H. ljichi et al. | Journal of Hepatelogy 45 (2006) 28-34 3l

A
£ 70
= W HBO
2 604  [Jcontrol
"
50"
L
T 40
-
S 304
o
-
@ 204
L2
B 104
z 0
24 48 72 (hr)
Hours after PH
B
= 50-
= M HBO
a 40- [ control
Qo
"]
o |
2 30-
=
L]
2 204
H
< 104
3
o o_.:-_
pre 24 48 72 (hr)
Hours after PH
C 144 p<0.05 p<0.05
& 12+
2 104 W HBO
w [ control
o o
= 8
i
o
5 o
O
a 24
0_
pre 24 48 72 (hr)

Haours after PH

Fig. 3. Regeneration rates of liver weight (A) and PCNA expression rates
(B, C) after PH were determined as described in Materials and Methods.
No significant differences in the regeneration rates of liver weight and
PCNA positive hepatocytes rates (B) were observed between the two
groups. However, the PCNA positive SEC rates (C) significantly increased
in the HBO group at 48 h (P < (.05), in contrast, it significantly decreased
at 72 h after PH (P < 0.05). Values are expressed as mean + SEM.
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Fig. 5. The hepatic VEGF protein expression after PH by western blot
analysis (n=4). HBO (reatment significantly increased the VEGF
expression at 24 and 48 h after PH, respectively. Values are expressed as
mean * SEM. *P < 0.05 versus control group at the same time point.

liver after PH by immnohistochemical staining. As
shown Fig. 6, the majority of the VEGF-positive cells
were hepatocytes in the both groups at any time points
after PH. The VEGF-positive hepatocytes progressively
increased in the periportal and midzonal areas during
regeneration.

4. Discussion

In the present study, HBO treatment induces VEGF
expression and reduces liver injury during liver regener-
ation after PH. Although HBO treatment did not signif-
icantly affect the hepatic ATP levels, the biliary function
was significantly improved in the HBO group. No signif-
icant differences were observed in the restitution of the
liver weight rates and the PCNA labeling index of hepa-
tocytes, which was peaked at 48 h in the both groups. In
contrast, the peak in that of SEC was at 48 h in the HBO
group, accelerated compared with that in the control
group.

Several studies have confirmed the angiogenic effects
of HBO treatment on wound models [21]. Furthermore,

Fig. 4. PCNA staining of regenerating liver at 48 h after PH (x400). (A) Control group. (B) HBO group. H, hepatocyte; S, sinusoidal endothelial cell.
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Fig. 6. Immunohistochemical staining for VEGF of regenerating livers at 48 h after PH (x400). (A) Control group. (B) HBO group.

HBO has been shown to induce several angiogenic fac-
tors, VEGF concentration in wound fluid [29], bFGF
production by fibrobrasts [19], and angiopoietin-2
expression in human umbilical vein endothelial cells
[30]. A variety of growth factors have been reported to
be associated with angiogenesis during liver regenera-
tion [7], and recently, those three angiogenic factors also
implicated in SEC proliferation [12,31]. Our data show
that HBO treatment does not significantly affect the
hepatocytes proliferation, however, the SEC prolifera-
tion is accelerated and significantly increases at 48 h
after PH, as measured by the PCNA labeling index.
To exposure the angiogenic effect of HBO treatment,
we examined the expression of those angiogenic factors
in the regenerating liver, and found that HBO treatment
selectively induced VEGF during liver regeneration after
PH and the early induction of VEGF might be a critical
step toward HBO-induced SEC proliferation.

VEGF plays an important role in liver regeneration,
and the effects of VEGF are mediated through two
tyrosine kinase receptors, Flt-1 and KDR/FIk-1
[32,33]. The increased hepatocyte production of VEGF
and expression of the receptors correlate with the endo-
thelial proliferation after PH [12,34] As shown in a
study from Shimizu et al., we also found that the expres-
sion of Flt-1 and KDR/Flk-1 was observed along sinu-
soids by immunohistochemical staining, however, HBO
treatment did not significantly affect the expression after
PH (data not shown). Although hepatocytes do not typ-
ically express VEGF receptors, exogenous VEGF
administration has been shown to promote the prolifer-
ative activity of hepatocytes and stimulate liver regener-
ation after PH [35] Taniguchi et al suggests that VEGF
has an influence on SEC proliferation after PH and the
reconstruction of hepatic vascular architecture appears
to promote the proliferation of hepatocytes [36]. Our
results show that endogenous VEGF induced by HBO
treatment during liver regeneration seems to promote
SEC proliferation, however, it cannot affect the hepato-
cytes proliferation after PH. From the data presented,
we suggest that endogenous VEGF increased by HBO
treatment did not exert a paracrine effect on hepatocytes
proliferation during regeneration.

