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ABSTRACT: One of the obstacles to effective intratumoral gene 

delivery lies in low transfection efficiency of non-viral vectors. Thus, 

in this study we evaluate the application of Diethyl methyl chitosan 

(DEMC) in intratumoral gene delivery of pancreatic cancer. DEMC/ 

pEGFP nanoparticles are prepared by polyelectrolyte complexation. 

After nanoparticle characterization via atomic force microscopy 

(AFM), in in vivo experiments, nude mice are subcutaneously injected 

with AsPC-1 cell line and the created tumors are used to determine the 

effect of DEMC on i.t. gene delivery via fluorescence microscopy, 

flow cytometry and immunohistochemistry. Also the relation between 

tumor-injection volume ratio (TIVR) and percent of the transfected 

tumor cells was predicted via mathematics. Relative to the control, 

which is injected with plasmid alone, there is a transfection increase 

up to 15- folds with DEMC. This delivery system involves simple 

preparation procedures and can be injected directly into the site, hence 

should be a useful approach to plasmid-based gene transfer for 

pancreatic cancer local therapy. 

INTRODUCTION: Intratumoral polymer implants 

have been developed to release a variety of 

anticancer agents for the localized therapy of 

pancreatic cancer. Combining anticancer agents 

into an implantable delivery system has these 

advantages: modify drug biodistribution, reduce 

drug toxicity and improve therapeutic efficacy. 
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There is also a possibility of immobilizing novel 

pancreatic cancer treatments, i.e. genes, viruses and 

cells into polymers without the loss of biological 

activity 
1
.  

The novel local delivery systems for pancreatic 

cancer are divided in two main categories:  

a) Implants: The local implants for pancreatic 

cancer gene delivery include: Virus- loaded 

silica implant 
2
, Polyethylenimine-mediated 

gene transfer 
3, 4 

and Liposome - mediated gene 

transfer 
5
.  
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b) Trans-tissue delivery systems: To decrease 

the incidence of local recurrence, several trans-

tissue and local delivery systems have been 

devised, all of which could be applied 

immediately after surgery at the resected sites. 

These systems include: Drug-loaded gelatinous 

gel 
6
, Antibody-fixed gelatinous gel 

7
, Cell-

based delivery 
8 

and Device-directed delivery 
9
.  

There have been several researches on intratumoral 

injection of chemical modified chitosan. Kim et al. 

showed that intratumoral delivery of mannosylated 

chitosan/IL-12 complex into BALB/c mice bearing 

tumor clearly suppressed tumor growth compared 

with control and vector itself 
10

.  Ozbas-Turan et al 

encapsulated two plasmid DNAs in chitosan 

microspheres and injected double plasmids loaded 

microspheres into muscle of the mice 
11

. The 

results showed that sustained and high protein 

production was obtained with the microspheres for 

12 weeks.  

Chitosan/DNA nanoparticles containing inter 

leukin- 1 receptor antagonist (IL-1Ra) or IL-10 

gene were injected directly into the knee joint 

cavities of osteoarthritis rabbits by Zhang et al 
12

.  

The results showed that clear expression of IL-1Ra 

was detected in the knee joint synovial fluid of the 

chitosan IL-1Ra-injected group, whereas no 

expression was detected in the chitosan IL-10-

injected group, indicating that the transfection 

efficiency of chitosan/DNA nanoparticles was 

closely related to the type of gene product. Yoo et 

al injected CGC/DNA nanoparticles into a left 

thigh of female BALB/c mice 
13

. The results 

indicated that the expression of luciferase gene 

gradually increased with an increase of 

hydrophobic contents in chitosan owing to compact 

nanoparticles. 

So because of the advantages of chitosan and its 

derivatives, including: permeation enhancing 

effect, enzyme inhibitory capabilities and 

mucoadhesive properties for peroral peptide 

delivery systems, they could also be used for GI 

related cancers including pancreatic cancer 
14

. For 

this proposes and because there is a need for ionic 

vectors for intratumoral drug/gene delivery, we 

introduce another cationic chitosan based polymer, 

Diethyl methyl chitosan (DEMC), as an injectable 

intratumoral gene delivery system.  

