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Fig 2. Kinetics of various cytokines (IFN=y, IL-2, IL-4, and IL-10) and cytotoxin (perforin) mRNA levels at 1,2,3, 5, 7, and 10 days after donor antigen administration in the liver and
spleen. After alloantigen administration, in the liver of SL-Grafted, the highest level of IFN-y was nioted on day 2, followed by day 1, day 3, day 7, and day 10. In the spleen of SL-
Remnoved, IFN- was rapidly upregulated reaching a peak level on day 1 but decreased thereafter, The expression of IL-2 in the spleen on day 1 was significantly higher than on day
3(p<0.,005), and day 5 (p<0.005). IL-4 was not different between groups, IL-10 levels in the liver and spleen in SL-Grafted on days 2 and 3 were higher than other days in the same
group. In SL-Removed, IL-10 level inthe spleen on day 3 was significantly bigher than onday 1 (p<0.0001), day 2 (p <0.0001), day 5 (p<0.0001) an! day 10 {p<0.0001). In DSI, Si-~
Grafted, and SL-Removed rats, perforin mRNA levels in the liver and spleen were the highest on day 5 compared to other days. DSI: donor-specific cell injection; SLG, SL-Grafred,
sensitized liver grafted: SLR, SL-Removed, sensitized liver remaoved, Data represent mean & SEM. *p<0.05,

4, Discussion

In this study, we indicated that the immune response to injected
alloantigen varied according to its distribution inside or outside the
liver, St~Crafted rats with alloantigens limited to the liver rejected
cardiac allografts in an accelerated fashion compared with either
untreated animals or DS! animals with alloantigens distributed both
inside and outside the liver. In contrast, SL-Removed rats with
alloantigens distributed to other organs but not the liver rejected
cardiac allografts in a delayed fashion [10,11]. These findings suggest
that the immune reaction restricted by early distribution of the
alloantigen inside the liver may be associated with allograft rejection,
while the distribution outside the liver may be associated with a lack
of immunaoresponse.

To determine the mechanisn of each outcome, we compared the
expression levels of cytokine mRNAs in the liver, spleen, and allograft
in each group. Previous studies reported a close temporal and physical
correlation between upregulation of the early phase of [L-2 and IFN-y
in lymphoid tissues and subsequent rejection or tolerance of the
transplanted organ [20,21]. In the SL-Grafted group, alloantigens were
distributed solely in the liver after DSI and cardiac allografts were

rejected in an accelerated fashion. In these animals, the expression
level of IFN-y mRNA was higher in the liver on day 1 after
transplantation of liver grafts obtained from sensitized WS rats into
naive WS. In the Sl-Removed group, where alloantigens were
distributed extrahepatically and rejection was delayed, the mRNA
expression levels of Th1 cytokines, IFN--y and I1L-2, were higher in the
spleen and rapidly decreased. On the contrary, in DSI model, which has
alleantigen inside and outside of the liver, the change of IFN-y and IL-2
did not show remarkably in both theliver and spleen. According to this
change of the cytokines compared with DSI model, it appears that the
shorter graft survival of SL-Grafted is associated with early and major
upregulation of IFN~y in the liver, while longer graft survival of SL-
Removed is associated with early upregulation and the following
decrements of IFN-y and IL-2 in the spleen. With regard to Th2
cytokines, IL-4 mRNA level was not significantly different among SL-
Grafted, SL-Removed and DSI. On the other hand, in SL-Grafted rats, IL-
10 mRNA levels in the liver and spleen were the highest on early phase
and decreased thereafter; in SL-Removed rars, they were upregulated
onday 3 and increased until day 10 in the liver and spleen. In DS rats,
these changes did not note. This should indicate that the late IL10
elevation in SL-Removed rats relates the late rejection of alioheart graft,
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Fig. 3. Expression levels of IFN-yand perforin mRNAsin liver, spleen and alloheart on day 14. N~y mRNA levels were higher in SL-Grafted than in SL-Removed in the liver {(p<0.05)

and in the allogralt (p<0.05). Perforin levels were higher in $1-Gralted than in St~Removed in the spleen (7 <0.005) and in the allograft (p<0.001},

n SL-Grafted, IFN-% (p<0.005)

and perforin {2<9.001) were higher than in DSt in the allograft. Perforin mRNA levels in SL-Grafred were higher than in SL-Removed in liver {(p<0.05). There were no significant
differences between groups with regard to [L-2, 1L-4, and IL~10 levels in the liver, spleen, and alloheart, DSI: donor-specific cell injection: SLG, SL-Grafted, sensitized liver grafted; SiR,

SL-Removed, sensitized liver removed. Data represent mean : SEM, *p<0.05,
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Fig. 4, MLR on day 10 after alloantigen administration. The peak of MLR proliferation in
lymphocytes from SL-Grafted, SL-Removed, and DSI groups was one day earfier than in
naive WS rats, MLR proliferation of WS responder cells toward donor DA stimulator
cells in St-Grafted was significaatly higher than in SL-Removed (p<0.0001) and DS}
{p <0.005). Dara are mean= SEM. *p<0.05. (n=3 per group).

in comparison with DS model. The change of the cytokines in DSI model
was not remarkable compared with the other models; the unique
expression pattern in SL-Grafted and SL-Removed, but not in DSI,
indicated that the change of the cytokines was essential for the immune
reaction, but not the surgical influence; i.e. ischemic/reperfusion injury.
Indeed, the correlation between IFN-y and IL-10 was reported in the T-
cell mediated graft rejection [22]. These results suggest that IFN-y in
early- and IL-10 in late-post-DSI phase may play a role in the control of
atlograft rejection in an accelerated or delayed fashion.

Another important observation in SL-Grafted rats was that when
the recipient was challenged with a transplanted donor heart from the
sensitizing DA strain, the expression of IFN-y mRNA increased in both
the allograft and tiver. The high level of perforin mRNA in the allograft
correlated well with IFN-y upregulation in this tissue. These results
support the role of Th1 cytokines [23} and the importance of increased
IFN~y expression in the enhancement of transformation of cytotoxic
lymphocytes to effector cells [24]. Since the expression of perforin
mRNA increased on day 14 in the spleen and allograft, SL-Grafted
recipients may have strong activity of cytotoxic lymphocytes, induci ng
the accelerated rejection.
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Fig. 5. Donor-specific alloantibody response. The response was tested by flow cytometry for igM, IgG1, and igG2a binding to mononuclear cells from DA lymph nodes. i SL-Grafred,
SL-Removed, and DSI, each treatment after alloantigen administration elicited an IgM response that reached a peak level at day 7 and switched to an 1gG1 and an gG2a respouse that
reached a peak level on day 10, There were nosignificant differences in the latency to peal switching from Igh to IgC1 and IgG2a responses among all groups, DSL: donor-specific cell
injection; SLG, SL-Grafted, sensitized liver grafted; SLR, Si-Removed, sensitized liver removed. Data are mean £SEM, *p<0.05. (n23 per group).

Concerning this accelerated rejection, immunologic memory is the
term used to describe the rapid and enhanced immune responses to
antigens that have been encountered in the past. There is general
agreement that 1L-2 production by naive cells is greater than by memory
Tcells. On the other hand, IFN-yis synthesized preferentially by memory
T cells rather than naive cells [25]. Our results showed that IFN-y mRNA
levels were high in the liver and alloheart at day 14 in SL-Crafted but not
in SL-Removed and DSL In SL-Grafted rats, alloantigens were limited to
the liver at day 1. This finding suggests that the development of immune
response within the liver may induce memory T cells following DSI.

It has been reported that Th1 cytokines correlate with allogeneic
influence of T-cell function while Th2 cytokines correlate with B cell
function [26,27). To determine whether the allogeneic response is
directly due to the influence of T or B cell function alone or in
combination, we examined pretransplant ane-way MLR and measured
the levels of IgM, 1gC1 and IgG2a alloantibodies. In the allogeneic MLR
response, the peak of MLR proliferation occurred one day earlier in SL-
Grafted compared with SL-Removed and DS Increased levels of Thi
cytokines in the liver would be thought to lead to increase allogeneic
MLR and T-cell clonal activation, which correlates with pretransplant
production of memory T cells. In comparison, the response in alleanti-
body in SL-Grafted, SL-Removed and DS], elicited an IgM response that
reached a pealclevel on the same day (day 7) and switched to an JgG1

and lgG2a responses that reached peak levels on the same day (day 10).
The latencies to peak switching from an 1gM to an lgG1 and IgG2a
responses were not significantly different among the groups; ie, the
alloantibodies produced by B cells were not significantly different We
have reported that accelerated graft failure in the SL-Grafted group was
due to both antibady and cell-mediated rejection after re-challenge with
donor type grafts [10,11]. In humans, previous studies reported
accelerated graft rejection in sensitized recipients with mixed humoral
and cellular rejection after transplantation [28], However, before HTx as
a re-challenge, the results suggest the significance of allogeneic
influence of T-cell function, but not that of B cells, for the accelerated
rejection in SL-Grafted.

