
ONCOLOGY REPORTS  37:  995-1001,  2017

Abstract. The present study was carried out to prepare and 
evaluate a temozolomide (TMZ)-loaded polyamide-amine 
dendrimer (PAMAM)‑based nanodrug delivery system, and 
to explore its ability to target human melanoma (A375) cells 
in  vitro. Firstly, PAMAM-PEG and PAMAM-PEG-GE11 
were synthesized by substitution and addition reactions, and 
their products were identified and characterized by fourier 
transform-infrared (FTIR), proton nuclear magnetic resonance 
(1H-NMR) and transmission electron microscopy (TEM), as 
well as differential light scattering (DLS). Using fluorescein 
isothiocyanate (FITC)-modified PAMAM, we synthesized 
FITC-PAMAM, FITC-PAMAM-PEG and FITC-PAMAM-
PEG-GE11. Fluorescence microscopy and flow cytometry 
were used to monitor the uptake of A375 cells of these three 
nanomaterials. Secondly, TMZ-PAMAM‑PEG‑GE11-HA 
drug complexes were prepared by ultrasonic emulsifica-
tion, and their particle size, zeta potential and morphology 
were evaluated by DLS and TEM. Drug loading (DL) 
and encapsulation efficiency (EE) were assayed by ultra-
violet spectrophotometry. Thirdly, we ascertained whether 
TMZ-PAMAM-PEG-GE11-HA conjugates could target A375 
cells in vitro. The TMZ-PAMAM‑PEG‑GE11-HA nanodrug 
delivery system was successfully synthesized according 
to FTIR and 1H-NMR. Its mean particle size was 183.2 nm 
and zeta potential was -0.01 mV. It was a regular sphere with 
good uniformity. The EE of TMZ-PAMAM-PEG-GE11-HA 
was ~50.63% and DL ~10.4%. TMZ-PAMAM-PEG-

GE11-HA targeted A375 cells in  vitro. In conclusion, the 
TMZ-PAMAM‑PEG-GE11-HA nanodrug delivery system 
was successfully prepared, and demonstrated its potential for 
targeting A375 cells in vitro. This system enhanced the sensi-
tivity of A375 cells to TMZ, and provided a novel targeted 
strategy for the treatment of metastatic melanoma.

Introduction

Malignant melanoma is responsible for 4% of all skin cancer 
cases, but accounts for 79% of skin cancer-related deaths (1). 
First-line treatment includes resection of the primary tumor. If 
all cancerous cells are not removed, the risk of metastasis and 
poor survival is high (2).

In recent years, with the development of targeted immune 
and individualized targeted therapies, treatment of melanoma 
has made considerable progress (3). The latest research results 
using programmed cell death protein (PD)-1 have pushed 
the treatment of advanced melanoma to new levels. Data 
show that the anti-PD-1 monoclonal antibodies MK-3475 
and BMS-936558 have a mean efficiency of 40%, complete 
remission rate of 17%, and that progression-free survival is 
~2 years (4). However, the relationship between expression of 
programmed death-ligand-1 in tumor tissues and the efficacy 
of single agent PD-1 inhibition is controversial (5). Therefore, 
chemotherapy for Chinese patients with melanoma remains an 
important means of treatment.

The alkylating agent temozolomide (TMZ) is recom-
mended in several countries for the first-line treatment of 
malignant melanoma  (6). It is thought that TMZ passes 
through the blood-brain barrier and has high bioavailability, 
and could be used to prevent/treat brain metastasis. TMZ 
causes DNA single-strand or double-strand breaks and blocks 
DNA replication, leading to the death of tumor cells through 
methylation of DNA chains (7). In recent years, chemotherapy 
for malignant melanoma has not made significant progress. 
The poor prognosis of malignant melanoma is related directly 
to its high capacity for tissue infiltration and its resistance to 
chemotherapeutic drugs (8).

