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Fig. 4. Therapeutic effect of AEPO-liposomes on brain injury in the t. ¢
start of reperfusion. (as AEPO dosage of 8 pg/kg). Frozen sections of the brain in the t-MCAQ model rats were prepared at 24 h after the injection of each sample, and then the sec-
tions were stained with TUNEL reagents and DAPL The fluoresc ages in the striatum (A) and the cortex (B) were observed by confocal laser scan microscopy. Quantitative
data of apoptotic cerebral cells in the striatum (C) and the cortex (D) were obtained as the mean of 4 independent experiments. Solid columns indicate PBS control; and open col-
umns, AEPO-liposomes. t-MCAO rats were injected via a tail: /ith PBS, AEPO, AEPO-liposomes or PEGylated liposomes immediately after the start of reperfusion (as AEPO dos-
age of 8 pg/kg). E) The brains were dissected and stained with TTC at 24 h after the injection. Infarct volume (F) and the degree of brain swelling (G) were calculated by using Image
J. Data are the mean+S.D. (D, E; n=4, G-H; n=7). Significant differences are indicated as follows: *p<0.05, **p<0.01, ***p<0.001 as indicated by the brackets.

We attempted to improve the outcome of cerebral stroke by enhanc-
ing the effect of low-dose (8 pg/kg) AEPO by using liposomal DDS
technology. AEPO suppressed the infarct volume by approximately
30%, in contrast to the more than 70% achieved by the AEPO-
liposomes. AEPO showed a cytoprotective effect on cerebral I/R injury
via intravenous injection in spite of its short half-life in the blood-
stream, probably because a brief exposure of neuronal cells to EPO
is sufficient to cause a neuroprotective effect in vitro [19]. However,
a long exposure to EPO is more effective than a short one for protect-
ing neuronal cells [19]. AEPO-liposomes showed high accumulation
and long retention in the ischemic hemisphere owing to a prolonged
time in the blood circulation and the EPR effect. Therefore, we suggest
that the significant neuroprotective effect of AEPO-liposomes should
be attributed to the activation of many EPORs at the early stage
after the start of reperfusion and to the long exposure of the cerebral
Fig. 5. Motor activity of t-MCAO model rats after treatment with AEPO-liposomes. cells to high concentration of AEPO.

t-MCAO model rats were injected via a tail vein with PBS, AEPO, AEPO-liposomes or Ischemic cerebral edema consists of cytotoxic edema and vaso-
PEGylated liposomes immediately after the start of reperfusion (as AEPO dosage of genic edema resulting from dysfunction of the cellular osmotic pres-

8 ug/kg). At 24 h after the injection, the rats were assessed points in a 21-point . . .
neuropathological scoring system. Data are presented as the mean+S.D. (n=7). sure and dlsruptlon of the BBB, reSpeCtIVEIy‘ EPO has been shown to
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Significant differences are indicated as follows: * p<0.05, ** p<0.01, *** p<0.001 as reduce astrocyte swelling by inhibiting the permeability of astrocyte
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through reducing cell swelling [34]. These findings suggest that AEPO
might attenuate astrocyte swelling and neuronal cellular edema,
resulting in suppression of neuronal cell death. In comparison with
the other groups, the I/R rats treated with AEPO-liposomes signifi-
cantly recovered neurological function (as assessed by motor score)
at 24 h after an injection given immediately after the start of reperfu-
sion. AEPO-liposomes mainly suppressed cerebral cell death in the
striatum, which is the principal input nucleus of the basal ganglia re-
ceiving motor information from the cerebral motor cortex. Thus, the
suppression of cell death in the striatum by the treatment with
AEPO-liposomes resulted in the improvement of the motor abilities
of the t-MCAO model rats. Nanoparticles appear to be suitable for de-
livering drugs in and around the striatum after cerebral ischemia,
since the cerebral distribution of PEGylated liposomes corresponded
to the region recovered by the treatment with AEPO-liposomes. This
finding is of considerable interest as previous studies have found
that some small molecular agents aid recovery mainly in the cerebral
cortex {35,36]. Thus, a combination therapy using such agents together
with liposomal drugs might be useful for the treatment of cerebral I/R
injury. Our results indicate that AEPO-liposomes reduce progression of
brain damage after recovery of blood flow from cerebral ischemia.
AEPO-liposomes may be a useful adjunctive therapy after t-PA treat-
ment in clinical practice.

5. Conclusions

The study has found that PEGylated liposomes injected immedi-
ately after reperfusion accumulated in the ischemic regions at an
early stage after I/R and were retained there for at least 24 h after
the start of reperfusion. Furthermore, AEPO-PEGylated liposomes
significantly reduced cerebral I/R injury in t-MCAO model rats. There-

fore, nanoparticles such as liposomes are potentially useful as a drug
delivery carrier for the treatment of cerebral ischemia- reperfusmn )

injury.
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ABSTRACT

Increased expression of heparin-binding epidermal growth factor-like growth factor (HB-EGF) is frequently
observed in certain cancers such as ovarian and breast cancers, and this protein is a desirable target for drug
delivery by a drug delivery system (DDS). In the present study, we developed novel immunoliposomes
targeting HB-EGF for cancer therapy. The immunoliposomes significantly associated with Vero-H cells
overexpressing HB-EGF compared with their binding to wild-type Vero cells, whereas liposomes without
modification by the antibody did not associate with either type of cells. Moreover, enhanced uptake of
the immunoliposomes into Vero-H cells was observed as well as that into MDA-MB-231 human breast can-
cer cells, which are known to highly express HB-EGF. These results suggest that HB-EGF mediates the bind-
ing and uptake of the immunoliposomes in HB-EGF-expressing cells. Next, we determined the therapeutic
effect of these immunoliposomes encapsulating an anticancer drug on tumor-bearing mice. For this pur-
pose, we prepared doxorubicin (DOX)-encapsulated immunoliposomes and injected them intravenously
into mice bearing MDA-MB-231 cancer cells. As a result, these DOX-encapsulated immunoliposomes
suppressed not only tumor progression but also tumor regression. In conclusion, our results indicate that
anti-HB-EGF antibody-modified liposomes could be a useful DDS carrier for the treatment of HB-EGF-

expressing cancers.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Heparin-binding epidermal growth factor-like growth factor
(HB-EGF) is known to stimulate the growth of various cells in an au-
tocrine or a paracrine manner. This protein is highly expressed on
various cancer cells, such as those of ovarian and breast cancer
{1,2], and is also expressed on tumor angiogenic vessels [3,4].
Therefore, HB-EGF seems to be a target molecule for the treatment
of certain cancers. In fact, CRM197, which binds to the EGF-domain
of HB-EGF and prevents HB-EGF from binding to ErbB receptors
and therefore regulates the cell proliferation, is now under clinical
trials {5]. The usefulness of HB-EGF as a molecular target of cancer
treatment has been suggested in several reviews [6-8]. Although
HB-EGF can be produced as a membrane-anchored form (proHB-
EGF) and later processed to its soluble form, a significant amount of
proHB-EGF remains on the cell surface [9]. Therefore, HB-EGF
might be also a useful target molecule for drug delivery via a DDS
to tumors and tumor angiogenic vessels.

* Corresponding author. Tel.: + 81 6 6879 3635; fax: +81 6 6879 3645.
E-mail address: minamino@cardiology.med.osaka-u.acjp (T. Minamino).

