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Generation of Human Induced Pluripotent Stem Cells from Liver Progenitor
Cells by Only Small Molecules

To the Editor:

The team of Liu et al. generated endoderm-derived human
induced pluripotent stem (iPS) cells from primary hepatocytes.1

However, they generated human iPS cells by using viral transgenes.1

Clinical applications of human iPS cells require avoiding viral trans-
genes. On the other hand, the reprogramming of human cells with
only small molecules has yet to be reported. Therefore, we tried to
reprogram human liver progenitor cells with only two small mole-
cules.2 First, octamer3/4-positive human liver progenitor cells were
treated with 20O-methyl-microRNA-145 as microRNA-145 inhibi-
tor (100 nmol/L for 96 hours; after that, 50 nmol/L for 72 hours)
and transforming growth factor-beta ligand (100 pM for 48 hours)
in human embryonic stem (hES) cell medium.2 As a result, we could
generate human iPS cells from human liver progenitor cells only by
use of small molecules.2 The human iPS cells were similar to hES
cells in morphology, proliferation, surface antigens, gene expression,
and epigenetic status of pluripotent cell-specific genes.2 Furthermore,
these cells could differentiate into cell types of the three germ layers
in vitro and in teratomas.2 Therefore, we designated the human iPS
cells as chemicals-human induced pluripotent stem (ChiPS) cells.2

On the other hand, although Liu et al. did not show the risk
evaluation of malignant transformations for the human iPS cells
lines that they generated,1 we performed the risk evaluation.2

It was reported that cancer risk for patients with Down syn-
drome was less than healthy individuals, and the microvessel den-
sity (MVD) within severe combined immunodeficient (SCID)
mice in which human iPS cells derived from patients with Down
syndrome were transplanted was also less than the MVD in SCID
mice in which human iPS cells derived from healthy people were
transplanted.3 Therefore, according to the method of Baek et al.,3

by using MVD within SCID mice in which ChiPS cell lines as
human iPS cell lines were transplanted, we performed the risk eval-
uation of malignant transformations for the cell lines. As a result,
the MVD in our study2 was equal to the case3 of patients with
Down syndrome.

Furthermore, we tried to differentiate human normal hepato-
cytes from ChiPS cells as human iPS cells, according to the
method of Liu et al.1 As a result, we could generate mature hepa-
tocytes 21 days after the initiation of differentiation (Fig. 1). More-
over, according to the method of Liu et al.,1 although we evaluated
cytochrome P450 (CYP450) metabolism in ChiPS cell–derived
mature hepatocytes, the CYP3A4 and CYP1A2 activity appeared
to be the same as in the case of the ihH10 cell line that Liu et al.1

generated.
In conclusion, human iPS cells that Liu et al.1 or we2 generated

would be useful for the study of liver disease pathogenesis. How-
ever, our ChiPS cells2 would have an advantage in clinical applica-
tions of human iPS cells.
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Reply:

We thank Moriguchi et al. for their interest in our study1

recently published in Hepatology. We share the view that tumor
risk evaluation for induced pluripotent stem (iPS) cells is impor-
tant and that clinical applications of human iPS cells require safe
iPS generation. Our article is the first to demonstrate the feasibility
of deriving human iPS cells from cells of human endoderm origin
(i.e., human primary hepatocytes that are very short lived in vitro
and thus are considered to be hard to reprogram into iPS cells)
and redirecting these endoderm-derived iPS cells into multistage
hepatic cells.

Because we are fully aware of the importance of tumor risk
evaluation for iPS cells and their derivatives, in vivo transplantation
studies with our human endoderm iPS cells have been performed.
So far, we have not detected any malignant transformation with
hepatic cells differentiated from iPS cells when they have been
transplanted into immunodeficient mouse models of chronic liver
diseases.

