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The current study was designed to evaluate the ability of

cell-penetrating peptides to deliver arsenic trioxide

albumin microspheres (AsAMs) into bladder cancer cells.

The transactivating transcriptional activator (Tat) peptide

was labeled with the enhanced green fluorescent protein

(EGFP) using eukaryotic vector construction and fusion

gene expression techniques. Arsenic trioxide albumin

mirospheres were prepared using the chemical crosslink

and solidification method. The conjugate, Tat-EGFP-As2O3-

AMs (TEAsAMs), was synthesized using the amine-reactive

heterobifunctional linker agent N-succinimidyl-3-(2-

pyridyldithio) propionate and verified by electrophoresis

under reducing conditions and fluorescence microscopy.

The intracellular delivery of TEAsAMs was evaluated by

laser confocal microscopy and transmission electron

microscopy. The arsenic content in the bladder cancer

EJ cells was assayed to evaluate the efficiency of delivery.

Gene sequencing showed that the pET-Tat-EGFP

expression vector was constructed successfully. The

expression of the Tat-EGFP fusion protein was verified by

matrix-assisted laser desorption/ionization-time of flight

analysis, and the protein was transduced into cell

cytoplasm as observed under a fluorescence microscope.

Electrophoresis under reducing conditions demonstrated

the covalent linkage between Tat-EGFP and AsAMs.

Under a laser confocal microscope and a transmission

electron microscope, TEAsAMs surrounded by green

fluorescence were shown to enter the cells faster than

EGFP-As2O3-AMs, with an increase in the intracellular

arsenic content being observed in cells treated

with TEAsAMs compared with those treated with

EGFP-As2O3-AMs. These results suggest that Tat

peptide promotes the cellular uptake of large albumin

microspheres with encapsulated arsenicals. Anti-Cancer
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Introduction
Bladder cancer is a type of significant and frequently

occuring urinary system tumor. Some well-known chemo-

therapy drugs, such as mitomycin, pirarubicin, and hydroxy

camptothecin, have little therapeutical effect. Moreover,

these drugs might cause severe side effects. Arsenic

trioxide (As2O3) is a toxic agent, but has been used as a

traditional Chinese medicine for many years. Previous

studies in our laboratory [1] and others [2] have shown

that As2O3 inhibits the proliferation of bladder cancer

cells. It triggers a highly regulated form of caspase-

independent cell death through the mitochondrial death

pathway [3,4]. But severe side effects might be caused

after the instillation of As2O3 into the bladder of mice.

The reason for this might be that As2O3 is absorbed into

the blood circulation by the bladder mucous membrane.

Therefore, we have prepared a sustained-release albumen

microsphere dosage form of As2O3. Albumin microspheres

are hollow biodegradable nanoparticles. When used as a

vehicle, it may improve therapeutic effects and reduce

side effects through a slow, controlled drug release

mechanism [5]. We have synthetized slow-release arsenic

trioxide albumin microspheres (AsAMs) using methods of

chemical crosslinking and solidification [6]. Although the

cell killing rate of AsAMs is higher after a 24-h exposure

compared with an As2O3 solution, it is lower within the

first 24 h, perhaps due to a low cellular penetration rate of

the albumin microspheres in the early phase of the drug

exposure. The reason for this might be that it is more

difficult for AsAMs to enter the cancer cell and it might

be discharged along with urine. Therefore, an increasing

microsphere uptake into tumor cells is the key to improve

the therapeutic effects of As2O3 in microspheres.

Cell-penetrating peptides (CPPs) are emerging as an

attractive drug delivery tool because of their ability to

translocate macromolecules across the cell membrane [7].

Among several CPPs, the transactivating transcriptional

activator (Tat) peptide has been widely studied and is

extensively used for drug delivery [8,9]. Tat is derived

from the basic domain of HIV-1 Tat, which is rich in basic

amino acids, and sufficient for intracellular transduction

and subcellular localization [10]. In addition, this

capacity for highly efficient translocation has been

observed in a variety of cell lines with minimal toxicity,

overcoming the challenge often faced with other delivery

methods [11]. It has become evident that a single CPP

may use multiple modes of cellular entry, depending on
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the experimental conditions [12]. The modes of cellular

entry are broadly categorized into two groups: energy-

dependent endocytosis and energy-independent direct

translocation across the membrane [13]. Nanoparticles

that are chemically conjugated with Tat peptide can be

efficiently delivered into mammalian cells [14–16] or

across some body barriers of drugs, such as the blood–

spinal cord barrier [17,18] and skin [19]. As a huge

microparticle carrier, albumin microspheres are believed

to be internalized mainly through endocytosis, especially

macropinocytosis [20]. With superficial abundant amino

groups, AsAMs could be linked with Tat peptide easily.