0168-3659/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/.jconrel.2011.10.010

In the present study, we aimed at delivering an anticancer drug to
HB-EGF-expressing cancer cells by use of liposomes as a drug carrier.
Polyethylene glycol (PEG)-modified liposomes have been the most
widely investigated as carriers of drugs and molecules having biolog-
ical activities, since PEG forms an aqueous layer on the liposomal sur-
face that avoids reticuloendothelial system (RES) trapping of the
liposomes [10,11]. PEGylated liposomes have a relatively long circula-
tion time and tend to accumulate in tumor tissues through leaky
angiogenic vessels, a phenomenon referred to as the enhanced per-
meability and retention (EPR) effect [12,13]. Moreover, liposomaliza-
tion can reduce off-target toxicity of the drugs encapsulated {14}, In
fact, PEG-modified liposomes containing doxorubicin (DOX) have
been used in clinical cancer therapy. On the other hand, actively tar-
geted liposomes decorated with ligands such as antibodies [15,16},
proteins such as transferrin {17}, and peptides [18-20] achieve more
selective drug delivery to tumor tissues. These ligands that recognize
tumor- or tumor angiogenic vessel-associated molecules are conju-
gated to the head of the PEG-chain of liposomes.

Herein, we decorated DOX-loaded liposomes with anti-HB-EGF
antibody and evaluated the systemic and targeted delivery of DOX
to cancer cells in breast cancer-bearing mice. The results indicate
that this immunoliposomal DOX significantly suppressed tumor
growth in comparison with non-modified PEG-liposomal DOX. Our
findings suggest that targeted delivery of anti-HB-EGF-modified
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PEGylated liposomes could be a useful carrier of doxorubicin for the
treatment of HB-EGF-expressing cancers.

2. Materials and Methods
2.1. Materials

Anti-human HB-EGF monoclonal antibody (IgG) was ordered and re-
ceived from Medical and Biological Laboratories Co. Ltd. The monoclonal
antibody clone 3E9 specific for HB-EGF was obtained by the method de-
scribed previously [21]. The 3E9 clone recognized the EGF-like domain
of human proHB-EGF, but not that of mouse proHB-EGF. Hydrogenated
soy phosphatidylcholine (HSPC), methoxy-polyethyleneglycol 2000-
conjugated distearoylphosphatidylethanolamine (DSPE-PEG), and cho-
lesterol were gifts from Nippon Fine Chemical Co. Ltd. (Kobe, Japan).
DSPE-PEG-maleimide (SUNBRIGHT DSPE-0.20MA) was obtained from
NOF Co. Ltd. (Tokyo, Japan). 1,1’-Dioctadecyl- 3,3,3',3'-tetramethylindo-
carbocyanine perchlorate (DilC;g) was purchased from Molecular Probes,
Inc. (Eugene, OR).

2.2. Preparation of Fab’ of anti-HB-EGF monoclonal antibody

Stock solution of anti-HB-EGF IgG was applied onto a PD-10 column
(GE Healthcare, UK., Ltd., Buckinghamshire) to exchange the solvent for
100 mM sodium citrate buffer, pH 3.5 (100 mg IgG/20 mL). To eliminate
the Fc region of the IgG, pepsin (from porcine gastric mucosa, Sigma-
Aldrich) solution (final concentration of 0.01% w/v) was added to the
antibody solution and incubated the mixture at 37 °C for 3 h, after
which the reaction was stopped by the addition of a 10% volume of
3 M Tris-HCl (pH 7.5). The generated F(ab’), was washed twice with
100 mM sodium phosphate buffer, pH 6.0, and concentrated by ultrafil-
tration (5,000 g for 20 min) with an Amicon® Ultra-4 (10,000 NMWL,
Millipore). Ten milligrams aliquot of F(ab)'; was diluted with 100 mM
sodium phosphate buffer, and 0.1 mL of 100 mM cysteamine hydro-
chloride was added to a final volume of 1 mL, followed by incubation
at 37 °C for 90 min. Then, the reaction solution was purified by gel-
filtration chromatography (1.0 cmx 50 cm, Ultrogel AcA, PALL Life
Sciences), and the Fab’ fraction was collected with a fraction collector.
The Fab’ fraction was concentrated by ultrafiltration (5,000g for
30 min) with Amicon Ultra-4 (10,000 NMWL).

2.3. Preparation of plain liposomes

Liposomes were prepared by thin lipid-film hydration followed by
vortexing and sonication. In brief, 20 pmol HSPC and 10 pmol cholester-
ol dissolved in chloroform were transferred to a round-bottomed flask,
evaporated until a thin lipid film had formed on a rotary evaporator
under reduced pressure, and stored in vacuo for at least 1 h. The dried
film was hydrated with 2 mL of saline, warmed at 65 °C in a water
bath, vortexed until the lipids had become detached from the side of
the flask, and sonicated with a bath-type sonicator at 65 °C. Three cycles
of the following were performed: freezing of the liposomal solution in
the flask with liquid nitrogen, thawing at room temperature, incubating
at65 °Cin a water bath for 5 min, and vortexing for 30 s. Then, the lipo-
somes were filtered through polycarbonate membrane filters having
100-nm-diameter pores by use of an Extruder (Lipex, Vancouver) at
65 °C. Finally, the liposome solution was diluted with saline; and the li-
posomal pellet was collected after ultracentrifugation (450,000 gx 1 h,
CS120GXL, Hitachi) and resuspended in 2 mL of saline.

For the fluorescence-labeling of liposomes, HSPC, cholesterol, and
DilCyg (2:1:0.1 as a molar ratio) dissolved in chloroform were used for
preparing a thin lipid film. Further preparation was essentially the
same as described above except that all procedures were done
under shading from ambient light.

For the encapsulation of DOX into the liposomes, the thin lipid
film was hydrated in 250 mM ammonium sulfate (pH 5.5) instead

of saline; and after freeze-thawing, extrusion for sizing, and centrifu-
gation, the liposomes resuspended in saline was incubated in the
presence of 1.8 mg/mL DOX at 65 °C for 1 h. Untrapped DOX was re-
moved by ultracentrifugation, and the liposomal pellet was resusu-
pended in saline (final concentration of 10 mM as DSPC). The
encapsulation efficiency of DOX was calculated based on the amount
of untrapped DOX and liposomal DOX after the addition of Triton
X-100, with DOX quantified at 484-nm absorbance.

24. Surface decoration of liposomes with PEG or anti-HB-EGF
antibody-PEG

DSPE-PEG (MPEG-2000-DSPE) and DSPE-PEG-maleimide were
dissolved in saline to a final concentration of 10 mM each. One milli-
liter of plain liposomes (10 mM as DSPC) prepared as described above
were incubated at 65 °C for 15 min after addition 100 pL of DSPE-PEG
or DSPE-PEG-maleimide to obtain PEG-modified liposomes (PEG-Lip)
and PEG-maleimide-modified liposomes.

The coupling of Fab’ with the maleimide moiety of PEG-
maleimide-modified liposomes was performed according to the
method described previously [22], with the following modification:
Fab’ and PEG-maleimide-modified liposomes (1:1 molar ratio of Fab’
and maleimide moiety) were mixed, and the coupling reaction was
carried out at 4 °C for 20 h. Excess Fab’ was separated from the Fab'-
coupled liposomes by use of Sepharose 4 Fast Flow gel filtration,
and the liposomal fraction was collected. After ultracentrifugation at
450,000 g, 4 °C for 1 h (CS120GXL, Hitachi), the liposomal pellet was
resuspended in 1 mL of saline,

Liposome size and g-potential were determined with a Zeta Sizer
(Nano -ZS, Malvern Instruments, Worcs, UK).

