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Background/Aims: Citrin deficiency caused by SLC25A13 gene mutations develops into adult-onset type II citrullinemia
(CTLN2) and may be accompanied with hepatic steatosis and steatohepatitis. As its clinical features remain unclear, we
aimed to explore the characteristics of fatty liver disease associated with citrin deficiency.

Methods: The prevalence of hepatic steatosis in 19 CTLN2 patients was examined, and clinical features were compared
with those of non-alcoholic fatty liver disease (NAFLD) patients without known SLC25A13 gene mutations.

Results: Seventeen (89%) CTLN2 patients had steatosis, and 4 (21%) had been diagnosed as having NAFLD before appearance
of neuropsychological symptoms. One patient had steatohepatitis. Citrin deficiency-associated fatty livers showed a considerably
lower prevalence of accompanying obesity and metabolic syndrome, higher prevalence of history of pancreatitis, and higher serum
levels of pancreatic secretory trypsin inhibitor (PSTI) than fatty livers without the mutations. Receiver operating characteristic
curve analyses revealed that a body mass index < 20 kg/m’” and serum PSTI > 29 ng/mL were associated with citrin deficiency.

Conclusions: Patients presenting with non-alcoholic fatty liver unrelated to obesity and metabolic syndrome might have
citrin deficiency, and serum PSTI may be a useful indicator for distinguishing this from conventional NAFLD.
© 2008 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Citrin 1s a liver-type mitochondrial aspartate-gluta-
mate carrier (AGC) known to exchange mitochondrial
aspartate for cytosolic glutamate and a proton [1-3].
This function is important in translocating cytosolic nic-
otinamide adenine dinucleotide (NADH) reducing
equivalents into the mitochondria as a part of the
malate-aspartate shuttle, and NADH produced by
malate is oxidized to generate adenosine triphosphate
(ATP) in the oxidative phosphorylation pathway. More-
over, liver-specific AGC also plays an important role in
supplying aspartate to argininosuccinate synthetase
(ASS) in the cytosol to generate argininosuccinate in
the urea cycle. Thus, a deficiency of liver-specific
AGC, namely citrin, results in dysfunction of the urea
cycle and hyperammonemia [2,3].

Citrin deficiency is an autosomal recessive disorder
caused by a mutation of the SLC25A13 gene encoding
citrin, which is located on chromosome 7q21.3 [2-4].
Some of the mutations identified in Japanese patients
are frequently found in the East Asian population, and
the prevalence of these mutations has been estimated
to be 1/65 in China, 1/112 in Korea, and 1/69 in Japan
[3,5.6]. Furthermore, several cases with SLC25A13 gene
mutations have been reported in Israel, USA, and else-
where [7-9], indicating a world-wide incidence of citrin
deficiency.

The SLC25A13 gene mutation leads to neonatal
intrahepatic cholestasis caused by citrin deficiency
(NICCD) and adult-onset type II citrullinemia (CTLN2)
[2,3]. Citrin deficiency is sometimes asymptomatic in
adults probably by metabolic adaptation, but CTLN2
is characterized by the sudden onset of various neuro-
psychological symptoms including disorientation,
abnormal behavior, convulsions, and coma due to
hyperammonemia, which may result in rapidly progres-
sive and irreversible brain edema and death. Generally
speaking, the prognosis of patients with CTLN2 is not
favorable after the onset of encephalopathy, and liver
transplantation is required for severe CTLN2 which is
refractory to various ammonia-lowering and neuropro-
tective therapies. Furthermore, certain types of conven-
tional treatments for brain edema, such as intravenous
administration of hyperosmotic and high sugar solu-
tions, have been reported to aggravate encephalopathy
[2,10,11], and the mechanism of toxicity of carbohydrate
overload for citrin deficiency has been recently clarified
using mouse models [12]. Thus, early diagnosis of citrin
deficiency and CTLN2 and appropriate treatment might
improve prognosis.

Citrin deficiency has been demonstrated to present
with hepatic steatosis and steatohepatitis. Previously,
we reported the case of a patient with non-alcoholic fatty
liver disease (NAFLD) who was later shown to carry
SLC25A13 gene mutation [13]. The patient had elevation

of serum aminotransferase levels and fatty liver of
unknown causes, and was first diagnosed as having
NAFLD by liver biopsy at the age of 23, Ten years after-
wards, serious encephalopathy suddenly appeared after
accidental consumption of alcohol. The patient was then
diagnosed as having CTLN2, but did not respond to any
conservative treatments and required urgent liver trans-
plantation [13,14]. Moreover, Takagi et al. have also
reported three CTLN2 patients with liver histologies of
steatohepatitis [15]. These findings suggest the possibility
that citrin deficiency may be present in adults who are
diagnosed as having NAFLD or non-alcoholic steatohep-
atitis (NASH), and elucidating the characteristics of fatty
liver related to citrin deficiency may be helpful in the early
distinction of this disease from conventional NAFLD.
However, the clinical features of this phenomenon have
not been fully investigated.

In the present study, we evaluated the clinical charac-
teristics of citrin deficiency-associated fatty liver through
analysis of CTLN2 patients presenting with fatty liver,
and sought to find key indicators to detect citrin defi-
ciency in NAFLD patients.

2. Methods

2.1. Patients

Nineteen CTLN2 patients (11 men and B women, mean age 37 + 10
yrs), who had been admitted to Shinshu University Hospital between
1979 and 2007, were examined in this study. All patients had experi-
enced ncuro;vsychologma.l symptoms due to hyperammonemia.
CTLN2 was susy rom the p of neurological abnormalities
and elevated plasma a.mmoma and citrulline levels, and diagnosis was
confirmed by the presence of SLC25A13 gene mutations. In these
patients, the presence of fatty liver was confirmed by liver histology
(i.e., lipid accumulation in more than 5% of hepatocytes) or imaging
modalities such as ultrasonography (US) and/or computed tomogra-
phy (CT) scan.

For comparison, 25 NAFLD patients (10 men and 15 women,
mean age 61 + 13 yrs), who had been admitted to Shinshu University
Hospital between 2003 and 2004 for the purpose of percutaneous liver
biopsy, were analyzed. These paticnts did not have any of the 16 differ-
ent mutations fmqum!ly found in the SLC25A13 gene of Japanese

patients with citrin deficiency. Three patients were diagnosed as having
NASH according to the hlslolopm] criteria proposed by Kleiner et al.
[16).

NAFLD patients without SLC25A13 mutations satisfied the fol-
lowing exclusion criteria: no consumption of alcohol or steatosis-
inducing drugs such as tamoxifen or anti-retroviral agents, negative
results for hepatitis B surface antigen, anti-hepatitis B core and anti-
hepatitis C virus (HCV) antibodies, and no presence of other types
of chronic liver disease such as autoimmune liver diseases, Wilson's
disease, hereditary hemochromatosis or «l-antitrypsin deficiency.

2.2. Analysis of clinical features

At the time of admission, body height, weight, and waist clrc‘l.u'll
ference were measured by hospital staff of the pati
medical information, and clinical course and past history were taken
for each patient and family. History of alcohol or drug consumption
and food preferences were also recorded, The time of diagnosis of
CTLN2 was taken as the age of appearance of neuropsychological
symptoms and detection of hyperammonemia andfor hypercitrullin-
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emia. The time of diagnosis of fatty liver was taken as the age of
diagnosis by liver biopsy or imaging. The time of diagnosis of
hyperlipidemia, type 2 diabetes, and elevation of alanine amino-
transferase (ALT) level (> 35 U/L) was taken as the age of detection
of these abnormalities by blood examination. The time of diagnosis
of pancreatitis was taken as the age of diagnosis by physical, labo-
ratory, and imaging examinations,
Th:pfmofnb:ﬁtymdcﬁmduhavﬁ;abodymindca
(BMI) of more than 25 kg/m®, based on criteria released by Japan
Sonﬂy futﬁtStudyul’Ohmly [IT].; i were considered to
be hypertensive if their c/ blood p was
than 140/90 mmHg, or if they were taking mn&yp:mnnw dmgs
Patients were considered to be diabetic if they had a fasting glucose
level equal to or higher than 7.0 mmol/L (126 mg/dL) or if they
were taking insulin or oral hypoglycemic drugs. Patients were con-
sidered to have hyperlipidemia if their fasting serum levels of choles-
terol or triglyceride were equal to or higher than 5.7 mmol/L
(220 mg/dL) or 1.7 mmol/L (150 mg/dL), respectively, or if they
were taking lipid-lowering drugs [18] The presence of metabolic
syndrome was judged according to the criteria released by the Jap-
anese Committee for the Diagnostic Criteria of Mctabolic Syndrome
(19}

2.3. Laboratory and biochemical examination

k

At the time of admission, blood les were of 1ina f
state, and complete blood counts and blood chemistrics, mdudmg
lipoprotein, were determined by standard methods. The homeostasis
model assessment of insulin resistance (HOMA-IR), a simple and reli-
able indicator of insulin resistance, was calculated by the following for-
mula: [fasting plasma glucose (mmol/L) x immunoreactive insulin
(pU/mL)Y22.5. A HOMA-IR of greater than 2 was defined as the pres-
ence of insulin resistance [18). Serum pancreatic secretory trypsin
inhibitor (PSTI) concentration wus measured by immunoradiometric
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assay (Eiken Chemical Co,, Lid, Tokyo, Japan). Hepatic ASS activity
was measured as described by Su et al. [20], and values were expressed
as percentages of control.

