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Scope of Symposium

This symposium will highlight current challenges and new concepts in the delivery of therapeutics including small molecular 
drugs, peptides, proteins, nucleic acids and cells, and mainly focus on cancer therapy. Topics will address biological 
barriers for delivery of therapeutics, and novel materials that are designed and developed to overcome these barriers. In 
addition, strategies for combinatorial drug delivery will be discussed to combat multidrug-resistant problems.

Symposium Topics

•	 Nano-structured	materials	including	polymers	and	organic/inorganic	hybrids	
•	 Novel	materials	based	on	synthetic	peptides,	nucleic	acids	and	polymer	constructions	
•	 Novel	delivery	approaches	for	therapeutic	drugs,	peptides,	proteins	and	genes	
•	 Delivery	of	cell-based	therapies	and	immunotherapy	
•	 Nanotoxicology	
 





Symposium C - Advanced Delivery of Therapeutics: New Challenges for Materials     3

A00068-00408 Silica Nanotubes: Nanostructured Systems for Ultrasound Triggered Controlled Drug Delivery and 
Biosensing
Shobhna KAPOOR; Aninda Jiban BHATTACHARYYA

7

A00106-00485 Antitumor Effect of Bioabsorbable Fiber Mat Including Antimetabolites 
Hiroshi UYAMA; Takayuki MINO; Chun Man LEE; Toru KITAGAWA; Yoshiki SAWA

7

A00128-00263 Experimental Studies on Engineering of Liposomal Preparations
Aditya MITTAL; Rahul GROVER

8

A00247-04312 Anti-diabetic Effect of Gold Nanoparticles
Abhimanyu K. SINGH; Awadhesh K. RAI; Prashant K. RAI; Geeta WATAL

8

A00269-00522 Biodegrdable Polymeric Magnetic Nanopartcles: A Potential Drug Delivery System for Anticancer 
Therapeutics
Bhupendra CHUDASAMA; Nidhi ANDHARIYA

8

A00284-00520 Folic Acid Conjugated Superparamagnetic Iron Oxide Nanoparticles: A Novel Drug Delivery System 
for the Treatment of Cancer
Nidhi ANDHARIYA; Bhupendra CHUDASAMA

9

A00307-00571 Selection	of	HER2	Extracellular	Domain	Specific	Aptamers	Using	Capillary	Electrophoresis
Lihan TAN; Koon Gee NEOH; Woo-Seok CHOE

10

A00360-00661 Genotoxicity of Corrosion Eluates Obtained from Fixed Orthodontic Brackets 
Daniel RIBEIRO; Fernanda ANGELIERI

10

A00360-00662 In	Vitro	Evaluation	of	Genetic	Damage	Induced	by	Three	Radiopacifiers	Used	in	Clinical	Practice	
Ribeiro DANIEL; Oyama LILA; Joao Paulo MARCONDES; Danielle ALMEIDA; 
Mariza MATSUMOTO; Daisy SALVADORI

11

A00368-00673 Fabrication of Nano-sized and Nano-coated Drugs Particles for Drug Delivery Applications
Mitali KAKRAN; Ng SAHOO; Lin LI

11

A00441-00831 Thermoresponsive Polymer - Iron Oxide Nanoparticles for Multimodal Cancer Therapy
Sreekanth PURUSHOTHAM; Jason CHANG; Helmut RUMPEL; Irene KEE; Robert NG; Pierce 
CHOW; Chee Kiat TAN; Raju RAMANUJAN

12

A00455-00888 Magnetic Nanoparticle Carriers for Drug Targeting in Cancer Treatment
Sibnath KAYAL; Raju V. RAMANUJAN

12

A00504-01146 Biomimetic Fabrication of Hybrid Silica and Titania Nanocomposites on Biopolymer Templates 
Yury SHCHIPUNOV; Irina POSTNOVA; Irina SEMILETOVA

13

A00505-00964 Biodegradable Fibrous Mats for Delivery of Hydroxycamptothecin 
Chengying XIE; Xiaoming LUO; Ye YANG; Xiaohong LI

13

A00725-01290 Cytotoxicity and Genotoxicity of Silver Nanoparticles 
Asharani P. V. NAIR; Manoor Prakash HANDE; Suresh VALIYAVEETTIL

14

A00741-03106 Transmembrane Delivery of the Cell-Penetrating Peptide Conjugated Mesoporous Silica Nanoparticles 
Yi-Ping CHEN; Yann HUNG; Chung-Yuan MOU

14

A00808-01415 Cell-Surface Interactions: Examining the Biological-Physical Interface 
Ille C. GEBESHUBER; Burhanuddin Yeop MAJLIS; Lukas NEUTSCH; Franz GABOR

15

A00887-01555 Synthesis	of	Functionalized	Dendrons	for	Surface	Modifications	of	Biodegradable	Nanoparticles
Say Chye Joachim LOO; Charlotte HUANG

15

A00906-02181 Folate-Chitosan-graft-Polyethylenimine as an Akt1 shRNA Aerosol Delivery Carrier for Lung Cancer 
Therapy
Hu-Lin JIANG; Cheng-Xiong XU; You-Kyoung KIM; Rohidas AROTE; Dhananjay JERE; 
Myung-Haing CHO; Chong-Su CHO

16

A00910-04533 mPEG-b-PAA-b-PLA Triblock Copolymer for the Formation of Shell-Stabilized Micelles as Vehicles 
for Delivery of Cancer Therapeutics
Eugene Shi Guang CHOO; Junmin XUE

16

Contents



4     Symposium C - Advanced Delivery of Therapeutics: New Challenges for Materials

A00995-02138 Hybrid	System	Composed	of	Baculovirus	and	Galactosylated	PEI	for	Efficient	Gene	Carrier	
You-Kyoung KIM; Jae Young CHOI; Hu-Lin JIANG; Myung-Haing CHO; Yeon Ho JE; Chong-Su 
CHO

17

A01023-02384 Synthesize Novel Adsorbent of Pillared Clay and Their Application for Decolorizing of Crude Clove Oil
Yateman ARRYANTO

17

A01116-01935 Peptide-Immobilized Chitosan Nanoparticles for M Cell Targeting 
Mi-Kyong YOO; Jin-Huk CHOI; Sang-Ki KANG; Ji-Shan QUAN; Yun-Jaie CHOI; In-Kyu PARK; 
Hee-Sam NA; Hyun-Chul LEE; Chong-Su CHO

18

A01258-02169 Folate-coupled Poly(amino ester) for Cancer Targeted Delivery of siRNA
Dhananjay JERE; Rohidas AROTE; Hu-Lin JIANG; You-Kyoung KIM; Myung-Haing CHO; 
Chong-Su CHO

18

A01270-02204 Nanoparticles of Porous Iron Carboxylates as New Drug Carriers 
Patricia HORCAJADA; Christian SERRE; Ruxandra GREF; Tamim CHALATI; Guillaume MAURIN; 
Gerard FEREY; Patrick COUVREUR

19

A01270-02212 In Vivo Toxicity Studies of New Drug Nanocarriers: Porous Iron Carboxylates
Patricia HORCAJADA; Ruxandra GREF; Christian SERRE; Patrick COUVREUR; Gerard FEREY

19

A01278-02234 Swelling and Drug Release Characteristics of pH Responsive Semi–IPN Hydrogels of Polyacrylamide 
and	κ-Carrageenan
Vishalakshi B.; Jyothi D. MUMBREKAR; Narayana CHARYULU R.

20

A01471-02561 Synergistic Anti-tumor Activity of Paclitaxel-incorporated Conjugated Linoleic Acid-coupled 
Poloxamer Thermosensitive Hydrogel In Vitro and In Vivo
Ding-Ding GUO; Cheng-Xiong XU; Ji-Shan QUAN; Chung-Kil SONG; Hua JIN; Dae-Duk KIM; 
Yun-Jaie CHOI; Myung-Haing CHO; Chong-Su CHO

20

A01479-02566 Folate Conjugated-Poly(Ester Amine) for Cancer Therapy
Rohidas AROTE; Soon-Kyoung HWANG; Mi-Kyong YOO; Hu-Lin JIANG; You-Kyoung KIM; 
Dhananjay JERE; Yun-Jae CHOI; Myung-Haing CHO; Chong-Su CHO

20

A01681-02904 Surface	Modification	of	Electrospun	Nanofibers	for	Gene	Delivery	in	Diabetic	Ulcers
Hye Sung KIM; Hyun Ah JUNG; Hyuk Sang YOO

21

A01681-02905 Coaxial	Nanofiber	Containing	Two	Different	Growth	Factors	for	Wound	Healing
Ji Suk CHOI; Jung HYUN AH; Hyuk Sang YOO

22

A01682-02906 Preparation of Bimetallic Nanorods for Multifunctional Drug Carriers 
Shinyoung PARK; Jung HYUN AH; Hyuk Sang YOO

22

A01703-02967 Humoral	and	Cellular	Immune	Responses	in	Mice	Injected	by	Polyethylenimine/SARS	CoV	S	DNA	
Vaccine Nanoparticles through Intranasal Route 
Ji-Shan QUAN; Byoung-Shik SHIM; Sung-Moo PARK; Ding-Ding GUO; Hu-Lin JIANG; 
Cheol-Heui YUN; Chong-Su CHO

23

A01785-03130 Homogeneously Distributed Nano-Silver in Porous Polyetheretherketone Parts by Use of Laser 
Sintering
Dirk POHLE; Cornelia DAMM; Thomas RECHTENWALD; Helmut MÜNSTEDT

23

A01794-03140 Multifunctional Superparamagnetic Iron Oxide Nanoparticles for Combined Cancer Imaging and 
Therapy 
Sangyong JON; Mi Kyung YU; Jinho PARK; Vaishali BAGOLKOT

24

A01872-03230 Block Copolymers of Polyphosphoester for Drug and Gene Delivery
Jun WANG

24

A01872-04028 Shell-detachable	Micelles	Based	on	Disulfide-linked	Block	Copolymer	as	Potential	Carrier	for	
Intracellular Drug Delivery 
Yu-Cai WANG; Ling-Yan TANG; Yang LI; Jin-Zhi DU; Jun WANG

25

A01929-03329 Potential In Vitro Cytotoxic Effects Of Gold Nanoparticles 
Lin-Yue Lanry YUNG

25

A02035-04487 Formulation of Phospholipid Coated PLGA Nanoparticles for Anticancer Drug Delivery 
Yutao LIU; Si-Shen FENG

26

A02039-03506 Delivery Platform for Hydrophobic Drugs via Layer-by-Layer Approach
Satish PATIL; Uttam MANNA

26



Symposium C - Advanced Delivery of Therapeutics: New Challenges for Materials     5

A02107-03628 Nanostructured Silicon as Bioactive and Biocompatible Material
Lyubov OSMINKINA; Maxim GONGALSKY; Victor TIMOSHENKO; Andrey KUDRYAVTSEV; 
Azha GAYDAROVA; Andrey DURNEV

26

A02116-03645 Co-Delivery of p53 and Doxorubicin Using Self-Assembled Cationic Oligopeptide Nanoparticles to 
Achieve Synergistic Effect in Cancer Therapy
Nikken WIRADHARMA; Yen Wah TONG; Yi Yan YANG

27

A02116-03646 Targeted Co-Delivery of Drug and Gene Using Self-Assembled Galactosilated Amphiphilic 
Oligopeptide Nanoparticles
Nikken WIRADHARMA; Yen Wah TONG; Yi Yan YANG

27

A02125-03657 Gelatin-siloxane Nanoparticles Decorated with Membrane-lytic Peptides for Gene Delivery
Pei YIN; Zu-yong WANG; Jun WANG; Ya-fei ZHANG

28

A02228-04017 Synthesis, Characterization, and Drug Delivery Properties of Star-Shaped PLA-PEG Block Copolymer 
with Cholic Acid Core
Yishu CHEN; Jie LIANG; Yujiang FAN

28

A02325-04025 Microfluidics	Reaction	Technology	(MRT):	Drug	Nanocrystallization	and	Nanoencapsulation	
Applications 
Thomai “Mimi” PANAGIOTOU

29

A02359-04047 Effect of Precirol ATO 5 on Release Behaviors of Indomethacin Loaded Hydroxypropyl Cellulose 
Microcapsules	by	W/O	Emulsion
Ki-Seok KIM; Soo-Jin PARK

29

A02367-04044 Nanodiamond-Based Therapeutic Vehicles for the Treatment of Hepatocarcinoma 
Edward CHOW; Houjin HUANG; Mark CHEN; Xueqing ZHANG; Robert LAM; Eiji OSAWA; 
Michael BISHOP; Dean HO

29

A02414-04117 Controlled Delivery of ABL in a Non-cytotoxic Regulation of Cancerous Cell Growth
Yen Wah TONG; Shuang ZHAO

30

A02420-04123 Peptide-based Carrier for Targeted Intracellular Delivery of Proteins into Glioma Cells
Chunxiao WU; Seong Loong LO; Jerome BOULAIRE; Michelle Li Wen HONG; Hui Min BEH; 
Doreen Siu Yi LEUNG; Shu WANG

31

A02475-04229 Crosslinked Gelatin Microspheres for Controlled Delivery of Oligodeoxynucleotides
Xia LOU

31

A02475-04448 Synthesis and Characterization of Porous Poly(HEMA-co-NIPAAm) for Controlled Drug Delivery
Yuli SETIYORINI; Xia LOU

32

A02555-04367 Microparticles Developed by Electrohydrodynamic Atomization for the Local Delivery of Anticancer 
Drug to Treat C6 Glioma 
Jingwei XIE; Chi-Hwa WANG

32

A02563-04380 Synthesis and Characterization of Novel Functional Polycarbonates for Delivery of Anticancer Drugs
Chuan YANG; Chloe TAN YI TING; James L. HEDRICK; Yi Yan YANG

33

A02602-04445 Nanostructure Processing of Advanced Biomaterials and Biosystems 
Jackie Y. YING

33

A02606-04452 Design, Syntheses and Evaluation of Hemocompatible Antimicrobial Pegylated–Polymers Containing 
Functional Quaternary Ammonium Groups
Shrinivas VENKATARAMAN; Ying ZHANG; Lihong LIU; Yi Yan YANG

33

A02634-04516 Anti-bacterial	Activity	of	Complexes	of	Conducting	Polymers	and	β-cyclodextrins
Vasant CHABUKSWAR; Anuruddha CHABUKSWAR; Bhanudas KUCHEKAR; Swati JAGDALE

34

A02640-04536 Peptide-Poly(ethylene glycol) Hybrid Hydrogels for Cartilage Repair Applications
Rachel EE; Shaoqiong LIU; Quan TIAN; James L. HEDRICK; Yi Yan YANG

34

A02640-04538 Elucidation of the Role of Low Density Lipoprotein Receptor-related Protein 5 (LRP5) and Secreted 
Frizzled-related Protein 2 (SFRP2) in Liver Cancer Progression
Zhan Yuin ONG; Rachel EE

34

A02660-04566 Biomimetic Scaffolds for the Expansion and Injectable Delivery of Human Mesenchymal Stem Cells in 
Cartilage Repair 
Shaoqiong LIU; Quan TIAN; Anandamoy RUDRA; James L. HEDRICK; Yi Yan YANG; 
Pui Lai Rachel EE

35



6     Symposium C - Advanced Delivery of Therapeutics: New Challenges for Materials

A02673-04591 Evaporative Precipitation into Aqueous Solution (EPAS): A Novel Approach to Enhance Dissolution 
Rate	of	Fenofibrate
Amrit KARMARKAR; Indrajeet GONJARI; Avinash HOSMANI; Pandurang DHABALE

35

A02759-04839 Development of Novel Liposome with Stable Protein Adsorption Ability for Bio-Application
Yen-Ku LIU; Yu-Ling LIN; Chia-Hung CHEN; Kuang-Wen LIAO

36

A02769-04733 Enhanced Dissolution Rate of Gliclazide by Solid Dispersion with Poloxamer
Yogesh THORAT; Avinash HOSMANI; Pramod KASTURE

36

A02794-04834 A Novel Liposome Complex for Encapsulating Curcumin to Enhance the Antitumor Effect of 
Curcumin
Yu-Ling LIN; Yen-Ku LIU; Chia-Hung CHEN; Kuang-Wen LIAO

37
 

A02797-04785 Gene Delivery into Immune Cells for Childhood Acute Lymphoblastic Leukemia Treatment
Sally Mun Hua CHAI; Lin Kin YONG; See Voon SEOW; Poh Lin TAN; Eng Juh YEOH; 
Dario CAMPANA; Yi Yan YANG

37

A02831-04852 Bioengineering of the Hematopoietic Stem Cell Niche for Ex Vivo Expansion of Cord Blood 
Hematopoietic Progenitor Cells 
Chou CHAI; Kam LEONG

37

A02871-04912 Co-Delivery of Paclitaxel and Herceptin Using Cationic Micellar Nanoparticles: Achieving Enhanced 
Cytotoxicity and Targeting
Ashlynn L. Z. LEE; Yong WANG; Han Yin CHENG; Shazib PERVAIZ; Yi Yan YANG

38

A02884-04951 Block Copolymer Micelles as Smart Nanocarriers for Tumor Targeting 
Kejji ITAKA, Kazunori KATAOKA

39

A02896-04950 Bcl-2 Family Proteins in Apoptosis and Cancer 
Ho Sup YOON

39

A02918-04987 DNA-based Hydrogels for Drug Delivery and P-gels for Protein Production without Any Living Cells 
Dan LUO

40

A02921-04993 A Novel Family of Amphiphilic Glycopolymers via Controlled Ring-Opening Polymerization of 
Functionnalized Cyclic Carbonates for Targeted Drug Delivery 
James L. HEDRICK; Philippe DUBOIS; Fabian SURIANO; Jeremy P. K. TAN; Russell C. PRATT; 
Yi Yan YANG

40

A02922-04995 Efficient	Delivery	of	Hydrophobic	and	Hydrolysis	Susceptible	N-epoxymethyl-1,	8-naphthalimide	
(ENA) Using Functional Polycarbonate Micelles 
Jeremy P. K TAN; Fredrik NEDERBERG; Sung Ho KIM; Uttam SURANA; James L. HEDRICK; 
Yi Yan YANG

41

A02945-05034 Molecular and Cellular Biology of Keloid Scar 
Thang T. PHAN

41

A02952-05054 Chitosan Nanoparticles- new Adjuvants in Vaccine Delivery System 
Vijayashree NAYAK; Nirmala L.; Sanjay Kumar DHAKER

42

A02953-05056 Nanomaterial Developed to Overcome the Cispaltin Resistance in Prostate Cancer 
Xing-Jie LIANG

42

A02960-05067 Preparing Bone Using an Injectable Hydrogel Scaffold 
Jöns HILBORN; Kristoffer BERGMAN; Tim BOWDEN; Dmitri OSSIPOV; Thomas ENGSTRAND

42

A02995-05117 Gene Delivery with Non Viral Vector Systems for Induction of Immunological Tolerance 
Andrew GEORGE; Adnan KHAN; Frank LARKIN; Wei Yang SEOW; Yi Yan YANG

43

A02996-05118 Nanoscale Amphiphilic Macromolecules: Mutlifunctional Polymers for Managing Cardiovascular 
Disease 
Kathryn UHRICH

44

C0001 DNA and siRNA Delivery Using Degradable  Poly (amino ester)s
Chong-Su CHO

44



Symposium C - Advanced Delivery of Therapeutics: New Challenges for Materials     7

Abstracts

 A00068-00408 

Silica Nanotubes: Nanostructured Systems for 
Ultrasound Triggered Controlled Drug Delivery 
and Biosensing

Shobhna KAPOOR; Aninda Jiban BHATTACHARYYA 
Solid State and Structural Chemistry Unit, Indian 
Institute of Science, Bangalore, India

Inorganic nanostructured materials have found widespread 
applications	 in	 diverse	 fields	 ranging	 from	 catalysis	 to	
energy storage to biotechnology. Presence of a large 
parameter basis set allows development of materials in 
various spatial dimensions with optimized architectures 
tailored	for	specific	functions.	We	demonstrate	here,	silica	
nanotubes (SNT) as a versatile host for controlled drug 
delivery and biosensing. The SNT (synthesized via sol-gel 
template) have a slow rate of drug release. Application of 
an external stimulus such as ultrasound or functionalization 
of SNT surface with different chemical moieties result in 
higher yield of drug release as well as yield of drug release 
varying linearly with time.  The estimated drug release 
over a period of 24hrs in case of SNT functionalized with  
dihydroxynaphthalene (DN) was lower than mesoporous 
silica materials such as MCM-48, alumina and much lower 
than maximum recommended therapeutic dosages (MRTD) 
for oral delivery. In case of controlled drug delivery 
triggered by ultrasound, drug yield as function of time is 
found to be heavily dependent on the ultrasound impulse 
protocol. Ultrasound impulses aid in faster diffusion 
of solvent molecules as well as counter diffusion of the 
solvated molecules out of the nanotube. Impulses of shorter 
duration and shorter time intervals between successive 
impulses	 resulted	 in	 higher	 drug	 yields.	 Confinement	
of hemoglobin (Hb) inside nanometer sized channels of 
SNT does not have any detrimental effect on the native 
protein	 structure	and	 function.	Observance	of	 significant	
enhancement in direct electron transfer of Hb makes 
the SNTs also promising for application in biosensors.  
Confinement	of	biomolecules	such	as	protein	and	enzymes	
to a region of nanometer dimensions is also of fundamental 
interests. As only a few number of molecules, n (1<  n 
<< NA, NA= Avogadro number) can be accommodated in a 
nanostructured material such as nanotube, we envisage that 
the	structure-function		correlation	will	reflect	properties	of	
biomolecules at the mesoscopic length scale.