The HBO treatment after PH significantly reduced
liver injury and improved biliary function, as reflected
by lower serum ALT, total bilirubin, and total bile acid
levels during liver regeneration. It is possible that the
beneficial effect of HBO treatment could be due to the
increased oxygen delivery to the regenerating liver. Dur-
ing wound healing the presence of oxygen takes on addi-
tional importance due to the increased demand of
reparative processes like cell proliferation and synthesis
of collagen [37]. After PH, single cell wide plates of
hepatocytes have grown to avascular clusters [6.7], and
hepatocytes that are devoid of sinusoids also seem to
be under hypoxic states until reconstruction of normal
vascular architecture. In the present study, HBO treat-
ment after PH appears to transiently elevate tissue oxy-
gen levels in the regenerating liver and play a role to
improve the hypoxia, Moreover, early upregulated
VEGEF in the liver also seems to have hepatoprotective
effect during regeneration. VEGF has been shown to
exert antiapoptotic activities and is highly protective
for liver cells [16,38). Yagi et al. have demonstrated a
lower portal venous VEGF level has been associated
with poor outcome after living donor liver transplanta-
tion [39].

To investigate whether HBO treatment could
improve the survival after extended hepatectomy, we
performed 95% PH, as a lethal hepatic failure model
[40]. However, we found that HBO treatment did not
significantly affect the survival rate after 95% PH, and
in the both groups, 95% hepatectomized rats all died
within 7 days (data not shown). Kamimukai et al. have
shown that inhibition of hapatocyte apoptosis by trans-
fection of the human bcl-2 gene did not lead to pro-
longed survival after 95% PH, and other factors such
as a regeneration stimulator might be required to
increase the survival rate [41]. Our data demonstrate
that HBO treatment on regenerating liver cannot induce
hepatocytes proliferation, and therefore, we assume that
it did not maintain life after 95% PH.

Distinct from our studies, several studies reported
that HBO treatment could affect hepatocytes prolifera-
tion during liver regeneration [23,24]. The differences
between our findings and previous studies may be
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related to the timing of HBO treatment performed on
the regenerating liver. Our data have shown that HBO
treatment can promote functional recovery after PH,
however, further studies are necessary to determine the
protocol of HBO treatment which can be most beneficial
during liver regeneration.

The question of how HBO treatment influences
VEGF expression after PH is not resolved by our data.
Hypoxia has been reported to be one of the factors that
stimulate VEGF production [42], in contrast, hyperoxia
also reported to upregulate the expression [43]. Different
oXygen tensions seem to activate different signaling
pathways to stimulate VEGF expression for angiogene-
sis. Hyperoxia enhances reactive oxygen species (ROS)
production, which potently induces VEGF expression
via a hypoxia-inducible factor-1 independent pathway
[44,45]. In addition, during wound healing ROS is
required for prevention of wound infection, and specific
levels of ROS may act as a signaling mediator that reg-
ulates a variety of cellular responses [45,46].

In summary, our studies demonstrate that HBO
treatment after PH has beneficial effect on regenerating
liver, increasing hepatic VEGF, accelerating SEC prolif-
eration, reducing liver injury, and improving biliary
function. Because its safety and simplicity in clinical
usage have already been confirmed, HBO treatment
may become therapeutic modality in situations in which
massive hepatectomy is needed. This may happen in sur-
gery for hepatocellular carcinoma or in living donor liv-
er transplantation.
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Abstract

Living donor liver transplantation (LDLT) is an alternative
therapeutic option for patients with end-stage hepatitis
C virus (HCV) cirrhosis because of the cadaveric organ
shortage. HCV infection is now a leading indication for
LDLT among adults worldwide, and there is a worse
prognosis with HCV recurrence. The antivirus strategy
after transplantation, however, is currently under debate.
Recent updates on the clinical and therapeutic aspects of
living donor liver transplantation for HCV are discussed
in the present review.
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INTRODUCTION

The use of live donors for liver transplantation was
inittated more than a decade ago as a solution to the
cadaveric donor shortage for pediatric recipients'”. After
the first successful case in an adult patient in 1994m,
this procedure is now widely appled to adult recipients,
especially in countries where the availability of brain-
dead donors 15 severely restricted™ and also in the United
States and Furopean countries, due to a critical shortage
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of cadaveric organs. Improved surgical techniques and
the introduction of new immunosuppressive agents
have enhanced the long-term results of living donor
liver transplantation (LDLT), leading to an increased
demand for liver transplantation that exceeds the number
of potential donor organs. In initial experiences with
adult LDLT in Japan, the most common indication was
cholestatic liver disease, including primary biliary cirrhosis
and primary sclerosing cholangitis in Japan. The number
of LDLT patients indicated for hepatitis C virus (HCV)
has recently increased rapidly.