2.4. Imaging examination

Each patient underwent abdominal US or CT scan. The presence of
fatty liver was assessed according to positive findings such as hepato-
renal contrast, blurring of the vascular wall, and/or profound attenu-
annnorth:dmphngm[lﬂzuln(:i‘ma.ﬂupmoﬂwpt
steatosis was assessed according to criteria described elsewhere [22]

2.5. Liver histology

Liver samples were obtained from 14 CTLN2 patients with Fatty
liver by percutaneous US-guided biopsy (6 patients; Nos. 1, 7, §, 11,
12, and 14 in Table 1) or from explanted livers at living donor liver
transplantation (8 patients). Liver samples were fixed in 10% neutral
formalin, and sections cut at 4-pm thickness were stained with hema-
toxylin and eosin or Azan-Mallory methods. Histological diagnosis
was performed by two experienced pathologists (KS, EH) in a blinded
fashion. The NAFLD activity score (NAS) was assessed according to
the criteria proposed by Kleiner etal. [16] The diagnosis of NASH was
confirmed by a NAS of more than §.

2.6. SLC25A13 gene muration analysis

DNA was extracted from peripheral blood using standard methods.
Sixteen SLC25A13 mutations found relatively frequently in Japan, 13
mutations described previously [4,6,23-25] and three unpublished novel
mummm (Tabata et al,, mmumpl in preparation), were tested by the
poly chain restriction fragment length polymorphism

Table 1

Characteristics of 19 CTLN2 patients at time of admission

No. Age Sex Symptom Prolonged Fondness Ammonia PSTI Citrulline SLC25A13  Hepatic Reference
neonatal  for beans (ng/mL) (ng/mL) (nmol/ mutation  ASS activity No.
jaundice mL) (%)

1 42 M Disorientation - + 96 110 106 viv 26

2 43 F Coma - + m 66 606 Vv 21 14

3 21 F  Consciousness disturbance ~ + 223 300 310 m 14 kK’

4 52 F Disorientation - - 35 21 1241 i 1 34

5 41 F Coma - \ m n m i 10 10, 39

6 48 M  Disorientation - + 59 29 1542 fii 21

7 32 M Consciousness disturbance — + 2 TE 416 v 17 13, 14

8 B M Coma - + 239 35 590 XXXVl 8

9 51 M  Consciousness disturbance — + 67 64 86 nm 70 27

10 24 F  Disorientation - - 100 110 200 1/ 4 34,37

11 19 F Consciousness disturbance + + 20 2 498 mm 6 M

12 26 F  Consciousness disturbance — + 142 NE 155 1/ 41

13 48 F Abnormal behavior - + 178 29 486 7 NE

14 52 M  Consciousness disturbance - + 83 60 40K v NE

15 25 M  Tremor - - 224 NE 474 If1 6 4

16 45 M  Disorientation - - 172 NE 154 ALl 10 34

17 32 M Visual impairment - 9 s 404 i1 3 34

18 31 M Abnormal behavior - - 13 14 117 I L ] 10, 32, 34,

19 40 M  Consciousness disturbance — + 29 30 187 /XX 4 10, 32

Ni CTLN2 p have been admitted to our h 1 up to 2007,

SLC25A13 gene mutations were indicated as follows, I, 851deld [4]; IL TVSI141G > A [4} IV, S225X[4} V, IVS13+1G > A [4] VI, 1800ins! [4];
XXII, Exl-1G > A (Tabata et al, manuscript in preparation); and XXXVII, Ex9-1G > A (Song et al., manuscript in preparation).

Hepatic argininosuccinate synthetase (ASS) activity was determined as described in Methods.

The activities of these patients are expressed as percentages relative to those of normal controls.

M, male; F, female; PSTI, pancreatic secretory trypsin inhibitor; NE, not examined.

Normal ranges are as follows: ammonia, < 75 ng/mL; PSTI, < 20 ng/mL; and citrulline, < 43 nmol/mL.
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method and/or multiple methods using Genescan/SNaPshot. A novel
mutation identified by PCR/sequencing of all 18 exons and the flanking
sequences in an allele of a CTLN2 patient (No. 8 in Table 1) will be
described elsewhere (Song et al., manuscript in preparation).

2.7. Ethics

This study was approved by the ethical commitiees of the Shinshu
University School of Medicine and Kagoshima University Faculty of
Medicine, and adheres to the principles of the Declaration of Helsinki,

2.8 Statistics

Categorical variables were expressed as percentages, and continuous
variables were expressed as median and range (in parentheses), Statistical
analyses were performed using SPSS software 11.5) for Windows (SPSS
Ing., Chicago, IL). Comparisons were made using Fisher’s exact probabil-
ity test for catcgorical variables, the ¢ test for histological scores, and the
Mann-Whitney U-test for continuous variables. To assess the clinical
parameters in differentiating citrin deficiency from NAFLD, receiver-
operating characteristic (ROC) curves were constructed by plotting sensi-
tivity against reverse specificity ( | minus specificity) for each value, In this
assessment, a larger area under the ROC curve (AUC) corresponded to a
more useful marker for differentiating citrin deficiency. The most appro-
priate cut-off point was the point at which the sum of the sensitivity and
specificity was maximized. A probability value of less than 0.05 was con-
sidered to be statistically significant.

3. Results

3.1. Prevalence of fatty liver in CTLN2 patients at time of
admission

Clinical features of the 19 CTLN2 patients are

years. Only one patient (No. 11) had a past history
of prolonged neonatal jaundice, a symptom suggestive
of NICCD [26]. Thirteen (68%) patients tended to
consume with frequency protein-rich foods such as
beans, eggs, or cheese, but the others did not have
any peculiar dietary preferences. All patients demon-
strated hypercitrullinemia and had SLC25A13 gene
mutations (9 homozygotes), and all patients except
one (No. 9) demonstrated marked reduction in hepatic
ASS activity. Elevation of serum ALT and y-glutamyl-
transferase (yGT) levels and fatty liver were observed
in 17 (89%), 15 (79%), and 17 (89%) patients, respec-
tively, at the time of admission (Table 2). None of the
patients had a history of alcohol consumption. Inter-
estingly, in CTLN2 patients with fatty liver, median
BMI values were as low as 183 kg/m®, and none
was classified as obese (Table 2). Increases in waist
circumference, a reliable anthropometric indicator of
visceral obesity, were also not observed in these
patients. These results corroborate with the high prev-
alence of non-obese non-alcoholic fatty liver in
CTLN2 patients.

3.2. Time of diagnosis

Next, the times of diagnosis of CTLN2, hyperlip-
idemia, fatty liver, elevation of serum ALT levels,
and pancreatitis were recorded (Table 3). The med-
ian age of the initial diagnosis of CTLN2 was 40
years. Hypertriglyceridemia was present in 6 (32%)

summarized in Table 1. Their median age was 40 patients. Interestingly, hypertriglyceridemia, fatty
Table 2
Biochemical and anthropometric p of 19 CTLN2 patients at fime of admissi
No ALT AST ALP YGT Bilirubin Albumin Triglyceride Fatty BMI wC
(U/L) (UfL) (UfL) (UL) (mg/dL) (2/dL) {mg/dL) liver (kg/m?) (cm)
1 102 80 840 376 08 41 163 + 186 7
2 48 76 NE ns 09 NE 85 & 16.2 68
3 126 205 513 343 1.3 a7 374 % 157 58
4 a7 54 a2 180 17 35 143 + 215 NE
5 107 84 399 215 0.5 31 73 + 148 60
6 69 30 204 59 0.6 37 1" 4 16.1 69
7 132 123 262 146 0.8 37 136 4 18.0 72
8 4 25 208 46 13 31 60 + 15.1 74
9 51 3 234 55 0.8 45 53 + 2. 76
10 62 125 70 190 0.7 35 918 + 149 NE
1 37 18 164 235 0.3 43 56 + 216 74
12 37 2 NE 2% L1 39 54 + 208 72
13 29 2 389 2 0.4 40 n + 200 71
14 47 56 331 235 14 19 i + 23 72
15 140 104 s21 205 1.2 33 303 + 18.4 69
16 3 81 633 1 0.5 36 684 + 17.1 68
17% 161 92 353 238 12 42 58 + 188 69
18 74 151 NE 17 09 39 65 = 24.1 78
19 24 26 296 57 0.6 32 56 = 14.8 6

Patients’ numbers correspond to those in Table 1. The presence of fatty liver was evaluated by means of liver histology or imaging.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; yGT, y-glutamyltransferase; BMI, body mass index;

WC, waist circumference; NE, not examined.