 A00106-00485 

Antitumor Effect of Bioabsorbable Fiber Mat 
Including Antimetabolites 

Hiroshi UYAMA1; Takayuki MINO1; Chun Man LEE2;3; 
Toru KITAGAWA3; Yoshiki SAWA2;3 
1. Graduate School of Engineering, Osaka University, 
Osaka, Japan
2. Medical Center for Translational Research, Osaka 
University, Osaka, Japan
3. Hospital Graduate School of Medicine, Osaka 
University, Osaka, Japan

Pancreatic	 cancer	 remains	 one	 of	 the	 most	 difficult	
malignancies to treat, and patient survival is still poor. Even 
after operative resection, most patients develop incurable 
local recurrences and peritoneal dissemination. To suppress 
the progress of cancer cells, there are two approaches; one 
is cytostatic therapy using a cytokine antagonist or an anti-
cytokine antibody, and the other is cytocidal therapy using 
anticancer drugs or radiotherapy. Gemcitabine (GEM), a 
deoxycytidine analogue, is currently the most effective 
chemotherapeutic drug, which inhibits DNA synthesis 
by the inhibition of ribonucleotide reductase and by its 
incorporation into DNA. This study deals with antitumor 
effect	of	bioabsorbable	fiber	mat	including	GEM.	We	have	
proposed a new therapeutic approach to prevent local 
recurrence of pancreatic cancer by slow release of GEM 
from the mat located at the affected part after resection. 
There has been much interest in electrospinning as a 
convenient and straightforward process to fabricate non-
woven	mats	 of	 ultrafine	 fibrous	 polymers.	 In	 this	 study,	
bioabsorbable poly(L-lactic acid) (PLLA) was selected as 
matrix material and its electrospinning with GEM produced 
the	non-woven	fiber	mat	including	GEM.	By	changing	the	
feed ratio of PLLA and GEM in the electrospinning, the 
fiber	mats	 of	 the	 different	 drug	 amount	were	 fabricated.	
About 35% GEM was gradually released from the mat 
in 35 days in PBS. The suppression effect of pancreatic 
cancer cell (Panc02) proliferation in the presence of the 
GEM-containing mat was examined. The cell was not 
significantly	 proliferated	 for	 7	 days	 in	 using	 more	 than	
0.1% GEM-containing mat, whereas the increase of the cell 
number was observed for the mat of less than 0.01% GEM. 
For an animal model for postoperative local recurrence of 
pancreatic cancer, implantation of Panc02 cells into mice 
was made; subsequently, GEM-containing saline or GEM-
containing mat was further implanted. The tumor size by 
the implantation of the GEM-containing mat was much 
smaller than that by the GEM-containing saline after the 
additional 28 days. These results strongly suggest the high 
antitumor effect of the GEM-containing mat.
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 A00128-00263 

Experimental Studies on Engineering of 
Liposomal Preparations

Aditya MITTAL1;2; Rahul GROVER2 
1. School of Biological Sciences, Indian Institute of 
Technology Delhi, New Delhi, India
2. Biochemical Engineering & Biotechnology, Indian 
Institute of Technology Delhi, New Delhi, India

Liposomes are vesicles formed by self assembly of 
bilayer forming amphipathic molecules upon hydration. 
Production of liposomes with natural lipids and synthetic 
lipids has made them extremely useful tools for the study 
of diverse cellular phenomena, as well as in medical 
applications (e.g. controlled release of molecules). In 
many cases, however, the success of the use of liposomes 
as drug carriers or vaccines and in gene delivery depends 
entirely on both their formulation and the method of 
preparation.  The inability to reproduce liposomal 
preparations is a major problem, resulting in batch to batch 
variability in terms of encapsulation and controlled release 
of the encapsulated molecules. In this study we prepared 
liposomes, entrapping methylene blue as an indicator 
for	 encapsulation	 efficiency,	 from	mixtures	 of	 dioleoyl-	
phosphatidylcholine, dioleoyl-phosphatidylethanolamine 
and cholesterol in different molar ratios. Utilizing a novel 
strategy, we obtained experimental data on partitioning 
of the lipids into liposomal (liposomes greater than 
200 nm) and non-liposomal phases for different molar 
concentrations in aqueous solvent environment. For the 
first	 time,	 we	 report	 experimentally	 derived	 parameters	
like the minimum hydration volume, maximum entrapped 
volume, and maximum volume of the (aqueous) solvent 
for which there is formation of liposomes, in presence of 
known amphipathic constituents in aqueous system. Our 
results	provide	a	significant	advancement	in	achieving	the	
goal of devising robust experimental solutions (e.g. how 
much hydration volume would be required for a given 
phospholipids mixture to maximize the liposomal yield 
with	 high	 entrapment	 efficiency	 for	 a	 given	 amount	 of	
phospholipids) for engineering liposomal preparations. 

 A00247-04312 

Anti-diabetic Effect of Gold Nanoparticles

Abhimanyu K. SINGH1; Awadhesh K. RAI1;  
Prashant K. RAI2; Geeta WATAL2 
1. Department of Physics (UCG Centre of Advanced 
Study), University of Allahabad, Uttar Pradesh, India
2. Department of Chemistry, University of Allahabad, 
Uttar Pradesh, India

Gold nanoparticles have much importance in biology 
and medicine because it can be used as carriers for drugs, 
proteins and genes delivery as well as in diagnostic 
applications. We are reporting here a laser based method 

for synthesis of ultra pure gold nanoparticles of different 
particles sizes in water. These gold nanoparticles are capped 
by biocompatible and biodegradable polymer (chitosan) 
followed by loading of insulin. The insulin loaded capped 
gold nanoparticles of various average sizes are delivered 
in diabetic rats by oral route for the therapeutic treatment. 
Our purpose is to demonstrate the use of chitosan capped 
gold nanoparticles of various average sizes, as carriers, for 
drug delivery. Gold nanoparticles of various averages sizes 
are prepared using different harmonics of Q-switched Nd: 
YAG laser in ultra pure water and chitosan solution. The 
gold nanoparticles are characterized by UV-Vis absorption 
spectroscopy, Fourier transform infrared spectroscopy 
(FT-IR) and transmission electron microscope (TEM). In-
vivo studies in diabetic Wistar rats are carried out using 
insulin loaded bare and capped gold nanoparticles of 
various particles sizes. The synthesized gold nanoparticles 
show long term stability in terms of aggregation for about 
six months. Blood glucose (BG) lowering for smaller 
gold nanoparticles is better as compared to the larger 
particles, for oral administration of insulin loaded gold 
nanoparticles to diabetic rats. Serum gold level studies 
have	demonstrated	significant	improvement	in	the	uptake	
of gold nanoparticles. Our studies demonstrate that there 
is	 a	 significant	 reduction	 in	 BG	 level	 in	 diabetic	 rats	
after oral delivery of insulin loaded gold nanoparticles 
of smaller average size. Thus, capped gold nanoparticles 
loaded with insulin prove to be promising in controlling 
the postprandial hyperglycemia.

 A00269-00522 

Biodegrdable Polymeric Magnetic Nanopartcles: 
A Potential Drug Delivery System for Anticancer 
Therapeutics

Bhupendra CHUDASAMA; Nidhi ANDHARIYA 
Department of Physics, Bhavnagar University, Gujarat, 
India

Cancer remains one of the leading causes of death in 
most parts of the world. Chemotherapy has been the 
main modality of treatment for cancer patients; however, 
its success rate remains low, primarily due to limited 
accessibility of drugs to the tumor tissues, their intolerable 
toxicity, development of multi-drug resistance and dynamic 
heterogeneous biology of the growing tumors. The control 
delivery of drug is an appropriate route to eliminate above 
drawbacks. Peclitaxel is one of the best antineoplastic drugs 
found	from	the	nature.	It	has	excellent	therapeutic	efficacy	
against wide spectrum of cancers, especially for ovarian 
and breast cancer. The clinical application of this drug is 
limited due to its poor aqueous solubility. In its current 
clinical administration, an adjuvant called “Cremophor 
EL” is needed, which is responsible for most of the 
serious side effects including hypersensitivity reaction, 
nephrotoxicity, neurotoxicity and cardiotoxicity. In order 
to eliminate these side effects of adjuvant and to improve 
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therapeutic	efficacy	of	the	drug,	an	alternative	is	to	package	
the drug in polymer-coated magnetic nanoparticles and 
target them to tumor site by means of external magnetic 
field.	It	 is	very	important	that	polymer	should	be	rapidly	
biodegradable and can be eliminated by the physiological 
system. In the present investigation, we synthesize 
biocompatible oleic acid-pluronic stabilized magnetite 
nanoparticles embedded in PLGA along with anticancer 
drug - doxorubicin. Chemical co-precipitation technique 
has been opted to synthesize magnetite nanoparticles. A salt 
solution of anhydrous FeCl3 and hydrated FeCl2.4H2O have 
been prepared in aqueous media to obtain stoichiometric 
proportion of Fe+3 and Fe+2 ions. This salt solution is added 
into the 25% ammonia solution and pH is adjusted to 10. 
After 20 minutes of maturing time, chloride impurities 
have been removed by several water washes and Fe3O4 
nanoparticles have been obtained by magnetic decantation. 
To prevent agglomeration, as synthesized magnetite 
nanoparticles were coated with oleic acid monolayer. 
These nanoparticles must be phagocyte-resistant. To 
achieve this, it is necessary to make them hydrophilic. This 
task was achieved by functionalizing these nanoparitlces 
with	a	tri-block	copolymer	Pluronic	F-127.	The	modified	
nanoprecipitation method was used to entrap functionalize 
magnetite nanoparticles with anticancer drug doxorubicin 
into the PLGA polymer matrix. In this method, aqueous 
phase has been prepared by dispersing functionalized 
magnetite nanoparticles and doxorubicin in HPLC grade 
distilled water. Organic phase was formed by dissolving 
PLGA into acetone. Aqueous phase was added drop 
wise into the organic phase under continuous stirring. 
The emulsion was stirred until organic phase evaporates 
completely. Encapsulated nanoparticles were washed 
with water till the signature of free drug was present 
in the UV-SIS spectra of supernal. The encapsulation 
of	 the	 drug	 molecule	 has	 been	 confirmed	 by	 UV-VIS	
spectroscopy. Various physical and chemical properties of 
the drug delivery system have been determined by various 
techniques like XRD, VSM, FTIR and TGA. 
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awarded to Prof. R.V. Mehta by Department of Science & 
Technology (DST), New Delhi, India

 A00284-00520 

Folic Acid Conjugated Superparamagnetic Iron 
Oxide Nanoparticles: A Novel Drug Delivery 
System for the Treatment of Cancer

Nidhi ANDHARIYA; Bhupendra CHUDASAMA 
Department of Physics, Bhavnagar University, 
Bhavnagar/Gujarat, India

The targeted drug delivery is a viable route to increase 
the effective use of a drug and minimize undesirable side 
effects. It can be achieved by taking advantage of the 
distinctive pathophisiological features of tumor tissues 
or by actively targeting drug carrier by using some target 
specific	 legends.	Many	 researchers	 have	 studied	 several	
targeting ligands such as antibodies, cytokines and homing 
peptides to improve the tumor selectivity of polymeric 
drug carriers.  However, the attachment of antibody or a 
peptide to polymeric carrier has met with limited success 
in animal studies. Folic acid (FA) is a water soluble 
vitamin used for tumor targeting via folate receptor (FR) 
mediated endocytosis. Foliate receptor is abundantly 
expressed on many human cancers including ovary, brain, 
kidney, breast, myeloid and lung. Therefore, FR serves 
as an excellent tumor marker.  FR provides preferential 
sites that differentiate tumor cells from normal cells. In the 
present	investigation,	we	synthesized	folic	acid-modified,	
PEG-encapsulated superparamagnetic nanoparticles for 
active targeting of cancer tumors. Monodispersed Fe3O4 
nanoparticles have been prepared by thermal decomposition 
route. 2 mM Fe(acac)3, 10 mM 1,2-hexadecanediol, 6 
mM oleic acid and 6 mM oleylamine were mixed in 20 
ml biphenyl ether. The mixture was heated at 200°C 
for	2	h	 followed	by	 refluxing	at	260°C	for	an	hour.	The	
nanoparticles were obtained by precipitation redispersion 
in ethanol and hexane respectively. They were dialyzed 
with 0.01 M HNO3 for 48 h and stored at 4°C for subsequent 
functionalization. To improve blood circulation time, they 
are coated with a thin layer of polyethylene glycol. FA is 
difficult	to	conjugate	to	the	surface	of	polymer	because	of	
the weak chemical reactivity of the carboxylic acid group 
associated with the PEG. Therefore, Carboxyl group of 
folic	 acid	 was	 first	 activated	 with	 carbodiimide.	 PEG-
encapsulated Fe3O4 nanoparticles were added to activate 
folate and stirred for 4h. Final product was obtained after 
3 water washes and dried at RT. This drug delivery system 
was characterized by XRD, VSM, TGA and FTIR.  This 
novel drug delivery system will be subsequently loaded 
with anticancer therapeutic drug.
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 A00307-00571 

Selection of HER2 Extracellular Domain Specific 
Aptamers Using Capillary Electrophoresis

Lihan TAN1; Koon Gee NEOH1; Woo-Seok CHOE2 
1. Department of Chemical & Biomolecular Engineering, 
National University of Singapore, Singapore
2. Department of Chemical Engineering, Sungkyunkwan 
University, Suwon, South Korea

Breast cancer is the most common cancer among women 
and second most deadly. Human epidermal growth factor 
receptor 2 (HER2) is cell surface protein overexpressed 
in ca. 25% of breast cancers and HER2 positive cancer 
has higher fatality and recurrence rates. Current treatment 
involves the use of herceptin antibody to target HER2 
extracellular domain (ECD) to arrest cell growth. However, 
patients often develop resistance against the antibody and 
hence it necessitates the development of a new treatment 
technique. Aptamers are reported to have equivalent or 
higher	affinity	than	antibodies	in	recognizing their targets. 
They are substantially smaller than antibodies and also easy 
to synthesize and chemically modify without affecting their 
target cognitive	 affinity.	 In	 the	present	work,	 a	 capillary	
electrophoresis based technique is utilized in the selection 
of	HER2	extracellular	domain	specific	aptamers.	Purified	
HER2 ECD was used as the target and 86 nucleotide 
single-stranded (ss) DNA library as the aptamer pool in the 
selection process. After incubation of the target and aptamer 
library, free aptamers and target-cognitive aptamers were 
separated using capillary electrophoresis. Following 3 
rounds of enrichment, the selected aptamers, collected 
from	the	window	with	affinity	to	the	target	protein, were 
cloned into E. coli and sequenced. A total of 27 ssDNA 
sequences were obtained. HER2	 specificity	 in	 free	 and	
surface-displayed form on the HER2 positive breast 
cancer	 cells	 (SkBr3)	were	 confirmed	 using	 fluorescence	
polarization	assay	and	confocal	fluorescence	microscopy,	
respectively. The ongoing research is directed towards 
the	 synthesis	 of	 HER2-specific	 aptamer	 functionalized	
superparamagnetic nanoparticles for applications including 
magnetic resonance imaging (MRI), hyperthermia, site-
specific	 delivery	 of	 therapeutic agents and detection of 
ECD in the blood stream.

 A00360-00661 

Genotoxicity of Corrosion Eluates Obtained from 
Fixed Orthodontic Brackets 

Daniel RIBEIRO1; Fernanda ANGELIERI2 
1. Biosciences, Federal University of Sao Paulo, Santos, 
Brazil
2. Orthodontics, Metodista University, Sao Bernardo do 
Campo, Brazil

Fixed orthodontic appliances usually include brackets, 
bands, and archwires made of stainless steel, nickel-
titanium, or nickel-cobalt alloys  Corrosion phenomena 
appear to play a decisive role during orthodontic therapy 
since a number of studies have revealed that  orthodontic 
appliances can release metal ions. Thus, the goal of this 
study was to examine the genotoxic potential of corrosion 
eluates	 obtained	 from	 fixed	 orthodontic	 brackets	 using	
two different cells lines: chinese ovary hamster cells or 
murine	fibroblasts	 in	vitro	by	 the	single-cell	gel	 (comet)	
assay.	The	materials	tested	included	six	fixed	orthodontic	
brackets commercially available. Each of the tested 
materials was corroded in a solution consisting of equal 
amounts of acetic acid and sodium chloride (0.1 M) for 1, 
3, 7, 14, and 21 days. Both cell lineages were then exposed 
to all corrosion eluates obtained from metallic orthodontic 
brackets for 30 minutes at 37°C. The negative control 
group was treated with vehicle control (phosphate buffer 
solution - PBS) for 30 min hour at 37°C and the positive 
control group was treated with methyl metasulfonate 
(MMS at 1 µg/mL,)	for	30	min	at	37°C.	Each	individual	
treatment was repeated three times consecutively to ensure 
reproducibility. None of the eluates was found to exhibit 
genotoxicity for both cell lineages tested, regardless of the 
type of orthodontic bracket used. The results suggest that 
all metallic orthodontic brackets tested in this study did 
not induce DNA damage as depicted by the single-cell gel 
(comet) assay. 

Granted by FAPESP 07/00345-7 and 07/01228-4.
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 A00360-00662 

In Vitro Evaluation of Genetic Damage Induced 
by Three Radiopacifiers Used in Clinical Practice 

Ribeiro DANIEL1; Oyama LILA1; 
Joao Paulo MARCONDES2; Danielle ALMEIDA2; 
Mariza MATSUMOTO3; Daisy SALVADORI2 
1. Biosciences, Federal University of Sao Paulo, Santos, 
Brazil
2. Pathology, Sao Paulo State University, Botucatu, 
Brazil
3. Oral and Maxillofacial Surgery, University of Sacred 
Heart, Bauru, Brazil

The aim of the present study was to evaluate the capacity of 
radiopacifiers	to	induce	genetic	damage	in	vitro.	Chinese	
hamster	ovary	cells	or	murine	fibroblasts	cells	were	exposed	
to calcium tungstate, lead oxide or calcium carbonate, at 
final	 concentrations	 ranging	 from	10	 to	1000	µg/mL	 for	
1 hour at 37 oC. The negative control group was treated 
with vehicle control (phosphate buffer solution - PBS) for 
1 hour at 37°C, and the positive control group was treated 
with methylmetanesulfonate (at 1 µM) for 1 hour at 37°C 
. Genotoxicity was assessed by the single cell gel (comet) 
assay.	The	 results	 pointed	out	 that	 radiopacifiers	did	not	
induce DNA breakage in all tested cells as depicted by the 
mean tail moment in all concentrations. In summary, our 
results indicate that exposure of mammalian cells to these 
radiopacifiers	may	not	be	a	factor	that	increases	the	level	
of DNA lesions.