2.5. Cells and cell culture

Vero cells derived from African green monkey's kidney were cul-
tured in MEM medium (GIBCO) supplemented with 10% fetal bovine
serum (FBS; Sigma-Aldrich), 100 units/mL penicillin G (MP Biomedi-
cals, Irvine, CA), and 100 pg/mL streptomycin (MP Biomedicals) in a
CO, incubator. Vero-H cells isolated by transfection with human HB-
EGF cDNA {23] were cultured similarly except that the medium was
supplemented with 1 pg/mL G418,

MDA-MB-231 human breast cancer cells were cultured in Leibo-
vitz 1-15 medium (GIBCO) supplemented with 10% FBS, 100 units/
mlL penicillin G, and 100 pg/mL streptomycin in a CO, incubator.

2.6. Real-time PCR

Vero, Vero-H, and MDA-MB-231 cells were cultured on a 60-mm
culture dish for 24 h and washed with ice-cold PBS for three times.
Then, the cells were collected by a scraper; and total RNA was
extracted with RNeasy Plus Mini Kit (QIAGEN) according to the man-
ufacturer’s instruction. Then cDNA was generated from the total RNA
samples (4 g) by using a Ready-To-Go T-Primed First-Strand Kit (GE
Healthcare). In the presence of human HB-EGF or p-actin primer
(Takara Bio Inc. Shiga, Japan), and SYBR Premix Ex Taq II (Takara
Bio), real-time PCR was performed with a Thermal Cycler Dice Real
Time System (Takara Bio). The PCR conditions were the following:
95 °C for 30 sec, followed by 40 cycles of 95 °C for 5 sec, 60 °C for
30 sec; 95 °C for 15 sec, 60 °C for 30 sec, and 95 °C for 15 sec.

2.7. Western blotting

Vero, Vero-H, and MDA-MB-231 cells were cultured on a 60-mm
culture dish for 24 h and washed with ice-cold PBS for three times.
Then, the cells were solubilized in lysis buffer (50 mM Tris-HCl
|pH7.4] containing 1% Triton-X, 150 mM NacCl, and protease inhibitors
[2 mM PMSF, 50 pg/mL aprotinin, 50 pg/mL pepstatin, and 0.2 mM
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leupeptin]). The supernatant of the cell lysate was collected and sus-

- pended in loading buffer (16 mM Tris-HCl, 2.5% glycerol, 0.5% SDS,
200 mM 2-mercaptoethanol, 0.001% bromophenol blue; pH 6.8). Im-
mediately after having been heated at 95 °C for 5 min, the sample
was subjected to reducing SDS-PAGE on 10% acrylamide gel. Protein
concentrations were measured by using a BCA Protein Assay Reagent
Kit (PIERCE Biotechnology, Rockford, IL).

After separation by SDS-PAGE, proteins were transferred electro-
phoretically (40V, 90 min) to a PVDF membrane (Bio-Rad). After
having been blocked with 3% BSA in TBS/Tween 20 buffer (TBS/T:
50 mM Tris HCI [pH 7.4] containing 150 mM NaCl and 0.05% Tween
20), the blots were incubated at 25 °C for 1 h with goat polyclonal
anti-HB-EGF antibody (1:2,000 solution, R&D systems) for the detec-
tion of HB-EGF. The membrane was washed thrice with TBS/T, and
was probed for 60 min at 25 °C with donkey anti-goat horseradish
peroxidase-conjugated secondary antibody (1:4,000 dilution). The
probed membranes were washed 3 times (10 min each time) with
TBS/T, and immunoreactive proteins were detected by using the en-
hanced chemiluminescence method.

2.8. Binding to and uptake of Ab-PEG-Lip into various cells

Vero, Vero-H, and MDA-MB-231 cells were cultured in a 24-well
plate (2x 104 cells/500 pL/well) at 37 °C for 48 h. After removal of the
medium, DilC;g-labeled PEG-Lip or Ab-labeled PEG-Lip (0.05 to
0.2 mM as DSPC) was added to the well; and the cells were then incu-
bated at 4 °C or 37 °C. Next, the cells were washed thrice with cold
PBS and solubilized with 10 mM Tris buffer, pH 7.4, containing 0.1%
SDS. The samples were diluted 200-fold with 10 mM Tris buffer, pH
7.4, containing 0.1% SDS; and aliquots were transferred to a 96-well
black plate. The fluorescence intensity was monitored with a multi-
plate reader (Infinite M200, Tecan), with excitation and emission
wave lengths of 549 nm and 592 nm, respectively. The amount of
DilC,5 associated with the cells was calculated from the standard curve.

2.9. Cell proliferation assay

MDA-MB-231 cells were seeded (2 x 10* cells/well) into a 24-well
plate and incubated overnight in a CO, incubator. After a change of
the medium, the cells were incubated at 37 °C for 4 h in the presence
of DOX-encapsulated anti-HB-EGF-decorated immunoliposomes (Ab-
PEG-LipDOX), DOX-encapsulated PEG-liposomes (PEG-LipDOX) or
free DOX. Then, the viability of the cells was measured with TetraCo-
lorOne™ (Seikagaku, Tokyo, Japan) according to the manufacturer's
instruction.

2.10. Therapeutic experiment

MDA-MB-231 cells were subcutaneously implanted (8 x 10° cells/
0.2 mL/mouse) into 17-week-old BALB/C nu/nu female mice (Japan
SLC Inc., Shizuoka, Japan). Then, saline (control}, PEG-LipDOX or Ab-
PEG-LipDOX was intravenously injected once a week for 3 weeks,
on days 14, 21, and day 28 after tumor implantation. The amount of
DOX injected was 10 mg/kg each time and; therefore, a total of
30 mg/kg DOX was injected. The tumor size and body weight were
monitored daily from day 12 after tumor implantation. Tumeor vol-
ume was calculated from the following formula:

Tumor volume =0.4 x a
x b (a;largest diameter, b; smallest diameter)

The animals were cared for according to the Animal Facility Guide-
lines of the University of Shizuoka. All animal experiments were ap-
proved by the Animal and Ethics Committee of the University of
Shizuoka.

Table 1
Particle size and {-potential of liposomes.

Liposomes Size (nm) g-potential (mV)
PEG-Lip 136 -0.03
PEG-LipDOX 139 -3.30
Ab-PEG-Lip 134 -3.02
Ab-PEG-LipDOX 142 -2.94

2.11. Statistical analysis

Differences between groups were evaluated by analysis of vari-
ance (ANOVA) with the Tukey post-hoc test.