Based on the sequestration theory, Sprent et al. [29-31] showed
accumulation and activation of alloantigen reactive T cells in the spleen
(as measured by disappearance of allospecific T cells from thoracic duct
lymph), where intravenously injected antigens accumulated at day 1
after inoculation. According to this observation, sequestration and
activation of alloreactive T cells might also occurin the liver at day 1 after
allogenic spleen cell injection, as observed in our study (accumulation of
about 18% of the injected denor spleen cells in the liver). At day 1 after
injection, the liver was transplanted to naive second host or removed
from sensitized host; thus, adoptive transfer of activated aflospecific
T cells or their elimination is a possible explanation of the striking
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difference noted in our study in subsequent graft survival between SL-
Grafted and SL-Removed. Sprent et al. [29-31] also observed that the
activated T cells spread in the periphery and reappeared in the
circulation after 3 days. Qur results are consistent with these data; the
graft survival period in both SL-Grafted and SL-Removed could not be
observed when the timing of syngeneic liver transplantation was
delayed to day 2 or later [25]. Based on these considerations, our results
point to a unique immune respanse in the liver that occurs at avery early
period after antigen inoculation, Our finding that vigorous antidonor
immune response occurred in the liver does not contradict the
tolerogenic effect of intraportal antigen inoculation. This is because
tolerance to donor antigen after intraportal inoculation of the antigen
usually takes 7-14 days to be established after antigen administration
[6-8,17], whereas we analyzed the immune responses in the liver
shortly after antigen inoculation. Furthermore, our SL-Grafted model
lacked late 1L-10 elevation, compared with liver specific antigen
expressing model [32],

On the contrary, from the aspect of tolerance, our SL-Removed
model produced IL-10 in liver lately, like the other tolerant model [32].
In DSImaodel, there was no remarkable change of IL-10 in both the liver
and spleen. These would suggest that late JL-10 regulation, which is
considered to be contributed by the accumulation of regulatory T cells
to the liver, may influence the immune tolerance. The discrepancy
between our SL-Grafted/Remaved models and liver specific antigen
expressing maodel in the recent paper [32] might be caused by the
disconnection of the circulating cellular immune response after the
liver transplantation. In SL-Removed model, late IL-10 elevation would
be caused by the lack of the regulator for IL- 10 production or producing
cells in the naive liver, and in DSI models the lack of IL-10 elevation
would be caused by the regulator in the sensitized liver.

In conclusion, our in vitro results clearly indicated that two
compartments of the immune system (liver and other organs) behave
differently to alloantigen, suggesting an early Th1 reaction in the liver
and spleen. The liver may play an important role in determining the
alloimmune response following DSI.
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Effects of Preceding Interferon Therapy on Outcome After Surgery for
Hepatitis C Virus-Related Hepatocellular Carcinoma
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Background and Objectives: Interferon (IFN) can eradicate hepatitis C virus (HCV)-RNA from serum and hepatic tissue, and suppress the
development of hepatocellular carcinoma (HCC). Despite such effectiveness, HCC develops even in HCV patients successfully treated with IFN
therapy.

Methods: HCV-related HCC patients who underwent curative hepatectomy for HCC were divided into three groups according to preceding IFN
for HCV infection therapy and the therapeutic effect: responders group (n = 23), non-responders group (n = 46), and no-IFN group (n=215).
Postoperative outcome was retrospectively examined in the three groups.

Results: AST and ALT were significantly lower in responders group than non-responders group (P <0.001, P=0.001) and no-IFN group
(P=0.001, P=0.002). Platelet count was significantly higher in responders group than other groups (P =0.008, P =0.001). The percentage of
cirrhotic patients in responders group was significantly lower than other groups (P = 0.017, P = 0.014). Multivariate analysis identified preceding
IFN therapy to be associated with disease-free survival at marginal significance (P = 0.086), and as a significant independent factor for overall
survival (P =0.042).

Conclusions: Preceding IFN therapy for HCV infection improves postoperative outcome in HCV-related HCC patients treated successfully

with IFN.
J. Surg, Oncol. 2010;102:308-314. © 2010 Wiley-Liss, Inc.

Key Worps: hepatocellular carcinoma (HCC); interferon (IFN); hepatitis C virus (HCV); hepatic resection

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
malignancies worldwide. Approximately 80% of Japanese HCC
patients have a history of chronic infection with hepatitis C virus
(HCV), which is a known cause of HCC (1,2]. Recent advances in
immaging modalities and treatment have brought some improvement to
the prognosis of patients with HCV-related HCC, but the outcome
remains unsatisfactory. Even after curative hepatic resection for HCV-
related HCC, the rate of tumor recurrence within 1 year is 20-40%,
rising to about 80% by S years [3.4]. This high recurrence rate and the
progression of the underlying hepatic damage due to HCV-related
chronic hepatitis (CH) or cirrhosis result in unfavorable postoperative
outcome in patients with HCV-related HCC.

Interferon (IFN) is the only agent known to be effective against
HCV infection |5~10]. It can eradicate HCV-RNA from peripheral
blood and hepatic tissue, prevent deterioration of liver dysfunction in
patients with HCV infection, and suppress the development of HCC.
HCV-infected patients treated with IFN, especially those who develop
sustained virological response (SVR), defined as negative HCV-RNA
polymerase chain reaction at 6 months after the end of treatment.
enjoy the benefits of such treatment [11,12]. However. despite such
effectiveness of IFN therapy. there have been recently some reports of
development of HCC even in HCV patients who had gained SVR
following IFN therapy [13,14]. With regard to the HCC development in
patients treated successfully with IEN, HCV-related HCC patients can
be divided into three groups according to the clinical background of
preceding IFN therapy: successfully treated, unsuccessfully treated. or

© 2010 Wiley-Liss, Inc.

not treated with IFN. However, to date, there have been few studies on
the correlation between clinical background of previous IFN therapy
for HCV infection and surgical outcome of HCV-related HCC [15.16].

In the present retrospective study, we reviewed HCV-related HCC
patients who had undergone surgery in our hospital. We analyzed the
factors that- affected postoperative outcome including history of
previous IFN therapy and the effect of such therapy.

MATERIALS AND METHODS

The present study included 284 patients with HCC who had
undergone curative hepatic resection at the Department of Surgery,
Osaka University Hospital between January 1990 and December 2008.
Patients with HCC grade Vp3, Vp4, Vv2, and Vv3, defined according
to the classification system of the Liver Cancer Study Group of Japan,
were excluded from this study [17]. Curative resection was defined as
complete removal of all macroscopically evident tumors. Patients who
had undergone surgery for recurrent HCC were also excluded from this
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study. Among the 284 patients, 215 patients were not treated with IFN
(no IFN group). The remaining 69 patients received IFN therapy for
HCYV infection. In the latter group, HCC had not been detected at
the 1EN therapy, and was detected after the IFN therapy. The IFN
therapy was performed not for HCC, but for HC V-related hepatitis. The
administration of IFN therapy was determined based on the informed
consent between each physician and patient. The response to IFN
therapy was assessed retrospectively based on changes in HCV-RNA.
Based on the response, patients were divided into the responders
group and non-responders group: 23 patients whose HCV-RNA
disappeared after IFN therapy were categorized as the responders
group, and 46 patients whose HCV-RNA did not disappear after
IFN therapy in non-responders group. Figure } summarizes the
classification of the enrolled patients. The type, dosage, and duration of
IFN administration before surgery varied, though all patients received
IFN-o..

Hospital records were retrospectively reviewed for clinical factors
including previous history of IFN therapy, tumor- and surgery-related
factors. The surgical procedure was selected based on the extent of the
tumor and residual liver function. The HCC staging was performed
according to the classification system of the Liver Cancer Study Group
of Japan [17]. The histological grade of differentiation of HCC was
determined according to the Edmondson-Steiner classification, and
was based on the areas of the twmor with the highest grade {18]. Non-
cancerous lesion of the liver was divided histopathologically into
chronic hepatitis CH and liver cirrhosis (LC).

Patients were followed up after hepatic resection at regular intervals
of 3-4 months with physical examination, tumor markers including
alpha-fetoprotein (AFP), and protein induced by vitamin K absence
or antagonists-II (PIVKA-ID), liver biochemical tests, abdominal
ultrasonography. and abdominal computed tomography (CT) to
check for intrahepatic recurrence, and chest radiography and bone
scintigraphy for extra-hepatic recurrence. The median duration of
clinical follow-up after the initial hepatectomy was 51.2 months.