Cellular uptake may be an issue for drug delivery,

considering that the mean diameters of albumin micro-

spheres, we have previously prepared are more than

2mm [6]. Very few studies have shown that CPPs can

promote the entry of large albumin microspheres into

cancer cells. The objectives of this study were 2-fold to

demonstrate and explore the possible mechanisms of cell

permeation of Tat-peptide-coated AsAMs and to demon-

strate that encapsulated arsenicals are delivered into

bladder cancer cells and can be released slowly from

microspheres. The enhanced green fluorescent protein

(EGFP) was fused with Tat peptide to visualize albumin

microspheres under a fluorescence microscope. The

covalent bond between Tat peptide and microsphere was

verified by electrophoresis under reducing conditions.

Laser confocal microscopy and transmission electron

microscopy were used to observe the intracellular delivery

of Tat-EGFP-As2O3-AMs (TEAsAMs). The delivery effi-

ciency of the encapsulated arsenicals was evaluated by

measuring the arsenic content in the cells. If Tat peptide

can promote the entry of albumin microsphere-encapsu-

lated arsenicals into the bladder cancer cells, the

therapeutic effect of arsenicals would increase. This would

have an important application in the development of novel

therapy for bladder cancer and other cancers as well.

Materials and methods
Materials

Escherichia coli BL21 (DE3), plasmid pEGFP-1, and

pET30a were generous gifts from Dr Lan Xiuwan

(Department of Biochemistry, Guangxi Medical Univer-

sity, Guangxi, China). BamHI, HindIII, T4DNA-joining

enzyme, and the BAC protein assay kit were purchased

from Fermentas China (Shenzheng, China). N-Succini-

midyl-3-(2-pyridyldithio) propionate (SPDP), 1,4-dithio-

threitol (DTT), isopropyl-b-D-thiogalactoside (IPTG),

As2O3, Tween 80, and dialysis membrane were purchased

from Sigma-Aldrich Chemicals (St. Louis, Missouri,

USA). Ni-NTA His Resin was obtained from Qiagen

(Hilden, German). Bovine serum albumin was procured

from Sheng Ma Biotechnology Institute (Beijing, China).

Fetal bovine serum (FBS) was procured from Invitrogen

Corp (Eugene, Oregon, USA). The EJ human bladder

cancer cell line was obtained from American Type

Culture Collection (Rockville, Maryland, USA). EJ cells

were grown in Roswell Park Memorial Institute medium

(Sigma, St. Louis, Missouri, USA) supplemented with

10% FBS. All tissue culture media contained penicillin

(5000 U/ml) and streptomycin (0.1 mg/ml). The cells

were maintained at 371C in the presence of 5% CO2 in

air. All the other chemicals used in this study were of

analytical grade. The oligonucleotides encoding Tat

peptide and EGFP primers were synthesized by Sangon

Corporation (Shanghai, China).

Construction of expression vectors

The construction of the pET-Tat-EGFP expression vector

was accomplished using a previously reported meth-

od [21], with minor modifications. In brief, the oligonu-

cleotides, encoding the peptide containing 11 amino

acids from the protein transduction domain of the HIV-1

Tat and EGFP sense primer, were synthesized. The

sequences of the nucleotides were 50-CG GGA TCC TAC

GGT CGT AAG AAA CGT CGC CAG CGT CGC CGT

ATG GTG AGC AAG GGC-30. The sequences of the

nucleotides encoding EGFP antisense primer were 50-
CGC AAG CTT CTT GTA CAG CTC GTC-30. The Tat-

EGFP fusion gene sequences were amplified using PCR

from the pEGFP-1 plasmid. The PCR products and

pET30a expression vector were digested with BamHI and

HindIII. The digested fragments were joined with the

T4DNA-joining enzyme, generating pET30a-Tat-EGFP.

The sequences of Tat-EGFP were confirmed by sequen-

cing analysis. To create Tat-lacking protein (EGFP alone),

the EGFP gene was inserted in-frame BamHI/HindIII-

cut pET30a to create the pET30a-EGFP vector. Gene

sequencing was accomplished by Sangon Corporation.