3. Results
3.1. Characterization of Ab-PEG-Lip and Ab-PEG-LipDOX

At first, we examined the characteristics of anti-HB-EGF antibody-
modified liposomes (Ab-PEG-Lip) and DOX-loaded Ab-PEG-Lip (Ab-
PEG-LipDOX). As shown in Table 1, all liposomal preparations showed
similar sizes, about 140 nm, and had almost neutral charges. The effi-
ciency of conjugation of the Fab’ fragment of anti-HB-EGF antibody to
liposomal PEG-maleimide was determined by the protein amount be-
fore and after the conjugation reaction. When 1.94 mg Fab’ had been
applied on the liposomes, 1.31mg Fab’ was recovered in the
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Fig. 1. Expression of HB-EGF and its transcript in various cell lines. a) Relative expres-
sion of HB-EGF mRNA was determined by real-time PCR. Total RNA was extracted from
Vero, Vero-H, and MDA-MB-231 cells; and then real- time PCR for HB-EGF and R-actin
was performed as described in Materials and Methods. b) Western blotting was per-
formed on Vero, Vero-H, and MDA-MB-231 cells. The arrow indicates the position of
HB-EGF. Total proteins (14 pg/sample) were fractionated by 10% SDS-PAGE. Following
electrophoresis, the proteins were transferred to a PVDF membrane, and Western blot-
ting was performed as described in Materials and Methods.
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Fig. 2. Binding to and uptake of anti-HB-EGF antibody-modified liposomes into Vero and Vero-H cells. DilCys-labeled PEG-Lip (open columns) and Ab-PEG-Lip (closed columns)
were incubated with Vero (a, ¢) or Vero-H (b, d) cells at 4 °C (a, b) or at 37 °C (c, d) for 4 h. The amount of liposomes bound to Vero or Vero-H cells was determined fluorometrically.
Liposomes bound to Vero or Vero-H cells are presented as the amount of DilC;g per amount of cellular protein. Data show the mean values and S.D. (n = 3). Significant differences
are shown with asterisks: * p<0.05 and **p<0.01, as indicated by the brackets or versus corresponding value for PEG-Lip.

liposomal fraction, indicating that the conjugation efficiency was
about 67%. The encapsulation efficiency of DOX in PEG-LipDOX and
Ab-PEG-LipDOX was 88.24+6.9% and 88.4 4-4.3%, respectively. These
data indicate that the conjugation of Fab’ to liposomes and DOX load-
ing were successfully achieved.

3.2. Binding to and uptake of anti-HB-EGF immunoliposomes by HB-EGF-
expressing cells

Before examining the cellular-association aspect of Ab-PEG-Lip, we
assessed the expression levels of HB-EGF on Vero cells, Vero-H cells,
and MDA-MB-231 cells by performing real-time PCR and Western blot-
ting. Quite high expression of HB-EGF on Vero-H cells was confirmed by
both real-time PCR (Fig. 1a) and Western blotting (Fig. 1b). Also, sub-
stantial amounts of HB-EGF mRNA and protein were expressed on
MDA-MB-231 cells. In the case of Vero cells, the expression level of
HB-EGF mRNA was about 100-fold less than that in Vero-H cells; and
only a light band was detected by Western blotting.

The association of Ab-PEG-Lip with Vero, Vero-H, and MDA-MB-231
cells was examined for evaluating the targeting effectiveness of the lipo-
somes. Ab-PEG-Lip bound more to Vero-H cells than to Vero cells (Fig. 2a,
b). Moreover, the amount of the immunoliposomes taken up into cells
was greater for Vero-H cells than for Vero cells. Most of the liposome-
associated label (Dil) had probably been taken up into the cells at 37 °C,
although some of it may have remained bound to the surface of the cells.

Next the uptake of Ab-PEG-Lip into human breast cancer cells was in-
vestigated by using MDA-MB-231 cells, which had been confirmed by
real-time PCR and Western blotting (Fig. 1) to have high expression of
HB-EGF protein. Ab-PEG-Lip was significantly taken up into the MDA-
MB-231 cells at 37 °C(Fig. 3). These data would also include the liposomes
bound to the cells. Therefore, these immunoliposomes bound to and were

taken up specifically into the HB-EGF-expressing breast-cancer cells, indi-
cating that they could be a useful carrier for drug delivery.

3.3. Antiproliferative effect of DOX encapsulated in anti-HB-EGF immu-
noliposomes on HB-EGF-expressing cells

Next, the anti-proliferative effect of DOX encapsulated in Ab-PEG-
Lip on MDA-MB-231 cells as well as on Vero-H cells was examined. As

shown in Fig. 4, the immunoliposomal formulation of DOX sup-
pressed the growth of both MDA-MB-231 and Vero-H cells in a
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Fig. 3. Association of anti-HB-EGF antibody-modified liposomes with MDA-MB-231 cells.
MDA-MB-231 cells were incubated with DilC,g-labeled PEG-Lip (¢) or Ab-PEG-Lip (A) at
37 °Cfor 4 h. After the cells had been washed with PBS, the amount of liposomes associat-
ed with them was determined fluorometrically. Amounts of bound/internalized liposomes
are presented as the amount of DilC; 5 per amount of MDA-MB-231 cell protein. Data show
the mean values and S.D. (n=3). Significant differences are shown with asterisks:
* p<0.05 and ** p<0.01 versus corresponding value for PEG-Lip.
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Fig. 4. Anti-proliferative effect of Ab-PEG-LipDOX on Vero-H and MDA-MB-231 cells. Vero-
H (a) or MDA-MB-231(b) cells (2.5 x 10° cells/well) were seeded into a 96-well plate. Ab-
PEG-LipDOX (A) or free DOX (O) was added at the indicated concentrations (0.01, 0.1, 1,
10, and 100 pg/mL as DOX), and the cells were then incubated for 4 h at 37 °C. After having
been washed with PBS, the cells were cultured in fresh medium for an additional 48 h at
37 °C. TetraColor ONE™ was then added to each well. After a 3-h incubation, the absorbance
at 450 nm was measured. Data (n =4) are presented as the percentage (mean and S.D.) of
viable cells relative to the control (taken as 100%) at the indicated DOX dosages.

dose-dependent manner. Although free DOX suppressed the growth
of both types of cells a little stronger than liposomal DOX, Ab-PEG-
LipDOX might be expected to be effective in vivo. Since PEG-Lip did
not show comparable association with the cells, we did not examine
the effect of DOX encapsulated in PEG-Lip.

3.4. Therapeutic efficacy of DOX encapsulated in anti-HB-EGF
immunoliposomes on MDA-MB-231 tumor-bearing mice

Finally, the therapeutic effect of DOX-encapsulated immunolipo-
somes on MDA-MB-231 solid tumors implanted subcutaneously into
mice was examined. As shown in Fig. 5, both PEG-LipDOX and Ab-
PEG-LipDOX strongly suppressed the tumor growth when give as 3
doses of 10 mg/kg DOX. Free DOX of this amount could not be injected
due to the severe side effects. Between liposomal DOX-treated groups,
PEG-LipDOX-treated group showed only a little tumor growth and the
Ab-PEG-LipDOS-treated group showed tumor regression. The change
in body weight was monitored as an indicator of side effects, and a de-
crease in body weight was observed in both liposomal DOX-treated
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Fig. 5. Suppression of tumor growth in MDA-MB-231 carcinoma-bearing mice treated
with Ab-PEG-LipDOX. BALB/C nu/nu female mice (n=15) were implanted subcutane-
ously with MDA-MB-231 carcinoma into the left posterior flank. At 14, 21, and
28 days after tumor implantation, they were injected intravenously with PEG-LipDOX
(¢), Ab-PEG-LipDOX (A) or saline (O). The injected dose of liposomal DOX was
10 mg/kg as DOX for each administration. Tumor volume (a) and change in body

won

weight (b) of the tumor-bearing mice were monitored daily after day 12. Data in “a
are presented as the mean tumor volume and S.D., where the S.D. bars are shown
only for the last points for the sake of graphic clarity. Arrows show the day of treat-
ment. Asterisks indicate a significant difference: * p<0.05, as indicated by the brackets.

groups. This decrease, however, was not so much; and the body weight
recovered at least by a week after the last treatment (Fig. 5b).