Data were expressed as mean = standard deviation. Differences
between groups were assessed by the chi-square test, Fisher's exact
test, or the Mann—Whitney U test. Survival rates were calculated
according to the Kaplan and Meier method and compared using the
log-rank test. Statistical analysis was performed using StatView
(version 5.0, SAS Institute Inc., Cary, NC). A P-value <0.05 was
considered statistically significant. The study protocol was approved
by the Human Ethics Review Committee of Osaka University Hospital
and a signed consent form was obtained from each patient.

HCV.related HCC

{n = 284)

I l

l Preceding IFN therapy I I No preceding IFN therapy

HCV-RNA HCV-RNA
Eradication (+) Eradication ()
I
N \
Responders Nop-respondars | No-IFN group
[ [n=23(8 1%)] [n=46{16.2%)] } [{xﬁ 215¢75. 7%} }
/

Fig. 1. Disuibution of patients enrolled in this study according to the
clinical background of preceding IFN therapy. HCV. hepatic C virus;
HCC. hepatocellular carcinoma; IFN, interferon.
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RESULTS

The study group comprised 222 (78.2%) men and 62 (21.8%)
women, with a mean age of 65 (range, 39-79). Table I summarizes the
clinicopathological characteristics of the responders group, the non-
responders group, and the no-IFN group. Aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) were significantly lower
in the responders group than the non-responders group (P < 0.001,
P=0.001) and no-IFN group (P=0.001, P=0.002). There were no
significant differences in the levels of AST and ALT between the
non-responders group and the no-IFN group. Platelet count was
significantly higher in the responders than that in the non-responders
(P =0.008) and that in the no-IFN group (P = 0.001). In the responders
group, histopathological status of the non-cancerous liver tissue
obtained at surgery was CH in 16 patients (69.6%) and LC in seven
patients (30.4%). The percentage of patients of the responders group
with LC was significantly Jower than that of the non-responders group
(28/46, 60.9%: P=0.017) and that of the no-IFN group (123/215,
57.2%: P=0.014). Liver function assessed by Child—Pugh classifica-
tion was not different among the three groups. Other clinical factors
listed in Table 1 were also not different among the three groups,
including tumor- and surgical-related factors. Adjuvant therapy of IFN
was administered in a small number of patients (n = 14, 4.9%), and the
frequency of such patients was not different among the three groups.

For all the 284 patients, the -, 3-, and 5-year disease-free survival
(DFS) rates were 70.8%. 36.7%, and 22.8%. respectively. There was no
significant difference in DFS between the IFN group (the responders
group and the non-responders group) and the no-IFN group
(P=0.396). However, the DFS of the responders group (1 year:
89.2%, 3 years: 59.4%, 5 years: 59.4%) was significantly better than
that of the no-IFN group (1 year: 70.8%, 3 years: 35.7%. 5 years:
21.6%; P=0.039), and tended to be better than that of the non-
responders group (1 -year: 60.4%, 3 years: 32.3%, 5 years: 16.9%:;
P =0.051: Fig. 2). However, there was no significant difference in DFS
between the non-responders group and the no-IFN group (P =0.673).
The 1-, 3-. and 5-year overall survival rates for all patients were 94.5%.
80.4%, and 66.9%, respectively. The overall survival rates of the
IFN group (responders group and non-responders group) tended to
be higher than those of the no-IEN group (P =0.093). The 1-, 3-, and
S-year overall survival rates for the responders group were 100%,
100%, and 100%, respectively. and were significantly higher than the
non-responders group (I-year: 94.4%, 3 years: 78.6%, 5 years: 55.4%;
P =0.026) and the no-IFN group (I year: 94.0%, 3 years: 79.0%.
5 years: 66.1%: P=0.009; Fig. 3). There was no significant difference
in overall survival between the non-responders group and the no-1FN
group (P =10.904).

Univariate analysis was performed between DFS and various
clinicopathological factors (Table 11). Microscopic vascular invasion
(negative vs. positive), tumor stage (1 IT vs. I11, IV), number of nodules
(single vs. multiple). the diameter of largest tumor nodules (<5 ¢cm vs.
>5cm). AFP level (<5 ng/m vs. >5ng/m), and preceding IFN therapy
(responders vs. non-responders, no-IFN) were significant factors
(P<0.001, P=0.006. P=0.008, P=0.021, P=0.017, P=0.037).
Multivariate analysis for DFS using the above six factors identified the
number of nodules and microscopic vascular invasion as significant
independent factors (P=0.014, P=0.041; Table III). In the same
analysis, preceding IFN therapy showed a borderline significance with
DFS (P =0.086). The diameter of the largest tumor nodules and AFP
level also tended to be associated with DFS (P = 0.090, P = 0.098).

Univariate analysis for overall survival using various clinicopatho-
logical factors demonstrated that microscopic vascular invasion
(negative vs. positive), preceding IFN therapy (responders vs. non-
responders, no-IFN), number of nodules (single vs. multiple), diameter
of largest nodules (<5c¢m vs. >5cm), and AFP level (<5ng/m vs.
>35ng/m) were significant factors (P =0.004, P=0.009, P=0.015,
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TABLE L. Clinicopathological Characteristics of Patients With HCV-Related HCC
IFN group P-value
Responders ~ Non-responders No-IFN Responders versus ~ Responders  Non- responders
(n=23) (n=46) (n=215) non- responders  versus no-1IFN  versus no-IFN

Clinical factors
Gender (male/female) 19/4 3313 170/45 0.323 0.793 0.278
Age (years) 66£7 64+7 65+7 0.355 0.653 0.424
Alcohol abuse (+/-) 14/9 27119 132/83 0.862 0.961 0.733
HCV serotype (1/2/unknown) 19/4/0 35/5/6 166/29/20 >0.999 0.795 0.969
HBs Ag (+/-) 1722 1/45 71208 >0.999 0.562 >0.999
AST (1U/L) £ 13 49427 46 +21 <0.001 0.001 0.184
ALT (JUIL) 26+ 16 52436 47429 0.001 0.002 0.233
Platelet count (x 10*u) 16.4 £3.3 13.0£5.3 132145 0.008 0.001 0.867
Albumin (g/dl) 40+04 38406 38+05 0.142 0.175 0.975
Total bilirubin (mg/dl) 0.6+0.2 0.7£0.2 07+03 0.114 0.104 0.362
Prothrombin time (%) 7710 77+8 769 0.719 0.688 0.442
Hepaplastin test (%) 81x13 78+ 12 T7£12 0.244 0.217 0.834
Child-Pugh (A/B) 22/1 37/9 187/28 0.148 0.326 0.265
Non-cancerous lesion (CH/LC) 16/7 18/28 92/123 0.017 0.014 0.648

Tumor-related factors
AFP (ng/ml) 1,791 £6,654 54511444 851 £4.004 0.226 0.332 0.610
PIVKA-II (mAU/ml) 1.773£5.433 1.418x4.733 2,006 £ 4,879 0.786 0.837 0.459
Preoperative TAE (+/~) 10/13 23/23 119/96 0.609 0.278 0.509
Postoperative IFN (+4/~) 1722 1/45 12/203 >0.999 >0.999 0.476
Number of nodules (single/multiple) 1716 33/13 152/63 0.849 0.747 0.888
Tumor diameter (cm) 3519 32+20 3.6£26 0.287 0.725 0.171
Vascular invasion (+/-) 2/21 2/44 18/197 0.596 >0.999 0.543
Stage (/I/II/IV) 51121412 127247713 45/109/49/12 0.967 0.890 0.671
Edmondson-Steiner grade (L, I/, IV/unknown) 13/10/0 26/16/4 117/89/9 0.672 0.980 0.541

Surgery-related factors
Hr (0/8/1/2) 13/3/3/4 29/5/715 116/41/37/21 0.869 0.615 0.543
Volume of resection (g) 1524118 137+ 151 165 + 162 0.393 0.682 0.186
Blood loss (ml) 1.022 + 1.583 996 4702 1167 £ 1,217 0.770 0.571 0.197
Operation time (min) 253+ 128 236 £ 99 236 +99 0.337 0.940 0.174
Transfusion (+/-) 4/19 7139 52/163 >0.999 0.465 0.187

Data are expressed as mean & standard deviation.

