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Background: Lumbrokinase (LK) is an enzyme complex with antithrombotic, antioxidant,
antitumor, and immunomodulatory effects. It has been extensively studied and used in clinical
anti-tumor therapy. However, its half-life is short, its bioavailability is low, and its toxicity
and side effects are great, which greatly limit its clinical application. Therefore, LK is often
combined with other drugs (such as immune agents, hormones, or Chinese herbal medicine) to
reduce its dosage and side effects and to improve its anti-tumor effects.

Methods and results: Here, we described an LK/paclitaxel (PTX) nanocarrier based on
poly(ethylene glycol)-b-(poly(ethylenediamine L-glutamate)-g-poly(e-benzyoxycarbonyl-L-lysine)-
r-poly(L-lysine)) (PEG-b-(PELG-g-(PZLL-r-PLL))). In the present study, LK and PTX were loaded
by electrostatic and/or hydrophobic effects under mild conditions, thereby increasing the half-life and
bioavailability of the drugs via the sustained release and enhancement of tumor site enrichment by the
LK/PTX/PEG-b-(PELG-g-(PZLL-r-PLL)) complex through passive targeting. In this study, using
bladder cancer cells (J82 cells) and rat bladder cancer model as the object, the structure of the nanocarrier,
the relationship between drugs composition and antitumor properties were systematically studied.
Conclusion: We propose that the block copolymer PEG-b-(PELG-g-(PZLL-r-PLL)) may
function as a potent nanocarrier for augmenting anti-bladder cancer pharmacotherapy, with
unprecedented clinical benefits.

Keywords: copolymer nanoparticles, lumbrokinase, paclitaxel, bladder cancer, microvessel

density, p53, cyclin Bl

Introduction
Bladder cancer is the fifth leading cause of cancer death in the USA and is the ninth
most frequent cancer worldwide.!? At present, bladder cancer occurs in both sexes but
is more frequent in men than in women.** Furthermore, bladder cancer has become
a primary clinical problem worldwide, and its incidence is constantly increasing.>
In recent years, bladder cancer has become the primary cause of death among urinary
tumors in China, and the mortality rate of bladder cancer is increasing.*” Bladder
cancers are currently divided into two categories: superficial and muscle-invasive.®!!
Bladder cancers are often clinically superficial, and the 5-year survival rate of patients
is 90%.'>13 However, the superficial bladder cancers are associated with a high recur-
rence rate.'*!> Moreover, 10%—20% of superficial bladder cancers quickly progress
to muscle-invasive bladder cancers because of their aggressive nature.'>!® The 5-year
survival rate of muscle-invasive bladder cancers is <50%."

Traditional therapy for bladder cancers concentrates on surgery. However, the largest
challenge is local recurrence after surgery.'>!*!° The current therapeutics for drugs and
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physiotherapy have revealed promising results and have thus
been diffusely used in the clinic.!” Such therapeutics include
PTX, a compound extracted from the bark of Taxus plants
that may inhibit bladder tumor growth.'®2° Although PTX
may achieve relatively acceptable effects, PTX is frequently
unacceptable due to its powerful side effects.?! Therefore,
combination therapy is often chosen to reduce the side effects
of PTX and minimize its toxicity. Many studies have shown
that LK has an important effect on anticancer efficacy.?
However, the half-life of LK is very short, and a high dose of
LK can increase the severity of its side effects while improv-
ing the curative effect.”*** The current delivery systems for
LK mainly only include the maleic anhydride methylvinyl
ether copolymer, which can immobilize LK to polyurethane
(immobilized LK retained about 34% of its activity) for
antithrombogenicity in the artificial organ field.>® Therefore,
a DDS that can strengthen the drug delivery efficacy and
decrease the dose of drugs while not decreasing the anti-cancer
efficacy may overcome the shortcomings of these drugs.

In the past few decades, biomedical research has focused
more and more on DDS research.? A variety of nanocarriers
have been widely developed and used, for example, poly(D,
L-lactide)-b-methoxy poly(ethylene glycol) (PLA-PEG)* and
layer-by-layer microcarriers,?® which loads the chemicals or
protein drugs with the same chemical property (oppositely
charged bio-polyelectrolytes). However, carriers capable of
carrying two different chemical properties at the same time
are rare.

Here, we introduce poly(ethylene glycol)-b-(poly
(ethylenediamine L-glutamate)-g-poly(e-benzyoxycarbonyl-L-
lysine)-r-poly(L-lysine)) (PEG-b-(PELG-g-(PZLL-r-PLL)))
as potential LK and PTX co-carriers. The synthesis of the
PEG-b-(PELG-g-(PZLL-r-PLL)) polymers as described
previously.??* The negatively charged LK (the isoelectric
point is 4.61) combines with a positively charged PLL brush
block through electrostatic interactions, and hydrophobic
PTX combines with PZLL through hydrophobic interaction
at pH 7.4. The loaded LK and PTX ensure sustained release,
which can improve the protective effect and bioactivity of
each drug. The loading capacities of LK and PTX were chosen
through their in vitro release. In an in vivo study, we assess
the sustained pharmacological function of the LK/PTX/PEG-
b-(PELG-g-(PZLL-r-PLL)) in the restraining bladder cancer
in comparison with free LK and PTX as the control.

Materials and methods

Materials
PEG-NH, (molecular weight, 5 kDa), BLG, and ZLL were
purchased from Aladdin (Shanghai, China). LK was purchased

from Yuanye BioTech (Shanghai, China). PTX was purchased
from Sanwei Pharmacy (Shanghai, China). J82 cells were pur-
chased from Suer (Shanghai, China). MNU and other reagents
were purchased from Sigma-Aldrich (Shanghai, China).

Synthesis of PEG-b-(PELG-g-(PZLL-r-
PLL))

PEG-b-(PELG-g-(PZLL-r-PLL)) was synthesized according
to our previous method.”* Briefly, PEG-b-PBLG was first
synthesized by the ring-opening polymerization of BLG-NCA
with PEG-NH, in the presence of DMF. PEG-6-PELG was
then obtained by the aminolysis with ethylenediamine from
PEG-b-PBLG. PEG-h-PELG was used as the macroinitiator
to initiate the ring-opening polymerization of ZLL-NCA to
obtain PEG-b-(PELG-g-PZLL). PEG-b-(PELG-g-(PZLL-r-
PLL)) was finally yielded via the partial deprotection of the
benzyl groups in PEG-b-(PELG-g-PZLL) in the presence
of hydrogen bromide, trifluoroacetic acid (CF,COOH), and
acetic acid (CH,COOH). Purification of the synthesized
copolymers above was performed as previously described.?
The reaction mixtures above were purified by stirring and
dialyzing at 40°C for different times (Table 1) and obtained
by freeze-drying using a vacuum freeze-dryer (SYHX,
Beijing, China) and then characterized by proton 'H NMR
spectroscopy (Varian, Walnut Creek, CA, USA) and TEM
(Jeol, Tokyo, Japan). Detailed methods for the characteriza-
tion of block copolymer PEG-b-(PELG-g-(PZLL-r-PLL))
are supplied in the Supplementary material.

