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The  grafting  modified  chitosan  with  l-glutathione  (GSH)  end  capped  PEG  brush-like  poly  [poly(ethylene
glycol)  methacrylate]  (PMPEG),  CS-PMPEG-GSH,  as  the  pDNA  condensed  vector  material  could  result  in  a
much  higher  transfection  efficiency  and  lower  cytotoxity  for  NIH3T3  cells.  In this  work,  we have  further
examined  the  morphology  stabilities  of  CS-PMPEG-GSH/pDNA  vectors  at  different  medium  pH  values
and  in  the  presence  of serum  protein  in detail.  And  then  the  targeted  characters  for  HepG2  cells  have
eywords:
odified chitosan
lutathione
anocomplex
on-viral gene vector
argeted

been  probed  by  tracing  the  cell  uptake  behavior  and  transfection  efficiency.
© 2012 Elsevier Ltd. All rights reserved.
. Introduction

It is possible to predict that gene therapy will be the innova-
ive therapy for the human being diseases in the future, especially
or grievous diseases such as cancer, acquired immunodeficiency
yndrome (AIDS) and hematophilia (Bhattacharya & Bajaj, 2009;
intzer & Simanek, 2009; Salem, Searson, & Leong, 2003). Com-

ared with viral vectors, non-viral vectors are safe, simple to
repare and modify, and have larger gene encapsulation capabil-

ty, so they are more and more attractive in gene delivery systems
Bonamassa & Liu, 2010; Morille, Passirani, Vonarbourg, Clavreul,

 Benoit, 2008; Rorke, Keeney, & Pandit, 2010).
Chitosan is a very important naturally occurring polysaccha-

ide derived from the deacetylation of chitin, and has been used
xtensively in pharmaceutics due to its excellent biocompatibility
nd biodegradability. Chitosan is also one of the most successful
nd efficient non-viral vector materials because of its atoxicity,
ultiple functionalization and positive characteristics (Borchard,

001; Hoffman & Stayton, 2007; Muzzarelli et al., 2012; Pack,
offman, Pun, & Stayton, 2005). However, pristine chitosan is still
imited as a gene carrier because of its non-specific interactions,
eak targeting and low transfection efficiency (Kievit et al., 2009;
uzzarelli, 2010; Ravi Kumar, Muzzarelli, Muzzarelli, Sashiwa, &

∗ Corresponding author. Tel.: +86 22 235 015 97; fax: +86 22 235 015 97.
E-mail address: tyguo@nankai.edu.cn (T. Guo).

144-8617/$ – see front matter ©  2012 Elsevier Ltd. All rights reserved.
oi:10.1016/j.carbpol.2012.02.035
Domb, 2004; Sun et al., 2008; Veiseh et al., 2005). In order to pre-
vent non-specific protein adsorption, hydrophilic polymers such
as poly (ethylene glycol) (PEG) were introduced. It is thought that
PEG chains out of polyplexes are capable of reducing its interac-
tions with blood and extracellular components (Ogris, Brunner,
Schuller, Kircheis, & Wagner, 1999; Oupicky, Ogris, & Seymour,
2002). PEGylation not only reduces the plasma clearance by lung
endothelia uptake and extends circulation time of CS-based poly-
plexes but also protect DNA degradation from plasma nucleases
when used in systemic gene delivery (Gref et al., 2000; Kircheis
et al., 1999). It is known that CS/pDNA complexes have posi-
tive charges and most cells have rich negative charges under
physiological conditions, therefore, the endocytosis of CS/pDNA
complexes is mainly conducted through the electrostatic interac-
tion between the cell membrane and complexes. In this respect,
all cell lines have the same chance of internalization complexes.
As an ideal gene vector in clinical application, the most impor-
tant prerequisite is to increase the specific uptake efficiency and
to decrease the non-specific uptake efficiency. An efficient strat-
egy for achieving this goal would be to add targeting ligands to
polyplexes which would enhance their cell-specific gene delivery
via receptor-mediated cellular uptake (Fernandez-Megia, Novoa-
Carballal, Quinoa, & Riguera, 2007; Ogris et al., 2003). Many

works have coupled cell targeting ligands, such as RGD pep-
tides and folic acid onto cationic polymer vehicles in order to
target integrin receptors on the cell surface (Cho et al., 2005;
Kunath, Merdan, Hegener, Häberlein, & Kissel, 2003; Leamon & Low,

dx.doi.org/10.1016/j.carbpol.2012.02.035
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:tyguo@nankai.edu.cn
dx.doi.org/10.1016/j.carbpol.2012.02.035
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Scheme 1. Structure formul

001; Tian et al., 2010, 2011; Zhang et al., 2010). These studies
ll indicate that conjugating a target ligand to gene carriers can
ffectively increase specific transfection efficiency to some kind of
ells.