Expression and purification of transactivating

transcriptional activator-enhanced green fluorescent

protein fusion protein

The expression constructs were transformed in E. coli
BL21(DE3). Transformed bacteria were cultured in an LB

broth medium containing 100mg/ml of ampicillin at 371C.

Protein expression was induced by the addition of 1 mmol/l

of IPTG (final concentration) at 371C during the

logarithmic growth phase. After a 5-h incubation, cells were

harvested and lysed by BugBuster (Novagen, Darmstadt,

Germany). The cell lysate containing Tat-EGFP fusion

proteins with the His6tag at their N termini was applied to

Ni-NTA His Resin and washed with six bed volumes of

binding buffer (pH 7.8) and four bed volumes of wash

buffer (pH 6.0). Then, the binding protein was eluted with

six bed volumes of imidazole wash buffer. Then, the protein

solutions were captured and the target protein was

concentrated by Millipore ultra-filtration dialysis. The

protein concentrations were quantified using the BAC

protein assay kit (Pierce, Rochford, Illinois, USA). The

EGFP protein was expressed using the same methods.

Protein sequencing was accomplished by Sangon Corpora-

tion using matrix-assisted laser desorption/ionization-time

of flight analysis.
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Penetration of the fusion protein into cells

EJ cells were obtained from American Type Culture

Collection (Rockville, MD, USA) and were cultured in a

phenol-red-free Roswell Park Memorial Institute-1640

medium containing 10% FBS, penicillin (5000 U/ml), and

streptomycin (0.1 mg/ml) at 371C in 5% CO2. When the

cells were 70% confluent, the culture medium was

replaced with a fresh medium containing 10% FBS, and

the EGFP or EGFP-Tat protein was added to the growth

medium, at a final concentration of 4 mmol/l. All cells

were divided into four groups, and treated at 5, 10, 20, or

30 min. The cells were then digested with 0.25% trypsin

and washed with phosphate-buffered saline (PBS). The

cell suspension was observed under a fluorescence

microscope.

Preparation and characterization of arsenic trioxide

albumin microspheres

AsAMs were prepared and characterized using the

previously reported method [6]. In brief, As2O3 (2 g)

was dissolved in PBS solution (70 ml) and sodium

hydroxide was added to promote dissolution. The pH

was adjusted to 7.4 to prepare an As2O3 stock solution

(100 ml, 20 mg/ml, pH 7.4). Bovine serum albumin

(450 mg) was dissolved in the As2O3 stock solution

(1.5 ml) and then mixed with injection oil (60 ml). The

mixture was dispersed at a high speed (9000 rpm) for 60 s.

Arachis oil (180 ml) was then added and the mixture was

stirred (300 r/min) for 2 h, whereas the glutaric dialde-

hyde solution (25%, 1.5 ml) was added slowly. Then,

diethyl ether (120 ml) was added, and after 0.5 h, the

mixture was centrifuged (5000 rpm, 20 min). The pre-

cipitate was washed with acetone (200 ml) three times.

The product was resuspended in acetone (10 ml) and was

filtered through a filter membrane (5-mm aperture). The

filtrate was dried and resuspended, and the resultant

AsAMs were aliquoted and stored in desiccated contain-

ers until use.

A scanning electron microscope (SEM) was used to

determine the morphology of AsAMs. The samples for

SEM analysis were prepared by suspending 1 mg of

AsAMs in 1 ml of DH2O. Then, 200 ml of the suspended

AsAMs were transferred onto a stub, dehydrated, and

sputter coated with silver/palladium for further analy-

sis [22]. Dynamic laser light scattering was used to

further quantify the size of the AsAMs. The nanoparticle

sample was prepared by suspending 1 mg of NPs in 10 ml

of 1� PBS. The suspended NPs were set for 1 min to

remove any large aggregates. Then, samples were

decanted into a glass scintillation vial. A dynamic laser

light scattering system (Brookhaven Instruments BI-

200SM; Brookhaven Instruments Corporation, Holtville,

New York, USA) calculated the nanoparticle diameter by

the regularized non-negatively constrained least squares

method. The range of nanoparticle size was reported as

differential distribution values [22].

Preparation of Tat-EGFP-As2O3-AMs

Tat-EGFP fusion proteins were conjugated to AsAMs

using SPDP conjugation methods as described previously

in our studies for antibody conjugation to AsAMs [2].