* Patient No. 17 was positive for anti-hepatitis C virus (HCV) antibody and HCV-RNA in serum. Normal ranges are as follows: ALT, 7-35 U/L;
AST, 12-37 U/L; ALP, 124-367 U/L; vGT, 8-50 U/L; bilirubin, 0.3-1.2 mg/dL; albumin, 4.2-5.1 g/dL; and triglyceride, 30-150 mg/dL.
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Table 3

Age of diagnosis of aboormalities/diseases in CTLN2 patients

No. CTLN2 Hypertriglyceridemia Hypercholesterolermia Fatty liver ALT elevation Pancreatitis
1 42 42 NE 41+ 41* ND
2 42 NE 42 42 42 ND
3 21 21 NE 2l 16* ND
4 51 NE NE 52 52 ND
§ 40 NE NE 4l 41 ND
6 48 NE NE 48 43 ND
7 32 NE P2 2 n* ND
5 7 NE NE 38 38 ND
9 51 NE NE 51 00 ND
10 24 10* NE 24 18¢ 10¢
1 19 NE NE 19 0* ND
12 26 NE NE 26 26 ND
13 47 NE NE g+ g+ ND
14 52 51¢ NE 51* s51* ND
15 25 25 NE 25 25 ND
16 45 20* NE a4 45 43
17 29 NE NE 29 rol 18*
18 25 NE NE NE k)| 14*
19 40 NE NE NE ND 13-

Pail » T
F % COr

pond with those in Tables | and 2.

Time of diagnosis of CTLN2 was taken as the age of appearance of neuropsychological symptoms and detection of hyperammonemia and

hypercitrullinemia.

Time of diagnosis of fatty liver was taken as the age of diagnosis by liver biopsy or imaging.
Time of diagnosis of hyperlipidemia and ALT elevation (>35 U/L) was taken as the age of indication of abnormalities in blood examination.
Time of diagnosis of pancreatitis was taken as the age of diagnosis by means of physical, laboratory, and imaging examinations.

*, before the diagnosis of CTLN2; NE, not examined; ND, not detected.

liver, and elevation of serum ALT levels had been
pointed out in 3 (16%), 5 (26%), and 8 (42%)
patients, respectively, before appearance of neuropsy-
chological symptoms, i.e., diagnosis of CTLN2. Fur-
thermore, 5 (26%) patients had experienced
pancreatitis, all of which preceded diagnosis with
CTLN2.

3.3. Histological findings of fatty liver with citrin
deficiency

In the 17 CTLN2 patients with fatty liver, one patient
(No. 17) was excluded because of positive results for
anti-HCV antibody and serum HCV-RNA (HCV geno-
type 1b). The remaining 16 patients (Nos. 1-16) had

Table 4

Histological ination of hepatic steatosi inted with SLC25A13 gene mutations

No. Steatosis  Microvesicular st is Fibrosis Lobular inflammation  Portal inflammation  Ballooning MH GN NAS
1 1(30%) 1 0 1 0 0 0 0 2

2 1(20%) 0 0 ] 0 0 0 0 1

3 2(60P) O 3 1 1 0 0 0 3

4 (s 0 0 1 0 0 0 0 4

5 2(600) 0 1C 1 1 0 0 0 k)

6 (80 0 1A 1 0 1 1 1 5 NASH
7 1(20%%) 1 1C 0 o 0 0 0 1

8 1(30%) 0 1A I 0 0 0 0 2

9 1(30%) 1 1A 1 1 0 0 0 2

10 3(0%) 0 1C 1 1 0 0 0 4

11 1(30%) © 1c 1 0 0 0 0 2

12 1(30%) 0 1A 1 0 1 0 0 k)

13 1(3P5) 1 1A 1 1 1 0 1] 3

14 1(20%) O 1A 1 | | 0 0 3

Patients’ numbers correspond with those in Tables 1-3.

Liver samples were obtained from 14 of 16 CTLN2 patients presenting with fatty liver.
Six samples (Nos. 1, 7, 8, 11, 12, and 14) were obtained by percutaneous liver biopsy, and the remainder was obtained from explanted livers at

transplantation.

The histological activity and severity were scored according to the criteria proposed by Kleiner et al. [16].
MH, Mallory hyaline; GN, glycogenated nuclei; NAS, NAFLD activity score,
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hepatic steatosis, and liver samples were obtained from
14 patients (Nos. 1-14) (Table 4). All samples demon-
strated various degrees of macrovesicular steatosis
mainly present in zone 3. Apparent microvesicular stea-
tosis was also present in 4 (29%) samples. Perisinusoidal
fibrosis was detected in 11 (79%) samples, and one (8%)
sample demonstrated bridging fibrosis (Fig. 1A). Mild
lobular and portal inflammation consisting of mononu-
clear cell infiltration was observed in 12 (86%) and 6
(43%) samples, respectively. Hepatocyte ballooning,
Mallory hyaline, and glycogenated nuclei were detected
in 4 (29%), 1 (7%), and 1 (7%) sample, respectively.
Assessment of histological severity of NAFLD revealed
that 1 (7%) patient (No. 6) had a NAS of more than 5
(Fig. 1B), but approximately 50% of the patients had a
NAS of less than 3 (Table 4).

3.4. Comparison of clinical and biochemical findings between
Sarty liver with and withour SLC25A413 gene mutations

In order to investigate the clinical characteristics of

fatty liver associated with citrin deficiency, clinical and
biochemical findings of these patients were compared

A

Fig. 1. Liver histology of CTLN2 patients. (A) Liver specimen obtained
from patient No. 3. Azan-Mallory staining showed the presence of
bridging fibrosis with perisinusoidal fibrosis. Macrovesicular steatosis
and mild lobular inflammation were observed (Azan-Mallory staining,
x40; hematoxylin and eosin staining, «100). (B) Liver specimen
obtained from patient No. 6. Diffuse macrovesicular steatosis mainly
present in zome 3 was observed. Ballooned hepatocytes containing
Mallory hyaline were also found (arrows) (Azan-Mallory staining, <40;
hematoxylin and eosin staining, = 100 and = 600).

with fatty liver cases without SLC25A13 mutations,
i.e., conventional NAFLD. As shown in Table 5, fatty
liver patients with the mutations had a lower frequency
of obesity (0 vs 72%, P < 0.001), metabolic syndrome (0
vs 36%, P<0.001), type 2 diabetes (0 vs 32%,
P <0.001), hypertension (0 vs 44%, P <0.001), and a
higher frequency of history of pancreatitis (13 vs 0%,
P =0.002) than those without the mutations. The med-
ian BMI of citrin deficiency patients was significantly
lower (18.3 vs 27,3 kg/m?, P < 0.001), as were waist cir-
cumference (72 vs 89 cm, P < 0.001), serum albumin (3.7
vs 44 g/dL, P = 0.001), cholesterol (4.8 vs 5.8 mmol/L,
P =10.003), low-density-lipoprotein cholesterol (2.1 vs
4.2 mmol/L, P=0.002), and HOMA-IR (1.7 vs 4.8,
P =0.006) (Table 5). Serum PSTI concentrations were
significantly greater in patients with citrin deficiency
(74 vs 10 ng/mL, P < 0.001) (Fig. 2).

3.5. ROC curve analysis

We first tried multivariate logistic regression analysis
to identify key clinical parameters for detecting citrin
deficiency in NAFLD, but were unable to obtain any
meaningful data due to the remarkable differences in
BMI and PSTIL Thus, ROC curves were constructed
and evaluated for each parameter. The AUC of BMI
and PSTI were found to be quite large (0.968 and
0.989, respectively). The odds ratio for BMI was 0.48
(95% confidence interval, 0.924-1.011; P <0.001), and
that for PSTI was 1.37 (95% confidence interval,
0.963-1.015; P<0.001). The most appropriate cut-off
values for distinguishing citrin deficiency from NAFLD
were identified as a BMI < 20 kg/m? and serum PSTI >
29 ng/ml, respectively (Fig. 2).