Nanotechnology has revolutionized cancer treatment. 
Attachment of a drug to a carrier enables the fast transfer of 
the complex to the tumor. In addition, sustained release of 
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the drug achieves an effective concentration while reducing 
systemic toxicity (9).

The polyamide-amine dendrimer (PAMAM) has a 
hyperbranched, symmetrical and radiating structure (10,11). 
PAMAM has three obvious structural advantages compared 
with other carrier molecules (12,13). Firstly, PAMAM has a 
diameter of 1-15 nm with a wide cavity for embedding of a 
drug. Secondly, PAMAM is susceptible to chemical modifica-
tion to better protect the drug from enzymatic degradation. 
Thirdly, the termini of PAMAM contain several reactive 
functional groups, which enable ligand binding to target cells. 
A PAMAM-based drug-carrier system enables gradual accu-
mulation of the drug in tumor tissue based on the enhanced 
permeability and retention (EPR) effect. Compared with the 
free drug, the drug concentration in tumor tissue is increased, 
thereby aiding the passive targeting of tumor cells.

The unique role of the epidermal growth factor receptor 
(EGFR) in the growth and metastasis of tumors has made it 
a ‘hot topic’ in the development of targeted cancer drugs (14). 
GE11 is a small polypeptide comprising 11 amino acids, and is 
a ligand of the EGFR. Song et al (15) showed that GE11 modi-
fied with liposomes has high targeting efficiency for the EGFR.

Based on previous studies, we used PAMAM as a polymer 
framework material. We employed NHS-PEG-MAL as a 
polymer modifier and connecting bridge. The active amino 
group of PAMAM is bound to one end of the NHS-PEG 
active carboxyl group via an acidamide reaction, whereas the 
other end of the PEG active group (-MAL) is connected to the 
active group (-SH) of the targeting agent (GE11 polypeptide). 
Then, using hyaluronic acid (HA) as an emulsifier, TMZ is 
embedded by ‘phacoemulsification’ to form the composite 
TMZ-PAMAM-PEG-GE11-HA  (Fig.  1). Continued and 
sustained release of TMZ enables reduced accumulation 
of TMZ in normal tissues, and thus reduces the systemic 
side‑effects of this drug.

Materials and methods

Chemicals. Generation-5 poly(amidoamine) dendrimer 
(G5 PAMAM dendrimer) was purchased from Xian Ruixi 
Biological Technology (Xian, China). MEO-PEG-NHS and 
MAL-PEG-NHS were obtained from JenKem Technology 
(Beijing, China). GE11-SH was purchased from ChinaPeptides 
(Beijing, China). Temozolomide (TMZ) was obtained from TCI 
Shanghai (Shanghai, China). 4',6-Diamidino-2-phenylindole 
(DAPI) was purchased from Invitrogen (Carlsbad, CA, USA). 
N,N-dimethylformamide (DMF), dimethyl sulfoxide (DMSO), 
methanol, acetonitrile, fluorescein isothiocyanate (FITC) 
and all other chemicals were purchased from Sigma-Aldrich 
(St. Louis, MO, USA).

Synthesis of PAMAM-PEG. PAMAM and MEO-PEG-NHS 
(1:48) were added to phosphate-buffered saline (PBS; pH 8.0) 
and stirred for 12 h at room temperature. The reaction mixture 
was dialyzed using a dialysis tube [molecular weight cut-off 
(MWCO), 15 kDa) for 24 h. The aqueous solution was lyophi-
lized to afford PAMAM-PEG as a white solid.

Synthesis of PAMAM-PEG-GE11. PAMAM (10  mg) and 
MEO-PEG-NHS (83.26 mg) were added to PBS (pH 8.0) to 

synthesize PAMAM-PEG. To a solution of PAMAM-PEG in 
PBS, GE11-SH (9.04 mg) in acetonitrile was added. After stir-
ring for 3 h at room temperature, the pH of the reaction mixture 
was regulated to 7.0 and β-mercaptoethanol (55.5 µmol) was 
added. After stirring for 1 h, the reaction mixture was dialyzed 
using a dialysis tube (MWCO, 15 kDa) for 24 h. The aqueous 
solution was lyophilized to afford PAMAM-PEG-GE11 as a 
white solid.

