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Fig 4. Titration of neutralization of gi-C and gt-A infection by mAb HB0478. HBV gt-C and gt-A were preincubated for 2 hours with 670 ng of control
human IgG (clgG), 100 mlU of HBIG, or 670, 67, 6.7 or 0.67 ng HB0478 (corresponding to 550, 55, 5.5, and 0.55 mlU) and PHHs were inoculated with the
products at 10 genomes per cell. The Y-axis depicts the levels of extracellular HBV DNA in the supernatant harvested on 12 days post infection. Asterisks
indicate values under the detection limit.
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Meanwhile, virus strains with amino acid substitutions in HBsAg often escape from HB vac-
cine-induced antibody and HBIG treatment during vertical transmission of HBV [19,20,29].
The substitution reported most frequently is residue 145, glycine to arginine (G145R), located
in the second loop of the “a” determinant of HBsAg. This study demonstrated that HB0478
also recognized HBsAg with the G145R substitution and protected against G145R infection in
vivo, whereas HB0116 did not bind to the G145R substituted protein or neutralize the mutant.
Although how G145R in the second loop affects mAb-binding to the first loop is largely un-
known, it is possible that the C(K/R)TC-dependent HB0478 epitope might be more distant
from the second loop than that of HB0116, suggesting that HB0478 might not be affected by
the conformational change of HBsAg induced by substitution of glycine at residue 145. It is
noted that epitopes other than “a” determinant such as those within pre-S2 region [30] could
also contributed to the neutralization of escape mutants.

In conclusion, this study raises the possibility that active immunization with a gt-C-based
vaccine confers prophylaxis against gt-A, which is spreading in Japan, and against escape mu-
tants such as G145R, when the anti-HBs responses are sufficient. Note that PHHs isolated
from chimeric mice with human hepatocytes enabled us to investigate precisely the inhibitory
effects of the mAbs, or any antiviral compounds, against HBV infection in vitro.
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Abstract Reactivation of hepatitis B virus (HBV) infec-
tion may occur in adult T-cell leukemia-lymphoma (ATL)
patients with resolved HBV infection who receive mono-
therapy with the anti-CC chemokine receptor 4 monoclo-
nal antibody, mogamulizumab. However, there is little evi-
dence regarding the incidence and characteristics of HBV
reactivation in ATL patients receiving systemic chemo-
therapy, including the use of this antibody. We conducted
a retrospective study for 24 ATL patients with resolved
HBYV infection underwent regular HBV DNA monitoring
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to assess HBV reactivation in Nagoya City University Hos-
pital between January 2005 and June 2013. With median
HBV DNA follow-up of 238 days (range 57-1420), HBV
reactivation (defined as the detection of HBV DNA) was
observed in three (12.5 %) of 24 patients with resolved
HBV infection. No hepatitis due to HBV reactivation
occurred in those patients who were diagnosed with HBV
DNA levels below 2.1 log copies/mL and who received
antiviral drugs. Mogamulizumab was administered prior to
HBYV reactivation in two of three HBV-reactivated patients.
In the mogamulizumab era, further well-designed prospec-
tive studies are warranted to estimate the incidence of HBV
reactivation and to establish regular HBV DNA monitor-
ing-guided preemptive antiviral therapy for such patients.

Keywords Reactivation - HBV - CCR4 -
Mogamulizumab - ATL

Abbreviations

HBV Hepatitis B virus

ATL Adult T-cell leukemia-lymphoma

HBsAg Hepatitis B surface antigen

Anti-HBc  Antibodies against hepatitis B core antigen
Anti-HBs  Antibodies against hepatitis B surface antigen
CCR4 CC chemokine receptor 4

Introduction

Reactivation of hepatitis B virus (HBV) infection has been
reported as a potentially fatal complication of systemic
chemotherapy [1-6]. HBV reactivation may occur not only
in hepatitis B surface antigen (HBsAg)-positive patients,
but also in patients with resolved HBV infection who are
seronegative for HBsAg but seropositive for antibodies
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against hepatitis B core antigen (anti-HBc) and/or antibod-
ies against HBsAg (anti-HBs).

Chemotherapy containing the anti-CD20 monoclo-
nal antibody, rituximab plus steroids has been shown to
be an important risk factor for HBV reactivation in B-cell
lymphoma patients with resolved HBV infection [2, 3].
Recently, the anti-CC chemokine receptor 4 (CCR4) mono-
clonal antibody, mogamulizumab, was developed and intro-
duced into the management of adult T-cell leukemia~lym-
phoma (ATL) [7-12]. A dose-finding study showed that
mogamulizumab monotherapy could induce HBV reactiva-
tion-related hepatitis in an ATL patient with resolved HBV
infection [9, 13].

However, there is little evidence regarding the incidence
and characteristics of HBV reactivation in ATL patients
with resolved HBV infection who were receiving systemic
chemotherapy including this antibody. We conducted here
a retrospective study in a single institution to evaluate the
risk of HBV reactivation in these patients who underwent
regular monitoring of HBV DNA levels during and after
chemotherapy.

Patients and methods

Between January 2005 and June 2013, 66 patients were
diagnosed with ATL in Nagoya City University Hospi-
tal. Baseline serological markers for HBsAg, anti-HBc,
and anti-HBs were measured to evaluate their viral status
before systemic chemotherapy. Antiviral prophylaxis was
provided to the HBsAg-positive patients before the ini-
tiation of systemic chemotherapy. HBV DNA levels were
assessed in HBsAg-negative patients who were seroposi-
tive for anti-HBc and/or anti-HBs. Patients seronegative for
HBsAg but with detectable of HBV DNA were considered
to have occult HBV infection, and antiviral prophylaxis
was provided to those patients. HBsAg-negative patients
seropositive for anti-HBc and/or anti-HBs but without
detectable of HBV DNA were considered to have resolved
HBYV infection and their HBV DNA levels were monitored
regularly (monthly in principle) for HBV DNA levels dur-
ing chemotherapy and at least 1 year after chemotherapy;
HBYV reactivation was defined as the detection of HBV
DNA. If HBV reactivation was confirmed, antiviral drugs
were given immediately (preemptive antiviral therapy).

All baseline serological markers of HBsAg, anti-HBc
and anti-HBs were measured by the laboratory in this hospi-
tal, using the following methods and cut-off values: CLEIA
with cut-off values for HBsAg, anti-HBc and anti-HBs were
1.0 C.0J, 1.0 INH % and 10.0 mIU/mL, respectively, from
January 2005 to December 2010, CLEIA with cut-off values
for HBsAg, anti-HBc and ant-HBs were 0.03 mIU/mL, 1.0
C.0.], and 10.0 mIU/mL, respectively, from January 2011.

@ Springer

HBV DNA levels were measured by an outside labo-
ratory (SRL, Inc.; Tokyo, Japan) or by the laboratory in
this hospital, using the following methods and cut-off
values: transcription-mediated amplification test with a
cut-off value of 3.7 LGE/mL from January 2005 to April
2006, Amplicor HBV monitor test with a cut-off value of
2.6 log copies/mL from April 2006 to May 2008, COBAS
AmpliPrep/COBAS TagMan HBV test (v1.0) with a cut-off
value of 1.8 log copies/mL from May 2008 to July 2009,
and COBAS AmpliPrep/COBAS TagMan HBV test (v2.0)
with a cut-off value of 2.1 log copies/mL from July 2009.

For the analysis of HBV sequences, nucleic acids were
extracted from the preserved serum specimens (200 L)
and subjected to PCR to amplify HBV genomes within
the short S region [nucleotides (nt) 427-607] and the basal
core promoter (BCP)/precore (PC) regions [nt 1628-2047]
followed by direct sequencing using the ABI Prism Big
Dye ver. 3.1 kit in an ABI 3100 DNA automated sequencer
(Applied Biosystems, Foster City, CA). HBV genotypes
were determined by molecular evolutionary analysis [14].

