplification.

Peer review

This is a good study that investigates the micronucleus frequency in patients with
NASH. A suggestion to the authors is that the patients with high micronucleus ra-
tios should be followed to observe whether they develop hepatocellular carcinoma.

REFERENCES

1 Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM,
Cusi K, Charlton M, Sanyal AJ. The diagnosis and manage-
ment of non-alcoholic fatty liver disease: practice guideline
by the American Gastroenterological Association, American
Association for the Study of Liver Diseases, and American
College of Gastroenterology. Gastroenterology 2012; 142:
1592-1609 [PMID: 22656328 DOI: 10.1053 /j.gastro.2012.04.001]

2 Harrison SA, Torgerson S, Hayashi PH. The natural history

August 28,2013 | Volume 19 | Issue 32 |



10

11

12

13

14

15

16

17

Karaman H et a/. Genome instability and steatohepatitis

of nonalcoholic fatty liver disease: a clinical histopathologi-
cal study. Am | Gastroenterol 2003; 98: 2042-2047 [PMID:
14499785]

Bugianesi E, Leone N, Vanni E, Marchesini G, Brunello F,
Carucci P, Musso A, De Paolis P, Capussotti L, Salizzoni M,
Rizzetto M. Expanding the natural history of nonalcoholic
steatohepatitis: from cryptogenic cirrhosis to hepatocel-
lular carcinoma. Gastroenterology 2002; 123: 134-140 [PMID:
12105842 DOI: 10.1053 / gast.2002.34168]

Powell EE, Cooksley WG, Hanson R, Searle ], Halliday JW,
Powell LW. The natural history of nonalcoholic steatohepati-
tis: a follow-up study of forty-two patients for up to 21 years.
Hepatology 1990; 11: 74-80 [PMID: 2295475]

Marrero JA, Fontana R], Su GL, Conjeevaram HS, Emick DM,
Lok AS. NAFLD may be a common underlying liver dis-
ease in patients with hepatocellular carcinoma in the United
States. Hepatology 2002; 36: 1349-1354 [PMID: 12447858]
Bonassi S, Znaor A, Ceppi M, Lando C, Chang WP, Holland
N, Kirsch-Volders M, Zeiger E, Ban S, Barale R, Bigatti MP,
Bolognesi C, Cebulska-Wasilewska A, Fabianova E, Fucic A,
Hagmar L, Joksic G, Martelli A, Migliore L, Mirkova E, Scarfi
MR, Zijno A, Norppa H, Fenech M. An increased micro-
nucleus frequency in peripheral blood lymphocytes predicts
the risk of cancer in humans. Carcinogenesis 2007; 28: 625-631
[PMID: 16973674 DOI: 10.1093/ carcin/bgl177]

Fenech M, Chang WP, Kirsch-Volders M, Holland N, Bonassi
S, Zeiger E. HUMN project: detailed description of the scor-
ing criteria for the cytokinesis-block micronucleus assay us-
ing isolated human lymphocyte cultures. Mutat Res 2003; 534:
65-75 [PMID: 12504755 DOI: 10.1016/51383-5718(02)00249-8]
Garcia-Sagredo JM. Fifty years of cytogenetics: a parallel
view of the evolution of cytogenetics and genotoxicology.
Biochim Biophys Acta 2008; 1779: 363-375 [PMID: 18515111
DOI: 10.1016/j.bbagrm.2008.05.003]

El-Zein RA, Fenech M, Lopez MS, Spitz MR, Etzel CJ.
Cytokinesis-blocked micronucleus cytome assay biomarkers
identify lung cancer cases amongst smokers. Cancer Epidemiol
Biomarkers Prev 2008; 17: 1111-1119 [PMID: 18483333 DOI:
10.1158/1055-9965.EP1-07-2827]

Wu J, Lyons GH, Graham RD, Fenech MF. The effect of sele-
nium, as selenomethionine, on genome stability and cytotox-
icity in human lymphocytes measured using the cytokinesis-
block micronucleus cytome assay. Mutagenesis 2009; 24:
225-232 [PMID: 19155331 DOI: 10.1093/ mutage/ gen074]
Fenech M. Cytokinesis-block micronucleus assay evolves
into a “cytome” assay of chromosomal instability, mitotic
dysfunction and cell death. Mutat Res 2006; 600: 58-66 [PMID:
16822529 DOI: 10.1016/j.mrfmmm.2006.05.028]