More importantly, we have also derived virus-free and integra-
tion-free human iPS cells (Fig. 1A) with an established nonviral
approach,2 and we have been able to differentiate these virus-free
iPS cells into hepatic endoderm cells (Fig. 1B). Therefore, we have
demonstrated that the hepatic differentiation protocol that we used
in our previous study1 is also applicable to the hepatic differentia-
tion of virus-free and integration-free human iPS cells (Fig. 1).

Although we have observed reliable iPS generation with the
nonviral method (Fig. 1), it is less efficient than the viral protocol;
the reprogramming process has been significantly longer with the

Fig. 1. Mature hepatocytes at 21 days after differentiation initiation
from ChiPS cells as human iPS cells.
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nonviral method (17-35 days for the detection of iPS colonies) ver-
sus the viral method that we reported (6-14 days for the detection
of iPS colonies).1 Therefore, novel reprogramming technologies
that can efficiently generate safe iPS cells from mature cell types
will be highly beneficial to the field.
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Twelve-Week Posttreatment Follow-Up Predicts a Sustained Virological Response to Pegylated
Interferon and Ribavirin Therapy

To the Editor:

The article by Martinot-Peignoux and colleagues1 nicely dem-
onstrates that testing for serum hepatitis C virus (HCV) RNA with
the highly sensitive transcription-mediated amplification assay

[lower limit of detection (LOD) ¼ 9.6 IU/mL] 12 weeks after the
end of a treatment period with pegylated interferon (PegIFN) and
ribavirin (Rbv) is as effective as the standard 24-week posttreat-
ment completion measurement for assessing sustained virological
response (SVR) in patients with chronic hepatitis C. Although we

Fig. 1. (A) Representative immunofluorescence analysis of one of the integration-free human iPS cell lines (iNF5) growing on Matrigel. The
clear expression of embryonic stem cell surface antigens SSEA4 and TRA-1-60 and nuclear transcription factors OCT4 and NANOG can be
observed. (B) Differentiation of iNF5 cells into hepatic cells: efficient endoderm induction of integration-free human iPS cells. Fluorescence-acti-
vated cell sorting analysis showed that approximately 80% of the induced cells expressed the definitive endoderm marker CXCR4 on day 4 after
activin A treatment. Abbreviations: CXCR4, chemokine (C-X-C motif) receptor 4; DAPI, 40,6-diamidino-2-phenylindole; OCT4, octamer 4; SSEA,
stage-specific embryonic antigen.

1170 CORRESPONDENCE HEPATOLOGY, September 2010



acknowledge that anticipating the response to therapy is likely to
positively affect the management of HCV patients, we think that it
is important to externally validate these results even with less sensi-
tive commercially available HCV RNA assays. To answer this ques-
tion, we analyzed two cohorts of consecutively treated naı̈ve
patients with chronic hepatitis C in whom different HCV RNA
assays were used to determine the viral response during treatment
and follow-up. The first cohort, consisting of 431 patients of any
HCV genotype treated with either PegIFN-alfa2a/Rbv or PegIFN-
alfa2b/Rbv (Milan Safety Tolerability study),2 was tested during
and after treatment with a qualitative HCV RNA assay with a
lower LOD of 50 IU/mL (COBAS Amplicor HCV test version
2.0, Roche Diagnostics).3 The second cohort consisted of 72
HCV-1 and HCV-4 patients who were consecutively treated with
PegIFN-alfa2a/Rbv and evaluated with a real-time polymerase
chain reaction assay with an LOD of 15 IU/mL (COBAS TaqMan
2.0, Roche Diagnostics).4 Both cohorts were followed up for at
least 12 months after treatment completion, and they showed no
hepatitis relapse after the achievement of SVR by the 24-week
posttreatment time point, the SVR rates being 60% and 44%,
respectively. With both assays, undetectable HCV RNA during
week 12 of the posttreatment follow-up had a 100% positive pre-
dictive value (PPV) for SVR, with 95% confidence intervals (CIs)

that very closely mimicked those reported by Martinot-Peignoux
et al. in their study (Table 1). In our experience, during week 12
of follow-up, HCV RNA testing using assays less sensitive than the
one used by Martinot-Peignoux and colleagues provided reliable
estimates of SVR to PegIFN/Rbv therapy in naı̈ve patients.
Whether this holds true also for the retreatment of patients who
have failed a previous course of interferon-based therapy remains
to be established.
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Sorafenib Therapy in Patients with Hepatocellular Carcinoma Before Liver Transplantation