To compare the baseline characteristics and ATL treat-
ment of the patients with and without HBV reactivation,
we used the Chi-square test and two-sided Fisher’s exact
test for categorical data, and the Mann~Whitney U test
for continuous variables. A two-tailed p value of less than
0.05 was considered statistically significant. All statistical
analyses were performed using SPSS (version 22.0) statis-
tical software for Windows, using data fixed on August 31,
2013. This study was approved by the Institutional Review
Board of Nagoya City University. All patients gave written
informed consent.

Results

The status of HBV infection at baseline was as follows
(Fig. 1): HBsAg-positive (n = 2, 3.0 %), HBsAg-negative
(n = 63, 95.5 %), and no serological HBV assessment
(n =1, 1.5 %). Of the 63 HBsAg-negative patients, 31
(49.2 %) were anti-HBc positive and/or anti-HBs positive.
Of the remaining 32 patients, 31 were anti-HBc negative
and anti-HBs negative, and one had no data for anti-HBc
and anti-HBs. Because HBV DNA below 1.8 log copies/
mL was detected at baseline in one patient who was anti-
HBc positive and anti-HBs- positive at baseline (and who
was therefore judged to have occult HBV infection), anti-
viral drugs were administered before initiating systemic
chemotherapy. Finally, 24 of 31 patients with resolved HBV
infection underwent regular HBV DNA monitoring (Fig. I).
For these 24 ATL patients, initial systemic chemotherapy
included the following regimens: CHOP (n = 7, 29.2 %),
VCAP-AMP-VECP (n = 13, 54.2 %) and others (n = 4,
16.6 %) (Table 1). Systemic chemotherapy was started in 6
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Fig. 1 Baseline serological

markers of HBV infection in the Aﬂj

66 ATL patients. Two patients n=66

were HBsAg-positive, 63 were

HBsAg-negative, the last was { ]

not available for serological ) .

HBYV assessment. Of the 63 HBsAg (+) HBsAgﬁ(-) N»‘\
HBsAg-negative patients, 31 n=2 n=63 n=l

were anti-HBc-positive and/or

anti-HBs-positive. One patient ] ]
had detectable HBV DNA at

baseline, and was judged as anti-HBc (-) and anti-HBs () anti-HBe (+) and/or anti-HBs (+) NA
having occult HBV infection. n=3l =31 n=1

Regular HBV DNA monitor-
ing was performed in 24 of 31

patients with resolved HBV
infection and 3 patients suf-
fered HBV reactivation. HBV

HBV DNA monitoring (+)

HBV DNA monitoring (-)

n=25 n=6

hepatitis B virus, ATL adult
T-cell leukemia—lymphoma,

HBsAg hepatitis B surface
antigen, anti-HBc antibodies
against hepatitis B core antigen,

baseline HBV-DNA ()

baseline HBY DNA (+)

n=24 n=1

anti-HBs antibodies against
hepatitis B surface antigen, NA

not available

chemotherapy (+)
n=24

HBYV reactivation (+)

HBYV reactivation (=)

n=3 n=21

patients before HBV DNA monitoring. For the 24 patients
with resolved HBV infection during and after systemic
chemotherapy, regular monitoring of HBV DNA was con-
ducted with a median interval of 30 days (range 2-703).

HBV reactivation was observed in 3 (12.5 %) of 24
patients with resolved HBV infection, with a median HBV
DNA follow-up of 238 days (range 57-1420). No hepati-
tis due to HBV reactivation occurred in those patients who
were diagnosed with HBV DNA levels below 2.1 log cop-
ies/mL and who received antiviral drugs (entecavir, 0.5 mg/
day), resulting in no detectable HBV DNA levels during
antiviral treatment.

There was no statistically significant difference in base-
line characteristics and ATL treatment between patients
with and without reactivation in this retrospective analysis
(Table 1). The characteristics of 3 patients with HBV reac-
tivation are shown in Table 2; all were male, and seroposi-
tive for anti-HBc and anti-HBs at baseline, and received the
VCAP-AMP-VECP regimen as initial treatment. Moga-
mulizumab was administered prior to HBV reactivation
in 2 of 3 HBV-reactivated patients. The anti-HBs titers
of 3 patients decreased at reactivation compared to base-
line titers in 3 patients. Their HBV genotypes were deter-
mined as C. HBV mutations were not found in the precore

region or basal core promoter. One patient died due to ATL
progression.

The clinical course of case 1 is shown in Fig. 2. HBV
reactivation was confirmed with HBV DNA levels below
2.1 log copies/mL, 3 months after initiating mogamuli-
zumab-containing chemotherapy as initial treatment for
ATL. The patient presented with elevation of transaminase
levels after detection of HBV DNA, it considered not viral
hepatitis, but drug-induced liver damage because of tran-
sient and slight increase of HBV DNA levels. Reemergence
of HBV was observed repeatedly after withdrawal of anti-
viral drugs following the development of drug-induced
allergic rash or interstitial pneumonia. The patient main-
tains complete remission of ATL with undetectable of HBV
DNA after withdrawal of antiviral drugs over 3 years after
mogamulizumab-containing chemotherapy.

Discussion
This study showed that the incidence of HBV reactivation
among ATL patients with resolved HBV infection who

received systemic chemotherapy was 12.5 %. Preemptive
antiviral therapy, guided by regular HBV DNA monitoring,

@ Springer

—499 —



H. Totani et al.

Table 1 Baseline
characteristics and treatment
of 24 ATL patients with
resolved HBV infection

who underwent HBV DNA
monitoring following systemic
chemotherapy

HBYV hepatitis B virus,

ATL adult T-cell leukemia~
lymphoma, ECOG Eastern
Cooperative Oncology Group,
HBsAg hepatitis B surface
antigen, anti-HBc¢ antibodies
against hepatitis B core antigen,
anti-HBs antibodies against
hepatitis B surface antigen,
CHOP cyclophosphamide,
doxorubicin, vincristine,
prednisolone, VCAP-AMP-
VECP VCAP (vincristine,
cyclophosphamide,
doxorubicin, prednisolone)-
AMP (doxorubicin,
ranimustine, prednisolone)-
VECP (vindesine, etoposide,
carboplatin, prednisolone),
HSCT hematopoietic stem cell
transplantation

* Initial chemotherapy regimen
for adult T-cell leukemia~lym-
phoma was given during HBV
DNA monitoring

® In 2 of 3 HB V-reactivated
cases, mogamulizumab was
given prior to HBV reactivation

¢ One patient received allo-
geneic hematopoietic stem
transplantation after HBV
reactivation

¢ HBV DNA follow-up time
indicates the time from the date
of baseline HBV DNA measure-
ment until the date of the last
HBV DNA measurement

HBYV reactivation (+4) HBV reactivation (—) p value
n=3 n=21
Median age (range) 59 (58-65) 64 (41-77) 0.822
Sex 0.217
Male 9
Female 12
ATL type of discase 0.090
Acute 1 17
Lymphoma 2 1
Chronic 0 2
Smoldering 0 I
ECOG performance status 0.530
Oorl 3 14
2 or more 0 7
Baseline HBV status 1.00
Anti-HBc positive and anti-HBs positive 3 18
Anti-HBc positive and anti-HBs negative 0 3
Anti-HBc negative and anti-HBs positive 0 0
Baseline anti-HBs titers (mIU/mL) 0.728
<10 0 3
=10, <100 2 8
=100 1 10
Initial chemotherapy regimen® 0.396
CHOP 0 7
VCAP-AMP-VECP 3 10
Others 0 4
Mogamulizumab administration® 0.576
(+) 2 9
=) 1 12
Allogeneic HSCT® 1.00
(+) 1 5
=) 2 16
Year enrolled for HBV DNA monitoring -
2005-2006 0 0
2006-2008 0 4
2008-2009 0 3
2009-2013 3 14

Median HBV DNA follow-up time (range)?