IFN, interferon: HCV, hepatic C virus: HBs Ag, hepatitis B swifuce antigen; AST, aspartate aminotransferase: ALT. alanine aminotransferase: CH, chronic hepatitis;
LC, liver cirrhosis; AFP. alpha-fetoprotein; PIVKA-IL protein induced by vitamin K absence or antagonists-1I; TAE. transcatheter arterial chemoembolization; Hr,
hepatic resection: 0: partial resection: S, subsegmentectomy; |, one segmentectomy: 2, two segmentectomies.

P=0034, P=0.045; Table 1I). Multivariate analysis for overall
survival using the above five factors identified number of nodules,
microscopic vascular invasion, and preceding IFN therapy as
significant independent factors (P =0.025, P=0.037, P=0.042:
Table III).
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Fig. 2. Disease-free survival after initial surgery for HCC in the
responders group, the non-responders group, and the no-IFN group.

Open circles: responders (n=23), open triangles: non-responders
(n =46), crosses: no-IFN (n=215). IFN: interferon.
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HCC recurred postoperatively in nine (39.1%) patients of the
responders group, 29 (63.0%) of the non-responders group, and in
157 (73.0%) of the no-1EN group. Table IV summarizes the clinical
characteristics of patients with recurrent HCC at diagnosis of the
recurrence. AST and ALT levels in the responders group were

IFN responders group

S0 = gt

Overall survival rate (%)
(2]
(=]

40 1 ) %L% No-{FN group
e M Y N i
20 1
01
0 2 4 6 8 10 12 14 16
Time after surgery (years)

Fig. 3. Overall survival calculated from the initial surgery for
HCC for the responders group, the non-responders group, and the
no-IFN group. Open circles: responders (n = 23), open triangles: non-
responders (n = 46), crosses: no-IFN (n = 215). IFEN: interferon.
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TABLE IL Univariate Analysis of Disease-Free Survival and Overall Survival of Patients With HCV-Related
HCC

Number of patients  Disease-free survival ~ Overall survival

Clinical factors

Gender (male/female) 222/62 0.732 0.789
Age, years (<66/267) 143/141 0.682 0.842
Alcohol abuse (+/—) 172/112 0.955 0572
HCV genotype (1/2/unknown) 220/40/25 0.612 0.427
AST (TU/L) (<40/>40) 126/158 0.496 0.547
ALT (IU/L) («40/>40) 122/162 0.216 0.301
Total bilirubin (mg/dl) (<1.0/>1.0) 282 0.890 0.587
Albumin (g/d]) (<3.5/>3.5) 114/170 0.174 0.171
Prothrombin time (%) (<70/>70) 771207 0.693 0.875
Hepaplastin test (%) (<70/>70) 751209 0.427 0.398
Platelet count (xlO‘lul) (<1210 83/201 0.176 0.123
Child-Pugh (A/B) 246/38 0.866 0.594
Non-cancerous lesion (CH/LC) 126/158 0.247 0.177
Tumor-related factors
AFP (ng/ml)y (<5/>5) 54/230 0.021 0.045
PIVKA-II (mAU/ml) (<400/>400} 190/83 0.130 0.142
Preceding 1IFN (responders/non-responders, no-1FN) 23/261 0.037 0.009
Preoperative TAE (+/-) 152/132 0.863 0.562
Postoperative IFN (+/-) 14/270 0.222 0.253
Number of nodules (single/multiple) 202/82 0.008 0.015
Tumor diameter (cm) (<5/>5) 232/52 0.017 0.034
Vascular invasion (+/-) 22/262 <0.001 0.004
Stage (I, II/I11, TV) 207117 0.006 0.197
Edmoodson-Steiner grade (1. HAIL 1V) 156/115 0.328 0.265
Surgery-related factors
Hr (058, 1, 2) 1587126 0.313 0.893
Intraoperative blood loss (L) (<1/>1) 151/133 0.289 0.270
Operation time (min) (<240/>240) 141/143 0.221 0.493
Transfusion (+/-) 637221 0.756 0.180

IEN, interferon; HCV, hepatic C virus; HBs Ag. hepatitis B surface antigen; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; CH, chronic hepatitis; LC. liver cirrhosis; AFP. alpha-fetoprotein; PIVKA-1L. protein induced
by vitamin K absence or anlagonists-I1; TAE, transcatheter arterial chemoembolization; Hr, hepatic resection; 0: partial
resection: S, subsegmentectomy: 1. one segmentectomy; 2, two segmentectomies. J

significantly lower than those in the non-responders group (P =0.047,  (P=0.029) and tended to be higher than that in the non-responders
P =10.045) and those in the no-IFN group (P =0.028 and P =0.034).  group (P=0.079). Figure 4A shows the distribution of interval
There were no significant differences in AST and ALT levels between  between initial hepatectomy and recurrence. In most patients, HCC
the non-responders and no-1FN groups. Platelet count was significantly  recurred within 2 years in the three groups. and the distribution of
higher in the responders group than that in the no-IFN group  the interval was not different among the three groups. In all groups, the

TABLE III. Multivariate Analysis of Disease-Free Survival and Overall Survival of Patients With HCV-Related

HCC
OR 95% CI Poyalue
Disease-free survival
AFP (ng/ml) (<5/>5) 1427 0.937-2.174 0.098
Preceding 1FN (responders/non-responders. no-IFN) 1.809 0.919-3.561 0.086
Number of nodules (single/multiple) 1.707 1.022-2.850 0.041
Tumor diameter (cm) (<5/>5) 1.391 0.951-2.037 0.090
Vascular invasion (—/-+) 2:331 1.186-4.587 0.014
Stage (1, /L, 1V) 1.287 0.715-2.315 0.401
Overall survival
AFP (ng/ml) (<5/25) 1.689 0.847-3.367 0.137
Preceding IFN (responders/non-responders, no-1FN) 7.750 1.076-55.798 0.042
Number of nodules (single/multiple) 1.622 1.062-2.476 0.025
Tumor diameter (cm) (<5/>5) 1.381 0.842-2.268 0.200
Vascular invasion (—/+) . 2.247 1.049-4.808 0.037

IFN, interferon; HCV, hepatic C virus; HBs Ag, hepatitis B surface antigen: AST, aspartate aminotransferase; ALT,
alanine aminotransferase; CH, chronic heparitis; LC, liver cirrhosis; AFP, alpha-fetoprotein; PIVKA-IL, protein induced
by vitamin K absence or antagonists-Il: TAE, transcatheter arterial chemaembolization; Hr, hepatic resection; 0: partial
resection: S. subsegmentectomy: 1, one segmentectomy; 2, two segmentectomies. OR, odds ratio, 95% CI, 95%
confidence interval.
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TABLE IV. Clinicopathological Characteristics of Patients With Recurrent HCC in the Responders Group, the Non-Responders Group, and the No-IEN

Group
IEN group P-value
Responders Non-responders No-IFN Responders versus Responders Non-responders
n=9) (n=29) (n=157) non-responders versus no-IFN versus no-IFN
Clinical factors
Gender (imale/female) 90 22/7 126/31 0.164 0.212 0.590
Age (years) 67x7 66::6 67+7 0.641 0.971 0.378
AST (IU/L) 3025 50428 55428 0.047 0.028 0.786
ALT (IU/L) 32426 53433 54+34 0.045 0.034 0.902
Platelet count (x IOJ/N) 14.8+3.3 122 £3.7 11.8+235 0.079 0.029 0.720
Albumin (g/dl) 39403 37+04 36+04 0.122 0.085 0.782
Total bilirubin (mg/dl) 07+0.2 07102 08103 0.216 0.242 0.757
Prothrombin time (%) 768 75+12 75+ 11 0.894 0.942 0.918
Hepaplastin test (%) 75+ 11 74+ 11 7313 0.872 0.817 0.907
Child-Pugh (A/B) 8/1 25/4 130/27 >0.999 >0.999 0.791
Tumor-related factor
AFP (ng/ml) 51112 60498 81 +305 0.983 0.848 0.757
PIVKA-II (mAU/mI) 90+ 83 258 £712 200 + 696 0.491 0.640 0.744
Latency to recurrence (years) 2628 2.0+£2.0 22421 0.497 0.561 0.707
Recurrence site (intrahepatic/extrahepatic) n 29/0 15077
Intrahepatic recurrence (single/multiple) 6/2 1118 57193

Data are expressed as mean =+ standard deviation.

