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Abstract

Biodegradable poly p,L-lactic acid (PLA, molecular weight: ca. 5000) microcapsules containing a CXCR4 antagonist
(4F-benzoyl-TE14011) were prepared (4F-benzoyl-TE14011-PLA), and their anti-metastatic activity was evaluated in mice. A single
subcutaneous administration of 4F-benzoyl-TE14011-PLA significantly reduced the number of colonies formed by pulmonary
metastasis of BI6-BL6 melanoma cells expressing CXCR4. The same dose of 4F-benzoyl-TE14011 in a single or a series of
treatments affected little. The substance 4F-benzoyl-TE14011 dose-dependently suppressed B16-BL6 cell growth. In the cells cul-
tured with SDF-1, a more potent suppression was observed. 4F-Benzoyl-TE14011 was rapidly released from 4F-benzoyl-TE14011-
PLA for an initial period, both in vitro and in vivo. A steady release was thereafter observed. Therefore, this drug release profile
might contribute to prevention of melanoma metastasis at the steps involving the migration and cell growth. These results also show

that a sustained drug release formulation could be a useful drug delivery system for CXCR4 antagonists.

© 2004 Elsevier Inc. All rights reserved.
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CXCRA4 is a member of the GPCR protein family and
is the receptor for a chemokine, stromal cell-derived
factor (SDF)-1 [1,2]. The interaction with SDF-1 in-
duces chemotaxis, immunomodulation, and other reg-
ulatory functions. CXCR4 also plays an important role
in human immunodeficiency virus type-1 (HIV-1) in-
fection. An HIV-1 envelope glycoprotein, gpl20, ini-
tially binds to a CD4 molecule on the host cell surface
[3]. This interaction leads to conformational changes in
gp120 that increases its affinity for the HIV-1 co-recep-
tor, the chemokine receptor CXCR4 or CCRS5 [4,5].
Subsequent association of gp120 with CXCR4 or CCRS
promotes conformational changes in an HIV-1 trans-
membrane envelope glycoprotein, gp4l [6], leading to
membrane fusion. The binding of HIV to CXCR4 is
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therefore of paramount
infection.

Recently, CXCR4 has been reported to be involved in
cancer metastasis [7-12]. Cancer metastasis is a complex
event with many factors and steps. Robledo et al. [9]
reported that human melanoma cells express the
chemokine receptors CXCR3 and CXCR4, which me-
diate agonist-dependent cell migration and activation,
and that these receptors might be relevant to tumor cell
invasion and growth. Miiller et al. [7] demonstrated that
primary tumors of breast cancer and melanoma cell lines
express CXCR4 as well as CCR7 at the messenger RNA
level. Moreover, exposure of breast cancer cells to a
function-blocking anti-CXCR4 mAb inhibited metas-
tasis to the lungs, suggesting that CXCR4 might be in-
volved in the selective metastasis of cancer cells.
Furthermore, based on in vitro adhesion and chemo-
taxis experiments, several investigators have suggested
roles for SDF-1 and CXCR4 in the metastasis of

importance to the viral
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neuroblastoma [8], melanoma [9], and prostate cancer
cells [10]. Murakami et al. [13] showed that an excessive
expression of CXCR4 dramatically enhanced the meta-
static accumulation of B16 melanoma cells in mice
lungs. They also showed that the CXCR4 antagonist
T22, developed in our laboratory [14], blocked pul-
monary metastasis in mice injected with B16 cells
transduced with CXCR4.

The T22 analog 4F-benzoyl-TE14011 used in the
present study is one of the most potent CXCR4 antag-
onists that we have synthesized [14-20]. Its ECs, value,
evaluated as anti-HIV activity in HIV-1-infected MT-4
cells, was 2.4 nM. However, due to its hydrophilicity and
small molecular size, it might be rapidly eliminated from
the body after dosing.

We have recently investigated a sustained-release
formulation of insulin, for therapy of diabetic patients
who require multiple dosages. We have developed this
formulation by encapsulating insulin with a biodegrad-
able polymer, poly co-poly(p,L-lactic/glycolic) acid
(PLGA) [21-23]. Formulations prepared using biode-
gradable polymers such as PLGA and PLA have at-
tractive attributes for a controlled and sustained release
of drugs. In contrast to insulin, 4F-benzoyl-TE14011
would not require a strict controlled release. Since a
single treatment can be effective for a long period, the
formulation would be a valuable development, not only
for anti-cancer-metastatic agents but also anti-HIV
agents. The present study focused on the possibility of
developing a sustained release formulation of 4F-ben-
zoyl-TE14011.