640 (637-1030)

227 (57-1420) -

was effective in preventing hepatitis due to HBV reacti-
vation in all three patients. Most of HBV reactivation has
been reported to occur in B-cell lymphoma, especially in
those who received rituximab-containing chemotherapy
[2—4, 6]. This is the first report regarding the risk of HBV
reactivation focused on ATL patients with resolved HBV
infection, which suggesting that the risk of HBV reactiva-
tion in ATL patients may be similar to that in B-cell lym-
phoma patients [15, 16].

ATL is a mature T-cell lymphoma and human T-cell
leukemia virus type-1 plays a role in its pathogenesis.

@ Springer

Aggressive ATL has been reported to have a poor progno-
sis with a median overall survival of approximately 1 year,
regardless of intensive chemotherapy [17]. The anti-CCR4
monoclonal antibody, mogamulizamab has been shown
recently to be effective and safe for aggressive ATL patients
in the setting of monotherapy or combined with conven-
tional chemotherapy [9, 11, 18]. It is expected that moga-
mulizumab will enable long-term disease control, so more
HBYV reactivation events may be predicted because CCR4 is
a chemokine receptor expressed on T-helper type 2 and reg-
ulatory T cells [7, 19], and is thought to have an important
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Table 2 Characteristics of 3 patients with HBV reactivation

Case 1 Case 2 Case 3
Age 65 59 58
Sex Male Male Male
Type of ATL Lymphoma Lymphoma Acute
ECOG performance status ) 1 1 0
Baseline HBV status
HBsAg =) =) =)
Anti-HBc titers 98.1 % 3.6C.0.1 1.5C.0lI
Anti-HBs titers 20.0 mIU/mL 24.0 mIU/mL >1000.0 mIU/mL
HBYV DNA levels Not detectable Not detectable Not detectable
Chemotherapy regimens before HBV reactivation
VCAP-AMP-VECP plus VCAP-AMP-VECP  VCAP-AMP-VECP
mogamulizumab Mogamulizumab
CHOP
DeVIC
) etc.
Number of regimens 1 1 7
Allogeneic HSCT* No Yes No
After HBV reactivation
Time to reactivation (day)b 90 71 541
HBYV DNA levels at reactivation (log copies/mL) <2.1 <2.1 <2.1
Peak HBV DNA levels (log copies/mL) 2.3 <2.1 <2.1
Anti-HBs titers 17.6 mIU/mL 22.0 mIU/mL 566.5 mIU/mL
HBV genotype C C C
HBV mutation of precore region or basal core promoter  Wild Wild NA
Antiviral drugs Entecavir, lamivudine Entecavir Entecavir
Hepatitis due to HBV reactivation No No No
HBYV DNA follow-up time (day)° 1030 640 637
Outcome Alive (CR1) Alive (CRI) Death due to ATL progression

HBYV hepatitis B virus, ATL adult T-cell leukemia-lymphoma, ECOG Eastern Cooperative Oncology Group, HBsAg hepatitis B surface antigen,
anti-HBc antibodies against hepatitis B core antigen, anti-HBs antibodies against hepatitis B surface antigen, VCAP-AMP-VECP VCAP (vincris-
tine, cyclophosphamide, doxorubicin, prednisolone)-AMP (doxorubicin, ranimustine, prednisolone)-VECP (vindesine, etoposide, carboplatin,
prednisolone), CHOP cyclophosphamide, doxorubicin, vincristine, prednisolone, DeVIC dexamethasone, etoposide, ifosfamide, carboplatin,

CRI first complete response

2 One patient (case 2) received allogeneic hematopoietic stem transplantation after HBV reactivation

b Time to reactivation indicates the time from the date of baseline HBV DNA measurement until the date of the confirmation of HBV reactivation
¢ HBV DNA follow-up time indicates the time from the date of baseline HBV DNA measurement until the date of the last HBV DNA measure-

ment

role in maintaining the balance of the human immune sys-
tem. The mechanism whereby mogamulizumab causes
HBYV reactivation is not fully understood; a reduction of
numbers of CCR4-expressing cells following this antibody
treatment might be associated with an imbalance of antiviral
immunity, resulting in the development of HBV reactivation
[9, 13]. Although HBV reactivation was confirmed in 2 of
11 patients who received mogamulizumab, this study did
not prove that HBV reactivation is associated with mogam-
ulizumab therapy, partly because of the small sample size.
This study has the following limitations: a retrospective
study in a single institution with a small sample size, and
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the diagnosis of HBV reactivation at early stage when only
when HBV DNA became detectable (below 2.1 log copies/
mL) by PCR. Because antiviral treatments after the onset of
hepatitis are often insufficient to control HBV reactivation,
preemptive antiviral therapy guided by regular HBV DNA
monitoring, whereby the antiviral drug is given immediately
when HBV DNA becomes detectable, is recommended by
some guidelines to prevent hepatitis due to HBV reactivation
[20, 21]. However, the definition of HBV reactivation and
cut-off values of HBV DNA levels, along with the timing
of initiation of antiviral treatment in patients with resolved
HBYV infection, have not been fully investigated yet.
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Fig. 2 Clinical course of case 1. A 65-year-old male was diagnosed
as having adult T-cell leukemia-lymphoma of lymphoma type and
received VCAP-AMP-VECP plus mogamulizumab combined chem-
otherapy. At 3 months after systemic chemotherapy, HBV reacti-
vation was confirmed with HBV DNA levels below 2.1 log copies/
mL and antiviral therapy (entecavir, 0.5 mg/day) was given immedi-
ately with no HBV-related hepatitis. He presented with elevation of
transaminase levels after detection of HBV DNA, it considered not
viral hepatitis but drug-induced liver damage because of transient
and slight increase of HBV DNA levels. Because he suffered from an
allergic rash and interstitial pneumonia (IP), entecavir could not be
continued. Consequently, reemergence of HBV (HBV DNA levels of
2.2 log copies/mL.) was observed at 3 months after the first detection
of HBV reactivation. However, he discontinued entecavir because

In conclusion, the incidence of HBV reactivation was
12.5 % in ATL patients with resolved HBV infection fol-
lowing systemic chemotherapy. In mogamulizumab era,
further well-designed prospective studies are warranted to
estimate the incidence of HBV reactivation and to establish
regular HBV DNA monitoring-guided preemptive antiviral
therapy for these patients.
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We describe herein the development of a high affinity and specific DNA aptamer as a new ligand for use
in liposomal nanoparticles to target cultured mouse tumor endothelial cells (mTECs). Active targeted nano-
technology based drug delivery systems are currently of great interest, due to their potential for reducing
side effects and facilitating the delivery of cytotoxic drugs or genes in a site specific manner. In this study,
we report on a promising aptamer candidate AraHH036 that shows selective binding towards mTECs, The
aptamer does not bind to normal cells, normal endothelial cells or tumor cells. Therefore, we synthesized an
aptamer—polyethylene glycol (PEG) lipid conjugate and prepared aptamer based liposomes (ALPs) by the
standard lipid hydration method. First, we quantified the higher capacity of ALPs to internalize info mTECs
by incubating ALPs containing 1mol%, 5mol% and 10mol% aptamer of total lipids and compared the re-
sults to those for unmodified PEGylated liposomes (PLPs). A confocal laser scanning microscope (CLSM)
uptake study indicated that the ALPs were taken up more efficiently than PLPs. The measured K value of
the ALPs was 142 nm. An intracellular trafficking study confirmed that most of the rhodamine labeled ALPs
were taken up and co-localized with the green lysotracker, thus confirming that they were located in lyso-
somes. Finally, using an aptamer based proteomics approach, the molecular target protein of the aptamer
was identified as heat shock protein 70 (HSP70). The results suggest that these ALPs offer promise as a new

carrier molecule for delivering anti-angiogenesis drugs to tumor vasculature,

Key words

aptamer based liposome; targeted drug delivery; tumor endothelial cell; heat shock protein 70

(HSP70); cell-based systematic evolution of ligands by exponential enrichment

Inhibiting angiogenesis is a promising strategy for the treat-
ment of cancer and other disorders related to metastasis.”
Metastases are the cause of 90% of all human cancer deaths.
Chemotherapy of cancer metastases, which can be effective
in some patients, is often associated with significant toxic-
ity, poor bio-distribution, an unusual pharmacokinetic profile,
resistance and non-specificity.>” Major progress in the treat-
ment of cancer has been achieved over the past decades. In
this context, the first angiogenesis inhibitors were reported
in the 1980s from Folkman Laboratories. In 2004, the Food
and Drug Administration (FDA) approved first aptamer drugs
and Pegaptinib arrived on the market for the treatment of the
wet (neovascular) form of age related macular degeneration
(AMD). Many angiogenesis inhibitors are currently in the
advanced clinical level research, and continuous efforts are
needed to improve cancer therapy with regard to patient
safety."® Our goal in this study was to evaluate an aptamer
ligand for trageting our recently isolated tumor endothelial
cells, with the objective of developing a new active targeted
drug delivery system.