4. Discussion

In spite of diagnostic and therapeutic advances, cancer is still the
leading cause of death in many countries. The present study focused
on the treatment of human cancers by use of a HB-EGF-targeted lipo-
somal drug delivery system, since various cancerous cells are known
to frequently express this protein. For this purpose, we developed
anti-HB-EGF antibody-decorated PEG liposomes encapsulating DOX.
In this study, we used Fab’ antibody instead of IgG, since removal of
the Fc region endows antibody-decorated liposomes with a relatively
long circulation time in the bloodstream by avoiding RES trapping
{24]. In the present protocol, the efficiency of Fab’ conjugation to
the liposomal surface was about 70%, which amount was calculated
to represent about 120 pg protein/umol lipids. Since about 30 pg
Fab’/umol lipids is reported to be necessary for the function of immu-
noliposomes |{25,26], the Ab-PEG-Lip prepared presently displayed a
sufficient amount of Fab’. The size of liposomes is another important
factor for deciding the pharmacokinetics of the liposomes, and
about 140-nm liposomes are considered desirable for their accumnula-
tion in tumor tissue by the EPR effect [27].

Firstly the expression of HB-EGF in Vero, Vero-H, and MDA-MB-
231 cells was examined at mRNA and protein levels. Extremely high
expression of HB-EGF was observed in Vero-H cells that had been
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constructed for overexpressing human HB-EGF. Vero cells, which are
non-cancerous normal cells originally isolated from an African green
monkey, also expressed HB-EGF; although the mRNA expression
level was about 100-fold less than that of Vero-H cells, and 10-fold
less than that of MDA-MB-231 cells. Since the anti-human HB-EGF
antibody used for Western blotting is known to cross react with mon-
key HB-EGF, an HB-EGF band was detected in Vero cells.

By use of these cells, we determined the binding to and uptake of
Ab-EGF-Lip into the cells. The cell-associated liposomes detected after
incubation at 4 °C might have been mainly due to liposomes bound
on the surface of the cells, whereas those detected after incubation
at 37 °C would have included both bound and internalized liposomes.
The binding of Ab-EGF-Lip to Vero H and MDA-MB-231 cells was very
obvious compared with that to Vero cells, although Ab-EGF-Lip also
bound to Vero cells to some extent. This finding suggests that the ex-
pression of endogenous HB-EGF in Vero cells was adequate for bind-
ing of the liposomes to some extent. Alternatively, part of the binding
might be explained by non-specific binding of Ab-EGF-Lip via the Fab’
despite its specificity. Since PEG-Lip showed little association with
those cells, the anti-HB-EGF Fab’-decoration could have been respon-
sible for the increased association of Ab-EGF-Lip with them.

DOX encapsulation into Ab-PEG-Lip was performed by the remote
loading method using ammonium sulfate, since this method enables
stable entrapment of DOX in the internal aqueous phase of PEG-
liposomes [28] and immunoliposomes [29]. When the antiproliferative
effect of Ab-PEG-LipDOX was examined, the cytotoxicity of Ab-PEG-
LipDOX against Vero-H and MDA-MB-231 cells was found to be compa-
rable to that of free DOX.

Finally, we performed a therapeutic experiment by use of MDA-
MB-231 breast cancer cell-bearing mice. Both PEG-LipDOX and Ab-
PEG-LipDOX strongly suppressed tumor growth. PEG-liposomes are
known to accumulate in tumor tissues due to the EPR effect. Since
this effect in tumor tissues is based on the leaky angiogenic vessels,
hyper vascular tumors such as breast and ovarian tumors are desired
targets. Therefore, PEG-liposomes encapsulating DOX were originally
used for the treatment of ovarian and breast cancers and of HIV-
associated Kaposi's sarcoma. The strong in vivo therapeutic effect of
PEG-LipDOX against MDA-MB-231 tumors observed in this study is
thus reasonable. Moreover, Ab-PEG-LipDOX, having both passive
and active targeting characteristics, showed a stronger therapeutic ef-
fect against MDA-MB-231 tumors than PEG-LipDOX. PEG-liposomes
that accumulate in tumor tissues after an intravenous injection are
thought to reside mainly in the interstitial spaces in the tumor. On
the other hand, decoration of them with some specific probes may
alter the intratumoral distribution of the liposomes, and increase
the uptake of liposomal drugs into the target cells, as observed in
the present study.

As shown in Fig. 5, tumor growth inhibition was similar in both
PEG-LipDOX- and Ab-PEG-LipDOX-treated groups until day 20, and
differential therapeutic effect between targeted and non-targeted li-
posomes became obvious after second and third injection of them.
We do not know the reason why the advantage of immunoliposomes
was not obvious until day 20 at present. One possible explanation is
as follows: The growth of MDA-MB-231 cells in vivo was not so fast,
and the tumor mass was quite small at the first injection time, namely
day 14. Therefore, the angiogenesis that produced leaky endothelium
did not hardly occur. Moreover immune system would be still quite
active that eliminate even PEGylated liposomes at this stage. In fact,
although both PEG-LipDOX and Ab-PEG-LipDOX suppressed tumor
growth to some extent compared to control, body weight change
was not so obvious compared to that after second and third injection.
At the time of second and third injection, immune systems were
weakened because of tumor residing that helps the accumulation of
liposomes in the tumor by EPR effect through neovessels. Since ex-
travasation by EPR effect is prerequisite for the active targeting of immu-
noliposomes to the tumor cells, Ab-PEG-LipDOX thus accumulated in the

interstitial space of the tumor interacted with tumor cells and produced
higher therapeutic effect than PEG-LipDOX. Actually, tumor was hardly
palpated in two mice out of five after the third treatment with Ab-PEG-
LipDOX.

5. Conclusions

For the purpose of active targeting of anticancer drugs to cancer
cells, anti-HB-EGF antibody-decorated liposomes were prepared.
These immunoliposomes bound to and were taken up into not only
Vero-H cells highly expressing HB-EGF but also MDA-MB-231
human breast cancer cells. Moreover, DOX-encapsulated, anti-HB-
EGF antibody-decorated liposomes caused strong suppression and re-
gression of MDA-MB-231 tumors in mice. These results indicate that
anti-HB-EGF antibody-decorated liposomes could be a useful DDS
carrier for the treatment of HB-EGF-expressing cancers.
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Sex Differences in Neointimal Hyperplasia Following Endeavor
Zotarolimus-Eluting Stent Implantation

Daisaku Nakatani, MD, PhD, Junya Ako, MD, PhD, Jennifer A. Tremmel, MD, MS,
Katsuhisa Waseda, MD, PhD, Hiromasa Otake, MD, PhD, Bon-Kwon Koo, MD, PhD,
Akiyoshi Miyazawa, MD, Yoichiro Hongo, MD, Seung-Ho Hur, MD, PhD, Ryota Sakurai, MD,