Granted by FAPESP 07/01228-4.  

 A00368-00673 

Fabrication of Nano-sized and Nano-coated Drugs 
Particles for Drug Delivery Applications

Mitali KAKRAN; Ng SAHOO; Lin LI 
School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore

During the last two decades, many modern technologies 
have been established in the pharmaceutical research 
and development area. The automation of the drug 
discovery process by technologies is leading to a vast 
number	of	drugs	possessing	a	very	good	level	of	efficacy.	
Unfortunately, many of these drugs are exhibiting very 
poor water solubility. Poorly water soluble drugs tend to 
be eliminated from the gastrointestinal tract before they 
get the opportunity to fully dissolve and be absorbed into 
the blood circulation. This results in low bioavailability 
and poor dose proportionality. Therefore, increasing the 
solubility and dissolution rate of poorly water soluble drugs 
is	an	important	and	significant	challenge	to	pharmaceutical	
engineers and formulation scientists in order to maximize 
drug absorption. 

Many approaches have been developed to enhance the 
solubility as well as bioavailability of poorly water soluble 
drugs,	 including	 modifications	 to	 the	 drug	 substance	
itself	 and	 the	 creation	 of	 specific	 formulations.	 Physical	
modifications	 often	 aim	 to	 increase	 the	 surface	 area,	
solubility and wettability of the powder drug particles 
and therefore typically focus on particle size reduction 
or generation of amorphous particle states. Particle size 
reduction	of	the	drugs	will	significantly	increase	the	specific	
surface area and subsequently the rate of dissolution of the 
drug in the gut milieu. Besides size reduction, increase in 
amorphous nature also increases the dissolution rate and 
the drug bioavailability. Amorphous solids have a lower 
density than their crystalline counterparts. This greater 
free volume in the amorphous phase results in a higher 
molecular mobility and a higher free energy, which is the 
basis for the enhanced dissolution rates, solubility and 
bioavailability of amorphous drugs.

At nanometer domain, attractive forces between particles, 
due to dispersion or van der waals forces, come into play. 
This attractive force increases dramatically as the particles 
approach each other, ultimately resulting in irreversible 
aggregation. To overcome the attractive interaction, 
repulsive forces are needed. One way of imparting 
repulsive forces or energetic barriers to a colloidal system 
is steric stabilization. Steric stabilization is achieved 
by adsorbing polymers onto the particle surface. As the 
particles approach each other, the osmotic stress, created 
by encroaching steric layers, acts to keep the particles 
separate. Additionally, the hydrophilic polymeric layer 
surrounding the drug particles allows for more rapid and 
more extensive wetting of available particle surface area 
by decreasing the interfacial tension between the drug 
particle and the dissolution medium. In contrast the poor 
dissolution of the commercial drug is attributed to poor 
wetting where surface tension between the drug and the 
surrounding medium is relatively high.

In this research work, a novel method has been developed 
for producing drug nanoparticles (including drug-loaded 
polymer nanoparticles) with enhanced bioavailability of 
poorly water soluble drugs. The nanoparticles of the poorly 
water soluble drugs have been successfully prepared using 
the advanced evaporative precipitation of nanosuspension 
(EPN) process , and the drug nanoparticles individually 
coated with a hydrophilic polymer (PVP or PEG) and other 
organic compounds have also been obtained. The prepared 
nanoparticles are more amorphous in nature, and exhibit 
enhanced solubility.  
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Thermoresponsive Polymer - Iron Oxide 
Nanoparticles for Multimodal Cancer Therapy

Sreekanth PURUSHOTHAM1; Jason CHANG2; 
Helmut RUMPEL3; Irene KEE4; Robert NG4; 
Pierce CHOW4; Chee Kiat TAN2; Raju RAMANUJAN1 
1. School of Materials Science and Engineering, Nanyang 
Technological University, Singapore
2. Department of Gastroenterology and Hepatology, 
Singapore General Hospital, Singapore
3. Department of Diagnostic Radiology, Singapore 
General Hospital, Singapore
4. Department of Experimental Surgery, Singapore 
General Hospital, Singapore

Multi-modal therapy by drug loaded thermoresponsive 
polymer-coated magnetic nanoparticles uses drug 
targeting as well as the synergistic effect of simultaneous 
hyperthermia and drug release as a novel treatment for 
hepato-cellular carcinoma (HCC). Iron oxide magnetic 
nanoparticles (MNP) of different average sizes were 
synthesized. Selected batches were coated with the 
thermoresponsive polymer poly-n-isopropylacrylamide 
(PNIPAM) by dispersion polymerization and loaded with 
the anti-cancer drug doxorubicin (dox). Thermoresponsive 
composite magnetic nanoparticles (CNP) comprising of a 
magnetic core of 12 nm iron oxide particles showed the 
best magnetic properties with saturation magnetization of 
61 emu.g-1 and coercivity of 29 G. The polymer content of 
the particles was ~ 1.3 wt% and the dox content was 4.3 
wt%. The hyperthermia and drug release performance of 
these	 particles	was	 confirmed	 by	 in-vitro tests. The size 
dependent heating behaviour of the particles was in line 
with predicted behavior. Drug release without applied 
magnetic	field	revealed	that	dox	release	above	the	 lower	
critical solution temperature (LCST) of PNIPAM was 
significantly	 higher	 than	 that	 below	 the	 LCST.	  The in-
vitro hyperthermia and drug release performance of the 
particles suggest suitability for multi-modal therapy. In-
vitro cytotoxicity tests on Morris Hepatoma 7777 cells 
showed that the drug loaded particles have the ability to 
kill cancer cells. The feasibility of magnetically targeting 
dox-loaded PNIPAM coated MNP to HCC in a rat model 
in-vivo has been shown using MRI and histology. These 
results suggest that these magnet-polymer nanoparticles 
are promising materials for improving the treatment of 
HCC.

 A00455-00888 

Magnetic Nanoparticle Carriers for Drug Targeting 
in Cancer Treatment

Sibnath KAYAL; Raju V. RAMANUJAN 
School of Materials Science and Engineering, Nanyang 
Technological University, Singapore

Magnetic drug targeting using polymer coated magnetic 
carrier particles loaded with anticancer drug is an 
efficient	 method	 to	 concentrate	 the	 drug	 at	 the	 tumor	
site. Localization of such carriers is accomplished by 
the	 application	 of	 an	 external	 magnetic	 field,	 which	
retains the injected carriers at the tumor site. The main 
advantages of this method of drug delivery compared 
to conventional chemotherapy include reduction in the 
drug dose required for treatment and minimization of 
unwanted systemic side effects. Magnetic carriers were 
synthesized by coprecipitation of iron oxide followed by 
coating with polyvinylalcohol (PVA) and characterized 
by XRD, TEM, TGA, FTIR and VSM techniques. The 
magnetic core of the carriers was magnetite (Fe3O4), with 
average size of 10 nm. VSM results showed that magnetic 
particles were superparamagnetic at room temperature. An 
in vitro apparatus simulating human circulatory was used 
to test the retention of magnetic carriers under different 
flow	 speeds	 of	medium	and	 it	was	 observed	 that	 a	 high	
percentage of carriers could be retained when a suitable 
magnetic	field	was	present.	Doxorubicin	drug	loading	and	
release	 profiles	 of	 PVA	 coated	 iron	 oxide	 nanoparticles	
showed that upto 45% of adsorbed drug was released in 
80h. A mathematical model has been developed to predict 
the transport and capture of magnetic nanoparticle carriers 
in the microvasculature. The trajectory of carrier particles 
was	 modeled	 incorporating	 both	 magnetic	 and	 fluidic	
forces.	 The	 minimum	 magnetic	 field	 gradient	 required	
to capture 100% particles as a function of particle size 
was evaluated. This model enables analysis of magnetic 
drug targeting as a function of the size of carrier particles, 
the magnetization and volume fraction of magnetic 
nanoparticles in the carrier, the microvessel size and the 
blood	flow	rate.
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 A00504-01146 

Biomimetic Fabrication of Hybrid Silica and Titania 
Nanocomposites on Biopolymer Templates 

Yury SHCHIPUNOV1;2; Irina POSTNOVA1; 
Irina SEMILETOVA1 
1. Institute of Chemistry, Russian Academy of Sciences, 
Vladivostok, Russian Federation
2. Pusan National University, Busan, South Korea

Most of biomimetic approaches to fabrication of hybrid 
biopolymer-inorganic oxide nanocomposites are based 
on the sol-gel technique. It consists at least of two 
stages: (i) hydrolysis of precursor and formation of sol 
nanoparticles, (ii) cross-linking of sol nanoparticles (sol-
gel transition) into a three-dimensional network in which 
biopolymers are entrapped. This technique differs from the 
biomineralization in living organisms where biominerals 
are formed through precipitation of inorganics on protein 
macromolecules. The templating by biopolymers provides 
the formation of highly organized mineral tissues with 
properties that material scientists can only aspire to 
achieve. 

We have developed an approach to fabricate silica and 
titania that biomimics the biomineralization processes 
of living organisms. The syntheses proceed in one stage, 
excluding the sol formation. Silica is fabricated with the 
help of novel biocompatible silica precursor, titania, in 
organic media because of too fast hydrolysis-condensation 
reactions. As the template, polysaccharides and proteins 
are used. The synthesized hybrid biopolymer-inorganic 
oxide nanocomposites were examined by various physico-
chemical techniques including a scanning and transmittance 
electron microscopy, atomic force microscopy, dynamic 
rheology, differential scanning calorimetry and dynamic 
light scattering. 

It was demonstrated that processes begin with the 
nucleation a precursor and products of its hydrolysis 
on biomacromolecules. The succeeding condensation 
reactions result in their mineralization. Silica or titania 
thus formed encases biopolymers that in their turn provide 
manipulation on the morphology, structure, porosity and 
properties of synthesized nanocomposites. 

Most of practically important polysaccharides and some 
proteins (albumin, gelatin and caseins) were examined. 
Fabrication of hybrid nanocomposite materials was 
observed in all cases that is indicative of versatility and 
applicability of the developed approach to biopolymers 
of any origin. Its main advantage over the current sol-
gel techniques is in improved biocompatibility. It allows 
to immobilize biomaterials with retention of their full 
functionality. That is greatly important for such applications 
as biocatalysts, biosensors, biomaterials and drug-delivery 
systems. 

 A00505-00964 

Biodegradable Fibrous Mats for Delivery of 
Hydroxycamptothecin 

Chengying XIE; Xiaoming LUO; Ye YANG; 
Xiaohong LI 
Southwest Jiaotong University, China

Electrospun	naofibers	can	be	one	promising	application	of	
implantable local delivery dosage. The microstructure of 
such drug carriers may protect the drug from decomposition 
in the blood systemic circulation, control the release rate of 
drug over a certain time period with maintaining a suitable 
therapeutic dose, and ensure the drug only delivered in the 
targeted tissue. 

Hydroxycamptothecin (HCPT) is valid to various 
malignant tumors, but the insolubility in both water 
and physicologically acceptable organic solvents have 
restricted the clinic application. Moreover, the preservation 
of the lactone ring of camptothecins is crucial for their 
anti-tumor activity. This work was aimed to formulate 
implantable HCPT-loaded poly(ethylene glycol)-poly(L-
lactic	 acid)	 (PELA)	 ultrafine	fibers	 prepared	 by	 blended	
electrospinning. Physiologically acceptable concentration 
of	 2-hydroxypropyl-β-cyclodextrin(HP-β-CD)	 has	 been	
chosen as an excipient to increase the solubility of HCPT 
and modify the release behaviors. 

SEM	images	demonstrated	that	the	randomly	arrayed	fibers	
had smooth surface, with average diameters around 690-
800nm.	HCPT	dispersed	uniformly	within	fibers	matrices	
determined by laser confocal scanning microscopy. The 
HCPT loading amount of 1, 2, and 5% were investigated 
with	loading	efficiency	of	over	90%.	XRD	measurement	
indicated that, during the electrostatic spinning process, 
the	 large	 surface	 area	 associated	 with	 ultrafine	 fibers	
allows	fast	and	efficient	solvent	evaporation,	which	gives	
incorporated drug limited time to recrystallize and favoring 
the formation of amorphous state or solid solution. 

The intro release exhibited a biphasic pattern, and the 
release rate increased with the increase in the HCPT 
loadings	and	the	mount	of	HP-β-CD	used.	Reverse-phase	
HPLC system was utilized for simultaneous determination 
of the lactone and carboxylate forms of HCPT remained in 
ultrafine	fibers,	indicating	no	significant	structural	changes	
during the electrospinning and release process. In vitro 
cytotoxicity of the drug formulated in the electrospun 
ultrafine	 fibers	 were	 investigated	 with	 MCF-7	 cancer	
cells.	Compared	with	 the	 IC50	of	 free	drug	of	1200	ng/
ml,	around	250	ng/ml	of	IC50	was	determined	for	HCPT	
loaded	in	electrospun	fibers	after	72	h	incubation.

In conclusion, HCPT was electrospun into polymeric 
fibrous	 mats	 with	 high	 loading	 efficiency.	 The	 release	
profiles	 can	 be	 adjusted	 through	 the	 drug	 loading	
amount	and	the	excipient	HP-β-CD	added.	HCPT	loaded	
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electrospun	 fibers	 showed	 significantly	 higher	 antitumor	
activity for MCF-7 cells. It demonstrated that the potential 
use	of	implantable	fibrous	mats	for	local	chemotherapy.
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Cytotoxicity and Genotoxicity of Silver 
Nanoparticles 
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1. Department of Chemistry, National University of 
Singapore, Singapore
2. Department of Physiology, National University of 
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Silver nanoparticles have broad-spectrum of antimicrobial 
action, which makes them a popular candidate in 
medicine, cosmetics and household products. Apart from 
the	beneficial	role,	nanoparticles	exert	toxicity	to	the	cells	
to which they are exposed. This study investigated the 
cytotoxicity and genotoxicity of silver nanoparticles and 
the mechanism behind their toxicity. Silver nanoparticles 
were found to be highly cytotoxic. They induced DNA 
damage and chromosomal aberrations in cells. The trigger 
for genotoxicity was found to be oxidative stress. The fate 
of the damaged cells was further investigated by monitoring 
cell cycle, recovery and cell death, which showed a G2/M	
arrest and minimal apoptosis. Recovery studies and colony 
formation	assays	confirmed	that	cancer	cells	were	unable	
to form colonies and underwent apoptosis whereas; a small 
percentage of normal cells survived the treatment and 
formed colonies. In summary, silver nanoparticles have 
significant	cytotoxicity	and	genotoxicity.	Genotoxicity	was	
strong enough to cause a cell cycle arrest, which provided 
time for recovery. Normal cells which have active repair 
pathways repaired the damage and re-entered normal cell 
cycle whereas cancer cells with impaired DNA repair 
pathway underwent proliferation arrest and apoptosis.

 A00741-03106 

Transmembrane Delivery of the Cell-Penetrating 
Peptide Conjugated Mesoporous Silica 
Nanoparticles 

Yi-Ping CHEN; Yann HUNG; Chung-Yuan MOU 
Chemistry Department, National Taiwan University, 
Taipei, Taiwan

Research into the rational delivery and targeting of 
pharmaceutical, therapeutic, and diagnostic agents is at the 
forefront of nanomedicine. We are developing mesoporous 
silica nanoparticle(MSN) as a multifunctional vehicle for 
the purpose because its mesopores can carry high loadings 
of protected proteins and drugs for delivery. In this report, 
we study ways of enhanced transmembrane delivery of an 
SOD enzyme embedded in MSN.

The	 recombinant	 human	 immunodeficiency	 virus	 -1	Tat	
protein contains a small region corresponding to residues 
YGRKKRRQRRR, which is capable of translocating 
cargoes of different molecular sizes, such as proteins, DNA, 
RNA, or drugs, across the cell membrane in an apparently 
energy-independent manner. Conjugation of the cell-
penetrating peptide derived from the HIV -1 transactivator 
protein (TAT) to mesoporous silica nanoparticles (MSN) 
is an effective way to enhance transmembrane delivery of 
nanoparticles for intracellular and molecular therapy. 

Cu,Zn-superoxide dismutase (SOD1) is a key antioxidant 
enzyme	 that	 detoxifies	 intracellular	 reactive	 oxygen	
species, ROS, thereby protecting cells from oxidative 
damage. In this study, we fused a human SOD1 gene with 
TAT in a bacterial expression vector to produce a genetic 
in-frame TAT-SOD1 fusion protein. The expressed and 
purified	TAT-SOD1	was	conjugated	to	MSN	(TAT-SOD1-
MSN). The effectiveness of TAT-SOD1-MSN as an agent 
against ROS was investigated, which included the level 
of ROS and apoptosis after free radicals induction and 
functional recovery after ROS damage, mitochondrial 
cytochrome c release and activation of caspase-9 and 
caspase-3 in culture cells. Results suggested that TAT-
SOD1-MSN may provide a strategy for the therapeutic 
delivery of antioxidant enzymes that protect cells from 
ROS damage. 
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Cell-based research is a booming sector in life science. 
Stem cell therapy and tissue engineering are upcoming 
techniques in modern medicine and will soon bring 
therapeutic	benefits	for	a	broad	range	of	diseases.	The	recent	
progress at the beginning era of Nanomedicine include 
specific	targeting	of	cells	with	drug-loaded	particles,	and	
therefore the cell and its interaction with extrinsic material 
is right in the focus of interest. Although there is constantly 
increasing knowledge of how living cells behave in their 
natural environment and chemically correspond with 
their surroundings, little is known about the mechanical-
physical interplay of a cell and a solid surface.

Such	artificial	substrates,	serving	as	a	growth	support	for	
cells ex vivo, are required for most cell cultural standard 
applications	 and	 can	 nowadays	 accurately	 be	 modified	
down to the nanometer range for optimum conditions. By 
modulating the interaction of cell and surface, a highly 
valuable tool for various other medical applications can 
be obtained, and a considerable amount of effort has 
been put in this issue in the recent years. However, most 
of the strategies currently available concern chemical 
modifications	of	the	material	used,	and	only	few	research	
groups	have	examined	the	physical-topological	 influence	
of surface features.

There is clear evidence that the topologic and viscoelastic 
properties of the contacting material affect a cells behavior 
as much as the chemical environment, and that the response 
to these physical parameters can be an important trigger 
regarding lifespan and disease. Nanopatterned surfaces 
distinctively regulate cell growth, and matrix elasticity 
corresponding to the in vivo conditions directs stem cell 
differentiation to a specialized tissue. Cells are able to 
adapt the uptake of particles depending on their mechanical 
properties, and the development of “stealth particles” that 
are not recognized by the immune system can enhance the 
bioavailability of problematic drugs.

All this requires further studies of the physical-biological 
interface, and the mechanics that allow a cell to “feel” 
its surroundings. This will provide a challenging task to 

biophysical research in the future, and a close network of 
nanotechnologists, physicists and biologists will be needed 
to succeed.

The	first	results	of	an	interdisciplinary	collaboration	in	this	
context are presented here, covering the characterization 
of living cells and their substrates by atomic force 
microscopy and other techniques, applied to biocompatible 
nanoparticles and cell-culture models that are in use for 
preclinical medical research.

 A00887-01555 

Synthesis of Functionalized Dendrons for Surface 
Modifications of Biodegradable Nanoparticles

Say Chye Joachim LOO; Charlotte HUANG 
School of Materials Science and Engineering, Nanyang 
Technological University, Singapore

The	surface	modifications	of	biodegradable	nanoparticles	
targeting restenosis following vascular intervention 
have been extensively studied for sustained delivery of 
therapeutic	 agents.	 These	 modifications	 aim	 to	 provide	
and	enhance	efficient	delivery	of	therapeutics,	to	maintain	
therapeutic effect in target vascular site, and to improve 
the stability of therapeutic agents against factors leading 
to early degradation. The synthesis of functionalized 
dendrons bearing multiple active terminal end groups and 
a single reactive function at the focal point as a method of 
nanoparticle	modification	is	the	primary	focus	of	this	article.	
Multiple active amine terminals on the dendrons allow 
the attachment of PEG (polyethylene glycol) shielding 
ligands, which would be evaluated for their targeting and 
attachment	 efficiency	 respectively.	 Dendron	 3,4-bis(4-
aminocyclohexyl)-2,5-dicyclohexylcyclopentanone was 
successfully synthesized bearing active amine terminal 
end groups. Experimental results were characterized 
via NMR (nuclear magnetic resonance) spectroscopy, 
MALDI-TOF	(matrix-assisted	laser	desorption/	ionization	
–	time	of	flight)	spectrometry,	and	FTIR	(fourier	transform	
infrared) spectroscopy. The potential utility derived from 
the coupling of dendrons and antibodies to nanoparticles 
could be explored as an effective drug delivery system 
to achieve localized and sustained restenosis prevention 
therapy.