DEMC was synthesized by partial quaternization of 

chitosan as described by Avadi et al respectively 
15

. 

It was complexed with pEGFP (Enhanced green 

fluorescent protein plasmid), as a model plasmid. 

The complex was evaluated in vitro and in vivo. 

MATERIALS AND METHODS: 

Materials: DEMC was synthesized from Low 

molecular weight chitosan (Primex, Iceland). 

AsPC-1 cell line was purchased from NCBI 

(Tehran, Iran). Plasmid extraction (Fermentas 

Miniprep Kit, Lithuania), RPMI 1640 (Gibco-BRL, 

UK), FBS (Fetal Bovine Serum, Gibco,® 

Invitrogen Ltd, UK), Collagenase I & IV (Gibco, 

UK), Dispase (Gibco, UK) and 

Immunohistochemistry (IHC) reagents, all were 

obtained from Stem cell technology institute 

(Tehran, Iran).  Nude mice were obtained from 

nude mice laboratory, Imam Khomeini hospital 

(Tehran, Iran).  

Plasmid preparation: Briefly, after thawing 

Escherichia coli (DH5α), it was aliquot into pre-

chilled microfuge tubes.  Plasmid was added to 

cells and mixed. DH5α / plasmid mix were 

incubated on ice and heat shocked at 45
o
C. Liquid 

broth (LB) was added to the cells with shaking and 

then centrifuged. Transformed cultures were plated 

on LB containing ampicillin and incubated for 12-

16 h. Cells were mixed with LB containing 

ampicillin and gently mixed at 37
o
C. After 16 h the 

transformed bacteria were centrifuged and the 

plasmid was isolated via Plasmid Miniprep Kit. 
The Plasmid concentration (7kbp) and purity were 

determined using BioPhotometer Eppendorf 

(Hamburg, Germany) and electrophoresis on 1.5% 

agarose gel. The gels were stained with ethidium 

bromide (10 µg/mL) and photographed on a UV 

transilluminator (Uvidoc, Bridgeville, UK). 

Preparation and characterization of polyplexes 

for tumor transfection: DEMC was diluted to the 

respective concentration in serum free cell culture 

medium. To mimic conditions after polyplex 

formation and after addition of polyplexes to cell 

culture media, size and zeta potentials were 

determined in RPMI. DEMC-plasmid complexes 

were prepared by addition of the respective 

polymer solution to an aqueous solution containing 

pEGFP at N/P ratio of 10.  



Safari et al., IJPSR, 2013; Vol. 4(10): 3850-3856.                                         E-ISSN: 0975-8232; P-ISSN: 2320-5148  

International Journal of Pharmaceutical Sciences and Research                                                                              3852 

The solutions were pippeted gently and shaken at 

250 rpm for 30 min at room temperature. Surface 

morphology and size of the optimized N/P ratio of 

polyplexes was analyzed by atomic force 

microscopy (AFM). Silicon chips were used as 

sample support. Samples were investigated within 

2 hours after preparation. Commercial silicon 

nitride tips were used. The zeta potential of the 

nanoparticles was measured using Malvern 

Zetasizer (3000HS, UK).  

Tumor induction and intratumoral injection of 

polyplexes in nude mice: Following approval on 

animal experiments (Nude mice laboratory, Emam 

Khomeini hospital, Tehran, Iran), 6-8 week old 

nude mice were used in this study. For tumor 

induction in mice, AsPC-1 cells were seeded in 

flasks and cultured at 37
o
C in a humidified 

atmosphere of 5% CO2 and 95% air. The cells 

medium was RPMI 1640 supplemented with 10% 

FBS. The cells were used at 70% confluency 24 h 

post-seeding.   