To the Editor:

There is great interest in the role of neoadjuvant therapies in
patients with hepatocellular carcinoma (HCC) awaiting liver trans-
plantation. The recent study by Vitale et al.1 in HEPATOLOGY considers
the role of sorafenib in this setting, and this approach is highlighted in
the review of sorafenib by Finn.2 Sorafenib inhibits multiple pathways
implicated in HCC pathogenesis, most notably vascular endothelial
growth factor (VEGF)–stimulated angiogenesis through inhibition of
the receptor tyrosine kinase activity of VEGF receptors.

Although this study addresses an important and highly relevant
clinical question, there are developing concerns regarding the use
of anti-VEGF therapies in this setting. It is recognized that despite
effective blockade of angiogenesis, there is inevitable tumor pro-
gression (reviewed by Bergers and Hanahan3). There is now emerg-
ing evidence from preclinical mouse models that anti-VEGF ther-
apy in the form of receptor tyrosine kinase inhibition promotes
invasion and increases the metastatic potential of tumors.4,5 In the
study by Pàez-Ribes et al.,4 treatment with sunitinib (a multiple-

receptor tyrosine kinase inhibitor similar to sorafenib) for as little
as 1 week increased invasiveness and metastases in models of pan-
creatic neuroendocrine tumors and glioblastoma. In models of
both breast cancer and malignant melanoma, when mice were pre-
treated with either sorafenib or sunitinib, both agents promoted
metastases and shortened survival.5 It is important to note that the
authors also found more rapid development of metastases in mod-
els in which anti-VEGF therapy was given as adjuvant therapy.
The mechanisms driving tumor progression in this environment
are not well understood but may rely on the generation of tumor
hypoxia, the expression of alternative growth factors, and/or the
induction of an epithelial-to-mesenchymal transition.3

These preclinical data argue that neoadjuvant treatment with
sorafenib, rather than slowing disease progression, may increase tu-
mor invasiveness and metastatic potential during therapy and the
recurrence of HCC after liver transplantation. The study by Vitale
et al.1 is based on the assumption that the hazard ratio of disease
progression with sorafenib treatment is known. However, because
the clinical studies of sorafenib6,7 address the use of this drug in

Table 1. Serum HCV RNA Outcome During the 24 Weeks
Posttreatment Follow Up

Serum HCV RNA

(Follow-Up)

Patients

(n)

HCV

RNA(2) SVR PPV (95% CI)

Amplicor

(LOD ¼ 50 IU/mL)

431

Week 4 285 259 91% (86.9%-93.9%)

Week 12 259 259 100% (98.6%-100%)

Week 24 259 259 100% (98.6%-100%)

TaqMan

(LOD ¼ 15 IU/mL)

72

Week 4 38 32 84% (69%-94%)

Week 12 32 32 100% (89%-100%)

Week 24 32 32 100% (89%-100%)
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patients with advanced disease, this may not be representative of
the efficacy of sorafenib in the population with HCC being consid-
ered for liver transplantation. It would be interesting to know to
what extent increased HCC recurrence and consequent decreases in
survival rates after transplantation would influence overall out-
comes in this model.

Although a study of sorafenib as neoadjuvant therapy for
patients with HCC is appropriate,1,2 it is imperative that such a study
be adequately designed to assess disease progression while patients are
receiving sorafenib treatment, the tumor phenotype in the explant,
and the overall outcomes of patients receiving this therapy.

IAN A. ROWE, MBChB MRCP(UK)
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Centre for Liver Research
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Birmingham, United Kingdom

References
1. Vitale A, Volk ML, Pastorelli D, Lonardi S, Farinati F, Burra P, et al.

