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(4) VA-coupled liposomes carrying the ROCK inhibitor
significantly ameliorated systemic hypotension in
comparison with VA-free liposomes carrying the
ROCK inhibitor. These results provide evidence that
the VA-coupled liposomal ROCK inhibitor selectively
delivers the ROCK inhibitor to the liver and can
attenuate IR injury in steatotic livers without detri-
mental adverse effects.

To confirm the specific delivery of VA-coupled lipo-
somes to the liver in vivo, we administered VA-Lip-GFP
to rats with steatotic livers. Using immunohistochemi-
cal analysis, we observed that VA-coupled liposomes
were predominantly taken up by the liver and that the
nonspecific uptake of VA-Lip-Y observed in the spleen
occurred in a VA receptor-independent manner medi-
ated by the reticuloendothelial system. These results
are consistent with previous studies indicating that VA-
coupled cationic liposomes are specifically taken up by
the liver.'” Furthermore, we showed that GFP accumu-
lation in normal liver tissue sections included the
desmin-stained area. These results suggest that VA-
coupled cationic liposomes are specifically taken up by
HSCs. However, the extent to which HSCs take up VA-
Lip-Y remains unclear and requires further study.

The collagen gel contraction assay and the morpho-
logical studies showed that liposomal formation for Y-
27632 produced biological effects at a dose of 0.1 pM
liposome, whereas for nonliposomal Y-27632, a dose of
10 pM was necessary. These results indicated that lipo-
somal Y-27632 was approximately 100-fold more effec-
tive than free Y-27632. The coupling of VA to the
liposome as a ligand of HSCs had effects similar to those
of the VA-free liposome in our in vitro study (Fig. 2B,C).
Sato et al.'” reported that a transduction time of 30
minutes should be used to distinguish between the
receptor-mediated transduction efficacy of vitamin A-
coupled liposomes with small interfering RNA and the
nonspecific transduction efficacy of liposomes with
small interfering RNA because the nonspecific lipofec-
tion rate will increase and become more similar to
receptor-mediated transduction with longer transduc-
tion times. These morphological and contraction assays
lasted for 24 and 2 hours, respectively. This result sug-
gests that HSCs can take up liposomes without involv-
ing VA receptors.

VA-free liposomes carrying the ROCK inhibitor
showed protective effects against IR injury in steatotic
livers similar to those of VA-coupled liposomes carry-
ing the ROCK inhibitor. These results suggest that in
the steatotic liver, the ROCK inhibitor works not only
by direct inhibition of HSCs'*!? but also by other
mechanisms such as the activation of nitric oxide
synthase in SECs®>® or the inhibition ‘of neutrophil
infiltration.?* Although this new drug, VA-Lip-Y,
increases selective HSC targeting, other mechanisms
may also contribute to improve IR injury. Indeed, it
has been shown that microcirculatory disturbances
are induced in steatotic livers and that steatotic livers
lack swollen SECs, an early marker of SEC injury.?®

Impaired hepatic microcirculation has been
proposed as the main contributing factor for the low

tolerance of steatotic livers for IR injury.?® We have
previously shown that improvements in microcircula-
tory disturbances by the ROCK inhibitor can aid in
preventing IR injury in steatotic livers.'® In the cur-
rent study, the blood flow in the steatotic liver after IR
significantly recovered with VA-Lip-Y and Lip-Y treat-
ments in comparison with Y-27632 treatment. Addi-
tionally, the portal perfusion pressure after IR was
lowered by Y-27632 or Lip-Y and VA-Lip-Y treatments
(Fig. 6C). These results indicated that the ROCK
inhibitor prevented HSC activation and relaxed HSC
contraction to decrease the resistance of intrahepatic
microcirculation. Therefore, these improvements in
hepatic microcirculation may contribute to a reduc-
tion in IR injury in the steatotic liver. Furthermore, a
significant improvement in the hepatic blood flow and
a significant lowering of the portal perfusion pressure
were observed in VA-Lip-Y-treated rats versus Lip-Y-
treated rats (Fig. 6A,B). These results suggest that VA-
coupled liposomes increase Y-27632 accumulation in
HSCs. On the other hand, the liver blood flow after
ischemia in rats treated with 10 mg/kg Y-27632 was
significantly lower than that in untreated rats. This
reduction in the hepatic blood flow may be attributed
to Y-27632-induced severe hypotension (Fig. 6A,B).
After reperfusion, the liver blood flow in the 10 mg/kg
Y-27632-treated rats gradually increased, and this
may have ameliorated IR injury, whereas the liver
blood flow in the untreated rats did not increase dur-
ing the quantification of the hepatic blood flow.

Targeting HSCs is an elegant approach to bypassing
the problem of extrahepatic effects caused by nonhe-
patic ROCK inhibition. In the current study, the degree
of hypotension induced by VA-Lip-Y was significantly
less than that induced by Y-27632 at 10 mg/kg or by
Lip-Y (Fig. 6D). This result indicates that VA-coupled
liposomes increased the selectivity for livers and
reduced nonspecific delivery to systemic blood vessels.
However, the systemic injection of VA-coupled lipo-
somes still induced mild hypotension (Fig. 6D). This
mild hypotension induced by the venous injection of
VA-Lip-Y was also thought to be due partially to the
bolus injection of the drug. This mild hypotension may
be alleviated by a 1-hour venous drip injection of VA-
Lip-Y. Similarly, when the ROCK inhibitor fasudil is
administered by venous drip infusion for 1 hour, it
does not induce systemic hypotension.?® Fasudil also
induces detrimental systemic hypotension by bolus
venous injection. Therefore, studies are required to
investigate whether a 1-hour venous drip of the drug
can prevent mild hypotension. In summary, VA-
coupled liposomes used for the delivery of ROCK inhib-
itors can prevent IR injury in a rat model of a steatotic
liver and ameliorate detrimental adverse effects.
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Fatty liver creates a pro-metastatic microenvironment for
hepatocellular carcinoma through activation of hepatic
stellate cells

Yoshihiro Mikuriya, Hirotaka Tashiro, Shintaro Kuroda, Junko Nambu, Tsuyoshi Kobayashi, Hironobu Amano,
Yuka Tanaka and Hideki Ohdan
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Fatty liver (FL) is associated with development of hepatocellular carcinoma (HCQ). However whether FL itself promotes the pro-
gression of HCC is unclear. We recently found that hepatic stellate cells (H5Cs) were prominently acttvated in the steatotlc :

~ liver. Here, we mvestlgated whether steatotic livers promote HCC progression and whether HSCs of steatotic liver are associ--
ated with HCC progression. We |mplanted rat HCC cells into diet- induced steatotic livers in rats via portal vein mjectlon There-
after HSCs and HCC cells were co- |mplanted subcutaneousty into nude rats. Mlgratmn and proleeratmn of HCC cells were. .
measured, and activation of ERK and Akt in these cells was determined by western blottmg Chemokmes secreted from HSCs .
and HCC cells were also evaluated by ELISA. Steatotic livers signifi icantly promoted HCC metastasis compared with non-
steatotlc hvers Addltlona[[y, co- |mp!antatlon of HCC cells with HSCs from steatotic hvers produced signifi cantly [arger tumors
in recnpxent rats as compared to those mduced by HCC cells co- implanted w«th HSCs from normal livers (NLs). HSCs isolated
from steatotnc livers, compared with HSCs isolated from NLs, secreted greater amounts of interleukin- 1o, vascular endothehal
growth factor, and transformmg growth factor—[i These cytokmes may enhance the proliferation and mlgratlon of HCC cells by
increasing the phosphorylation of ERK and Akt in HCC cells. Moreover, we noted that the Rho- kmase inhibitor deactlvated acti-

- vated HSCs and attenuated HCC progressnon In concluston, the rat steatotic liver microenvironment favors HCC metastasis,
and this effect appears to be promoted by activated HSCs in the steatotic liver.