Paul G. Yock, MD, Yasuhiro Honda, MD, and Peter J. Fitzgerald, MD, PhD*

Inconsistent results in outcomes have been observed between the genders after drug-eluting
stent implantation. The aim of this study was to investigate gender differences in neoin-
timal proliferation for the Endeavor zotarolimus-eluting stent (ZES) and the Driver bare-
metal stent (BMS). A total of 476 (n = 391 ZES, n = 85 BMS) patients whose volumetric
intravascular ultrasound analyses were available at 8-month follow-up were studied. At 8
months, neointimal obstruction and maximum cross-sectional narrowing (CSN) were sig-
nificantly lower in women than in men receiving ZES (neointimal obstruction 15.5 %+ 9.5%
vs 18.2 = 10.9%, p = 0.025; maximum CSN 30.3 = 13.2% vs 34.8 = 15.0%, p = 0.007).
Conversely, these parameters tended to be higher in women than in men receiving BMS
(neointimal obstruction 36.3 = 15.9% vs 27.5 = 17.2%, p = 0.053; maximum CSN 54.3 =+
18.6% vs 45.6 = 18.3%, p = 0.080). There was a significant interaction between stent type
and gender regarding neointimal obstruction (p = 0.001) and maximum CSN (p = 0.003).
Multivariate linear regression analysis revealed that female gender was independently
associated with lower neointimal obstruction (p = 0.027) and maximum CSN (p = 0.004)
for ZES but not for BMS. Compared to BMS, ZES were independently associated with a
reduced risk for binary restenosis in both genders (odds ratio for women 0.003, p = 0.001;
odds ratio for men 0.191, p <0.001), but the magnitude of this risk reduction with ZES was
significantly greater in women than men (p = 0.015). In conclusion, female gender is
independently associated with decreased neointimal hyperplasia in patients treated with
ZES. The magnitude of risk reduction for binary restenosis with ZES is significantly greater

in women than in men. © 2011 Elsevier Inc. All rights reserved. (Am J Cardiol 2011;108:

912-917)

The degree to which gender affects outcomes after per-
cutaneous coronary intervention is still controversial. In
patients treated with balloon angioplasty or bare-metal
stents (BMS), inconclusive results have been obtained.'~®
In patients treated with first-generation drug-eluting stents,
including sirolimus-eluting stents (SES)’ and paclitaxel-
eluting stents (PES),? the risk for target lesion revascular-
ization was similar between women and men after adjust-
ment for clinical characteristics. However, in a pooled
analysis of the Endeavor (Medtronic CardioVascular, Inc.,
Santa Rosa, California) zotarolimus-eluting stent (ZES) tri-
als (ENDEAVOR I, ENDEAVOR II, ENDEAVOR II Con-
tinued Access Registry, and ENDEAVOR III), men had a
1.79-fold higher risk for target lesion revascularization than
women by multivariate analysis.® To further elucidate this
suggested gender difference, we compared vessel responses
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after ZES and BMS implantation in women and men using
detailed intravascular ultrasound (IVUS) analysis.

Methods

The Endeavor ZES system is composed of the cobalt-
chromium alloy Driver (Medtronic, Inc., Minneapolis, Min-
nesota) BMS, with a phosphorylcholine polymer that elutes
zotarolimus. A dose concentration of 10 ug zotarolimus per
1 mm stent length, with 98% of zotarolimus elution within’
14 days, provides treatment-level doses in the tissue for
about 28 days after implantation. Several pivotal clinical
trials evaluating the efficacy and safety of the ZES have
been conducted. ENDEAVOR I, including the ENDEAVOR
II Continued Access Registry, was a trial examining the
safety and efficacy of ZES.'®!! ENDEAVOR III'? and
ENDEAVOR IV"? were also randomized trials comparing
ZES with SES and PES, respectively. These trials used
similar major inclusion and exclusion criteria as well as
planned IVUS interrogation for all patients at prespecified
enrollment sites after the procedure and at follow-up. The
results of these trials have been described elsewhere.

Data were obtained from the IVUS database of the
Cardiovascular Core Analysis Laboratory at Stanford
University (Stanford, California). Patients enrolled in
ENDEAVOR II, ENDEAVOR II Continued Access Reg-

www.ajconline.org
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Table 1
Baseline characteristics
Variable ZES BMS

Women Men p Value ‘Women Men p Value
(n = 110) (n = 281) (n = 18) (n = 67)
Age (years) 644 + 95 59.3 =107 <0.001 61.2 = 8.8 58.5 = 10.8 0.336
Hypertension 81.8% 65.6% 0.002 77.8% 54.5% 0.075
Diabetes mellitus 30.9% 19.9% 0.020 22.2% 11.9% 0.266
Hyperlipidemia 88.2% 82.5% 0.167 83.3% 82.1% 0.902
Current smoker 23.4% 25.3% 0.698 27.8% 29.9% 0.864
Family history 51.8% 41.5% 0.101 60.0% 32.3% 0.047
Previous myocardial infarction 19.3% 28.3% 0.067 27.8% 50.7% 0.083
Previous percutaneous coronary intervention 16.4% 24.9% 0.069 11.1% 19.7% 0.399
Data are expressed as mean * SD or as percentages.

Table 2
Angiographic and procedural findings
Variable ZES BMS

Women Men p Value Women Men p Value

(n = 110) (n = 281) (n = 18) (n=67)
Target coronary artery 0.534 0.734

Right coronary artery 24.5% 23.8% 33.3% 31.3%

Left anterior descending 35.5% 37.4% 50.0% 43.3%

Left circumflex 15.5% 19.9% 16.7% 25.4%

Type of coronary lesion 0.668 0.311

A 5.5% 43% 5.6% 3.0%

B1 29.1% 23.2% 22.2% 18.2%

B2 40.9% 46.8% 27.8% 54.5%

C 24.5% 25.7% 44.4% 242%

B2/C 65.5% 72.5% 0.170 72.2% 78.8% 0.555
Pre-reference diameter (mm) 2.66 = 0.40 277 =046 0.028 2.62 = 0.34 291*05 0.024
Pre—lesion length (mm) 13.99 = 533 14.83 = 6.05 0.202 14.59 = 6.76 1474 = 539 0.924
Stent diameter (mm) 3.05 = 0.33 3.11+036 0.029 299 £033 3.19 £0.33 0.139
Total stent length (mm) 23274 23066 0.809 238 £5.1 229 *£6.7 0.593

Data are expressed as mean * SD or as percentages.

istry, ENDEAVOR III, and ENDEAVOR IV who were
treated with ZES and had volumetric IVUS analysis
available at 8-month follow-up were identified for study
inclusion. Similarly, control subjects were patients in the
ENDEAVOR 1I trial who were treated with the Driver
BMS and had volumetric IVUS analysis available at
8-month follow-up.'® There were no significant differ-
ences in baseline demographic and angiographic param-
eters before procedure between the IVUS™™7 and total
cohorts.'®1%!3 The protocol was approved by the insti-
tutional review board and written informed consent was
obtained from each patient.