Cytotoxicity assessment of PEG-b-
(PELG-g-(PZLL-r-PLL))

A MTT colorimetric assay was performed to assess the
cytotoxic effects of PEG-b-(PELG-g-(PZLL-r-PLL)).*
Briefly, J82 cells were seeded at a density of 5x10°/L cells per
well in a 96-well poly-D-lysine-coated plate and maintained
in Dulbecco’s Modified Eagle’s Medium supplemented with

Table | The stirring and dialyzing time and MWCO of the
copolymers synthesis

Reaction mixture Stirring Dialyzing MWCO
(day) (day) (kDa)
PEG-b-PBLG 3 3 7
PEG-b-PELG 2 3 3.5
PEG-b-(PELG-g-PZLL) 3 3 7
PEG-b-(PELG-g-(PZLL-r-PLL)) 3 3 7

Abbreviations: MWCO, molecular weight cutoff; PEG-b-PBLG, poly(ethylene
glycol)-b-poly(y-benzyl L-glutamate); PEG-b-PELG, poly(ethylene glycol)-b-poly
(ethylenediamine L-glutamate); PEG-b-(PELG-g-PZLL), poly(ethylene glycol)-b-
(poly(ethylenediamine  L-glutamate)-g-poly(e-benzyoxycarbonyl-I-lysine)); PEG-b-
(PELG-g-(PZLL-r-PLL)), poly(ethylene glycol)-b-(poly(ethylenediamine L-glutamate)-
g-poly(e-benzyoxycarbonyl-L-lysine)-r-poly(L-lysine)).
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10% fetal bovine serum and 1% penicillin—streptomycin
(P/S) at 37°C in a humidified incubator with 5% CO,. The
cells were treated with a concentration gradient of PEG-b-
(PELG-g-(PZLL-r-PLL)) diluted with 0.9% normal saline,
and then cultured at 37°C for 24 h. The wells were subse-
quently added with MTT (20 uL) and treated with ethanol—
dimethyl sulfoxide (DMSO) (1:1, 100 uL) to solubilize the
dark blue crystals of MTT formazan completely (~20 min).
The absorbance or OD of per well at 570 nm was measured
on a microplate multimode reader (Turner Biosystems,
Madison, WI, USA). The blank control was taken from
wells without cells, which were also cultured with the MTT.
Cells incubated in the wells without polymers were used as
a negative control. PEG-b-(PELG-g-(PZLL-r-PLL)) was
used as potential cytotoxicity samples. The percentage of
relative cell viability was calculated by comparing the values
of treated cells with those of untreated cells, calculated as
(0D, .—OD, )/(OD_, ~OD, )x100%.

sample cells

Loading of LK, PTX, and LK/PTX in
PEG-b-(PELG-g-(PZLL-r-PLL))

To measure the encapsulation of LK by PEG-b-(PELG-g-
(PZLL-r-PLL)), a fixed amount of LK (5 mg/mL) in PBS
was associated with PEG-b-(PELG-g-(PZLL-r-PLL)) in
PBS and then dialyzed in a dialysis bag (MWCO, 7 kDa).
The PEG-b-(PELG-g-(PZLL-r-PLL))-loaded LK was veri-
fied by TEM and high-performance liquid chromatography
(HPLC) (Supplementary material). The loading of PTX by
PEG-b-(PELG-g-(PZLL-r-PLL)) was performed as method
mentioned above. Concerning the co-loading of LK/PTX, the
two drugs were first completely dissolved in PBS at a dose
of 5 mg/mL each, and their co-loading to polymer was the
same as that mentioned above.

In vitro release of LK and PTX from
PEG-b-(PELG-g-(PZLL-r-PLL))

The release of LK or PTX from PEG-b-(PELG-g-(PZLL-
r-PLL)) was measured by dialysis (MWCO, 7 kDa) at
37°C with 5 mL of LK/PEG-b-(PELG-g-(PZLL-r-PLL)),
PTX/PEG-b-(PELG-g-(PZLL-r-PLL)), and LK/PTX/PEG-
b-(PELG-g-(PZLL-r-PLL)) compound against 80 mL of
0.02 M PBS (pH 7.4), respectively. At 0.02-, 0.04-, 0.08-,
0.17-,0.33-, 0.42-, 0.5-, 0.67-, 0.75-, 1-, 1.5-, 1.67-, 1.75-,
2-, 3-, 4-, and 5-day time interval, a fixed amount of release
medium was extracted and replenished with a suitable amount
of fresh release medium. The quantity of released LK or PTX
remaining in the dialysis bag was measured by HPLC. The
free LK and PTX in the absence of polymeric compound
were also measured as a control.

Inhibition ratio of cell proliferation

J82 cells, in a logarithmic growth phase, were cultured in
96-well plates with 2.5x10* cells per well. At 24 h after cell
incubation, 2.4 mg (net drug content) LK, PTX, LK/polymer,
PTX/polymer, or LK/PTX/polymer (dissolved in PBS) were
added to each well. At 24 h after cell incubation, MTT solu-
tions were added to each well and incubated for 4 h. Then,
the liquid supernatant was extracted and 200 uL. DMSO was
added and shaken. Cells incubated in the wells without drugs
were used as a control. The absorbance of the contents of each
well was measured at 570 nm on a multimode reader. The
inhibition ratio of cell proliferation was calculated by (drug
group—Control group)/Control groupx100%. The percentage
of relative cell viability was calculated by comparing the
values of drug-treated cells with those of nondrug-treated
cells, calculated as (OD__ —OD drug)/OD x100%.