Among the known drug delivery systems, liposomes are
the most successful nanotechnology-based drug delivery
system. Twelve liposomal drug products have already been
launched in the world and many liposomal drugs are cur-
rently in the clinical trial stage. Liposome nanoparticles have
been extensively studied as a tool or carrier for encapsulating
drugs or genes. The addition of a conjugate of polyethylene
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glycol (PEG) linked to a lipid anchor (distcaroylphosphatidyi-
ethanolamine) to the liposomal formulation was shown to
significantly prolong liposome circulation time. PEG-coating
contributes to stabilizing stress of the vesicles and provides
important protection against opsonisation, resulting in delayed
hepatic reticuloendothelial system (RES) clearance and greatly
extending circulation time.®’ Indeed, a hallmark of the long-
circulating PEG-modified liposomal drug carriers are their en-
hanced accumulation in tumors.”® Ligand based liposomes are
the most recent addition and technically well accepted vehicle
for successful drug delivery. ‘
Aptamers, which are short oligonucleotides either ssDNA
or RNA, were first independently screened by a method in-
volving the Systematic Evolution of Ligands by Exponential
Enrichment (SELEX) by the two research groups Ellington,
Szostak and Tuerk, Gold in 1990.*'" The recently developed
cell-based aptamer selection, termed cell-SELEX, uses intact
living cancer cells as the target and closely related cells as
controls to produce aptamers capable of identifying molecular
differences between cancer cells.'” Over the last several years,
aptamers have been recognized as an excellent, superior, fast-
est growing and promising new class of targeting ligand, espe-
cially in the nanotechnology platform for drug delivery in the
area of cancer research. Since they possess several advantages
as a targeting ligand, even over other ligands that are used in
drug delivery, such as antibodies which were described by
Cullen and Greene.'? The binding of an aptamer to a target is
very selective and occurs with a high affinity. Aptamers can
be chemically modified to enhance their stability in biological

© 2014 The Pharmaccutical Society of Japan
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fluids, to have a low or non immunogenicity, versatile synthet-
ic accessibility, thermal stability, because of their small size,
they can easily and rapidly diffuse into tissues and organs,
thus permitting faster targeting in drug delivery.!>¥ To date,
a variety of aptamers against different cancer cells have been
isolated based on whole cell-SELEX, but only a very few of
them have been tested for use in drug delivery."*'®

The objective of the present study was to target the tumor
vasculature, which is an attractive and challenging target for
the delivery of anticancer agents. When nanoparticles are in-
jected intravenously to target cancer cells, they must penetrate
cross the endothelial cells lining against oncotic pressure
that is generated from inside the tumor microenvironment.
At the same time, for in vivo applications, it is important for
the therapeutic reagents to target only a particular cell type,
thereby limiting side effects that result from nonspecific de-
livery. It would be possible to solve this problem by targeting
the vasculalture.™® Considering this, we examined a newly
identified aptamer candidate AraHHO036 that selectively binds
to cultured tumor endothelial cells and implemented these
aptamer conjugated liposomal nano particles as a carrier to
target the tumor vasculature. We evaluated the uptake capac-
ity, the binding affinity and the intracellular distribution of
such a system to evaluate whether it could be used to deliver
anticancer agents.

MATERTALS AND METHODS

Isolation of Mouse Tumor Endothelial Cells (mTECs)
All experiments involving animals and their care were car-
ried out consistent with Hokkaido University guidelines, and
protocols approved by the Institutional Animal Care and Use
Committee. Endothelial cells were isolated as previously de-
scribed.!”?® Briefly, normal skin endothelial cells (skin-ECs)
were isolated from the dermis as controls. mTECs were iso-
lated by magnetic bead cell sorting using an IMag cell sepa-
rating system (BD Biosciences, San Jose, CA, U.S.A.). CD31-
Positive cells were sorted and plated on 1.5% gelatin-coated
culture plates and grown in EGM-2 MV (Clonetics, Walkers,
MD, U.S.A) and 15% fetal bovine serum (FBS). Diphtheria
toxin (DT) (500ng/mL, Calbiochem, San Diego, CA, U.S.A)
was added to the TEC subcultures to kill any remaining
human tumor cells. Human cells express heparin-binding epi-
dermal growth factor (EGF)-like growth factor (hHB-EGF), a
DT-receptor. However, DT does not interact with mouse HB-
EGF and murine ECs therefore survive this treatment.

_Cells and Cell Lines We used primary cultured skin-
ECs that were isolated from normal mice skin as a negative
control. Primary cultured mTECs as target for selection, were
isolated from human tumor xenografts of melanoma tumor
cells (A375) into nude mice. A375, a super-metastatic human
malignant melanoma cell, was a kind gift from Dr. Isaiah J.
Fidler (University of Texas, M.D. Anderson Cancer Centre,
Houston). OS-RC-2, human renal clear carcinoma cells were
purchased from the RIKEN Cell Bank (Tsukuba, Japan).
NIH3T3 cells were obtained from the American Type Culture
Collection (Manassas, VA, U.S.A.).

Maintenance of Cell Cultures Primary cultured mTECs
and normal skin-ECs were cultured using a special medium,
namely EGM-2 MV (Lonza). Human renal cell carcinoma,
OS-RC-2 cells were cultured in RPMI-1640, containing 10%
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fetal bovine serum. NIH3T3 and A375 cells were cultured
in Dulbecco’s modified Eagle’s medium (DMEM) containing
10% fetal bovine serum. To prevent microbial growth, penicil-
lin (100 unit/mL) and streptomycin (100 pzg/mL) were added to
all cell culture media. Cell cultures were maintained at 37°C
in a 5% CO, incubator at 95% humidity. For regular cell cul-
tures a 0.1% trypsin solution was used to dissociate the cells
from the surface of the culture dish. However, RepCell was
used (Cell Seed Inc., Tokyo, Japan) during the entire selection
of a DNA aptamer, flow cytometry assay and during aptamer
targeted protein purification.

Selection of Aptamers The cell-SELEX method was used
to isolate aptamers specific for primary cultured mTECs. The
method for selection has been described previously.” Briefly,
200pmol of an 82Zmer random ssDNA library with fluores-
cein isothiocyanate (FITC) tagged at the 5'-end and a biotin
tag at the 3’-end in 1X selection buffer (500 uL), was used to
start the selection. The random library was first heated in a
thermo-block at 80°C for 10min, and then cooled slowly to
form a secondary structure, which was then incubated with
the target cells on ice for 45min. Only the target cell bound
library was collected for the next cycle selection. A total of
12 rounds of selection was performed with 2 rounds of nega-
tive selection at the 11th and 12th rounds. Finally, the aptam-
ers that were bound to the surface of the cells were eluted by
heating at 95°C for Smin. The bound DNA was purified by
phenol-chloroform extraction followed by ecthanol precipita-
tion. Regular polymerase chain reaction (PCR) was optimized
and used to amplify the bound libraries after each cycle of se-
lection. Asymmetric PCR was used to generate ssDNA for the
next round selection. Eventually, cloning and sequencing was
performed to identify the desire aptamer candidates.