A recent srudyM of deceased donor liver transplantation
(DDLT) reported that HCV infection was associated
with a 23% increase in mortality and a 30% increase in
the rate of graft failure. The poor results might be due
to the recurrence of HCV disease in the graftl?‘. HCV-
induced graft hepatitis and fibrosis/cirrhosis occur in 75%
to 80% and 10 % to 30% of recipients, respectively, at 5
yearsfﬁ'ﬂ. Once liver cirrhosis is established, the cumulative
probability of developing clinical decompensation 1s close
to 50% after 1 year and survival after decompensation
is extremely short™". Cholestatic hepatitis occurs in
approximately 10% of patients infected with HCV and
leads to accelerated graft failure and death®™. One of the
hottest debates is the possibility of increased severity of
recurrent HCV in LDLT patients. The benefit of LDLT
might be offset if the outcome of LDLT for HCV patients
is worse than that of DDLT. In this review, we describe
current trends and controversies in LDLT for patients with
HCV. Our results for LDLT and HCV are also reported.

CURRENT STATUS OF LDLT

According to the Japan Liver Transplantation Societ};'m“
the number of adult patients (=18 years old) is increasing
annually, and has reached 300 in 2003. The most common
indication for adults has been hepatocellular carcmoma (#
= 311), followed by pnimary biliary cirrhosis (# = 255), and
HCV-related cirthosis without carcinoma (# = 113). The
1, 3, and 5 year survival rates of all the adult patients were
76%, 72%, and (9%, respectvely. Those of HCV-positive
patients were 76%, 73%, and 65%, respectively.

In the United States in 2000, there was a high level of
enthusiasm for adult LDLT, with 49 centers performing
at least one LDLT. Overall, in experienced centers, about
a third of adults on the waiting list had a potential Iiving
donor and half of them had undergone LDLT; thus,
LDLT might be applicable for up to 15% of mdividuals on
the list"™. The enthusiasm was, however, quickly tempered
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Study Dif'  Protocol Findings
N biopsy
Author Year Institution LDLT DODLT
Gaglio™ 2003 Colombia U, i) 45 Yes  No  Cholestatic hepatitis in 17% of LDLT and 0% of DDLT (P = 0.001). No
significant difference in incidence of Rec.
Shiffman®® 2003 Virginia 22 53 No Yes  79% patient survival in LDLT and 91% in DDLT during 3 year (NS}, No
Commonwealth U. significant difference in inflammation score in liver specimen after 3 years
Russo®” 2004 UNOS data 279 3955 No  No  87% l-year patient survival in both.
Thuluvath™ 2004 UNOS data 207 408 No  No No significant difference in patient survival (P = 0.6).
Van Vlierberghe™ 2004 Ghent U. 17 26 No No  Recin35% of LDLT and 38% of DDLT during 1 year (P = 0.1)
Bozorgzadeh™ 2004  Rochester U. 35 65 No  No Recin77% of LDLT and 72% of DDLT during 1 year (NS), 89% patient

survival in LDLT and 75% in DDLT during 39 mo (NS)

"Difference in short-term outcomes or severity of virus recurrence between living and deceased donor liver transplantation. Abbreviations: Rec, Virus recurrence;

U, University; NS, not significant; UNOS, United Network for Organ Sharing,

by the death of a donor in 2002 in the United States™.
Since 2001, the number of patients who have undergone
LDLT has declined™, Currently less than 5% of all adult
liver recipients use living donors. By July 2005, 2734 LDLT
cases had been performed. There were 1761 adult patients
and HCV was the most common indication. HCV is the
most common indication for LDLT" and the number of
HCV-positive patients is stable, approximately 100 per year
between 2000 and 2002.

By the end of 2003, 1743 LDLT cases were recorded in
the European Liver Transplantation Registrfsj. According
to the Transplant Procurement Management'”, the number
of LDLT peaked in 2003 and has gradually decreased over
recent years. LDLT accounts for approximately 5% of the
total liver transplants performed in Europe. Among the
806 LDLT cases from October 1991 to December 200117,
the overall 5-year graft survival rate was 75%, better for
children than for adults (80% 25 66% at 3 years). Cirrhosis
secondary to HCV infection is a leading indication for
LDLT among adults in Europe'”a)_ The number of LDLT
patients 1s shown in the Table 1.

INDICATIONS

In areas with low deceased donor organ availability, the
indications for LDLT are similar to those for DDLT, In
contrast, in Western countries, LDLT is conducted in an
attempt to alleviate the shortage of donor organs and
to decrease the mortality among the patients awaiting
transplants. That is, a balance needs to be achieved
between the candidate’s liver disease severity and the
adequacy of a partial graft for transplantation. The
candidate’s liver disease should be advanced to the extent
that transplantation is justified, but the liver disease
cannot be so advanced that a partial graft will not provide
adequate hepatic mass.

According to Russo’s report™ a substantial proportion
of patients were United Network for Organ Sharing
(UNOS) status 3 at the time of LDLT (43%). The policy
at their centers prior to the implementation of a model
for end stage liver disease (MELD)-based allocation was
not to proceed with LDLT in patients meeting UNOS
status 2A criteria. Their patient survival rate was 57%
with an average stay of 23 d in the intensive care unit. In
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comparison, 1-year patient survival was 82% in DDLT
recipients who were UNOS status 2A at the time of
transplant™.