control control

Cell apoptosis

J82 cells in logarithmic growth phase were cultured in 6-well
plates with a density of 1x10° cells per well for 24 h. Further-
more, 2.4 mg (net drug content) LK, PTX, LK/polymer, PTX/
polymer, or LK/PTX/polymer were added to 6-well plates.
The cells without drugs were selected as a control. At 48 h
after cell coincubation, liquid supernatants were eliminated.
Then, 1 mL of bisbenzimide Hoechst 33342 trihydrochlo-
ride fluorochrome (Sigma) was added and co-incubated at
37°C for 15 min. The unconjugated Hoechst 33242 fluoro-
chrome was then washed away by PBS. Subsequently, the
image was observed through inverted microscope. The cell
apoptosis rate was calculated by comparing the numbers
(N) of apoptotic cells with those of total cells, calculated as

/N %x100%.

apoptotic cells' ~ " total cells'

Blood concentration of LK and PTX
Sprague Dawley male rats (160-220 g) were administered a
dose of 20 mg/kg bw LK or LK/PEG-b-(PELG-g-(PZLL-7-
PLL)) by abdominal subcutaneous injection. At 0.02-, 0.04-,
0.08-, 0.17-, 0.25-, 0.33-, 0.42-, 0.5-, 0.67-, 0.75-, 1-, 1.5,
1.67-, 1.75-, 2-, 3-, 4-, and 5-day time interval, 0.2 mL of
blood was extracted and separated immediately by centrifu-
gation at 3,000 rpm at 4°C for 20 min. The concentration
of LK or LK/PEG-b-(PELG-g-(PZLL-r-PLL)) in rat blood
was measured by HPLC. The blood concentration of PTX
or PTX/PEG-b-(PELG-g-(PZLL-r-PLL)) was measured by
the same method mentioned above.

Bladder cancer animal procedure
To refer to previous studies,**3* Sprague Dawley male rats
(160220 g) were perfused with MNU (0.2 mL, 10 mg/mL)
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in the urinary bladder. Rats were administered MNU once
at 1-week intervals, and the total number of administrations
was six. Animals were housed in light- and temperature-
controlled rooms and were given food and water ad libitum
during the course of the modeling. Finally, after the animal
model has been made, the 24-h urine was collected from
rats with metabolic cage and centrifugated at 2,000 rpm for
15 min to obtain the sediment. The smear of the sediment
was examined with H&E stain and acridine orange/ethidium
bromide stain under the optical microscope and laser confocal
microscope, respectively. Microscopically, tumor cells were
found to indicate the success of the modeling.

Sixty bladder cancer rats were equally randomized
into six groups: 1) PEG-b-(PELG-g-(PZLL-r-PLL)) group
(Control group), wherein PEG-b-(PELG-g-(PZLL-r-PLL))
(444.26 mg/kg bw, based on loading capacity of copolymer,
dissolved in PBS) was administered by a single-dose injection
into the subcutaneous tissue of abdomen o.d.; 2) LK group,
wherein LK (20 mg/kg bw, dissolved in PBS) was adminis-
tered by a single-dose injection into the subcutaneous tissue
of abdomen o.d.; 3) PTX group, wherein PTX (20 mg/kg
bw, dissolved in PBS) was administered by a single-dose
injection into the subcutaneous tissue of abdomen o.d.;
4) LK/PEG-b-(PELG-g-(PZLL-r-PLL)) group (LK/P group),
wherein LK/PEG-b-(PELG-g-(PZLL-r-PLL)) (296.74 mg/kg
bw [containing 20 mg/kg LK, based on loading capacity of
copolymer], dissolved in PBS) was administered by a single-
dose injection into the subcutaneous tissue of abdomen once
every 5 days; 5) PTX/PEG-b-(PELG-g-(PZLL-r-PLL)) group
(PTX/P group), wherein PTX/PEG-b-(PELG-g-(PZLL-r-
PLL)) (484.26 mg/kg bw [containing 20 mg/kg PTX, based
on loading capacity of copolymer], dissolved in PBS) was
administered by a single-dose injection into the subcutane-
ous tissue of abdomen once every 5 days; and 6) LK/PTX/
PEG-b-(PELG-g-(PZLL-r-PLL)) group (LK/PTX/P group),
wherein LK/PTX/PEG-b-(PELG-g-(PZLL-r-PLL)) (484.26
mg/kg bw [containing 20 mg/kg LK and 20 mg/kg PTX,
based on loading capacity of copolymer], dissolved in PBS)
was administered by a single-dose injection into the subcu-
taneous tissue of abdomen once every 5 days.

Tumor inhibition evaluation in bladder

cancer rats

Rats in the different groups mentioned above were sacrificed
by decapitation at a given time (day 22 after the completion
of the modeling). The five bladder tumor tissues per group
were removed to weigh the wet tissue and then placed in a
vacuum-drying oven at 80°C until constant weight (the dry

weight, I, in grams; ~36 h). Another five bladder tumor
tissues in each group were used for histopathological exami-
nation, immunohistochemical assay, and Western blotting
analysis referring to previous study.*

Survival evaluation in bladder cancer rats
Another sixty bladder cancer rats were equally randomized
into six groups based on the method mentioned above, and
rats grew naturally until death. The lifespan was recorded, and
the life prolongation rate was calculated by comparing the sur-
vival time (days, D) of drug-treated rats with that of nondrug-
treated rats, calculated as (D, —D_ VD x100%.
Histopathological observation

The bladder cancer tissue was fixed in 4% neutral PBS/
paraformaldehyde, paraffin-embedded, sliced into 4-pum sec-
tions, and stained with H&E staining. The histopathological
changes were examined under the optical microscope (Leica,
Nussloch, Germany). The bladder cancer incidence in rats
is estimated by histopathological examination based on the
classification of tumor of the urinary system from World
Health Organization.’” The Class I comprises non-invasive
papillary urothelial neoplasm of low malignant potential
and low-grade non-invasive papillary urothelial carcinoma,
and Class II is high-grade non-invasive papillary urothelial
carcinoma.

Immunohistochemical assay

The intratumoral MVD in the bladder cancer tissue were
measured by immunohistochemistry.*®3° The 4-um rat blad-
der tissue paraffin sections were deparaffinized, rehydrated,
and treated with 3% hydrogen peroxide (H,0O,) to remove
endogenous peroxidase. Then they were incubated with the
primary anti-CD34 antibody (Abcam, Shanghai, China)
overnight at 4°C. The secondary antibody was horseradish
peroxidase-labeled streptavidin. Microphotographs were
taken with Leica DM200OLED (Leica) imaging system. The
average number of CD34-positive microvessels in five sec-
tions at 400X magnification was counted by pathologists.