Binding Assay by Fluorescence Activated Cell Sorting
(FACS) A FACS experiment was performed to check the
binding capacity of the AraHHO036 (5-ATGGGGGGCAGT
GTACGGCGCGCCGGTGT-3") aptamer against primary cul-
tured tumor endothelial cells, normal endothelial cells, normal
cells and tumor cells. To perform the experiment, 200 pmol of
aptamer and 200 pmol of zero cycle libraries was heated 80°C
for 10min, and cooled slowly to permit secondary structures
to be formed. A five molar excess of yeast tRNA and bovine
serum albumin (BSA) used as a nonspecific binding agent.
The RepCell dishes that were used permit cells to be de-
tached without the need for using trypsin that can damage cell
surface proteins. 1.0X10° cells were incubated with aptamer
and the control zero-cycle ssDNA library on ice for 45min,
respectively. The cells were spun down (5000Xg, Smin 4°C)
to remove the supernatant that contained unbound DNA.
The cells were washed three times with 1X selection buffer.
Finally, we performed a fluorescence analysis of the sample
on a FACSCalibur flow cytometer (BD Biosciences) in which
10000 events were counted.

Synthesis of Aptamer-Maleimide—-PEG,y,,—1,2-Distear-
oyl-sn-glycero-3-phosphoethanolamine (DSPE) Conjugates
The aptamer (100nmol) was conjugated by reacting it with a 5
fold excess of maleimide—PEG,,—DSPE by gentle overnight
soaking in a Bio-shaker at room temperature. The aptamer
was purchased from Sigma-Genosys. For the conjugation re-
action, the disulphide (S—S) bonds of the aptamer were first
cleaved by the treatment with an excess TCEP solution on
ice for 30—-40min. After the conjugation reaction, the excess
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maleimide—PEG,,,0~DSPE was removed by dialysis (MWCO
4000) against 1% sodium dodecy! sulfate (SDS), 50mwm phos-
phate buffer at pH 7 with the solvent being changed three
times at 4h intervals. Further dialysis (MWCO 3500-5000)
was performed in 50mm ammonium hydrogen carbonate
buffer at pH 8.0 by changing the solvent three times at every
4h intervals. The purified aptamer~lipid conjugate was ion-
exchanged with Zip-Tip C18 and examined by agarosc-gel
electrophoresis and natrix assisted laser desorption/ioniza-
tion-time of flight (MALDI-TOF) MS spectroscopy.

Preparation of Liposomes Liposome (LP) formulations
were prepared by the standard lipid hydration method. The
molar ratio of egg phosphatidylcholine (EPC), cholesterol
(Chol) and rhodamine-1,3-dioleoyl-sn-glycerophosphoetha-
nolamine (DOPE) was 70:30:1. About 1, 5 and 10mol% of
PEG,4—DSPE or Aptamer—-PEG,,,—DSPE of the total lipid
was added to the lipid solutions during the preparation of the
PLPs or ALPs, respectively. All lipids were dissolved in chlo-
roform—cthanol solutions, and, a lipid fillm was prepared by
evaporating all of the solvents under a stream of nitrogen gas.
The dried lipid film was hydrated by adding N-(2-hydroxy-
ethyl)piperazine-N'-2-ethanesulfonic acid (HEPES) buffer
(10mu, pH=74) for 10min at room temperature, followed to
the sonication for approximately 30s to a min in a bath type
sonicator (AU-25C, Aiwa, Tokyo, Japan). The average size
and diameter of liposomes were measured by using a Zeta-
sizer Nano ZS ZEN3600 (Malvern Instrument, Worcester-
shire, U.K.).

Quantitative Cellular Uptake of ALPs in mTECs by
Spectrofiuorometry To perform a standard quantitative cel-
lular uptake analysis, 4.0X10% cells were seeded per cm? in
24-well plates (Corning Incorporated, Corning, NY, U.S.A),
followed by incubating the plates overnight at 37°C in an
atmosphere of 5% CO,, and 95% humidity. On the next ex-
perimental day, medium from cells cultured in 24 well-plates
was removed by aspiration and the cells then washed once
with warm 1X phosphate buffered saline (PBS). Next, rho-
damine labeled liposomal solution at different concentration
was added to the cells, followed by incubation for 1h at 37°C
in an atmosphere of 5% CQ,, and 95% humidity. After 1h of
incubation, the cells were washed twice with 1X warm PBS
supplemented with 100nmM cholic acid and the cells were then
incubated with 1X reporter lysis buffer at —80°C for 20min
to achieve lysis. The lysed cells were placed on ice to melt.
Finally, the lysed solution was centrifuged at 12000rpm for
5min at 4°C to remove cell debris. The efficiency of cellular
uptake in terms of the Fluorescence intensity of rhodamine in
the supernatant solution was measured using a FP-750 Spec-
trofluorometer (JASCO, Tokyo, Japan) at the excitation and
emission range (550-590 nm).

Measurement of K, of ALPs To measure the binding af-
finity of aptamer based liposomes (ALPs), 4.0X10* cells were
seeded per cm? in 24-well plates (Corning Incorporated) and
incubated overnight at 37°C in an atmosphere of 5% CO,
and 95% humidity. On the next experimental day, different
concentrations of rhodamine labeled liposomes (0-1875nMm)
incubated with cells for 1h. After incubation, the cells were
washed twice with 1X PBS supplemented with 100nm cholic
acid. Finally, the mean fluorescence intensity of the ALPs
to the target cells was used to calculate specific binding.
PEGylated liposomes at same concentrations were used as a
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control. The cquilibrium dissociation constant K, was mea-
sured by fitting the dependence of the fluorescence intensity
of specific binding to the concentration of the ligands to the
equation Y=B_ X/(K,+X) uvsing the Sigma Plot 12 (Systat
Software Inc., U.S.A.).

Qualitative Cellular Uptake and Intracellular Distribu-
tion of ALPs in mTECs Confocal laser scanning micros-
copy was used to visualize the uptake of the ALPs and their
intracellular distribution. The mTECs were first seeded in a
35mm glass bottom dish with 2mL of medium and then incu-
bated for 24h. The cell density was 2.0x10° cells/glass bottom
dish. On the next experimental day, the cells were incubated
with 5mol% of the total lipid of the ALPs and PLPs in Krebs
buffer for Th at 37°C under an atmosphere of 5% CO, at 95%
humidity. To confirm the intracellular distribution, the cells
were stained with LysolTracker green (DND-26) 1 (ug/mL) for
30min at 37°C. After 2-3 washings with 1 PBS supplement-
ed with 100nuM cholic acid, the cells were viewed and imaged
by confocal laser scanning microscopy.

RESULTS

Confirmation of the High Affinity Binding Capacity of
the Aptamer Ligand To check whether the isolated aptamer
candidate AralH036 has the capacity to bind to mTECs, we
carried out a FACS experiment and the findings showed that
the aptamer treated mTECs exhibited a high shift compared
to the control zero cycle library (Fig. 1). It was very important
to check the selectivity of this aptamer as to whether it binds
to other cells or not. To answer this question, we carried out
a FACS experiment under the same condition for this aptamer
as above, but against normal endothelial cells, ie, a nor-
mal NIH3T3 cell line, A375 metastatic tumor cell lines and
OS-RC-2 human renal cancer cell lines. This aptamer had no
capacity to bind against any of the above cells, except against
A375, where a slight binding was detected (Fig. 2). This result
confirmed the selective binding and high binding affinity of
this promising candidate with respect to mTECs and also.indi-
cates that the molecular target to which this aptamer bound is
expressed on the mTECs but not on the other cell lines tested.