Glutathione in its reduced form (GSH), a small tripeptide formed
y glutamic acid, cysteine and glycine, widely presenting in a vari-
ty of animal tissues, can role as specific peptide ligand to promote
ell adhesion. Meanwhile, free thiol group is able to chelate diva-
ent metal ions, which are essential to DNase for its activity (Krezel

 Bal, 2003). In the previous work, we have designed a GSH mod-
fied chitosan compound, CS-PMPEG-GSH (the structure as shown
n Scheme 1), using well-defined brush-like PMPEG polymers as

pacer, and confirmed preliminarily that the gene vector based
n this new material show superior performance both in cellu-
ar uptake and transfection efficiency for NIH3T3 cells compared
o chitosan (Li et al., 2011). In this work, we further investigated
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the specific interactions of CS-PMPEG-GSH/pDNA gene vector to
HeLa and HepG2 cells. At the same time the stability at the different
physiological environments, cytotoxicity and in vitro transfection
efficiency have been further probed for this vector system. And then
the targeting assessments of the vector to HepG2 cells were per-
formed on the transfection process, including monitoring of cellular
uptake and transfection efficiencies among three cells lines, so as
to probe into the prospect and direction of the material in clinical
application.

2. Experimental
2.1. Materials and reagents

Chitosan was purchased from Gold-Shell Biochemical Co. Ltd.
(Mw = 50 kDa, degree of deacetylation (DD) =90%, Zhejiang, China).
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exes; (B) effect of pH on the size of CS-PMPEG-GSH/pDNA; (C) effect of BSA on the
pDNA + 0.4%BSA. All experiments were done in triplicate and error bars represent
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Fig. 2. Cell uptake of CS-PMPEG-GSH/pDNA complex in three cells. (A) Fluorescence images of three cells lines incubated with CS-PMPEG-GSH/pDNA nanoparticles for
different time intervals (a) 30 min; (b) 2 h; (c) 4 h. (B) Cellular uptake rate of CS-PMPEG-GSH/pDNA in different cells lines following incubation for 4 h. Column and scatter
referred to percentage of fluorescence-positive cells (%) and mean fluorescence intensity per cell, respectively. Significant difference from NIH3T3 cells: p < 0.05. Indicated
values  were mean ± S.D. of three experiments. (C) Fluorescence histograms of different cells (b, green, NIH3T3 cells) (c, red, HeLa cells) (d, blue, HepG2 cells) after incubation
w 2 cel
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ith  FITC-CS-PMPEG-GSH/pDNA nanoparticles for 2 h, and the background of HepG
eader  is referred to the web  version of this article.)

S-PMPEG-GSH and CS-PMPEG compounds were synthesized in
ur lab as previous report (Li et al., 2011), and the struc-
ure is shown in Scheme 1. Trypsin-EDTA, agarose, Dulbecco’s

odified Eagle medium (DMEM), fetal bovine serum (FBS) and 3-
4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumerma bromide
MTT) were obtained from DingGuo Biotech. Co. Ltd. (Tianjin,
hina). Branched polyethylenimine (PEI, 25 kDa) were purchased

rom Sigma (St. Louis, MO). The plasmid pEGFP-N1 (4.7 kb; Clon-
ech, Palo Alto, CA, USA) encoding enhanced green fluorescent
rotein (EGFP) is driven by immediate early promoter of CMV.
he plasmid DNA (pDNA) was maintained and propagated in

H5� strain of Escherichia coli. The plasmids were purified by
se of the Endfree plasmid kit (Tiangen, China), and purity and
oncentration of plasmids were confirmed by spectrophotometer
A260/A280).
ls (a, violet). (For interpretation of the references to color in this figure legend, the