4. Discussion

The present study demonstrates that citrin deficiency
can superficially mimic NAFLD before the onset of neu-
rological abnormalities. However, fatty liver patients
with SLC25A13 mutations lacked the complications of
obesity, metabolic syndrome, and diabetes. Further-
more, BMI and serum PSTI appeared to be clues in dis-
tinguishing citrin  deficiency from conventional
NAFLD. As far as we know, this is the first study to
review the clinical features of citrin deficiency-associated
fatty liver disease and compare the characteristics with
those of NAFLD without SLC25A13 mutations.

As evidenced in Table 3, it is plausible that many
patients homozygous for SLC25A 13 mutations may be
diagnosed as having other diseases, such as NAFLD,
hyperlipidemia, and pancreatitis, before the appearance
of neurological abnormalities and diagnosis of CTLN2.
There is also great variety in the time and mode of onset
of neurological episodes in CTLN2; some patients do
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Fig. 2. Comparison of BMI and serum PSTI between fatty liver patients without (—) and with (+) SLC25A13 gene mutations. Each value was plotted,
and median values were indicated in the lines. The cut-off values of BMI and serum PSTI were calculated as 20 kg/m® and 29 ng/ml., respectively. ***,

P <0.001.

not experience neurological symptoms until middle or
old age. For example, in one patient, the first neurolog-
ical episode occurred at 79 years of age [23]. Indeed, the
patient (No. 9), who had been diagnosed as having
hepatocellular carcinoma (HCC) of unknown etiology
experienced consciousness disturbance for the first time
after hepatic resection at 51 years of age, leading to the
diagnosis of CTLN2 [27]. This diversity may be partially
explained by varying degrees of reduction in hepatic
ASS activity. The frequency of homozygotes in Japan
(1/19,000) [3] calculated from carrier rate is quite differ-
ent from the actually reported incidence of CTLN2 (1/
100,000) [28], suggesting that many people with citrin
deficiency devoid of neurological symptoms may exist
in the general population.

The mechanism of steatogenesis by citrin deficiency
may be explained as [ollows: NADH reducing equiva-
lents are supplied to the mitochondria mainly via the
malate-aspartate shuttle in human hepatocytes
(Fig. 3A). However, citrin deficiency loses this shuttle,
resulting in the compensatory up-regulation of the
malate-citrate shuttle, which increases citrate in the
cytosol (Fig. 3B). A large amount of citrate is con-
verted to acetyl-CoA by ATP-citrate lyase, further
leading to overproduction of fatty acids in hepatocytes
(Fig. 3C). In fact, elevated mRNA levels of ATP-it-
rate lyase have been confirmed in livers of citrin/mito-
chondrial glycerol-3-phosphate dehydrogenase double
knockout mouse, a suitable model of human citrin defi-
ciency [12]. The mRNA levels of CD36 (fatty acid
translocase) were also elevated in these mouse livers
[12], suggesting increased fatty acid uptake capacity
into hepatocytes, Based on these findings, enhancement
of de novo lipogenesis and fatty acid uptake into hepa-
tocytes are considered to be key events in the develop-

ment of hepatic steatosis in patients with citrin
deficiency. Additionally, the observation that plasma
ketone body levels are relatively low in CTLN2
patients [29] implies that mitochondrial fatty acid-
degrading capacity might be reduced to some degree
(30,31].

A striking finding in this study is that some citrin defi-
ciency patients presenting with fatty liver had a history
of pancreatitis, indicating a possible susceptibility to cit-
rin deficiency in NAFLD/NASH patients who have
experienced this disease. Pancreatitis unrelated to alco-
hol consumption, which is sometimes chronic and recur-
rent, is one of the hallmark features of citrin deficiency
[32], but its etiology remains unclear. Recently, we
reported the case of a non-obese patient with NASH
caused by pancreatic exocrine insufficiency [33]. This
case was characterized by the absence of obesity and
insulin resistance and decrease in serum levels of albu-
min and cholesterol, showing several resemblances to
fatty liver with citrin deficiency. A significant reduction
in plasma methionine concentrations was also observed
in this case, and both hepatic steatosis and decreased
plasma methionine levels were significantly improved
by pancreatic enzyme supplementation [33]. Therefore,
impaired pancreatic exocrine function due to chronic
pancreatitis, latent malabsorption of essential amino
acids, and the resultant deficiency of methionine might
at least in part contribute to the pathogenesis of fatty
liver with citrin deficiency.

The most remarkable characteristics of fatty liver dis-
ease due to citrin deficiency were low BMI and high
serum PSTI. All CTLN2 patients with [atty liver were
lean, which is consistent with other previous reports
[13,14,34,35]. This phenomenon may derive from a
unique food habit of disliking high calorie and high car-
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Table §
Comparison of clinical, anthropometric, and biochemical characteristics of fatty liver with SLC25A13 gene mutations and NAFLD without such
mutations
Parameter Mutation (+) (n = 16) Mutation (=) (n = 25) P
Age 38 (19-52) 61 (26-77) 0.001
Female (%) 50 60 0.313
Body height (m) 1.63 (1.41-1.75) 1.57 (1.34-1.83) 0.048
Body weight (kg) 48 (34-68) 68 (45-106) <0.001
WC (em) 72 (58-76) 89 (70-102) <0.001
BMI (kg/m?%) 18.3 (14.8-23.6) 27.3 (22.2-329) <0,001
Ohbesity (%) 0 T2 <.001
Metabolic syndrome (%) (1] 36 <0001
Type 2 diabetes (%) 0 2 <0.001
Hypertension (%) 0 44 <0.001
Hypercholesterolemia (%) 19 52 0.265
Hypertriglyceridemia (%) 38 40 0.874
History of pancreatitis (%) 13 0 0.002
Platelet (% lO’fmm’) 194 (68-257) 187 (78-297) 0.514
PT (%) 73 (32-109) 108 (59-121) 0.002
Albumin (g/dL) 37(3.1-45) 44 (3.5-5.1) 0.001
AST (U/L) 56 (18-205) 57 (24-141) 0.063
ALT (U/L) 54 (29-140) 76 (25-298) 0.829
¥GT (U/L) 185 (24-376) 82 (36-278) 0.004
Cholesterol (mmol/L) 4.8 (2.9-6.7) 5.8 (3.6-9.6) 0.003
(mg/dL) 186 (112-259) 221 (140-370)
Triglyceride (mmol/L) 1.4 (0.6-10.4) 1.8 (0.7-4.6) 0.188
(mg/dL) 124 (53-918) 158 (65-408)
HDL-C (mmol/L) 1.1 (0.4-2.3) 1.1 (0.8-1.5) 0.893
(mg/dL) 49.5 (19-101) 49.5 (36-68)
LDL-C {mmol/L) 2.1 (1.0-5.1) 42(1.3-8.8) 0.002
(mg/dL) 66 (32-163) 136 (42-283)
Glucose (mmol/L) 5.6 (4.3-8.1) 6.8 (4.9-10.1) 0.003
{mg/dL) 100 (77-145) 122 (88-181)
Glycohemoglobin (%) 4.8 (4.4-5.1) 6.4 (5.1-9.9) 0.018
IRI (pU/mL) 54 (3.0-22.8) 14.1 (5.4-50.3) 0.002
HOMA-IR 1.7 (0.6-7.0) 48(1.5-144) 0.006
HOMA-IR > 2 (%) 19 92 0.006
PSTI (ng/mL) 74 (21-300)* 10 (6-29) <0001

These data were compared between CTLN2 patients presenting with fatty liver (Nos, 1-16 in Tables 1-3) and NAFLD patients without the

mutations.

Comparisons were made using Fisher’s exact probability test for categorical variables and the Mann-Whitney U-test for continuous variables.

Data are cxpu'emed as percentages und median (ranges in parenthesis),
*, Data obtained from 13 p (except patient Nos. 12, 15, and 16).

WC waist circumference; BMI body mass index; PT, prothrombin time; AST, aspartate

ransferase; ALT, alanine aminc fe

1 vGT, -

glutamyltransferase; HDL-C, high-density-lipoprotein cbo]eslcml LDL-C, low-density-lipoprotein cholesterol; IR1, immunoreactive insulin;

HOMA-IR, homeostasis model for insuli

e; PSTI, pancreatic secretory trypsin inhibitor.