16     Symposium C - Advanced Delivery of Therapeutics: New Challenges for Materials

 A00906-02181 

Folate-Chitosan-graft-Polyethylenimine as an 
Akt1 shRNA Aerosol Delivery Carrier for Lung 
Cancer Therapy

Hu-Lin JIANG1;3; Cheng-Xiong XU2; You-Kyoung KIM1;
Rohidas AROTE1; Dhananjay JERE1; 
Myung-Haing CHO2; Chong-Su CHO1;3 
1. Department of Agricultural Biotechnology, Seoul 
National University, Seoul, South Korea
2. College of Veterinary Medicine, Seoul National 
University, Seoul, South Korea
3. Research Institute for Agriculture and Life Sciences, 
Seoul National University, Seoul, South Korea

In mammalian cells, RNA interference (RNAi) can be 
induced via transfecting synthetic siRNA or DNA vectors 
capable of intracellularly expressing short hairpin shaped 
RNA (shRNA). The major bottleneck in the development 
of siRNA or shRNA therapies is the delivery of these 
macromolecules to the desired cell, tissue or organ. Due 
to its strong anionic charge of the RNA phosphodiester 
backbone, naked siRNA does not freely cross the cell 
membrane. Therefore, delivery systems are required to 
facilitate its access to intracellular sites of action. While 
most gene therapy protocols presently in clinical trials 
employ recombinant viral vectors, safety concerns have 
led to the pursuit of non-viral alternatives. Among non-
viral vectors, polyethylenimine (PEI) has been shown to 
effectively condense plasmids into colloidal particles that 
can effectively transfect a variety of cells both in vitro and 
in vivo due to its buffering capacity; however, many studies 
have raised concerns regarding the toxicity of conventional 
PEI, which is dependent on its molecular weight; higher 
molecular weight PEI has a higher cytotoxicity. In a 
previous study, we prepared chitosan-graft-PEI (CHI-g-
PEI) as a gene carrier. The CHI-g-PEI exhibited low cell 
toxicity	 and	 high	 transfection	 efficiency;	 however,	 this	
system	 also	 has	 limited	 cell	 specificity. Here we report 
the development of a new polymeric gene carrier that is 
designed to enhance cancer cell-targeting, intracellular 
delivery of shRNA and reduce the cytotoxicity. We 
prepared folate-chitosan-graft-polyethylenimine (FC-g-
PEI) copolymer by an imine reaction between periodate-
oxidized folate-chitosan (FC) and low-molecular-weight 
PEI and the FC-g-PEI copolymer was investigated 
as a potential cancer cell-targeting gene carrier. The 
composition of FC-g-PEI was characterized using 1H 
nuclear magnetic resonance, and the particle size and zeta 
potential	of	FC-g-PEI/shRNA	complexes	were	measured	
using dynamic light scattering. The chemical composition 
of the folate groups in FC was determined to be 4 mol% 
by assigning the protons of the methoxy group of chitosan 
and the protons of the folic acid. FC-g-PEI showed good 
shRNA condensation ability and high protection of shRNA 
from nuclease attack. Also, the FC-g-PEI exhibited lower 
cytotoxicity compared to PEI 25K as a control, and 
showed	good	cancer	cell	targeting	ability.	Also,	to	confirm	

whether	FC-g-PEI	is	a	more	efficient	Akt	1	shRNA	carrier,	
the silencing efficiencies	of	FC-g-PEI,	PEI	25K	and	CHI-
g-PEI were compared using Western blot analysis. More 
silenced Akt 1 expression level was observed in FC-g-PEI 
compared to those of PEI 25K and CHI-g-PEI groups. 
Furthermore,	aerosol	delivery	of	FC-g-PEI/Akt	1	shRNA	
complexes suppressed lung tumorigenesis in urethane-
induced lung cancer model mice through altering Akt 
signals. Together, these results suggest that FC-g-PEI may 
be useful for shRNA-based gene therapy.

 A00910-04533 

mPEG-b-PAA-b-PLA Triblock Copolymer for the 
Formation of Shell-Stabilized Micelles as Vehicles 
for Delivery of Cancer Therapeutics

Eugene Shi Guang CHOO; Junmin XUE 
Department of Materials Science and Engineering, 
National University of Singapore, Singapore

Micelles are very promising candidates as nanostructures 
for the encapsulation and delivery of drugs. However, 
the major problem with micelles is its intrinsic instability 
in water, which could result in the dissociation of the 
micelle upon injection into the bloodstream and cause the 
premature release of drugs. To solve this problem, the shell 
of the micelle can be stabilized via chemical crosslinking 
to protect the micelles against the effects of high-dilution. 
Herein, we proposed the fabrication of a shell-crosslinked 
micelle (SCM) structure as a nanocarrier of drugs (using 
paclitaxel as model drug) decorated with folate-receptor 
targeting ligands for tumor-targeted drug delivery in 
the treatment of breast cancer. To form the SCM, a new 
triblock copolymer structure was designed, which primarily 
consists of a biodegradable segment poly(lactide), and 
a crosslinkable segment poly(acrylic acid). A third 
segment of poly(ethylene glycol) was also integrated to 
the copolymer to form the biocompatible corona of the 
SCM. The synthesis of the triblock copolymer is a multi-
step process, which utilizes several well-established 
polymerization reaction protocols such as Atom Transfer 
Radical Polymerization, Ring-Opening Polymerization 
and Atom Transfer Nitroxide Radical Coupling reactions. 
The	 polymer	 structures	 were	 verified	 through	 GPC,	
NMR and FT-IR. The SCM nanoparticles enabled the 
delivery of poorly water-soluble anti-cancer drugs such as 
paclitaxel, and the shell was decorated with folate ligands 
for selective targeting of breast cancer cells. The SCMs 
have also shown to remain stable in water for many weeks 
at high dilution levels. Furthermore, the formation of a 
multifunctional drug delivery system is also possible using 
this SCM by incorporating superparamagnetic iron oxide 
particles	and	a	fluorescent	dye	into	the	core	of	the	micelle.	
Such a system could eventually allow the development of 
a chemotherapy system capable of simultaneous therapy 
and diagnostics to enhance comfort for cancer patients. 
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Hybrid System Composed of Baculovirus and 
Galactosylated PEI for Efficient Gene Carrier 
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Gene therapy using viral vectors has been well researched 
as a strategy for prevention or modulation of genetic and 
acquired diseases by construction of the recombinant viral 
vector containing gene coding for therapeutic proteins. 
Among the viral vectors, Autographa californica multiple 
nuclear polyhedrosis virus (AcMNPV), a prototype 
of the Baculoviridae family, has been developed as an 
attractive candidate of viral vector system for gene therapy 
applications. Even though baculovirus is a kind of insect 
virus, many researchers have reported that baculovirus 
containing an appropriate eukaryotic promoter transduced 
efficiently	 and	 expressed	 the	 transferring	 genes	 both	 in 
vitro and in vivo. Furthermore, baculovirus has a variety 
of	advantages	as	a	gene	carrier	for	efficient	gene	delivery.	
Because baculovirus is an insect virus, it has no cytotoxicity, 
replication, and preexisting immunity in mammalian cells. 
Moreover, baculovirus can be inserted the large size of 
genetic materials due to its relatively large DNA size 
(~130 Kb). These advantages have made baculovirus a 
promising strategy for gene therapy. To apply the human 
gene therapy, however, several drawbacks of baculovirus 
such as the transient expression, a lack of cell target 
specificity,	 and	 inactivation	 in	 human	 serum	 should	 be	
overcome. To avoid these disadvantages, hybrid systems 
composed of viral and non-viral vector have been studied 
because viral and non-viral vectors have complementary 
advantages. The main strengths of viral vector system are 
the	high	transferring	and	expressing	efficiency	of	introduced	
genes for therapeutic protein. However, toxicity and 
immunogenicity have limited the successful application of 
viral vectors for gene therapy. In contrast, non-viral vector 
has the high safety like low immunogenicity and toxicity. 
Therefore, a hybrid system composed of viral and non-viral 
vector provide a promising tool for gene therapy. A hybrid 
system is safety gene carrier by shielding of surface of viral 
vector	with	non-viral	vector	and	efficient	by	combination	
of the viral vector genome and non-viral gene expression. 
Moreover,	a	hybrid	system	can	easily	gain	the	specificity	
via introducing the targeting moiety into non-viral vector.  
Therefore, we constructed the hybrid system composed 

of baculovirus (B) as a viral vector and galactosylated 
polyethylenimine (GP) as a non-viral vector. The GP can 
be predicted	to	provide	hepatocyte	specificity	to	the	hybrid	
system via asialoglycoprotein receptor (ASGPR)-mediated 
endocytosis and additionally prevent the inactivation 
of baculovirus (B) in human serum by shielding the 
viral	 surface.	The	hybrid	 system	 (GP/B)	was	 formed	by	
electrostatic	interaction	between	the	positively	charged	GP/
DNA complexes and the negatively charged baculovirus. 
The	resulting	GP/B	hybrid	had	suitable	physicochemical	
properties and low cytotoxicity for use in gene therapy. 
Furthermore,	the	GP/B	significantly	enhanced	transduction	
efficiency	 and	 showed	 good	 cell-specificity	 compared	
to either viral or non-viral vector systems. These results 
suggest	that	the	GP/B	hybrid	system	can	be	used	in	gene	
therapy	to	enhance	transduction	efficiency	and	hepatocyte	
specificity.

 A01023-02384 

Synthesize Novel Adsorbent of Pillared Clay and 
Their Application for Decolorizing of Crude Clove Oil

Yateman ARRYANTO 
Department of Chemistry, Gadjah Mada University, 
Yogjakarta, Indonesia

Synthesis and characterization of a Hexagonal 
Mesoporous Clay (HMC) prepared from Indonesian 
Natural Bentonite has been studied. The natural bentonite 
was leached by hydrochloric acid and then suspended 
in tetradecyltrimethylammonium bromide (C14TMA) 
surfactant solution and followed by adjusting at pH 12 
and stirred for 24 hours. After stirring the suspended 
solution	was	ajusted	to	pH	9	and	then	refluxed	and	treated	
hydrotermally	 for	 48	 hours	 respectively.	 After	 filtered	
the solid particle of the resulted HMC was calcined. 
The resulted HMC was characterized by x-ray difraction 
(XRD), N2 adsorption and FTIR. Leaching process by 
using hydrochloride acid caused dissolution of octahedral 
layer of clay and produced tetrahedral silicate layer. The 
silicate was templated by C14TMA surfactant to produce 
the long range hexagonal mesoporous material (HMC) 
with basal spacing 41.13 Ao. From the isoterm adsorption 
shows that the resulted HMC has isoterm adsorption type 
IV, BET surface area of 600 m2 g-1, and the framework pore 
sizes in the supermicropores to small mesopre range (2-4 
nm) with average pore sizes of 2.6 nm. The BJH method 
were found to be closest to the experimental value of the 
pore size obtained by XRD.
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Introduction : M cells are located in the follicle associated 
epithelium	in	the	Peyer`s	patch	(PP).	Identification	of	the	
markers recognized by M cells is vital not only to study 
the action mechanism of M cells but also to produce highly 
effective oral vaccines targeting M cell. By utilizing M13 
phage library together with an in vitro M cell model, we 
isolated	a	specific	M	cell-targeting	phage	clone,	encoding	
CKSTHPLSC	(CKS9)	and	validated	the	specificity	of	this	
peptide to the PP ex-vivo. The CKS9-immobilized chitosan 
nanoparticles (CKS9-CNs) were prepared by ionic gelation 
method.	The	specific	binding	of	the	CKS9-CNs	to	the	M	
cell in vitro and to the M cells in the PP of the intestine in 
vivo was investigated through optical images of mice

Methods : M cells were obtained by coculture of Caco-2 and 
Raji cells on Transwell inserts. A closed-ideal loop assay ex 
vivo	was	used	to	make	clear	whether	CKS9	is	specifically	
bound to M cell in the rat PP. CKS9 was conjugated to 
chitosan	(MW,	10kDa)	using	NHS/EDC	coupling	agents.	
Subsequently, CKS9-CNs were fabricated as follows; 7.5 
wt.% of tripolyphosphate was added to the 0.5 wt.% of 
CKS9-chitosan aqueous solution under magnetic stirring 
and sonicated (5 W, 10 min). CKS9-CNs were obtained 
by centrifugation for 10 min at 5000 rpm and labeled with 
Alexa488. Chitosan nanoparticles (CNs) without CKS9 as 
a control were prepared by same method. The CKS9-CNs 
were characterized by ELS and SEM. In vitro intracellular 
uptake of the Alexa488-labeled CKS9-CNs was visualized 
by confocal laser scanning microscopy and in vivo their 
specific	 delivery	 to	 PP	 was	 also	 investigated	 through	
optical images of mice. 

Result and Discussion: The binding ability of CKS9 as the 
homing-peptide in the rat PP and non-PP was compared. 
The results indicated that more CKS9 peptides were bound 
to the M cells in the PP than non-PP. The amount of peptide 
in CKS9-CNs estimated by NMR measurement was about 
7.46 mol% of amino groups in WSC. The sizes of CKS9-
CNs were around 226.2 ± 41.9 nm and their morphologies 
were almost round shapes. The binding ability of CNs 
and CKS-CNs to the M cells in vitro and in vivo was also 
investigated. The results showed that more CKS9-CNs 
were bound to the M cells than CNs, suggesting of the 

specific	interaction	between	CKS9	peptide	as	the	specific	
ligand of the M cells and α-1,3-fucosyl transferase in the 
M cells. In vivo results also indicated that the CKS9-CNs 
possess	 the	more	 specific	 accumulation	 property	 into	M	
cell in the PP region in comparison with control. Therefore, 
this study opens the possibility to provide a new carrier for 
oral vaccines delivery to the small intestine. 
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Folate-coupled Poly(amino ester) for Cancer 
Targeted Delivery of siRNA
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Discovery of RNA interference (RNAi)-based silencing 
has drawn much attention to cancer therapy due to the 
possible targeting of oncogenes. RNAi is a process, 
whereby the introduction of 21–23 base pair long small 
interfering RNA (siRNA) in cells results in the degradation 
of	homologous	mRNA	and	specific	protein	knock-down.	
However,	 efficient	 delivery	 of	 small	 interfering	 RNA	
(siRNA) to the cancer cells remains a critical concern for 
RNAi-based cancer therapy.

Although a few researchers have evaluated second 
generation lipid formulations for in vitro	 si/shRNA	
delivery, their performance in vivo is discouraging. 
Recently,	 polymeric	 carriers	 have	 received	 significant	
attention due to their versatile nature and in vivo success 
in gene delivery studies. Polyethylenimine (PEI) is the 
most	 commonly	 used	 polymeric	 carrier	 for	 si/shRNA	
delivery, however, high toxicity concern associated with 
it accentuate the need of new biodegradable polymeric 
alternatives. Recently, poly (ß-amino ester)s (PAE)s have 
received considerable attention due to their splendid 
success in in vitro and in vivo gene delivery, moreover, 
they have displayed siRNA delivery potential in siRNA-
based silencing studies. Among these PAEs, PAE carrier 
composed of alternate blocks of low molecular weight 
polyethylenimine (PEI) and poly(ethylene glycol) (PEG) 
has	 efficiently	 and	 safely	 delivered	 gene	 and	 siRNA	 in 
vitro and in vivo. This PAE-delivered anti-oncoprotein 
Akt1 siRNA silenced Akt1 protein expression and hindered 
cancer	 cell	 growth	 in	Akt1	 specific	 manner.	 Moreover,	
aerosol delivered PAE-Akt1 siRNA complexes in K-rasLA1 

and	urethane-induced	lung	cancer	model	mice	efficiently	
suppressed lung cancer progression through regulating 
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proteins important for Akt-related signals, and cell cycle 
regulation. Further attachment of folate moiety to PAE 
endowed	it	with	a	capability	to	deliver	siRNA	efficiently	
and	specifically	to	the	cancer	cells	over-expressing	folate	
receptors.	This	 folate-linked	 PAE	 efficiently	 complexed,	
condensed and delivered siRNA with minimal cytotoxicity 
in cancer cells.

Thus, our folate-coupled PAE has a great potential in target 
specific	siRNA	delivery,	and	may	immerge	as	a	potential	
tool for RNAi-based therapeutics.

 A01270-02204 

Nanoparticles of Porous Iron Carboxylates as 
New Drug Carriers 
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The need of molecules of very high molecular weight 
and/or	 with	 a	 low	 aqueous	 solubility	 in	 chemotherapy	
makes indispensable the development of new drug 
carriers. Polymeric and mixed systems have been recently 
proposed for controlled drugs release with a higher 
efficiency.	However,	 the	 actual	 delivery	 systems	 are	 not	
able to satisfy the critical requirement for a large number 
of molecules of high therapeutic interest such as Busulfan 
(Bu; antitumoral agent) and Azidothimidine triphosphate 
(AZT-TP; antiretroviral drug), which show important 
problems such as a poor stability, toxicity effects or a low 
bioavailability. 

A new alternative to encapsulate drugs, never tried before, is 
to use nanoparticles of porous Metal-Organic-Frameworks 
(MOFs). These solids combine a high pore volume and a 
regular porosity, as well as the presence of organic groups 
easily tuneable within the framework. Thus, very high drug 
storage	capacities,	up	to	1.4	g	of	Ibuprofen/g	of	MOF,	with	
a complete drug controlled release under physiological 
conditions from 3 to 6 days were achieved using rigid 
MOFs.	 In	addition,	 the	use	of	flexible	porous	MOFs	 led	
to an unsually long drug release (3 weeks) with a loading 
capacity	 of	 20%	 (wt/wt).	 Moreover,	 according	 to	 their	
composition, these materials possess a priori a low toxicity 
and	a	hydrophobic/hydrophilic	internal	microenvironment	
conveniently adapted to host a large number of different 
molecules.

This	work	reports	the	use	for	the	first	time	of	nanoparticles	
of porous iron (III) carboxylates as new drug delivery 
systems. The encapsulation and release of different 
antitumoral and retroviral drugs into these porous hybrids 
solids were studied. Drug loadings 60 and 4 times more 
effective than in liposomes and the best systems polymer-
based respectively were achieved (up to 20 %wt) with 
a controlled drug release, which makes their use very 
promising for a better administration of cytotoxic drugs. In 
addition, the design of porous hybrid solids, playing with 
the wide range of compositions and topologies, will allow 
adapting these porous hybrid matrices to the guest molecule, 
according to its structure and its dosage requirements. 
Molecular simulations based on DFT calculations will be 
also presented to higlight the structural arrangement of the 
drug molecules within the pore of the host system as well 
as	the	strenght	of	the	host/guest	interactions.
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There is actually a strong effort devoted to the development 
of methods of controlling the drug release in order to 
meet the need for prolonged and better control of drug 
administration.The various routes can be divided in two 
categories: the “organic route” (dendritic macromolecules 
or polymers) and the “inorganic route” (zeolites or 
mesoporous	 silicates	materials).	 In	 the	first	 case,	 a	wide	
range of drugs can be encapsulated but a controlled release 
is	 difficult	 to	 achieve	 in	 the	 absence	 of	 well-defined	
porosity while in the second case, a controlled release is 
achieved by a grafting of organic molecules on the pore 
walls but with a decrease in the drug loading capacity. 
An alternative route would be the use of porous hybrid 
inorganic-organic solids that combine a high and regular 
porosity and the presence of organic groups within the 
framework to achieve both a high drug loading and a 
controlled release. Thus, rigid porous carboxylates MIL-
100/101	with	very	large	pores	have	revealed	a	remarkable	
drug	storage	capacity	(up	to	1.4	g	Ibuprofen/g	MIL-101)	
and a complete drug controlled release under physiological 
conditions dependent on the interaction between the host 
and the guest, from three up to six days. This concept has 
been	 recently	 extended	 to	 the	 flexible	 iron	 carboxylate	
MIL-53 which exhibit an unusual zero-order kinetics of 
release, totally predictable. Moreover, exceptionally high 
loading capacities of antitumoral or retroviral drugs and 
controlled drug releases after 6 days under physiological 
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conditions have been achieved using nanoparticles of 
these porous solids, which allow “furtivity” and targeting 
properties	by	their	surface	modification.

