Chinese Journal of
POLYMER SCIENCE

RESEARCH ARTICLE

https://doi.org/10.1007/s10118-022-2701-9
Chinese J. Polym. Sci. 2022, 40, 1016-1027

Facile and One-step Direct Synthesis of Poly(valine) as a Robust Drug
Nanocarrier for Enhanced Breast Cancer Therapy

Ya-Bin Meng and Jun Wu"

School of Biomedical Engineering, Sun Yat-sen University, Shenzhen 518107, China

é Electronic Supporting Information

Abstract Synthetic poly(amino acid)s with good biodegradable and biocompatible properties have attracted increased attention as carriers in
biomedical applications in recent years, their synthesis and purification procedures are usually complicated and some by-products would occur
yet. Given this, polypeptide with good biodegradable and biocompatible properties is prepared and optimized by one-step and direct synthesis
strategy and poly(valine) (PVal) is selected here as a model polypeptide in this study. This newly generated PVal can self-assemble into
poly(valine) nanoparticles (PVal-NPs) with a high drug-loading capacity (>20 wt%) of doxorubicin (DOX) and shows strong cytotoxicity against
4T1 cells. Upon cellular internalization, the release of DOX could be accelerated by the endosomal acidic environment which leads to enhanced
anticancer effects. The results in vivo show that DOX@PVal-NPs have a long blood circulation time, high cancer accumulation and penetration,
and good therapeutic performance in 4T1 tumor-bearing mice without causing obvious adverse effect on main organs. With these combined

advantages, these PVal-based nanoplatform would provide an effective drug delivery tool for clinical breast cancer therapy.
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INTRODUCTION

Despite the undeniable advances in recent years, breast cancer
developed from local tissue is still one of the deadliest diseases
of the current millennium and has been the most commonly
diagnosed cancer that threatened the health of people in the
latest global survey.! Among the breast cancer, triple-negative
breast cancer (TNBC) has been one of the most devastating
breast cancer along with high metastases and it was the primary
cause of poor survival rate in breast cancer patients.?
Improving the therapeutic effect of triple-negative breast cancer
needs further clinical and basic studies.”

As a traditional anticancer protocol, surgical resection and
chemotherapy are routinely performed for TNBC. Regrettably,
surgical resection is more traumatic which may induce many
complications and incomplete surgical resection can cause
tumor recurrence. Chemotherapy is still the main treatment
for TNBC, but the use of chemotherapeutic drugs (such as
DOX) in clinic has several limitations due to the drug resist-
ance, collateral damages, nonselective distribution and poor
penetration.[57] Hence, developing a carrier that could solve
the above-mentioned obstacles is imperative for TNBC ther-
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apy. Recently, nanocarriers include nanoparticles (NPs),®! lipo-
somes,® exosomes,[ micelles!’® and so on, have been used
to deliver chemotherapeutic drugs and shown certain antitu-
mor efficiency on TNBC. Among these platforms, polymeric
NPs with good biodegradable properties have been exten-
sively used as drug delivery carrier that hold great advant-
ages,"" including prolonged blood circulation, improved
drug solubility and stability, and delivered chemotherapy
drugs to tumors via passive or active manner.'2-14 However,
their therapeutic efficacy has often been hindered as a result
of poor drug loading capacity, limited accumulation and pen-
etration in tumor.'3) And these issues seem to be induced
partially by the inappropriate material select and design for
drug delivery. Given that, great efforts have been devoted to
choosing proper material and systematically designing for
the drug carrier.

Poly(amino acid)s or polypeptide with good biodegrad-
able and biocompatible properties have been successfully
prepared for drug delivery in recent years,['617] but their fur-
ther application has often been hampered as a result of their
complicated synthesis and purification procedures.['!

Aiming to prepare polypeptide easily and directly, valine,
one of the 20 basic amino acids, is selected here as a model
amino acid to fabricate polypeptide. Following systematic
screening, PVal with eight val units is selected as a nanocarri-
er to encapsulate DOX with poor solubility to generate DOX@
PVal-NPs (Scheme 1). 4T1 cells were used as a trial subject to
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Scheme 1 Schematic illustration of the DOX@PVal-NPs platform for systemic drug delivery and tumor therapy.

systematically studied the antitumor effect of DOX@PVal-NPs
in vitro and in vivo. Enhanced anti-cancer efficacy was found
in orthotropic breast cancer mice models. Meanwhile, the in
vivo antitumor efficacy and blood biochemistry revealed a
high level of tumor inhibition without inducing obvious side
effects on main organs. Given a direct easy-operating but ef-
fective synthesis strategy, PVal-NPs could be a flourishing
platform for drug delivery and clinical breast cancer therapy.