Materials and methods

Reagents. 4F-Benzoyl-TE14011 was synthesized as reported previ-
ously [20]. Anti-human CXCR4-phycoerythrin (clone 12G5) was
purchased from R&D systems (Minneapolis, MN). SDF-1 was pur-
chased from ProTech EC (London, UK).

Cells. BI6-BL6 mouse melanoma cells were maintained in Dul-
becco’s modified Eagle’s medium (Sigma Chemical, MO) supple-
mented with 10% heat-inactivated fetal bovine serum (FBS, Sanko
Junyaku, Tokyo, Japan) and 100 U/ml penicillin and 100 pg/ml strep-
tomycin (Gibco, Grand Island, NY).

Animals. Six-week-old male C57BL/6 or ICR mice were purchased
from SLC Experimental Animals (Shizuoka, Japan). Animals were
housed at a constant temperature (23 + 1 °C) and humidity (50-60%)
with free access to a standard diet and water. The animal room had a
12-h light/dark cycle (lights on from 6:30 to 18:30). The study protocol
was approved by the Animal Experimentation Committee of St.
Marianna University.

PLA microcapsules containing a CXCR4 antagonist. The prepara-
tion method was based on the double emulsion diffusion technique.
4F-Benzoyl-TE14011 (50 mg) and fatty acid ester saccharide (50 mg,
J-1216, Mitsubishi-Kagaku Food Corporation, Tokyo, Japan) were
dissolved in 2 ml of distilled water. This solution was poured into 20 ml
of an acetone/methylene chloride (1:1, v/v) solution containing PLA
(450 mg) and fatty acid ester saccharide (50 mg, J-1205, Mitsubishi-
Kagaku Food Corporation). A water-in-oil (w/o) emulsion was then
formed by stirring at 4000 rpm. This w/o emulsion was further added

to a 0.5% carboxymethylcellulose (CMC) aqueous solution with stir-
ring to achieve the (water-in-oil)-in-water (w/o/w) double emulsion
system. This emulsion was stirred at 1200 rpm for 24 h to reduce the
organic solvent volume. Lyophilization then gave the formulated drug
(4F-benzoyl-TE14011-PLA). Particle size was determined by using a
particle analyzer (Multisizer IIE, Beckman Coulter, Tokyo, Japan).
The CXCR4 antagonist-loaded microcapsules were examined under a
SEM 4300 scanning electron microscope (Hitachi, Ibaraki, Japan) at
an acceleration voltage of 1.0kV. The 4F-benzoyl-TE14011 contents
of the prepared microcapsules were determined after extraction with
methylene chloride and 0.01 M HCl according to the method of Lowry
et al. [24], using 4F-benzoyl-TE14011 as a standard.

Experimental pulmonary metastasis of B16-BL6 melanoma cells.
Anti-melanoma-metastatic activity was assessed using an experimental
metastasis assay. Mice were inoculated via the tail vein with 1 x 10*
viable B16-BL6 cells and were sacrificed by decapitation 2 weeks after
tumor inoculation. The lungs were isolated, fixed with 70 (v/v)% eth-
anol, and examined for tumor nodules. The number of metastatic
nodules on the lungs was counted in each mouse under a dissecting
microscope. Drugs were administered subcutaneously 30 min before
tumor cell inoculation. Daily treatment with 4F-benzoyl-TE14011 was
carried out at approximately 10 o’clock in the morning. 4F-Benzoyl-
TE14011-PLA was dispersed (10 w/v%) with 5% mannitol solution at
pH 6.5 containing 0.5% CMC and 0.1% Tween 80, just before ad-
ministration. An Alzet osmotic pump (duration, 14 days, pumping
rate, 0.25 pl/h, Model 1002, ALZA, Mountain View, CA, USA) con-
taining 35.7 mg/ml of 4F-benzoyl-TE14011 (100 ul in saline) was im-
planted subcutaneously 30 min before tumor cell transplantation.

Anti-HIV activity of mouse sera following the subcutaneous injection
of the formulation. Male ICR mice were treated by a single injection of
4F-benzoyl-TE14011-PLA using a subcutaneous route. Blood samples
were obtained from the inferior ophthalmic vein before and after this
treatment.