Synthesis of a DNA Aptamer Conjugate with Male-
imide—PEG,yy—DSPE The aptamer—PEG,,,,—DSPE was
successfully synthesized by conjugating a 5'-thiol-modified

e N freated

s 200 paol O eyele sSDNA library
wonen 200 pmol ArntHE3G

e 1G00 poal ArnHHU36

Counts

B i T
103 104

FL-1
Binding Assay of Aptamer AralHH036 against Target mTECs

Fig. 1.

A flow cytometry binding assay was performed, where the high affinity binding
of FITC--aptamer at doses of 200pmol and 100pmol was observed. The zero cycle
library at 200 pmol was used as a control.
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Fig. 2. Binding Assay of Aptamer Aral1H036 to Normal Cells and Tumor Cells
Flow cytometry binding assay of aptamer at the dose 200pmol. A. Normal skin-ECs, B. Normal NIH3T3, C. A375, D. OS-RC-2. In all cases, our aptamer show no bind-

ing. The 200pmol zero cycle library was used as a control.

aptamer and 5 equimolar amounts of maleimide—PEG,q,—
DSPE. We confirmed the conjugation as well as the molecular
weight of the product by MALDI-TOF MS (Fig. 3). By ap-
plying dialysis using a 3500-5000 MWCO membrane, excess
free lipid was successfully removed overnight. The final quan-
tification of aptamer—PEG,,,,—DSPE was done by UV-visible
spectroscopy at 260nm and the conjugated material was ready
for preparing liposomes.

Preparation of Liposomes The standard lipid hydration
method was successfully employed to prepare ALP. Zeta-
sizer was used to analysis the particle size of ALP (Table 1).
PEGylated liposomes without conjugating ligand was prepared
as a control.

Quantitative Cellular Uptake Study of the ALP in
mTECs Spectrofluorometry was used to perform the quanti-
tative uptake assay. To evaluate the function of our construct-
ed ALPs against primary cultured tumor endothelial cells, we
first carried out an in vitro quantitative cellular uptake experi-
ment using Rhodamine labeled 1, 5 and 10mol% of the total
lipid of ALP and PLP mTECs. The fluorescence intensity of
the ALPs was found to be higher than that for PLP for three
different doses compared to the control (Fig. 4). The enhanced
cellular uptake in terms of fluorescence intensity was statisti-
cally significant compared to control PEG-LPs.

Measurement of the Binding Affinity (K, of the ALPs
The mean fluorescence intensity for various concentrations of
the rhodamine labeled ALP was measured. The experiments
were repeated three times. The K, value was 142nm (Fig. 5).
We also attempted to measure the K; PLPs, but no binding

with the mTECs was detected.

Qualitative Cellular Uptake and Intracellular Distribu-
tion of ALPs in mTECs To demonstrate the actual localiza-
tion of the internalized ALP nano-carrier system, rhodamine
labeled ALPs and PLPs were incubated for 1h with mTECs.
The mTECs were stained with green lysotracker. A confocal
laser scanning microscope (CLSM) study showed that most
of the internalized ALPs were merged with lysotracker, indi-
cating that they were located in the lysosomal compartment;
neither did PLPs show any affinity towards for mTECs nor
were they merged or colocalized in the lysosomal compart-
ment (Fig. 6).

DISCUSSION

To better understand the effects of the tumor microenviron-
ment on the properties of endothelial cells and to understand
how they are different from normal endothelial cells, our col-
laborative group isolated very pure tumor endothelial cells.
Isolating and culturing tumor endothelial cells is a challenging
task, because (i) endothelial cells are usually enmeshed in a
complex type of tissue, consisting of vessel wall components,
stromal cells, and tumor cells; and (ii) only a small fraction
of cells within these tissues are actually endothelial cells. It is
assumed that a single tumor endothelial cell can support many
tumor cells.”?® Thus, to develop an anti-angiogenic therapy,
for targeting endothelial cells might be a much more effective
strategy than targeting the actual tumor cells themselves. In
order to achieve vascular targeting, our strategy was to con-

—507—



1746

Vol. 37, No. 11

100 mM TCEP

.S 0.
HOT8 I A HHO36 T atar

Ci7Has

DSPE-PEGgg00-Mal

shaking
e
rt, overnight

CipHas

40 min

o]
C”H:Z VY\O“‘CT}“O\/\{}J% /\}OVA\““T\” ;j
O

HS O
SN AraHHO36

Q.
P8 O AraHH036

O
)j\O/\f/\O Fl’ O~ J‘% «}OW?@W/\__ SWO\”AI’BHH036
CyrHag TO o~
(o}

DSPE-PEGogge-Aptamer

TCEP = tris(2-carboxyethyl)phosphine hydrochloride, efficient reduéing agent for disulfide linkage

1.2 1.0
{}'V OO')
1.0
Targeting aptamer, (Apt) 0.8 ApEPEG 0 DSPE
otion] A -0 - S N
25 PN Theoretical MW: 9270 Theoretical MW: 12106.054
ol 06
5
Z406
:*’2‘
Z 0.4
&
E 104
‘ b2 2106054
0.2 .
1 y
WAL I
H
0.0 ! k‘“\w»» 0.0 . 2 -
2000 10000 11000 12000 9000 10000 11006 12000 13000
Mass m/z
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overnight at 37°C. (B) MALDI-TOF MS spectrometry was employed to confirm the conjugation.

Table 1. Physical Propertics of Liposomes

Particle data

Name of liposome Size (nm) ZP (mV)
PLPs 9910 ~19+6
ALPs 100:£8 287

struct an active targeting liposomal nano-carrier system.

It was recognized that a technique for increasing the se-
lectivity of the interaction of the liposomes with diseased
cells was desirable. Ligand based active targeting is the most
powerful and a better option for achieving the selective and
highest therapeutic cfficacy with minimal adverse effets vig
receptor mediated endocytosis.?” In this present study, we at-
tempted to utilize our recently screened DNA aptamer ligand
AraHHO036 for the first time, to construct a new ligand based
targeted PEGylated liposomal nano-carrier system and to

carry out a functional analysis. In cell-based selection one
common phenomena reflects many sequences for a single
target with maximum similarity and, or, many sequences for
many different targets due to an affinity and different binding
moiety towards the target. In our case, the similarity within
the different sequences was minimal, which may be due to
the binding of aptamer candidates to the different targets ex-
pressed on the surface of the primary cultured tumor endothe-
lial cells. At the same time, it should be noted that, in an ear-
lier study, we found one very promising candidate AraHHO00!
for targeting to primary cultured tumor endothelial cells.?”
However, we also identified some other promising candidates
with different sequences and minimal similarity, therefore, we
continued our analysis and only recently concentrated on this
promising aptamer ligand AraHHO036 in an attempt to identify
a new liposomal nanocarrier for vascular tergeting. We first
investigated the binding capacity of the FITC-labeled aptamer
for cultured tumor endothelial cells using a standard flow cy-
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mTECs were treated with various concentrations of ALPs or PLPs labeled with
rhodamine DOPE. The average rhodamine intensity of the ALPs or PLPs versus
varying concentrations were plotted to determine the dissociation constant, K. The
experiment was repeated three times.

merge

SM-ECs, 2.0X10° 10/35mm glass bottom was treated with Smol% of the total lipid of ALPs or PLPs for 1h at 37°C. PEG-LPs and Apt-PEG-LPs containing rhodamine
incubated with SM-ECs for 1h at 37°C. Cells were stained with Green Lysotracker for 30 min.

tometry assay. We observed a very high binding affinity for
the mTECs (Fig. 1). We tested the selectivity of this ligand
using the same FACS experiment using four different normal
and tumor cells. No binding to these cells was detected (Fig.
2).

Liposomes are the most advanced and effective drug car-
rier for therapeutics. Therefore, we next prepared an aptamer
modified PEGylated nano-carrier system by conjugating the
5'-thiol aptamer ligand at the maleimide—PEG terminus on the
liposomes. First, we cleaved the aptamer—S—S bond to pro-
duce an aptamer—SH bond by treatment with a reducing agent
TCEP. A NAP-column was used to purify the aptamer—SH
which was then conjugated with maleimide—PEG,,,,~DSPE.
A purified aptamer—lipid conjugation was obtained by dialysis
(MWCO 3500-5000). The molecular weight and purity of the
conjugates was confirmed by MALDI-TOF spectroscopy (Fig.