In the initial step, purified Tat-EGFP fusion protein

(0.4 mg) was mixed with SPDP (40 mg) for 30 min, and

excess SPDP was removed by dialysis in acetate buffer

(0.01 mol/l acetate, pH 4.5). DTT (15.4 mg) was added

and the mixture was stirred lightly for 30 min. Protein

peak Tat-EGFP-SH was collected. AsAMs (5 mg) were

suspended in acetate buffer, SPDP (250 ml), and stirred

for 30 min. The precipitate (AsAMs-PDP) was centri-

fuged (5000 rpm, 10 min) and washed with PBS three

times. After Tat-EGFP-SH and AsAMs-PDP were mixed

and shaken for 15 h at 41C, the TEAsAMs produced were

collected by centrifugation (5000 rpm,10 min) and

washed with PBS three times and frozen in desiccated

containers ( – 201C). EGFP (0.4 mg) was used to prepare

EGFP-As2O3-AMs (EAsAMs) according to the same

methods as described above.

Characterization of Tat-EGFP-As2O3-AMs

TEAsAMs (5 mg) or EAsAMs (5 mg) were suspended in

PBS (1 ml) and then hydrolyzed by pepsin. The arsenic

content loaded in TEAsAMs or EAsAMs was measured

using an atomic spectrofluorometer (AFS-2202; Beijng

Haiguang Equipment Company, Beijing, China) [23].

The drug loading of TEAsAMs and EAsAMs was

calculated as the total mass of loaded arsenic divided by

the total mass of polymer expressed as a percentage. The

encapsulation efficiency of TEAsAMs and EAsAMs was

calculated as the experimentally measured loading

divided by the theoretical loading expressed as a

percentage.

The rate of arsenic release from TEAsAMs was deter-

mined in PBS solution (pH = 7.4) at 371C using

membrane dialysis according to the described meth-

ods [22]. In brief, 3 mg of TEAsAMs were added to 2 ml

of PBS and the mixture was sonicated for 20 s to disperse

the particles. The nanoparticle suspension was then

placed in a Pierce dialysis tube with a molecular weight

cutoff at 10,000 Da, and the tube was subsequently

immersed in fresh PBS (20 ml) and incubated at 371C on

a rotary shaker (100 rpm for 5 days). The liquid medium

was completely replaced with fresh PBS (371C) daily.

The amount of arsenic released was measured as above.

The covalent bond between Tat-EGFP and AsAMs was

identified indirectly by electrophoresis under reducing

conditions [1]. TEAsAMs (10 ml, 5 mg/ml) were mixed

with the electrophoresis buffer (10 ml) containing 2 ml of

DTT (15.4 mg/ml). TEAsAMs added to electrophoresis

buffer without DTT were used as a control and the blank

group was Tat-EGFP. The samples were separated at 75 V

for 1.5 h and 150 V for 2 h. The gel was then stained with

polyacrylamide gel electrophoresis dyeing solution (1.25 g
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of Coomassie brilliant blue, 500 ml of methanol, 100 ml of

glacial acetic acid, and 400 ml of distilled water) for

30 min. For evaluation of its integrity, TEAsAMs (200 mg)

were dissolved in PBS and washed with Hank’s buffer

three times, and then observed under a fluorescence

microscope (Nikon Corporation, Tokyo, Japan), with

EAsAMs as a control.

Analysis of intracellular delivery

The intracellular delivery of TEAsAMs was determined

using a laser confocal microscope. EJ cells were cultured

as above until the cells were 70% confluent. After culture

with TEAsAMs for 3 h, the cells were then digested with

0.25% trypsin and washed with a fresh medium three

times and observed under a laser confocal microscope.

The control group was EJ cells treated with EAsAMs.

A transmission electron microscope (1200-EX II, JEOL

Inc., Akishima, Japan) was used to observe the intracel-

lular delivery and analyze the mechanism of action. EJ

cells were treated with TEAsAMs or EAsAMs for 6 h. The

sample was placed in plastic capsules filled with resin,

hardened at 601C for 24 h, and then sectioned into

0.6-mm thickness with a glass knife. For TEM imaging,

the block was trimmed down to the area of interest and

sectioned into 0.1-mm thickness with a diamond knife. All

the samples were viewed at an accelerating voltage of

75 kV.