EXPERIMENTAL

Synthesis of PVal Polymer

In this study, a direct polycondensation method is utilized to
prepare PVal by a simple step and thionyl chloride was used as
the catalyst. Briefly, SOCl, (0.72—2.16 mL) was added dropwise
into pyridine (10-30 mL) and stirred for 20 min under ice-bath
conditions. Subsequently, Val was added and stirred for another
2 h. At the end of the synthesis, organic solvent was removed by
rotary evaporation and the prepared product was precipitated
in ultra-pure water to remove the monomer and excess organic
solvents. After lyophilization, a brown-black powder was
obtained.

Preparation of PVal-NPs and DOX@PVal-NPs
Nanoprecipitation was applied to prepare PVal-NPs and
DOX/dye@PVal-NPs. Briefly, PVal, DOX/dye and DSPE-PEG,q
that dissolved in the DMSO (10 mg/mL) were added dropwise
into the water under vigorous stirring (1000 r/min, 30 s). To
remove DMSO and free DOX/dye, all the NPs were washed and
centrifugated using a centrifugal filter.

Characterization
The physicochemical properties of PVal or NPs were
characterized as bellow.

Nuclear magnetic resonance (NMR) spectra
"H-NMR was harnessed to record the chemical structure of PVal
and sulfoxide (DMSO-dg) was used as the solvent. The data were

processed by Mestre-Nova software.

Dynamic light scattering (DLS)

The average size and zeta potential were recorded with DLS.
The stability of DOX@PVal-NPs over time was carried out in PBS
or PBS with 10% FBS and recorded with DLS. All the data were
shown as meanzstandard deviation (SD).

Drugs loading capability

After washing and centrifugation, NPs with different DOX/PVal
ratios were resolved in nine-fold acetonitrile to obtain the DOX
loaded in NPs. Following centrifugation (12000 r/min, 10 min),
100 WL of supernatant was collected and the fluorescence of
DOX was quantified by using a microplate reader at 480 nm. The
calculated formulas were as follows:

Weight of DOX loaded
Total weight of DOX loaded NPs

LC (%) = x100% (1)

Weight of DOX loaded
0, — 0,
EE (%) = Total weight of DOX added X 100% @)

Invitro drug release profiles

The release behavior of DOX@PVal-NPs selected after systematic
screening was evaluated under predetermined pH media (pH
74, 6.8 and 5.5)." Briefly, after loading and ultrafiltration,
2 mL of DOX@PVal-NPs that dispersed in the dialysis bags
(MWCO 3500 Da) was placed in 20 mL of solution with different
pH values under dark environment and stirred constantly
in a shaker (37 °C, 100 r/min, ZHWY-200D shaker, China).
Subsequently, the release solution (1.0 mL) was drawn out and
replaced with fresh medium (1.0 mL) at different time intervals.
Finally, DOX that released from DOX@PVal-NPs was measured
as aforementioned. All data were described as mean=SD.

Cell Assays

In vitro proliferation
The cytotoxic activity of PVal and drug loaded NPs against 4T1
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and 3T3 cells was assessed by CCK8 assay. Cells were split into
96-well plates (5x10° cells/well) and cultured for 24 h. Then,
DOX, PVal and DOX@PVal-NPs were added into the well at
predetermined concentrations. At different time points, 10 uL of
CCK8 was added and cultured for 1-2 h and the optical density
was recorded at 450 nm.

Cell migration study

After culturation for 24 h, straight lines on 4T1 cell were drawn
with a 10 L sterile pipette tip when cells spread the entire well
of the six-well plate. Then, the floating cells were removed and
PVal-NPs, DOX@PVal-NPs and DOX that dispersed in medium
containing 2% FBS were added to the well, separately. At
predetermined time interval (24 and 48 h), cells were
photographed and ImageJ software were used to assessed the
migration ability of 4T1 cells.

Cell uptake assay

The cell uptake behavior of DOX and DOX@PVal-NPs was
assessed and measured by flow cytometer (FCM) and confocal
laser scanning microscopy (CLSM). Briefly, 4T1 cells (1x10°
cells/well) were evenly seeded in glass bottom dishes. After 24 h
post seeding, DOX@PVal-NPs was added to the well. At different
time points, cells were stained with Hochest33342 and washed
with PBS. Finally, cells were fixed and photographed by CLSM.
Meanwhile, nanoparticles internalized was quantified by FCM at
predetermined time points.