FITC-labeled dendrimers were synthesized by coupling 
FITC to the amino group of the proximal lysine group between 
PEG and cholic acid after removal of the deprotecting group in 
methanol solution.

Fourier transform-infrared (FTIR) and nuclear magnetic 
resonance (NMR) spectroscopy. The chemical structures 
of the three polymers, PAMAM, PAMAM-PEG and 
PAMAM‑PEG-GE11, were identified by analyses of FTIR 
and proton NMR (1H-NMR) spectra. FTIR spectra of these 
polymers were recorded on a spectrophotometer (Olympus, 
Tokyo, Japan) using KBr as a reference. 1H-NMR spectra of 
these polymers were obtained using an MR 400 NMR system 
(Agilent Technologies, Palo Alto, CA, USA), with samples 
dissolved in deuterium oxide (D2O) or DMSO, respectively.

Characterization of PAMAM-PEG-GE11. The mean size, 
polydispersity index and zeta potential of PAMAM-PEG-GE11 
were determined by dynamic light scattering (DLS) using a 
ZetaSizer (Nano ZS90; Malvern Instruments, Malvern, UK). 
Determinations were made when samples were diluted in 
distilled water (~1 mg/ml). Morphology of the samples was 
characterized by transmission electron microscopy (TEM) 
using Tecnai™ G2  F20 U-TWIN (FEI, Eindhoven, The 
Netherlands).

Cell culture. Human melanoma cells (A375) and human 
skin fibroblasts (HSFs) were purchased from Shanghai 
Cell Collection (Shanghai, China). Cells were grown in an 
atmosphere of 5% CO2 and relative humidity of 95% using 
DMEM (Gibco-BRL, Grand Island, NY, USA) supplemented 
with 10% fetal bovine serum and 1% penicillin-streptomycin 
solution.

Cell uptake. Cell-uptake studies were undertaken to 
investigate whether three nanomaterials, FITC-PAMAM, 
FITC-PAMAM-PEG and FITC-PAMAM-PEG-GE11, were 
internalized by receptor-mediated endocytosis. Briefly, A375 
cells (4x104/well) were seeded into 24-well plates overnight 
before experimentation. Cells were incubated with 5 nM of 
these three nanomaterials at 37̊C for 4 h. The cells were 
washed thrice with PBS (pH 7.4), fixed with 4% paraformal-
dehyde and stained with DAPI for 5 min. Then, the cells were 
washed thrice with PBS. Fluorescence micrographs of cells 
were captured using an inverted microscope (IX70; Olympus).

A375 cells (2x105/well) were seeded in 6-well plates over-
night before experimentation. Cells were incubated with 5 nM 
of these three nanomaterials at 37̊C for 4 h. Cells were washed 
thrice with PBS (pH 7.4), trypsinized and centrifuged at 0.4 x g 
for 5 min at room temperature. After washing twice with PBS, 
the samples underwent flow cytometry (FACSCalibur™ flow 
cytometer; BD Biosciences, Franklin Lakes, NJ, USA).
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Preparation and characterization of TMZ-PAMAM-PEG-
GE11-HA complexes. TMZ-PAMAM-PEG-GE11-HA 
complexes were prepared by ultrasonic emulsification. Briefly, 
TMZ (1 mg) and PAMAM-PEG copolymers (10 mg) were 
dissolved in methanol (1 ml). In addition, TMZ (3 mg) and 
HA (10 mg) were dissolved in 4 ml aqueous solution. The 
solution of TMZ and PAMAM-PEG copolymers was added 
drop‑by‑drop to the aqueous solution with vigorous stirring 
at room temperature. Then, the mixture was emulsified by 
sonication for 10 min at 40 W, and evaporated under reduced 
pressure to remove the remaining methanol. These complexes 
were transferred to an ultrafiltration tube (MWCO, 10 kDa), 
centrifuged at 3.5 x g for 10 min at room temperature, and 
washed with deionized water thrice. DLS and TEM were 
undertaken to evaluate the particle size, zeta potential and 
morphology of the TMZ-PAMAM-PEG-GE11-HA complexes.