Prior to injection, culture medium was removed 

and the cells were rinsed with phosphate-buffered 

saline (PBS, pH 7.4) then trypsinized with 0.25% 

trypsin–EDTA and once detached, complete 

medium was added to inhibit trypsin. Cell 

suspensions (6×10
6
) were injected subcutaneously 

in to the muscle of BALB/c nude mice (Six-eight-

week-old male (25±5 g) nude mice). After 3 weeks 

the tumors were created. After tumor induction, the 

prepared nanoparticles were injected i.t. (× 3). The 

control mouse was injected with 10 µg plasmid 

dissolved in RPMI 1640 (cell culture medium). 

GFP detection in tumor tissue via fluorescence 

microscope and flow cytometry: After tumor take 

out, the cells were singled. At first medium 

containing antibiotics was added to the tumor 

tissue. Then collagenase I, IV and dispase, 1 

mg/ml, were added to tumor tissues. After 6 hrs, 

the singled cells were visualized by fluorescence 

microscope and analyzed via flow cytometry.  

GFP detection in tumor tissue via 

immunohistochemistry: For immunohisto-

chemistry (IHC) briefly, the tissues were hydrated 

in ethanol, from 100% to 30%, then rinsed with 

distilled water. The tissues were rinsed with IHC 

washing solution. After adding the antigen retriever 

solution to the tissues they were incubated for 25 

minutes. Then rinsed with distilled water for 5 

minutes and again rinsed with IHC washing 

solution for 5 minutes. After adding the blocking 

solution to the tissues they were incubated for 1 

hour. Then, the primary antibody was added and 

kept at room temperature overnight. After adding 

the IHC washing solution, the secondary antibody 

was added to the tissues for 1h at 37C. Then the 

tissues were washed again with IHC washing 

solution and DAB (diaminobenzidine) solution was 

added. After washing the tissue sections with 

distilled water, hematoxylin was added, washed 

again with distilled water, PBS and again with 

distilled water. Dehydrate through ethanol, from 

100% to 70% and cleared in xylene. The sections 

were visualized by microscope. 

RESULTS: The DEMC-DNA nanoparticles were 

prepared at N/P ratio of 10 were stable, according 

to gel electrophoresis, and proved to result in the 

optimum nanoparticles with positive surface charge 

of +8.81±0.56 mv.
17

 

Figure 1 displays the AFM image of 

plasmid/polymer polyplexes. One can clearly see 

that DNA is aggregated and the complex appears 

globular structure. The mean diameter is 200.68 ± 

14.53 nm, and the average is; 53.92 ± 7.20 nm. 

 

 
FIGURE 1 A): AFM images of DEMC/pEGFP 

nanoparticles at N/P=10 B): AFM images of DEMC/ 

pEGFP nanoparticles at higher magnification C) The 

height and diameter of the selected nanoparticles in (A) 

with the color arrows.  

Abbreviation: AFM, atomic force microscopy  
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DEMC was evaluated as intratumoral injection 

transfecting vector of pEGFP. As shown in Fig. 2-

5, the green fluorescence protein is expressed in the 

singled tumor cells. The quantitative analysis, flow 

cytometery results, of GFP transfected cells are 

demonstrated as dot plots, relative fluorescence 

(FL1-H) versus forward scattering (FSC-H). The 

results show that, at Tumor size: 9.14 x 5.81 mm 

and injection volume: 200ul, 3% (Figure 2), at 

Tumor size: 12.25 x 7.41 mm and injection 

volume: 800ul, 15% (Figure 3) and at Tumor size: 

11.55x 7.56 mm and injection volume: 1200ul, 18 

% (Figure 4) of the tumor cells are transfected. As 

for the control (plasmid injected without vector), at 

Tumor size: 15.74x 13.30mm and injection 

volume= 1500ul, 1.17% of the cells are transfected 

(Figure 5).  