Non-alcoholic fatty liver disease (NAFLD) is one of the most drome and NAFLD. Recently, there is increasing evidence that
common hepatic disorders in developed countries. The epi- NAFLD, including the more aggressive non-alcoholic steatohe-
demic of obesity in developed countries has increased along patitis (NASH), is associated with hepatocellular carcinoma
with its attendant complications, including metabolic syn- (HCC).'” Diabetes and obesity are established independent

Key words: HCC, hepatic stellate cell, fatty liver, Rho-kinase

Abbreviations: CDD: choline-deficient diet; CM: conditioned media; DMEM: Dulbecco’s modified Eagle’s medium; ELISA: enzyme-
linked immunosorbent assay; FL: fatty liver; FBS: fetal bovine serum; HCC: hepatocellular carcinoma; HGEF: hepatocyte growth factor;
HSCs: hepatic stellate cells; HSCFL: hepatic stellate cells isolated from fatty liver; HSCNL: hepatic stellate cells isolated from normal
liver; HFD: high-fat diet; HIF: hypoxia inducible factor; IL-la: interleukin-los IQGAPL: IQ motif containing GTPase activating protein
1; MMPs: matrix metalloproteinases; MTT: methyl thiazolyl tetrazolium; MAPK: mitogen-activated protein kinase; NAFLD: non-alco-
holic fatty liver disease; NASH: non-alcoholic steatotic hepatitis; NL: normal liver; ROCK: Rho-associated kinase; SASP: senescence-asso-
ciated secretory phenotype; SDF-1: stromal derived factor-1; TIMP-1: tissue inhibitor metalloproteinase-1; TGF-BRIl: TGF-B receptor II;
TGF-B: transforming growth factor-B; VEGF: vascular endothelial growth factor

Additional Supporting Information may be found in the online version of this article.

Brief description: Although fatty liver is associated with hepatocarcinogenesis, it is unclear whether fatty liver promotes hepatocellular carci-
noma (HCC) progression. Through and in vivoimodels, we investigated whether steatotic liver promotes HCC progression and whether stea-
totic liver hepatic stellate cells (HSCs) are associated with HCC progression. Activated fatty liver HSCs significantly contributed to HCC
proliferation and migration, and exhibited increased secretion of interleukin-a, vascular endothelial growth factor, and transforming growth
factor-B in the tumor microenvironment.
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What’s new’

Fatty liver favors HCC metastasis

Fatty liver is assocrated wrth hepatocellular carcrnoma (HCC) but rts exact role has been unclear In thrs study, the authors ,
_found that HCC metastasis was. increased in rats. whose livers were steatotrc They also found that when hepatrc stellate cells
(HSCs) from rats wrth steatotrc lrvers were co- mrected wrth HCC cells mto normal rats, the resultrng tumors were srgnrf‘ cantly
larger than when normal HSC cells. were used The rncreased levels of cytokmes secreted by actrvated fatty- lrver HSCs may

enhance prolrferatron and mrgratron of HCC

risk factors for the development of HCC,” and obesity is
reported to be an independent risk factor for HCC recurrence
after curative treatment, such as hepatectomy in patients with
NASH.* It has been reported that obesity and fatty liver (FL)
promote a chemical carcinogen-induced hepatocarcinogene-
sis.>® However, the functional impact of FL on the progression
and metastasis of HCC remains largely unexplored.

Hepatic stellate cells (HSCs) are key contributors to liver fibro-
sis and portal hypertension.”” Recently, these cells were postulated
to form a component of the pro-metastatic liver microenviron-
ment because they can transdifferentiate into highly proliferative
and motile myofibroblasts, which have been implicated in desmo-
plastic reactions and metastatic grrowth.w’11 Moreover, HSC activa-
tion has been shown to correlate with the severity of hepatic
steatosis.'>"> Therefore, activated HSCs in FL may enhance the
progression of HCC, but this possibility has not been fully

-explored. Therefore, we investigated whether FL in rats has a
microenvironment that can promote the progression of HCC, and
whether the HSCs in FL enhance the progression of HCC.

Material and Methods

Animals

Four-week-old male Buffalo and F344 nude rats were pur-
chased from Clea Japan, (Tokyo, Japan), and F344 rats were
purchased from Charles River Breeding Laboratories (Osaka,
Japan). Four-week-old rats were fed a choline-deficient diet
(CDD) (Oriental Yeast Co., Tokyo, Japan) for 6 weeks or a
high-fat diet (HFD) for 16 weeks (F2HFD2, 82% kcal fat; Ori-
ental Yeast Co.) to promote the development of FL. All animal
experiments were performed according to the guidelines set by
the United States National Institutes of Health (1996).

Cell lines

The rat HCC cell line McA-RH7777 was obtained from the
American Type Culture Collection (Rockville, MD). The rat
HCC cell lines C1 and L2 were kindly provided by Dr. K.
Ogawa, National Institute of Health Sciences (Tokyo, Japan).
The McA-RH7777 cell line originated in Buffalo rats, whereas
the C1 and L2 cell lines originated in F344 rats. The cells
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum (FBS)
in a humidified atmosphere of 5% CO, at 37°C.

Isolation of HSCs
HSCs were isolated from rat livers according to previously
described procedures.'* The purity of the cells was estimated

through ordinal light and fluorescence microscopic examina-
tions and by indirect enzyme immunoreactivity with an anti-
desmin antibody (Dako, Versailles, France).

Conditioned medium

Conditioned medium (CM) was harvested from cultured
HSCs after incubation in serum-free DMEM for 48 hr. At
the end of the incubation period, the medium was stored at
—80°C until use.

Proliferation assay

HCC cells were seeded at 5,000 cells per well in 96-well plates
and cultured overnight in DMEM supplemented with 10%
FBS. The medium was then changed to serum-free DMEM
and CM. Incubations continued for 24 hr before the addition
of 3-(4, 5-methylthiazol-2-y])-2, 5-diphenyl-tetrazolium bro-
mide [methyl thiazolyl tetrazolium (MTT), nonradioactive pro-
liferation assay; Promega Corp, Madison, WI] for 4 hr.
Cellular MTT was solubilized with acidic isopropanol, and the
optical density was measured at 570 nm by using a 96-well
plate reader. The survival fraction was then quantified.

Migration assay

For studies of HCC cell migration, 8-pum-pore size Transwell
chambers (Corning, NY) were used. In total, 5 X 10° HSCs
were seeded into the lower chamber that was coated with col-
lagen type I in 1 mL of medium containing 10% FBS, and
cultured for 48 hr. No HSCs were added to the control wells.
The medium was changed to 750 puL of RPMI supplemented
with 0.1% bovine serum albumin, and 2 X 10* HCC cells in
200 pL of RPMI with 0.1% bovine serum albumin were
added to the upper chamber. After incubation at 37°C in 5%
CO, for 24 hr, the non-migrating cells on the upper surface
of the membrane were removed with a cotton swab. Cells
were fixed in 4% paraformaldehyde and stained with propi-
dium iodide solution (Dojindo, Kumamoto, Japan). Migrating
cells were counted at 200X magnification in nine adjacent
microscope fields for each membrane.