IVUS was performed in a standard fashion using an
automated, motorized 0.5 mm/second pullback with a com-
mercially available imaging system (40-MHz IVUS cathe-
ter, Boston Scientific Corporation, Natick, Massachusetts;
or 20-MHz IVUS catheter, Volcano Corporation, Rancho
Cordova, California) at baseline and 8-month follow-up.
IVUS analysis was conducted in an independent core lab-
oratory at Stanford University Medical Center (Cardiovas-
cular Core Analysis Laboratory), and investigators were
blinded to patient characteristics and randomization assign-
ments. Volumetric measurements were performed using

314

software (echoPlaque; Indec Systems, Inc., Santa Clara,
California), as previously described.!® Volume index (vol-
ume [mm3]/1€ngth [mm]) was calculated for the vessel,
plaque, neointima, stent, and lumen. Neointimal volume
was then calculated as stent volume minus luminal volume,
and neointimal obstruction was calculated as neointimal
volume divided by stent volume (percent). Cross-sectional
narrowing (CSN; percent) was defined as neointimal area
divided by stent area. Incomplete stent apposition at base-
line was defined as =1 stent strut clearly separated from the
vessel wall with evidence of blood speckles behind the strut
in a vessel segment not associated with any side branches.®

Categorical variables are expressed as frequency (per-
centage) and were compared using chi-square tests or Fish-
er’s exact tests. Continuous variables are reported as mean =
SD and were compared using unpaired Student’s ¢ tests.
Multiple linear regression analysis was used to determine
the correlation of female gender with neointimal obstruction
and maximum CSN. Multivariate logistic regression analy-
sis was also performed to determine whether ZES were
independently associated with a reduced risk for binary
restenosis, defined as >50% diameter stenosis on angiog-
raphy at 8-month follow-up. Variables with p values <0.20
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Table 3
Intravascular ultrasound measurements at baseline and follow-up
Variable ZES BMS p Value for
Women Men p Value Women Men p Value Interaction
Baseline
Vessel VI (mm*/mm) 125+33 146 £43 0.001 139 =31 157242 0.232
Plaque VI (mm®mm) 5719 73*x27 <0.001 6.1*x20 7727 0.093
Lumen VI (mm®/mm) 67=19 74*20 0.020 73*19 8.1x22 0.232
Stent VI (mm®/mm) 6.7*+1.9 74 %20 0.017 74*19 82+22 0.235
Minimum lumen area (mm?) 5717 6.1x18 0.040 59*+16 6.8 20 0.082
Stent expansion ratio* 0.93 £0.15 0.95 = 0.14 0.221 0.99 = 0.16 0.96 = 0.17 0.618
Incomplete stent apposition 11.6% 19.3% 0.091 31.3% 17.7% 0.233
Follow-up
Vessel VI (mm®mm) 129 =32 148 =42 <0.001 133+ 35 158 =42 0.042
Plaque VI (mm?/mm) 6.1x18 78%+25 <0.001 6.0*x20 81+28 0.013
Lumen VI (mm*/mm) 58x1.7 60* 1.8 0.415 43*1.0 5.6%x20 <0.001
Minimum lumen area (mm?) 47 %16 46+ 1.7 0.884 3011 40x18 0.024
Neointimal obstruction (%) 155 =95 18.2 £ 10.9 0.025 36.3 =159 275+ 172 0.053 0.001
Maximum CSN (%) 30.3 %132 348 £ 15.0 0.007 543 £ 18.6 45.6 £ 18.3 0.080 0.003
Incidence of maximum CSN =60% 1.8% 7.5% 0.032 33.3% 20.9% 0.269 0.026
Delta (follow-up minus baseline)
Vessel VI (mm?/mm) 02=*09 01=x11 0.365 0308 02+12 0.042 0.384
Plaque VI (mm®/mm) 0.1 0.6 01*10 0.983 03*0.38 02*038 0.013 0.365
Lumen VI (mm*/mm) -09 *= 1.0 -14=x1.1 0.002 -30*17 —24*x20 <0.001 0.051
Minimum lumen area (mm?) -1.0*x1.1 —-15*+12 0.002 —-28*1.9 -27*18 0.833 0.023

Data are expressed as mean * SD or as percentages.
VI = volume index.
* Defined as stent VI divided by manufacture’s expected stent area.

é?)tﬁ;:tion of female gender with neointimal obstruction and maximum cross-sectional narrowing by multivariate linear regression analysis
Stent Type Neointimal Obstruction Maximum CSN

Regression Coefficient 95% CI p Value Regression Coefficient 95% CI p Value
ZES -3.70 —6.97 to —0.43 0.027 —6.67 -11.23t0 —2.10 0.004
BMS 10.74 —1.95t023.44 0.095 10.03 —3.78 t0 23.86 0.151

Adjustment variables: age, hypertension, diabetes mellitus, hyperlipidemia, family history, history of myocardial infarction and percutaneous coronary
intervention, type B2 or C lesion, and minimum lumen area at baseline.
CI = confidence interval.

on univariate analyses for ZES between the genders were tion compared to men. Similar trends were seen in the BMS
inserted into these multivariate models after screening for group (Table 1). Angiographically, women had significantly
multicollinearity.>® Variables inserted into these models smaller preprocedural reference diameters than men, re-
were age, hypertension, diabetes mellitus, hyperlipidemia, gardless of stent type. Otherwise, there were no significant
family history, history of myocardial infarction, previous differences in lesion location, lesion type, or lesion length
percutaneous coronary intervention, type B2 or C lesion, between women and men in either group (Table 2).
and minimum lumen area at baseline. All tests were 2 sided, At baseline, IVUS measurements in the ZES group,
and statistical significance was defined as p <0.05. All including vessel volume index, plaque volume index, lumi-
analyses were performed using PASW Statistics, version 18 nal volume index, and minimum luminal area, were Signif.
(SPSS, Inc., Chicago, Illinois). icantly smaller in women than men (Table 3). Similar trends
were seen in the BMS group, although they were not sta-
Results tistically different. At 8 months, neointimal obstruction and
We identified 391 patients with ZES and 85 patients with maximum CSN were significantly lower in women com-
BMS meeting the inclusion criteria. The baseline clinical, pared to men receiving ZES (p = 0.025 and p = 0.007,
angiographic, and procedural characteristics, stratified by respectively). Conversely, with BMS, these parameters
gender and stent type, are listed in Tables 1 and 2. In the tended to be higher in women than men (neointimal ob-
ZES group, women were significantly older and more likely struction p = 0.053, maximum CSN p = 0.080). There was
to have hypertension, diabetes mellitus, and family histories a significant interaction between gender and stent type in
of coronary heart disease but less likely to have histories of terms of neointimal obstruction (p = 0.001) and maximum
myocardial infarction and percutaneous coronary interven- CSN (p = 0.003). Likewise, the magnitude of change from
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Figure 1. The rate of binary restenosis, defined as >50% diameter stenosis
on angiography at 8-month follow-up, was significantly lower in patients
treated with ZES than those with BMS in both genders.

follow-up to baseline in lumen volume index was signifi-
cantly lower in women than men with ZES (p = 0.002),
while it was higher in women than men with BMS (p <
0.001) (p for interaction = 0.051). After adjusting for clin-
ical and angiographic differences in baseline characteristics,
female gender was independently associated with a lower
neointimal obstruction (p = 0.027) and maximum CSN
(p = 0.004) in the ZES group but not in the BMS group
(Table 4).

The incidence of binary restenosis at 8 months was
significantly lower in the ZES group than the BMS group
for both genders (Figure 1), and multivariate logistic regres-
sion analysis revealed that ZES were independently associ-
ated with a reduced risk for binary restenosis at 8 months for
both genders (women: odds ratio 0.003, 95% confidence
interval 0.000 to 0.105, p = 0.001; men: odds ratio 0.191,
95% confidence interval 0.076 to 0.479, p <0.001). How-
ever, the magnitude of risk reduction for binary restenosis
with ZES was significantly greater in women than in men
(p = 0.015).