In vitro apoptosis

In this study, cell apoptosis assay was operated to evaluate the
apoptosis mediated cell death by flow cytometry analysis.””
After 24 h post incubating, cells were cocultured with DOX,
PVal-NPs and DOX@PVal-NPs at predetermined concentra-
tions and incubated for another 24 h. Then, cells were
processed in accordance with the manufacturer’s instructions.
Finally, cell apoptosis was recorded with FCM.

Hemolysis

The hemolysis assay of PVal-NPs was assessed by a reliable and
simple method based on the previous report.[?"?2 Briefly, after
washing with 0.9% of physiological saline, the red blood cells
(RBCs) of SD rats were isolated from serum by centrifugation
and then mixed with samples with different concentrations to
obtain RBCs with 2% concentration. After 3 h post incubation at
37 °C, the hemolysis of samples was recorded and the rate of
hemolysis was calculated as follows:

H x 100% 3)
where Hg,, Hy and H,, are absorbance values of the samples,
positive controls (water) and negative control (0.9% physio-
logical saline), respectively.

Hemolysis rate (%) =

4T1 orthotopic breast cancer model

The 4T1 orthotopic breast cancer model was made according to
a previous report.®! The mice with a tumor volume reached
about 100 mm? were randomly divided into four groups (n=5)
and used for in vivo experiments.

In vivo biodistribution

Since the poor penetration ability of the fluorescence of DOX,
the in vivo biodistribution of DOX@PVal-NPs was simulated
by DiR-loaded PVal NPs according to the previous research.l??!
Briefly, 4T1 tumor-bearing mice (n=3) was injected DiR and

DiR@PVal-NPs with a DiR concentration of 0.8 mg/kg,
respectively. The biodistribution of NPs in the mice was
monitored at different time points (1, 2, 4, 8, 12, 24 and 48 h) by
using an in vivo near infrared fluorescence imaging system.
Besides, the accumulation of NPs in major organs (heart, spleen,
liver, lung, kidney) and tumors were also evaluated. The
spectroscopy parameter of DIR molecules was set at 740/790
nm.

In vivo antitumor efficacy

The biocompatibility and antitumor efficiency of NPs in vivo
were systematically assessed. Briefly, mice were treated with
saline, PVal-NPs, DOX, and DOX@PVal-NPs via the tail vein every
three days until day 12 and the body weight and tumors size
were calculated every other day. The following formula was
used to calculate volume: Tumor volume (V, mm3): V=L x W?2/2,
where V is the tumor volume measured at every other day, L is
the length of the tumor, Wis the width of the tumor.

Serum Biochemistry and Histology

For serum biochemistry, the blood of mice was obtained at the
end of the treatment and the biochemical indexes (ALP, AST,
ALT, BUN, CRE) were analyzed with a clinical analyzer. In
addition, major organs (lung, kidney, heart, spleen, liver) and
tumors were also obtained for the histopathological evaluation.
Besides, TUNEL was used to assess the therapeutic effect of
DOX@PVal-NPs on tumor tissues.

Statistical Analysis

SPSS 17.0 and Origin 8.5 software were applied to analyzed the
data. The ANOVA (one-way analysis of variance) and Student’s
t-test was harnessed to analyze data. All the data were noted
as meanzSD. *p<0.05, **p<0.01 and ***p<0.001 considered as
the statistical significance or significant differences.

RESULTS AND DISCUSSION

Synthesis and Characterization of PVal

In this study, a facile and one-step direct synthesis method was
used to prepare PVal (Scheme 1). The corresponding acyl
chloride was first synthesized with thionyl chloride (SOCl,) as
the catalyst in the pyridine solvent and then reacted with the
amino group (—NH,) of Val. After purification and vacuum
drying, a brown-black powder was collected. And an alkaline
environment that pyridine provided was used to promote the
reaction in the forward direction.