A HOMA-IR > 2 was considered indicative of the presence of insulin resistance.

bohydrate foods such as rice and sweets [2,3] An
increase in serum PSTI is known to sometimes precede
neurological episodes [36,37]. Indeed, in a patient we
reported [13], a retrospective measurement revealed a
marked elevation of serum PSTI (170 ng/mL) at the
time of liver biopsy in which he appeared conscious.
Therefore, we may postulate that measurement of
BMI and serum PSTI may be useful as an initial screen-
ing method to distinguish citrin deficiency from
NAFLD. We are prospectively examining serum PSTI
in non-obese NAFLD patients, but all patients analyzed
thus far have had normal PSTI and no SLC25A13 gene
mutations. Verifying this finding will require further
large-scale examinations.

It is quite noteworthy that some CTLN2 patients
with steatosis developed severe fibrosis (Fig. 1A) or
cirrhosis, suggesting that citrin deficiency may pro-
gress o cirrhosis. Since all liver samples analyzed were
obtained shortly after the onset of neurological abnor-
malities and the initiation of ammonia-reducing ther-
apy, the possibility that the development of hepatic
fibrosis can be attributed to inadequate therapeutic
interventions (e.g., strict protein restriction, long-term
intravenous hyperalimentation) seems very low. More
importantly, citrin deficiency can induce HCC
[2,27,38-40], meaning clinicians should also consider
citrin deficiency as one of the etiologies of cryptogenic
cirrhosis or HCC.
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Fig. 3. A proposed mechanism of steatogenesis in patients with citrin deficiency. (A) NADH-supplying systems into mitochondria in human hepatocytes.
The malate-aspartate shuttle plays a central role in translocating NADH from the cytosol to mitochondria, and citrin (aspartate—glutamate carrier,
AGQ) is one of the essential components of this pathway. Asp, aspartate; Cit, citrate; CT, citrate transporter; cyt, cytosol; Glu, glutamate; IM,
intermembrane qnw.ux(;. a-ketogluturate; Mal, malate; mit, mitochondrial matrix; NADH, nicotinamide adenine dinucleotide; OAA, oxaloacetate;
OMC, oxogh porter. (B) Changes in NADH-supplying systems caused by citrin deficiency in human hepatocytes. Citrin deficiency
causes loss of the malate-aspartate shuttle and compensatory up-regulation of the malate—citrate shuttle, resulting In increased citrate in the cytosol.
Abbreviations are identical to those in panel A. (C) Changes in fatty acid metabolism in patients with citrin deficiency. Overproduction of fatty acids due
to increases in cytosolic citrate and enhancement of fatty acid uptake into hepatocytes are proposed to be associated with steatogenesis. ACL, ATP-

citrate lyase; CD36; fatty acid translocase; Cit, citrate; FA, fatty acid; TG, triglyceride; cyt, cytosol; mit, mitochondrial matrix.

The results found in the current study lead to several
points that need further study. Firstly, the prevalence of
citrin deficiency in patients with cryptogenic chronic
liver diseases should be clarified. Secondly, simple,
non-invasive, and useful indicators to find apparently
healthy homozygotes need to be established. For
instance, the usefulness of immunoblot analysis of citrin
by means of lymphocytes has recently been documented
[41]. Finally, possible pharmacological interventions
against asymptomatic citrin deficiency patients should
be discussed as therapeutic interventions to decrease
cytosolic citrate might attenuate hepatic steatosis. A
recent study using citrin-deficient mice demonstrated
that pyruvate replenishment may be effective to alleviate
metabolic disturbances [42].

In conclusion, patients who present with fatty liver,
especially non-obese individuals, might have citrin defi-
ciency mimicking NAFLD. Medical history, dietary
preference, and anthropometric and laboratory data

such as BMI and serum PSTI may provide clues to dis-
criminate citrin deficiency from NAFLD.
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Introduction
Recently, lifestyle-related o und

Abstract

Buckground and Alm: Eihnic dilferences in non-uleoholic sicatohepalitis (NASH) arc
well-documented, but there has heen no study on the prognosis of Japancse NASH patients
with cirrhosis. Aceordingly, we compared cirthotic NASH with liver cirrhosis caused by
chromic hepatitis C (LC-C) to clanfy its clinical feamres and define the nsk factors for
death,

Methods: A prospeciive evaluation of the outcomes of NASH patiems with severe fibrosis
was started in 1990, Data on age- and sex-matched patients with biopsy-proven LC-C were
collected retrospectively and used as the control.

Results: There were 68 patients with cirrhotic NASH and 69 with LC-C. The Child-
Turcotte-Pugh (CTP) class was similar in these two groups. Although the outcome of the
NASH group was better than that of the LC-C group, cirrhotic NASH followed a similar
course to that of LC-C; that is, complications of cirrhosis developed, including hepatocel-
lular carcinoma (HCC, the S-year HCC rate was | 1.3% for NASH and 30.5% for HCV) and
death (the 5-year survival rates were 75 2% and 73.8%, respectively). HCC was the leading
cause ol death in both groups (NASH, 47%; HCV, 68% ), The occumrence of HCC and the
CTP class were significant nsk factors for monality i NASH palients acconding (o
a multivariate analysis (HCC: hazard ratio [HR) 796, 95% confidence imerval [CT)
2452588, CTP class A: HR (.17, 95% C1 0.06-0.50),

Conclusion: In conclusion, the present study confirmed that cirrhotic NASH has a similar
course (o LC-C. The oecurrence of HOC was the strongest predictor of mortality in the
NASH groups. These findings may be helpful when deciding on therapeutic interventions
for NASH and also for the daily of these pati

risk of cirthosis "' We previously reportied a case series of NASH
patients with hepatocellular earcinoma (HCC) development,’” but
bo! d there have not been many studies about NASH and HCC ="

(diabetes, hypertension, and hyperlipidemia)l  have become
leading public health problems because of the dramatic increase
of these diseases in both Western countries and Asia. Non-
alcohuhe faty liver disease (NAFLD) is a hepatic manil

NASH shows a wide range of severity, from minimal fibrosis o
cirthosis, 50 it is important to clarify the natural history of each
stage (especially cirthotic NASH) in order to determine how to

ge these | A prospective study of the natural history of

of the metabolic syndrome. so NAFLD and non-alcoholic ste-
atohepatitis (NASH) have now become major liver discases in
these countrics,'!

Annual health checks have resulted in 20-35'% ol Japanese
adulis heing diagnosed with NAFLD by ulirasonography (US).**

Based on this high prevalence of NAFLD, the prevalence of
NASH is estimated to be 1-2% among Japanese adults. It has heen
reported that NASH progresses to cirthosis i up o 20% of
patients.” " In NASH patients. old age. obesity, insulin resistance,
hypertension, and diabetes mellitus are all associated with a higher

Joutnat of G and
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NASH patients with severe fibrosts was staned it Tokyo Women's
Madical University Hospital (Tokyo, Japan) in 1990, We have
reported on the nataral history of NASH, showing liver failure and
HCC as the major causes of death in NASH patients with advanced
fibrosis." Although several studies have provided data abour the
natural history of NASH. there have been few reports on errhoue
NASH."™ Accordingly, the present study was performed to
clarify the clinical features of eirrhotic NASH, by comparing the
clinical feawures of liver cirrhosis due 10 NASH with those of liver
cirrhosis caused by hepatitis C virus tHCV ) infection, as well as Lo
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HCC and outcomes of LC-NASH compared with HCV

define the risk factors for the development of HCC and mortality in
cirthotic NASH patients.

Methods

Patients

From 1990 o December 2006, 412 Japancse paticnts were diag-
nised with iopsy-proven NAFLD at Tokyo Women's Mﬂ!lr_:l
University. Among them, 70 patients had cirrhosis. An eval

S Yatsuy eral

clers were measured: aspartate aminotransferase (AST). alanine
aminotransferase (ALT), total hilirubin, alkaline phosphatase,
yglutamyltranspeptidase (YGTP), albumin, platelet count, pro-
thrombin time, hepaplastin test, and Chuld—Turcotte—Pugh (CTP)
class. Sereening for HCC was performed in the cirrhotic NASH
and HCV patients wt least three times a year by measuring

Aerum o-fetops andfor prothromb Juced by K

ahsence-11 and hy US. lhher imaging smdlcs rc‘r MRI. and/or

sclective hepanc angiography) were p d in | with
d HCC.

of the natural history of NASH patients with severe fibrosis was

started in 1990, All patients gave infi 1o participate in
a study examining lhe Mluni history of their disease. and their
linical data were coll prospectively, Dits on age- and sex-

matched patients with biopsy-proven cirthosis due to HCV who

In obese panents. weight was mamly controlled by diet and
exercise. Thirty-five patients received drug treatment for NASH
(ursodeoxycholic acid in 24 and/or vitamin E plus vitamin C in 22
patients). None of the patients underwent bariatric surgery, and

were concurrently managed at our hospital were also collecred
retrospectively and used as the control.