Use of sorafenib in patients with hepatocellular carcinoma before liver

transplantation: a cost-benefit analysis while awaiting data on sorafenib
safety. HEPATOLOGY 2010;51:165-173.

2. Finn RS. Drug therapy: sorafenib. HEPATOLOGY 2010;51:1843-1849.
3. Bergers G, Hanahan D. Modes of resistance to anti-angiogenic therapy.

Nat Rev Cancer 2008;8:592-603.
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Possible Role of Adipocytokines in the Development of Nonalcoholic
Steatohepatitis–Related Hepatocellular Carcinoma

To the Editor:

We read with great interest the article by Ascha et al.1 on the
incidence and risk factors for hepatocellular carcinoma (HCC) in
patients with nonalcoholic steatohepatitis (NASH). The authors
state that patients with NASH cirrhosis have a greatly increased
risk of HCC and that the most significant factor related to this
increase seems to be alcohol consumption. Although this study is
important and intriguing in a number of ways and provides insight
into the risk factors involved in HCC development, we would like
to add one additional comment to the authors’ discussion that is
noteworthy in several respects.

In their article,1 the authors attempt to discuss comprehensively
the incidence and risk factors for NASH-related and hepatitis C vi-
rus–related cirrhosis and HCC. Although it is obvious that evaluat-
ing the mechanisms for these diseases is beyond the scope of their
study, it would have been worthwhile for the authors to mention a
potential underlying mechanism for these conditions that could lead
to a better understanding of the results achieved in their report. For
this reason, we would like to draw attention to the possible role of
adipocytokines in the development of HCC, which could elucidate
the risk factors associated with the development of HCC.

Among the great number of mechanisms that have been proposed
to explain the link between NASH-related cirrhosis and HCC, adipo-
cytokine dysregulation offers new and promising perspectives for a
wide range of liver diseases. Adipose tissue is a major source of bioac-
tive substances known as adipocytokines, which include resistin, lep-
tin, tumor necrosis factor a, and adiponectin.2 Hypertrophied adipo-
cytes in obesity release chemokines that induce the accumulation of
macrophages in visceral adipose tissue, which then produce nitric ox-
ide and proinflammatory cytokines. These inflammatory changes
induce adipocytokine dysregulation, which is characterized by a
decrease in insulin-sensitizing and anti-inflammatory adipocytokines
and an increase in proinflammatory adipocytokines.2 Disturbed adipo-
cytokine secretion due to inflammatory changes in obese adipose tissue
might, therefore, promote hepatic steatosis, inflammation, fibrogene-

sis, or hepatocarcinogenesis of the liver.3 Moreover, alcohol, which
induces cell death and inflammation in the liver, can cause the devel-
opment of HCC in NASH patients because of the liver injury already
triggered by adipocytokine dysregulation.

In conclusion, on the basis of the aforementioned mechanisms,
it is reasonable to expect increased rates of HCC in NASH
patients, especially those with increased alcohol consumption. Fur-
ther clinical and experimental research is warranted to elucidate the
association between adipocytokines and liver disease.
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‘‘Normal’’ Alanine Aminotransferase and Christopher Boorse

To the Editor:

I read with great interest the article by Lee et al.1 in HEPATO-

LOGY regarding the healthy upper limit of normal of serum alanine
aminotransferase (ALT) for Korean liver donors with histologically
normal livers. Like Prati et al.,2 they echo the claim for lowering
the healthy upper limit of normal threshold of ALT. However, I
have a few comments.

Serum ALT is an easily available, low-cost screening tool for
detecting silent liver disease.3 To screen for disease, we must know
what is healthy. In this respect, as in most clinical laboratory tests,
we have taken recourse to the biostatistical theory of health as
articulated by Christopher Boorse,4 who defined health (‘‘freedom
from disease’’) as ‘‘the statistical normality of function, i.e., the
ability to perform all typical physiological functions with at least
typical efficiency.’’ Normal function means the statistically typical
contribution of all the organism’s parts and processes to the organ-
ism’s overall goals of survival and reproduction. The group with
respect to which a contribution is considered statistically typical is
the reference class, ‘‘a natural class of organism of uniform func-
tional design’’ and specifically an age group of a sex of a race of a
species.4 Thus, the American Gastroenterological Association has
defined the normal range of ALT as the mean 6 2 standard devia-
tions of the ALT levels of the normal population,5 with ALT ranges
often being stratified by sex but not by age.