Loading rate (LR) and encapsulation efficiency (EE) of the 
TMZ-PAMAM-PEG-GE11-HA complexes. The LR and EE 
were assayed by ultraviolet spectrophotometry. A certain 
amount of TMZ was dissolved in DMF (to 10 µg/ml) and its 
absorption peak was measured by an ultraviolet spectropho-
tometer with DMF as a blank. Standard solutions of TMZ 
(4, 6, 8, 10 and 16 µg/ml) were prepared. The absorbance of 
different concentrations was measured with UV detection at 
329 nm and a linear regression equation was obtained. An 
ultrafiltration tube (MWCO, 10 kDa) was used to separate free 
TMZ. LR and EE were defined as follows:

	 LR = (W0 - Wf)/W0 x 100%

	 EE = (W0 - Wf)/Ws x 100%

where W0 and Wf are the weight of initial TMZ and free 
TMZ detected in solution, respectively, and Ws is the weight of 
the complex after lyophilization.

Statistical analyses. Statistical analyses were conducted using 
the Student's t-test for comparison of two groups and one-way 
ANOVA for multiple groups. P<0.05 was considered to indi-
cate a statistically significant result.

Results

Synthesis of PAMAM-PEG and PAMAM-PEG-GE11 
compounds. G5 PAMAM dendrimer with 128 amino groups 
was used in the present study. To reduce their cytotoxicity and 
increase their circulation and targeting of cancer cells, PEG 
and GE11 polypeptide were modified on the surface of the 
dendrimer (Fig. 1).

FTIR spectra showed characteristic peaks of the hydroxyl 
and ether groups of PEG at 3,437 and 1,109 cm-1, and those 
of amide and carbonyl groups peak were found at 3,286 and 
1,647 cm-1. These results successful confirmed coupling of 
PEG and PAMAM. We did not find the typical peak of GE11 
in the FTIR spectra of PAMAM-PEG-GE11, probably due 
to duplication at 1,104.9 cm-1 of the stretching vibration peak 
of C-O-C (δas) in PAMAM-PEG and hydroxyl group (νOH) 
in GE11 (Fig. 2A). NMR was used to confirm the success 
of coupling of PEG and PAMAM. Protons of PAMAM are 

derived from the -CH2-CH2-N- structure and their chemical 
shift is 2.2-3.4 ppm. Protons in PEG have a chemical shift 
at 3.4-3.8  ppm, and the characteristic methylene peak of 
PEG was found at 3.60 ppm, and the characteristic peak of 
the methyl groups at 3.42 ppm. The characteristic peak of 
PEG and PAMAM could be found in the 1H-NMR spectrum 
of PEG-PAMAM in D2O, suggesting that PEG-PAMAM 
was successfully synthesized  (Fig.  2B and C). Protons in 
the GE11 polypeptide have a chemical shift at 6.5-9.3 ppm. 
The 1H-NMR spectrum of PAMAM-PEG-GE11 in DMSO 
displayed characteristic peaks of the PAMAM-PEG and GE11 
polypeptide (Fig. 2D-F). Taken together, these results suggest 
that the nanodrug delivery system was successfully created.