 
FIGURE 2: FLUORESCENCE MICROSCOPE IMAGE AND FLOW CYTOMETERY DOT PLOT OF SINGLED 

TUMOR CELLS. TIVR=0.7 

 
FIGURE 3: FLUORESCENCE MICROSCOPE IMAGE AND FLOW CYTOMETERY DOT PLOT OF SINGLED 

TUMOR CELLS. TIVR=0.42 

 

 
FIGURE 4: FLUORESCENCE MICROSCOPE IMAGE AND FLOW CYTOMETERY DOT PLOT OF SINGLED 

TUMOR CELLS. TIVR=0.28 
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FIGURE 5: FLUORESCENCE MICROSCOPE IMAGE AND FLOW CYTOMETERY DOT PLOT OF SINGLED 

TUMOR CELLS. Control (plasmid) 

Figure 6 confirms the tumor tissue with anaplastic 

cells displaying marked pleomorphism (i.e., 

marked variation in size and shape). It also 

demonstrates the IHC results and the transfer of 

GFP by antibody staining followed by peroxidase-

DAB.  

 
FIGURE 6: THE IMMUNOHISTOCHEMISTRY RESULTS SHOW THE GFP EXPRESSION IN TUMOR TISSUE 

(DEMC/pEGFP complexes). The GFP are the dark brown spots near the blue nucleus. a) The untransfected tumor tissue. b) 

Transfected tumor tissue (×10). c-f) Higher magnification of transfected tumor tissue (×40).  

DISCUSSION: The DEMC-DNA nanoparticles 

were formed as a result of polyelectrolyte 

complexation between the positive charge of 

DEMC and DNA. The cationic characteristic of 

this chitosan derivative is a crucial parameter for 

the complex formation with DNA bearing negative 

charges.  

The biological results showed that charge ratio of 

10, due to its highest cell viability, can be chosen 

for intratumoral gene delivery to pancreatic cancer 

cells as presented previously 
16

. To estimate 

approximately the number of DNA molecule 

encapsulated in one globule, a quantitative analysis 

as proposed by Wen Guang Liu et al is used 
17

:  
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The total volume of the globule is calculated in 

terms of the volume of spherical cap: 

 
The total volume of DNA is; 

 
Where; 

 
Where n is the number of base pairs, and l, the 

distance between two neighbouring base-pair, is 

equal to 3.4 Å. The number of DNA molecule 

contained in one globule is 

 

From the above formula, a single globule consists 

of approximately 223 DNA molecules, which is 

shielded by DEMC.  

Because tumor sizes vary among mice, the absolute 

injection volume is difficult to translate into actual 

practice. To avoid this problem, we determined the 

ratio of tumor volume versus injection volume, 

referred to as tumor-injection volume ratio (TIVR). 

Tumor volume was calculated using the standard 

formula:  

V = 1/2(length × width
2
) 

The results show that, at TIVR= 0.7, 3%, at TIVR= 

0.42, 15% and at TIVR= 0.28, 18% of the tumor 

cells are transfected. This effect can be explained 

by the fact that positive surface charged polymers 

allows better uptake across the cell membrane. 

According to Shulin et al regarding studies in 

delivery of plasmid DNA into tumors via 

electroporation, high level of gene expression is 

associated with a TIVR between 0.14 and 0.36 and 

a ratio less than 0.1 or more than 0.5 will yield a 

low level of gene expression 
18

.  

Comparing these two studies, the results in our 

study is similar to the obtained results in 

electroporation method. Relative to the control 

which was injected with plasmid alone, with 

TIVR=0.93, 1.17% cell transfection, there was a 

transfection increase up to 15- folds with DEMC.  

Also the IHC analysis demonstrates the expression 

and gradual accumulation of GFP in the Aspc-1 

cells. Specific, dark brown DAB label indicates 

transfer of pEGFP by the vector.   

As stated in our previous article 
16

, interpolations 

polynomial approximates the functions. In 

numerical analysis, a Lagrange polynomial is the 

interpolating polynomial for a given set of data 

points in the Lagrange form. If the TIVR and 

transfection data are given in k+1 points then the 

interpolation formula of Lagrange can be described 

as follows (Berrut and Trefethen, 2004): 

 

As seen in Figure 7, it is predicted that at TIVR 

between 0.28 and 0.7 transfection decreases by 

increase in TIVR. It is clear that more studies on 

route of intratumoral environment and 

nanoparticles uptake are necessary to fully 

understand the gene delivery process via 

DEMC/plasmid complexes to pancreatic tumor 

cells and explain the predicted results of presented 

mathematical model. 