Enzyme-linked immunosorbent assay

The amount of vascular endothelial growth factor (VEGEF),
tissue inhibitor of metalloproteinases 1 (TIMP-1), matrix
metalloproteinase-9 (MMP-9), transforming growth factor-f1
(TGF-B1), and interleukin la (IL-la) were quantified using
ELISA kits, according to the manufacturer’s instructions
(R&D Systems, Minneapolis, MN).
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Western blot analysis

Cells were cultured in DMEM without 10% FBS overnight.
Thereafter, the cells were incubated in the presence of CM for
10 min before being homogenized in lysis buffer (Cell Lysis
Buffer; Cell Signaling Technology, Danvers, MA). Western blot
analysis was performed as described previously.'* Antibodies
to B-actin were purchased from Abcam (Tokyo, Japan). Anti-
bodies to Akt, p-Akt, anti-p44/42, mitogen-activated protein
kinase (MAPK), and anti-phospho-p44/42 MAPK antibodies
were purchased from Cell Signaling Technology (Beverly,
MA). The phosphorylation levels were normalized to the levels
of total Akt or MAPK protein expression.

Experimental model of intrahepatic HCC metastasis

HCC cells (5 X 10° cells or 5 X 10° cells/body) were
implanted into the livers of rats via portal vein injection. In
rats that were fed on a CDD, normal diets were given after
the injection of the HCC cells, whereas in rats fed with a
HED, the HFD was continued until the study was completed.
At the end of the experiment, rats were humanely sacrificed.
The area of the liver occupied by tumor was calculated by
averaging the percentage of the liver area occupied by tumor
in microscopic sections continuously cut at 5-mm intervals.

Confocal immunofluorescence and histology

Phalloidin staining of isolated HSCs was performed as
described previously."* Samples were observed under a con-
ventional fluorescence microscope or a laser confocal micro-
scope. For histological analysis, formalin-fixed liver tissue
sections were cut, stained with hematoxylin-eosin, and exam-
ined microscopically. To assess the grade of the steatosis, sec-
tions were stained with oil red O.

HSC/tumor cell co-implantation model

Cl cells (5 X 10° cells/body) were implanted into the subcu-
tis of F344 nude rats, either alone or in combination with
HSCs isolated from F344 rats (5 X 10° cells/body). Successful
implantation of HSCs was determined via frozen section
analysis of the co-implantation of fluorescently labeled HSCs
and HCC cells. The HSCs were fluorescently labeled with red
fluorescent linker dye (PKH26 Red Fluorescent Cell Linker
Kit; Sigma, Sigma-Aldrich, St Louis, MO) according to the
manufacturer’s instructions. At the end of the experiment,
rats were humanely sacrificed. The largest tumor diameter
and the tumor weight were measured 4 weeks after implanta-
tion. The survival of HSCs and cellular proliferation were
assessed by immunohistochemical analysis of desmin and Ki-
67 (BD Pharmingen, San Jose, CA), respectively.

Treatment of HSCs by Y-27632

The specific Rho-associated kinase (ROCK) inhibitor,
Y-27632, was purchased from Wako (Osaka, Japan).
Activated HSCs were deactivated by incubation with Y-27632
(10 uM) in serum-free DMEM for 3 hr.

Int. ). Cancer: 136, E3-E13 (2015) © 2014 UICC
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Statistical analysis
The survival rates of rats were compared using the Kaplan-
Meier method and were analyzed using the log-rank test. The
tumor engraftment rates were compared by the chi-square
test. One-way analysis of variance was used for multiple com-
parisons. All the data are expressed as the average (*SE).
p Values less than 0.05 were considered statistically signifi-
cant. Statistical analyses were performed with the SPSS soft-
ware, version 16 (SPSS Japan, Tokyo, Japan).

Technical and material details of the cytokine assay are
given in the Supporting Information Materials.

Resuits

CDD induced FL, activation of HSCs and increased

secretion of cytokines

Feeding on a CDD for 6 weeks resulted in severe steatotic
changes (60% macrosteatosis) (Supporting Information Fig.
Sla). The purity of the isolated HSCs was estimated by fluo-
rescence microscopic examination and by indirect enzyme
immunoreactivity with an anti-desmin antibody, and was
found to be >90% (Supporting Information Fig. S1b). HSCs
isolated from FL (HSCFL) of rats fed on a CDD for 6 weeks
had significantly increased stress fiber formation compared to
HSCs isolated from normal liver (HSCNL) (Supporting Infor-
mation Fig. SIc). We assessed the mediators secreted by cells
in monoculture by performing cytokine arrays on CM sam-
ples. TIMP-1 and VEGF were detected in CM harvested
from HSCFL, whereas they were not detected in CM har-
vested from HSCNL (Supporting Information Fig. S1d-S1f).

CDD-induced FL has a permissive microenvironment for

HCC metastasis

To assess the effects of FL on HCC metastasis, we first
implanted McA-RH7777 cells (5 X 10° cells/body) via the
portal vein into the livers of syngeneic Buffalo rats. One of
seven rats with normal livers (NLs) developed a small, single
nodular HCC; all seven rats survived more than 8 weeks after
inoculation of the HCC cells. In contrast, all ten rats with FL
fed on a CDD for 6 weeks developed diffusely distributed
tumors, and five of ten died of HCC within 8 weeks (Figs.
la-lc). Volumes of the HCC tumors were significantly
greater in rats with FL than in rats with NL (Fig. 1d).

In other experiments, 12 cells (5 X 10° cells/body) were
injected into the portal veins of F344 rats that were fed on
either a CDD or a normal diet. In all eight rats fed on a CDD
for 6 weeks, multiple nodular liver tumors developed within 8
weeks, and four of these rats also developed pulmonary metas-
tases. In contrast, none of the five rats fed on a normal diet
developed tumors (Supporting Information Figs. S2a and S2b).

HSCFL stimulate HCC cell proliferation and migration in vitro

First, we investigated whether HSCFL could induce the pro-
liferation of McA-RH7777 and C1 HCCs. When these cells
were cultured with CM harvested from syngeneic HSCFL,
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Figure 1. Choline deficient diet-induced FL has a permissive microenvironment for HCC metastasis. (@) Macrography of liver tumors in NL
and FL. One of seven rats with NL developed a single nodular tumor (arrow) after inoculation of HCC cells (McA-RH7777 cells, 5 X 10°
cells/body), whereas all ten rats with FL developed diffusely distributed liver tumors. (b) Hematoxylin-eosin-stained images of liver tumors
in NL and FL. (¢) Kaplan—-Meier curve documenting the survival of rats inoculated with HCC cells. (d) The graph shows the percentage of
tumor volume (tumor volume/liver volume). Results are presented as means (=SE).
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their rate of proliferation increased, whereas when the cells
were incubated with CM harvested from HSCNL, no increase
in tumor cell proliferation occurred (Fig. 2a, Supporting
Information Fig. S3a). We then examined whether HSCFL
could induce migration of HCCs. HSCFL promoted HCC
migration to a significantly greater extent than did HSCNL
(Fig. 2b, Supporting Information Fig. S3b).

Factors secreted from HSCFL enhanced activation of MAPK
and Akt pathways in HCC cells

To determine the signaling pathways that may be involved in
the tumor-promoting effects of HSCFL, we examined McA-
RH7777 cells treated with CM harvested from a monoculture
of HSCFL for activation of Akt and MAPK by western blot-
ting. The phosphorylation levels of Akt and ERK were signifi-
cantly increased in cells treated with CM harvested from
monoculture of HSCFL in comparison with CM harvested
from HSCNL (Fig. 2c¢).