Western blotting analysis

The Western blotting analysis was performed following the
previous reports.**** Briefly, the rat bladder tumor tissue was
homogenized in protein lysate buffer and an equal amount of
homogenate was subjected to 10% sodium dodecyl sulfate—
polyacrylamide gels and then electrophoretically transferred to
the nitrocellulose membrane. After blocking with 5% skim milk
in Tris-buffered saline with Tween-20 for 1 h, the membrane
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was immunoblotted with primary antibodies (anti-p53 and
cyclin B1 antibodies) overnight at 4°C and treated with alka-
line phosphatase-conjugated secondary antibodies. Blots were
stained with -actin antibody. The products were visualized and
analyzed with enhanced chemiluminescence and FluorChem
system (Thermo Fisher Scientific, Waltham, MA, USA).

Compliance with ethical standards

Sprague Dawley male rats (160-220 g) were housed at
Jiaxing University Medical College (Jiaxing, China). The
procedures and care of Sprague Dawley male rats were autho-
rized by the institutional ethics committee of Jiaxing Uni-
versity Medical College (JUMC-2017012). The experiments
conformed to the guide for the care and use of laboratory
animals published by US National Institutes of Health (NIH
Publication updated in 2011).

Statistical analysis

Data are expressed as the mean + SD. Microsoft Excel 2016
database (Microsoft, Redmond, WA, USA) and SPSS 19.0
software (IBM Corp., Armonk, NY, USA) were used to
record and analyze all the data. Statistical differences were
determined using Student’s #-test or one-way analysis of
variance with post hoc test. A value of <0.05 (p<<0.05) in a
two-tailed test was considered statistically significant.

Results

Synthesis and characterization of PEG-b-
(PELG-g-(PZLL-r-PLL))

The synthesis route and structure of PEG-b-(PELG-g-(PZLL-
r-PLL)) is demonstrated in Figure 1. The PEG-b-(PELG-g-
(PZLL-r-PLL)) nanoparticle contained a linear-like PEG
block and a brush-like PZLL-r-PLL block. The molecular
weight of PEG-b-(PELG-g-(PZLL-r-PLL)) was 34.5 kDa
based on 'H NMR (Figure 2A). The images of PEG-b-
(PELG-g-(PZLL-r-PLL)), LK/PEG-b-(PELG-g-(PZLL-
r-PLL)), PTX/PEG-b-(PELG-g-(PZLL-r-PLL)), and LK/
PTX/PEG-b-(PELG-g-(PZLL-r-PLL)) were observed by
TEM and they displayed an orbicular structure and the
average diameters were 41, 83, 78, and 89 nm, respectively
(Figure 2B; Table 2).

Loading capacity of LK, PTX, and LK/PTX
in PEG-b-(PELG-g-(PZLL-r-PLL))

LK and PTX were efficiently loaded by the copolymer PEG-
b-(PELG-g-(PZLL-r-PLL)) at a physiological pH through
electrostatic interaction and hydrophobic interaction, respec-
tively, to put LK or PTX in the copolymer (mass ratio, 1:5) and

dialyzed against PBS (Figure 2C). The loading of LK in PEG-
b-(PELG-g-(PZLL-r-PLL)) was determined to be ~6.74% by
HPLC. Likewise, the loading of PTX was ~4.13% and the
co-loading of LK/PTX was ~10.34% (Table 2).

In vitro release of LK and PTX from
PEG-b-(PELG-g-(PZLL-r-PLL))

The LK release in vitro was detected by dialysis. Under
0.02 M PBS (physiological condition), sustained release of
LK was observed, with ~11.17% of LK released over a period
of4h, ~59.66% over a period of 3 days, and ~67.89% over a
period of 5 days. Likewise, a sustained release of PTX was
observed, with ~11.28% of PTX released over a period of
8 h, ~51.24% over a period of 3 days, and ~55.68% over a
period of 5 days (Figure 2D).

Relative cell viability

The cytotoxicity of PEG-b-(PELG-g-(PZLL-r-PLL)) on J§82
cells was monitored within 24-h culturing. PEG-b-(PELG-
g-(PZLL-r-PLL)) was noncytotoxic at the concentrations
of =50 pug/mL, and it exhibited a low cytotoxicity and
high relative cell viability (minimum mean was ~81.8%),
even when administered at a maximum dose of 300 pg/mL
(Figure 2E).

Inhibition ratio of cell proliferation

As shown in Figure 2F, the absorbance values were lower
in the LK and PTX groups than those in the Control group
(»<<0.01), whereas they were lower in the LK/P and PTX/P
groups than those in the LK and PTX groups (p<<0.05). The
absorbance value was substantially lower in the LK/PTX/P
group than that in the LK/P and PTX/P groups (p<<0.01).
Correspondingly, the inhibition rates of J82 cell proliferation
were higher in the LK and PTX groups than those in the Con-
trol group (p<<0.01). They were higher in the LK/P and PTX/P
groups than those in the LK and PTX groups (p<<0.05). The
inhibition rate of cell proliferation was substantially higher
in the LK/PTX/P group than that in the LK/P and PTX/P
groups (p<<0.01; Figure 2G). These results suggest that the
copolymer LK/PTX/PEG-b-(PELG-g-(PZLL-r-PLL)) could
inhibit the proliferation of J82 cells more effectively.

Cell apoptosis

Cell apoptosis level was higher in the LK, PTX, LK/P, and
PTX/P groups compared with that in the Control group
(»<<0.01). Furthermore, it was remarkably higher in the LK/
PTX/P group compared with that in the LK/P and PTX/P
groups (p<<0.01; Figure 3). These data indicate that the
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Figure | Synthesis of PEG-b-(PELG-g-(PZLL-r-PLL)).
Note: x, y, m, and n represent the degree of polymerization.

Abbreviations: 2-HP, 2-hydroxypyridine; DMF, N,N-dimethylformamide; PEG-NH,, poly(ethylene glycol) amine; PEG-b-PBLG, poly(ethylene glycol)-b-poly(y-benzyl
L-glutamate); PEG-b-PELG, poly(ethylene glycol)-b-poly(ethylenediamine L-glutamate); PEG-b-(PELG-g-PZLL), poly(ethylene glycol)-b-(poly(ethylenediamine L-glutamate)-g-poly
(e-benzyoxycarbonyl-L-lysine)); PEG-b-(PELG-g-(PZLL-r-PLL)), poly(ethylene glycol)-b-(poly(ethylenediamine L-glutamate)-g-poly(e-benzyoxycarbonyl-L-lysine)-r-poly(L-lysine)).

copolymer LK/PTX/PEG-b-(PELG-g-(PZLL-r-PLL)) could
result in J82 cell apoptosis more remarkably.