Analysis of arsenic by atomic spectrofluorimetry

EJ cells (1 ml; 1� 106) were treated with 1 ml of

TEAsAMs (128.8 mg/ml of arsenic) for 0.5, 1, 2, 4, 8, 16,

or 24 h at 371C in the presence of 10% FBS at the same

arsenic concentration as EAsAMs or As2O3 solutions as

controls. After washing with PBS three times, the cells

were digested and centrifuged (5000 rpm for 3 min) and

washed an additional three times. After treating with

concentrated nitric acid and perchloric acid, the solution

was reduced with ascorbic acid and thiourea. The solution

was suspended in PBS (1 ml) and the arsenic content was

measured using an atomic spectrofluorometer (AFS-2202,

Beijng Haiguang Equipment Company) [23]. Assays were

performed in quadruplicate.

Statistical analysis

The arsenic contents were expressed as mg/ml. All results

were presented as mean ± standard error. Statistical

significance was determined using analysis of variance.

P values of less than 0.05 were considered statistically

significant.

Results
Construction and expression of transactivating

transcriptional activator-enhanced green fluorescent

protein fusion protein

The PCR amplification products of Tat-EGFP and EGFP

genes are shown in Fig. 1a, which are consistent with the

Fig. 1

2000
1000

750
500

250

100

10 000
8000
5000

1500

1000
767

500

117

85

48

34
31
29
26

19

1 2 3 4 5 M

M 1 2

M 1 2 3 4 5 6 7

(a)

(b)

(c)

Construction of pET30a-transactivating transcriptional activator (Tat)-
enhanced green fluorescent protein (EGFP) vector and expressions of
Tat-EGFP fusion protein. (a) PCR amplification product of Tat-EGFP
and EGFP. Lanes 1, 4, and 5: EGFP PCR products (734 bp). Lanes 2
and 3: Tat-EGFP PCR products (767 bp). M, DNA marker. (b)
Identification of pET30a-Tat-EGFP plasmid digested by HindIII and
BamHI. M. DNA marker. Lane 1: pET30a/BamHI + HindIII (5400 bp).
lane 2: pET30a-Tat-EGFP/BamHI + HindIII showed two straps
(5400 bp, 767 bp). (c) Expression of EGFP and Tat-EGFP fusion
protein analyzed by SDS-polyacrylamide gel electrophoresis. M. protein
molecular weight marker. Lane 1: Escherichia coli lysate. Lane 2:
transformed E. coli lysate without IPTG. Lane 3: E. coli lysate with
IPTG. Lane 4: sediment of transformed E. coli lysate. Lane 5:
supernatant of transformed E. coli lysate. Lane 6: purtified Tat-EGFP.
Lane 7: purtified EGFP.
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predicted size on the basis of their gene sequences.

Recombinant plasmid pET30a-Tat-EGFP was constructed

successfully (Fig. 1b), showing that the sequence of

amplified fragment was inserted into pET30a expression

plasmid accurately. Gene sequencing verified the correct

sequence of the constructed expression plasmid. E. coli
BL21 (DE3) transformed with Tat-EGFP and EGFP

expressed the fusion proteins well, with IPTG induction.

In addition, the fusion protein expression could be easily

monitored during the entire expression and purification

process due to their green fluorescence. SDS-polyacryla-

mide gel electrophoresis analysis demonstrated purified

Tat-EGFP and EGFP proteins at the expected sizes

(Fig. 1c). The purity of the Tat-EGFP protein was about

90%, and the concentration of protein in solution was

1.24 mg/ml.

Transduction and intercellular localization of the

transactivating transcriptional activator-enhanced

green fluorescent protein fusion proteins in EJ cells

As shown in Fig. 2, green fluorescence appeared in EJ cells,

indicating that the Tat-EGFP fusion protein was delivered

into the cells. Moreover, the fluorescence intensity

increased gradually with the duration of exposure. How-

ever, hardly any green fluorescence was detected in the

control EGFP group. The green fluorescence localization

was observed to be within the cytoplasm.

Characterization of arsenic trioxide albumin

microspheres

Under scanning electron microscopy, the majority of

AsAMs were spherical in shape with a narrow particle size

(see Fig. 3a for SEM of AsAMs). The grain sizes were

between 1 and 3 mm.