HCC-HSC cross-talk is bidirectional

We analyzed the secretion of VEGF, TGF-B1, IL-1a,, MMP-9
and TIMP-1 by HCC cells and HSCs in monoculture and co-
culture, using ELISA kits. Only an additive effect of VEGFE
and TGF-B1 was noted, and their levels were significantly
increased in the CM harvested from co-culture of HCC cells
and HSCFL compared with the levels in CM harvested from
co-culture of HCC cells and HSCNL (Figs. 2d and 2e).
Although HSCNL, HSCFL, and HCC cells barely secreted IL-
la and MMP-9, both factors were secreted in CM harvested
from co-culture of HCC cells and HSCNL. Furthermore, the
concentrations of IL-la and MMP-9 were significantly
increased in CM harvested from co-culture of HCC cells and
HSCFL, due to a synergistic effect, compared to concentra-
tions in CM harvested from co-culture of HCC cells and
HSCNL (Figs. 2f and 2g). However, the concentration of
TIMP-1 was significantly lower in CM harvested from
co-culture of HCC cells and HSCFL compared to CM har-
vested from monoculture of HSCFL because of an inhibitory
effect (Fig. 2h). These results suggested that cytokine secre-
tions are altered through HCC-HSC interactions.

Co-implantation with HSCFL promotes HCC growth in vivo

We examined the effect of HSCFL on HCC growth in vivo.
Cl cells, originating from F344 rat HCC cells, were
implanted to the subcutis of syngeneic F344 nude rats, either
alone or in combination with HSCFL or HSCNL from F344
rats. HSCNL and HSCFL were implanted to a similar extent,
according to frozen section analysis, 2 days after the co-
implantation of HSCs labeled by PKH26 and non-labeled
HCC cells (Supporting Information Figs. S4a and S4b).
When C1 cells (5 X 10° cells/body) were implanted into the
subcutis of syngeneic F344 nude rats, three of the nine rats
implanted with HCC cells alone and six of nine rats
implanted with HCC cells and HSCNL developed tumors at
the site of implantation, but all nine rats implanted with
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HCC cells and HSCFL developed tumors. Moreover, the rats
implanted with HSCFL in addition to HCC cells developed
significantly larger tumors than those implanted with HCC
cells and HSCNL (Figs. 3a-3d). The presence of desmin-
positive cells was determined by immunohistochemical analy-
sis. The number of desmin-positive cells in the tumors of
rats co-transplanted with HSCFL was comparable with those
co-transplanted with HSCNL, whereas only a few desmin-
positive cells were noted in tumors of rats implanted with C1
cells alone (Supporting Information Figs. S4c and S4e). In
addition, we used immunohistochemistry to examine the
expression of nuclear Ki-67, a cellular proliferation marker.
The number of Ki-67-positive cells was significantly greater
in the tumors of rats co-transplanted with HSCNL than in
the tumors of rats transplanted with Cl cells alone. Further-
more, the number of Ki-67-positive cells was significantly
increased in the tumors of rats co-transplanted with HSCFL
compared with those co-transplanted with HSCNL (Support-
ing Information Figs. S4d and S4f).

Rho-kinase inhibitor attenuates HCC progression through
deactivation of HSC-FL

We have previously shown that HSCFL exhibited increased
stress-fiber formation and F-actin expression as compared to
HSCNL,"* and increased stress-fiber formation and F-actin
expression in HSCFL were suppressed by treatment with the
ROCK inhibitor, Y-27632. However, HSCFL were re-
activated within 48 hr of Y-27632 administration (Fig. 4a).
In this study, we investigated whether the ROCK inhibitor
can deactivate activated HSCFL and suppress tumor progres-
sion in co-culture. First, we investigated the effect of Y-
27632-treated HSCFL on the proliferation of McA-RH7777
cells by performing the MTT assay. When McA-RH7777 cells
were cultured with CM harvested from Y-27632-treated
HSCEFL, cell proliferation was suppressed compared with that
in CM harvested from untreated HSCFL (Fig. 4b). Thereafter,
a migration assay showed that the migration of McA-
RH7777 cells was significantly suppressed in co-culture with
Y-27632-treated HSCFL compared with co-culture with
untreated HSCFL (Fig. 4c). Furthermore, the enhancement in
the proliferation and migration by Y-treated HSCFL were sig-
nificantly greater than those of HSCNL (Figs. 4b and 4c). In
addition, the phosphorylation levels of Akt and ERK were
significantly decreased in HCC cells treated with CM har-
vested from monoculture of Y-27632-treated HSCFL com-
pared with phosphorylation levels in HCC cells treated with
CM harvested from untreated HSCFL (Fig. 4d). Moreover, an
ELISA study showed that the levels of TGF-B1 were signifi-
cantly lower in CM harvested from Y-27632-treated HSCFL
than levels in CM harvested from untreated HSCFL (Fig. 4e).
Moreover, the concentration of IL-lo was significantly
decreased in CM harvested from a co-culture of HCC and
HSCFL treated with Y-27632, compared to that in CM har-
vested from a co-culture of HCC and untreated HSCFL (Fig.
4f). However, the levels of VEGF and TIMP-1 in CM
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McA-RH7777 cells treated with conditioned media from HSCNL or HSCFL were analyzed for Akt and ERK1/2 activation. The phosphorylation
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harvested from Y-27632-treated HSCFL and the levels of
MMP-9 and TIMP-1 in CM harvested from a co-culture of
HCC and HSCFL treated with Y-27632 were similar to those
in CM harvested from untreated HSCFL and in CM har-
vested from a co-culture of HCC and untreated HSCFL,
respectively (Supporting Information Figs. S5a-S5d). These
results indicated that Rho-kinase inhibitor did not inhibit the
overall features of HSC, but partially inhibited the activation
of HSC.

High fat diet-induced FL also has a permissive
microenvironment for HCC metastasis

We assessed the effect of HFD-induced FL (non-CDD-induced
FL) on HCC metastasis. Rats fed on a HFD for 16 weeks
developed microvesicular steatosis [approximately 20-30% ste-
atosis, (Supporting Information Fig. S6a)], although the HFD-
induced FL appeared less fibrotic compared to CDD-induced
FL (Supporting Information Fig. S6b). Furthermore, the serum
levels of AST were significantly lower in rats with HFD-
induced FL than in those with CDD-induced FL (Supporting
Information Fig. S6c). All the six rats fed on a HFD for 16
weeks developed several nodular tumors at 8 weeks after the
inoculation of McA-RH7777 cells (5 X 10° cells/body). In
contrast, one of the seven rats fed on a normal diet for 16
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weeks developed several small tumors (Figs. 5a and 5b). Vol-
umes of the HCC tumors were significantly greater in rats
with HFD-induced FL than in rats with NL (Fig. 5¢).

HSC derived from HFD-induced FL stimulate HCC cell
proliferation and migration in vitro

We investigated whether HSCFL of rats fed on a HFD for 24
weeks (HSCHFD) could induce proliferation and migration
of HCC cells. HSCHFD promoted HCC migration to a sig-
nificantly greater extent than did HSC isolated from NL of
rats fed on a normal diet for 24 weeks (Fig. 5d). In addition,
HSCHFD promoted HCC proliferation to a significantly
greater extent than did HSC isolated from NL of rats fed on
a normal diet for 24 weeks (Fig. 5e).

Discussion

A rapidly growing literature indicates that NAFLD, including
NASH, is associated with HCC.!~> However, whether NAFLD
itself promotes the progression and metastasis of HCC is
unclear. Therefore, we investigated whether FL either pro-
motes or suppresses HCC progression. Our results have
shown that both CDD- and HFD-induced FL have pro-
metastatic microenvironments in the model of portal vein
HCC cell inoculation. Furthermore, HSCs were activated in
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significantly suppressed in HCC cells treated with Y-treated HSCFL-CM, compared to those in HCC cells treated with untreated HSCFL-CM.

(e) Y-27632 suppressed TGF-B1 secretion of HSCFL. (f) Y-27632 suppressed IL-1a secretion on co-culture of HCC and HSCFL.
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both CDD- and HFD-induced FL, and these activated HSCs
enhanced the proliferation and migration of HCC cells. In
addition, Y-27632, a Rho-kinase inhibitor, partially reduced
the progression of HCC through deactivating activated HSCs.
These results indicated that the steatotic liver microenviron-
ment favors HCC progression and metastasis through the
activation of HSCs.