The waiting list mortality increases in patients with
advanced liver disease and patients with a MELD score
of 25 have a 20% 3-mo mortalitypl}. In general, it 1s
uncommon to proceed with LDLT m patents with MELD
scores above 25. Thus, depending on the region of the
country and the average MELD score at the time of the
transplant within the area served by the organ procurement
organization, LDLT might offer patients transplantation
before they die waiting for a deceased donor liver. The
lower MELD score limit with LDLT is more controversial
and varies from center to center. Russol” commented that
they do not proceed with LDLT in candidates with MELD
scores under 11.

LDLT AS A RISK FACTOR FOR RECURRENCE

OF HCV -

One study from Barcelona™ reported that LDLT patients
(7 = 22) had younger donors, less graft steatosis, more
frequent biliary complications, and earlier and more severe
acute hepatitis compared with DDLT (# = 95) patients.
A report from Colombia University™ indicates that
cholestatic hepatitis or severe HCV recurrence occurs
more frequently in LDLT. These reports indicate that
more mtensive antiviral therapy might be necessary for
recipients of living donor grafts.

The possible causes of HCV recurrence include
HLA matching between donor and recipient. Because
cellular immune reactions restricted by both HLA class
[ and [Tantigens are involved in the recognition of HCV
peptides®™, HLA matching between donor and recipient
could potentially increase damage to the graft from
recurrent viral infections by facilitating host recognition of
viral antigens'”. Recently, a beneficial effect of a complete
HLA-DQ mismatch was reported in 14 patients after
transplantation for HCV cirrhosis™. Another possible
cause might be related to liver regeneration™, although
recent data®” did not support this hypothesis. In vitro,
HCV internal nbosome entry site actwvity and replication
are higher in actively dividing cells, and it is possible that
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viral translation is enhanced by factors that sumulate
the regeneration of hepatocytes. Moreover, there are
experimental data suggesting that liver regeneration
induces low density ipoprotein receptor expression, which
might facilitate HCV entrance mto the hepatocytes.

In contrast, comparable data between LDLT and
DDLT for HCV was recently reported®”. Russo and
colleagues™ compared patient and graft survival in
recipients transplanted for chronic HCV who receved a
living donor organ (# = 279) and deceased donor organ (#
= 3955) using the UNOS liver transplant database. One-
year patient survival was 8§7% m both groups and 2-year
patient survival was 83% and 81% 1n the living donor
group and deceased donor group (P = 0.68), respectively.
Similar results (DDLT, » = 480 5 LDLT, » = 207) were
obtamned from another analysis using the UNOS data
base"™". Analyses from the Mayo Clinic™ and Gent
University'™ also demonstrated no negative impacts of
LDLT on the results of liver transplantation for HCV-
related cirrhosis.

These data should be interpreted with caution,
however, because of the important clinical distinction
between LDLT and DDLT recipients. At the time of
transplantation, the LDLT group recipients are far less
sick than their DDLT group caunterparts[zs]. The LDLT
(7 = 35) and DDLT (# = 65) data from a single institution,
Rochester University, were examined” . Patient survival,
graft survival, rate of HCV recurrence, severity of HCV
recurrence, graft loss from HCV, and interval for HCV
recurrence in DDLT and LDLT were similar. It remains
unclear, however, whether LDLT is truly disadvantageous
compared to DDLT for HCV-positive patents because the
number of cases or follow-up duration 1s not yet sufficient.

According to the data from Russo™, from 1999 to
2000, the 1-vear patient survival in the LDLT group
increased from 69% to 90% (P = 0.04), and 1-year graft
survival increased from 63% to 79% (P = 0.16). In
contrast, in the DDLT group, 1-year patient and graft
survival did not substantially change from 1999 to 2000. As
a result, 1-year survival rates became similar between the
LDLT and DDLT groups in 2000. The results indicated
an experience effect and learning curve on cutcomes after
LDLT for HCV. Therefore, the initial reports indicating
poorer results of LDLT might be due to technical
problems from a lack of experience. Recent data indicating
similar results between LDLT and DDLT might be due to
the increased expenence with LDLT. The multicenter adult
to adult LDLT cohort study (A2ALL) might soon provide
some answers to the questions about recurrent HCV after
LDLT and DDLT®

MANAGEMENT OF HCV

Therapy for reccurrence in DDLT

If HCV recurs earlier and more severely after LDLT, a
specific strategy for preventing the detrimental effects
of HCV on living donor grafts must be developed.
One strategy might be aggressive treatment for HCV.
Treatment of recurrent HCV disease with interferon and
ribavirin after DDLT is used in some centers” ™. One
standard regimen includes interferon-alphaZb (3 MU X 3
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per week) and ribavirin (1000 mg/d) for 6 mo. In a recent
trial, polyethylene glycol-conjugated interferon therapy
was usedﬁs"xg'“], with a sustained viral response rate ranging
from 13% to 47%.