Fenech M. Cytokinesis-block micronucleus cytome assay.
Nat Protoc 2007; 2: 1084-1104 [PMID: 17546000 DOI: 10.1038/
nprot.2007.77]

Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos M]J,
Cummings OW, Ferrell LD, Liu YC, Torbenson MS, Unalp-
Arida A, Yeh M, McCullough AJ, Sanyal AJ. Design and vali-
dation of a histological scoring system for nonalcoholic fatty
liver disease. Hepatology 2005; 41: 1313-1321 [PMID: 15915461
DOI: 10.1002/hep.20701]

Fenech M, Morley AA. Measurement of micronuclei in lym-
phocytes. Mutat Res 1985; 147: 29-36 [PMID: 3974610]
Hamurcu Z, Dénmez-Altuntas H, Patiroglu T. Basal level mi-
cronucleus frequency in stimulated lymphocytes of untreated
patients with leukemia. Cancer Genet Cytogenet 2008; 180:
140-144 [PMID: 18206540 DOI: 10.1016/j.cancergencyto.2007.
10.009]

Fenech M. Chromosomal biomarkers of genomic instabil-
ity relevant to cancer. Drug Discov Today 2002; 7: 1128-1137
[PMID: 12546856 DOI: 10.1016/S1359-6446(02)02502-3]
Rajagopalan H, Jallepalli PV, Rago C, Velculescu VE, Kinzler
KW, Vogelstein B, Lengauer C. Inactivation of hCDC4 can
cause chromosomal instability. Nature 2004; 428: 77-81 [PMID:

(4 9

TR
JBaishideng®

WJG | www.wjgnet.com

5300

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

14999283 DOI: 10.1038/nature02313]

Fenech M, Holland N, Chang WP, Zeiger E, Bonassi S. The
HUman MicroNucleus Project--An international collabora-
tive study on the use of the micronucleus technique for mea-
suring DNA damage in humans. Mutat Res 1999; 428: 271-283
[PMID: 10517999 DOI: 10.1016/S1383-5742(99)00053-8]
Benner SE, Lippman SM, Wargovich M]J, Lee J], Velasco M,
Martin JW, Toth BB, Hong WK. Micronuclei, a biomarker for
chemoprevention trials: results of a randomized study in oral
pre-malignancy. Int | Cancer 1994; 59: 457-459 [PMID: 7960211]
Desai SS, Ghaisas SD, Jakhi SD, Bhide SV. Cytogenetic dam-
age in exfoliated oral mucosal cells and circulating lympho-
cytes of patients suffering from precancerous oral lesions.
Cancer Lett 1996; 109: 9-14 [PMID: 9020897 DOI: 10.1016/
50304-3835(96)04390-X]

Chang WP, Hwang BF, Wang D, Wang JD. Cytogenetic effect
of chronic low-dose, low-dose-rate gamma-radiation in resi-
dents of irradiated buildings. Lancet 1997; 350: 330-333 [PMID:
9251638 DOI: 10.1016/50140-6736(97)11056-X]

Bettega D, Calzolari P, Doneda L, Belloni F, Tallone L, Red-
path JL. Differential effectiveness of solar UVB subcompo-
nents in causing cell death, oncogenic transformation and
micronucleus induction in human hybrid cells. Int | Radiat
Biol 2003; 79: 211-216 [PMID: 12745886 DOI: 10.1080/0955300
031000075345]

Mateuca R, Lombaert N, Aka PV, Decordier I, Kirsch-Volders
M. Chromosomal changes: induction, detection methods and
applicability in human biomonitoring. Biochimie 2006; 88:
1515-1531 [PMID: 16919864 DOI: 10.1016/j.biochi.2006.07.004]
Iarmarcovai G, Bonassi S, Botta A, Baan RA, Orsiere T.
Genetic polymorphisms and micronucleus formation: a re-
view of the literature. Mutat Res 2008; 658: 215-233 [PMID:
18037339 DOI: 10.1016/j.mrrev.2007.10.001]