We excluded two patients because of a lack of informed
consent, 50 68 cirrhouc NASH pauients (39 women and 29 men)
were included in this study. A rotal of 69 age- and sex-matched
pati with liver cirrh due 1 chromc hepatitis C (LC-C)
formed the control group.

Definitions

Follow up was started from the time of liver biopsy, which was
performed in all of the putients. Although some patients had ascites
at bascling, it was resolved after treatmeint with diuretios, and a liver
biupsy wis performed following the disappearunce of ascites. A
diagnosis of NASH was based on the following criteria; (i) detec-
non of sicatohepatitis by hiver biopsy: (i1) iniake of less than 100 g
ethanol per week: and (ii1) appropriate exclusion of other fiver
diseases.*'*' Cirrhosis was diagnosed by histwological examination.
The HCV group had histologically-proven cirrhosis and the patients
were positive for HCV viral RNA by a quantitative polymerase
chain reaction assay, They had cither not been treated with inter-
feron or were virological non-responders to interferon therapy.

Obesity was defined as a body mass index (BMT) of more than
25 according to the Japanese Obesity Association criteria. The
diagnosis of type 11 diabetes mellitus was based on the Japanese
criteria, Hyperlipidemnia was diagnosed if the patient was being
treated with lipid-lowering medications or had el d levels of
total cholesterol (>220 Inp'lll..l andfor riglycerides (> 150 mg/
dL} on at least three occasions, Hyp jon was diagnosed if the
patient was on antthypertensive therapy or had blood pressure
greater than 140/0 mmHyg on al least three occasions

All liver biopsy specimens of the cirrhotic NASH panems were
examincd for fibrosis, and the NAFLD activity score was
calculated. " Liver biopsy specimens from the HCV patients
with cirrhosis were evalualed secording w the crilenia of Desmet
etal®

HCC was diagnosed histologically or by the detection of con-
sistent findings using at least two imaging techniques fmm nmmg
US. computed tomography (CT), magneti v ging
(MRI), and sclective hepatic arteriography.”

Patient management
A complete history was obtained and a physical examination was

liver pl was only perf d in one patient, None of
the patients were on h pl therapy for menopause.
Statistical analysis

Analysis was performed with SPSS software (SPSS, Chicago, 1L
USA). The Mann-Whitney test or the 3 test was used to compare
baseline variables between the NASH and HCV groups. The start-
ing date for the analysis was the date of liver liopsy in all patients.
Patients in both groups were followed up until they died and were
censored al the time of their last ¢chmic visit The patient who
underwent liver i ion was followed up unnl the day of
transplantation, which was handled in the same way as the day of
death. The pnmary vutcomes were the occumence ol complica-
lions ol cirrhosis [gmminh:slinnl varices and variceal hemor-
rhage, asciles, and halopathy), the devilor of HCC,
meull numval and Imm:d maortality. The time frame for a

was defined as the interval from liver hiopsy
lmtil the of the rel event. The time-to-failure
analysis (Kaplan-Meier) was performed. and the log-runk test was
used for comparisons between the NASH and HCV groups. To
clarify the risk factors for the development of HCC and monality
among cirthotic NASH patients, the Cox proportional hazards
analysis was used. Age. BMI. diabetes, hyperlipidemia. hypenen-
sion, bilirubin, albumin, AST. ALT, yGTP. plateler count, pro-
hrombin time, gas | varices, ascltes, encephalopathy,
HCC, and CTP class A were included in the model, All parameters
that had a P-value of less than 0.1 according to univanate analysis
were selecied (or the multvanate analysis with the Cox propor-
tivnal huzards model. A P-value of 0.05 or less was considered
statisucally sigmficant.

Results
Bassline data

Hasel ! hic, clinical, and laby y data (rom the
patients with mrrhum. NASH or arhote HCV are shown in
Tahle |- The mean age of the patients with cirthosis duc i NASH
was 627 years, with a range of 16 to R9 yeans (two pediamic
patients). The mean age of the patients with cirrhosis due to HCV
was 1.3 years (range: 53 (o 75 years).

The NASH patients had a higher prevalence of obesity and
lifestyle-related diseases, and the between-group differences in the

performed in all of the p The foll Y param- prevalence of obesity, diabetes mellis, and hyperlipidemia were
2 Journal of Gasvoenterology v-d Hmnlwr (20081 & 2008 The Authors
Journal corpdation © 008 Joural of Gastroenterology and dogy F and B i Putilshing Asa Pry Lid
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5 Yatsup eral HCC and cutcomes of LC-NASH compared with HCV
Table 1 Bessine demographic, clrcel leatures, and laboratory findinge

MNASH n=68 HCV n=69 Pvalue

rran - S0 or wmean oo - 5D
Follow-up penod imanths) 410 =393 745 =524 0.001
Age lysars) B2.7 =132 61.3=58 N5
Sex (temalel 5% 57% N.5
BMI (kgim) 278 54 240 * 30 =0.001
Obesity (BMI = 25 kgim?) B6% 32% U85 > 0.001
Severe obesity (BMI = 30 kg/m’) 4% 3% U85 0.002
abe:ns BE% 3a% 67 > 0.001
Hyperfipidemia 34% 13% 0.004
Hypertension 47% a3% NS
Al lgidl) 465207 i6=06 N.5
Tbd (gdl) 11=08 08 =05 NS
AST (UL 8609 = 42.2 92.2 = 454 >0.001
ALT Ul beg -~ 413 BB =421 > 0001
ALP ILAY 3323=-2022 876 = 1320 NS
YGTP UL 116,7 + 901 580 ' 365 =0.001
Pt x 10%L) 118243 85 =34 0.001
Prothtombin time (%) 776 = 168 69.0 = 181 0.008
HPT %) 758 = 211 686 = 183 D034
Child-Turcotte=Pugh score 6114 6114 NS

Alb, glbumin: ALP slkpling phosphatase: ALT, elamne aminotransterase; AST, aspartate armmotransieszse
C virus: HPT. hepaclastn test: NASH. non-alcoholic steatoheparitis. NS, not significant: Pit, platelet count.

ralutamyltrar HCV. h

Tetl, tatal tulirubsn

Table2 Complications of srrhosis

BMI, body mass index: yGTP

NASH (n =681 HCV (n =88
At baseline During the follow-up At the end of the At baseling Dunng the follow-up Ar the end of the
i penod {ni tfollovw-up period (n} ] period (nf follow-up period (n)
Asrites a%, (B 0% 170 8% 131 o 14) 36% 125) 42% {29)
Gl vances® 44%, (27) 15% 19} 58% |3&] 42% 27 26% (7 BA% (44)
Encephalopatty 3% (21 10% (7 13% 19 1% (1) 12% (8) 13% (@)
HCC 21% (14 0% 7 3% 121) 13% (9) 35% (24) 4% (13)

"Siuty-two patients underweni endoscopy in the non-alcoholic steatohapatitis INASH) group. and 85 patients in the hepatitis © vieus (HCV] group. G

gasrointestnal, HCC, hepstoceliuiar caronoma

significant. Transaminases were significantly higher in the HCV
group, while the YGTP level was significantly higher in the NASH
group. The platelet count was significantly higher, and the pro-
thrombin tme was significantly shorter in the cirrhotic NASH
group. However, 67% of NASH patients had a CTP score of less
than 7 at the time of emry, as did 62% of HCV pallﬂlls Hlsw-
logically, steatoss andd ball g dege were 1n
all af the NASH patients, while nemnnﬂamrllahwy changes were
variable.