IFN, interferon: HCV. hepatic C virus; HBs Ag, hepatitis B surface antigen: AST, aspartate aminotransferase; ALT, alanine aminotransferase; CH, chronic hepatitis:
LC. liver cirrhosis: AFP, alpha-fetoprotein: PIVKA-IL. protein induced by vitamin K absence or antagonists-1l: TAE, transcatheter arterial chemoembolization: Hr,
hepatic resection; 0: partial resection; S. subsegmentectomy: 1, one segmentectomy; 2, 1wo segmentectomies.

majority of first recurrence sites were residual liver [responders
group: 89% (8/9). non-responders group: 100% (29/29), no-1FN
group: 94% (150/157)] (Fig. 4B). In the responders group, among eight
patients with intrahepatic recurrence, solitary recurrence was seen in
six patients (75.0%). On the other hand, the percentage of solitary
intrahepatic recurrence was 37.9% (11/29) in the non-responders group
and 38.0% (57/150) in the no-IFN group. In the responders group,
surgery. percutancous therapy, and transarterial chemoembolization

A Latency torecurrence
100

80 |
60

40 |

Percent of patients (%)

Responders Won-responders No-JEN

group group Eroup group

B  Firstrecurrencesite

Responders Monsesponders No-IFN

group

(TACE) was selected in three. four, and two patients for treatment of
recurrence, respectively (Fig. 4C). The proportion of patients in whom
surgery or percutaneous therapy was selected for treatment in the
responders group (7/9, 77.8%) was significantly higher than that of the
non-responders group (7/29, 24.1%, P =0.006) and the no-1FN group
(28/157, 17.8%, P <0.001).

Figure 5 shows the overall survival from diagnosis of the first
HCC recurrence in the three groups. The overall survival rate of the

C Treatment for first recurrence

Responders Non-responders Mo JFN

group group group aroup

B Within2 years
B 2-dyears
After4 years

B Intrabepaticrecurrence (solitary)
B8 Intrahepaticrecurrence (multiple)
Extrahepaticrecurrence

B Surgery
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Fig. 4. A: Distribution of the latency from the initial hepatectomy to HCC recurrence for the responders, the non-responders, and the no-1IFN
group. B: Distribution of the first recurrence site in patients with HCC recurrence of the responders. the non-responders, and the no-1FN group.

C: Distribution of selected wreatment for first HCC recurrence in the responders, the non-responders, and the no-IFN

TACE: transcatheter arterial chemoembolization.
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Fig. 5. Overall survival rates calculated from the diagnosis of
first HCC recurrence in the responders group, the non-responders
group, and the no-1IFN group. Open circles: responders (n=9), open
triangles: non-responders (n=29), crosses: no-IFN group (n= 157).
IFN: interferon.

responders group was significantly higher than that of the non-
responders group (P = 0.012) and that of no-IFN group (P =0.011).

DISCUSSION

The present study demonstrated that a significantly better DFS from
the initial hepatectomy in the responders group than the other two
groups. This result was similar to that reported previously by Uenishi
et al. [16]. Based on the pattern of the DFS curve of the responders
group in this study, the recurrence rate appeared to decrease mainly in
2 years later. We have reported that DFS curves for postoperative
HCC patients in the early (within 2 years) and late (4 years after
surgery) represented both intrahepatic metastasis and multicentric
carcinogenesis, respectively [19]. Based on this viewpoint, the
decrease in recurrence in the responders group was probably mainly
due to the suppression of new multicentric carcinogenesis. A number
of investigators have reported that suppression of increased liver
inflamination, as assessed by ASTand ALT, contributes to inhibition of
hepatocarcinogenesis and postoperative intrahepatic recurrence after
HCC surgery. which is more likely to originate from multicentric
carcinogenesis [20,21]. IFN has been reported also to be effective in
eradication of HCV-RNA from the serum and hepatic tissue and
prevention of deterioration of liver dysfunction in patients with
HCYV infection [5-8.10]. It is possible that the suppression of new
multicentric carcinogenesis seen in the IFN responders group of this
study was due to these effects of IFN therapy. This speculation is
supported by the findings of the present study that the levels of
aminotransferases and platelet count in the responders group were
significantly lower and higher. respectively, than those of the other
groups. at the initial hepatectomy and first recurrence, and that the
frequency of LC in the responders group was significantly lower than
that of the other groups.

On the other hand, IFN has been reported to have anti-tumor effects
[22-24]. These anti-tumor effects of IFN had been actually verified
also in IFN-alpha/5-fluorouracil combination therapy for advanced
HCC in a series of studies by our group [25-32]. Additionally, in a
previous report by Uenishi et al. [16], only one patient developed
postoperative recurrence about 5 years after the initial surgery
among 11 patients of the responders group, and the recurrence pattern
of the responders group was also suggestive of the inhibitory
effect of IFN on metastasis originating from the primary HCC. Taken
together, also in the present study. the decrease of recurrence might be
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potentially derived from the suppression of intrahepatic metastasis by
IEN.

In the present study, overall survival from the initial hepatectomy in
the responders group was also significantly betier than those of the
other two groups. This improvement of overall survival was caused by
the aforementioned decrease of HCC recurrence rate in the responders
group. In addition, in the responder group. the percentage of patients
who underwent selective surgery or percutaneous therapy for the
treatment of recurrent HCC was higher than other groups. In general,
the treatment for the postoperative HCC recurrence is frequently
restricted for the residual liver function, which is one of the reasons
for the unfavorable postoperative outcome [3,4]. Considering such
restriction of the treatment, the improved liver function by IFN therapy
was also speculated to contribute to the better averall survival, Finally.
it could be argued that IEN therapy was the main reason for the
improvement in both DFS and overall survival rates in the responders
group.

To date, several studies examined the impact of IFN therapy after
curative loco-regional treatment for HCC [33~37|. For example, in a
randomized controlled trial, Ikeda et al. [33] reported that IFN therapy
suppressed tumor recurrence after surgery or ethanol injection for
HCV-related HCC. Kubo et al. [36] also reported that postoperative
IFN therapy significantly decreased recurrence after resection of HCV-
related HCC in a randomized controlled trial. That several randomized
controlled trials indicated improved posttreamtemt outcome in patients
with HCV-related HCC who received postoperative IFN therapy,
adds support to our conclusion of the effectiveness of preceding IFN
therapy.

Since the present study is retrospective in nature, few details of IFN
therapy arc unavailable. For example. the duration of HCV-RNA
clearance was not clear in several patients treated with IFN. Therefore,
in this study, we could not divide patients of the responders group
into those with SVR or not. In order to examine more strictly the
effectiveness of preceding IFN therapy for surgical outcome. is
prospectively designed study is necessary.

CONCLUSIONS

The present study demonstrated the effectiveness of IFN therapy for
HCV infection administered before HCC resection as assessed by
evalualing the disease-free and overall survival. IFN therapy for HCV
might be essential not only for the treatment of HCV infection but also
for improvement of prognosis of patients who are susceptible to the
development of HCC.
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Combined Transplantation of Pancreatic Islets and
Adipose Tissue-Derived Stem Cells Enhances the

Survival and Insulin Function of Islet Grafts in
Diabetic Mice
Yoshiaki Ohmura,’ Masahiro Tanemura,"* Naomasa Kawaguchi,> Tomohiko Machida,’ Tsukasa Tanida,’

Takashi Deguchi,” Hiroshi Wada," Shogo Kobayashi," Shigeru Marubashi," Hidetoshi Eguchi,’
Yutaka Takeda,' Nariaki Matsuura,? Toshinori Ito,” Hiroaki Nagano,” Yuichiro Doki," and Masaki Mori’

Background. Overcoming significant loss of transplanted islet mass is important for successful islet transplantation.
Adipose tissue-derived stem cells (ADSCs) seem to have angiogenic potential and antiinflammatory properties. We
hypothesized that the inclusion of ADSCs with islet transplantation should enhance the survival and insulin function of
the islet graft.

Methods. Syngeneic ADSCs and allogeneic islets were transplanted simultaneously under the kidney capsules of
diabetic C57BL/6] mice. Rejection of the graft was examined by measurement of blood glucose level. Revascularization
and inflammatory cell infiltration were examined by immunchistochemistry.

Results. Transplantation of 400 islets only achieved normoglycemia with graft survival of 13.6+1.67 days
(mean=standard deviation), whereas that of 100 or 200 allogeneic islets never reversed diabetes. Transplantation of 200
islets with 2X10% ADSCs reversed diabetes and significantly prolonged graft survival (13.0£5.48 days). Results of
glucose tolerance tests performed on day 7 were significantly better in islets-ADSCs than islets-alone recipients. Im-
munohistochemical analysis confirmed the presence of insulin-stained islet grafts with well-preserved structure in
islets-ADSCs transplant group. Significant revascularization (larger number of von Willebrand factor-positive cells)
and marked inhibition of inflammatory cell infiltration, including CD4" and CD8™ T cells and macrophages, were
noted in the islets-ADSCs transplant group than islets-alone transplant group.

Conclusions. Our results indicated that cotransplantation of ADSCs with islet graft promoted survival and insulin
function of the graft and reduced the islet mass required for reversal of diabetes. This innovative protocol may allow
“one donor to one recipient” islet transplantation.