In the current study, we have shown that CDD-induced
FL activates HSCs to enhance the proliferation and migration
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of HCC in co-culture and co-implantation models through
the secretion of paracrine signaling molecules such as VEGF.
HSCs can transdifferentiate into highly proliferative and
motile myofibroblasts during the activation process that fol-
lows liver injury.® In addition, we noted that the HSCs
derived from HFD-induced FL, which appeared less fibrotic
compared with CDD-induced FL, promoted the migration
and proliferation of HCC cells, even though the HSCs may
not be fully activated. Free fatty acids such as oleate and
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palmitate reportedly stimulate the activation of fibrosis-
related genes (ie, TGF-B, TIMP-1) in HSCs.!® Activated
HSCs produce growth factors and cytokines, such as TGF-j,
hepatocyte growth factor (HGEF), stromal-derived factor-1
(SDF-1), and IL-1, to stimulate the proliferation, adhesion,
and migration of cancer cells.'®'” It has been postulated that
HSCs are a component of the prometastatic liver microenvir-
onment.'>"! Neaud et al'® showed that myofibroblasts
increased the invasiveness of HCC cells by secreting HGF.
Recently, Liu ef al. demonstrated that the IQ motif contain-
ing GTPase-activating protein 1 (IQGAP1) binds to TGE-B
receptor II (TGF-BRII) and suppresses TGF-BRII-mediated
signaling in HSCs, thus preventing myofibroblastic differen-
tiation. IQGAP1 deficiency in HSCs promoted myofibroblast
activation, tumor implantation, and metastatic growth via
upregulation of paracrine signaling molecules, including SDF-
1/CXCL12 and HGE." Our results are consistent with that
report. Yoshimoto et al® showed that senescence-associated
secretory phenotype (SASP)* plays crucial roles in promot-
ing obesity-associated HCC development in mice. In the cur-
rent study, some of the SASP factors, such as IL-1a, CXCR2-
binding chemokines, and TGF-B were increased in activated
HSCs. These activated HSCs may be senescing, and this effect
may be related to the promotion of metastatic growth of
HCCs, but further study of this possibility is necessary.
Sancho-Bru ef al®! have examined the effect of hepatocarci-
noma cells on HSCs in a co-culture system, and have
reported the interaction of HSCs and HCC cells. In that
study, co-culture of the cells reduced the expression of fibro-
genic factors, such as procollagen-I(I). Those results may be
consistent with our results indicating the presence of
decreased levels of TIMP-1 and increased levels of MMP-9 in
CM harvested from co-culture of HCC cells and HSCs. Cou-
louarn et al. also showed that hepatocyte-HSC cross-talk gen-
erated a permissive proangiogenic microenvironment by
inducing VEGF and MMP9 expression in HSCs** Our
results indicate that HCCs and HSCs have bidirectional
cross-talk; that is, this interaction is proangiogenic and
tumorigenic, but also antifibrogenic. These paradoxical results
may have important implications for the progression of
HCC. It is speculated that the remodeling of the extracellular
matrix, along with the formation of new vessels, contributes
to the invasiveness of HCC.

We have also shown that a ROCK inhibitor converted
activated HSCs to inactivated HSCs, thereby suppressing the
progression of HCC. The Rho signaling pathway and actomy-
osin system are reportedly involved in the motility and inva-
sion of various cells, including cancer cells.”>™* Tt is known
that Rho signaling is involved in HSC activation, and a spe-
cific ROCK inhibitor, Y-27632, inhibited the activation of
HSCs by regulating the formation of actin fibers and focal
adhesion.*>* Our results are consistent with those reports.
However, the production of TGF-B and IL-la was sup-
pressed by Y-27632, whereas HSCs reverted by treatment
with Y-27632 still secreted several cytokines, including VEGF

Fatty liver favors HCC metastasis

and MMP-9. These data indicated that HSCs did not fully
revert to a quiescent state, but rather retained a preactivated
intermediate state.® Several reports, including ours,?” have
also shown that treatment of tumor-bearing rats with a
ROCK inhibitor suppressed peritoneal dissemination of can-
cer cells and intrahepatic metastasis of HCC cells.’®*' This
suggested that the ROCK inhibitor is implicated in suppress-
ing HCC progression through not only a direct action on
HCC (by inhibiting actomyosin contractility of HCC cells),
but also through another indirect action within the cancer
stroma, which includes HSCs.

Several limitations to our study should be considered. In
the present study, we used hepatoma cells derived from rats.
The animals develop large tumors within a few weeks of
HCC inoculation, which diffusely infiltrate the liver. This
may lead to the development of a different tumor microen-
vironment and different interactions between HCC and HSCs
compared to those present in tumors that arise endogenously.
Furthermore, we have shown that the progression of HCC in
FL is associated with activated HSCs. However, the activation
of HSCs is probably one of several mechanisms associated
with the tumorigenic environment in FL. It has been shown
that fatty change in hepatocytes induces hypoxic environ-
ments in the liver.*? Indeed, fat droplet accumulation in the
cytoplasm of hepatocytes is associated with an increase in
cell volume, which may result in partial or complete obstruc-
tion of the hepatic sinusoidal space and reduction in sinusoi-
dal blood flow. A state of chronic cellular hypoxia persists in
FL, which induces hypoxia-inducible factor (HIF).*® HIF can
induce a vast array of gene products controlling energy
metabolism, neovascularization, survival, and cell migration,
and is recognized as a strong promoter of tumor growth.**
The sinusoidal endothelial cells are injured in cases of FL.*?
The number of adherent leukocytes in the injured sinusoid
cells induced by a methionine-and CDD was found to be sig-
nificantly increased, compared with that in normal sinusoid
cells. The injured sinusoid cells in the FL may promote
tumor cell arrest and extravasation into the hepatic paren-
chyma. Additional studies of the other mechanisms by which
a FL promotes tumor progression are needed. We have also
shown that FL with approximately 10-20% steatosis, which
was induced by a long-term feeding (16 weeks) of a HFD,
promoted the progression of HCC. However, it remains
unexplored whether FL with less than 10-20% steatosis pro-
motes the progression of HCC.

In conclusion, our results indicate that the rat steatotic
liver microenvironment favors HCC metastasis. This effect
appears to be promoted through the activation of HSCs in
the steatotic liver.
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Natural killer (NK) cells are potential immune components against hepatocellular carcinoma (HCC) after curative
hepatectomy. Patients at high risk of HCC recurrence can be identified by quantifying NK cell licensing. Therefore,
therapeutic strategies that manipulate NK cell activity may possibly improve the prognosis of HCC patients.

NK cells are key components of the
innate immune system that act against
infectious and neoplastic cells. NK cell
dependent the
inhibitory-activating receptor equilibrium.
Killer cell immunoglobulin-like receptors
(KIRs) are the most polymorphic among
these receptors. They contribute to recep-

activation s upon

tor-ligand interactions that determine
NK cell responses by recognizing specific
human leukocyte antigen (HLA) class I
allotype ligands.