Blood concentration
A pharmacodynamic study showed that in rats treated
with an LK solution, the blood LK concentrations

increased rapidly and reached a peak within 2 h (0.52
pg/mL), followed by a significant decline after 6 h (0
pg/mL). By contrast, the concentration of the LK/PEG-
b-(PELG-g-(PZLL-r-PLL)) complex gradually peaked
within 6 h (0.34 ug/mL) and remained at a comparatively
low level for 5 days (0.03 pg/mL on day 5; Figure 4A).
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Figure 2 Characterization of nanocomplexes.

Notes: (A) 'H NMR spectra of PEG-b-(PELG-g-(PZLL-r-PLL)); (B) TEM image of copolymers, (a) PEG-b-(PELG-g-(PZLL-r-PLL)), (b) LK/PEG-b-(PELG-g-(PZLL-r-PLL)),
(c) PTX/PEG-b-(PELG-g-(PZLL-r-PLL)), and (d) LK/PTX/PEG-b-(PELG-g-(PZLL-r-PLL)); (C) Loading pattern diagram of PEG-b-(PELG-g-(PZLL-r-PLL)); (D) Cumulative
releasing profile of LK and PTX from PEG-b-(PELG-g-(PZLL-r-PLL)) complexes (n=5); (E) Relative cell viability (n=5); (F) Absorbance value of cell proliferation (n=5); (G)
Inhibition ratio of cell proliferation (n=5). Data are expressed as the mean * SD. *p<<0.0| vs control, *p<<0.05 vs LK or PTX, **p<0.01 vs LK/P or PTX/P.
Abbreviations: 'H NMR, 'H nuclear magnetic resonance; LK, lumbrokinase; P, PEG-b-(PELG-g-(PZLL-r-PLL)); PEG-b-(PELG-g-(PZLL-r-PLL)), poly(ethylene glycol)-b-
(poly(ethylenediamine L-glutamate)-g-poly(e-benzyoxycarbonyl-L-lysine)-r-poly(L-lysine)); PTX, paclitaxel.
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Table 2 MW, TEM, LK-, and PTX-loading capacity of the nanocarrier

Sample M_(kDa)/'HNMR TEM (nm) Loading capacity (%)
P 345 4112 NA

LK/P NA 8313 6.74

PTX/P NA 7812 4.13

LK/PTX/P NA 8943 10.34

Notes: “The negatively charged LK combines with a positively charged PLL via
electrostatic interactions and hydrophobic PTX combines with PZLL through
hydrophobic interaction at pH 7.4, respectively.

Abbreviations: 'H NMR, 'H nuclear magnetic resonance; LK, lumbrokinase; MW,
molecular weight; NA, not applicable; P, PEG-b-(PELG-g-(PZLL-r-PLL)); PLL, poly(L-
lysine); PZLL, poly(e-benzyoxycarbonyl-L-lysine); PTX, paclitaxel; TEM, transmission
electron microscopy.

®

Similarly, the blood PTX concentrations increased rapidly
and reached a peak within 1 h (16.7 ug/mL), followed
by a significant decline after 12 h (0 ug/mL). The con-
centration of the PTX/PEG-b-(PELG-g-(PZLL-r-PLL))
complex gradually peaked within 4 h (9.9 pug/mL) and
remained at comparatively low levels for 5 days (0.13 pg/
mL on day 5; Figure 4B). These results clearly indicate
that the nanocarrier PEG-b-(PELG-g-(PZLL-r-PLL))
may effectively enhance the release time of two drugs

in vivo.
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Figure 3 Cell apoptosis.
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Notes: (A) Control; (B) LK; (C) PTX; (D) LK/P; (E) PTX/P; (F) LK/PTX/P; (G) Cell apoptosis rate. Scale bar 40 um. Data are expressed as the mean £ SD, n=5. *<0.01

vs Control, *p<0.05 vs LK or PTX, **p<0.01 vs LK/P or PTX/P.

Abbreviations: LK, lumbrokinase; P, PEG-b-(PELG-g-(PZLL-r-PLL)); PEG-b-(PELG-g-(PZLL-r-PLL)), poly(ethylene glycol)-b-(poly(ethylenediamine L-glutamate)-g-poly(e-

benzyoxycarbonyl-L-lysine)-r-poly(L-lysine)); PTX, paclitaxel.
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Notes: (A) Blood LK concentration; (B) Blood PTX concentration. Data are expressed as the mean * SD, n=7.
Abbreviations: LK, lumbrokinase; P, PEG-b-(PELG-g-(PZLL-r-PLL)); PEG-b-(PELG-g-(PZLL-r-PLL)), poly(ethylene glycol)-b-(poly(ethylenediamine L-glutamate)-g-poly(e-

benzyoxycarbonyl-L-lysine)-r-poly(L-lysine)); PTX, paclitaxel.

Lifespan and life prolongation rate of rats

The rat lifespan was longer in the LK, PTX, LK/P, and PTX/P
groups than that in the Control group (p<<0.01). It was remark-
ably longer in the LK/PTX/P group than that in the LK/P and
PTX/P groups (p<<0.01; Figure 5A). Correspondingly, the
life prolongation rate was higher in the LK, PTX, LK/P, and
PTX/P groups than that in the Control group (p<<0.01). The
life prolongation rate was remarkably higher in the LK/PTX/P
group than that in the LK/P and PTX/P groups (p<<0.01;
Figure 5B). These results suggest that the application of the
copolymer LK/PTX/PEG-b-(PELG-g-(PZLL-+-PLL)) sig-
nificantly prolongs the lifespan of bladder cancer rats.

Average tumor weight and tumor

inhibition rate of rats
The average tumor weight was lower in the LK, PTX, LK/P,
and PTX/P groups than that in the Control group (p<<0.01).

A

30 A
sfolok
*ok Kok

24 .

Lifespan (days)

Control LK PTX LK/P PTX/P LK/PTX/P

Figure 5 Lifespan and life prolongation rate.

It was markedly lower in the LK/PTX/P group than that in
the LK/P and PTX/P groups (p<<0.01; Figure 6A). Corre-
spondingly, the tumor inhibition rate was higher in the LK,
PTX, LK/P, and PTX/P groups than that in the Control group
(»<<0.01), while it was markedly higher in the LK/PTX/P
group than that in the LK/P and PTX/P groups (p<<0.01;
Figure 6B). These results indicate that the copolymer
LK/PTX/PEG-b-(PELG-g-(PZLL-r-PLL)) significantly
inhibits the growth of the tumor in the bladder cancer rats.