Keywords: Type 1 diabetes, Islet transplantation, ADSCs, Revascularization.
(Transplantation 2010;90: 1366-1373)

ancreatic islet transplantation is a promising new treat-

ment for patients with type 1 diabetes mellitus (1, 2).
However, this has been hindered by the inability to obtain a
sufficient number of islets from a single donor pancreas (3).
Sufficient numbers of islets derived from two or more do-
nor organs are usually required to achieve insulin indepen-
dence, because a substantial number of transplanted islets
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fail to engraft into the recipient liver because of apoptosis,
inflammation, and ischemia (4). Native islets are richly
supplied with blood; however, the procedure used to iso-
late the islets results in the destruction of various cellular
and noncellular components, such as the vasculature,
which are probably important for islet survival, and full
revascularization of the transplanted islet graft takes sev-
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eral weeks (5, 6). Furthermore, islet transplantation ex-
poses cells to a variety of stressful stimuli, notably ischemia
and proinflammatory cytokines that enhance $-cell death
and lead to graft failure (7). Therefore, new strategies must
be developed to maintain the high quality of transplanted
islets and prevent B-cell death. Moreover, the shortage of
available donor organs spurs research into alternative
means of generating B-cells from stem cells, including em-
bryonic stem cells (8), adult stem cells (9), bone marrow-
derived mesenchymal stem cells (BMSCs) (10, 11), and
adipose tissue-derived stem cells (ADSCs) (12).

The ADSCs are usually isolated from the stromal vas-
cular fraction of adipose tissues and bear a strong resem-
blance to BMSCs (13). However, unlike BMSCs, ADSCs can
be obtained in large quantities at low risk. Inaddition to being
more abundant and easily accessible, the adipose tissue
yields far more stem cells than bone marrow on a per gram
basis (5000 vs. 100-1000) (14). Therefore, it is conceivable
that ADSCs may become the preferred choice of ADSCs in
future clinical replacement of B-cells. ADSCs seem to have
a great regenerative angiogenic potential because of their
ability to differentiate into endothelial lineages and secrete
angiogenic and antiapoptotic factors (15, 16), probably
when both islet grafts and ADSCs, designated here “hybrid

Fresh ADSCs (1 day culture) Cultured ADSCs (4 day culture)

B Cultured ADSCs (4 day culture)
g CD44 8 Scal

T % t $9.6%

. 2 Mt - 2 M1

2 ] 22 MR

g g

o 2] E 23

z —

e | M
" 10 o e 0 0l

8 T 8 CD45
f 0%
8 g e
by s ™1
fé g g s MEFI : 4.67
Ex 2e
g 8 8 b
® B I U A
CD31-FITC —» CD45-FITC ~—>

Cultured ADSCs (7 day culture)

Scal-FITC - E:J‘>

1367

Ohmura et al.

islet transplant,” are transplanted simultaneously. More-
over, few ADSCs sometimes differentiate into spontaneous
insulin-producing cells as demonstrated in an in vivo hy-
brid islet transplant model (17-19). ADSCs also share
some of the immunomodulatory properties of BMSCs, in-
cluding inhibition of T-cell proliferation, 3-cell function,
and dendritic cell maturation (20-22). Thus, the hybrid
islet transplant-ADSCs can potentially inhibit the inflam-
matory response against transplanted islets and promote
islet graft survival. These properties may allow the trans-
plantation of a smaller number of islets for the treatment
of type 1 diabetes. This study was designed to determine
the effects of hybrid islet transplantation with ADSCs on
the survival and function of allogeneic islet graft in diabetic
mice.

RESULTS

Morphology and Cell Surface Expression Profile
of ADSCs

The isolated ADSCs from donor animals expanded
rapidly in the culture medium. Although a few viable ADSCs
were detected at culture day 1 (Fig. 1A), the viable cells,
representing fibroblast-like ADSCs, were spindle-like
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FIGURE 1. Morphologic changes and expression of cell surface antigens on adipose tissue-derived stem cells (ADSCs).
(A) The presence of only a few spindle-like viable ADSCs at culture day 1. However, their number gradually increased with
uniform size and shape until approximately culture day 10. Calibration bars: 100 um. (B) The expression levels of CD44 and
Scal were persistently high, whereas that of Scal at day 10 was slightly lower than at day 4. In contrast, the expression of
both CD31 and CD45 remained consistently low. Each flow cytometry analysis was measured in triplicate, and represen-
tative data are shown. FITC, fluorescein isothiocyanate; MFI, mean fluorescence intensity.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
686 —



1368 l www.transplantjournal.com

Transplantation « Volume 90, Number 12, December 27, 2010

A

Islets  ADSCs  Graft survival (n=5)
ITx Groups (counts)  (cells) (days)
A : Simple ITx 100 - 0,0,0,0,0
B : Simple ITx 200 —_ ,1,1,1,2
C: Simple ITx 400 —_ 11,13, 14, 15,15
D : Hybrid ITx 100 1x10° 0,0,0,0,0
E : Hybrid ITx 200 1x10° 6,7,7,8,10
F : Hybrid ITx 200 2x10° 8,10, 11, 14,22
G : Hybrid ITx 200 4x10° 7,10, 12, 12,22
H : Separated ITx 200 2x10° 1,1,1,2,2
I: ADSCs alone Tx - 2x10°  0,0,0,0,0
B N.S. *
. L l
1
# l N.S. ! N.S. !
204 l | | I |
’Z; 151
FIGURE 2. Hybrid islet trans- &
plantation (ITx) with marginal is- '§
let mass and syngeneic adipose B 101
tissue-derived stem cells (ADSCs) | L
promotes long-term islet graft &
survival and sustained normo- £ 51
glycemia. (A) Data are graft sur- ©
vival of five mice per group. (B)
The graft survival was signifi- - ﬁ
cantly longer in group F than 0 ~
group B (P<0.01). The graft sur- A B C D E F G H 1
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*P less than 0.01. ITx alone Tx

cells that grew rapidly by day 4. The number of viable
ADSCs gradually increased with continued culture, and
ADSCs with uniform size and shape were noted up to day
10 (Fig. 1A). These viable cells were used for hybrid islet
transplantation.

To assess the changes in cell surface marker profiles of
ADSCs, fluorescence-activated cell sorter analysis of ADSCs
was performed at days 4 and 10 (Fig. 1B). The expression level
of CD44 was persistently high throughout the culture period,
whereas that of Scal at day 10 was slightly suppressed com-
pared with that at day 4 (Fig. 1B). Flow cytometry showed
that 95.4% to 97.8% of cultured ADSCs expressed CD44,
76.4% to 82.1% expressed Scal at day 10, and the percentages
of CD44- and Scal-positive cells were similar at days 4 and 10,
In contrast, the expression of both CD31 and CD45 remained
low throughout the culture period. Taken together, the pro-
files of cell surface markers on cultured ADSCs at day 10,
which were used for hybrid islet transplantation, were iden-
tical to those at day 4.
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Hybrid Islet Transplantation With Marginal
Islet Mass and Syngeneic ADSCs Promotes
Long-Term Islet Graft Survival and Sustained
Normoglycemia

First, we assessed the outcome of allogeneic islet
transplantation using a marginal mass of ADSCs. For this
purpose, the animals were divided into nine groups (n=5/
group, Fig. 2A) to receive allogeneic islets or syngeneic
ADSCs. Allogeneic islet grafts were transplanted under
the kidney capsule as described in the Materials and Meth-
ods. Simple transplantation of 400 allogeneic islets was as-
sociated with graft survival of 13.6+1.67 days (Fig. 2A and
B) and induction of sustained normoglycemia in islet-
recipient mice (Fig. 3A). Interestingly, neither grafting of
200 nor 100 allogeneic islets promoted islets graft survival
(2001slets: 1.200.45 days; P<0.01, group A or B vs. group
C), and especially, islet graft of 100 islets never induced
normoglycemia (Figs. 2A and B and 3A). Importantly, hy-
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FIGURE 3. Nonfasting blood glucose level after transplantation and glucose tolerance test at day 10. (A) Data are pre-
sented as mean=*standard deviation of five mice in group A to C and adipose tissue-derived stem cells only transplantation
group. (B) Survival of grafted islets was prolonged in groups F and G but markedly reduced in group E. (C) There were no
significant differences in blocd glucoese levels at 120 min between mice of groups C and F. A similar pattern of blood glucose

level was observed in nondiabetic mice. *P less than 0.01.

brid transplantation of 200 islets combined with 2x10°
cells of syngeneic ADSCs elicited significant prolongation
of graft survival, compared with 200 islets of islet trans-
plantation alone (13.0£5.48 days, group F vs. group B,
P<0.01). The graft survival of hybrid islet transplant alone
was similar to that of 400 islets of simple islet transplanta-
tion, representing the critical number for amelioration of
diabetes (Figs. 2A and B and 3A and B).