The anti-HIV activity of serum samples on 2.5 x 10* Molt-4 cells
infected with HIV-1 (HIV-1 IIIB, activity: 52 x 10* TCIDsy/ml) was
assessed by MTT assay as previously described [25].

In vitro release. 4F-Benzoyl-TE14011-PLA (100 mg) was suspended
in 1.0 ml of phosphate-buffered saline (PBS) (pH 7.4) in a test tube and
kept at 37°C. At appropriate intervals, supernatants were collected
after centrifugation, 1.0 ml of the buffer was added, and the mixture
was further incubated. The content of the supernatant was determined
by the method of Lowry et al. [24] using 4F-benzoyl-TE14011 as a
standard.

Immunohistochemistry. B16-BL6 cells were fixed with 4% parafor-
maldehyde in PBS (pH 7.4) for 24h and washed by PBS, followed by
treatment with 0.5% Triton-X in PBS for 5 min.

Mice were anesthetized and perfused with 4% paraformaldehyde in
PBS by intracardiac injection. Lungs were fixed by immersion in fresh
fixative for 1h at room temperature. Tissue was cryoprotected by
immersion in 10% sucrose in PBS for 1h at room temperature and
overnight in 30% sucrose in PBS at 4°C. After cryoprotection, lungs
were frozen in embedding OTC compound (Tissue Tek, Sakura,
Torrance, CA), and then cut into 5Sum sections on a cryostat and
placed on poly-L-lysine-coated glass slides.

After fixation and blocking by 5% BSA in PBS, lung sections were
reacted overnight with phycoerythrin-conjugated anti-CXCR4 anti-
body. Fluorescence images were acquired using a conventional mi-
croscope equipped with epifluorescence optics (model IX71/
CooISNAP-HQ, Olympus, Melville, NY). Hematoxylin—eosin staining
was also carried out.

Cell growth. B16-BL6 cells (1 x 10?) suspended in FCS-free culture
medium were seeded into a 96-well tissue culture plate. 4F-Benzoyl-
TE14011 was dissolved in PBS (pH 7.4) and diluted by DMEM to
make the desired concentrations. Various concentrations of 4F-ben-
zoyl-TE14011 were cultured with cells for 3 days in a humidified at-
mosphere of 5% CO, in air at 37°C. Cell growth was assessed
by [*H]thymidine (methyl[l’,2’-*H]thymidine  (1.40 TBq/mmol),
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Amersham, UK) incorporation over the last 4h of incubation. The
radioactivity was counted with a scintillation counter (MicroBeta
TRILUX, Pharmacia, Sweden). Cell growth was also examined in the
presence of SDF-1.

Statistical analysis. Statistical analysis was performed by using
Mann-Whitney U test and p < 0.05 was taken as indicating signifi-
cance.

Results
PLA microcapsules containing 4F-benzoyl-TE14011

Morphological examination study using a scanning
electron microphotograph showed spherical surfaces of
the PLA particles, with a diameter of 14.57 +11.21 pm.
The 4F-benzoyl-TE14011 content was 5.6%, indicating
that the loading efficacy was approximately 90%.

Experimental pulmonary metastasis of Bl6—BL6 mela-
noma cells in mice

In the vehicle-treated control group, the number of
pulmonary metastatic nodules was 196.4 4+ 58.6 (mean +
SE) per mouse (Fig. 1). 4F-Benzoyl-TE14011-PLA re-
duced the number of colony formations, even though
not preventing metastatic incidence. When 4F-benzoyl-
TE14011-PLA (3mg as 4F-benzoyl-TE14011) was in-
jected to mice, the number of metastatic nodules was
122.94+42.6 per mouse, which was significantly lower
than that in the control group (p < 0.05). The PLA
formulation alone showed no effect (192.3 +56.1). Bolus

subcutaneous injection of the parent agent, 4F-benzoyl-
TE14011 (3 mg), showed no significant difference com-
pared with the control group. Daily treatment by
subcutaneous injection of 4F-benzoyl-TE14011 (300 pg/
mouse) for 10 days showed a partial, but not significant,
reduction (178.9 + 65.8). Subcutaneous injection of 4F-
benzoyl-TE14011 using an Alzet pump implanted before
tumor cell inoculation also reduced the number of col-
ony formations (162.5 +47.9).