Characterization of Tat-EGFP-As2O3-AMs

The loading of arsenic in TEAsAMs was 8.34 ± 2.2%

(w/w, 100 mg of TEAsAMs contained 8.34 mg of arsenic),

with an encapsulation efficiency of 91.32 ± 12.1%. The

loading of arsenic in EAsAMs was 8.81 ± 2.5% (w/w),

with an encapsulation efficiency of 92.12 ± 10.6%. The

analysis of the release of the encapsulated arsenic from

the TEAsAMs indicated that about 90% of arsenic was

released from TEAsAMs over a period of 5 days under

in-vitro incubation in PBS (see Fig. 3b). The cumulative

release percentage increased rapidly in the arsenic

solution group, with 91.34% of the arsenic released

within the first day and approximately 99% within the

first 3 days. However, the cumulative release percentage

increased slowly for the TEAsAMs and EAsAMs groups,

Fig. 2

i

ii
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iv

(a) (b) (c) (d)

Observation of the penetrating activity of transactivating transcriptional activator (Tat)-enhanced green fluorescent protein (EGFP) and EGFP
protein in EJ cells, i: 5 min after Tat-EGFP or EGFP protein was added to a final concentration of 4mm/l; ii: 10 min after Tat-EGFP or EGFP protein
was added; iii: 20 min after TAT-EGFP or EGFP protein was added; and iv: 30 min after Tat-EGFP or EGFP protein was added. The samples were
observed using a light and fluorescence microscope at �400 magnification. (a) EJ cell treated with Tat-EGFP under a microscope. (b) EJ cell
treated with Tat-EGFP under a fluorescence microscope. (c) EJ cell treated with EGFP under a microscope. (d) EJ cell treated with EGFP under a
fluorescence microscope. Green fluorescence showing the Tat-EGFP fusion protein.
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with the release percentages being 89.23 ± 5.12 and

86.11 ± 5.32% on the fifth day (Fig. 3b), respectively.

The TEAsAMs groups treated with DTT showed protein

bands at the distal end. At the same level, the Tat-EGFP

groups had one similar protein strap, which was

coincident with the molecular weight of Tat-EGFP

protein (Fig. 4), indicating that the Tat-EGFP protein

bond was broken from the microspheres. No protein band

was found in the control group, indicating that Tat-EGFP

peptide had not been disintegrated from the micro-

spheres and therefore could not enter the glue, and

confirming that the bond between Tat-EGFP and the

microspheres was not ionic.

Under a fluorescence microscope, many green fluorescent

spots could be observed, which showed that TEAsAMs

were surrounded by multiple Tat-EGFP peptides. Similar

green fluorescent spots were found in the EAsAMs groups

(Fig. 5a).

Intracellular delivery of Tat-EGFP-As2O3-AMs

Under a laser confocal microscope, many green fluores-

cent spots were observed in EJ cells treated with

TEAsAMs, indicating that TEAsAMs entered into the

cells (Fig. 5b). However, hardly any green fluorescent

spots were observed in cells treated with EAsAMs

(Fig. 5b).

Under a transmission electron microscope, cells treated

with TEAsAMs had many phagocytotic vesicles, indicat-

ing that TEAsAMs entered cells by endocytosis. Hardly

any phagocytotic vesicles were found in EJ cells treated

with EAsAMs (Fig. 6a, b and c).

Arsenic content in bladder cancer cells

Figure 6d shows the arsenic contents (mean ± standard

error) at different times after EJ cells were treated with

various drug preparations over a 24-h period. Within the

first 4 h of incubation, there was a slight increase in the

average arsenic content of the TEAsAMs groups, reaching

a 3.15-fold higher level than that in the EAsAMs groups at

2 h. After 4 h, the content decreased gradually. This might

be due to some arsenic in EJ being released gradually into

Fig. 3
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Characteristics of Tat-EGFP-As2O3-AMs (TEAsAMs). (a)
5000� standard error of the mean image of AsAMs. Scale bar is
10mm. (b) Cumulative release percentage of arsenic from TEAsAMs,
EGFP-As2O3-AMs (EAsAMs), or arsenic solution after incubation in
phosphate-buffered saline at 371C for 5 days. Data are represented as
mean ± standard error (n = 5). The y-axis shows the release percentage;
the x-axis shows the time in days.