Characterization of the PAMAM-PEG-GE11 conjugates. 
TEM and DLS were carried out to characterize the PAMAM-
PEG-GE11 conjugates. Transmission electronic micrographs 
showed that the PAMAM-PEG-GE11 conjugates were close 
to spherical and that the mean diameter was 40 nm (Fig. 3). 
The mean hydrodynamic diameter measured by DLS was 
249.2±18.4 nm, which may have been due to hydration shells. 
The zeta potential of PAMAM-PEG-GE11 conjugates was 
20.2±0.8 mV. The reduced positive charge compared with that 
of PAMAM (~40 mV) may have been due to the fact that the 
terminal amino groups of PAMAM were partly neutralized.

Active targeting of PAMAM-PEG-GE11 to A375 cells. To 
assess active targeting of PAMAM-PEG-GE11 conjugates 
to A375 cells (which overexpress the EGFR), fluorescence 
microscopy and flow cytometry were carried out. Three nano-
materials, PAMAM, PAMAM-PEG and PAMAM-PEG-GE11, 
were modified with FITC. Fluorescence microscopy images 
showed PAMAM  (Fig.  4A), PAMAM-PEG  (Fig.  4B) and 
PAMAM‑PEG-GE11  (Fig.  4C) to be present in different 
amounts in the A375 cells (blue, cell nucleus; green, 
FITC‑nanomaterials). This result showed that all three nano-
materials entered the A375 cells. In addition, coupling with 
GE11 was internalized considerably more than with PAMAM 
and PAMAM-PEG. Notably, the amount of nanocarriers that 
entered the cells was slightly reduced whether PAMAM was 
modified with PEG. The reason for this phenomenon may be 
neutralization of the positive charge on the PAMAM surface 
by PEG, which may result in reduction in electrostatic forces 
between PAMAM and cell membranes. Subsequently, we 
studied the fluorescence intensity of PAMAM, PAMAM-PEG 
and PAMAM-PEG-GE11 in the A375 cells by flow cytometry, 
which elicited results that were in accordance with those of 
the fluorescence microscopy (Fig. 4D). Taken together, these 
results showed that PAMAM-PEG-GE11 could be transported 
to A375 cells in vitro.

Measurement of LR and EE of the TMZ-PAMAM-PEG-
GE11-HA conjugates. TMZ was dissolved in DMF, and a 
concentration of 10 µg/ml was measured by ultraviolet-visible 
spectrometry. The absorption spectrum showed that the typical 
intense absorption peak of TMZ was at ~329 nm (Fig. 5A), 
which could be used to quantify the TMZ concentration. To 
measure the EE and LR of the TMZ-PAMAM-PEG-GE11-HA 
conjugates, the absorbance of different concentrations of TMZ 
was measured (Fig. 5B), and a linear regression equation is 
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provided (absorbance  =  0.0495  x  concentration  +  0.0256; 
r=0.9999). The EE and LR of the synthesized TMZ-PAMAM-
PEG-GE11-HA conjugates were 50.63 and 10.40%, respectively.

Characterization of the TMZ-PAMAM-PEG-GE11-HA 
conjugates. To characterize the TMZ-PAMAM-PEG-
GE11-HA conjugates, DLS was carried out to measure the 
hydrodynamic size and zeta potential. The mean hydrody-
namic diameter was 183.2 nm (Fig. 6A). The zeta potential of 
the TMZ-PAMAM-PEG‑GE11-HA conjugates was -0.01 mV 
(approximate to neutral), and the zeta deviation was 5.91 mV, 

Figure 2. (A) FTIR and (B-F) 1H-NMR of PAMAM, PAMAM-PEG and PAMAM-PEG-GE11 with D2O of DMSO as solvent. 1H-NMR spectra of (B) PAMAM, 
(C and D) PAMAM-PEG, (E) GE11 and (F) PAMAM‑PEG-GE11.

Figure 1. Chemical structure of the G5 PAMAM dendrimer with 128 amino groups and preparation of the targeted TMZ-loaded nanoparticles. Alkyne‑containing 
GE11 polypeptide was conjugated to the azide group on the distal terminus of a PEG chain. GE11 polypeptides on the surface of the targeted nanoparticles can 
recognize and bind the EGFR (which is overexpressed on the cell membrane of melanoma cells) specifically.