Nevertheless, the use of these solids as drug nanocarriers is 
conditioned to their toxicity. First experiments of the acute 
and subacute in vivo toxicity tests were performed by the 
i.v. administration of two porous iron (III) carboxylates 
(MIL-88A	and	MIL-88Bt)	to	groups	of	4/8	Wistar	female	
rats. The evaluation of the animal behavior, evolution of 
the	animal	and	organs	weights,	the	inflammatory	process,	
enzymatic activity (cyp-450) as well as the evolution of the 
different serum parameters and organ histology have been 
determined. All results are in agreement with the absence 
of severe toxicity caused by the in vivo administration of 
iron carboxylates.

 A01278-02234 

Swelling and Drug Release Characteristics 
of pH Responsive Semi–IPN Hydrogels of 
Polyacrylamide and κ-Carrageenan
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pH responsive semi-IPN hydrogels composed of 
Polyacrylamide(PAAm) and  κ -Carrageenan (KC) were 
made by polymerization and crosslinking of Acrylamide 
in the presence of KC using potassium persulphate as 
initiator and methylene bis-acrylamide as crosslinking 
agent.  The dynamic swelling behavior of the networks 
was studied to understand the swelling mechanism. The 
effect of pH of the medium on the swelling ability of gels  
was determined to evaluate the stimuli responsiveness of 
the gels. The  polymer composition, extent of crosslinking 
and the pH of the swelling medium are observed to  have 
significant		 	 influence	on	the	swelling	ability	of	the	gels.	
The % Swelling(S)  of the hydrogels at various pH  follows  
the	order,	pH	1.2<4.0<7.0	.	The	linearity	of	the	plot	of	‘t/S’	
vs.	 ‘t’	 indicates	 that	 the	swelling	process	 follows	second	
order	 kinetics.	 The	 ‘n’	 value	 for	 these	 hydrogels	 was	
>0.5 indicating that the swelling occurs predominantly 
by anomalous diffusion. The suitability of these gels as 
matrix materials for sustained  release drug formulations 
was studied. The drug, Losartan Potassium(LP) was 
incorporated in IPN gels by active loading technique and 
the in vitro release behaviour was studied at pH 1.2 & 
7.4. The gels exhibited a pH dependent release behaviour. 
The	 kinetic	 analysis	 of	 the	 release	 date	 indicated	 ‘first	
order’	release.	The	drug	release	data	were	analyzed	as	per	
Korsmeyer	&	Peppas	equation.	The	release	exponent	‘n’	
was  found to be >0.5, indicating  anomalous diffusion as 
the release mechanism.
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1. Seoul National University, South Korea
2. Seattle Children’s Hospital Research Institute, United 
States

Local delivery of anti-tumor drugs provides a high local 
concentration and decreases the incidence of side effects 
commonly observed with systemic therapy. Hydrogel 
systems are commonly used as a local drug delivery 
system. In this study, we prepared a novel thermosensitive 
conjugated linoleic acid (CLA)-coupled poloxamer 
hydrogel for local delivery of paclitaxel (PTX) to gain 
the	benefits	of	 the	pro-drug	activity	of	 the	CLA-coupled	
poloxamer and enhanced PTX solubility due to the micellar 
property of the CLA-coupled poloxamer. To evaluate the 
anti-tumor activity of the PTX-incorporated CLA-coupled 
poloxamer hydrogel in vivo, formulations were injected 
subcutaneously into tumor-bearing mice. Cell cycle 
and apoptosis markers were examined to determine the 
mechanism of the anti-tumor activity of PTX. The PTX-
incorporated CLA-coupled poloxamer thermosensitive 
hydrogel showed excellent anti-tumor activity in vivo 
inducing stronger cell cycle arrest and apoptosis in tumor 
tissue than the PTX-incorporated poloxamer hydrogel. 
These results were attributed to the synergistic effect of the 
anti-tumor property of PTX with released CLA from the 
CLA-coupled poloxamer as the pro-drug and the enhanced 
solubility of PTX resulting from the micellar property of 
the CLA-coupled poloxamer. The CLA-coupled poloxamer 
designed in this study has great potential as an effective 
injectable carrier of PTX.

 A01479-02566 

Folate Conjugated-Poly(Ester Amine) for Cancer 
Therapy

Rohidas AROTE1; Soon-Kyoung HWANG2; 
Mi-Kyong YOO1; Hu-Lin JIANG1; You-Kyoung KIM1; 
Dhananjay JERE1; Yun-Jae CHOI1; Myung-Haing CHO2; 
Chong-Su CHO1 
1. Department of Agricultural Biotechnology, Seoul 
National University, Seoul, South Korea
2. College of Veterinary Medicine, Seoul National 
University, Seoul, South Korea

INTRODUCTION: Gene therapy comprises a novel 
form of molecular medicine that will have a major 
impact on human health in next century. The needs for 
safe	and	efficient	methods	 for	gene	delivery	 still	 remain	
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a critical obstacle to the routine clinical implementation 
of human gene therapy. Polyethylenimine (PEI) is 
one of the successful polymers used for gene delivery 
because of density of primary, secondary and tertiary 
amines although several groups have reported that PEI 
is toxic in many cell lines. Various studies have shown 
that genes have been successfully delivered to the cells 
in in vitro and in vivo by exploiting receptor-medicated 
endocytosis. Our studies have been performed to improve 
gene	delivery	efficiency	and	to	reduce	their	cytotoxicity	by	
synthesizing a gene carrier based on low molecular weight 
PEI and biodegradable polycaprolactone (PCL). This 
also introduced biodegradable ester bond leading to low 
cytotoxicity compared with PEI 25K. In continuation with 
above approach, we coupled folic acid moiety to PEAs 
with PEG as a spacer for receptor-mediated endocytosis 
for cancer therapy.

METHODS: In our previous study, we synthesized 
PEAs by Michael addition reaction, to improve gene 
delivery	 efficiency	 and	 to	 reduce	 their	 cytotoxicity,	
based on low molecular weight PEI and biodegradable 
PCL.	 Folate	 conjugated-PEAs	 (Fol/PEG/PCL/PEI-1.2)	
were	 synthesized	 by	 coupling	 folic	 acid	 with	 PCL/PEI	
copolymers	 with	 dicyclohexyl	 carbodimide	 (DCC)/N-
hydroxyl succinamide (NHS) chemistry using bifunctional 
PEG	(MW:	2000	Da).	The	complexation	of	Fol/PEG/PCL/
PEi-1.2/pDNA	was	characterized	by	gel	retardation	assay,	
dynamic light scattering (DLS) and transmission electron 
microscopy (TEM) to determine the complex forming 
ability, particle sizes and morphology, respectively. The 
copolymers were analyzed for their cytotoxicity and 
transfection	 efficiency	 on	 cultured	 KB	 and	 A549	 cell	
lines in vitro. Tumor volume was drastically decreased in 
xenograft	mice	when	the	polyplexes	containing	Fol/PEG/
PCL/PEI-1.2	and	a	therapeutic	gene,	TAM-67	gene	were	
injected by intratumoral injection. 

RESULTS AND DISCUSSION: After the successful 
synthesis of PEA by Michael addition reaction, folate moiety 
was	coupled	to	it	using	DCC	and	NHS.	Synthesis	of	Fol/
PEG/PCL/PE-1.2	was	confirmed	by	1H NMR spectroscopy. 
The polymer showed suitable biophysical characteristics 
and	excellent	transfection	efficiency	in		KB	and	A549	cells	
compared with PEI 25K. Folate conjugated-PEAs showed 
typical receptor mediated enhanced transfection than PEAs 
or PEI 25K in the cell lines containing folate receptors 
such as KB, A549 cells. This suggests that the transfection 
by folate conjugated-PEAs was facilitated by binding to 
folate receptors. Remarkable decrease in tumor volume 
after the intratumoral injection of polyplexes in xenograft 
mice indicated the in vivo success of folate conjugated-
PEAs through folate receptor mediated-endocytosis. 

CONCLUSION: Both in vitro and in vivo transfection 
efficiency	studies	via	folate	receptor-mediated	endocytosis	
reveals that folate conjugated-biodegradable PEA carrier 
is a potential candidate for cancer gene delivery.
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 A01681-02904 

Surface Modification of Electrospun Nanofibers 
for Gene Delivery in Diabetic Ulcers

Hye Sung KIM; Hyun Ah JUNG; Hyuk Sang YOO 
Kangwon National University, Chuncheon, South Korea

Nano-structured polymeric non-woven scaffolds were 
prepared	 by	 electrospinning	 for	 efficient	 gene	 delivery.	
Because of their structural similarity to a natural 
extracellular matrix (ECM), increased cell attachments 
were frequently observed in tissue engineering matrix 
employing	 nanofibrous	 structures.	 In	 addition,	 high	
surface to volume ratios of the scaffold favors both drug 
immobilization and drug release compared to conventional 
drug	 delivery	 devices.	 For	 these	 reasons,	 nanofibrous	
scaffolds containing bioactive molecules have been 
utilized to cultivate cells in bio-mimicking conditions. 
MMP family is known to be highly expressed in diabetic 
ulcers to facilitate cellular migration during wound healing 
process. MMP-2 and MMP-9 are major classes of MMPs 
released from epidermal cells during the process.  In this 
study,	 poly(ε-caprolactone)-poly(ethyleneglycol) [PCL-
PEG] block copolymer was electrospun to non-woven 
and	 nanofibrous	 structures.	 In	 order	 to	 obtain	 controlled	
release	 of	 therapeutic	 DNA	 from	 nanofibrous	 scaffolds,	
a	MMPs-specific	 peptide, DGPLGVC was employed as 
a	MMP-cleavable	 linker	 between	 electrospun	 nanofibers	
and cationic polymers for gene delivery vehicles. Thus, 
DNA-conjugated	 electrospun	 nanofibers	 are	 expected	
to accelerate diabetic wound healing process and hold a 
promising candidate for gene delivery. PCL-PEG block 
copolymer was completely dissolved in an organic solvent 
(methanol : chloroform,	1:3,	v/v)	 to	 	prepare	10%	 (w/v)	
polymer solution. The polymer solution was injected 
through	27G	needles	at	an	injection	speed	of	1ml/h. The 
voltage difference was 15kV and the ground-to-needle 
distance was 15cm. The amount of surface-exposed amine 
groups	 on	 the	 fibers	 were	 quantitatively	 measured	 by	
fluorescamine	assay. After	soaking	the	nanofiber,	fluorescein	
amine was added to the hydrated	nanofibers	and	then	the	
reaction was performed at room temperature. The	nanofiber 
was washed with distilled water and dried. The	nanofiber	
dissolved	 in	 1,4-dioxane	was	measured	 for	 fluorescence	
intensity at 390nm (excitation) and 475nm (emission). The 
primary	 amine	 group	 of	 the	 electrospun	 nanofibers	 was	
hydrated with 0.1M phosphate buffer (pH 6.5). A MMPs-
specific	 peptide	 was	 then dissolved in the same buffer 
with 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide 
hydrochloride (EDC) and N-Hydroxysuccinimide (NHS). 
The reaction performed and dialyzed. polyethylenimine 
(PEI) was activated by N-Succinimidyl 3-(2-pyridyldithio)-
propionate (SPDP) in dimethyl sulfoxide  (DMSO) and 
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reacted	 with	 a	 MMP-specific	 peptide	 on	 the	 nanofiber	
in the phosphate buffer. The reaction performed at 
37°C for	 48h.	 The	 nanofibers	 composed of PCL-PEG 
block copolymer were observed by scanning electron 
microscope (SEM). The average diameters of blend ratio 
50% and 100% group were approximately 400nm and 
900nm.	A	 fluorescamine	 assay	 determined	 that	 15~20% 
of total amine groups were exposed on the surface of 
nanofibers.	As	the	blend	ratio	increased	from	50	to	100%, 
the diameter and concentration of exposed amine groups 
increased. DNA-conjugated electrospun	 nanofibers are 
expected to accelerate diabetic wound healing and hold a 
promising candidate for gene delivery.

 A01681-02905 

Coaxial Nanofiber Containing Two Different 
Growth Factors for Wound Healing

Ji Suk CHOI; Jung HYUN AH; Hyuk Sang YOO 
Kangwon National University, Chuncheon, South Korea

Coaxial electrospinning received much attention because 
water-soluble protein could be easily electrospun with 
polymers in organic phase. In coaxial electrospinning, 
two immiscible phases composed of organic phase and 
aqueous are electrospun through a dual nozzle composed 
of an inner and an outer. Thus, protein in aqueous phase 
can	 be	 electrospun	 to	 polymeric	 nanofibers	 without	
dispersing protein particles in organic phase. Furthermore, 
encapsulated proteins can be protected from harsh 
environment such as organic solvent and initial burst of 
encapsulated proteins can be also controlled by coaxial 
electrospinning.	The	encapsulated	drug	system	in	nanofiber	
required	 a	 large	 amount	 of	 drug	 to	 retain	 an	 efficacy	 of	
drug because a half-life of released drug was shortened 
by attack of many enzymes and released drug was diluted 
with	 body	 fluids.	 To	 overcome	 these	 disadvantages	 of	
nanofiber,	 we	 studied	 basic	 fibroblast	 growth	 factor	
(bFGF) encapsulated and epidermal growth factor(EGF) 
conjugated	coaxial	nanofiber. For coaxial electrospinning, 
a dual nozzle composed of an outer and an inner was 
employed to simultaneously electrospin both the outer 
solution and the inner solution. The outer solution was a 
mixture	of	poly(ε-caprolactone)-poly(ethylene	glycol)	and	
poly(ε-caprolactone)	 dissolved	 in	 a	 chloroform/MeOH	
(3:1) mixture. For the inner solution, bFGF was dissolved 
in poly(vinyl alcohol) solution at a concentration of 1µg/
ml. Flow rate of the inner solution and the outer solution 
was	 0.1-1.0	 (ml/h).	A	 voltage	 difference	 and	 a	 distance	
between a ground and a dual nozzle were 15kV and 
11cm.	 For	 surface	 modification	 of	 nanofiber	 with	 EGF,	
EGF (15.2nmol), HOBt (70.3nmol), and EDC (70.3nmol) 
were	added	the	nanofiber	in	phosphate	buffer	saline	(PBS)	
(1ml, pH 8.0). The reaction was performed at 20 °C with 
gentle stirring for 3h. A release pattern of encapsulated or 
conjugated protein was examined by bicinchoninic acid 
assay.	Wound	healing	efficacy	of	the	nanofiber	was	tested	

in	 female	 C57BL/6	 mice	 with	 diabetic	 ulcers	 at	 dorsal	
area.	 The	 nanofibers	 were	 applied	 to	 aseptically-treated	
wounds. Coaxial electrospinning successfully generated 
nanofibers	 with	 a	 core-shell	 structure.	 Because bFGF 
was	 encapsulated	 completely	 inside	 the	 nanofiber,	 the	
nanofiber	with	 the	conjugated	EGF	showed	a	 significant	
peak of N1s	 while	 the	 encapsulated	 bFGF	 nanofiber	
showed only C1s and O1s	peaks.	bFGF-EGF	nanofiber	was	
employed as wound dressing for diabetic ulcers. The rate 
of wound closer was measured at day 4 and 7, the bFGF-
EGF	nanofiber	 significantly	 increased	wound	 closer	 rate	
compared with other treatments. Especially at day 4, wound 
closer	rate	of	the	bFGF-EGF	nanofiber	was	three-folds	than	
control. Two different growth factors were successfully 
encapsulated	and	immobilized	in	an	electrospun	nanofiber.	
bFGF	encapsulated	 in	 the	 coaxial	nanofiber	 showed	cell	
proliferative	 activity	 toward	 fibroblasts	 and	 cultivated	
keratinocytes maintained the original phenotype by the 
immobilized	EGF	on	the	nanofiber	surface.	In	vivo	study	
indicated that wound healing rates were accelerated in 
diabetic	ulcers.	Therefore,	 the	multi-functional	nanofiber	
can be a superior candidate for drug delivery system and 
wound healing.

 A01682-02906 

Preparation of Bimetallic Nanorods for 
Multifunctional Drug Carriers 

Shinyoung PARK; Jung HYUN AH; Hyuk Sang YOO 
Kangwon National University, Chuncheon, South Korea

Brilliant researches of the past in drug delivery was 
performed to possess many adventages that multi 
functionality	including	site-	specific	targeting,	diagnostic,	
release controlling, long-lasting properties, and low side 
effects to drug carriers. Nanorods offer a unique ability 
to combine a number of essential diagnostic, imaging, 
delivery and dosage properties. Nanorods have the 
capacity for large variations in composition. In addition, 
they have unique long-circulating properties compared to 
traditional spherical particles. Recent reports suggest that 
particle	shape	could	play	a	significant	role	in	the	in-vivo	
performance	of	delivery	vehicles.	Specifically,	shape	and	
shape-related form factors, like aspect ratio or edges, affect 
particle	 transport	 characteristics,	 influence	 cell-particle	
interactions, and alter drug release kinetics. In this study, 
gold-nickel bi-segmented nanorods were fabricated by 
electrodeposotion and be possessed diagnostic, targeting 
and	long-lasting	properties	as	modification	to	apply	for	anti-
cancer drug delivery. Furthermore this metallic nanorods 
have	 enabled	 tumor-specific	 contrast	 enhancement	 in	
MRI. The nanorods were fabricated into an Al2O3 template. 
A silver  was coated on one side of  template played as 
the	working	 electrode	 in	 a	 three-electrode	 configuration.	
A little nickel was pre-deposited into the template thus, 
nanorods easily released from the template. Gold segment 
was deposited, thereafter nickel segment was deposited to 
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erosion of the nickel segment during pre-deposited nickel 
dissolution. The nickel layer was removed using 50vol% 
nitric acid and template was removed using 3M potassium 
hydroxide. A	diameter	of	segment	that	was	confirmed	by	
SEM could be adjusted by regulating of coulomb then 
In accordance with different diameter of gold segment, 
doxorubicin loading amount was regulated and diameter 
of nickel segment, folate conjugate amount was adjusted 
futhermore affected magnetic property of nanorod. A gold 
segment	was	modified	with	doxorubicin	or	Pluronic	F-127	
to encapsulate more amounts of doxorubicin and a nickel 
segment	was	modified	with	 folate	 to	 targeting	 for	 tumor	
cell.	Doxorubicin	was	modified	 thiol	group	using	 traut’s	
reagent to be bound to gold segment and carboxyl group of 
folate was bound to nickel segment. Doxorubicin and folate 
that were binded nanorod was detected by CLSM. We 
need further studies about drug loading amounts according 
to Au segment length or using Pluronic F-127, targeting 
effect	 from	folate	and	drug	delivery	efficiency	 to	expect	
that nanorod can suggest as multifunctional drug carrier.