The disadvantage of the biostatistical theory model is that
normal, often interchangeably used with healthy, will vary accord-
ing to the chosen reference class,6 such as voluntary blood donors
and laboratory technicians.2,3 The choice of the reference class
causes interlaboratory variability in the reference range of ALT.7

Metabolically abnormal individuals presumed to have a high risk
of underlying nonalcoholic fatty liver disease were excluded from
the reference class in Prati et al.’s study,2 but they were found to
have normal liver histology, albeit with statistically higher ALT
levels, and were included in this study.1 Moreover, is the chosen
reference class representative of the general population? Voluntary
blood donors represent the healthiest subset of the general popu-
lation, and this is reflected by their significantly lower mortality
and incidence of cancer and transfusion-transmittable viral infec-
tions in comparison with the general population; this is due to
self-selection (altruism) and strict screening guidelines.8,9 Liver
donors also undergo similarly strict selection procedures. Should
reference ranges of ALT obtained from such cohorts be used for
the general population? Finally, why did the authors exclude 627
individuals with simple steatosis from their reference class? Indi-
viduals with simple steatosis do not have different long-term out-
comes vis-à-vis an age-matched and sex-matched general
population.10

Another way of defining healthy levels involves outcome stud-
ies, which are based on the development of adverse events during
long-term follow-up (e.g., blood pressure).11 Here, disease is
defined as ‘‘a state that places individuals at increased risk of
adverse consequences.’’12 An increased ALT level, even within the
present normal range, is definitely a predictor of future develop-
ment of metabolic syndrome13 and has been associated with
increased overall, cardiovascular, and liver disease–related mortality
in some but not all studies.11 The future publication of outcome
studies will guide us further in this respect.

Finally, race has never been used to select the reference class for
ALT. The significant genetic component in ALT variability among
twins, even after adjustments for age, sex, body mass index, and
alcohol consumption,14 points to the possibility that normal values
of ALT will vary according to race, and this may be an explanation
for the slight difference in the upper limit of normal of ‘‘normal’’
ALT levels between Koreans and Italians.1,2
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Optimal Dosage of Ribavirin

To the Editor:

We read with interest the article by Diago et al.,1 who
attempted to identify factors predictive of sustained virological
response (SVR) in patients with hepatitis C virus genotype 2
or 3 who were treated for only 16 weeks with peginterferon
alfa-2a and flat doses of ribavirin. After a 5-year-long debate
about the value of abbreviated antiviral therapy for naive
patients infected with hepatitis C virus genotype 2 or 3, a gen-
eral agreement seems to have been reached. An abbreviated
regimen may be an option in patients with rapid virological
response (RVR), lower body weight, and an absence of
advanced fibrosis. This proposal, which was originally based on
our data,2 has found successive support in the trial by Dalgard
et al.3 and recently in repetitive analyses of results generated
by the ACCELERATE study.4