Wilson DM, Thompson LH. Molecular mechanisms of sister-
chromatid exchange. Mutat Res 2007; 616: 11-23 [PMID:
17157333 DOI: 10.1016/j.mrfmmm.2006.11.017]
Kirsch-Volders M, Plas G, Elhajouji A, Lukamowicz M, Gon-
zalez L, Vande Loock K, Decordier I. The in vitro MN assay
in 2011: origin and fate, biological significance, protocols,
high throughput methodologies and toxicological relevance.
Arch Toxicol 2011; 85: 873-899 [PMID: 21537955 DOI: 10.1007/
$00204-011-0691-4]

Weichenthal M, Roser M, Ehlert U, Frenzer S, Breitbart E,
Rudiger HW. Increased numbers of spontaneous micronuclei
in blood lymphocytes and cultures fibroblasts of individuals
with familial cutaneous malignant melanoma. | Cancer Res
Clin Oncol 1989; 115: 264-268 [PMID: 2753928]

Rosin MP, German J. Evidence for chromosome instability
in vivo in Bloom syndrome: increased numbers of micronu-
clei in exfoliated cells. Hum Genet 1985; 71: 187-191 [PMID:
4065890]

Karaman A, Binici DN, Kabalar ME, Calikusu Z. Micro-
nucleus analysis in patients with colorectal adenocarci-
noma and colorectal polyps. World | Gastroenterol 2008; 14:
6835-6839 [PMID: 19058310 DOI: 10.3748 / wjg.14.6835]
Karaman A, Hamurcu Z, Donmez H, Bitken N, Karaman H,
Baskol M, Gursoy S, Guven K, Ozbakir O, Yucesoy M. Inves-
tigation of genome instability in exfoliated colonic epithelial
cells and in mitogen-stimulated lymphocytes of patients with
ulcerative colitis. Digestion 2012; 85: 228-235 [PMID: 22472630
DOI: 10.1159/000336358]

Hamurcu Z, Cakir I, Donmez-Altuntas H, Bitgen N, Karaca Z,
Elbuken G, Bayram F. Micronucleus evaluation in mitogen-
stimulated lymphocytes of patients with acromegaly. Me-
tabolism 2011; 60: 1620-1626 [PMID: 21550080 DOI: 10.1016/
jmetabol.2011.03.013]

Hamurcu Z, Bayram F, Kahriman G, Dénmez-Altuntas H,
Baskol G. Micronucleus frequency in lymphocytes and 8-hy-
droxydeoxyguanosine level in plasma of women with poly-
cystic ovary syndrome. Gynecol Endocrinol 2010; 26: 590-595

August 28,2013 | Volume 19 | Issue 32 |



Karaman H et a/. Genome instability and steatohepatitis

[PMID: 20170347 DOI: 10.3109/09513591003632142] DOI: 10.1046/j.1440-1827.2001.01174.x]

33 Hashizume H, Sato K, Takagi H, Hirokawa T, Kojima A, 35 Cotrim HP, Parana R, Braga E, Lyra L. Nonalcoholic ste-
Sohara N, Kakizaki S, Mochida Y, Shimura T, Sunose Y, atohepatitis and hepatocellular carcinoma: natural history?
Ohwada S, Mori M. Primary liver cancers with nonalcoholic Am ] Gastroenterol 2000; 95: 3018-3019 [PMID: 11051414 DOI:
steatohepatitis. Eur | Gastroenterol Hepatol 2007; 19: 827-834 10.1111/j.1572-0241.2000.03241.X]

[PMID: 17873605 DOI: 10.1097/MEG.0b013e3282748ef2] 36 Takuma Y, Nouso K. Nonalcoholic steatohepatitis-associated

34 Zen Y, Katayanagi K, Tsuneyama K, Harada K, Araki I, Na- hepatocellular carcinoma: our case series and literature
kanuma Y. Hepatocellular carcinoma arising in non-alcoholic review. World | Gastroenterol 2010; 16: 1436-1441 [PMID:
steatohepatitis. Pathol Int 2001; 51: 127-131 [PMID: 11169153 20333782 DOI: 10.3748 / wijg.v16.i112.1436]

P- Reviewers Chamberlain SM, Xu] S- Editor Wen LL
L- Editor A E- Editor Zhang DN

(4 9

Boishidenge  WIG | www.wijgnet.com 5301 August 28,2013 | Volume 19 | Issue 32 |