 A01703-02967 

Humoral and Cellular Immune Responses in Mice 
Injected by Polyethylenimine/SARS CoV S DNA 
Vaccine Nanoparticles through Intranasal Route 

Ji-Shan QUAN; Byoung-Shik SHIM; Sung-Moo PARK; 
Ding-Ding GUO; Hu-Lin JIANG; Cheol-Heui YUN; 
Chong-Su CHO 
Seoul National University, South Korea

Spike (S) protein of SARS-coronavirus (SARS-CoV) has 
been thought to be responsible for recognizing and binding 
to host receptors. And it has also been reported that the 
spike protein –based vaccines can produce neutralizing 
antibodies and prevent the infections caused by SARS 
CoV. Therefore, in this study, plasmid pCI-S, encoding the 
S gene of SARS-CoV was constructed and delivered by 
nanoparticles, which was prepared by mixing the non viral 
vector polyethylenimine (PEI) and plasmid pCI-S. The 
characters	of	the	PEI/pCI-S	nanoparticles	were	described	
and	the	expression	of	the	S	protein	was	confirmed	in	RAW	
264.7 cells by RT-PCR and Western Blot. The immune 
responses	 after	 intranasal	 immunization	 with	 PEI/pCI-S	
nanoparticles	 were	 examined	 in	 BALB/c	 mice.	 The	
mice	 immunized	with	PEI/pCI-S	nanoparticles	produced	
much higher level of serum IgG and mucosa secretary 
IgA than mice treated with pCI-S alone, and the major 
immunoglobulin G subclass recognizing S protein was 
IgG1. Spleen and lung were isolated from the immunized 
mice, and the cells were cultured. The proliferation of B220 
cells,	 interferon-γ	(IFN-γ),	 tumor	necrosis	factor	(TNFα)	
and	 TNFα+interleukin-2	 (IL-2)	 producing	 cells	 isolated	
from	PEI/pCI-S	vaccinated	mice	were	 increased	after	 in 
vitro restimulated with antigen. Co-stimulatory molecules 
(CD80 and CD86) and Class II MHC molecules (I-Ad) 
expressed by dendritic cells also showed higher levels in 

PEI/pCI-S	vaccinated	mice	than	in	pCI-S	vaccinated	mice.	
As	the	results,	 the	PEI/pCI-S	nanoparticles	 induced	both	
humoral and cellular immune responses.

 A01785-03130 

Homogeneously Distributed Nano-Silver in 
Porous Polyetheretherketone Parts by Use of 
Laser Sintering

Dirk POHLE1;3; Cornelia DAMM1; 
Thomas RECHTENWALD2; Helmut MüNSTEDT1 
1. Department of Materials Science, Institute of Polymer 
Materials, University Erlangen-Nuremberg, Erlangen, 
Germany
2. Bavarian Laser Center GmbH, Erlangen, Germany
3. Division VI.4 Surface Technologies, BAM - Federal 
Institute for Materials Research and Testing, Berlin, 
Germany

Antimicrobially equipped polymers have achieved great 
importance	in	the	fields	of	life	science,	medical	technology	
and packaging as well as in consumer households. The 
effectiveness of silver as oligodynamic bactericide is 
proofed and well investigated. Active are only the positive 
charged silver ions. They inhibit vital activities of the 
bacteria, such as breathing and metabolism. Elemental 
silver particles provide a large reservoir of antimicrobial 
silver ions. In contact with water and dissolved oxygen 
they release small amounts of silver ions. The oxidation 
of elemental silver into ions occurs on the surface of the 
particles, only. Accordingly the ion concentration and 
the rate of silver ion release are dependent on the surface 
to volume ratio of the elemental silver particles, which 
means on the particle size. Polyetheretherketone is a 
semi crystalline, high performance thermoplastic with 
melting temperature of 345°C, very good mechanical 
properties and outstanding stability against chemicals and 
radiation. Its water uptake is below 0.5 %. Because of this 
an antimicrobial equipment of the bulk material by use of 
silver	is	difficult.	

PEEK powder (PEEK 150 PF, Victrex, Lancashire, UK) 
was coated with in-situ generated silver nanoparticles. 
Polyvinyl alcohol was dissolved in distilled water and 
silver nitrate was added. Sodium borohydride was used as 
reduction agent. Formation of elemental silver nanoparticles 
occurred, which were stabilized by the PVA.

The polymer particle size was between 10 and 63 microns. 
The coated PEEK powder was used in a rapid-prototyping 
process (Laser Sintering) to generate antimicrobial equipped 
polymer specimens. Laser sintering of PEEK is still a 
challenge because of its very high melting temperature and 
the irregular shape of the commercial polymer particles. A 
modified	standard	laser	sintering	machine	(EOSINT	P	380,	
EOS, Krailing, Germany) was used to obtain temperatures 
close to the melting temperature of PEEK. After a pre-
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treatment of the polymer powder, including sieving and 
adding a small amount of carbon black to increase the 
flow	ability,	 it	was	possible	 to	manufacture	discs	with	 a	
diameter of 10 mm and a height of 3 mm. 

By use of the polymer sintering method specimens with 
open	porosity	were	generated,	so	water	can	easily	infiltrate	
the polymer bodies. Stripping voltammetry experiments 
showed that the sintered specimens released much more 
silver ions than hot pressed, dense PEEK parts. The 
silver	ion	release	from	nanoparticles	filled,	laser	sintered	
specimens seems to be governed by diffusion.

To	 investigate	 the	 antimicrobial	 efficacy	 of	 the	 polymer	
specimens Escherichia coli (strain DH5α) was used. The 
antimicrobial tests were made by use of a solid agar plate 
method. As expected by the silver ion release test the 
specimens are active against Escherichia coli.

 A01794-03140 

Multifunctional Superparamagnetic Iron Oxide 
Nanoparticles for Combined Cancer Imaging and 
Therapy 

Sangyong JON; Mi Kyung YU; Jinho PARK; 
Vaishali BAGOLKOT 
Department of Life Science, Research Center for 
Biomolecular Nanotechnology, Gwangju Institute of 
Science and Technology, Gwangju, South Korea

Multifunctional nanoparticles that possess targeting, 
imaging, and therapeutic functions are currently a surge of 
interests as some of them have demonstrated unprecedented 
benefits	 in	 cancer	 treatment.	 Superparamagnetic	 iron	
oxide nanoparticles (SPION) may become one of the 
candidates	 to	 fulfill	 such	 multifunctions	 for	 several	
reasons.	 First,	 surface	 chemistry	 for	 the	 modification	
is well known and thus molecules such as targeting 
ligands and drugs can be attached. Secondly, they have 
been used as a magnetic resonance (MR) contrast agent 
due to their superparamagnetic property. Lastly, they are 
known to be biocompatible and non-toxic. For clinical 
MRI applications, it is essential to engineer or passivate 
the labile surface of SPION with favorable functionalities 
such as: i) anti-biofouling property to render it resistant 
to protein adsorption in blood and ii) good dispersibility 
in physiological medium (i.e., high salt and protein 
concentrations) without formation of any aggregates 
during reasonably long time period. Here we report 1) the 
fabrication of a series of antibiofouling polymer-coated 
SPION that bear near IR dyes and doxorubicin (Dox) as an 
anticancer drug, and 2) their application to cancer imaging 
and therapy in vivo. When the SPION was administered to 
Lewis lung carcinoma tumor allograft mice by intravenous 
injection, the tumor was unambiguously detected in T2-
weighted magnetic resonance images as a 68% signal 
drop	as	well	as	in	optical	fluorescence	images	within	4	h,	

indicating a high level of accumulation of the nanomagnets 
within the tumor site. At least 2 times higher accumulation 
of the anticancer drug, doxorubicin was observed at the 
tumor area with the Dox-loaded SPION compared to the 
case of free Dox. In addition, the DOX@TCL-SPION 
showed exceptional anti-tumor effects without any 
systemic toxicity. It is noteworthy that, despite the fact 
that TCL-SPION does not bear any targeting ligands on 
its surface, it was highly effective for tumor detection and 
therapy in vivo.
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Block Copolymers of Polyphosphoester for Drug 
and Gene Delivery

Jun WANG 
Hefei National Laboratory for Physical Sciences at 
Microscale and School of Life Science, University of 
Science and Technology of China, Hefei, China

Polyphosphoesters (PPEs) with repeating phosphoester 
bonds in the backbone are structurally versatile, 
biodegradable through hydrolysis and enzymatic 
digestion at the phosphoester linkages under physiological 
conditions. There are appealing for biomedical applications 
in drug, gene delivery and tissue engineering because 
of their potential biocompatibility. We have developed 
block	 copolymers	 of	 polyphosphoester	with	 defined	 and	
functionalized structures for drug and gene delivery. They 
are obtained by controlled ring-opening polymerization 
of cyclic phosphoester monomers initiated by aluminum 
isoproxide	or	alcohol/tin(II)	octoate	co-initiation	system.	
Block copolymers of polyphosphoester can be amphiphilic 
and form micellar or vesicular nanoparticles in aqueous 
solution. They therefore have served as drug carriers of 
hydrophobic molecules while the nanoparticles surface 
has	 been	 conveniently	 modified	 with	 biological	 ligands	
such as galactosamine for targeted drug delivery. PEG-
armed and polyphosphoester based nanogels with a core-
shell	structure	exhibit	efficient	and	convenient	hydrophilic	
drug loading. The doxorubicin release from the nanogels 
is accelerated in the presence of phosphodiesterase I, 
due to the catalyzed degradation of polyphosphoester. 
Micellar nanoparticles based on block copolymer of 
cationic amino functionalized polyphosphoester and 
amphiphilic polyesters combine the advantages of cationic 
particle system and micellar nanoparticles system. They 
deliver chemotherapeutic drug and siRNA molecules 
to cancer cells simultaneously and rapidly release the 
cargo	 intracellularly,	 resulting	 in	 efficient	gene	 silencing	
and anticancer activity in vitro and in vivo. In summary, 
controlled	synthesis,	flexibility	in	adjusting	the	structures	
and consequently the physicochemical properties of 
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PPEs can potentially lead to a wide range of biomedical 
applications in drug and gene delivery.

 A01872-04028 

Shell-detachable Micelles Based on Disulfide-
linked Block Copolymer as Potential Carrier for 
Intracellular Drug Delivery 

Yu-Cai WANG1; Ling-Yan TANG2; Yang LI2; 
Jin-Zhi DU1; Jun WANG2 
1. Department of Polymer Science and Engineering, 
University of Science and Technology of China, Hefei, 
China
2. School of Life Sciences, University of Science and 
Technology of China, Hefei, China

Shell-detachable	 polymeric	 micelles	 based	 on	 disulfide-
linked block copolymer of poly(ε-caprolactone) and 
poly(ethyl ethylene phosphate) (PCL-SS-PEEP) as 
a potential carrier for intracellular drug delivery was 
reported. Such micellar nanoparticles detach the shell 
material under glutathione (GSH) stimulus, resulting in 
rapid drug release with destruction of micellar structure, 
hence induce aggressive activity within tumor cells. PCL-
SS-PEEP was synthesized by a coupling reaction between 
the thiol end group functionalized poly(ε-caprolactone) 
with	 the	pyridyldisulfide	groups	at	 the	end	of	poly(ethyl	
ethylene phosphate). It is amphiphilic and self-assembles 
into micellar nanoparticles in aqueous solution with 
doxorubicin (DOX) encapsulation, showing a spherical 
morphology with average diameter around 70 nm. GSH 
treatment to the micelle solution resulted in fast detachment 
of PEEP shell, leading to particle aggregation and rapid 
DOX release as compared with non-treated micelles, due 
to	 the	 reductively	 degradation	 of	 the	 disulfide	 linkages	
between the shell and the core of micelle. The behavior 
of DOX-loaded PCL-SS-PEEP micelles evaluated in A549 
cells demonstrated that DOX was more rapidly released 
intracellularly by both CLSM observation and FACS 
analyses. Such an improved intracellular drug release also 
led to enhanced growth inhibition to A549 cells. Incubation 
of DOX-loaded PCL-SS-PEEP micelles with GSH ethyl 
ester pretreated A549 cells exhibited more pronounced 
cell growth inhibition. In summary, micelle nanoparticles 
self-assembled	from	a	disulfide-linked	diblock	copolymer	
exhibits GSH-triggered intracellular drug release property 
and	it	is	potential	for	maximizing	the	delivery	efficiency	in	
cancer chemotherapy.

 A01929-03329 

Potential In Vitro Cytotoxic Effects Of Gold 
Nanoparticles 

Lin-Yue Lanry YUNG 
Chemical & Biomolecular Engineering, National 
University of Singapore, Singapore

Nanomaterials,	defined	as	any	materials	possessing	at	least	
one dimension in the nanoscale, are found to have many 
uses	and	potential	applications	in	the	fields	of	biology	and	
medicine. Gold nanoparticles (AuNPs) in particular are 
being developed as novel gene and drug delivery agents, 
DNA-binding agents as well as various imaging systems 
due to their relative biocompatibility, versatility and ease 
of synthesis. 

Most gold complexes, for example gold(III) porphyrins 
and gold(III) polyamines, are known to be cytotoxic and 
have been found to cause DNA damage and cytotoxic 
to leukemic cells. However AuNPs at zero valency state 
have generally been considered to be biocompatible due 
to the relative inertness of gold at bulk form. At nano-size, 
however, many metals are known to display very different 
characteristics and reactivity than their bulk counterparts. 
As more applications for nanomaterials products are 
developed and brought into regular use, there is an increasing 
concern on the risk of toxicity of these nanomaterials to 
human. To assess the potential cytotoxicity of nanogold, 
we	exposed	human	fetal	 lung	fibroblast	MRC-5 cell line 
to different concentrations of 20nm AuNPs. To mimic real 
events when foreign materials enter human body, AuNPs 
were incubated with serum proteins before cellular study. 

AuNPs taken up by the MRC-5 cells showed up as dark 
dense clusters under TEM. They mostly gathered in 
clusters inside cellular vesicles. In some cases, scattered 
AuNPs were found in the cytosol. We further evaluated 
if AuNPs had an effect on cell proliferation with Trypan 
Blue exclusion. The result showed that there was a 
significant	 difference	 in	 the	 total	 number	 of	 cells	 at	 72	
hours following AuNP treatment and untreated cells (p 
value<0.05). The decrease in total cell number may imply 
that cell proliferation was inhibited. Since the AuNPs were 
coated with serum protein, this decrease in cell numbers is 
probably not due to depletion of media serum protein. To 
ascertain if AuNPs could induce oxidative DNA damage, 
we analyzed the quantity of 8 hydroxydeoxyguanosine 
(8OHdG), a biomarker of cellular oxidative stress. We 
found that 8OHdG value in 1nM AuNP treated cells 
was	significantly	higher	 than	 the	control	 (p	value<0.05).	
indicating the presence of oxidative DNA damage to the 
MRC-5 cells. 

To gain more fundamental understanding in molecular 
interactions between nanoparticles and cell membrane, 
which may provide the necessary information on how 
nanoparticles bind and enter cells, we conducted a model 
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study using a supported phospholipid monolayer self-
assembled at the aqueous-liquid crystal interface. This 
easily-visualized liquid crystal system allows monitoring of 
the molecular interactions between AuNPs and phospholipid 
monolayer in real-time. We found that protein-coated 
AuNPs disrupted the phospholipid monolayer, and the 
rate of disruption depends on the type of protein (albumin, 
neutravidin,	and	fibrinogen)	adsorbing	onto	nanoparticles.	
Our results also suggest that hydrophobic interaction plays 
a major role in the disruption of the phospholipid layer by 
protein-coated AuNPs.

 A02035-04487 

Formulation of Phospholipid Coated PLGA 
Nanoparticles for Anticancer Drug Delivery 

Yutao LIU1; Si-Shen FENG1;2;3 
1. Department of Chemical and Biomolecular 
Engineering, National University of Singapore, Singapore
2. Division of Bioengineering, National University of 
Singapore, Singapore
3. NUS Nanoscience and Nanotechnology Initiative 
(NUSNNI), National University of Singapore, Singapore

Multifunctional nanocarriers have been regarded as one 
of the potent candidates to effective cancer defeating. 
Nanoparticles of biodegradable polymers have been 
postulated as one of the possible platforms to establish 
the multiple functions such as delivery of therapeutics, 
targeting the desired site, imaging the diseases, and 
monitoring the treating results. In this work, the proof-of-
concept experiments were designed in order to fabricate 
the optimized formulation of phospholipid coated 
PLGA nanoparticulate systems towards producing the 
multifunctional nanocarriers. Characterizations such as 
LLS, FESEM, XPS, and HPLC were conducted on the 
nanoparticles to sift the optimized fabrication with desired 
particle	 size	 and	 encapsulation	 efficiency.	 The	 effective	
delivery of anticancer drugs by this formulation was 
proved by the in vitro drug release, in vitro cellular uptake, 
and in vitro cytotoxicity. All the consistent results show 
that phospholipid coated PLGA nanoparticles could be a 
potential drug delivery carrier for anticancer drugs, being 
able	 to	 enhance	 the	 cellular	 uptake	 efficiency,	 maintain	
comparable or higher cytotoxicity effect meanwhile 
alleviate the side effects. It was proven that the optimized 
formulation of phospholipid coated biodegradable 
nanoparticles successfully achieve the therapy delivering 
function, thus presenting the very possibility toward the 
construction of multifunctional nanocarriers for cancer 
diagnosis and treatment.

 A02039-03506 

Delivery Platform for Hydrophobic Drugs via 
Layer-by-Layer Approach

Satish PATIL; Uttam MANNA 
Solid State and Structural Chemistry Unit, Indian 
Institute of Science, Bangalore, India

Water soluble drugs are extremely important class of 
materials that are widely employed in pharmaceutics. The 
insolubility of a medical drug in aqueous solution limited 
its	 clinical	 use	 due	 to	 difficulties	 in	 formulating	 and	
subsequent use in human body. We have developed a general 
and versatile method for the encapsulation of hydrophobic 
molecules by using layer-by-layer approach. Electrical 
charge was induced on the surface of hydrophobic molecule 
(pyrene) with an amphiphilic surfactant (sodium dodecyl 
sulfate, SDS) by micellar solubilization. Then, micellar 
solution	of	pyrene	in	SDS	was	deposited	on	a	flat	substrate	
as well as colloidal particles with chitosan as an oppositely 
charged	 polyelectrolyte.	 The	 removal	 of	 sacrificial	 core	
provided thin capsules which were characterized by TEM, 
CLSM and atomic force microscopy. The capsules showed 
potential as a drug delivery system which is suggested 
by the slow release of entrapped dye by concentration-
dependent diffusion in isotonic saline solution. 
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Nanostructured Silicon as Bioactive 
and Biocompatible Material

Lyubov OSMINKINA1; Maxim GONGALSKY1; 
Victor TIMOSHENKO1; Andrey KUDRYAVTSEV2; 
Azha GAYDAROVA3; Andrey DURNEV4 
1. Physics Department, Moscow State M. V. Lomonosov 
University, Moscow, Russian Federation
2. Institute of Theoretical and Experimental Biophysics of 
RAS, Moscow, Russian Federation
3. I. M. Sechenov Medical Academy, Moscow, Russian 
Federation
4. V. V. Zakusov Institute of Pharmacology of RAMS, 
Moscow, Russian Federation

Silicon nanocrystal (nc-Si) systems have been studied 
as biocompatible and bioactive materials for medical 
applications. Samples of nc-Si with mean sizes of from 
1 to 100 nm were prepared by electrochemical etching 
technique or high energy milling. The nc-Si samples in 
forms of porous layers, powders and aqueous suspensions 
were characterized by using electron microscopy, x-ray 
diffraction, and optical spectroscopy techniques. The 
photoluminescence (PL) of nc-Si under laser excitation 
has been used for monitoring the photosensitized singlet 
oxygen (SO) generation by nc-Si. The PL was excited by 
using a nitrogen-laser (wavelength 337 nm, pulse duration 
10 ns). The biomedical experiments (in vitro and in vivo) 
were carried out with colonies of cancer and stem cells, as 
well as rats affected by nc-Si.
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The powder and suspension of nc-Si with sizes of 2-4 nm 
exhibit a broad PL band centered at 1.5-1.6 eV, which 
originates from the radiative recombination of excitons 
confined	in	nc-Si.	In	oxygen	ambient	the	PL	intensity	of	nc-
Si decreases strongly in comparison with that in vacuum (or 
in oxygen-free water). The PL quenching in oxygen ambient 
is maximal at 1.63 eV because of the photosensitization of 
SO generation. In vitro experiments demonstrated that the 
SO photosensitized by nc-Si dispersed in aqueous solutions 
could suppress the proliferation of cancer cells (mouse 
fibroblasts).	The	DNA	analysis	of	the	cancer	cells	affected	
by nc-Si provided evidences of the apoptosis mechanism 
of their death. These results demonstrated the possibility 
to use nc-Si as a photosensitizer in photodynamic cancer 
therapy. 