Fig. 4
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Electrophoresis under reducing conditions of transactivating
transcriptional activator (Tat)-enhanced green fluorescent protein
(EGFP)-As2O3-AMs (TEAsAMs). M: protein marker; lane 1: Tat-EGFP
fusion protein group; lane 2: TEAsAMs + 1,4-dithiothreitol group; lane
3: arsenic trioxide albumin microspheres + 1,4-dithiothreitol group.
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the culture solution, as more cells died with time. The

EAsAMs group had a lower average arsenic content

compared with the TEAsAMs group (P < 0.01). The

mean arsenic content of the arsenic solution group

peaked at 0.5 h and decreased gradually. This group had

lower concentrations than those found in the TEAsAMs

group (3.76 ± 0.31 vs. 5.23 ± 0.57) at 2 h and the EAsAMs

group (2.1 ± 0.23 vs. 2.33 ± 0.19) at 8 h.

Discussion
CPPs have been identified in HIV-1 TAT, antennapedia

protein, and HSV-1 VP22 [24]. They can display functions

as carriers for the efficient delivery of proteins that do not

permeate living cells [25]. Although the mechanism of

CPPs uptake across the plasma membrane remains elusive,

these CPPs have successfully delivered proteins, nucleic

acids, small molecule therapeutics, quantum dots, and MRI

contrast agents, among other things [12]. It has been

suggested that various properties of peptides, such as

molecule length and charge delocalization, as well as the

properties of the drugs/molecules to be delivered, such as

size and charge, can have a significant impact on the

mechanism of peptide uptake [26]. Successful delivery of

nanoparticles into cells by CPPs has been reported [27].

Macropinocytosis has been reported as the major route of

internalization of cationic CPPs [28,29], especially for

large Tat-fusion proteins (in excess of 30 kDa). Other

endocytotic pathways including clathrin-dependent and

caveolin-dependent endocytosis [30,31] and trans-Golgi

network-mediated internalization [32] have been described

Fig. 5

(a)

i ii

(b)

i ii

(a) Fluorescence microscope observation of transactivating transcriptional activator (Tat)-enhanced green fluorescent protein (EGFP)-As2O3-AMs
(TEAsAMs) and EGFP-As2O3-AMs (EAsAMs). i: TEAsAMs under a microscope at �400 magnification; ii: EAsAMs under a microscope at �400
magnification. Green fluorescent spots demonstrate the EGFP peptide. (b) Laser confocal micrography of the intracellular delivery of TEAsAMs and
EAsAMs. i: EJ cell treated with TEAsAMs under a microscope at �200 magnification; ii: EJ cell treated with EAsAMs under a microscope at �200
magnification. Green fluorescent spots demonstrate the Tat-EGFP-conjugated AsAMs.
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for CPPs. Moreover, different mechanisms of membrane

translocation and endocytosis may occur simultaneously for

most of CPPs. Cellular uptake of biologically active Pep-1 or

MPG/cargo complexes is directly correlated with the

structure of the nanoparticle that creates a local high

concentration of peptides at the cell surface [33,34].

Recently, it has been reported that CPPs might promote

the entry of nanoparticles into cells. Murakami et al. [14]

used TAT peptide to promote the intracellular delivery of

doxorubicin by genetically engineered high-density lipo-

protein nanoparticles, resulting in enhanced growth

inhibition of cancer cells in vitro and tumor in vivo. Using

a murine xenograph model of human glioma, Niu et al.
[35] revealed that the fusion peptide p14ARF-TAT was a

promising approach for tumor growth suppression when

combined with efficient targeting. The particle sizes of

the methoxy polyethylene glycol/poly epsilon-caprolac-

tone diblock copolymers were about 40 and 60 nm.

When conjugated with a Tat analog through an ester or

a disulfide linkage, it can transfect pCMV-Luc into COS7

cells, suggesting that it can be used as a safe and efficient

systemic nonviral gene vector [15]. Bionanocapsule

(BNC) is a hollow nanoparticle composed of the

L-protein of the hepatitis B virus surface antigen, which

can deliver genes or drugs into specific human hepato-

cytes [16]. Altering the specificity of BNCs by genetically

introducing CPPs, such as arginine-rich peptides into

BNCs, can lead to efficient internalization of the CPP-

fused BNC into various types of cells [16]. It has been

suggested that CPPs facilitate the passage of nanoparti-

cles through some body barriers of drugs, protein, and

genes, such as the blood–spinal cord barrier [17,18]

and skin layers [19], and reach the site of action.

Therefore, nanoparticles linked to CPPs may represent

a promising carrier to deliver therapeutic macromolecular

agents across the body barrier and penetrate into the

effect site.