The structure of PVal was characterized by 'H-NMR, low-
resolution mass spectrometry and FTIR. As seen in the 'H-
NMR spectrum (Fig. 1a), the peak at 7.92 ppm is the hydro-
gen proton of amide bond of PVal. The peaks at about 2.10
and 1.0 ppm are the hydrogen proton in methylene and
methyl of PVal, respectively. According to the FTIR spectrum
(Fig. S1 in the electronic supplementary information, ESI), the
band at 3286 cm~' is the absorption of —NH—, and 1650
cm~' is the amine | bond (—CO—NH—), indicating that PVal
was prepared successfully. As shown in Fig. 1(b), the molecu-
lar weight of the PVal ranges from 589 g/mol to 1081 g/mol.
After systematic screening and purification, PVal with 8-9
Val units was chosen in this experiment. As mentioned earlier,
PVal was successfully polymerized by this direct one-step syn-
thesis strategy.
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The characterization of PVal, PVal-NPs and DOX@PVal-NPs. (a) "H-NMR of PVal; (b) the molecular weight of PVal; Size distribution

(c) and zeta potential (d) of PVal-NPs; Size distribution, TEM image (e) and zeta potential (f) of DOX@PVal-NPs. (g) Stability of DOX@PVal-

NPs; (h) Cumulative release profiles of DOX from DOX@PVal-NPs.

Preparation and Characterization of PVal-NPs and
DOX@PVal-NPs

In this study, nanoprecipitation was harnessed to prepare PVal-
NPs and drug/dye@PVal-NPs. As shown in Figs. 1(c) and 1(d),
PVal with DSPE-PEG,, as stabilizer could self-assemble into
PVal-NPs (~104 nm, —30.1 mV). DOX was selected to generate
DOX@PVal-NPs with the size of 110-140 nm and zeta potential
ranges from -5 mV to —-25 mV (Figs. 1e and 1f). And the
morphology of DOX@PVal-NPs is spherical in shape (Fig. 1e).
Then the size, zeta potential, encapsulation efficiency (EE) and
loading capacity (LC) of DOX@PVal-NPs with different drug and
PVal ratios are recorded in Table S1 (in ESI). The LC (%) ranges

from 4.29% to 20.49%. The zeta potential increases with the
increase ratio of drug and PVal, which may be due to the elec-
trostatic adsorption between the carboxyl in PVal and amine in
the DOX. Following systematic screening, DOX@PVal (10:4) with
high DOX loading (22.49%) and small size was used in the
experiment. As shown in Fig. 1(g), there is almost no obvious
change in the particle size of DOX@PVal-NPs over 96 h in both
media (PBS or PBS with 10% FBS). Then, the release behavior of
DOX from DOX@PVal-NPs under different physiological
conditions was also evaluated. As shown in Fig. 1(h), DOX
released from DOX@PVal-NPs is relatively fast due to the small
NP size, small molecular weight and slow dissolving of
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polymers. The results above showed that DOX@PVal-NPs with
high drug loading capacity were prepared successfully and it
may have a pH-dependent drug release.

Cell Assay

To evaluate the mechanism of nanoparticles on the tumor cell,
some cellular evaluation, such as cell uptake, CCK8, 3D tumor
penetration assay, lysosomal escape and migration assay was
carried out.

In vitro cell uptake and penetration assay

The cell uptake efficiency of 4T1 cells treated with DOX@PVal-
NPs at different time points was evaluated by CLSM and FCM.

a Doxorubicin

Hochest33342 Merge

As exhibited in CLSM image (Fig. 2a), the cellular internalization
of DOX@PVal-NPs presents time-dependent behaviors and
the cellular internalization of DOX@PVal-NPs increases corre-
spondingly with the incubation time. Similarly, the uptake of
NPs by the cells detected by FCM (Figs. 2b and 2c¢) is consistent
with the results of CLSM and the fluorescence intensity is higher
at 8 h (p<0.001). The cell uptake assay indicated that 4T1 cells
could internalize DOX@PVal-NPs efficiently. In addition, 3D
tumor spheroid assay was applied to indirectly assess the
distribution and the penetrability of DOX and DOX@PVal-NPs
on tumor tissue. The results display that DOX@PVal-NPs have a
better penetrability in tumor spheroids than DOX with poor
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Fig. 2  In vitro cell uptake of 4T1 cells incubated with DOX@PVal-NPs. (

a) qualitative analysis and (b, ¢) quantitative analysis,

**p<0.01, ***p<0.001; (d) The penetration ability of DOX@PVal-NPs through tumor tissues was assessed by the 3D tumor

penetration assay, scale bar=10 um.
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penetrability. Thus, PVal could improve the penetration of
chemotherapeutic drugs (Fig. 2d and Fig. S3 in ESI).