What remains to be further stressed is the optimal dosage of
ribavirin to be administered when short-term therapy is being con-
templated. In two studies, a flat dose of 800 mg daily was adminis-
tered, and the highest difference in SVR rates between patients
treated for a short duration and patients treated for the standard
duration was reported.3,5 On the contrary, when higher doses were
given (1000-1200 mg daily), this difference was not significant or
was barely significant.1,2 In Diago et al.’s reanalysis,1 only patients
with RVR were considered, and the authors found body weight to
be inversely related to either the SVR or the relapse rate. Indeed,
among patients with low body weights (<65 kg) who were
assigned to 16 or 24 weeks of treatment, SVR rates were 89% and
93%, respectively, and the respective relapse rates were 7% and
3%. The resulting differences were not significant, and this implies
that when the ribavirin dosage (mg/kg of body weight) is given at
a higher dosage than that conventionally suggested, short-term
therapy is as effective as therapy of the standard duration. As a
matter of fact, in the subset of patients with high body weights
(>65 kg), the administration of 800 mg of ribavirin would not be
enough to protect them from lower SVR rates and higher relapse
rates. We have recently stressed the relevance of administering
adequate doses of ribavirin (>15.2 mg/kg of body weight) when a
short treatment duration is being considered for genotype 2 and
3–infected patients without advanced fibrosis/cirrhosis who achieve
RVR,6 and the data presented by Diago et al. reinforce our original
findings.

Consequently, determining the ribavirin dosage by body weight
is the first step in further consideration of predictors of SVR. This
point has not been addressed in the reanalysis of the ACCELER-
ATE study presented by Diago et al.,1 who have evaluated only the
impact of ribavirin exposure on SVR rates.
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Treating Fatty Liver for the Prevention of Cardiovascular Diseases

To the Editor:

We read with great interest the article by Speliotes et al.,1 who
have demonstrated that fatty liver is associated with the main fea-
tures of metabolic syndrome (MetS) independently of visceral fat
in the well-known population of the Framingham Heart Study.
The study potently shows that the quantity of liver fat, as meas-
ured by multidetector computed tomography, predicts the presence
of the typical glucose and lipid metabolic disturbances of MetS in
an independent manner. Interestingly, the study also demonstrates
that fatty liver is associated with an increase in blood pressure.
Because of the cross-sectional nature of the study, in their conclu-

sion, the authors show caution in interpreting their findings as
proof of concept of the pivotal role of liver fat in the pathophys-
iology of cardiovascular events in MetS. Nonetheless, we suggest
that their findings could have been strengthened if the authors
had taken into account recent findings coming from translational
research. In particular, Korenblat et al.2 first showed that insulin
action in the liver, muscle, and adipose tissue is directly related
to the intrahepatic triglyceride (IHTG) content in obese subjects,
and these findings were further extended by Fabbrini et al.,3 who
elegantly demonstrated that the IHTG content predicts the
impairment of insulin action in the liver, adipose tissue, and
muscle better than visceral fat. Consistently, an increase in whole-
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body adiposity without an increase in IHTG is not associated
with augmented metabolic dysfunction.4 The aforementioned
studies did not investigate the molecular pathways involved in
the disturbed crosstalk between the adipose tissue, liver, and mus-
cle, and the studies in mice provided contrasting evidence in this
respect. Nevertheless, taken together, these data indicate that the
treatment of fatty liver should be a main target for the preven-
tion of cardiovascular events, which are the hallmark of MetS.5

Currently, nonalcoholic fatty liver disease is strongly divided into
the categories of nonalcoholic fatty liver and nonalcoholic steato-
hepatitis. Nonalcoholic fatty liver is not a progressive liver dis-
ease, whereas nonalcoholic steatohepatitis is characterized by
inflammatory and fibrogenic behavior and may have a cirrhotic
and tumorigenic evolution. Although this classification is well jus-
tified when patients at risk for liver-related mortality are being
identified, it should not lead to nonalcoholic fatty liver being
considered a benign condition because it is associated with
increased cardiovascular mortality and overall mortality.6 Note-
worthily, the presence of fatty liver is completely ignored in the
international consensus on MetS5 and in the guidelines on diabe-
tes management from the American Diabetes Association.7 Strik-
ingly, the decrease in IHTG with physical activity leads to a
marked improvement in systemic insulin resistance independently
of the decrease in visceral adipose tissue.8 Thus, we suggest that
fatty liver management should be a main goal in the treatment
of MetS. Finally, we agree with the authors’ conclusions that pro-
spective clinical studies will further clarify whether IHTG mea-
surement can be a prompt predictor of the cardiometabolic risk.
If this is the case, shall we call it fatty liver syndrome?
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