In 2006, Anfossi et al. reported an edu-
cational mechanism for human NK cells
that involves self-specific inhibitory KIR
and cognate HLA ligand interactions.
This mechanism leads NK cells to acquire
a higher resting response capzlcity,1 consis-
tent with the NK cell “licensing” mecha-
nism in mice.” The polymorphic genes for
KIRs and their cognate HLA ligands gen-
erate diverse immune responses. Ligand
specificities for five inhibitory KIRs and
the different strengths of licensing effects
through different KIR-HLA ligand inter-
actions have been defined. Thereafter, Yu
et al. demonstrated that NK cells, which
express multiple inhibitory KIRs for self-
HIA ligands within variegated NK cell

© Naoki Tanimine and Hideki Ohdan

repertoires, show a synergistic effect of
licensing, i.e.,
sively higher numbers of self-reactive
inhibitory KIRs is correlated with
increased effector capacity.’ This quantita-
tive effect of NK cell licensing has been
verified consistently in mice by analyzing
the functonal influence of the multiple

the expression of progres-

interactions of self-major histocompatibil-
ity complex (MHC)-specific inhibitory
receptors.® Recently, Beziatz et al. also
showed a linear effect of KIR gene copy
number variation and HLA ligands on the
overall functional responsiveness of the
NK cell repertoire by analyzing KIR—
HLA genotypes of healthy human volun-
teers.” Despite the accumulating evidence
suggesting a quantitative effect of NK cell
licensing in basic studies, its clinical
impact on neoplastic diseases has never
been demonstrated. This year, we were
the first to report the impact of multiplic-
ity of functional KIR-HLA compound
genotypes on HCC recurrence after cura-
tive hepatectomy.® The presence of
KIR2DLI1-C2, KIR2DL2-Cl1, KIR3DLI-
BWH4, or KIR3DL2-A3/11, functional
compound genotypes that intrinsically
license NK cells, did not markedly affect
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HCC recurrence. However, the cumula-
tive risk of recurrence in patients with at
least three compound genotypes (highly
licensed patients) was significantly lower
than that in patients with one or two com-
pound  genotypes  (poorly licensed
patients), suggesting that the effect of NK
cell licensing on HCC recurrence is quan-
titative. This result matches the previously
postulated theory that the number and
type of host MHC class I alleles quantita-
tively tune the responsiveness of individ-
ual NK cell subsets expressing the
corresponding  KIR.> Highly licensed
patients may equip NK cells with more
vigorous immune-surveillance activity to
act as potent constitutive immune effec-
tors against both intrahepatic metastasis
and de novo carcinogenesis, as compared
to poorly licensed patients (Fig. 1).

We have previously shown that the dis-
tribution of NK cells is anatomically
biased, e.g., NK cells are quite abundant
in human livers.” Functionally, liver NK
cells display a significantly higher cyto-
toxic activity against neoplastic cells,
including against HCC, through a
tumor necrosis factoi-related apoptosis-

inducing ligand-mediated mechanism,
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Figure 1. NK cell licensing depends on the number of functional KIR-HLA compound genotypes. The quantitative effects of NK cell licensing influence
the overall functionality of NK cell-mediated tumor surveillance. Increasing the number of functional KIR-HLA compound genotypes stochastically indu-
ces the generation of NK cell repertoires, which progressively express self-reactive inhibitory KIRs. The difference in NK cell repertoires potentially gener-
ates different NK cell surveillance functions, e.g., abundant recruitment of highly licensed NK cells prevents carcinogenesis through attacks on
circulating metastatic cells in sinusoid or de novo neoplastic cells.

than peripherally circulating NK  cells.
Based on this fact and the evidence of a
quantitative effect of NK cell licensing, we
wondered whether the multiplicity of
functional KIR-HLA compound geno-
types might exclusively influence intrahe-
patic  carcinogenesis ~ or  metastasis,
regardless of their origin. It would be of
great interest to define the impact of the
quantitative effect of NK cell licensing on
intrahepatic  cholangiocarcinoma,
metastasis of colorectal cancer, or other
malignancies.

We demonstrated the predictive value
of the muldplicity of functional KIR—
HLA compound genotypes for HCC

recurrence after curative hepatectomy.

liver

€983765-2

One potential strategy to compensate for
the genetic susceptibility to HCC recur-
rence would be an immune therapy that
manipulates the NK cell activity. To this
end, the clinical efficacy of adoptive
immunotherapy with interleukin-2 and
anti-CD3 monoclonal antibody-activated
autologous peripheral lymphocytes, such
as NK cells, has been evaluated; prolonged
relapse-free survival in HCC patients fol-
lowing resection of the primary tumor was
analyzed. ® However, the details of the
mechanisms underlying such effects
remain unclear. As liver NK cells display
more vigorous cytotoxicity against HCC
than peripheral NK cells, we recently
proposed a novel type of adjuvant

Oncolmmunology

immunotherapy for preventing HCC
recurrence in liver transplant recipients. In
this immunotherapy, transplant recipients
are intravenously injected with lympho-
kine-activated killer cells, including acti-
vated NK cells derived from liver
allografts.” A clinical phase I trial revealed
the feasibility and safety of this immune
therapy.” To define the long-term benefits
of this approach in terms of the control of
HCC recurrence after liver transplanta-
tion, a phase II trial, which will investigate
the influence of the KIR-HLA genotypes
in donors and recipients of liver trans-
plants, is currently under consideration.
Antibody targeting agents for cancer
treatment use both compliment-mediated

Volume 4 Issue 1



cytotoxicity and antibody-dependent cell-
mediated cytotoxicity (ADCC) to lyse
antibody-coated cells. Since NK cells con-
tribute to ADCC, therapies combining
NK cells and antibody targeting have the
added advantage of local activation of NK

cells at the tumor site via CDI16
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Risk Factors for Development of New-Onset Diabetes Mellitus and
Progressive Impairment of Glucose Metabolism After Living-Donor
Liver Transplantation

T. Abe, T. Onoe, H. Tahara, H. Tashiro, K. Ishiyama, K. Ide, M. Ohira, and H. Ohdan

ABSTRACT

Background. New-onset diabetes mellitus (NODM) has a negative impact on graft and
patient survivals. Hepatitis C virus (HCV) infection, high body mass index, increased donor
and recipient ages, and calcineurin inhibitor (CNI) type have been identified as risk factors
for the development of NODM. We aimed to elucidate the risk factors for the develop-
ment of NODM and those for progressive glucose intolerance in adult living-donor liver
transplant (LDLT) recipients.

Methods. We collected data from 188 primary liver transplant recipients (age > 16 years)
who underwent LDLT from June 1991 to December 2011 at Hiroshima University Hos-
pital. Risk factors for NODM and progressive impairment of glucose metabolism in pre-
transplantation diabetes mellitus (DM) recipients were examined.

Results. Pre-transplantation DM was diagnosed in 32 recipients (19.3%). The overall
incidence of NODM was 6.0% (8/134 recipients). Multivariate analysis revealed that old
recipient age (>55 years) is a unique predictive risk factor for developing NODM. The
incident of pre-transplantation DM was significantly higher in recipients with HCV
infection than in those without HCV. A high pre-transplantation triglyceride level was
an independent risk factor for progressive impairment of glucose tolerance among 32
LDLT recipients with pre-transplantation DM. All of the NODM patients were being
treated with tacrolimus at the time of diagnosis. Switching the CNI from tacrolimus to
cyclosporine allowed one-half of the patients (4/8) to withdraw from insulin-dependent
therapy. NODM and post-transplantation glucose intolerance had no negative impact on
patient and graft outcomes.

Conclusions. Older age of the recipient (>55 years) was a significant risk factor for
NODM. Hypertriglyceridemia in the recipients with DM is an independent risk factor for
post-transplantation progressive impairment of glucose metabolism. NODM had no
negative impact on outcomes in the LDLT recipients.

EW-ONSET DIABETES MELLITUS (NODM) is
recognized as a common complication in organ trans-
plantation, one of the risk factors that affect graft and patient
survival in solid organ transplantation. NODM contributes to
the risk for infection, cardiovascular disease, and neurologic
complications [1]. The prevalence of NODM after liver
transplantation is 18%-50% [2-5]. Risk factors for the
development of NODM include increased age, ethnicity,
family history of type 2 diabetes, obesity, hepatitis C virus
(HCV) and cytomegalovirus infections, glucocorticoid treat-
ment, and the use of other immunosuppressive medications
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[2,6]. Recent reports indicate that some gene polymorphisms
may be related to NODM after solid organ transplantation [7].
These characteristics likely reflect inherited and acquired
defects in insulin sensitivity and B-cell function that contribute
to hyperglycemia.