2.2. Stability of CS-PMPEG-GSH/pDNA complexes

The stability of CS-PMPEG-GSH/pDNA complexes was detected
by particle size analysis. The particle size of CS-PMPEG-GSH/pDNA
complexes was  assessed by laser particle size analyzer (Nano-
ZS90, Malvern). The average particle size was expressed as
the volume mean diameter nvd (nm). To study the serum
stability of the complex nanoparticles, CS-PMPEG-GSH/pDNA
complexes with N/P ratio 10 were first determined. The N/P
ratios of chitosan or its derivative/pDNA complexes were
expressed as the molar ratios of amine group of chitosan or

its derivative to phosphate group of pDNA. Then, different con-
centrations of BSA (bovine serum albumin) were added into
nanoparticle solution, and the particle size was measured at
intervals.
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Fig. 3. (A) Cell uptake of CS/pDNA, CS-PMPEG/pDNA and CS-PMPEG-GSH/pDNA complexes in HepG2 cells following incubation for 4 h. Column and scatter referred to
p r cell, 
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ercentage of fluorescence-positive cells (%) and mean fluorescence intensity pe
ean  ± S.D. of three experiments. (B) Fluorescence histograms of HepG2 cells after in

anoparticles (d) for 4 h, and the background of HepG2 cells (a).

.3. Cell culture

The human cervical cancer cell line (HeLa), human hepatoma cell
ine (HepG2) and mouse embryonic fibroblast cell line (NIH3T3)

ere purchased from ATCC (Teddington, UK) and maintained in
MEM containing 10% FBS, 100 U/mL penicillin and 100 �g/mL

treptomycin without using any antibiotics at a 37 ◦C and 5% CO2
tmosphere.

.4. Cellular uptake of CS-PMPEG-GSH/pDNA complexes

NIH3T3 cells, HeLa cells and HepG2 cells were maintained in
MEM supplemented with 10% fetal bovine serum (FBS), strep-

omycin (100 U/mL culture medium), penicillin (100 U/mL culture
edium) at 37 ◦C, 5% CO2 and 95% relative humidity. The cells were

rypsin digested, collected, counted, and then seeded into 24-well
lates containing coverslips at a density of 5 × 104 cells/well. After
4 h incubation, the cell monolayer was washed with DMEM,  and
ITC-CS-PMPEG-GSH/pDNA complexes with N/P 10 were added. At
he time points indicated, the cells were viewed under an inverted
uorescence microscope and the images recorded with a CCD cam-
ra (Nikon ECLIPSE TE2000-U, Japan). After 4 h incubation, the cells
ere washed three times with PBS to remove the free FITC-labeled
anoparticles and harvested by trypsinization. The intracellular flu-
rescence intensity was measured with a flow cytofluorometer (BD
ACS Calibur, USA). Approximately 1.0 × 104 cells were counted to
etermine the trend of the FITC-labeled nanoparticles taken up by
he three cells.
.5. Transfection experiment

Prior to transfection, HepG2 cells were seeded in 24-well plates
t a density of 1 × 105 cells per well in 1 mL  DMEM and incubated
respectively. Significant difference from FITC-CS: p < 0.05. Indicated values were
ion with CS/pDNA (b) and CS-PMPEG/pDNA nanoparticles (c) CS-PMPEG-GSH/pDNA

for 24 h, yielding a cell density of about 80% confluence. Then, the
media were replaced with fresh growth media (pH 7.2) containing
CS-PMPEG-GSH/pDNA complexes at different N/P ratios. After 24 h
incubation, medium was changed with complete medium and cells
were incubated for an additional 48 h. Cells treated with CS/pDNA
and CS-PMPEG/pDNA in fresh growth media (pH 7.2) for 48 h were
studied as control. Untransfected cells and cells transfected with
naked pDNA (2.5 �g/well) were used as negative control. HeLa
Cells and NIH3T3 cells transfected with CS-PMPEG-GSH/pDNA
(N/P ratio 10) were used as contrast. GFP-positive cells were
viewed under an inverted fluorescence microscope and the images
recorded with a CCD camera (Nikon ECLIPSE TE2000-U, Japan).
To quantitatively study the transfection efficiency, HepG2 cells
were collected and approximately 1.0 × 104 cells were counted
and measured with a flow cytofluorometer (BD FACS Calibur,
USA).

2.6. MTT assay

HepG2 cells were seeded in 96-well plates at an initial den-
sity of 8000 cells/well in 100 �L of DMEM complete medium. The
experimental procedures and characterization methods were same
as the previous report (Li et al., 2011). Three replicates were
counted for each sample. The mean value was used as the final
result.