In darkness conditions the aqueous suspensions of nc-Si 
with	concentration	up	to	2	g/l	were	non-toxic	for	human	
cells cultures. The growth of stem cells on the surface of 
porous nc-Si layers was also investigated. The obtained 
experimental data revealed a low level of the cytotoxicity 
of nc-Si. The in vivo experiments confirmed	 the	 low	
cytotoxicity and negligible mutagenicity of nc-Si. On the 
one hand, the minimal size of investigated nc-Si is rather 
small to trigger the immune response of the body. On the 
other hand, the nc-Si particles with sizes above 10 nm could 
hardly drift in the intercellular space and blood channels. 
In contrast to soluble drugs the nc-Si-based suspensions 
could not go far away from targeted tissue or organs 
after their injection. Furthermore, both the passive (size-
depended) and active (functionalized by antibody and etc.) 
targeting can be utilized for solid nanoparticles. Therefore, 
nc-Si-based drugs seem to be characterized by strong and 
long-term therapeutic effects. Note, the introduced nc-Si 
particles are biodegradable and the dissolution time in the 
body depends on nc-Si size as well the acidity level (pH) 
of the biological medium. The obtained results allow us to 
propose nc-Si-based materials for applications in medicine 
for diagnostics, drug delivery and therapy. 

 A02116-03645 

Co-Delivery of p53 and Doxorubicin Using Self-
Assembled Cationic Oligopeptide Nanoparticles 
to Achieve Synergistic Effect in Cancer Therapy

Nikken WIRADHARMA1;2; Yen Wah TONG2; 
Yi Yan YANG1 
1. Drug, Protein, and Gene Delivery, Institute of 
Bioengineering and Nanotechnology, Singapore
2. Chemical and Biomolecular Engineering Department, 
National University of Singapore, Singapore

Non-viral gene delivery has been proposed to carry 
therapeutic genes into mammalian cells with loss of 
gene functions. In this study, we focus on simultaneous 
delivery of p53-encoding plasmid DNA and doxorubicin 
to achieve synergistic effects. Micellar nanoparticles 

self-assembled from a cationic amphiphilic oligopeptide 
composed of alanine, phenylalanine, histidine, and lysine 
residues were synthesized as a carrier for co-delivery of 
p53 and doxorubicin. By tuning the number of alanine 
and phenylalanine residues (in the hydrophobic core), we 
could adjust the critical micelle concentration (CMC) to be 
between	0.05	to	1.1	mg/mL,	with	the	hydrodynamic	radius	
ranging between 100-400 nm. The nanoparticles were able 
to	encapsulate	doxorubicin	with	up	to	20%	(w/w)	loading	
level, and the doxorubicin-loaded nanoparticles could bind 
p53	 DNA	 on	 the	 surface	 without	 significantly	 affecting	
the	integrity	of	the	particles.	The	size	of	the	peptide/DNA	
complexes was analysed by dynamic light scattering to be 
between	100-200	nm,	and	the	zeta	potential	of	the	peptide/
DNA complexes was characterized to be around +20 mV. 
The co-delivery of both doxorubicin and DNA therapeutics 
into human liver carcinoma HepG2 cells was proven via 
confocal imaging. To demonstrate the synergistic effect 
between p53 and doxorubicin, the two therapeutic agents 
were simultaneously delivered into human liver carcinoma 
Hep3B (p53-), human prostate cancer PC3 (p53-), and 
HepG2 (p53+) cell lines. The synergistic effect between 
the two therapeutic agents was shown both at the increased 
mRNA expression level and at the end-point cytotoxicity 
level. These oligopeptide nanoparticles may provide a 
platform to deliver small molecular and macromolecular 
therapeutic agents simultaneously for improved cancer 
therapy.

 A02116-03646 

Targeted Co-Delivery of Drug and Gene Using 
Self-Assembled Galactosilated Amphiphilic 
Oligopeptide Nanoparticles

Nikken WIRADHARMA1;2; Yen Wah TONG2; 
Yi Yan YANG1 
1. Drug, Protein, and Gene Delivery, Institute of 
Bioengineering and Nanotechnology, Singapore
2. Chemical and Biomolecular Engineering Department, 
National University of Singapore, Singapore

Wrong-site delivery of highly potent anticancer 
therapeutics has been one of the major drawbacks in 
current chemotherapy. In this study, we focused on 
delivery of drug and gene with cationic micelles self-
assembled from amphiphilic oligopeptides. The delivery 
system targets the asialoglycoprotein receptor (ASGPR), 
which is over-expressed in most human liver carcinoma 
cell lines, by attaching a ligand onto the cationic surface 
of the micelles via electrostatic adsorption of a negatively-
charged glycopeptide sequence containing galactose 
moiety. The attachment of the ligand onto the micelles was 
confirmed	 through	dynamic	 light	 scattering	 technique	as	
an	increase	in	the	hydrodynamic	diameter	of	the	micelle/
DNA complexes was observed after the ligand attachment. 
Doxorubicin and luciferase-encoding plasmid were used 
as the model drug and gene to prove the concept. The 
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uptake of these molecules by the human liver carcinoma 
HepG2 (ASGPR +) and human lung adenocarcinoma 
A549 (ASGPR -) cell lines was further evaluated through 
flow	cytometry	and	gene	expression	studies.

 A02125-03657 

Gelatin-siloxane Nanoparticles Decorated with 
Membrane-lytic Peptides for Gene Delivery

Pei YIN; Zu-yong WANG; Jun WANG; Ya-fei ZHANG; 
Lei REN 
Department of Biomaterials, Xiamen University, Xiamen, 
China

In principle, the technique of gene delivery involves 
taking	 complete	 or	 parts	 of	 genes	 that	 can	 code	 specific	
messages and delivering them to the selected cells in the 
body. But this mission is not simple as there are several 
aspects which are not easy to be coped with: DNA must 
be protected from digesting by DNase and serum in the 
extracellular environment; DNA must pass through several 
membrane boundary including cell membrane, lysosome 
membrane and nuclear envelope to got expressed. In our 
work, we synthesized a novel gene vector gelatin–siloxane 
nanoparticles (GS NPs) with controlled size and surface 
charge through a two-step sol–gel process. Laser confocal 
scanning microscopy (CLSM) showed that the uptake 
by	 Hela	 cell	 co-cultured	 with	 DNA/GS	 complexes	 had	
remarkable improvement compared to the cells with naked 
DNA. Further more, in order to enhance the Luciferase 
transgene	expression,	GS	NPs	were	modified	with	several	
membrane-lytic peptides ---- PPTG20, KALA, LAH4-L1, 
M4, respectively. Peptides were covalently linked to GS 
NPs	and	the	peptide-modified	NPs	were	complexed	with	
DNA.	Significant	increases	in	transgene	expression	were	
achieved	 in	 HeLa	 cells	 when	 compared	 to	 unmodified	
GS NPs, especially by the usage of PPTG20 and KALA. 
This work demonstrates the potential utilization of lytic 
peptides	for	improved	trafficking	of	nonviral	gene	delivery	
vehicles.

This work was financially supported by the National Natural 
Science Foundation of China (grant no. 30670559), the 
National Basic Research Program of China (973 Program) 
(2007CB935603), the Nature Science Foundation of Fujian 
Province of China (2006J0121) and the Program for New 
Century Excellent Talents in Fujian Province University. We 
thank Ms Huang XH for assistance in CLSM and Professor Li 
DH for helpful advice and discussion.
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Synthesis, Characterization, and Drug Delivery 
Properties of Star-Shaped PLA-PEG Block 
Copolymer with Cholic Acid Core

Yishu CHEN; Jie LIANG; Yujiang FAN 
National Engineering Research Center for Biomaterials, 
Sichuan University, Sichuan, China

Amphiphilic copolymer micelles have been widely 
investigated for a long period as carriers for drug 
delivery. In the amphiphilic block copolymer micelles, 
the hydrophobic segments aggregate to form an inner core 
able to accommodate hydrophobic drugs with improved 
solubility, and the hydrophilic shell consists of a brush-like 
protective corona that stabilizes the micelles in aqueous 
solution. Many block copolymers have been developed 
and employed in biomedical applications. However, 
the stability of linear amphiphilic polymer micelles is 
not	 sufficient	 to	 fulfill	 all	 the	 requests	 of	 applications	
in medicine. Increasing the molecular weight of the 
hydrophobic segment can improve the stability of the 
micelles, but simultaneously enlarge the size of micelles, 
which to a certain extent limited their application. In 
this research, a star-shaped PLA-PEG block copolymer 
with cholic acid core was synthesized and characterized, 
anticipating that it can obtain the high molecular weight 
while	 reducing	 its	 viscosity,	 enhancing	 the	 fluidity,	 and	
improving its solubility. The aggregation behavior of the 
star-block copolymer in aqueous solution was studied. 
Anti-cancer drug, doxorubicin (DOX), was successfully 
loaded in the star-copolymer micelles, and their anti-
cancer properties were examined.

Star-shaped PLA-PEG block copolymer with cholic acid 
core was synthesized trough a 2-step reaction. Firstly, 
star shaped CA-PLA was synthesized by ring-opening 
polymerization of lactide using cholic acid (CA) as a 
initiator and Sn(Oct)2 as a catalyst. Then, the star shaped 
CA-PLA was coupled with carboxylated methoxy PEG 
(CMPEG) using 1,3-dicyclohexylcarbodiimide(DCC) as 
a coupling agent and 4-(dimethylamino) pyridine(DMAP) 
as a catalyst to produce a star shaped CA-PLA-PEG 
block copolymer. Micelles prepared from the star block 
copolymer are spheric and uniform in size. The critical 
micelle concentration (CMC) of the star block copolymer 
decreased with the increase of the molecular weight of 
PLA segment. It has been found that the CMC of the star 
block copolymer is lower than that of the linear analogues 
with similar molecular weight of the segments, indicating 
the increase of stability due to the star architecture. DOX 
loaded micelles were produced by applying a solvent 
evaporation method. Compared with the linear copolymer 
micelles, the star copolymer micelles showed higher drug 
loading content and higher stability during storage. Drug 
release property of these micelles was investigated and in 
vitro cytotoxicity against tumor cells of the DOX loaded 
micelles was evaluated. It is found that the DOX released 
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from the micelles in a controlled and pH-dependent way. 
The released DOX kept high bioactive compared with 
pristine DOX.
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Microfluidics Reaction Technology (MRT): Drug 
Nanocrystallization and Nanoencapsulation 
Applications 

Thomai “Mimi” PANAGIOTOU 
Microfluidics, United States

Many	 hydrophobic	 drugs	 are	 difficult	 to	 formulate	
in ways that ensure high bioavailability. Stable drug 
nanosuspensions are an attractive formulation strategy 
that does not limit the dosage amount and can be injected, 
inhaled or taken orally. Drug nanoencapsulation in polymers 
is	often	used	for	controlled	and/or	targeted	delivery	of	the	
drugs	to	specific	sites	of	the	body,	such	as	cancer	cells.	For	
such applications, the development of robust and scalable 
methods for production of such materials is essential. Also 
essential is the development of methods that are consistent 
with regulatory requirements. 

Microfluidics	 has	 developed	 Microfluidics	 Reaction	
Technology (MRT) that can be used to produce 
nanomaterials “bottom up” and continuously through 
chemical reactions and physical processes, such 
as crystallization and precipitation. High purity 
nanosuspensions of several materials including small 
molecule drugs, proteins, catalysts, etc. were produced 
successfully. Nanoencapsulation of drugs in polymers was 
also achieved. The particle size was in the range of 50-800 
nm depending on the process parameters. In addition to 
size control, the technology offers potentially control of 
polymorphs and reaction selectivity. 

The core of this technology is a continuous and scalable 
microreactor (chamber) based on impinging jets. Flow 
through	the	chamber	is	characterized	by	high	fluid	velocities	
(up	to	500	m/s)	and	subsequent	impingement	of	fluid	jets	
to the chamber walls or to one another. As a result, the 
liquid reactants encounter highly turbulent conditions and 
interact at the nanometer level. The unique design of this 
microreactor provides precise control of the feed rate, and 
the mixing intensity and location of the reactants. 

The reactants can be single- or multi- phase liquids. Typical 
processes	consistent	with	the	technology	include	solvent/
antisolvent, pH shift or reactive crystallization, acid – base 
reactions, precipitation, etc. In case of crystallization, 
the technology ensures control of the nucleation and 
growth processes, resulting in uniform crystal growth and 

stabilization rates. 

MRT	 is	 based	 on	 Microfluidizer
® 
high	 shear	 fluid	

processing technology with proven scalability used for 
“top-down”	 particle	 size	 reduction.	Microfluidizer

® 
high 

shear	fluid	processing	technology	is	used	extensively	from	
lab scale to production of market drugs and offers a variety 
of options, for cGMP manufacturing such as steam sterility, 
cleanability and data acquisition capabilities.
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Effect of Precirol ATO 5 on Release Behaviors of 
Indomethacin Loaded Hydroxypropyl Cellulose 
Microcapsules by W/O Emulsion

Ki-Seok KIM; Soo-Jin PARK 
Department of Chemistry, Inha University, South Korea

Hydrophilic hydroxypropyl cellulose (HPC) microcapsules 
containing the indomethacin as model drug were prepared 
using	the	water	in	oil	(W/O)	emulsion	method.	The	effect	
of hydrophobic glyceryl palmitostearate (Precirol ATO 
5) on the release behaviors of the microcapsules was 
investigated as a function of Precirol ATO 5 content. The 
formed microcapsules showed stable and spherical forms 
with increasing the surfactant content, whose particle sizes 
ranged	 from	 20-120	 μm.	 XRD	 analyses	 indicated	 that	
the indomethacin in the microcapsules was distributed 
in the molecular or form of very small crystals during 
the formation of the microcapsules. Drug loading and 
encapsulation	 efficiency	 of	 the	 microcapsules	 increased	
with increasing the surfactant content. HPC microcapsules 
showed rapid drug release, whereas HPC microcapsules 
containing Precirol ATO5 showed the slower release rate. 
This behavior was likely due to the hydrophobic Precirol 
ATO 5 coated on the indomethacin.
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Nanodiamonds (NDs) possess multiple properties that 
enable their application as versatile drug delivery platforms. 
For example, they can be functionalized with a broad array 
of therapeutic classes which include small molecules, 
proteins,	 antibodies,	 and	 RNA/DNA.	 In	 addition,	 NDs	
possess uniform dimensions (~4nm in diameter per particle) 
and material stability that are coupled with observed 
biocompatibility in vitro and in vivo. Furthermore, NDs 
can	 be	 batch	 purified	 and	 functionalized	 for	 high	 yield	
processing. Among other functional groups, NDs also 
possess an abundance of surface-bound carboxyl groups 
which are conducive towards facile, application-dependent 
molecular	 linking/conjugation	onto	 the	diamond	surface.	
Previous	 studies	 have	 confirmed	 robust	 drug	 binding	 to	
NDs through transmission electron microscopy (TEM) 
and Fourier transform infrared spectroscopy (FTIR) 
coupled with in vitro tracking of cellular internalization 
and quantitative demonstration of bio-amenable cell 
response through quantitative real time polymerase chain 
reaction	(RT-PCR)	assays	of	inflammatory	and	apoptosis-
regulating gene expression programs. Furthermore ND-
mediated drug release against HT-29 and Raw 264.7 cell 
lines was also observed, illustrating the potential of ND-
drug complexes towards pre-clinical validation. 

To determine the potential of the ND drug delivery platform 
in medical settings, we demonstrate the application of 
NDs towards the sustained release of Doxorubicin (Dox), 
a clinically relevant chemotherapeutic  with demonstrated 
efficacy	 in	 a	mouse	model,	 coupled	with	 confirmed	ND	
clearance using near infrared (NIR) dye-labeled NDs.  
Initial characterization included UV-vis spectroscopy 
confirmation	of	Dox	adsorption	and	sustained	desorption/
release. In order to determine biodistribution and clearance 
of NDs in vivo, NIR-NDs were initially synthesized by 
functionalizing the ND surfaces with amine groups and 
Xenofluor750	NIR	esters	were	then	conjugated	to	the	NDs.	
Studies with these NIR-NDs at high levels demonstrate 
that the NDs primarily localize to the liver, joints and 
the bladder. Furthermore, these studies, along with those 
analyzing NIR-ND at comparable levels to those used 
for therapeutic delivery, demonstrate clearance of the 
NDs in vivo following initial whole-body distribution. 
Additionally, work done with chemotherapy-drug loaded 
NDs in hepatocarcinoma mouse models demonstrate that 
ND-mediated release of chemotherapy drugs, including 
Doxorubicin, is capable of killing tumor cells at equivalent 
or better rates as chemotherapy treatment alone. Thus, 
this work provides clear in vivo characterization of the 
potential uses of nanodiamonds in a clinical setting.

 A02414-04117 

Controlled Delivery of ABL in a Non-cytotoxic 
Regulation of Cancerous Cell Growth

Yen Wah TONG; Shuang ZHAO 
Chemical and Biomolecular Engineering, National 
University of Singapore, Singapore

The	purpose	of	this	work	is	to	investigate	the	efficacy	of	
ABL-loaded PLGA microspheres on the inhibition of tumor 
cells proliferation as a long term strategy to control the 
growth of a variety of cancer cell types. This strategy has the 
advantage over other chemical-based drugs currently used 
in	terms	of	its	significantly	lower	toxic	side	effects	because	
ABL is a natural molecule obtained from mushrooms 
without any apparent cytotoxicity to normal and even 
cancerous cells. Based on the previously observed delivery 
rate of the different lactic to glycolic acid monomer ratio 
in PLGA, PLGA 5050DL was chosen as it has a 3-5 weeks 
release cycle. 2.5mg of ABL was encapsulated to ensure 
that the lowest functional concentration for controlling 
cancerous cell proliferation can be delivered by the PLGA. 
In this work, ABL as a drug is encapsulated in PLGA 
polymers in the form of microspheres. With this delivery 
method, even though ABL acts reversibly and will lose its 
efficacy	over	time,	the	lectin	can	still	be	used	to	control	the	
growth of tumor cells for a longer period. However, this 
targeted anti-tumour effect does have to be reapplied when 
the encapsulated microspheres are depleted.

It was found that ABL can inhibit the proliferation of 
three different human cancer cell lines, Hep3B, KB and 
MCF-7, by controlling cell proliferation without being 
cytotoxic or killing the cells, while at the same time 
stimulating cell differentiation. The lectin was also found 
to have no effects on normal, non-cancerous cells like 
L929 or hMSCs, or non-human cancer cells like Neuro2a 
or C6 glioma cells. Therefore, an unorthodox method of 
controlling and limiting cancer growth through the use of 
ABL-encapsulated microspheres is proposed in this work, 
in contrast to conventional methods of killing cancer cells 
with cytotoxic treatments that have severe side effects. 
PLGA microspheres, being used as a long-term controlled 
release device, were thus found to prolong the therapeutic 
effect of ABL even at low concentrations for up to a month. 
Through the co-encapsulation studies, it was found that 
BSA was effective in protecting ABL from denaturation 
or degradation during the microsphere fabrication process. 
This system has therefore proven to be a successful drug-
delivery vehicle that can overcome the limitations of ABL 
for cancer treatment applications.

The authors would like to acknowledge the funding by the 
National University of Singapore under the grant number 
R279000228112.
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Impermeability of plasma membrane has restricted the 
intracellular delivery of peptide and protein-based drugs. 
To overcome this issue, large-scale screening is used to 
discover small molecules which could get into the cells 
easily. The process is usually time-consuming and these 
small	 molecules	 might	 have	 poor	 cell-type	 specificity,	
unwanted side-effects and cytotoxicity. Chemical 
conjugation of polymer or peptide to therapeutic cargoes is 
also	widely	used	to	enhance	the	cellular	uptake,	specificity,	
and stability. However, chemical conjugation might suffer 
from the possible limitation of altering the biological 
activity. Many delivery systems have been developed to 
circumvent these problems and to maintain the activity 
and stability of delivered cargoes. We are particularly 
interested	 in	 the	 possibility	 of	 using	 peptides	 identified	
from phage display for targeted protein delivery. 