 
FIGURE 7: THE RELATION BETWEEN CHARGE 

RATIO, CELL TRANSFECTION AND TUMOR-

INJECTION VOLUME RATIO (TIVR) PREDICTED 

WITH LAGRANGE’S INTERPOLATION POLY-

NOMIAL METHOD. 

The approach presented in this paper has several 

advantages over existing systems:  

(1) It is easy to administer and avoids surgery;  

(2) Needs small amount of plasmid compared to 

Pei 
3
;  
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(3) The fabrication process is simple and does not 

require toxic solvent and high shear force;  

(4) Manufacturing procedures required to produce 

a sterile, stable and reproducible DNA delivery 

device are minimized;  

(5) The ability to inject the DEMC/plasmid 

complex makes it a reproducible tool for direct 

gene delivery to small or irregular shaped body 

cavities. 

CONCLUSION: We introduced an intratumoral 

injectable system based on a quaternized chitosan 

derivative, Diethyl methyl chitosan (DEMC), for 

pEGFP delivery to pancreatic cancer tumor in nude 

mice. Because of its easy, safe preparation, this 

delivery vector can be useful in delivering small 

amounts of pancreatic cancer’s new treatments. 

These treatments include vectors combining the 

heat shock proteins (HSPs) promoter with the 

catalytic subunit A of the diphtheria toxin (DTA) or 

its variants which were engineered to investigate 

the effect of bacterial toxins, with lethal effects, on 

pancreatic cancer cells 
19

. Considering the 

advantages of this delivery system, it should be a 

useful approach to plasmid-based gene transfer for 

pancreatic cancer local therapy.  

ACKNOWLEDGEMENTS: The authors would 

like to acknowledge the Stem cell technology 

institute (Tehran, Iran) for generous use of 

equipment and materials. 

REFERENCES:  

1. Weinberg B, Blanco E and Gao J: Polymer Implants for 

Intratumoral Drug Delivery and Cancer Therapy. J Pharm Sci 
2008; 97: 1681–1702.  

2. Kangasniemi L, Koskinen M, Jokinen M, Toriseva M, Ala-Aho R, 

Kähäri VM, Jalonen H, Ylä-Herttuala S, Moilanen H, Stenman 
UH,Diaconu I, Kanerva A, Pesonen S, Hakkarainen T and 

Hemminki A: Extended release of adenovirus from silica implants 

in vitro and in vivo. Gene Therapy 2009; 16: 103–10. 
3. Aoki K, Furuhata S, Hatanaka K, Maeda M, Remy JS, Behr JP, 

Terada M and Yoshida T: Polyethylenimine-mediated gene 

transfer into pancreatic tumor dissemination in the murine 
peritoneal cavity. Gene Therapy 2001; 8: 508–14. 

4. Fabienne V, Patrick F, Naoual B, Denis C, Gérard T, Lucien P, 

Christiane S and Louis B: Antitumor Effect of in Vivo 

Somatostatin Receptor Subtype 2 Gene Transfer in Primary and 

Metastatic Pancreatic Cancer Models. Cancer Research 2002; 

62:6124–31. 
5. Hamzah J, Altin JG, Herringson T, Parish CR, Hämmerling GJ, 

O'Donoghue H and Ganss R: Targeted liposomal delivery of 

TLR9 ligands activates spontaneous antitumor immunity in an 
autochthonous cancer model. J Immunol 2009; 183: 1091-98.  

6. Okino H, Maeyama R, Manabe T, Matsuda T and Tanaka M: 

Trans-tissue, sustained release of gemcitabine from photocured 
gelatin gel inhibits the growth of heterotopic human pancreatic 

tumor in nude mice. Clin Cancer Res 2003; 9: 5786–93. 

7. Manabe T, Okino H, Tanaka M and Matsuda T: In situ-formed, 
tissue-adhesive co-gel composed of styrenated gelatin and 

styrenated antibody: potential use for local anti-cytokine antibody 

therapy on surgically resected tissues. Biomaterials 2004; 25: 
5867–73. 