3). Finally, the aptamer—lipid concentration was determined by
UV-visible spectroscopy.

PEG chains interfere with both the coupling of ligands to
the lipid bilayer and the interaction of these ligands with the
intended biological targets. To improve the selectivity and
cellular uptake, attaching the aptamer ligands to the surface
of the PEG chains is a potentially valuable approach. These
ligands, when coupled to the PEG terminus, do not interfere
with the binding of ligands to their respective recognition
molecules.®® Although EPR effects are based on the structural
features of the neovasculature, long circulating liposomes can
passively accumulate in tumor tisseue, but PEGylation inhibits
cellular uptake. Therefore, active targeting is a very promis-
ing and effective route to solving this problem and, at the
same time, to take advantage of the long retaining properties
of PEG. Finally, liposomes were prepared by the lipid hydra-
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tion method and their physicochemical properties were con-
firmed by a Zetasizer (Table 1). Interestingly, as an amount of
PEGylation increased, the cellular uptake parallelly increased.
We observed similar increase in eellular uptake by PEGylation
with liver endothelial cells.*” This may be because of a un-
known property of endothelial cells.

We also carried out cellular uptake studies, quantitatively
and qualitatively by utilizing the ALPs and the PLPs nano
carrier in primary cultured tumor cndothelial cells. A one
h uptake study using different concentrations of total lipids,
such as 1, 5 and 10mol% in the ALPs and PLPs were carried
out using the mTECs. The uptake of the ALPs nano-carrier
system by mTECs was significant, compared to that for the
unmodified PEGylated nano-carrier system. The uptake of the
ALPs was dose dependent. This result also indicates that the
targeted aptamer first recognized the cellular surface of the
target molecule and was then internalized, Next, to visualize
the extent of enhanced cellular uptake we carried out an in-
vitro qualitative CLSM uptake study (Fig. 4). The rhodamine
labeled 5mol% of total lipids of the ALPs was found to have
a much higher internalization capacity in mTECs compared
to unmodified PLPs. Therefore, the above results suggest that
modifying the PEGylated liposomes with the targeting ligand
is critical for the association of and enhanced internalization
of the nano-carrier system by mTECs. At the same time, due
to the steric repulsion of the PEG polymer in unmodified
PEGylated liposomes, the extent of association to the target
mTECs was decreased, and, as a result, the uptake efficacy
was Jower. We also determined the binding affinity, K, value
of our ALPs. The K, value was in the pano molar range,
142nm (Fig. 5).

We next carried out an intracellular trafficking experiment
in which the uptake of rthodamine labeled ALPs was evaluated
using lyosotracker green as an intracellular marker. A CLSM
study of intracellular trafficking showed that most of the ALPs
were co-localized with lysotracker green, appearing as yel-
low (Fig. 6). However, some remaining ALPs that were not
colocalized (red) remained intact inside the cytoplasm. PLPs
were not taken up substantially and therefore, it was difficult
to determine whether or not they were colocalized.

Finally, we attempted to identify the binding target of the
aptamer ligand that was expressed selectively on the surface
of the mTECs. An aptamer based proteomic approach was
successfully used to isolate the molecular target. MALDI-
TOF MS analysis confirmed that the molecular target of this
aptamer ligand is heat shock protein HSP70 (Suppl. Fig. 1).
HSP70 is heat shock proteins or heat stress proteins consist of
chaperons of approximately 70kDa in size. HSP70 is cytoxic
to tumor cells but not in normal cells. It plays a very impor-
tant role in cancer relevant pathways.”® This protein has been
shown to be released from cells as the result of acute stress as
well as being secrereted after exposure to a number of stimuli.
This protein inhibits apoptosis and also plays a role in resis-
tance to cancer chemotherapy. The intracellular expression of
HSP70 in different tumor cells are well established. Among
researchers, still contradictory matter when tumor cell surface
expression issue comes.” Y The exact reason of its expres-
sion on the surface of cultured mTECs is not currently known.
More experimental studies need to be done and remains to be
clarified in the future.

Vol. 37, No. 11

CONCLUSION

We developed a high affinity and sclective DNA aptamer
AraHHO036 by means of the cell-SELEX method. Utiliz-
ing this aptamer we successfully prepared an aptamer based
PEGylated liposomal delivery system that targets cultured
tumor endothehal cells. The results of the study indicate that
active targeting is a potentially useful tool for enhancing cel-
lular uptake, compared to unmodificd PEGylated liposomes.
The binding affinity of this newly designed ALP was found
to be in the nanomolar range. This study also reports on the
nature of the molecular target of this aptamer ligand, which is
referred to as HSP70. Therefore, we conclude that this system
is potentially very promising and could be useful for the ac-
tive targeting and delivery of drugs and or, gene therapy in the
future. At the same time, it also represents a good example of
using an aptamer ligand and the identification of biomarkers
in terms of understanding such events at the molecular level.
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The specific delivery of a gene to liver sinusoidal endothelial cells (LSEC) could become a useful strategy
for treating various liver diseases associated with such cells. We previously reported that the
accumulation of KLGR peptide modified liposomes through liver sinusoidal blood vessels was enhanced
after an intravenous administration. Here, we report on an attempt to develop an LSEC targeted
nanocarrier system to deliver siRNA for the successful knockdown of LSEC specific gene expression. The
system involved the development of a multifunctional envelop-type nano device (MEND) modified with
the KLGR peptide for siRNA delivery targeting LSEC. Our developed carrier successfully lowered specific
gene expression in LSEC. An in vivo study showed that at a lower density of ligand at the surface of the
MEND resulted in the highest knockdown of gene expression in LSEC. This is the first report of the
successful delivery of siRNA to LSECs. Further experiments suggest that not only a higher endosomal
escape efficiency into the cytosol but also the uptake mechanism as a function of ligand density are two
important factors to be considered for targeting LSEC.
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1. Intreduction

Liver sinusoidal endothelial cells (LSECs) are located at the liver
sinusoids where they separate hepatocytes from the blood flow.
They play important role under normal physiological conditions as
well as in many pathophysiological situations (Deleve, 2011;
March et al., 2009). Upon exposure to a variety of chemical toxins
or aviral infection or when stimulated by cytokines or chemokines,
they undergo into a huge change in gene expression and are thus
active participants in inflammatory conditions (Ramadori et al,
2008; Neumann et al., 2011; Samantha et al., 2009; Neubauer et al,
2000). Disturbances in normal LSEC functions contribute to a wide
range of pathophysiological alterations. For example, altered
microcirculation due to changes in the porosity of LSEC has been

* Corresponding author at: Faculty of Pharmaceutical Sciences, Hokkaido
University, Kita-12, Nishi-6, Kita-ku, Sapporo, Hokkaido 060-0812, Japan. Tel.:
+81 11 706 3919; fax: +81 11 706 4879.
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0378-5173/© 2014 Elsevier B.V. All rights reserved.

implicated in alcoholic liver disease (Oshita et al,, 1992). Despite
the fact that they initiate different hepatic diseases, LSEC induce
disease progression by playing active role in terms of immunity
and inflammation (Neurnann et al,, 2011). To normalize the altered
physiology or to reduce the induction of inflammation during
various pathophysiological conditions, gene delivery to LSEC could
become a useful therapeutic agent (Kren et al, 2009). This
approach however has not been successful because a suitable
specific carrier is not currently available. Though there are several
reports of attempts of gene delivery to LSEC, only a few were
successful in causing the knockdown of target gene expression.
However, in this study we report on the development of a targeted
nanocarrier that is specific to LSEC.