Preemptive therapy for HCV after DDLT

Preemptive therapy in the early post-transplantation
period with interferon either alone or in combination
with ribavirin has been attempted in DDLT, although its
effectiveness is controversial. In one study, HCV-positive
recipients were randomized within 2 wk of transplantation
to receive either interferon alone (3 MU X 3 per wk, »
= 30) or placebo (# = 41) for 1 year™. Only 17 patients
could complete 1 year of interferon therapy. Eight
patients (27%) in the interferon group and 22 (54%) of
the untreated patents had recurrent hepatis (P = 0.02).
Patient and graft survival at 2 years did not differ between
the groups, however, and the rate of viral persistence was
not affected by treatment.

In another controlled trial['“ﬂ, 24 recipients were
randomized at 2 weeks post-transplantation to receive
interferon (3 MU X 3 per wk) or placebo for 6 mo. There
were no differences in graft or patient survival. There
were no differences between groups in the incidence of
histological recurrence or its severity differed between
groups. Recurrent HCV was delayed 408 d in treated
patients versus 193 d in the control cohort.

In a case series by Mazzaferrom, 36 recipients were
treated with interferon-alpha 2b (3 MU X 3 per wk)
and ribavirin (10 mg/kg per d). They started treatment
at a median of 18 d after the operation and treatment
continued for 11 mo. After a median follow-up of 52
mo, the 5-year patient survival was 88%. Serum HCV
RNA clearance was obtained in 12 pauents (33%%). They
did not require further antiviral treatment because of
negative HCV RNA in serum and normal liver histology
for a median of an additional 36 mo. The former two
randomized trials on preemptive mterferon monotherapy
demonstrated minimal benefits of the drug In contrast,
Mazzaferro reported more encouraging results, although
their protocol brings into question how long therapy 1s
needed once embarking on a preemptive strategy.

Re-transplantation

The approach to retransplantation for recurrent HCY
varies widely among the transplant centers of DDLT™.
The results after retransplantation for HCV (45% at 5
years) are poorer than that for other causes'™ (56%, P
< 0.001). The patients with recurrent HCV in the eary
timing and graft failure within the first year have poor
outcomes after retransplantation. These individuals should
be considered contraindicated for retransplantation. The
expenience of retransplantation for HCV in LDLT has not

been well accumulated.

OUR EXPERIENCE

We performed preemptive therapy for LDLT patients
with HCV infection™. From 1996 to 2004, 67 patients
underwent LDLT for HCV cirrhosis at the Tokyo
University Hospital. The patients were 51 men and 16
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women and their ages ranged from 23 to 63 years (median
55). The HCV genotype was 1b in 53 patients (79%).
Forty-one patients (61%) had hepatocellular carcinoma.
All the patients received the same immunosuppressive
regimens with tacrolimus and methylprednisolone.

All the patients preemptively received antiviral therapy
consisting of interferon «-2b and ribavirin, which was
started approximately 1 mo after the operation. The
therapy was continued for 12 mo after the first negative
HCV RNA test. The standard regimen included interferon
a-2b (3 MU X 3 per wk) and nbavirin (800 mg/d) for 6
mo. The patients were then observed without the therapy
for 6 mo. The therapy was continued for at least 12 mo
even if the HCV RNA test remained positive.

Therapy was discontinued when there was significant
leukopenia (< 1500 /mL), thrombocytopenia (< 50000 /
mL) despite apphcatxon of granulocyte colony stimulating
factor (Gran”, Sankyo, Co. Ltd., Tokyo, Japan), hemolytic
anemia (hemoglobin < 8 g/L), renal dysfunction (serum
creatinine > 20 mg/L), depressive psychological status,
or general fatigue. The subjects were removed from the
protocol if they did not continue the therapy for 12 mo
due to adverse effects or could not start the therapy due to
early death.

Blood counts and liver function tests were checked
every 2 wk for the first month, and at 4 wk intervals
thereafter. Serum samples were collected once a month for
quantitative HCV RNA detection. Protocol liver biopsy
was not performed. The log-rank test was used to compare
the survival rate of the HCV-positive patients with the
HCV-negative patients who underwent transplantation
duning the same period (# = 168).

A total of 28 patients were excluded from the analysis;
12 patients were removed from the protocol because of
early death (» = 9) or because of drug cessation (n = 3).
Another 16 patients are currently on the protocol and were
therefore excluded from the analysis. Of the remaining 39
patients, 16 (16/39; 41%) obtained a sustaned virologic
response. The cumulative 5-year survival of the HCV-
positive patients was 84%, comparable with that of
patients negative for HCV (r = 168, 86%).