Histopathological estimation and bladder
cancer incidence in rats

Disorganized cells, pathological mitotic figure, and papil-
lary hyperplasia in local or multiple regions were observed
in the Control group. Cell abnormalities in the LK, PTX,
LK/P, and PTX/P groups were less severe than those in the
Control group. Cell abnormalities in the LK/PTX/P group

~
o
]

sekok
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o

Control LK PTX LK/P PTX/P LK/PTX/P

Notes: (A) Lifespan; (B) Life prolongation rate. Data are expressed as the mean + SD, n=10. *6<<0.01 vs Control, *p<0.05 vs LK or PTX, **5<0.01 vs LK/P or PTX/P.
Abbreviations: LK, lumbrokinase; P, PEG-b-(PELG-g-(PZLL-r-PLL)); PEG-b-(PELG-g-(PZLL-r-PLL)), poly(ethylene glycol)-b-(poly(ethylenediamine L-glutamate)-g-poly(e-

benzyoxycarbonyl-L-lysine)-r-poly(L-lysine)); PTX, paclitaxel.
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Figure 6 Average tumor weight and tumor inhibition rate.

Notes: (A) Average tumor weight; (B) Tumor inhibition rate. Data are expressed as the mean + SD, n=10. *<0.01 vs Control, *p<0.05 vs LK or PTX, **p<0.01 vs

LK/P or PTX/P.

Abbreviations: LK, lumbrokinase; P, PEG-b-(PELG-g-(PZLL-r-PLL)); PEG-b-(PELG-g-(PZLL-r-PLL)), poly(ethylene glycol)-b-(poly(ethylenediamine L-glutamate)-g-poly(e-

benzyoxycarbonyl-L-lysine)-r-poly(L-lysine)); PTX, paclitaxel.

were significantly less severe than those of the LK/P and
PTX/P groups (Figure 7). The bladder cancer incidence in
rats was shown in Table 3. These results demonstrate that

substantially lower in the LK/PTX/P group than that in the
LK/P and PTX/P groups (p<<0.01; Figure 8). These data sug-
gest that the copolymer LK/PTX/PEG-b-(PELG-g-(PZLL-

the treatment with the copolymer LK/PTX/PEG-b-(PELG-
g-(PZLL-r-PLL)) significantly inhibits the occurrence and
development of tumors in the bladder cancer rats.

r-PLL)) significantly inhibits the tumor angiogenesis, thus
inhibiting tumor progression.

Expression of p53 and cyclin Bl in the
bladder cancer tissue of rats

The expression of p53 was higher in the LK, PTX, LK/P, and
PTX/P groups than that in the Control group (p<<0.01), while

MVD in the bladder cancer tissue of rats
The MVD was lower in the LK, PTX, LK/P, and PTX/P
groups than that in the Control group (p<<0.01). MVD was

Figure 7 Histopathology.

Notes: (A) Control; (B) LK; (C) PTX; (D) LK/P; (E) PTX/P; (F) LK/PTX/P. Disorganized cells, pathological mitotic figure, and papillary hyperplasia are observed in local or
multiple regions in the Control group; the cell abnormality in LK and PTX groups is lower than that of the Control group; the cell abnormality in the LK/P and PTX/P groups
is lower than that of the LK and PTX groups; and the cell abnormality in the LK/PTX/P group is significantly lower than that of the LK/P and PTX/P groups. Hematoxylin-
Eosin staining, magnification x100.

Abbreviations: LK, lumbrokinase; P, PEG-b-(PELG-g-(PZLL-r-PLL)); PEG-b-(PELG-g-(PZLL-r-PLL)), poly(ethylene glycol)-b-(poly(ethylenediamine L-glutamate)-g-poly(e-
benzyoxycarbonyl-L-lysine)-r-poly(L-lysine)); PTX, paclitaxel.
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Table 3 The bladder cancer incidence in rats

Group Transitional-cell carcinoma Canceration
Class | and <Class | >Class | rate (%)
Control 11720 6/20 85.0
LK 6/20 5/20 55.0
PTX 5/20 5/20 50.0
LK/P 4120 3/20 35.0
PTX/P 4120 2/20 30.0
LK/PTX/P 3/20 2/20 25.0

Abbreviations: LK, lumbrokinase; P, PEG-b-(PELG-g-(PZLL-r-PLL)); PTX, paclitaxel.

pS3 expression was substantially higher in the LK/PTX/P
group than that in the LK/P and PTX/P groups (p<<0.01). The
expression of cyclin B1 was lower in the LK, PTX, LK/P, and
PTX/P groups than that in the Control group (p<<0.01). It was
substantially lower in the LK/PTX/P group than that in the
LK/P and PTX/P groups (p<<0.01; Figure 9). These results

G 35-

28 4

MVD (HPF-)

strongly suggest that the copolymer LK/PTX/PEG-b-(PELG-
g-(PZLL-r-PLL)) significantly inhibits the tumor cell mitosis,
thus inhibiting the uncontrolled cancer cell growth.

Discussion

Bladder cancer is a common cancer in urinary surgical
practice. Multiple therapies have been performed in clinics.
Nevertheless, the recurrence rate increases yearly, even when
surgical intervention is utilized. To date, drug therapy has
shown inauspicious efficacy with higher adverse effects.*>44
LK is a traditional Chinese medicine that can reduce the coag-
ulation of platelets and augment the dissolution of thrombi in
the blood.?? LK plays an important role in thrombosis-related
diseases.?? Recently, LK was found to have an anti-tumor
effect.*#¢ LK not only inhibited tumor growth but also
possessed significant anti-tumor activity.?>*> However, the

21:
14-.
; [
)

Control

Figure 8 CD34 expression and MVD in the rat bladder cancer tissue.

PTX/P LK/PTX/P

Notes: (A) Control; (B) LK; (C) PTX; (D) LK/P; (E) PTX/P; (F) LK/PTX/P; (G) MVD. Immunohistochemical staining, magnification x200. Data are expressed as
the mean £ SD, n=10. *p<<0.0| vs Control, *p<0.05 vs LK or PTX, **¥p<<0.0| vs LK/P or PTX/P.