In the area of gene delivery, siRNA delivery has proved to be
advantageous in terms of efficacy. One of the main obstacles for
this therapy is specificity. Though no successful report of the in
vivo delivery of siRNA to LSEC, some carrier mediated non-viral
approaches have been successful in delivering plasmid DNA or
oligonucleotide (ODN) to LSEC but failed to achieve the successful
lowering of the expression of target gene (Takei et al., 2004 ). LSECs
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possess unique receptors that recognize and internalize hyaluronic
acid (HA). This HA modified targeted poly-i-lysine grafted-HA/DNA
complex can be delivered to LSEC via receptor mediated
endocytosis which results in the successful delivery of a gene
inside the cell (Takei et al., 2004). In the present study, a
multifunctional type nano device or MEND was used as the siRNA
carrier. For this purpose we used a previously reported
YSKO5-MEND, which was reported to show successful RNAi
activity in the liver (Sato et al, 2012). Our previous studies
showed that YSKO5 lipid facilitates the endosomal escape of the
MEND and thus, enhances the efficacy of siRNA delivery into the
cytosol and gene silencing (Sato et al., 2012; Sakurai et al., 2013)

To increase the specificity of the MEND, we modified the surface
of the YSKO5-MEND with a ligand that is selective for LSEC. For this
purpose, previously reported LSEC targeting KLGR peptide was
used (Akhter et al., 2013). This peptide ligand was designed from
the ApoB-100 sequence of an LDL molecule, which is responsible
for the binding of LDL molecules to LDL receptors (Urban et al.,
1993, 2010). In the present study, stearylated KLGR (STR-KLGR)
modified YSKO5-MEND was able to deliver Tie2 siRNA into LSEC to
suppress the endothelial cell specific Tie2 gene which is also
known as the angiopoietin receptor protein (Peters et al,, 2004).
The delivery of Tie2 siRNA to the liver caused a significant decrease
in the expression of the Tie2 gene which establishes selectivity of
the STR-KLGR modified YSKO5-MEND to LSEC. In this study, we
made an additional effort, not only to verify the selectivity of
the carrier for LSEC and not for hepatocytes but also optimized the
carrier to achieve maximum gene silencing activity.

2. Materials and methods
2.1. Materials

F7 siRNA (sense strand): 5'~-GGAUCAUCUCAAGUCUUACATAT-3’
and Tie2 siRNA (sense strand): 5'-AUAUCUGGGCAAAUGAUGG-3'
was purchased from Sigma (Ishikari, Japan). RLTRKRGLKGGC (KLGR
in brief) peptide and stearylated RLTRKRGLK (STR-KLGR) and
stearylated octaarginine (STR-R8) peptides were purchased from
Kurabo Industries, Osaka, Japan. 1,2-dimyristoyl-sn-glycerol,
methoxyethyleneglycol 2000 ether (PEG-DMG), cholesterol (Chol)
were purchased from Avanti Polar Lipids (Alabaster, AL, USA).
N-[(3-Maleimide-1-oxopropyl)aminopropy! polyethyleneglycol-
carbamyl] distearoylphosphatidyl-ethanolamine (maleimide-
PEG-DSPE) was purchased from Nippon Oil and Fat Co. (Tokyo,
Japan). Endothelial cell basal medium (EBM-2) and other related
growth factors were purchased from Lonza (Walkersville, MD,
USA). Dulbecco’s fetal bovine serum (FBS) was obtained from
Hyclone Laboratories (Logan, UT, USA). RiboGreen was purchased
from Molecular Probes (Eugene, OR, USA). Trizol reagent was
purchased from Invitrogen (Carlsbad, CA, USA). All other chemicals
used in this study were of analytical grade.

2.2. Experimental animals

Male ICR mice were purchased from Japan SLC (Shizuoka,
Japan). The experimental protocols were reviewed and approved
by the Hokkaido University Animal Care Committee in accordance
with the guidelines for the care and use of laboratory animals.

2.3. Cell culture

Hepal-6 cells were obtained from the American Type Culture
Collection (Manassas, VA) and the cells were maintained with
Dulbecco’s modified Eagle’'s medium (DMEM) supplemented
with 10% fetal bovine serum and penicillin (100 units/ml) under
an atmosphere of 5% CO, at 37 °C. Liver sinusoidal endothelial cells

(LSEC) were maintained in EGM-2 (Lonza) supplemented with
5% FBS and other relevant growth factors. The cells were cultured
under an atmosphere of 5% CO, at 37°C (Hida et al,, 2004; Akino
et al, 2008: Ohga et al.,, 2009).

2.4. Conjugation of the KLGR peptide to PEGpgo-DSPE

Conjugation was achieved by incubating a 1.2:1 molar ratio of
RLTRKRGLKGGC peptide and maleimide-PEG-DSPE in deionized
water at room temperature for 24h. The conjugation of KLGR
peptide with PEG was confirmed by matrix assisted laser
desorption/ionization~time of flight (MALDI-TOF) MS (Bruker
Daltonics, Germany) using acetonitrile:water=7:3 with 0.1% of
trifluoroacetate as the matrix solution, supplied with a 10 mg/ml
solution of dihydroxybenzoic acid.

2.5. MEND preparation

In this study, we used a YSKO5-MEND that was previously
reported by our laboratory (Sate et al., 2012). The YSKO5 lipid,
used to prepare liposomes contains one tertiary amine group and
has pH-sensitive properties, and long, unsaturated carbon chains
for emphasizing a cone shaped structure (Sato et al, 2012).
MENDs were typically prepared using YSKO5, a cationic lipid,
cholesterol and PEG-DMG using a t-BuOH dilution procedure. The
molar ratio of YSKO5/cholesterol/PEG-DMG in the MEND was
70/30/3. To stabilize the lipid membrane during the formulation
process and for preservation we used PEG-DMG. For the
preparation of lipid layer 10mM lipids were dissolved in a
90% t-BuOH solution. To prepare liposome cy3 labeled or
unlabeled, the lipid solution was titrated slowly with an siRNA
solution in 1 mM citrate buffer (pH 4.5) under vigorous mixing to
permit the siRNA to be incorporated inside the lipid layer and the
resulting suspension was then diluted quickly with citrate buffer
to final concentration of <20% t-BuOH. The t-BuOH was removed
by ultrafiltration, and the external buffer was replaced with
phosphate buffered saline (PBS, pH 7.4). An empty MEND with the
same lipid composition was prepared by a similar procedure, with
the exception that the lipid solution was titrated with an
equivalent volume of 1 mM citrate buffer instead of siRNA. For
modifying the surface of the MEND with KLGR-PEG or STR-KLGR,
the MENDs were incubated at 45 °C for 45 min with KLGR-PEG-
DSPE or STR-KLGR. Labeled MENDs were prepared by adding
1 mol% of NBD-DOPE or rhodamine-DOPE to the lipid-t-BuOH
solution prior to mixing with the siRNA. The average size and zeta
potential of the MENDs were measured by a Zetasizer Nano ZS
ZEN3600 (Malvern Instruments, Worcestershire, UK).

2.6. RiboGreen assay

For the determination of siRNA encapsulation efficiency of the
developed MEND and to measure the concentration of siRNA, a
RiboGreen fluorescence assay was performed (Toriyabe et al,
2013). RiboGreen (Molecular Probes, OR, US.A.) that binds
specifically to double-stranded siRNA and produces a fluores-
cence intensity only when bound to siRNA. Fluorescence intensity
was measured with a spectrofluorometer (Enspire 2300
multilabel Reader, Perkinelmer). First, MENDs were diluted to
different concentration in 10 mM HEPES buffer at pH 7.4. Then
RiboGreen was added to all the samples at a 1:1 ratio (v/v) either
in the presence or absence of 0.1% (w/v) Triton X-100. A standard
curve was prepared using different concentration of siRNA and
the siRNA concentrations in all the samples were calculated from
siRNA standard curve. siRNA encapsulation efficiency was
measured by comparing the concentration of siRNA in the
presence and absence of Triton X-100.
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