When 4F-benzoyl-TE14011-PLA was treated 30 min
after tumor cell inoculation, the number of metastatic
nodules was also reduced. However, there was no sig-
nificant difference. (168 +=42.5, vs. control 201.4 +49.1).
On day 14, the formulation of 4F-benzoyl-TE14011-
PLA was detected little at the injected site. The 4F-
benzoyl-TE14011-treated group showed a tendency to
reduce the metastatic nodule overall size, but not sig-
nificance.

Anti-HIV activity of mouse sera following the subcutane-
ous administration of the formulation

The anti-HIV activity of serum samples is thought to
reflect the plasma concentrations of 4F-benzoyl-
TE14011 after subcutaneous injection of 4F-benzoyl-
TE14011-PLA. 4F-Benzoyl-TE14011-PLA (3mg as
4F-benzoyl-TE14011) showed a transient augmentation
of anti-HIV activity (Fig. 2A). Thereafter, the activity
again increased and then gradually decreased. A single
injection of 4F-benzoyl-TE14011 showed only a tran-
sient increase of anti-HIV activity.

4F-benzoy |-TE14011-PLA (3 mg/mouse) . l—l *

4F-benzoy|-TE14011 (3 mg/mouse bolus

4F-benzoy|-TE14011 (300 g/mousex10)

f—

4AF-benzoy|-TE14011 (3 mg Alzet pump) |0

PLA MC without drug

0
Number of pulmonary metastatic nodules

50 100 150 200 250

4F-bmzoyl—Arg—Arg—N&l—Cys-’I‘yr-Cit—Lys-DGlu—Pm—'[jrr—Arg—Cit—Crs-Arg—NHz
f

Nal = L-3-(2-naphthyl)alanine, Cit = L-citrulline

Fig. 1. Effects of 4F-benzoyl-TE14011-PLA on experimental pulmonary metastasis. B16-BL6 cells (1 x 10*/0.2 ml) were injected into the tail veins of
mice. 4F-Benzoyl-TE14011-PLA, 4F-benzoyl-TE14011 (bolus injection, 3mg drug), 4F-benzoyl-TE14011 (300 pg/mouse/day for 10 days), 4F-
benzoyl-TE14011 (Alzet pump, constant release of total 3 mg 4F-benzoyl-TE14011 over 2 weeks), or PLA microcapsules (MC) without drug was
administered through a subcutaneous route 30 min prior to tumor cell inoculation. Alzet pump containing 4F-benzoyl-TE14011 was also implanted
30 min before tumor cell injection. On day 14, mice were sacrificed, and tumor nodules on the surface of the lungs were counted. The chemical
structure of 4F-benzoyl-TE14011 was shown below. Data represent means & SE. n = 5-8. *p < 0.05, vs. control.
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Fig. 2. (A) Serum anti-HIV activity following subcutaneous treatment
of 4F-benzoyl-TE14011-PLA and (B) In vitro drug release from
4F-benzoyl-TE14011-PLA. (A) Serum anti-HIV activity following
subcutaneous treatment of 4F-benzoyl-TE14011-PLA (3mg as 4F-
benzoyl-TE14011), 4F-benzoyl-TE14011 (bolus injection, 3mg drug),
or PLA alone was determined as described in Materials and methods.
The relative anti-HIV activity was calculated from the concentration
required for ED80. Data are means obtained from 3 mice. (B) In vitro
4F-benzoyl-TE14011 release from 4F-benzoyl-TE14011-PLA was
evaluated. Data represent means obtained from 3 to 5 separate exper-
iments.

In vitro release of 4F-benzoyl-TE14011 from 4F-benzoyl-
TE14011-PLA

The in vitro release from 4F-benzoyl-TE14011-PLA
was examined (Fig. 2B). The cumulative amount of 4F-
benzoyl-TE14011 released from 4F-benzoyl-TE14011-
PLA was 11.7% (2h) and 33.8% (1 day). An acceleration
of drug release was again seen after 10 days incubation.

Expression of CXCR4 on BI6-BL6 cells and lung
specimen

Immuno-fluorescence microscopic analysis demon-
strated that B16-BL6 cells express CXCR4 on their

surface (Figs. 3A and B). CXCR4 expression in the lung
sections was also observed, especially along the epithe-
lial cells Figs. 3C and D.