Bioactivity evaluation and lysosomal escape ability of NPs in
vitro

Since DOX could block the synthesis of RNA and DNA, the
efficiency of DOX internalization determines the cytotoxicity on
tumor cells. In view of this, after treated with PVal-NPs, DOX and
DOX@PVal-NPs, the proliferation of 3T3 and 4T1 cells was mea-

sured by CCK-8 assay. As seen in Fig. 3(a) and Fig. S2 (in ESI),
none of PVal with different concentrations seems to cause obv-
ious cytotoxicity on 4T1 and 3T3 cells. Both free DOX and
DOX@PVal-NPs could suppress the cell viability of 4T1 cell in a
dose-dependent manner. Encouragingly, due to the enhanced
cell uptake and fast release DOX in the tumor cells with lower
pH, DOX@PVal-NPs show better antitumor activity than free
DOX (Fig. 3b).

Following transportation crossing cytomembrane barriers,

100 a 100 b
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Fig. 3  Bioactivity evaluation and lysosomal escape ability of NPs in vitro. (a) The cell viability of 4T1 cells treated with PVal at different
concentrations; (b) Cell viability of 4T1 cells treated with DOX and DOX@PVal-NPs; (c) Lysosomal escape assay of 4T1 cells treated with
DOX@PVal-NPs (red) for 0.5, 1, 2 and 4 h, scale bar=10 ym. Nuclei and lysosomes were stained with Hoechst 33342 (blue) and Lysotracker green

(green), respectively.
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it is necessary to assess whether DOX@PVal-NPs could escape
from the lysosomes and play its antitumor behavior. To verify
this, the lysosomal escape ability of DOX@PVal-NPs was eval-
uated. As shown in Fig. 3(c), the red fluorescence was ob-
served in 4T1 cells after coincubation with DOX@PVal-NPs for
1 h and it could overlap with the green fluorescence of lyso-
somes within 2 h. After that the overlap begin separate over
time, indicating the lysosomal escape of NPs. The result
above suggests that PVal-NPs could effectively deliver DOX
into cancer cells and escape from the lysosomes.

a Control

Pval-NPs
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The in vitro apoptosis mechanism

Once escaping from lysosomes, it is necessary to evaluate
whether the DOX@PVal-NPs could cause apoptosis like free
DOX. For the study of apoptosis mechanism, FCM was used to
quantitatively evaluate the apoptosis of 4T1 cells treated with
PVal-NPs, DOX@PVal-NPs and DOX (5 pg/mL) for 24 h. As shown
in Fig. 4(a), both DOX and DOX@PVal-NPs groups could induce
the apoptosis of 4T1 cells, but DOX@PVal-NPs was the better
one. The reason for this was that DOX@PVal-NPs could be
internalized effectively by 4T1 cells and exerted antitumor effect

DOX DOX@PVal-NPs
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Fig. 4 The in vitro apoptosis mechanism of 4T1 cells treated with PVal, DOX and DOX@PVal-NPs for different time points. (a) The
apoptosis of 4T1 cells treated with PVal, DOX and DOX@PVal-NPs for 24 h; (b) The migration ability of 4T1 cells treated with PVal-NPs,
DOX and DOX@PVal-NPs for 24 and 48 h with different concentration of DOX measured by scratch test, scale bar=100 ym; (c) and (d)
were the quantitative analysis of migration ability of 4T1 cells, ***p<0.001.

https://doi.org/10.1007/s10118-022-2701-9


https://doi.org/10.1007/s10118-022-2701-9

Meng, Y. B.and Wu, J./ Chinese J. Polym. Sci. 2022, 40, 1016-1027 1023

in the tumor cells. In order to more intuitively evaluate the
tumor inhibition of DOX@PVal-NPs, 4T1 cells that treated with
PVal-NPs, DOX and DOX@PVal-NPs for 24 h was measured by
scratch test (Figs. 4b—4d). As shown in the picture, DOX@PVal-
NPs show a better inhibition effect on 4T1 cells than free DOX
which was in line with the results above.

a DIR

Biodistribution

Inspired by the in vitro antitumor efficiency, the therapeutic
effect of DOX@PVal-NPs for in vivo therapy was evaluated
systematically. Since DOX@PVal-NPs would be finally injected
intravenously into body, the successive biodistribution of them
in vivo should be recorded (Fig. 5). After 2 h post-injection,
DiR@PVal NPs could be observed obviously in the tumor site.
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Fig.5 The biodistribution of NPs in vivo. (a) In vivo biodistribution of DIR and DIR@PVal-NPs (DIR 0.8 mg/kg) in 4T1 tumor-bearing mice
at different time point (n=3); (b) The fluorescence images of primary organs and tumors extracted from mice, (I) and (Il) were DIR and
DIR@PVal-NPs group, respectively; (c) Quantitative analysis of the fluorescent signals in the major organs and tumors (n=3); *p<0.05,