Various conditions were also tested to determine the
optimum condition for hybrid islet transplantation. In group
E, transplantation of a marginal islet mass (200 islets) with
1 X 10 cells of syngeneic ADSCs, representing half the num-
ber of group F, tended to be associated with shorter islet graft
survival (7.61.52 days, P=0.066, group E vs. group F; Figs.
2A and Band 3B). In contrast, no significant prolongation of
graft survival was observed in hybrid islet transplantation
with 200 islets and 4X 10° cells of syngeneic ADSCs, that is,
twofold that of group F (12.65.64 days, P==0.912, Figs. 2A
and B and 3B). These findings indicate that the optimum

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
688 -

condition of hybrid islet transplantation associated with the
longest graft survival is the combined transplantation of 200
islets and 2X10° ADSCs, which are equal pellet volume of
each cells. Transplantation of islets and ADSCs separately in
each kidney was each ineffective in term of islet graft survival
(Figs. 2A and B and 3B). In addition, transplantation of
2X10” cells of ADSCs alone never induced normoglycemia
(Figs. 2A and B and 3A).

To examine islet graft function in vivo, intraperitoneal
glucose tolerance test was performed at day 7 after transplan-
tation. In nondiabetic mice, injection of glucose induced hy-
perglycemia with the peak recorded at 30 min later, but blood
glucose level returned to normal at 120 min after the injection
(Fig. 3C). A similar pattern was observed in mice transplanted
with 400 islet graft. Conversely, blood glucose levels of mice
transplanted with 200 islets or untreated diabetic mice were
significantly higher than those of control nondiabetic mice
before injection and at 30, 60, 90, and 120 min after injection
of glucose. The blood glucose level of mice hybrid trans-
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FIGURE 4. Hybrid transplantation of adipose tissue-derived stem cells (ADSCs) promotes revascularization of trans-
planted islet grafts. Each transplantation experiment was performed five times, and representative data are shown. (&)
Survival of islets grafted under the kidney capsule was evident in group F, and only few inflammatory cells were detected
around the grafts in this group. Calibration bars: 100 um. (B) Revascularization in groups F and C. Calibration bars: 50 um;
1, islet. (C) The number of von Willebrand Factor (vWF)-stained cells was significantly higher in group F than groups B and
C. ITx, islet transplantation (D) Staining with anti-mouse H-2K® monoclonal antibody (mAb) and anti-vWF mAb. Cultured
ADSCs were H-2K” positive, and cells costained for H-2K® and vWF were detected in group F. Calibration bars: 50 ym.

planted with 200 islets and 2% 10° cells of ADSCs were signif-
icantly lower than those of untreated diabetic mice, and the
pattern of blood glucose after injection in hybrid transplanted
mice was similar to those of control nondiabetic mice and
mice transplanted with 400 islets (Fig. 3C).

Hybrid Transplantation of ADSCs Promotes
Revascularization of Transplanted Islet Grafis

Immunohistochemical staining for insulin demonstrated
that hybrid transplantation of islets and ADSCs prolonged islet
graft survival. No islet grafts were detected when the 200 islets-
alone graft was rejected (ie., group B), whereas insulin-positive
islets grafts with well-preserved islet structure were found in the
islets-ADSCs hybrid transplant (Fig. 4A).

Moreover, these grafts were surrounded by von Wil-
lebrand factor (vWF)-stained endothelial cells. The vWF-
positive cell count, a marker of graft revascularization, was
significantly higher in islets-ADSCs hybrid grafts than in
200 and 400 islets-alone grafts (Fig. 4B and C). These find-
ings indicate that ADSCs promote islet revascularization.
Moreover, to clarify the origin of vascular components in
the grafted islets, the sections were immunostained with
anti-vWF monoclonal antibody (mAb) or anti-mouse
H-2K" mAb. Cultured ADSCs stained strongly with anti-
mouse H-2K® mAb (Fig. 4D). In each section, approxi-
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mately half of the cells were positive for both vVWF and
H-2K", suggesting that the double-positive cells, which are
differentiated into endothelial cells, originated from the
grafted ADSCs.

Next, transdifferentiation or changes in ADSCs was ex-
amined by Scal staining. Scal-stained cells were found at
posttransplant day 1 but not at days 4 or 7. These findings
suggest that transplanted ADSCs start to change immediately
after transplantation.

Hybrid Transplantation of ADSCs Inhibits
Inflammatory Response Against Transplanted
Islet Grafts

Finally, we assessed the antiinflammatory properties of
ADSCs, the phenotype of infiltrated lymphocytes, including
CD4%* and CD8* T cells and macrophages. A large number of
inflammatory cells were found around the transplanted islet
grafts in 200 and 400 islets-alone grafts at posttransplant day
7 (Fig. 4A, hematoxylin-eosin staining). In comparison, fewer
inflammatory cells were detected around the grafts in islets-
ADSCs hybrid grafts (Fig. 4A). Only a few CD4¥/CD8* T
cells and CD68" macrophages were detected in the islets-
ADSCs hybrid grafts, compared with large numbers of CD4™*
T cellsand CD68" macrophages in the islets-alone grafts (Fig.
5B). These results suggest that prolongation of islet graft sur-
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vival in islets~ADSCs hybrid grafts is because of the antiin-
flammatory properties of ADSCs.

DISCUSSION

We demonstrated in this study, ADSCs mediated im-
provement of islet engraftment and function. Specifically,
200 allogeneic islets plus 2X10° cells of ADSCs implanted
under the kidney capsule resulted in the disappearance of
diabetes in our mice, whereas none of the recipient mice with
islet transplantation alone showed normoglycemia. More-
over, 200 islet cotransplanted with 1X10° cells of ADSCs
(representing 50% of the above dose) elicited normoglyce-
mia, although islet graft survival was markedly shorter (Figs. 2A
and B and 3B). Thus, the use of ADSCs adds value to islet en-
graftment. Further studies are needed to confirm the clinical
effectiveness of allogeneic islets-syngeneic ADSCs hybrid trans-
plantation in islets transplantation, because this could have an
impact on the number of transplanted islets and hence allowing
“one donor to one recipient or to multirecipients.”

We also explored the potential uses of ADSCs. Our
experiments on revascularization showed abundant vWEF-
positive cells in the vicinity of the islet graft under the kidney
capsule after hybrid transplantation of islets grafts-ADSCs,
compared with only a few such cells in islets transplantation
alone (Fig. 4B) and none when ADSCs only were transplanted
(data not shown) or even when these cells were transplanted
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separately from the islets graft under the kidney capsule (Fig.
2A and B). These results indicate that cotransplantation of
ADSCs in areas close to the graft is essential for revasculariza-
tion and functionality of the grafted tissue. Although this
study did not investigate the exact mechanism of the effects of
ADSCs on graft survival, it is possible that these effects in-
volve, at least in part, the induction of revascularization in a
paracrine manner, In support of this notion, ADSCs are
known to secrete high levels of various angiogenic factors
such as vascular endothelial growth factor, transforming
growth factor-B, and basic fibroblast growth factor (23),
which together can induce the growth and differentiation of
endothelial cells. It is also possible that the increased graft
tissue blood flow associated with islet grafts-ADSCs implan-
tation/revascularization rescues or activates silent/inacti-
vated stem cells derived from ADSCs, which then divide and
differentiate into insulin-producing cells. To confirm such
scenario and the long-term therapeutic effects of ADSCs in
islet transplantation and any potential side effects, further
studies are needed, including the use of syngeneic islet trans-
plant model. Furthermore, the safety of ADSCs with regard to
the possible growth of teratomas also needs to be verified
through long-term follow-up studies, although these ADSCs
have already been used in the treatment of other conditions
such as cardiac infarction (24), breast reconstruction (25),
and anal fistula associated with Crohn’s disease (26).
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The enhanced survival of islet graft in mice coim-
planted with ADSCs could also be due to the immunomodu-
latory properties of ADSCs, especially the inhibition of any
immune response against islet grafts. Several studies have re-
ported that murine ADSCs down-regulate systemic and local
inflammatory processes in various models of inflammatory
conditions, such as arthritis, encephalomyelitis, graft-versus-
host disease, and Crohn’s disease (27-30). Although the spe-
cific molecular mechanisms involved in such process are not
fully understood, the reported data (24-30) suggest the in-
volvement of both cell-to-cell contact and soluble factors in
the deactivation of macrophages and T cells by ADSCs. Espe-
cially, prostaglandin-E2 and interleukin-10 seem to play a
critical role in this immunomodulatory effect (31). For exam-
ple, prostaglandin-E2 inhibits allogeneic lymphocyte reac-
tion in a cell-to-cell contact in independent manner (32).
However, our results demonstrated that the separate transplan-
tation of ADSCs had no beneficial effects on islets survival, thus
arguing for the important role of cell-to-cell contact between
islets and ADSCs in the beneficial immunomodulatory effect of
the latter on islet transplantation.