NODM is thought to result from the combination
development of insulin resistance and decreased insulin
secretion. The use of transplantation immunosuppressive
medications in addition to weight gain or steroid pulse
therapy could aggravate pre-transplantation glucose intol-
erance [8]. Tacrolimus, one of the most frequently used
calcineurin inhibitors (CNIs), seems to have the most pro-
nounced diabetogenic effect. Kurzawski et al [7] showed
that individuals taking tacrolimus had a significantly higher
incidence of NODM than those not taking it. Compared
with patients on cyclosporine treatment, those medicated
with tacrolimus had a significantly higher incidence of
NODM or impairment of glucose tolerance after 6 months
of therapy (26.0% vs 33.4%, respectively) [9].

Some reports have shown that HCV infection causes a
high rate of NODM in renal and liver transplant recipients
[10,11]. The prevalence of pretransplant diabetes mellitus
(DM) and glucose intolerance was apparently higher in re-
cipients with HCV infection [12]. Soule et al [13] reported
the HCV infection contributes to the development of DM in
orthotopic liver transplant recipients.

However, most published data about NODM have come
from single-center studies with relatively small sample sizes
and from deceased-donor liver transplantation in Western
populations. Harada et al [14] reported that higher body
mass index (BMI), male sex, and older age were indepen-
dent predictive factors for developing NODM after living-
donor liver transplantation (LDLT) among Asian adult
recipients, whereas the impact of HCV infection did not
reach significance. In the present study, we aimed to
investigate risk factors for development of NODM and to
identify risk factors for progressive impaired glucose meta-
bolism in recipients with pre-transplantation DM after
LDLT at a single transplant center.

METHODS

A total of 188 adult patients underwent LDLT from June 1991 to
December 2011 at Hiroshima University Hospital. Of the 188 pa-
tients, 16 recipients who died within 6 months after LDLT, 2 who
required re-LDLT, and 4 who underwent deceased-donor liver
transplantation were excluded from the study. Pre-transplantation
DM was diagnosed in 32 recipients (19.3%). The procedures for
donor evaluation, donor surgery, recipient surgery, and periopera-
tive management followed in our hospital have been described
elsewhere [15,16].

NODM was defined by the American Diabetes Association/
World Health Organization criteria that were recommended in the
2003 International Consensus Guidelines to diagnose DM after
transplantation [1]. Diagnostic criteria include the following: fasting
blood glucose levels >126 mg/dL (7.0 mmol/L) on 2 separate oc-
casions and/or a 2-hour postprandial blood glucose level >200 mg/
dL (11.1 mmol/L) on 2 separate occasions. Alternatively, DM was
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defined as the requirement of glucose-lowering medications (insulin
or oral hypoglycemic agents). Transient DM was defined as
DM present in <2 follow-up post-transplantation intervals. Persis-
tent DM was defined as DM present in >3 follow-up
post-transplantation intervals with >1 interval beyond the 3rd
post-transplantation month [10]. In our study, patients with post-
operative progressive impairment of glucose metabolism were
identified as those who needed to be medicated with new or higher
doses of insulin and who later had diabetes-related renal failure or
diabetic complications.

The basic immunosuppressive regimen after LDLT consisted of
tacrolimus/cyclosporine and methylprednisolone, with doses grad-
ually tapered off. In patients with HCV infection, the methylpred-
nisolone dose was rapidly tapered off and administration was
stopped within 1 month after LDLT, which would be beneficial for
preventing enhanced viral replication [17].

The assessed recipient-related risk factors included age, sex, pre-
transplantation BMI (kg/m?), Model for End-Stage Liver Disease
(MELD) score, and presence of HCV infection. HCV infection was
defined in recipients with a positive anti-HCV test or an HCV-
related diagnosis. Sustained virologic response (SVR) was defined
as undetectable HCV RNA in the serum after the completion of
HCYV therapy. Baseline recipient factors according to the presence
of postoperative impaired glucose metabolism or persistent and
improved glucose metabolism were compared with the use of the
chi-square test. Multivariate analysis was performed with the use of
a logistic regression test. All P values were 2 tailed, and P < .05 was
considered to be statistically significant. All analyses were per-
formed with the use of the SPSS statistical software (IBM Japan,
Tokyo, Japan).

RESULTS

The study population with which to identify NODM risk
factors consisted of 51 female and 83 male recipients
without pre-transplantation DM. As observed in Table 1,
NODM was diagnosed in 8 (6.0%) of the 134 recipients. We
analyzed recipient and donor risk factors for developing
NODM in a univariate analysis. A total of 48 (35.8%) of the
134 patients were infected with HCV, whereas 86 (64.2%)
of the 134 patients were not infected with HCV before
LDLT. HCV infection and increased recipient age were risk
factors for developing NODM on univariate analysis;
recipient sex, recipient BMI, MELD score, donor age,
donor sex, donor BMI, cold ischemia time, and operation
time demonstrated no statistically significant differences.
Older recipient age was considered to be the unique and
important predictive risk factor for developing NODM on
multivariate analysis (odds ratio, 9.191; 95% confidence
interval, 1.083-76.478; P = .042). Table 2 shows that among
the 166 patients, the HCV-positive recipients showed
significantly higher proportional rate of pretransplant DM
(19/67, 28.4%) than the HCV-negative recipients (13/99,
13.1%; P < .05, Fisher exact test). The outcomes of the
patients with DM or non-DM were not significantly
different regarding graft and patient survival (data not
shown).

Next, a subgroup analysis was performed in the patients
with pre-transplantation DM recipients with a special focus
on the patients with post-transplantation progressive
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Table 1. Risk Factors for Developing New-Onset Diabetes Mellitus

Overall {n = 134) Non-NODM (n = 126) NODM (n = 8) Univariate Multivariate
Variable n (%) n (%) P Value OR (95% Cl) P Value
Recipient sex: male/female 83/51 (61.9%/38.1%)  77/49 (61.1%/38.9%) 6/2 (75%/25%) .32
Recipient age: =55 vs <55y 62/72 (46.3%/53.7%)  55/71 (43.7%/56.3%)  7/1 (87.5%/12.5%) .009 9.19 (1.08-76.48) .042
Recipient BMI (kg/m?) 23.6 + 3.9 23.8 + 4.0 23.4 + 2.8 .68
MELD score 17.4 4+ 8.5 17.0 £ 8.5 12,6 4 6.6 .052
Recipient HCV infection: yes/no  48/86 (35.8%/64.2%)  42/84 (33.3%/66.7%) 6/2 (75%/25%) .01 .099
Donor sex: male/female 83/51 (61.9%/38.1%)  80/46 (63.5%/36.5%) 3/5 (37.5%/62.5%) A4
Donor age (y) 356 &+ 12.2 35.8 4+ 12.1 43.2 4+ 13.7 42
Donor BMI (kg/m?) 218 £ 2.6 22.0 £ 2.7 21.0 £ 2.0 18
Cold ischemia time (min) 98.4 + 37.9 98.8 £ 38,0 103.3 £ 38.0 73
Operation time (min) 732 £ 138 737 + 140 735+ 84.9 .96

Note: Unless otherwise indicated, data are presented as mean : SD.