Complications of cirrhosis

Ascites was present in six NASH paucents and four HCV paticnis
at the time of the initial evaluation. OF the remaining patients.
seven with NASH and 25 with HCV developed ascites dunng
follow up (Table 2). The S-year occurrence rate of asciles was
19.1% in the NASH group versus 29.6% in the HCV group. The
Kaplan—Meier analysis showed that HCV patients developed

Journal of Gastroenterclogy end Hepatology (20081 © 2008 The Authors

ascites more frequently after 100 months of follow up, but there
wias no significant difference between the two groups (P = 10,1751

At entry into the study, 44% of cirrthotic NASH patients (62
patients underwent endoscopy) and 42% of cirrhatic HCV patients
(65 patients underwent endoscopy) had evidence of esophageal
varices, During the follow-up period, nine additional patients wnh
NASH and 17 with HCV wuere diag I as having esophag
varices by endoscopy. During follow up, 15 paticnis with NASH
versus nine with HCV suffered from vanceal hemorrhage, and one
and five patients died of hleeding, respectively (Table 2). The
S-year occurrence rate of varices was 28.2% in the NASH group
versus 34 5% in the HCV group, and the Kaplan-Meier analysis
showed a similar incidence in both groups (P = 0.789),

At enroliment. two patients with NASH and one patient with
HCV had a history of encephalopathy. Over time, seven other
patients with NASH and eight patients with HCV developed
encephalopathy (Table 2), The 5-year occurrence rale of ascites
was 16.1% in the NASH group versus 9.1% in the HCV group.
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Figure 1 Age ostibution 8t gagnos's of repatoceliutar carcinoma,
HCV, hepatits © wwus, NASH, non-alcohohc stestohepatitis

Although NASH patients showed a higher incidence of encepha-
|npalhy. .u:mrdms ta the Kaplan-Meier analysis there was no
t the groups (P = 0.253),

antcﬂ patients with NASH and mine patients with HCV had
HCC at enrollment. During the follow-up penod, seven patients
with NASH developed HCC, as did 24 patients with HCV
{Table 2). There were 11 males and 10 femules with HCC in the
cirrhotic NASH group and the median age wis 71 for males and 70
for females, There were 16 males and 17 females with HOC in the
cirthatic HCV group and the median age was 64 for males and 63
for females, The median ages of the males and females in cach
group are shown in Figure 1. The median ages of the male and
female NASH patients were significantly higher than those of the
HCV patients. The S-year occurrence rate of HCC was 11.3% in
the NASH group versus 30.5% in the HCV group. The develop-
ment of HCC showed a higher rate in the latter group, but the
difference was not significant (P = 0.185)

A total of 19 patients with NASH (including one patiemt who
underwent liver transplantation) and 28 patients with HCV died.
Survival curves are shown in Figure 2. Survival was slightly betier
for cirthotic NASH panients (the S-year survival rate was 75.2% in
the NASH group and 73.8% in the HCV group). but the difference
was not significant. The causes of death are shown in Figure 3
HCC was the lcading cause of death in both groups (nine deaths in
the NASH group and 19 in ihe HCV group). (vllowed by liver
failure (six and seven deaths, respectively). Among the paticnts
with liver failure, one NASH patient and five HCV patients died of
variceal bleeding. There were imare non-=liver-related deaths in the
NASH group, but the difference was not significant. The causes of
non-liver related death in the NASH group were endometrial
cancer in one patient, cholangitis in one patient, interstitial preu-
monia in one patient, and cercbral infarction in one patient. Only
two patients suffered from non-liver-related death i the HCV
group (interstinal pneumonia and cerebral hcmnrrhml

5 Yatsow of &l

ok

e

]

w

Months

Figure2 Survival curves lal Non-slcohols staatohepatits INASH
n = B8Y; (bl napsuns C virus (n = 63). P=0.393. — NASH; ., hepatitis C.

The Cox proportional huzards analysis did not identify any nsk
factors For the development of HOC, although we also investiguted
the metaholic factors. The univariate analysis showed that HCC,
ascites, albumin, hilimbin, and CTP class A were significant risk
factors for mortality, but diabetes was not. According to the mul-
tvanate analysis, HCC and CTP class A were sigmificant nisk
factors for mortality (Table 3). Figure 4 shows the survival of
cirrhotic NASH patients with or withowt HCC, which was a
sagmificant risk factor that led 1o the death of these patients.

Figure 5 shows the prevalence of lifestyle-related diseases in
all of the NASH patients. cirrhotic NASH patients, and NASH
patients with HCC. The prevalence of diabetes was significantly
higher among the NASH patients with HCC, but the prevalence of
obesity and hyperhipidemia was lower in the NASH patients with
cirthosts or HCC

Ethnic differences with respect to the prevalence and features of
NAFLD are well documented,™ but there has been no information

lable on the prognosis of Jay NASH p with cir-
rhosis. The present repon provides data from the first Japanese
prospective study on the natural history of NASH patients with
cirthosis who underwent follow up using a predefined screening
protocol for HCC at a single teniary care hospital. All of the
patients were Japanese, and (ollow up was started at the lime of
liver biopsy. Several therapeutic approaches have been lested for
the reaiment of NASH, but there is no pharmacological therapy
that has conclusively proven 1o be effective. ™™ In the presem
serics, none of the paticnts underwent banatnie surgery, and liver
transplantation was only performed in one patient. Furthermaore,
only two patients were lost to follow up, Therefore, our patients
were suitable for assessing the natural history of Japanese NASH
with cirrhosis, despite the existence of referral hospital

There were no diff in the baseli i T
bet the HCV with and without prior anu-HCV
herapy, and the long-i outcome was similar for these wo
subgroups.

4

bi:u The main limitatnon of this study is that ;Il: cumrtrl group w:ls

d tively. but a p 5

for HCC was 2lso employed in the HCV group. Fuuhﬂmuﬂ: there
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were no differences in the baseline charactenistics between
patients from the HCY group with and without prior anti-HCV
therapy. The long-term outcome was similar for these two sub-
groups, as was found in a recent large-scale nationwide study, "
When we compared the vutcome of cirthotic NASH with that of
cirrhosis due 1w HCV, our study confirmed that the morbidity and
mortality rales of the NASH group were belter than those of the
HCV group. However, circhosis due 10 NASH still followed a
similar course to cirrhosis caused by LC-C; that is, the develop-
ment of complications, nccurrence of HCC, and then death
Interestingly, baseline data showed significant differences
between the NASH and HCV groups. As expected, there was a
significantly higher prevalence of obesity, diabetes, and hyperlipi-
demia in the NASH group. In addition, the NASH patients with

Journal of Gastroenterclogy and Hepatology [2008! & 2008 The Authors 1]
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cirrhosis had sig v lower trans levels and higher
YGTP levels than the HCV patients with cirrhosis. Although there
was no significant difference of the CTP class between the two
groups., the NASH patients had a significantly higher platelet count
and prothrombin time than the HCV patients, Tt is unlikely that this
wis because of the earlier detection of cirrhotic NASH, because
NASH is still not well known in Japan, while HCV tends 10 be
diagnosed early because of screening for this disease by govemn-
ment heath services. The reasons for these diflerences in the labo-
ratory data are unknown. It has been reported that a low normal
ALT vaulue docs not guaraniee the absence of underlying steato-
hepautis with advanced fibrosis.” so the differences thal we
detecred might be relued 1o the characieristics of cirrhotic NASH

Hu et al. reporied on the long-term mortadity and mortaliny
imedian follow up: 60 months) of 23 paticnis with NASH-
associated cirthosis. " The outcomes were compared with those of
46 age- and sex-maiched | who had cirrhosis related 10
LC-C. Liver failure was the main cause of morbidity and mortality
in patients with NASH-associated cirthosis, and the prognosis was
either similar or less severe than that of HCV-related cirrhosis.
These findings were confirmed by Sanyal ef al..* who rep J on

5 Yatsusi et al

for the lack of cardiac-related death.™ Tt is also possible that
patients with sympromatic hean disease were not referred 10 our
termiary liver center.

Evidence of progression from NASH 1o HCC in prospective
studies 15 minimal. However, with the exception of Hui eral’s
report, previous studies have shown tha some patients develop
HCC within several years after the diagnosis of cirrhoue NASH
Hui et af did not find any NASH paiicots who developed HCC
during follow up, The mast important reason for this difference
was probably the ages of the patients (a mean of 526 = 1316 years
in Hui et el s study vs a median of 64 years for cirthotic NASH
and 70 years for NASH with HCC in our study). Therefore. Hui
etal’s patients were relatively young and anlikely to develop
HCC. In NASH, as in other liver diseases, the severity of fibrosis
and age are important risk factors for HCC.

The highest rate of HCC was reported by Ratziu ef al * They
assexsed survival, occurrence of HCC. and complications of hepatic
insufficiency n patients with obesity-related cryplogenic cirrhosis,
which was suggested to be bumt-out NASH. and compared the
results with those for cirrhosis due w0 other causes. HCC was
detected in cight of 27 (27% ) eryptogenic cirrhosis pati Versus
21% of the matched HCV- nnie::l:d controls of similar age, suggest-
inga parabl ial. This is ble because
burnt-out NASH is the most advanced stage of cirthotic NASH.""
In the present study. we found that HCC was a significant indepen-
dent risk factor for mortality, as was the CTP class (Table 3).

