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Abstract

Background: STAT3 is an oncogenic signaling pathway found constitutively active in many
types of human malignancies and plays a key role in cancer progression. Stattic is a small
molecule, which selectively inhibits the SH2 domain of STAT3. In most studies, stattic has been
proposed as a promising strategy STAT3 inhibition in cancer cells harboring constitutively
active STAT3. However, the lack of proper formulation due to the poor water solubility and
low bioavailability of stattic is a major limitation for its usage in the clinic. This project aimed to
develop poly(ethylene glycol)-block-poly(caprolactone) (PEG-b-PCL)-based polymeric
micelles loaded with stattic and evaluate drug encapsulation efficiency and release in the
developed formulations.

Methods: In this experimental study, to prepare stattic loaded micellar formulations, the co-
solvent evaporation method was used. The mean diameter and polydispersity index (PDI) of
micelles were defined by the light scattering method. Encapsulated drug levels were
measured using high-performance liquid chromatography (HPLC). Data were analyzed
using GraphPad Prism software through one-way ANOVA.

Results: Stattic was loaded in the polymeric micelles with encapsulation efficiency ranging from
40% to 73%. Drug loaded micelles were measured between 90 to 130 nm in size. PDI was
obtained 0.3-1, and encapsulation of stattic in Polyethylene glycol-block-poly (a-benzyl
carboxylate e-caprolactone (PEG-b-PBCL) micellar formulation resulted in a more than 6-fold
increase in the water solubility of stattic (0.36 vs. 0.06 mg/mL). Regarding high encapsulation
efficiency, two micellar formulations were selected for further analysis in that both of them
released 70-80% of the drug within the first hour, indicating burst release of the drug.
Conclusion: These findings show that PEG-b-PBCL copolymers can be a suitable vehicle for
the solubilization of stattic.
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Extended Abstract

Background

STATS3 is a cancer signaling pathway that is
activated in different types of human cancers.
Constitutive activation of STAT3 plays major
role in tumor growth, resistance to apoptosis
and immune invasion by cancer cells. Stattic is a
small molecule, which selectively binds to SH2
domain of STAT3 thereby suppresses the
dimerization and activation of STAT3. In most
of the studies, stattic has been proposed as a
useful tool to inhibit STAT3 activity in cancer
cells harboring constitutively active STATS3.
Despite the anti-cancer effects of stattic, this
compound has limited clinical use due to its low
water solubility and bioavailability. Therefore,
the development of a suitable formulation for
stattic is a fundamental. The aim of this project
was to develop poly(ethylene glycole)-block-
(PEG-b-PCL)-based
polymeric micelles loaded with stattic and

poly(caprolactone)

evaluate drug encapsulation efficiency and
release in the developed formulations.

Methods

In this experimental study, PEG-b-PCL and
Polyethylene glycol-block-poly(a-benzyl
carboxylate e-caprolactone(PEG-b-PBCL)
copolymers were prepared by open-loop
polymerization of caprolactone (CL) and benzyl-
carboxylate-caprolactone (BCL). Polyethylene
glycol and stannous octate were used as initiator
and catalysts, respectively. To prepare stattic
loaded micellar formulations, co-solvent
evaporation method was used. Overally, four
formulations including PEGswe-b- PCLisoo »
PEGsoo-b-  PCLiooo, PEGs00-b-PCLso0  and

PEGsooo-b-PBCLsooQWCI'C
diameter and polydispersity index (PDI) of

prepared. = Mean

micelles were defined by light scattering method.
Encapsulated drug levels were measured using
high performance liquid chromatography
(HPLC). The drug release study was performed
by dialysis using spectral dialysis bag (12000-
14000 g / mol). Sample solution were collected at
different time points and stored at -22 ° C for
HPLC analysis. In this study, each experiment
was performed in three replications and the data
were shown as mean =+ standard deviation. MTT
data were analyzed using Graph pad prism
software through one-way ANOVA analysis of
variance.P-value less than 0.05 was considered as
a significant level.

Results

The loading amount of stattic in PEG-b-PCL
and PEG-b-PBCL micelles was found to be
between 1.5 to 7.1% (mg/mg), and the highest
loading amount was related to PEGsuo-b-
PBCLswo micelles. Stattic was loaded in the
polymeric micelles with encapsulation efficiency
ranging from 40 to 73%. Among the 4 polymers
studied, PEGsoo-b-PCLswo and  PEGso-b-
PBCLso showed the highest encapsulation
efficiency with 64.23 and 73.77%, respectively.
Drug loaded micelles were 90 to 130 nm in size
with PDI being 0.3-1. The encapsulation of
stattic in PEG-b-PBCL micellar formulation
resulted in more than 6-fold increase in the
water solubility of stattic (0.36 vs .0.06 mg/mL).
Respecting to high encapsulation efficiency of
PEG5000-b-PCLsooy and  PEGsuo-b-PBCLso,
these micellar formulations were selected for
release analysis. Both formulations indicated
burst release of drug by releasing 70-80% of the
drug in less than 1 hour. However, 100% of the
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encapsulated drug was released after 4 hours,
indicating that this formulation could not
provide adequate controlled release.

Conclusion

In this study, micellar formulations were
designed for a poorly water soluble STAT3
inhibitory molecule, stattic. The formulations
were investigated based on particle size, PDI,
drug loading, encapsulation efficiency, and drug
release. The results showed that among the

prepared copolymers, PEG5000-b-PBCL5000
micelles with 99 nm particle size and PDI of 0.31
showed acceptable formulation properties.
Encapsulation of Stattic in PEG5000-b-
PBCL5000 polymeric micelles increased the
water solubility of stattic from 0.06 to 0.36 mg /
ml water. These findings show that PEG-b-
PBCL copolymers can be a suitable vehicle for
solubilization of stattic, while they are not able to
provide controlled release of stattic in vitro.
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