2.7. Statistical analysis
Data are presented as mean values ± standard deviation (S.D.).
Statistical tests were performed with the Student’s t test. All sta-
tistical tests were two-tailed tests and the differences between
variants were considered to be statistically significant if p < 0.05.
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Fig. 5. In vitro transfection efficiency of CS-PMPEG-GSH/pDNA complex against
HepG2 cells. Images of HepG2 cells with CS-PMPEG-GSH/pDNA complexes
observed under fluorescent microscope (10× magnification) green field. CS-PMPEG-
GSH/pDNA complexes were prepared at different N/P ratios: (a) 5; (b) 10; (c) 20;
and (d) 40 (A); the effect of N/P ratio on the transfection efficiency of CS-PMPEG-
GSH/pDNA complexes, each data point represents the mean ± S.D. of three replicates
ig. 4. Transfection efficiency of CS-PMPEG-GSH/pDNA complexes at N/P ratio 10
n  three cells lines. Significant difference from NIH3T3 cells: p < 0.05. Each data point
epresents the mean ± S.D. of three replicates.

. Results and discussion

.1. Stability of CS-PMPEG-GSH/pDNA complexes

The hydrated diameters of the nanoparticles in aqueous solution
re really very important because nanoparticles must be suitable
or endocytosis of somatic cells. The mean diameter of CS/pDNA
nd CS-PMPEG-GSH/pDNA complexes as a function of N/P ratio was
hown in Fig. 1A. At N/P ratio 1, CS-PMPEG-GSH/pDNA complexes
ould form large particles because of the inadequate positive

harge for condensation of DNA. When the N/P ratio increases to
, the particle sizes of CS-PMPEG-GSH/pDNA complexes decrease
apidly. At N/P ratio 10, CS-PMPEG-GSH showed best ability in
NA condensation, the mean diameter was about 150 nm.  With

ncreasing N/P ratio, the CS-PMPEG-GSH/pDNA complexes were
table and the mean diameter of particles was slightly larger than
50 nm.  CS/pDNA complexes did not show obvious variation with
he changes of N/P ratio. CS/pDNA complexes had the smallest
articles at N/P ratio 5, the mean diameter was 152.8 nm.  The
olydispersity index of CS-PMPEG-GSH/pDNA complexes was 0.16
uch lower than 0.21 of CS/pDNA complexes at N/P ratio 10.
The pDNA condensed nanoparticle vector must undergo the dif-

erent intracellular and extracellular physiological environments
uring the gene delivery process, in which there are pH variations.
hus, the stability of nanoparticles in aqueous solutions (with dif-
erent pH values) is very important for transfection process. As
hown in Fig. 1B, the mean diameter of CS-PMPEG-GSH/pDNA com-
lexes was significantly smaller in pH 7.2 than that in pH 5.5 both at

ow N/P ratio 1 and 5. This phenomenon indicates that the particle
tructure for CS-PMPEG-GSH/pDNA complexes at low N/P ratio is
oosening since the lower density of CS-PMPEG-GSH on the com-
lex particle surface. The uninvolved NH2 of the copolymer after
DNA condensing would be further protonated at pH 5.5, which will

ncrease the repelling force between the polymer chains, and thus
he particle size increases. On the contrary, for the complex at the
igher N/P ratio, the formed pDNA condensed complex is compact

n structure, and the strong hydrophilic PEG brushes would shield
he complex off the effects of pH variation. The result demonstrated
hat the CS-PMPEG-GSH/pDNA complexes are stable at different
hysical environments, when N/P ratio is over 10, which is benefi-
ial to the transfection process.

At the same time, the non-specific protein adsorption has a sig-

ificant impact on the transport process of nanoparticles in vivo,
uch as, leading to “violent release” or incomplete release of the
rug or reducing circulation time of nanoparticles (Cao & Shoichet,
999; Landry, Bazile, Spenlehauer, Veillard, & Kreuter, 1996). In this
(B). (For interpretation of the references to color in this figure legend, the reader is
referred to the web  version of this article.)

work, BSA was  chosen as an sample of non-specific proteins. The
effect of different concentrations of BSA on the size of CS-PMPEG-
GSH/pDNA (N/P 10) was probed. As shown in Fig. 1C, the addition
of BSA almost has no effect on the particle size of CS-PMPEG-
GSH/pDNA complex, but the sizes of chitosan/pDNA nanoparticles
increased rapidly, when only 0.05% BSA was  added into. When
BSA concentration was  increased to 0.1%, a large number of chi-
tosan/pDNA nanoparticles precipitated. The result indicates that
CS-PMPEG-GSH/pDNA complexes could effectively prevent the
protein adsorption.