Abbreviations: BMI, body mass index; Cl, confidence interval; HCV, hepatitis C virus; MELD, Model for End-Stage Liver Disease; NODM, new-onset diabetes

mellitus; OR, odds ratio; SVR, sustained virologic response.

impairment of glucose metabolism (Table 3). We sub-
divided the patients into 2 groups: patients with post-
transplantation impaired glucose metabolism and patients
with post-transplantation persistent and improved glucose
metabolism. Hypertriglyceridemia was the only independent
risk factor for post-transplantation progressive glucose
intolerance (odds ratio, 1.022; 95% confidence interval,
1.003-1.041; P = .020) on multivariate analysis; there were
no differences in age, sex, high BMI, total cholesterol level,
creatinine level, hemoglobin level, or MELD score. Donor
factors such as age and sex were also analyzed in these 2
groups; there were no significant risk factors for post-
operative progressive glucose disorder. All the patients with
NODM at the time of diagnosis were treated with tacroli-
mus; 4 (50%) of 8 patients recovered from NODM by
switching from tacrolimus to cyclosporine. Those 4 patients
had transient DM. The 4 patients with persistent DM
required insulin therapy, whereas 1 of the 4 patients
required blood dialysis for diabetes-related chronic renal
failure. However, the presence of NODM and post-
transplantation progressive glucose intolerance did not
have a significant effect on patient morbidity and mortality
after LDLT (data not shown).

DISCUSSION

The incidence of NODM was previously reported to be
10.5%-50.4% [2,4]. The United Network for Organ Sharing
database study reported an incidence of 15.7% in LDLT [2],

Table 2. Association Between Hepatitis C Virus (HCV) Infection
and Pre-Transplantation Diabetes Mellitus

HCV Positive  HCV Negative Total

Pre-transplantation DM positive 19 (28.4%)* 13 (13.1%) 32
Pre-transplantation DM negative 48 (71.6%) 86 (86.9%) 134
Total 67 99 166

Note: The percentages in the parentheses represent the rates among the
HCV-positive or HCV-negative population.

Abbreviation: DM, diabetes mellitus.

*P < .05 (Fisher exact test).

whereas in the present study, only 8 patients (6.0%) devel-
oped NODM after LDLT, a lower incidence than in earlier
reports. This variance in reported prevalence rates could be
due to the differences in post-transplantation diabetes def-
initions. We previously reported the efficacy of carboxy-
fluorescein diacetate succinimidyl ester labeling-mixed
lymphocyte reaction (CFSE-MLR) assay to monitor anti-
donor alloreactivity for the accurate diagnosis of acute
rejection after LDLT [17].

The first reason for the low incidence of NODM in our
institution is that our CFSE-MLR assay plays an important
role in avoiding CNI overdose and unnecessary corticoste-
roid pulse therapy. Corticosteroids induce a state of insulin
resistance characterized by decreased binding of insulin to
insulin receptors and decreased glucose utilization. The
diabetogenic effects of corticosteroids seem to be dose
related [18]. Some studies have reported no statistically
significant difference in the overall incidence of NODM in
steroid-free versus steroid-treated patients [19,20]. Howev-
er, all studies showed trends toward less severe NODM
among steroid-free patients based on a reduced need for
insulin therapy; our results are consistent with these reports.

The second reason is that we could diagnose the patients
with NODM and progressive impairment of glucose meta-
bolism as early as we could and treat them with insulin
therapy or by switching the CNI regimen, which led to better
outcomes even in the patients who were developing NODM
or progressive glucose disorder. The outcomes of these
patients and those without DM among the patients with
HCV infection were not significantly different (data not
shown). It remains controversial whether switching a CNI
improves glycemic control in recipients with NODM. The
balance between the treatment of NODM and the preven-
tion of acute or chronic rejection should be considered.

Well known risk factors for developing NODM, including
older age, black race, obesity, HCV infection, family history
of DM, and use of tacrolimus or corticosteroids, predict the
development of NODM in transplant recipients [2,4,14].
Only older recipient age (>55 years) was identified as an
independent risk factor for NODM in the present study. It
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Table 3. Comparison Between Post-Transplantation Impaired Glucose Metabolism and Persistent or Improved Glucose Metabolism
Among the Pretransplant Recipients With Diabetes Mellitus

Post-Transplantation Progressive

Perioperative Persistent or Improved

Impaired Glucose Metabolism (n = 13) Glucose Metabolism (n = 19) Univariate Multivariate
Variable n (%) n (%) P Value OR (95% ClI) P Value

Recipient sex: male/Female 9/4 (69.2%/30.8%) 12/7 (63.2%/36.8%) .69

Recipient age (y) 514 +9.8 52.8 + 14.1 .54

Recipient BMI (kg/m?) 24.0 £ 4.0 226 £5.3 .29

Obesity (BMI > 30 kg/m?) 1(7.7%) 4 (5.3%) .40

Recipient HCV infection: yes/no 11/2 (84.6%/15.4%) 8/11 (42.1%/57.9%) 46

Total cholesterol (mg/dL) 121.6 £ 54.7 132.3 + 52.8 .37

Triglycerides (mg/dL) 103.1 £ 111.1 80.8 + 55.8 .017 1.022 (1.003-1.041) .020
Creatinine (nmol/L) 0.8 £ 04 1.1 £ 1.0 18

Hemoglobin (mg/dL) 104 £ 2.8 11.1 £ 20 .019 417

MELD score: >25 vs <25 6/7 (46.2%/53.8%) 13/6 (68.4%/31.6%) .94

Donor sex: male/female 9/4 (69.2%/30.8%) 14/5 (73.7%/26.3%) .22

Donor age (y) 37.3+12.2 34.8 + 13.3 .22

Donor BMI (kg/m?) 221426 209 + 4.6 .51

Cold ischemia time (min) 93.8 + 33.8 98.6 + 41.1 .32

Operation time (min) 722 + 193 720 + 129 .92

Note: Unless otherwise indicated, data are presented as mean + SD.
Abbreviations as in Table 1.

remains controversial whether age would be an independent
predictive factor for NODM in deceased-donor liver
transplantation. However, in LDLT recipients, older age
could be an important factor for development of NODM, as
seen in earlier studies [14].

Generally, patients infected with HCV have a high inci-
dence of DM compared with patients who have other types of
liver disease, as seen in our results presented in Table 2 [6].
The pathophysiologic mechanisms of HCV infection in the
presence of hyperglycemia remain unclear. The hypothesis
was that HCV infection could lead to DM by promoting or
accentuating insulin resistance mediated by a post-receptor
signaling defect and decreased hepatic glycogenesis [21].
This could be explained by the fact that 14 patients who
achieved post-transplantation SVR did not develop NODM
after antiviral treatment, although incidence of pre-
transplantation HCV infection were not associated with the
development of NODM on multivariate analysis. As such,
HCV treatment might have a synergistic impact on glucose
metabolism. Liver transplantation itself had a beneficial
impact on the existing pre-transplantation peripheral insulin
resistance and impaired glucose metabolism. As a matter of
fact, we experienced 4 patients who underwent LDLT in
whom preexisting DM completely recovered after liver
transplantation. No patients with NODM or progressively
impaired glucose metabolism recipients died during our
study, but long-term outcomes have yet to be investigated.

Criterion standard methods to measure insulin resistance
are both time-consuming and impractical. Different pa-
rameters of lipid metabolism are well correlated with insulin
resistance when measured by accurate methods [22]. Of
these, triglyceride levels and triglycerides-high-density li-
poprotein cholesterol ratio showed the best correlation with
insulin resistance [22]. Consistent with the earlier report,
our data show that pre-transplantation hypertriglyceridemia

was an independent risk factor for progressive glucose
intolerance in pre-transplantation DM recipients.

In conclusion, older recipient age (>55 years) was a sig-
nificant risk factor for NODM. Pre-transplantation hyper-
triglyceridemia is the only independent risk factor for the
development of progressive glucose metabolism in patients
with pre-transplantation DM. However, in our study, peri-
operative impaired glucose metabolism had no negative
impact on patient or graft survival.
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