CONCLUSIONS

LDLT will remain an indispensable therapeutic tool for
HCV related end stage liver disease and an alternative to
DDLT. The association between LDLT and early HCV
recurrence remains to be determined, although most of
the recent papers suggest that live donor graft has no effect
on short-term outcome or severity of virus recurrence. If
living donor graft is associated with early HCV recurrence
and consequently poorer graft survival, an aggressive
antviral protocol might improve the outcome of LDLT
for HCV.
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the graft duodenal mucosa only showed
mild infiltration with mononuclear cells.
The postendoscopy course was unevent-
ful. The pain subsided spontaneously on
the next day. She was discharged home on
the 21st postoperative day with both grafts
functioning well.

In conclusion, double-balloon en-
teroscopy is feasible in recipients of pan-
creatic transplants with enteric drainage.
This method makes possible to directly
visualize duodenal graft and tissue bi-
opsy. It might be employed to look for
and possibly intervene at bleeding from
the enteric anastomoses, and in special
cases for endoscopic retrograde pancre-
atography of the graft. Its safety must be,
however, carefully evaluated as thread-
ing on small bowel might potentially be
damaging to anastomosed blood vessels
supplying transplanted pancreas.
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Cyclosporin A for Treatment of Hepatitis C Virus After Liver Transplantation

Cirrhosis secondary to hepatitis C
virus (HCV) infection is a leading indi-
cation for liver transplantation. HCV re-
currence, however, is nearly certain and
might worsen patient/graft outcome. A
recent paper (1) reported that HCV in-
fection is associated with a 23% increase
in mortality and a 30% increase in the
graft failure rate. The goal of HCV man-
agement in the transplantation setting is
to prevent graft loss due to recurrent
HCV infection, raising questions about
a possible role for immunosuppression
regimens and antiviral therapy.

A previous report (2) indicated that
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cydosporin A (CyA) and interferon-
alpha2b might effectively inhibit HCV
replication in vitro. The antiviral effects
of CyA for patients with chronic HCV
(3) and those for HCV recurrence after
transplantation (4), however, are con-
troversial. We conducted a pilot study of
the use of CyA, interferon, and ribavirin
for preemptive therapy of HCV after
liver transplantation.

Until October 2003, 41 HCV-positive
patients underwent liver transplantation
from living donors at the University of
Tokyo Hospital. The immunosuppres-
sion regimens consisted of steroids and

1
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Months after conversion

FIGURE 1. Change of the viral titer in the eight patients.
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tacrolimus (5). The targeted whole-blood
tacrolimus level was 15 to 20 ng/ml during
the seven days after living donor liver
transplantation (LDLT), which was grad-
ually tapered to 5 ng/ml six months after
LDLT. Predonisolone was tapered to 0.05
mg/day/kg six months after LDLT but was
not stopped. All of the HCV-positive pa-
tients preemptively received interferon-
alpha2b and ribavirin therapy (6), which
was started approximately one month af-
ter transplantation. HCV RNA level was
measured by real-time-polymerase chain
reaction (7) and Amplicor HCV (Roche
Molecular Systems, Pleasanton, USA). Of
the 41 patients, six died within two years;
14 obtained a viral response (<50 TU/ml
by Amplicor HCV) at the end of the treat-
ment period (one year) and the response
was sustained for another six months
without the antiviral therapy; 21 did not
respond to the antiviral therapy. Of the 21
nonresponders, eight patients continued
with the protocol, which called for a
change from tacrolimus to CyA without
changing the antiviral therapy. The tar-
geted CyA trough level was 100 ng/ml.



All of the patients were genotype 1b.
The serum HCV titer was measured
once a month by reverse transcriptase—
polymerase chain reaction. The Institu-
tion Review Boards at University of Tokyo
Hospital approved the protocol.

In five of the eight subjects (63%),
the HCV titer was negative by Amplicor
HCV within three months after the con-
version and remained negative for another
six months on CyA, interferon, and riba-
virin (Figure 1). Liver and renal functions
remained stable in all of the patients, and
none of them had complications of acute
cellular rejection after the conversion.

Our findings support the use of
CyA in combination with interfron and
rivabirin for the eradication of HCV in
previous nonresponders. These findings
suggest that a controlled study to con-
firm the benefit of CyA for preemptive
treatment of HCV after liver transplan-
tation is warranted.
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Does Using HTK Solution for Cold Perfusion of Cadaveric Kidneys

Since 1987, University of Wiscon-
sin (UW) solution has been the standard
solution for cold perfusion and preser-
vation of kidneys for transplant. In 2001,
the U.S. Food and Drug Adminis-
tration approved histidine-tryotophan-
ketoglutarate (HTK) for cold perfusion
and storage of renal allografts. Data has
shown comparable outcomes between
UW and HTK for preservation of renal,
liver, and pancreatic allografts (1-3). The-
oretical advantages for HTK compared to
UW solution include: lower viscosity
(which might lead to better microperfu-
sion of the allograft), lower potassium
concentrations, and easier handling prop-
erties, although the actual effects on clini-
cal outcomes are not fully understood. On

Save Money?

the other hand, HTK is significantly less
expensive than UW solution on a per liter
basis. For this reason, HTK has become an
attractive alternative to UW solution for
some Organ Procurement Organizations.
In reported clinical experience with HTK,
larger volumes of solution have been used
toachieve exsanguination of the recovered
organs. The argument is frequently made
that these larger volumes negated any sig-
nificant cost savings associated with the
cheaper HTK solution.