In the next step, the stability of CS-PMPEG-GSH/pDNA nanopar-
ticles in 0.4% BSA/mL at different time intervals was examined. It is
found in Fig. 1D that all particles are below 140 nm and the particle
size decreases with time an hour later. These results demonstrate
further that the CS-PMPEG-GSH/pDNA particles are stable with-
out adsorbing non-specific protein, which is most possibly derived
from the action of the brush-like PMPEG located on the outside
of the particles and formed a hydrophilic layer in aqueous solu-

tion. The study on the stability of CS-PMPEG-GSH/pDNA complexes
shows that CS-PMPEG-GSH has a great promising as an ideal gene
vector in clinical application.
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ig. 6. EGFP expression in HepG2 after 48 h with an N/P ratio of 10. Images of HepG2 

c)  complexes observed under fluorescent microscope (10× magnification) (A); tra
atio  10 and naked DNA. Significant difference from CS: p < 0.05. Each data point rep

.2. Cellular uptake of CS-PMPEG-GSH/pDNA complexes

Though the previous work (Li et al., 2011) has preliminarily
roved that the cellular uptake rate of CS-PMPEG-GSH/pDNA in
IH3T3 cells was elevated by 2.0 folds compared to chitosan/pDNA
omplex just after 4 h incubation at the same N/P ratio 10, we
till need to know its extensive representations for different cell
ines. To study the cellular uptake rate of CS-PMPEG-GSH/pDNA
omplexes in three cell lines, the cells were incubated with FITC-CS-
MPEG-GSH/pDNA complexes for different intervals (from 30 min
o 4 h). The fluorescence intensity of FITC-CS-PMPEG-GSH/pDNA
omplexes in HepG2 cells is higher than that in HeLa cells and
IH3T3 cells in every time point (Fig. 2A–C), which indicates that
S-PMPEG-GSH/pDNA complexes are apt to be uptaken by HepG2
ells than HeLa cells and NIH3T3 cells. To further study the cel-
ular uptake rate of CS-PMPEG-GSH/pDNA complexes in these
hree cell lines, the cells after incubation with FITC-CS-PMPEG-
SH/pDNA complexes for 4 h were subjected to flow cytometry.
he mean fluorescence intensity in HepG2 cells was  the high-
st in the three cell lines which was even two times higher than
hat in NIH3T3 cells. About 56% of HepG2 cells showed uptake of
he FITC-CS-PMPEG-GSH/pDNA nanoparticles. In comparison, only
2% of HeLa cells and 26% of NIH3T3 cells took up the FITC-CS-
MPEG-GSH/pDNA nanoparticles. These results indicate that the
ptake rate of CS-PMPEG-GSH/pDNA complexes in HepG2 cells
ould be faster than in HeLa cells and NIH3T3 cells. We  consider
hat the increased cellular uptake rate of CS-PMPEG-GSH/pDNA
omplexes in HepG2 compared to other two cell lines might be due
o the stronger interaction between CS-PMPEG-GSH/pDNA com-
lexes and cell membranes of HepG2 cells. The cellular uptake
f FITC-CS-PMPEG-GSH/pDNA complexes was significantly higher
han that of FITC-CS-PMPEG/pDNA and FITC-CS/pDNA complexes
n HepG2 cells. The mean cellular uptake rate of HepG2 cells

or the FITC-CS-PMPEG-GSH/pDNA nanoparticles and the FITC-
S-PMPEG/pDNA nanoparticles were 56% and 7%, respectively,

ndicating approximately a 7.0-fold improvement in cell uptake
f the FITC-CS-PMPEG-GSH/pDNA nanoparticles. Therefore, we
ansfected with naked CS/pDNA (a), CS-PMPEG/pDNA (b) and CS-PMPEG-GSH/pDNA
tion efficiency of CS-PMPEG-GSH compared with that of CS and CS-PMPEG at N/P
ts the mean ± S.D. of three replicates (B).