8. Manabe T, Mizumoto K, Nagai E, Matsumoto K, Nakamura T, 

Nukiwa T, Tanaka M and  Matsuda T: Cell-based protein delivery 
system for the inhibition of the growth of pancreatic cancer: NK4 

gene-transduced oral mucosal epithelial cell sheet. Clin Cancer 

Res 2003; 9: 3158-66.  

9. Manabe T, Okino H, Maeyama R, Mizumoto K, Tanaka M and 

Matsuda T: The new infusion device for trans-tissue, sustained 
local delivery of Gemcitabine: potential use for the suppression of 

local recurrence of pancreatic cancer. J Biomed Mater Res 2004; 

73: 203-7. 
10. Kim TH, Jin H, Kim HW, Cho MH and Cho CS: Mannosylated 

chitosan nanoparticles-based cytokine gene therapy suppressed 

cancer growth in BALB/c mice bearing CT-26 carcinoma cells. 
Mol Cancer Ther 2006; 5: 1723–32. 

11. Ozbas-Turan S, Aral C, Kabasakal L, Keyer-Uysal M and Akbuga 

J: Co-encapsulation of two plasmids in chitosan microspheres as a 
non-viral gene delivery vehicle. J Pharm Pharm Sci 2003; 6: 27–

32. 

12. Zhang X, Yu C, Xushi, Zhang C, Tang T and Dai K: Direct 
chitosan-mediated gene delivery to the rabbit knee joints in vitro 

and in vivo. Biochem Biophys Res Commun 2006; 341: 202–8. 

13. Yoo HS, Lee JE, Chung H, Kwon IC and Jeong SY: Self 
assembled nanoparticles containing hydrophobically modified 

glycol chitosan for gene delivery. J Control Release 2005; 103: 

235–43. 
14. Hoyer H, Föger F, Kafedjiiski K, Loretz B and Bernkop-Schnürch 

A: Design and evaluation of a new gastrointestinal mucoadhesive 

patch system containing chitosan-glutathione. Drug Dev Ind 
Pharm 2007; 33: 1289-96. 

15. Avadi MR, Sadeghi AMM, Erfan M, Moezi L, Dehpour AR, 

Younessi P, Rafiee Tehrani M and Shafiee A: N,N,Diethyl N-
methyl chitosan as an enhancing agent for colon drug delivery. J 

Bioacti Compat Polym 2004; 19: 421 –33. 

16. Safari S, Dorkoosh FA, Soleimani M, Zarrintan MH, Akbari H,  
Larijani B and Tehrani MR: N-diethylmethyl Chitosan for Gene 

Delivery to Pancreatic Cancer Cells and the Relation between 

Charge Ratio and Biologic Properties of Polyplexes via 
Interpolations Polynomial, Int  J Pharm 2011; 420:350-357. 

17. Liu WG, Yao KD and Liu QG: Formation of a DNA/ N-

dodecylated chitosan complex and salt-induced gene delivery. J 

Appl Polym Sci 2001; 82: 3391–5. 

18. Shulin Li: Delivery of DNA into tumors. Methods Mol Biol 2008; 

423: 311-18. 
19. Fogar P, Navaglia F, Basso D, Zambon CF, Moserle L, Indraccolo 

S, Stranges A, Greco E, Fadi E, Padoan A, Pantano G, Sanzari 

MC, Pedrazzoli S, Montecucco C and Plebani M: Heat-induced 
transcription of diphtheria toxin A or its variants, CRM176 and 

CRM197: implications for pancreatic cancer gene therapy. Cancer 

Gene Ther 2010; 17: 58-68. 

 

 

 

 

 

 

 

 

 

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are 

available on Google Playstore) 

How to cite this article: 

Safari S, Akbari H, Soleimani M, Zarrintan MH, Dorkoosh FA, Larijani B, Oghabian MA and Tehrani MR: Chitosan-based 

Intratumoral Injectable Nanoparticles for Gene delivery to Pancreatic cancer cells. Int J Pharm Sci Res 2013; 4(10): 3850-

56. doi: 10.13040/IJPSR. 0975-8232.4(10).3850-56 

 