Gift of Life Michigan switched from
UW to HTK solution in December 2003.
This decision was based on an impression
of clinical equipoise between UW and
HTK solutions, with a projected materials
cost savings of 47% per donor.

TABLE 1. UW vs. HTK flush solution for cold perfusion of kidneys for
transplant
Uw HTK Difference

N 41 36
Mean flush volume per donor (mL) 3516795 55751506 205%°
Cost per liter solution (US §) $322 $148 $174
Cost per renal donor (US §) $1288 $740 $548°

P < 0.05,
580

We compared the material costs of
77 consecutive kidney-pancreas donor
procurements, in which the organs were
used for transplant. The perfusion vol-
umes include the aortic flush, the back-
table flush of the renal allografts, and the
storage volume of the renal grafts. As pre-
dicted, significantly larger volumes of fluid
were used in the perfusion of the organs
with HTK (Table 1). The cost of a liter of
UW (UW solution $282, filter $10, and
additives $30) was $322/L compared to
$148/L for HTK (no additives or filters
needed). Costs of UW perfusion were sig-
nificantly higher than HTK perfusion. The
transition from UW to HTK saved $548
(USD) per renal donor. This represents a
43% actual cost reduction, which is similar
to the 47% projected reduction. In conclu-
sion, the transition from UW to HTK has
resulted in a significant cost savings for
Gift of Life Michigan.

Michael J. Englesbe
David Heidt

Randall Sung
Department of Surgery
Division of Transplantation
University of Michigan
Ann Arbor, MI
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Abstract

Objectives: We carried out identification of a small peptide
binding to human hepatocellular carcinoma (HCC) cells with
the aim of applying the peptide for future HCC-targeted
therapy or imaging. Methods: The biopanning technique
using phage peptide display libraries was performed on HCC
cells in vitro, and a phage clone expressing the HCC-binding
peptide motif was selected. The binding activity of the se-
lected phage was evaluated by plaque infection assay and
immunofluorescence on cell lines. In addition, the binding
activity of the peptide-expressing phage was investigated
using HCC specimens derived from patients who had under-
gone hepatectomy for HCC. Results: A heptapetide, Thr-Thr-
Pro-Arg-Asp-Ala-Tyr (TTPRDAY), was identified as a motif
binding to HCC. TTPRDAY bound specifically to HCC cells in
comparison with other cancer cells, and the binding to HCC
cells was also confirmed by immunofluorescence. In addi-
tion, the synthesized TTPRDAY peptide showed binding ac-
tivity and a non-mitogenic effect on HCC cells in vitro. TTPR-

DAY-presenting phage showed more significant binding to
HCC cells derived from specimens obtained from actual pa-
tients than to non-cancerous liver tissue. Conclusion: The
motif TTPRDAY, identified by the biopanning technique,

shows significant binding to HCC cells.
Copyright @ 2006 S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is one of the com-
monest malignancies worldwide [1], and the prognosis of
affected patients remains poor [2-4). In many patients
with HCC, obtaining curativity by surgery or radiofre-
quency ablation of the cancer is difficult due to the high
frequency of intrahepatic metastases or multicentric oc-
currence. Other therapeutic options for intrahepatic lo-
calized HCC are percutaneous ethanol injection, micro-
wave therapy, cryotherapy and transarterial chemoem-
bolization. However, the therapeutic efficacy of these
treatments is limited. For example, the 5-year survival
rate after transarterial chemoembolization for HCC is
only 12.5% [5]. Patients with distant metastatic HCC are
treated with systemic chemotherapy, but its reported
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therapeutic efficacy is dismal; Chung et al. [6] reported
that intra-arterial cisplatin infusion and systemic inter-
feron-a yielded a response rate of 33% and a median sur-
vival time of 19 weeks for HCC patients with major portal
vein thrombosis or distant metastases.

The chief obstacles to establishing effective therapies
for HCC are the multiplicity of the lesions (multicentric
occurrence of the tumor and intrahepatic or distant me-
tastases) and severe liver dysfunction due to underlying
liver cirrhosis. Therefore, establishment of a methodol-
ogy that could target HCC efficiently would bring about
a dramatic improvement in the efficacy of treatments for
HCC. For example, HCC-selective ligands would enable
targeted delivery of a variety of therapeutic agents, such
as genes or cytotoxic drugs, and would also facilitate bet-
ter imaging of multiple HCC lesions. Such agents are
clearly appropriate for HCC patients with liver cirrhosis,
because they could minimize the degree of drug entry
into non-HCC cells and the resulting damage to liver
function.