In conclusion, the present study confirmed that, although the
morbidity and mortality of NASH cirrhosis were lower than those
of curhosis due 10 LC-C, both I‘ulli.lwd a similar counse with
respeet 1o the onset ol lcati ! of HCC, and
eventual death. The ncmm-ncc of HCC was the strongest predictor
of mortality in both groups. These findings are likely to be helpful
when devising therapeutic interventions for NASH and also for the
daly ment of these p
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RhoA, a member of the Rho family of small GTPases, directs the organization of the actin
cytoskeleton and is involved in regulating cell shape and movement. Its activity is nega-
tively regulated by p190-B RhoGAP (GTPase-activating protein). We investigated DNA copy
number aberrations in human hepatocellular carcinoma and esophageal squamous cell

carcinoma cell lines using a high-density aligonucleotide microarray and found a novel
amplification at chromosomal region 14q12. We identified ARHGAPS (the gene encoding
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p190-B RhoGAP) as a probable target for the amplification at 14q12, and our results
showed that p190-B RhoGAP promotes cells spreading and migration by negatively regu-
lating RhoA activity in Huh-7 hepatocellular carcinoma cells.

© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Members of the Rho family of small GTPases act as
molecular switches. In response to extracellular signals,
they direct the organization of the actin cytoskeleton
and alter gene expression [1]. Rho proteins, which in-
clude the much-studied Cdc42, Racl and RhoA, are in-
volved in regulating cell shape, polarity and movement
and establishing cell-cell junctional complexes. Accord-
ingly, their activity is tightly controlled by regulatory
proteins that determine whether GTP or GDP is bound.
Rho proteins are activated by guanine nucleotide ex-
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E-mail address: yasuik@koto.kpu-m.ac.jp (K. Yasui).
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change factors, which catalyze the release of GDP and
thus allow GTP to bind the proteins. Rho proteins in turn
are inactivated by Rho GTPase-activating proteins (GAPs),
which bind to the Rho proteins and induce them to
hydrolyze their bound GTP to GDP. p190-B RhoGAP, a
member of the RhoGAP family, negatively regulates RhoA
activity [2,3].

Amplification of DNA in certain regions of chromosomes
plays a crucial role in the development and progression of
human malignancies, specifically when proto-oncogenic
target genes within those amplicons are overexpressed,
Oncogenes that are often amplified in cancers include
MYC, ERBB2 and CCND1.

In the present study, we investigated DNA copy number
aberrations in human hepatocellular carcinoma (HCC) and
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esophageal squamous cell carcinoma (ESCC) cell lines and
found a novel amplification at chromosomal region
14q12. Because the region may harbor one or more pro-
to-oncogenes whose overexpression following amplifica-
tion contributes to the initiation or progression of HCC
and ESCC, we carried out molecular definition of the ampli-
con. We show here that the p190-B RhoGAP gene (ARH-
GAPS) within the 14q12 amplicon is amplified and
overexpressed, and that p190-B RhoGAP promotes cell
spreading and migration in Huh-7 hepatocellular carci-
noma cells.

2. Materials and methods
2.1. Cell lines

A total of 10 HCC cell lines (JHH-6, JHH-7, SNU354,
SNU398, SNU423, SNU475, Huh-1, Huh-7, HLE and PLC/
PRFf5) and 10 ESCC cell lines (T.T, EC-GI-10, KYSE140,
KYSE220, TE-4, TE-5, TE-6, TE-10, TE-14 and TE-15) were
examined. All cell lines were maintained in Dulbecco's
modified Eagle's medium (DMEM) supplemented with
10% fetal calf serum (FCS). Genomic DNA was isolated from
each cell line using the Puregene DNA isolation kit (Gentra,
Minneapolis, MN, USA).

2.2. Array analysis

Array analyses were performed using the GeneChip
Mapping 250K Sty array (Affymetrix, Santa Clara, CA,
USA) according to the manufacturer’s instructions. In brief,
250 ng of genomic DNA was digested with a restriction en-
zyme (Styl), ligated to an adaptor and amplified by PCR.
Amplified products were fragmented, labeled by biotinyla-
tion and hybridized to the microarrays. Hybridization was
detected by incubation with streptavidin-phycoerythrin
conjugate, and the array was scanned. Analysis was per-
formed as previously described [4]. Copy number changes
were calculated using the Copy Number Analyzer for
Affymetrix GeneChip Mapping Arrays (CNAG; http://
www.genome.umin,jp) [5].

2.3, Fluorescence in situ hybridization (FISH)

We performed FISH using three bacterial artificial chro-
mosomes (BACs), RP11-113E19, RP11-431H16 and RP11-
54H22 as probes (Invitrogen, Carlsbad, CA, USA), as de-
scribed previously [6], The BACs were selected based on
homology with locations in the human genome according
to the database provided by the UCSC (http://genome.ucsc.
edu/).

2.4. Real-time quantitative PCR

We quantified genomic DNA and mRNA using a real-
time fluorescence detection method, as described previ-
ously [6]. The primers used were as follows: ARHGAPS
mRNA (forward, 5'-CATCTGTTTTTGGCCAACCT-3'"; reverse,
5'-gtggaggagccacaatgttt-3'); HEATRSA mRNA (forward, 5'-T
GTGCCTCCTACTCATGCTG-3'; reverse, 5'-gagatggcctgaget

tgaac-3'); cldorf126 mRNA (forward, 5'-gtgctrtttcaaggga
gcrg-3' reverse, 5'-ttcctccaagggtagettga-3'); NUBPL mRNA
(forward, 5'-cttggectigtccaaaacat-3'; reverse, S'-acaatigge
tggcctgtatc-3'), These primers were designed using Pri-
mer3  (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_
www.cgi) based on sequence data obtained from the NCBI
database (http://www.ncbi.nlm.nih.gov/). GAPDH and long
interspersed nuclear element 1 (LINE-1) were used as
endogenous controls for mRNA and genomic DNA levels,
respectively.

2.5. RNA interference (RNAi)

For RNAI, small interfering RNA (siRNA) duplex oligori-
bonuclectides targeting ARHGAPS (5'-CAAGATCATAATAT-
CAATCTA-3') and control (non-silencing) siRNA duplexes
were synthesized by QIAGEN (Valencia, CA, USA). The siR-
NAs were delivered into Huh-7 cells using HiPerfect Trans-
fection Reagent (QIAGEN), according to the manufacturer’s
protocol.

2.6. Immunoblotting

Immunoblots were prepared according to previously
reported methods [7]. Cell lysates (20 g protein per
sample) were separated by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis on 10% acrylamide gels.
Anti-p190-B RhoGAP monoclonal antibody was obtained
from BD Transduction Laboratories (Lexington, KY, USA);
anti-RhoA monoclonal antibody was from Santa Cruz
Biotechnology (Santa Cruz, CA, USA); and anti-p-actin
monoclonal antibody was from Sigma-Aldrich (Tokyo, Ja-
pan). For immunoblotting, we used anti-p190-B RhoGAP,
anti-RhoA and anti-g-actin at dilutions of 1:250, 1:100
and 1:5000, respectively. For secondary immunodetec-
tion, we used anti-mouse IgG (Amersham, Tokyo, Japan)
diluted 1:5000. Protein binding was detected using the
ECL system (Amersham),

2.7. RhoA activity assay

Active RhoA levels were measured using the enzyme-
linked immunosorbent assay (ELISA)-based G-LISA RhoA
activation assay Biochem Kit (Cytoskeleton, Denver, CO,
USA) according to the manufacturer’s instructions. In brief,
Huh-7 cells were transfected with siRNA targeting ARH-
GAPS5 or negative control siRNA, or were left untreated.
Cells were then cultured under the standard conditions
in DMEM containing 10% FCS. After 48 h, cells were har-
vested for the RhoA activity assay or trypsinized and held
in suspension for 1 h in DMEM containing 1% FCS. The sus-
pended cells were then plated on 6-well plates coated with
5 ug/ml fibronectin (BD Transduction Laboratories) and
harvested for the RhoA activity assay at the indicated time
points. For the RhoA activity assay, cells were lysed in 70 ul
of G-LISA lysis buffer, scraped into tubes and snap frozen in
liquid nitrogen. Cell lysates were subsequently thawed.
clarified for 2 min at 10,000g, and protein concentrations
were normalized between the various time points. Equal
amounts of total protein were added to a 96-well plate
coated with the Rho-binding domain of Rho effector pro-
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