**p<0.01, ***p<0.001
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More and more DiR@PVal NPs accumulate at the tumor site over
time via the EPR effect. Although both free DiR and DiR@PVal-
NPs could accumulate in liver and spleen inevitably due to the
existence of reticuloendothelial system (RES), DiR@PVal-NPs
could decrease their accumulation in the normal tissue, prolong
their blood circulation time and eventually increase their
accumulation at the tumor site (p<0.001).
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Evaluation of the Antitumor Activity In vivo

With the above promising results in vitro and better biodistri-
bution in vivo, we further assessed the antitumor effect by i.v.
injecting saline, PVal-NPs, DOX and DOX@PVal-NPs in 4T1 tumor
bearing mice (DOX 5 mg/kg). As shown in Fig. 6(a), tumor
growth is notably inhibited in groups treated with DOX and
DOX@PVal-NPs (p<0.001) when compare with the saline treated
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Fig.6 The invivo antitumor efficacy was studied with 4T1-bearing BALB/C mice which treated with saline, PVal-NPs, DOX or DOX@PVal-
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group. Encouragingly, DOX@PVal-NPs show higher tumor
growth suppression than that of free DOX, which could be due
to the good tumor accumulation and penetration of DOX@PVal-
NPs in the tumor site. The free DOX group achieves a certain
effect on tumor inhibition, yet is accompanied by a continuous
weight loss during therapy (Fig. 6b) when compared with
DOX@PVal-NPs group with enhanced anticancer activity and
less impact on the quality of life. Fig. 6(c) shows the compara-
tion of tumor volume which could intuitively present the
antitumor efficiency and the result is consistent with Fig. 6(a).
As depicted in Fig. S4 (in ESI), Dil@PVal-NPs show a better
penetration ability and accumulation than free Dil in the tumor
site, which agrees with the in vitro 3D tumor spheroids assay
(Fig. 3d). In addition, the metabolism of DOX@PVal-NPs in vivo
was evaluated by pharmacokinetics assay. Compared with the
free DOX group, DOX@PVal-NPs exhibite a 3.51-fold higher
tio a 4.88-fold higher AUCy;s and a slower decay in plasma
(Fig. S5 in ESI). Besides, compared with the DOX group with
insufficient therapeutic effects, DOX@PVal-NPs with a long
blood circulation enhance tumor accumulation and penet-
ration ability induced obvious tumor necrosis such as nucleo-
plasm atrophy and nuclear rupture (Fig. 6d). Encouragingly,
TUNEL assay also shows that DOX@PVal-NPs could effectively
promote the cleavage of nucleic acids, demonstrating an
enhanced anti-tumor therapy in vivo, which is in line with the
H&E staining assay (Fig. 6e).

Encouraged by the promising antitumor efficiency in
vitro/in vivo, the biocompatibility of NPs in vivo was systema-
tically evaluated by H&E, blood biochemistry and hemolysis.
As evidenced in Fig. 7(a), PVal-NPs and DOX@PVal-NPs groups
have no obvious toxic on the normal organs as compared
with the saline group. However, an evident toxicity (such as
inflammation, hyperemic and swelling) on some main organs
can be observed in the DOX group. Then, some alterations in
related toxicity indicators (ALP, ALT, AST, BUN and CRE) in
plasma were assessed. As shown in Figs. 7(b)-7(f), DOX@
PVal-NPs reduce the adverse reactions of free DOX. The
hemolysis assay shows that DOX@PVal-NPs groups have a
negligible hemolysis (<5%) as compared with DOX (p<0.05)
(Fig. 7g and Fig. S6 in ESI).

CONCLUSIONS

In this study, a facile one-step synthesis strategy is used to
construct PVal with different Val units. Following systematic
screening, PVal with eight Val units was selected in this
experiment. This newly generated NP platform possesses a high
drug load capacity (>20 wt%), high stability under normal
physiological conditions and strong cytotoxicity against 4T1
cells. The evaluation of DOX@PVal-NPs in vitro and in vivo were
systematically studied by cellular uptake, anticancer efficacy and
systemic toxicity. The in vivo results indicate that DOX@PVal-NPs
have a long blood circulation time, high tumor accumulation
and penetration ability, and good therapeutic performance
without causing obvious systemic toxicity associated with DOX.
Given an easy-operating and effective strategy is used to
prepare poly(amino acid), PVal-NPs could be a flourishing
platform for drug delivery and clinical breast cancer therapy.
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