Cell growth and CXCR4 expression of lung specimens
after B16—BL6 melanoma inoculation

HE staining revealed that tumor cells migrated and
grew around not only the epithelial cells but also blood
vessels (Fig. 3F). They also grew on the surface of lung
(Figs. 3G and H). The metastatic nodule on the surface
of lung showed CXCR4 expression 2 weeks after cell
inoculation (Figs. 31 and J). Lung sections of mice (Figs.
3H and I) were ones treated with 4F-benzoyl-TE14011-
PLA, and the sections (Figs. 3F, G, and J) were control.
The intensity of the CXCR4 expression following nod-
ule formation showed no significant difference between
the two. However, the grown tumor cells were localized
less around the epithelial cells in the 4F-benzoyl-
TE14011-PLA-treated group.

Effect of 4F-benzoyl-TE14011 on cell growth

The growth of B16-BL6 cells was examined under
conditions that included extremely low concentrations
of serum. Dose-dependent suppression of the cell
growth was observed by the treatment with 4F-benzoyl-
TE14011 (Table 1). 4F-Benzoyl-TE14011 (300 pg/ml)
reduced thymidine incorporation (dpm) by one-tenth.
The inhibitory activity was less under serum conditions
(data not shown).

SDF-1 enhanced the cell growth by nearly 2-fold
compared to that in the absence of SDF-1. It should be
noted that even 3 pg/ml of 4F-benzoyl-TE14011 signifi-
cantly reduced the cell growth.

Discussion

Our present study showed that a subcutaneous single
administration of 4F-benzoyl-TE14011-PLA, a biode-
gradable polymer microcapsule formulation containing
a CXCR4 antagonist (4F-benzoyl-TE14011), signifi-
cantly reduced the number of colonies formed by pul-
monary metastasis of B16-BL6 melanoma cells.

CXCR4 antagonists have been identified as anti-HIV
agents [26-29]. 4F-Benzoyl-TE14011 is one of the most
potent CXCR4 antagonists that we have synthesized
based on T22 and its smaller analog, T140 [14-20]. 4F-
Benzoyl-TE14011, more potent than AZT in the MTT
assay, is stable in mouse serum and rat liver homogenate
[20].

4F-Benzoyl-TE14011-PLA was proven to have anti-
melanoma metastatic activity following a single subcu-
taneous dosing, indicating that this drug delivery system
is promising. Murakami et al. [13] have already shown
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Fig. 3. B16-BL6 melanoma cells and lung specimen before or after cell inoculation. (A,B) B16-BL6 melanoma cells (scale bar is 10 um.) (C-E) The
normal lung section (scale bar is 20 um.) (F-J) The lung section 2 weeks after tumor cell inoculation. Arrow; tumor cell growth. (B, D, I, and J)
Immunostaining of CXCR4 was performed. (E-H) Hematoxylin—eosin (HE) staining.

Table 1

Effects of 4F-benzoyl-TE14011 on the SDF-1-stimulated cell growth in vitro

Addition of SDF-1 (ng/ml) 4F-benzoyl-TE14011 (pug/ml)

0 0.3 3 30 300
0 6698.14+1962.9 8115.74+1733.0 7556.04+1892.0 6187.41444.2 530.34+516.5"
5 11128.9 & 1417.0% 9320.51+478.0 8555.1 £762.2* 7784.4 4+2445.4* 845.7 4 562.4*
50 11251.2+678.7% 9622.1+949.0 8916.1 £ 625.7 7342.4 £573.0* 606.4 £ 224.2*

B16-BL6 cells (1 x 103/well) suspended in FCS-free culture medium were seeded to a culture plate in the presence or absence of SDF-1. Various
concentrations of TE14011 were added and subsequently culture was done for 3 days. Cell growth was assessed by [>H]thymidine incorporation over

the last 4h of incubation. Data are means & SD (dpm) (n = 8).
#p < 0.01 vs. no addition of SDF-1.
*p < 0.05, *p < 0.01 vs. no addition of 4F-benzoyl-TE14011.