speculate that GSH plays a major role in the uptake of these
nanoparticles, and the GSH modified nanoparticles have a higher
affinity to the HepG2 cells. The higher cellular uptake of FITC-CS-
PMPEG-GSH/pDNA complexes could result from the interactions
sourced the sulfhydryl groups in GSH, which are capable of form-
ing disulfide with the sulfhydryl-rich mucin glycoproteins on the
cell membranes, thus leading to an increased cellular uptake rate
(Lee et al., 2007; Loretz, Thaler, & Schnurch, 2007; Martien, Loretz,
Thaler, Majzoob, & Schnürch, 2007; Schmitz et al., 2007; Zhao et al.,
2010). The results show that the system has the potential to become
a gene vector that could increase specifically the uptake efficiency
to HepG2 cells (Fig. 3).

3.3. Transfection efficiency in vitro

The transfection efficiency for different cell lines of CS-PMPEG-
GSH/pDNA complexes was first investigated at N/P ratio 10 (as
shown in Fig. 4). The result shows that the highest transfection effi-
ciency occurs in HepG2 cells which are agreement better with the
result of cellular uptake rate. This suggests that the higher efficiency
of endocytosis would result in the better transfection efficiency.

Next, for HepG2 cells, the influence of N/P ratio on the
transfection efficiency for CS-PMPEG-GSH/pDNA complexes was
investigated at four N/P ratios (N/P ratio 5, 10, 20 and 40). In Fig. 5
both the qualitative and quantitative results show an excellent
transfection efficiency which increases with the increase of the N/P
ratio.

To know further whether the modification of chitosan with
GSH could increase its transfection efficiency in HepG2 cells,
we  compared the transfection efficiency of CS-PMPEG-GSH/pDNA
complexes with that of chitosan/pDNA and CS-PMPEG/pDNA com-
plexes. The results in Fig. 6 showed that the transfection efficiency
of CS-PMPEG-GSH/pDNA complexes was significantly higher than

chitosan/pDNA complexes. The increased transfection efficiency
should be attributed to the increased cellular uptake of pDNA into
the cells by the introduction of sulfhydryl group in GSH because
the cell membrane is the first obstacle in cellular gene delivery, and
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Salem, A. K., Searson, P. C., & Leong, K. W.  (2003). Multifunctional nanorods for gene
ig. 7. Cytotoxicity of CS/pDNA, CS-PMPEG/pDNA and CS-PMPEG-GSH/pDNA at dif-
erent N/P ratios against HepG2 cells after 24 h. Each data point represents the mean
f  three replicates.

he increasing pDNA internalization would increase the opportu-
ity for nuclear delivery of pDNA. This result further suggests that
he conjugated glutathione as a ligand to gene carriers plays a key
ole in the dramatic increase of transfection efficiency for HepG2
ells, which indicates that the system will be a promising approach
or specific tumor gene therapy.

.4. Cytotoxicity assay

The cytotoxicity of the CS-PMPEG-GSH/pDNA complexes was
valuated against HepG2 cell line by MTT  assay. In Fig. 7, it is found
hat CS-PMPEG-GSH/pDNA complexes showed less cytotoxicity
han CS-PMPEG/pDNA complexes and chitosan/pDNA complexes
t the same N/P ratio. Even upon exposure of CS-PMPEG-GSH/pDNA
omplexes at N/P 40, about 85% cell viability is observed in HepG2
ells. These results demonstrate that CS-PMPEG-GSH is a very
romising material for safe gene delivery in HepG2 cells.

. Conclusions

The newly synthesized GSH and brushed PEG modified chitosan,
S-PMPEG-GSH compound as a novel gene delivery vector shows
ery high transfection efficiency for all three cell lines NIH3T3, Hela
nd HepG2. The brush-liked PMPEG and GSH groups modified chi-
osan could prevent self aggregation of complexes in the present
f serum and increase binding ability with the cell membrane. In
ddition, with the lower toxicity, better pH and serum stabilities
nd higher uptake rate, the CS-PMPEG-GSH compound compared
o pristine chitosan, shows much greater potential as an efficient
nd safe nonviral gene vector. And the higher uptake rate and trans-
action efficiency of the compound to HepG2 cells indicate that this

aterial has the potential to be a specific vector for liver cancer.
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