Figure 3. Transmission electron micrograph of PAMAM-PEG-GE11.
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suggesting good dispersion in the dissolution and low 
toxicity (Fig. 6B). Transmission electron micrographs showed 
that the TMZ-PAMAM-PEG‑GE11-HA conjugates were close 
to spherical and that their size was ~183.2 nm (Fig. 6C).

Uptake of the TMZ-PAMAM-PEG-GE11-HA conjugates. 
Uptake of the TMZ-PAMAM-PEG-GE11-HA conjugates by 
HSFs and A375 cells was analyzed by fluorescence micros-
copy. After treatment with the TMZ-PAMAM-PEG-GE11-HA 
conjugates for 4  h, samples were fixed and stained. The 
fluorescence intensity of the conjugates in the A375 cells 
was stronger than that noted in the HSFs (Fig. 7). This result 

suggested that TMZ-loading nanocarriers modified by GE11 
entered malignant melanoma cells efficiently, and that only a 
negligible amount were internalized by normal tissue cells.

Discussion

Melanoma is one of the most malignant forms of skin cancer. 
Early-stage melanoma is curable by surgery, but if it becomes 
widespread, the survival rate is extremely low owing to its poor 
response to drugs (16). Conventional treatments (e.g., surgery, 
chemotherapy and radiotherapy) combined with immuno-
therapy and molecular-targeted therapy, have improved the 

Figure 4. Cell-uptake studies in A375 cells in vitro. (A-C) Fluorescence micrographs (magnification, x100) and (D) flow cytometry of FITC-labeled PAMAM, 
PAMAM-PEG and PAMAM-PEG-GE11.

Figure 5. (A) Absorption peak of TMZ with DMF as solvent and at a concentration of 10 µg/ml. (B) Linear standard curve of absorbance (A) to different 
concentrations of TMZ standard solution measured using UV detection at 329 nm.
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prognosis of patients with malignant melanoma (17). However, 
radiotherapy and chemotherapy can kill cancer cells, but also 
normal cells, thus, development of more effective delivery 
systems to target tumor cells is particularly urgent.

TMZ has poor solubility and stability in water. Whether 
administered via the oral route, its half-life is 1.8 h, and it is 
rapidly cleared from the circulation (18). Nanocarriers can 
increase the water solubility of TMZ, aid sustained release of 
the drug, and thus, improve the half-life of TMZ under physi-
ologic conditions, which protects it from degradation and loss 
of therapeutic effects (19).

In the present study, PAMAM dendrimers were modified 
with PEG by chemical synthesis. Due to the hydrophilicity and 
flexibility of PEG, PEG-modified compounds lower the risk of 
being recognized by macrophages after intravenous injection, 
thus, they cannot be phagocytized readily by macrophages. 
Therefore, compared with conventional nanodrug delivery 

systems and the original drug, PEG-modified compounds can 
extend the plasma half-life of TMZ. Hence, targeted tumor 
therapy through enhancement of the EPR effect can be carried 
out.

Thomas  et  al  (20) suggest that macromolecular drugs 
of molecular weight >35 kDa and drug systems of particle 
size <200 nm can take advantage of the EPR effect whether 
targeted at tumor tissue. The TMZ-PAMAM-PEG-GE11-HA 
nanoparticles prepared in the present study (molecular weight 
>35 kDa; mean particle diameter=183.2 nm) suggest that the 
EPR effect can be enhanced. However, a particle size for 
TMZ-PAMAM‑PEG-GE11-HA conjugates of 183.2 nm also 
reduces cell uptake. Usually, different sizes of nanoparticles 
can enter cells by different routes, including directly through 
the membrane and by endocytosis (21,22), and complexes with 
a particle size of 10-50 nm can enter cells more efficiently (23). 
However, we created a new active targeting complex: 

Figure 6. Characterization of TMZ-PAMAM-PEG-GE11-HA. (A and B) Size distribution and zeta potential of TMZ-PAMAM-PEG-GE11-HA in ddH2O at 
1 mg/ml. (C) Transmission electron micrograph of TMZ-PAMAM-PEG-GE11-HA.