For the clinical application to human islet transplanta-
tion, we plan to use autologous ADSCs obtained from the
abdomen of the islet recipient. These ADSCs are isolated over
several hours by the Cytori’s proprietary cell processing de-
vice, the Celution system (Cytori Therapeutics, San Diego,
CA) (33). Isolation of ADSCs is conducted simultaneously
with that of islets from the donor pancreas.

In conclusion, hybrid transplantation of islets with
ADSCs significantly reduced the number of islets required for
transplantation, improved graft function, and cure diabetes
by promoting graft revascularization. Further studies are re-
quired to determine whether similar outcome can be ob-
tained by transplantation of islets combined with infusion of
ADSC:s into the portal vein.

MATERIALS AND METHODS

Islet Isolation

Donor male BALB/cA mice, 10- to 12-week old, weighing 20 to 30 g, were
purchased from CLEA Japan, Inc. (Tokyo, Japan). All experiments were ap-
proved by the institutional ethics committee of Osaka University Medical
School. The mice were anesthetized by intraperitoneal injection of tribromo-
ethanol (Sigma-Aldrich, St. Louis, MO) and then underwent bile duct can-
nulation with pancreatic inflation after clamping the distal common bile
duct using 3 mL of extracellular type trehalose containing Kyoto solution
(ET-Kyoto, Otsuka Pharmaceutical, Tokyo), which contained 1 mg/mL of
collagenase VIII (Sigma-Aldrich). The pancreas was excised; cleaned off
lymph nodes, fat, and bile duct; and digested with collagenase VIII (1 mg/
mL), without shaking, at 37°C for 15 min. The digested pancreas was washed
by centrifugation (270g for 2 min at 4°C) and then purified with a discontin-
uous density gradient (1.111, 1.104, 1.097, and 1.072 g/mL) in a modified
ET-Kyoto/OptiPrep (Axis-Shield, Oslo, Norway) solution. Washes after pu-
rification were performed at 1000g for 20 min (34).

Isolation and Culture of ADSCs

Mouse ADSCs were isolated as described previously (35, 36). Briefly, 12-
week-old male C57BL/6] donor mice were purchased from CLEA Japan.
Adipose tissue was obtained from inguinal fat pad and cut into fine pieces
then placed in antibiotic-antimycotic-containing phosphate-buffered saline
(PBS) (Sigma-Aldrich) and then in Dulbecco’s modified Eagle medium
(Sigma-Aldrich) containing 1 mg/mL collagenase I1 (Sigma-Aldrich) and
antibiotic/antimycotic agents, at 37°C for 60 min with gentle agitation. The
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digested tissue was filtered through sterile 70- um nylon mesh, centrifuged at
430g for 5 min, and resuspended. This process was repeated twice. ADSCs
were seeded onto culture dishes with Dulbecco’s modified Eagle complete
medium containing 10% fetal bovine serum.

Flow Cytometry Analysis

Isolated ADSCs were treated with fluorescein isothiocyanate-labeled anti-
CD44,-Scal, -CD45, and -CD31 antibodies (BD Biosciences, Franklin Lakes,
NJ). Cells were first stained with each antibody and then analyzed for antigen
expression level by fluorescence-activated cell sorter Calibur flow cytometry
(BD Immunocytometry, San Jose, CA). Triplicate measurements were per-
formed for each antigen.

Islet Transplantation

The recipient 8- to 10-week old male C57BL/6] mice were divided at
random into nine experimental groups (Fig. 24, n=>5/group) to receive al-
logeneic islets or syngencic ADSCs. Seven days before transplantation, dia-
betes was induced in the recipient mice by a single 180 mg/kg intraperitoneal
injection of streptozotocin (Nacalai tesque, Kyoto, Japan). Diabetes was de-
fined as blood glucose level of more than 400 mg/dL detected twice consec-
utively after streptozotacin injection. The diabetic mice were anesthetized
with tribromoethanol, and a 2-cm incision was made through the skin and
muscle of the right flank to approach the right kidney. A small lateral cut was
made in the kidney capsule, and then allogeneic islets and syngeneic ADSCs
were dispensed beneath the capsule. In mice of groups A to C (simple islet
transplantation), a pellet of 100, 200, or 400 islets was implanted under the
right kidney capsule. In mice of groups D to G (hybrid islet transplantation),
a pellet of marginal mass of islet was mixed with 1X10°%, 2X10° or 4Xx10°
cells of syngeneic ADSCs and implanted under the right kidney capsule.
In mice of group H (separate islet transplantation), 200 islets and 2X 10°
cells of ADSCs were implanted under the capsule of the right and left
kidneys, respectively. In mice of group I (ADSCs alone transplantation),
2X10° cells of ADSCs alone were implanted under the right kidney cap-
sule. After transplantation, nonfasting blood glucose leve] was monitored
daily using samples obtained from the tail vein. Islet graft rejection was
defined when two consecutive blood glucose levels exceeded 250 mg/dL
after transplantation. At 1 week posttransplantation, the grafted kidneys
were dissected out to assess revascularization or the immune response to
islet grafts by immunohistochemistry.

Glucose Tolerance Test

Intraperitoneal glucose tolerance test was performed to determine the
effect of islet transplantation on diabetes, using the method described previ-
ously (37). Mice were fasted for 6 hr and then injected intraperitoneally with
2 g glucose in saline/kg body weight. Blood glucose levels were measured for
2 hr at 30 min intervals.

Immunchistochemical Analysis

The engrafted kidneys were excised, fixed in formalin, and embedded in
paraffin. Tissue sections (2-um thick) were placed in 0.3% H,0,/methanol
to quench endogenous peroxidase activity and incubated with 5% bovine
serum albumin-PBS to block nonspecific reaction. The slides were incubated
with rabbitantiinsulin polyclonal antibody (pAb, Santa Cruz Biotechnology,
Santa Cruz, CA) to detect the transplanted islets. Sections were incubated
with horseradish peroxidase (HRP)-conjugated secondary antibody (Bethyl
Laboratories Inc., Montgomery, TX), and then immunostaining was visual-
ized with 0.02% diaminobenzidine (DAB, Sigma-Aldrich) as the chromogen.
After washing, the sections were counterstained with hematoxylin. Control
tissue sections were prepared in a similar fashion except no primary antibody
was used.

To identify endothelial cells that differentiate from ADSCs, cells were
stained with goat anti-vWF pAb (Millipore, Bedford, MA). After incubation
with HRP-conjugated secondary antibody, immunastaining was developed
with DAB as described earlier. The number of vWF-stained endothelial cells
was counted by VH-analyzer software (Keyence, Woodcliff Lake, NJ). To
further identify the phenotype of the infiltrated lymphocytes in allogeneic
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islet grafts, cells were stained with the following mAbs: rat anti-mouse CD4
{RELIA Tech, Braunschweig, Germany) for CD4" T cells; rat anti-mouse
CDS8 (BioLegend, San Diego, CA) for CD8" T cells; and rat anti-mouse CD68
(Cedarlane, Burlington, ON, Canada) for CD68" macrophages. After incu-
bation with HRP-conjugated secondary antibody, immunostaining was de-
veloped with DAB.

Kidney specimens were excised, embedded in optimum cutting tempera-
ture compound (Sakura Finetechnical Co., Tokyo), cut (7-um thick) with a
cryostat, treated with 0.3% H,0,/methanol to quench endogenous peroxi-
dase activity, blocked with 5% bovine serum albumin-PBS, and incubated
with rat anti-mouse Scal pAb (R&D System Inc., Minneapolis, MN) to
detect the grafted ADSCs. The sections were then incubated with HRP-
conjugated secondary antibody, and immunostaining was visualized with
DAB.

To determine the origin of the vascular component in the grafted islets,
frozen sections were incubated with both anti-vWF mAb and anti-mouse
H-2K" mAb (BD Pharmingen, San Jose, CA). After incubation with the re-
spective HRP-conjugated secondary antibody, immunostaining was devel-
oped with DAB.

Statistical Analysis

Data were expressed as meanzstandard deviation. Differences between
two groups were examined for significance using the Student’s ¢ test. Differ-
ences were considered significant at p less than 0.05.
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