that daily treatment with T22 (4 ug peptide/mouse) via
an i.p. route for 14 days reduced the number of nodules
formed by pulmonary metastasis of melanoma cells.
Even though a single treatment, 4F-benzoyl-TE14011-
PLA required higher amounts of drug. This may be
partly explained by the difference in the administration
route. Another major reason would derive from the
dependency of metastasis on the CXCR4-SDF-1 sys-
tem. They demonstrated that transfection of the
CXCR4 gene in B16-F10 cells dramatically enhanced
the metastatic accumulation of tumor cells in the lungs
of mice. BI6-BL6 melanoma cell lines used in our study
have a high metastatic potency, especially to the lungs.
Although we confirmed the expression of CXCR4 on
the surface, the metastatic potency seemed to be less

dependent on the CXCR4-ligand system than that of
CXCR4 gene-transfected B16-F10 cells used by Mura-
kami et al. Therefore, their metastatic system might have
required less amount of 4F-benzoyl-TE14011.
Nevertheless, it is evident that the CXCR4-SDF-1
system is involved in the growth of B16-BL6 cells. SDF-
1 significantly promoted the cell growth. It was notable
that the SDF-1-mediated cell growth was effectively
suppressed by 4F-benzoyl-TE14011. This shows the
possibility that 4F-benzoyl-TE14011 released from 4F-
benzoyl-TE14011-PLA suppressed the cell growth at the
metastatic destination sites in vivo. HE staining revealed
that the cell growth spread not only on the surface of
lungs but also around blood vessels and the epithelial
cells. The grown tumor cells were associated with
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CXCRA4 expression. The expression was not diminished
by 4F-benzoyl-TE14011-PLA, but the tumor growth
was less around the epithelial cells. These evidences are
support for 4F-benzoyl-TE14011 suppression of the
metastatic process through CXCR4 containing cell
growth.

The same dose of 4F-benzoyl-TE14011 alone (bolus
injection) did not significantly reduce the number of
metastatic nodules. Successive subcutaneous treatments
had been expected to be potent, but no significant dif-
ference was observed. These could be partly ascribed to
its easy elimination from the body, as seen in serum anti-
HIV activity. Alzet pump administration causes a con-
stant drug release without an initial large release, but it
was less effective. 4F-Benzoyl-TE14011-PLA showed a
transient increase of anti-HIV activity, which is consis-
tent with an initially rapid drug release in vitro. 4F-
Benzoyl-TE14011-PLA thereafter kept on releasing the
drug with a lower but a relatively steady rate in vitro.
This finding prompted us to advance the hypothesis that
the desired pharmacological activity requires a profile
with an initial large release followed by lower constant
release. In vitro release study showed an acceleration of
the drug release after 10 days incubation. This phe-
nomenon was also seen in the case of insulin [21].
Plasma insulin level showed a lag phase and gradual
augmentation in vivo, which was similar as in vitro re-
lease. In general, the drug release is associated with PLA
polymer degradation. The serum anti-HIV activity may
not completely reflect drug bio-distribution, but it might
have been transiently but again higher after day 6, and
have contributed to the pharmacological effect.

An advantage of formulations based on biodegrad-
able polymers such as PLGA and PLA is an ability to
maintain a relatively sustained drug release. Since these
polymers are degraded by hydrolysis, followed by a drug
release when exposed to aqueous media, they have been
used to achieve sustained releases of various drugs [30—
33]. Leuprolein acetate-loaded PLGA has already been
used in a clinical setting and has made an important
contribution to the remarkable improvement in the
physiological condition of patients with prostate cancer,
etc. A small molecular and hydrophilic drug is difficult
to encapsulate, and susceptible to being released rapidly
into aqueous media. PLA has an adequate entrapping
efficacy for such drugs, compared to PLGA. However,
PLA brings a rapid release, and there are many prob-
lems that need to be solved for achievement of a more
constant release. In the present study using this system,
the first rapid release of 4F-benzoyl-TE14011 might
contribute to the suppression of metastasis.

4F-benzoyl-TE14011 might suppress both the mi-
gration of B16-BL6 cells into the target organs and the
formation of nodules. In addition, several other papers
have shown the efficacy of CXCR4 antagonists derived
from T140 as anti-cancer agents: 4F-benzoyl-TN14003

showed significant suppression of pulmonary metastasis
of MDA-MB-231 breast cancer cells in mice [34].
TN14003 was proven to inhibit SDF-1-induced migra-
tion and invasion of several human pancreatic cancer
cells [35]. T140 was shown to block SDF-1-induced
chemotaxis and attenuated the migration of pre-B acute
lymphoblastic leukemia cells into bone marrow stromal
layers [36], and to inhibit the interaction of small cell
lung cancer cells with stromal cells [37]. Taken together,
T140 analogs are promising agents for cancer chemo-
therapy.

The present study provides insight into the possibility
of a new administration strategy for CXCR4 antago-
nists.
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