Candidate targeting agents have been studied by sev-
eral groups in attempts to achieve tumor tropism. The
ligands that have been evaluated include some antibod-
ies, as well as fragments and single-chain Fv molecules
and growth factors. Recently, however, this empirical ap-
proach to the identification of targeting ligands has been
largely superseded by the use of library-based screening
systems, which have been designed to allow iterative se-
lection of high-affinity ligands by repeated screening and
enrichment of living libraries.

Barry et al. [7] have introduced peptide-presenting
phage libraries to enable selection of peptides binding to
several different cell types. Since then, the biopanning
technique using phage peptide display libraries has been
shown to be a powerful tool for identifying specific li-
gands on target organs and tumors [8-10]. The peptide-
presenting phage library used is based on a combinato-
rial library of random peptide heptamers fused to a mi-
nor coat protein (pIII) of phage M13 and contains about
2.8 x 10° different sequences. With successive rounds of
biopanning, different peptides selective for the target
cells can be identified.

In the present study, we used the phage panning tech-
nique to identify a peptide that would have the specific
ability to bind to human HCC cells. In addition, in order
to confirm the feasibility of applying the identified pep-
tide to clinical practice, its HCC-binding activity was as-
sessed on HCC samples derived from patients who had
undergone hepatectomy for operable HCC.

Identification of an Oligopeptide Binding
to HCC

Materials and Methods

Cell Lines

The cell line Huh-7 (human HCC) was obtained from the
Health Science Research Resources Bank (HSRRB, Osaka, Japan),
and the cell lines Hep3B (human HCC), HepG2 (human hepato-
blastoma), DLD-1 (human colorectal carcinoma), AZ521 (human
gastric cancer) and Saos2 (human osteosarcoma) were obtained
from the Institute of Development, Aging and Cancer, Tohoku
University (Sendai, Japan). Cells were maintained in Dulbecco’s
modified Eagle medium (DMEM, Sigma Chemical, Poole, UK) or
RPMI-1640 medium (Sigma) supplemented with 10% fetal bovine
serum, 100 U/ml penicillin and 100 mg/ml streptomycin at 37°C
in 5% CQO,. The cells were passaged and expanded by trypsiniza-
tion of the cell monolayers followed by replating every 4 days.

Selection of Cell-Targeting Peptides

The Ph.C7C MI13 heptapeptide phage display library (New
England Biolabs, Beverly, Mass., USA) was used for biopanning.
Huh-7 cells were grown to confluence in a 6-well plate. They were
acclimated to 4°C for 30 min and washed twice in phosphate-
buffered saline (PBS, Dainippon, Osaka, Japan) containing 1%
(w/v) bovine serum albumin (BSA, Sigma). The phage library of
2 % 10" plaque-forming units (pfu)/well diluted in 1 ml DMEM
containing 1% BSA was added to each well at 4°C. After 1 h of
incubation with gentle agitation, medium containing unbound
phage was removed, and the cells were washed 4 times in PBS
containing 1% BSA. This was followed by addition of 1 ml/well
0.2 M glycine-HCI (pH 2.2) as a general buffer for nonspecific dis-
ruption of binding interactions for 5 min, and fluids were neutral-
ized with 150 pl 1 M Tris-HCI (pH 9.1).

The cells were scraped from the 6-well plate. Numbers of elut-
ed phages were established by titering on X-gal (5-bromo-4-chlo-
ro-3-indolyl-B-D-galactopyranoside; Wako, Osaka, Japan) and
IPTG (isopropyl-B-D-thiogalactopyranoside; Wako) agar plates
containing Escherichia coli strain ER2738, Remaining phages
were amplified by addition to a 20-ml early log phase culture of
ER2738 for 5 h at 37°C with vigorous shaking (150 rpm). Ampli-
fied phages were isolated from the resulting culture using the
manufacturer’s recommended protocol, concentrated, titered and
used for subsequent rounds of biopanning. In total, four rounds
of biopanning were performed in triplicate.

Isolation and Sequencing of Phage DNA

After each round of biopanning, individual phage clones were
isolated from each replicate and their total DNA was isolated ac-
cording to the recommended protocol of the sequencing kit man-
ufacturer (Biosystems, Perklin Elmer, Foster City, Calif,, USA).
The resulting DNA was used for sequencing analysis using the
-96 primer together with a BigDye terminator cycle sequencing
kit (Amersham Biosciences, Amersham, UK). The DNA sequenc-
es were determined using an automated ABI PRISM sequencer
3100 Genetic Analyzer (Applied Biosystems). Next, searches
for human proteins mimicked by the selected peptide motifs were
carried out using online databases through the National Center
for Biotechnology Information (http:www.ncbi.nlm.nih.gov/
BLAST/).
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