Abbreviations: HPF, high-power field in an optical microscope; LK, lumbrokinase; MVD, microvessel density; P, PEG-b-(PELG-g-(PZLL-r-PLL)); PEG-b-(PELG-g-(PZLL-r-
PLL)), poly(ethylene glycol)-b-(poly(ethylenediamine L-glutamate)-g-poly(e-benzyoxycarbonyl-L-lysine)-r-poly(l-Lysine)); PTX, paclitaxel.
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Notes: Data are expressed as the mean * SD, n=10. *p<<0.01 vs Control, **p<0.05
vs LK or PTX, ¥*¥p<<0.01 vs LK/P or PTX/P.

Abbreviations: LK, lumbrokinase; P, PEG-b-(PELG-g-(PZLL-r-PLL)); PEG-b-(PELG-
g-(PZLL-r-PLL)), poly(ethylene glycol)-b-(poly(ethylenediamine L-glutamate)-g-poly
(e-benzyoxycarbonyl-L-lysine)-r-poly(L-lysine)); PTX, paclitaxel.

mechanisms of the anti-tumor effect of LK remain unknown.
Some studies have shown that LK may remarkably strengthen
the phagocytic functions in macrophages in the abdominal
cavity of tumor-bearing rats.*’ The anti-tumor effects of
LK may relate to antioxidative effects and the purging of
oxygen-free radicals.”? Nevertheless, the half-life of LK is
very short, which limits its bioactivity.*

PTX restrains tumor growth and induces apoptosis in
tumor cells.**>° PTX is a mitotic inhibitor that has remark-
able curative effects in bladder tumors.** However, adverse
side effects of PTX include gastrointestinal toxicity, hyper-
sensitivity, neurotoxicity, and myelosuppression.®'*? The
water solubility of PTX is poor, restricting its utilization
and bioactivity.?!

In this study, we reported a technique for increasing
both the in vitro release and in vivo safety and efficacy of
LK and PTX, administered as a subcutaneous abdominal
injection, using a co-loading of a LK/PTX/PEG-b-(PELG-
g-(PZLL-r-PLL)) complex. In our study, we verified that
PEG-b-(PELG-g-(PZLL-r-PLL)) can be used as a potential
LK/PTX nanocarrier. 'H NMR spectra and TEM showed that
the synthesis proceeded in a controlled manner with success-
ful synthesis. In addition, PEG-b-(PELG-g-(PZLL-r-PLL))
in J82 cells exhibited high cell viability at concentrations as
high as 300 pwg/mL. In this regard, we chose PEG-b-(PELG-
g-(PZLL-r-PLL)) to co-load LK/PTX for sustained release
to maintain its anti-tumor effect in bladder cancer. Another
PEG-b-(PELG-g-(PZLL--PLL)) polymer acted as a nano-
carrier and protected LK and PTX from quick degradation in
rats. It augmented the efficacy and decreased the dosage and

frequency of injections. In addition, PEG-b-(PELG-g-(PZLL-
r-PLL)) could improve the stable release and bioactivity of
both LK and PTX in circulation.

Taken together, we found that PEG-b-(PELG-g-(PZLL-
r-PLL)) polymers prolonged the half-life and bioactivity of
LK and PTX in Sprague Dawley rats. In addition, LK/PTX/
PEG-b-(PELG-g-(PZLL-r-PLL)) restrained tumor growth
and induced tumor cell apoptosis.

Conclusion

This was the first study to synthesize PEG-b-(PELG-g-
(PZLL-r-PLL)), which may increase the bioactivity and
half-life of LK and PTX. In addition, we showed that LK,
PTX, LK/PEG-b-(PELG-g-(PZLL-r-PLL)), PTX/PEG-b-
(PELG-g-(PZLL-r-PLL)), and LK/PTX/PEG-b-(PELG-g-
(PZLL-r-PLL)) were all capable of inhibiting bladder cancer
growth and that LK/PTX/PEG-b-(PELG-g-(PZLL-r-PLL))
significantly inhibited bladder cancer growth.

Abbreviations

BLG, y-benzyl L-glutamate; BLG-NCA, y-benzyl
L-glutamate-N-carboxyanhydride; bw, body weight; DDS,
drug delivery system; DMF, N,N-dimethylformamide;
HPLC, high-performance liquid chromatography; 'H NMR,
'"H nuclear magnetic resonance spectroscopy; ICMIJE,
International Committee of Medical Journal Editors; LK,
lumbrokinase; MNU, methylnitrosourea; MTT, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide;
MVD, microvessel density; MWCO, molecular weight cut-
off; 0.d, once a day; PBS, phosphate-buffered solution; PEG,
polyethylene glycol; PEG-NH,, PEG-amine; PEG-b-PBLG,
PEG-b-poly(y-benzyl L-glutamate); PEG-b-PELG, PEG-b-
poly(ethylenediamine L-glutamate); PEG-b-(PELG-g-PZLL),
PEG-b-(poly(ethylenediamine L-glutamate)-g-poly(e-
benzyoxycarbonyl-L-lysine)); PEG-b-(PELG-g-(PZLL-
r-PLL)), poly(ethylene glycol)-b-(poly(ethylenediamine
L-glutamate)-g-poly(e-benzyoxycarbonyl-L-lysine)-r-
poly(L-lysine)); PTX, paclitaxel; TEM, transmission
electron microscopy; ZLL-NCA, e-benzyoxycarbonyl-
L-lysine-N-carboxyanhydride.
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Supplementary materials
Methods

The measurement conditions of 'H nuclear magnetic
resonance spectroscopy spectrum for poly(ethylene
glycol)-b-(poly(ethylenediamine I|-glutamate)-g-
poly(e-benzyoxycarbonyl-I-lysine)-r-poly(l-lysine))

The freeze-dried preparation of nanoparticle poly(ethylene
glycol)-b-(poly(ethylenediamine I-glutamate)-g-poly(e-
benzyoxycarbonyl-1-lysine)--poly(l-lysine)) (PEG-b-(PELG-
g-(PZLL-r-PLL))) was dissolved in phosphate-buffered
solution (PBS) (pH 7.4) and oscillated at 30°C for 24 h,
and then was ultrasonically dissolved for 10 min under the
80-W power in an ultrasonic oscillometer.!> Finally, the
clarified nanoparticle solution was obtained to be detected
by 'H nuclear magnetic resonance spectroscopy, wherein the
working frequency was 600 Hz, spectrum temperature was
25°C, the data point was 64 k, the pulse width was 30°, delay
time was 2.1 s, and cycle times were set at two times.'