Albumin microspheres are a type of hollow biodegradable

nanospheres several micrometers in diameter. With a

slow-release property, albumin nanospheres represent an

attractive dosage form for the delivery of anticancer

drugs [5,36,37]. To increase the therapeutic effect of

Fig. 6
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Fig. 6

Observation of the intracellular delivery of transactivating transcriptional
activator (Tat)-enhanced green fluorescent protein (EGFP)-As2O3-AMs
(TEAsAMs) and EGFP-As2O3-AMs (EAsAMs) in EJ cells (a) EJ cell
treated with TEAsAMs under a transmission electron microscope at
�3800 magnification. (b) EJ cell treated with EAsAMs under a
transmission electron microscope at �3800 magnification (c) EJ cell
treated with TEAsAMs under a transmission electron microscope at
�4500 magnification. The black arrowhead shows TEAsAMs that have
undergone endocytosis. The smaller TEAsAMs were undergoing
endocytosis. (d) Variance of the arsenic content (mean ± standard
error) at different times after EJ cells were treated with drug TEAsAMs;
arsenic content after EJ cells were treated with TEAsAMs. EAsAMs,
arsenic content after EJ cells were treated with TEAsAMs. Arsenic
solution, arsenic content after EJ cells were treated with As2O3

solution. y-axis shows the average number of arsenic content (error
bars are standard error); the x-axis shows the time in hours.
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As2O3 and decrease the toxic effect, we have prepared

AsAMs. To increase the drug-loading rate to reach the

effective cell-killing dose, AsAMs about 2 mm in size were

prepared. To determine the therapeutic effects in vivo,

AsAMs were irrigated into a mouse bladder at different

time points (data not shown). Although the growth of the

bladder tumor was inhibited, the therapeutic effects were

not as good as predicted (data not shown). The reason

could be that AsAMs were egested along with urination

and the action time of AsAMs was not long enough. To

further improve the therapeutic effects, in the present

study, we used Tat peptide to promote the entry of

AsAMs into the bladder cancer cells.

DTT, a reducing agent, can open disulfide bonds

between peptides. In the present study, after the

treatment with DTT, TEAsAMs were broken into a

protein strap corresponding to the molecular weight of

Tat-EGFP, suggesting that Tat-EGFP and AsAMs were

linked covalently using the SPDP conjugation method.

Under a fluorescence microscope, TEAsAMs were shown

to be surrounded by green fluorescence, indicating that

AsAMs could be conjugated with multiple Tat-EGFPs,

creating a local high concentration of peptides on the cell

surface.

Compared with the EAsAMs group, green fluorescence

was seen in EJ cells treated with TEAsAMs group under a

laser confocal microscope, suggesting that the conju-

gated-Tat peptide could promote the intercellular trans-

fer of TEAsAMs. Then, we used a transmission electron

microscope to observe EJ cells after treatment with

TEAsAMs or EAsAMs for 6 h. These results showed that

some EAsAMs entered into EJ cells by endocytosis.

However, the quantity was less than that with TEAsAMs.

These results also indicated that Tat peptide enhanced

the intercellular permeation of TEAsAMs.

In the present study, the arsenic content in EJ cells

treated with TEAsAMs was higher than that with

EAsAMs, indicating that the encapsulated arsenicals

were delivered into EJ cells faster than EAsAMs.

However, the arsenic content in EJ cells treated with

TEAsAMs is lower than the arsenic solution group at the

beginning and increased gradually with time, showing

that arsenic in TEAsAMs enters cells slower than arsenic

in solution.

It has been shown that Tat peptide can facilitate the

passage of microspheres larger than 2 mm through the cell

membrane, and encapsulated arsenicals enter cells at the

same time. The conjugate dosage promotes increased

transport efficiency of the carrier-drug microspheres. Two

chemotherapy advantages of the microspheres may be

realized simultaneously, including its use as a slow-release

drug and promotion of drug entry into cells. Future

studies should determine whether or not TEAsAMs have

better therapeutic effects than EAsAMs in vitro and

in vivo.

Conclusion
Our studies indicate that Tat peptide enhances inter-

acellular permeation of TEAsAMs by translocating micro-

spheres across the cell membrane. CPPs can be used to

transport the encapsulated arsenicals payloads into

bladder cancer cells, and the arsenical is released slowly

from these microspheres. This method may be applicable

for the delivery of other anticancer drugs.
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