Discussion

We investigated gender differences in IVUS parameters
in women and men receiving ZES and BMS. Our study has
2 important findings. First, there was a significant interac-
tion between gender and stent type, such that compared
to men, women had significantly less neointimal hyperpla-
sia with ZES at 8-month follow-up, independent of baseline
clinical and angiographic characteristics. In contrast,
women with BMS tended to have more neointimal hyper-
plasia than men, although this finding was no longer signif-
icant after adjusting for baseline characteristics. Second,
women and men had a lower incidence and risk for binary
restenosis at 8 months with ZES compared to BMS, but
the magnitude of risk reduction of binary restenosis with
ZES was significantly greater in women than men. No-
tably, these results also imply the opposite, that men had
significantly more neointimal hyperplasia and less reduc-
tion in risk for binary restenosis with ZES than women at
8-month follow-up.
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How gender differences affect outcomes for patients
with symptomatic coronary artery disease is an ongoing
issue. In patients treated with balloon angioplasty or BMS,
inconsistent observations for restenosis or repeat revascu-
larization between the genders have been reported. Some
reports have shown that women have worse outcomes after
BMS implantation,’* whereas others have suggested that
men have worse outcomes than women when treated with
balloon angioplasty® and BMS®. There are also data show-
ing no difference in the rate of restenosis or target lesion
revascularization between the genders.”® In the present
study, neointimal obstruction and maximum CSN tended to
be higher in women compared to men receiving BMS, but
this difference was attenuated after adjusting for baseline
clinical and angiographic characteristics, suggesting an ab-
sence of gender differences with respect to neointimal hy-
perplasia after BMS implantation. A single explanation for
these inconsistent findings in the published research is lack-
ing, but several possibilities exist. First, although patients
who underwent percutaneous coronary intervention were
registered consecutively, the percentage of women enrolled
in each study varied, ranging from 15%2 to 55%,> suggest-
ing that variable rates of selection bias may have existed at
the time of enrollment. Second, disparities in secondary
prevention implementation, with women being less likely
than men to receive optimal medical therapy including st-
atins, aspirin, and 3 blockers,?! may affect results depend-
ing on the study location or protocol. Finally, there is a
tendency for women to be treated with medical therapy
rather than repeat revascularization after a procedure, espe-
cially in registry data, because of older age and greater risk
prcg,fqih;ﬁ,21 which could skew the data from treatment bi-
as.” " These statistical biases and treatment differences
between the genders may help explain variable outcomes
between women and men after BMS implantation.

Data regarding gender differences with drug-eluting
stents have also been inconsistent. No significant gender
differences were found in the adjusted risk for target lesion
revascularization in patients treated with the first-generation
PES and SES. Lansky et al® investigated gender-based out-
comes in 662 patients with PES. In their results, although
the rate of target lesion revascularization at 1 year was
significantly higher in women than in men (7.6% vs 3.2%,
p = 0.03), the risk for target lesion revascularization for
women at 1 year became insignificant after adjusting for
baseline differences, including age, reference diameter, and
lesion length (adjusted hazard ratio 1.72, 95% confidence
interval 0.69 to 4.37, p = 0.25), suggesting that the higher
incidence of target lesion revascularization in women com-
pared to men was not related to gender itself but rather to
the influence of smaller vessels and longer lesions in
women. Solinas et al” examined cardiac events in 878 pa-
tients with SES derived from 4 clinical randomized trials
(RAVEL, SIRIUS, E-SIRIUS, and C-SIRIUS). They found
that the target lesion revascularization rate did not differ
between women and men (4.1% vs 4.3%, p = 0.86) and that
female gender was not an independent predictor of target
lesion revascularization by multivariate analysis (hazard
ratio 0.63, 95% confidence interval 0.25 to 1.53, p = 0.31).
In contrast, in a pooled analysis of the Endeavor ZES,
Mebhta et al’ investigated 1,306 patients and found that men
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had a 1.79-fold higher risk for target lesion revasculariza-
tion compared to women by multivariate analysis. More
recently, Brown et al® also showed a trend toward higher
target lesion revascularization at 2 years in men than women
(8.2% vs 7.9%, p = 0.07) in the 6 pivotal clinical trials of
Endeavor ZES. Consistent with these reports, our study
found that female gender was associated with decreased
neointimal growth after ZES implantation, independent of
clinical and angiographic characteristics such as age, car-
diac risk factors, history of myocardial infarction and per-
cutaneous coronary intervention, and lesion diameter and
morphology. Furthermore, there was a significant interac-
tion between stent type and gender with respect to neointi-
mal hyperplasia. Compared to men, women had greater
neointimal growth with BMS and less neointimal growth
with ZES, whereas men compared to women had less neo-
intimal growth with BMS but greater neointimal growth
with ZES. Although we cannot argue a cause-effect relation
‘between neointimal growth and stent components in this
study, it is possible that the stent itself, or stent additives,
such as zotarolimus and/or the phosphorylcholine polymer,
affect the difference in neointimal growth between the gen-
ders. It is unknown why gender differences in neointimal
hyperplasia were observed with ZES but not with SES or
PES. In the present study, the overall neointimal obstruction
for ZES was 17.5%, whereas neointimal obstruction for
SES and PES was 2.7%'¢ and 9.9%,"7 respectively. Rela-
tively greater neointimal proliferation for ZES compared to
SES and PES might be a possible explanation. As such,
IVUS resolution may be insufficient to detect gender dif-
ferences in neointimal hyperplasia when the amount of
neointimal proliferation is small. It is possible that different
stent materials have variable effects in women and men,
with some materials resulting in no difference and others
causing significant clinical differences between the genders.
With ZES having the shortest duration of drug presence
after implantation among ZES,'#2¢ SES,?7® and PES,? it
may also be that the length of drug exposure is more
important in men than women, whereby men need a
longer duration of drug elution to fully suppress neoin-
timal growth. It is also speculated that men may need a
higher amount of drug dose to achieve sufficient neoin-
timal suppression.

Regarding the efficacy of ZES, the incidence of binary
restenosis at 8 months was significantly lower with ZES
than BMS for both genders in the present study, suggesting
that ZES have a beneficial effect on neointimal suppression
compared to BMS, independent of gender. Previous drug-
eluting stent trials, including SES and PES, also showed that
the magnitude of restenosis reduction compared to BMS
was similar between the genders.®~%3° However, in the
present study, the magnitude of risk reduction for binary
restenosis at 8 months in patients with ZES versus BMS was
significantly greater in women than in men. Although the
exact reason for this observation of ZES is not clear, vas-
cular responses to the stent and its added materials may
again play a role.

We should note several limitations of this study. First,
selection bias might be present because of the post hoc
analysis setting design. However, clinical trials using sim-
ilar inclusion and exclusion criteria were used in our study.

In addition, there were no differences in baseline demo-
graphic and angiographic parameters before the procedure
between the IVUS and total cohorts. Therefore, selection
bias may be minimal. Second, the IVUS follow-up period
was relatively short. Further long-term study will be needed
to confirm these findings. Third, the number of patients in
the BMS group was relatively small compared to the ZES
group. Regarding overall cases enrolled in this study, the
number of women was relatively small compared to men.
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