The concentration detection of lumbrokinase and
paclitaxel in PEG-b-(PELG-g-(PZLL-r-PLL)) and blood
by high-performance liquid chromatography

The concentration detection of lumbrokinase (LK) and
paclitaxel (PTX) in PEG-b-(PELG-g-(PZLL-r-PLL)) by
high-performance liquid chromatography®’ containing
125-pump and 166-UV-detector (Beckman Coulter, Atlanta,
GA, USA). Briefly, first, the parameters were set as: 1)
chromatographic column: Diamond octadecylsilyl column
(250x4.6 mm, 5 um); 2) mobile phase: methanol-5% ace-
tic acid (3:1); 3) detection wavelength: 570 nm; 4) current
velocity: 1.0 mL/min; and 5) sample load: 20 uL.. When
analyzing samples under the same conditions, the standard
curve (linear regression curve) of the peak area (A)-con-
centration (C) was drawn (7=0.99,928). Furthermore, the
relative standard deviations of the inter-day variability and
the intra-day variability were =1.75% and =1.23%, respec-
tively, through the experiments that had been repeated three
times (n=9). Under the experiments of loading and release
of LK and PTX in PEG-b-(PELG-g-(PZLL-r-PLL)), within
a given interval of time (at 0.02-, 0.04-, 0.08-, 0.17-, 0.33-,
0.42-, 0.5-, 0.67-, 0.75-, 1-, 1.5-, 1.67-, 1.75-, 2-, 3-, 4-,
and 5-day time interval), the LK/PEG-b-(PELG-g-(PZLL-
r-PLL)), PTX/PEG-b-(PELG-g-(PZLL-r-PLL)), and LK/
PTX/PEG-b-(PELG-g-(PZLL-r-PLL)) nanocopolymers
were measured accurately in a certain quantity, respectively,
dissolved, constantly volumed, and centrifuged at 10,000
rpm for 15 min in a ultrafiltration enrichment tube (Sartorius,
Shanghai, China) to obtain the liquid supernatant and to start
application of sample (20 pL), and finally to calculate the

concentrations of free drugs based on their standard curves.
The concentrations of LK and PTX in blood were detected
by the same method above.

LK activity test before and after loading processes

To test the LK activity before and after loading processes,
an enzyme kinetic analysis method was performed.®® Briefly,
a certain equivalent amount of free LK or the released free
LK from LK/polymer was accurately weighed and dissolved
in PBS (0.1 M, pH 7.4), placed in a 6-well plate and added
to 3 mL activator containing 0.5 mM Factor I (fibrin) and
0.02 mM tosyl-L-arginine methyl ester at 37°C for 10 min.
Tosyl-L-arginine methyl ester was enzyme-digested two
parts: tosyl-L-arginine and methyl alcohol. The methyl alco-
hol was oxidized to methanal in the presence of potassium
permanganate for 5 min. Subsequently, the color reaction was
presented by formaldehyde reacting with chromotropic acid in
boiling water bath for 20 min. Finally, the absorbance (OD) of
per well at 574 nm was measured on a microplate multimode
reader (Turner Biosystems, Madison, WI, USA). There was a
positive correlation between the absorbance and the enzyme
activity. The relative enzyme activity was calculated by
comparing the OD value of LK released from the copolymer
with that of free LK, calculated as OD /0D, x100%.
The experiment was repeated 5 times. The results showed that

realeased

there was no significant change in enzyme activity.

References

1. Xu G, Gu H, Hu B, et al. PEG-b-(PELG-g-PLL) nanoparticles as
TNF-alpha nanocarriers: potential cerebral ischemia/reperfusion injury
therapeutic applications. /nt J Nanomedicine. 2017;12:2243-2254.

2. Tong F. Preparation of exenatide-loaded linear poly(ethylene glycol)-
brush poly(l-lysine) block copolymer: potential implications on diabetic
nephropathy. /nt J Nanomedicine. 2017;12:4663-4678.

3. Tong F, Tang X, Li X, Xia W, Liu D. The effect of insulin-loaded linear
poly(ethylene glycol)-brush-like poly(l-lysine) block copolymer on
renal ischemia/reperfusion-induced lung injury through downregulating
hypoxia-inducible factor. /nt J Nanomedicine. 2016;11:1717-1730.

4. TongF, Zhang H. Poly (Ethylene Glycol)-Block-Brush Poly (L-Lysine)
copolymer as an efficient nanocarrier for human hepatocyte growth fac-
tor with enhanced bioavailability and anti-ischemia reperfusion injury
efficacy. Kidney Blood Press Res. 2017;42(3):495-508.

5. TongF, Tang X, Luo L, et al. Sustained delivery of insulin-loaded block
copolymers: Potential implications on renal ischemia/reperfusion injury
in diabetes mellitus. Biomed Pharmacother. 2017;91:534-545.

6. Kao CW, Lee D, Wu MH, Chen JK, He HL, Liu SJ. Lidocaine/
ketorolac-loaded biodegradable nanofibrous anti-adhesive membranes
that offer sustained pain relief for surgical wounds. Int J Nanomedicine.
2017;12:5893-5901.

7. Menezes PD, Frank LA, Lima BD, et al. Hesperetin-loaded lipid-core
nanocapsules in polyamide: a new textile formulation for topical drug
delivery. Int J Nanomedicine. 2017;12:2069-2079.

8. Jin M, Jin G, Huang W, Gao Z. PEGylation of Lumbrokinase improves
pharmacokinetic profile and enhances antithrombotic effect in a rat carotid
artery thrombosis model. Mol Med Rep. 2017;16(4):4909-4914.

9. John NA, Melvin IS. Methods in Enzymology. Vol 1-7. San Diego, CA,
USA: Academic Press; 2011.

International Journal of Nanomedicine 2018:13

submit your manuscript

3639

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Hu et al

Dove

International Journal of Nanomedicine

Publish your work in this journal

The International Journal of Nanomedicine is an international, peer-
reviewed journal focusing on the application of nanotechnology
in diagnostics, therapeutics, and drug delivery systems throughout
the biomedical field. This journal is indexed on PubMed Central,
MedLine, CAS, SciSearch®, Current Contents®/Clinical Medicine,

Dove

Journal Citation Reports/Science Edition, EMBase, Scopus and the
Elsevier Bibliographic databases. The manuscript management system
is completely online and includes a very quick and fair peer-review
system, which is all easy to use. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/international-journal-of-nanomedicine-journal

3640

submit your manuscript

Dove

International Journal of Nanomedicine 2018:13


http://www.dovepress.com/international-journal-of-nanomedicine-journal
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 4: 