Figure 7. Uptake of FITC-TMZ-PAMAM-PEG-GE11-HA complexes by (A) HSFs and (B) A375 cells. I, nucleus; II, FITC-TMZ-PAMAM-PEG-GE11-HA; 
III, merge (I and II) (magnification, x400).



ONCOLOGY REPORTS  37:  995-1001,  2017 1001

TMZ-PAMAM-PEG-GE11-HA. In addition to undergoing 
non-specific uptake by melanoma cells, they can also be 
taken up through ligand receptor-mediated endocytosis in a 
cell‑specific way.

The GE11 polypeptide is a ligand of the EGFR. The latter 
is highly expressed on the surface of many types of tumor 
cells (including melanoma cells) and is closely related with 
tumor development and prognosis. Hence, by targeting the 
EGFR, a GE11 polypeptide-modified delivery system can 
identify and locate the tumor site specifically, and be rapidly 
taken up by A375 cells. We found that the GE11 polypeptide-
modified nanocarrier PAMAM-PEG-GE11 was taken up by 
cells to a greater extent than that observed for PAMAM and 
PAMAM-PEG. In addition, PAMAM-PEG-GE11 was covered 
with a layer of HA to aid drug loading. As an emulsifier, HA 
enables PAMAM to embed a greater amount of the drug and 
neutralize the positive charge on the PAMAM surface, thereby 
reducing the cytotoxicity and hemolytic toxicity of the cationic 
polymer. HA also exerts two-way targeting with the GE11 poly-
peptide through binding to CD44 molecules (which are highly 
expressed on the surface of melanoma cells) (24). Systemic 
side-effects can be reduced by targeting drug delivery to the 
tumor site and reducing drug accumulation in normal tissues.

Various studies have shown that HA-modified liposomes 
bind to the melanoma cell line B16-F10 more readily (and 
with higher expression of CD44 receptors) than the fibroblast 
cell line CV-1 (which does not have CD44 receptors) (24,25). 
Similarly, the presents study showed that binding of A375 cells 
to nanomaterials was greater than that observed for HSFs. This 
phenomenon can be explained by the fact that the membrane 
surface of A375 cells expresses many CD44 molecules, whereas 
low expression of CD44 molecules is observed in normal cells. 
Thus, the HA-modified drug complex TMZ-PAMAM-PEG-
GE11-HA can bind to A375 cells more readily. Therefore, we 
showed that the TMZ-PAMAM-PEG-GE11-HA conjugates 
can target melanoma cells in  vitro. However, whether the 
TMZ-PAMAM‑PEG-GE11-HA conjugates can target mela-
noma cells in vivo may require animal experiments. In addition, 
TMZ is unstable in phosphate buffer (pH=6.8 and pH=5.5), and 
is broken down readily to the intermediate 3-methyl-(triazen-
1-yl)imidazole-4-carboximide (MTIC). However, it has been 
reported that MTIC is relatively stable (26); thus, the TMZ 
content is indirectly measured. However, in the present study, 
MTIC was unstable in a shaker at 37̊C, thus, detection of TMZ 
release was difficult. Therefore, release of the drug TMZ in 
TMZ-PAMAM-PEG-GE11-HA conjugates remains unclear.

In conclusion, the TMZ-PAMAM-PEG-GE11-HA 
nanodrug delivery system was successfully prepared, and its 
potential for targeting human melanoma (A375) cells in vitro 
was demonstrated. This system enhanced the sensitivity of 
A375 cells to TMZ, and provides a novel targeted strategy for 
the treatment of metastatic melanoma.
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