The commonly used human malignant U87MG 
glioblastoma cell line was employed for initial biopanning 
selection. From a phage display peptide 12-mer library, 
a peptide sequence of VTWTPQAWFQWV (VTW) 
displayed	 a	 much	 higher	 binding	 efficiency	 to	 U87MG	
cells than the other selected sequences. When compared 
with the original library, the phage clones with the VTW 
peptide sequence showed a 700-fold increase of the binding 
to U87MG cells. When tested in 7 other types of cells, 
the VTW peptide could bind to glioma cells effectively, 
but very little binding to normal astrocytes, which are the 
most abundant cellular type in the brain. A BLAST search 
revealed that a 7-mer VTW homologue peptide of IL-11RA 
(TWSPEAW)	form	a	high-affinity	receptor	complex	with	
gp130 receptor, which has higher expression in U87MG 
cells than control astrocytes. An inhibition assay using the 
homologue peptide was able to reduce the binding of VTW 
peptides to U87MG cells, suggesting that gp130 might be 
a possible binding molecule of the VTW peptide on the 
surface of glioma cells. 

To use the VTW sequence for targeted protein delivery, 
two peptides (10K-VTW and 16K-VTW) were synthesized 
by adding oligolysine and spacer domain to the VTW 
sequence.	 A	 119	 kDa	 subunit	 of	 β-galactosidase	 was	
used	 as	 a	model	 cargo.	 β-gal	 staining	 showed	 that	 60%	
and 90% of U87MG cells were positively transfected by 
10K-VTW and 16K-VTW respectively. The 10K-VTW 
and 16K-VTW peptides, as well as 10K and 16K control 

peptides, did not show obvious protein delivery activity 
in	 the	 control	 astroglial	 cells.	 These	 findings	 indicated	
that the oligolysine-VTW peptides are able to delivery 
biologically active proteins into mammalian cells in a 
glioma	 cell-specific	 manner.	 In	 short,	 the	VTW	 peptide	
can	be	used	beneficially	to	promote	intracellular	delivery	
of	 anticancer	 therapeutics	 in	 a	 cell-specific	 manner	 and	
should have great potentials in glioma therapy. 

 A02475-04229 

Crosslinked Gelatin Microspheres for Controlled 
Delivery of Oligodeoxynucleotides

Xia LOU 
Department of Chemical Engineering, Curtin University 
of Technology, WA, Australia

Gene	 and/or	 antisense	 gene	 strategy	 is	 a	 technology	
of recognised therapeutic potential in treatment 
of many diseases. Localised delivery of antisense 
oligodeoxynucleotides (henceforth ODNs) to individual 
cells	with	high	efficiency	remains	a	key	challenge	to	the	
extended applications of such strategy. Many polymeric 
materials have been proposed and studied for the delivery 
of ODNs [1]. In this study, we report the fabrication and 
characterisation of crosslinked gelatin microspheres for 
controlled delivery of ODNs. 

Both gelatin type A and B were used in this study. 
Conventional water-oil emulsion method was used in the 
microsphere fabrication. Glutaraldehyde was used as a 
crosslinking agent at ambient condition. Uniform gelatine 
microspheres were produced. Their size, size distribution, 
morphology and swelling properties were investigated. 

Three different prime ODNs were loaded into selected 
microspheres of different crosslinking degrees. Drug 
loading	 level	 and	 entrapment	 efficiency	 were	 measured	
before	 the	 release	 profiles	 of	 different	 systems	 were	
examined in a shaker (80 rpm) at 37ºC. The effect of the 
materials type (both drug and carrier) and crosslinking 
degree, as well as the concentration of drug solution on 
the loading capacity and release rate of these systems were 
analysed. 

The application of these particles as a carrier for DZ13, 
a DNAzyme targeting the c-Jun mRNA, is under 
investigation.



32     Symposium C - Advanced Delivery of Therapeutics: New Challenges for Materials

 A02475-04448 

Synthesis and Characterization of Porous 
Poly(HEMA-co-NIPAAm) for Controlled Drug 
Delivery

Yuli SETIYORINI2; Xia LOU1;2 
1. Nanochemistry Research Institute, Curtin University of 
Technology, Perth, Western Australia, Australia
2. Chemical Engineering, Curtin University of 
Technology, Perth, Western Australia, Australia

Polymers that alter their characteristics in response 
to changes in the temperature have been of great 
interests in controlled drug delivery systems. Poly(N-
isopropylacrylamide) (NIPAAm) is one of the most 
commonly studied temperature sensitive polymers that 
exhibit a phase transition temperature at 32°C. On the 
other hand, poly(2-hydroxyethyl methacrylate) (HEMA) 
is a synthetic hydrogel that has been used as biomedical 
devices due to their high porous structure and high water 
content. The purpose of this study is to develop novel 
thermo-sensitive hydrogels for controlled drug delivery.

This report presents a series of porous and high water 
content poly(HEMA-co-NIPAAm) prepared by free 
radical crosslinking polymerization in the presence of 
different concentration of water, their porosity, swelling 
properties and their drug release characteristics. SEM 
examination demonstrated interconnected pores through 
out the polymer network. The morphology of the hydorgels 
was dependent on the percentage of water and the ratio of 
two monomers. In the range of temperatures investigated, 
between 10°C and 60°C, the equilibrium swelling ratio and 
volume change of the copolymers decreased dramatically 
with increasing concentration of NIPAAm. Increasing 
water concentration in the monomer mixture has led to 
a greater porosity and a higher loading level of drugs 
in poly(HEMA-co-NIPAAm) hydrogels. However an 
obvious burst release was observed in the high porosity 
hydrogels which was caused by extra force to expel the 
loaded drug out during the shrinking of the hydrogels. 
Slower drug release was demonstrated after the initial 
burst as a result of de-swelling and volume reduction of 
hydrogels. The phase transition temperature, as well as 
the swelling and de-swelling kinetics of the hydrogels was 
highly dependent on the monomer ratio. In general, the 
porous poly(HEMA-co-NIPAAm) hydrogels produced in 
this study have shown some potential in applications as  a 
controlled drug release carrier that responds to the change 
of temperature.

 A02555-04367 

Microparticles Developed by Electrohydrodynamic 
Atomization for the Local Delivery of Anticancer 
Drug to Treat C6 Glioma 

Jingwei XIE; Chi-Hwa WANG 
Chemical and Biomolecular Engineering, National 
University of Singapore, Singapore

This study aims to fabricate biodegradable polymeric 
particles by electrohydrodynamic atomization (EHDA) 
for applications in sustained delivery of anticancer 
drug—paclitaxel to treat C6 glioma in vitro. Controllable 
morphologies such as spheres, donut shapes and 
corrugated shapes with sizes from several tens of microns 
to hundred nanometers of particles were observed by 
scanning	 electron	microscopy	 (SEM)	 and	field	 emission	
electron microscope (FSEM). The differential scanning 
calorimetry (DSC) study indicated that paclitaxel could 
be either in an amorphous or disordered-crystalline phase 
of a molecular dispersion or a solid solution state in the 
polymer matrix after fabrication. The X-ray photoelectron 
spectroscopy (XPS) result suggested that some amount 
of paclitaxel could exist on the surface layer of the 
microparticles.	The	 encapsulation	 efficiency	was	 around	
80% and more than 30 days in vitro sustained release 
profile	could	be	achieved.	Cell	cycling	 results	 suggested	
that paclitaxel after encapsulation by EHDA could keep 
its	biological	function	and	inhibit	C6	glioma	cells	in	G2/M	
phase. The cytotoxicity of paclitaxel-loaded biodegradable 
microparticles to C6 glioma cells could be higher than 
Taxols in the long-term in vitro tests evaluated by MTS 
assay. The drug delivery devices developed by EHDA in 
this study could be promising for the local drug delivery to 
treat malignant glioma.
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 A02563-04380 

Synthesis and Characterization of Novel 
Functional Polycarbonates for Delivery of 
Anticancer Drugs

Chuan YANG1; Chloe TAN YI TING1; 
James L. HEDRICK2; Yi Yan YANG1 
1. Institute of Bioengineering and Nanotechnology, 
Singapore
2. IBM Almaden Research Center, California, United 
States

Although extensive studies have been conducted on 
development of polymeric micelles as carriers for delivery of 
anticancer drugs, there are still two major issues associated 
with conventional polymer micelles, which are low drug 
loading level and wide size distribution. In this study, 
novel amphiphilic block copolymers were synthesized 
by living ring-opening polymerization of two functional 
cyclic carbonate monomers (MTCs) bearing different 
pendant functional groups in the presence of metal-free 
organocatalyst and monomethoxy poly(ethylene glycol) 
(MPEG) as a macroinitiator. 1H NMR spectra and GPC 
analysis indicated that polycarbonate segment in the block 
copolymers had similar chain structure and composition, 
and the pendant functional groups were arranged in block 
or random sequence. In addition, these polycarbonates 
had	well-defined	molecular	weight.	The	block	copolymers	
were utilized to fabricate micelles, which presented 
varying	 CMC	 (5.2-152.8	 mg/L)	 and	 small	 particle	 size	
(47.1-165.1 nm) with narrow size distribution. It is worthy 
noting that the CMC and particle size values are strongly 
dependent on the pendant functional group distribution in 
the polycarbonate segment of block copolymers. 

Furthermore, doxorubicin (DOX), a model anticancer 
drug, was incorporated into the micellar cores, and the 
DOX-loaded micelles demonstrated more than 40% of 
drug loading level due to strong non-covalent bonding 
between the functional groups in the polycarbonate block 
and DOX molecules. Up to 80% of DOX was released 
from DOX-loaded micelles at 37 °C within 7 hours and no 
obvious initial burst was observed. Moreover, compared to 
non-toxic blank block copolymers, DOX-loaded micelles 
exhibited almost the same high cytotoxicity with free 
DOX in HepG2 cells. The block copolymers can be further 
tailored in terms of backbone structure, pendant functional 
groups	 and	 their	 distribution	 to	 efficiently	 incorporate	
other types of drugs with different molecular structures 
and physicochemical properties. 

 A02602-04445 

Nanostructure Processing of Advanced 
Biomaterials and Biosystems 

Jackie Y. YING 
Institute of Bioengineering and Nanotechnology, Singapore

Nanostructured materials are of interest for a variety of 
applications.  Through controlled synthesis in reverse 
microemulsions, my laboratory has achieved polymeric 
nanoparticles for the glucose-sensitive delivery of 
insulin.  These stimuli-responsive materials allow for the 
appropriate insulin delivery to diabetic patients only when 
their blood sugar levels are high, without the need for 
external blood sugar monitoring.  We have also developed 
apatite-polymer nanocomposite particles for the sustained, 
zero-order delivery of protein therapeutics.  By adsorbing 
valuable bone morphogenetic proteins on carbonated 
apatite nanocrystals that are then encapsulated within 
biodegradable polymeric microparticles, we are able to 
achieve controlled release of this growth factor for the 
bone healing process over an extended period of time.  

In addition, nanostructure processing has been employed 
in	 artificial	 implant	 and	 tissue	 engineering	 applications.		
For example, nanocomposite processing has been 
applied to obtain orthopedic implants and bone scaffolds 
with superior mechanical strength and bioactivity.  By 
combining microfabrication and nanotechnology, we have 
also	 created	 various	 microstructures	 in	 kidney-specific	
dimensions and shapes.  These structures can be used as 
bioartificial	 renal	 assist	microdevices,	 and	may	 serve	 as	
three-dimensional templates for tissue engineering. 

 A02606-04452 

Design, Syntheses and Evaluation of 
Hemocompatible Antimicrobial Pegylated–
Polymers Containing Functional Quaternary 
Ammonium Groups

Shrinivas VENKATARAMAN; Ying ZHANG; 
Lihong LIU; Yi Yan YANG 
Institute of Bioengineering and Nanotechnology, Singapore

In	our	lab	we	have	designed	and	synthesized	well-defined	
pegylated-polymers with tertiary amines.  By employing a 
simple	and	efficient	post	polymerization	functionalization	
strategy, tertiary amines were quaternized to result in 
a series of cationic polymers with different functional 
groups and hydrophobic spacers.  We have evaluated 
the hemocompatibility and antimicrobial activity of 
these polymers.  Hemolysis and minimum inhibitory 
concentration (MIC) to completely inhibit the B. Subtilis 
growth were found to be dependent both on the nature of 
functional group and the hydrophobic spacer length.  Our 
results will have implications in the design of antimicrobial 
polymers for general biomedical applications.  
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 A02634-04516 

Anti-bacterial Activity of Complexes of Conducting 
Polymers and β-cyclodextrins

Vasant CHABUKSWAR1; Anuruddha CHABUKSWAR2; 
Bhanudas KUCHEKAR2; Swati JAGDALE2 
1. Department of Chemistry, Nowrosjee Wadia College, 
Maharashtra, India
2. Pharmacy, Maharashtra Institute of Pharmacy, 
Maharashtra, India

Conducting polymers hold tremendous promise as a 
new class of advanced materials for various technology 
applications. New preparation methods have been 
developed for synthesis of polyaniline nanoparticles 
using organic acids (such as ascorbic acid) and complexes 
with	β-	 cyclodextrins.	This	 is	new	method	 to	 synthesize	
organically soluble conducting polymers. These polymers 
were characterized by spectral techniques like FT-IR, UV 
and XRD. The synthesized compounds were subjected 
for antibacterial activity by well diffusion method. The 
compounds have shown zone of inhibitions against the 
tested organisms. Synthesized compounds have shown 
significant	 activity.The	 synthesized	 compounds	 can	
be used as alternative for bacterial resistant cases and 
infectious diseases.

 A02640-04536 

Peptide-Poly(ethylene glycol) Hybrid Hydrogels 
for Cartilage Repair Applications

Rachel EE1; Shaoqiong LIU1; Quan TIAN1; 
James L. HEDRICK2; Yi Yan YANG3 
1. Pharmacy, National University of Singapore, 
Singapore
2. IBM Almaden Research Center, CA, United States
3. Institute of Bioengineering and Nanotechnology, 
Singapore

With their liquid-like properties that allow mixing 
with cells or other bioactive factors and the ease to be 
injected	 for	filling	 irregular-shaped	defects,	 injectable	 in 
situ forming scaffolds provide potentially useful tissue 
engineering solutions for cartilage injuries. Our laboratory 
has been focused in the synthesis and evaluation of peptide-
poly(ethylene glycol) (PEG) hydrogels via Michael 
addition that support the growth and differentiation of 
human mesenchymal stem cells (MSCs) to cartilage.  These 
hydrogels are also biodegradable and could enhance the 
integration of newly generated tissue with existing native 
tissue.  To create a biomimetic microenvironment within 
the hydrogel matrix, peptides such as Arg-Gly-Asp (RGD) 
and collagen mimetic peptides (CMP) were incorporated. 
CMP contains the hexapeptide sequence GFOGER which 
supports integrin α2β1-dependent cell adhesion in its 
triple helical conformation in the otherwise nonadhesive 
PEG matrix. End-functionalized 4-armed PEG acrylate 

macromers were reacted with free thiols on CMP under 
physiological temperatures of 37°C to form PEG-CMP 
conjugates. Gelation occurred within twenty minutes with 
the addition of MSCs dispersed in buffered saline and 
PEG-tetrathiol.  MSCs were shown to be well distributed 
and proliferated in greater numbers within the CMP-
PEG hydrogel as compared to the control PEG hydrogel. 
Histological studies were also performed to evaluate the 
parameters of chondrogenesis. Under TGF-β3 induction, 
hydrogels containing CMP showed a time-dependent 
increase in the deposition of glycosaminoglycans (GAG) 
from Days 14 to 28, as shown by Alcian Blue staining. This 
indicates that MSCs in the hydrogels had differentiated into 
chondrocytes capable of laying down extracellular matrix 
(ECM) rich in GAG in its immediate environment. In the 
absence of TGF-β3, however, little ECM was produced, 
indicating that TGF-β3 is essential for the induction of 
chondrogenesis. Collagen II immunohistochemical staining 
also provided evidence of ECM production in the CMP-
PEG	hydogels.	Taken	together,	our	data	confirms	that	CMP	
promoted cell adhesion and subsequent chondrogenesis 
in the PEG matrix. RT-PCR analysis of gene expression 
from hydrogel constructs is being carried out to quantify 
the expression of gene markers of chondrogenesis in our 
hydrogels. Our CMP-PEG hydrogels show potential as 
injectable scaffolds for cartilage tissue engineering with 
MSCs.

 A02640-04538 

Elucidation of the Role of Low Density Lipoprotein 
Receptor-related Protein 5 (LRP5) and Secreted 
Frizzled-related Protein 2 (SFRP2) in Liver Cancer 
Progression

Zhan Yuin ONG; Rachel EE 
Pharmacy, National University of Singapore, Singapore

Hepatocellular carcinoma (HCC) is the primary form of 
liver cancer with high propensity for recurrence despite 
chemotherapy and surgical resection. Emerging evidence 
suggests that aberrations in upstream components of the 
canonical	Wnt/β-catenin	 signaling	 pathway	 may	 feature	
prominently in HCC development and progression. 
We focused on two such components, namely the low-
density lipoprotein-related protein-5 (LRP5), which is 
an important co-receptor with the Frizzled receptor for 
Wnt ligands, and the secreted frizzled-related protein 
2	 (SFRP2),	 a	 negative	 regulator	 of	 the	 Wnt/β-catenin	
signaling pathway and examined their basal expression in 
both HCC (HepG2) and immortalized normal hepatic cells 
(THLE). LRP5 levels were upregulated, while SFRP2 
levels were downregulated in HepG2 cells compared to 
THLE cells. Expression of a dominant-negative LRP5 
construct and the introduction of SFRP2 in HepG2 led to 
the	inhibition	of	Wnt/	β-catenin	signalling	as	demonstrated	
by the TCF-dependent luciferase reporter assay. The 
ability of the stable transfectants to proliferate to form 
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colonies was also markedly reduced. Western blot analyses 
of whole cell lysates from stable transfectants revealed 
downregulation of growth and survival mediators such 
as cyclin D1, survivin and matrix metalloproteinase-2 
(MMP2). Taken together, our data suggests that the 
upregulation	 of	 LRP5	 and/or	 downregulation	 of	 SFRP2	
could contribute to hepatocarcinogenesis and progression 
of	 HCC	 via	 activation	 of	 the	 canonical	 Wnt/β-catenin	
signaling pathway, providing an important proof-of-
principle for future therapeutic interventions that regulate 
these components in the treatment of HCC.

 A02660-04566 

Biomimetic Scaffolds for the Expansion and 
Injectable Delivery of Human Mesenchymal Stem 
Cells in Cartilage Repair 

Shaoqiong LIU1; Quan TIAN1; Anandamoy RUDRA1; 
James L. HEDRICK3; Yi Yan YANG2; Pui Lai Rachel EE1 
1. Department of Pharmacy, National University of 
Singapore, Singapore
2. Institute of Bioengineering and Nanotechnology, 
Singapore
3. IBM Almaden Research Center, United States

Poly(ethylene glycol) based photopolymerized hydrogels 
have been demonstrated to be used as scaffolds for 
chondrogenesis of mesenchymal stem cells. However, 
photopolymerization often results in materials with poorly 
controlled structure due to radical chemistry. Additionally, 
the use of UV may also damage the cells. This problem 
may be overcome by using hydrogels formed via Michael 
addition reaction that can be conducted under the 
physiological conditions. It is also noted that the viability 
of the encapsulated cells in PEG hydrogels has always 
been shown to be low. In this study, an injectable, RGD-
conjugated PEG hydrogel has been synthesized and used as 
a biomimetic scaffold for the expansion and differentiation 
of stem cells to neocartilage. Firstly, tetra hydroxyl PEG 
was functionalized with vinyl sulfone and then reacted with 
thiol-containing peptide (RGD). Gelation occurred within 
a few minutes with the addition of PBS containing cells 
and	PEG-dithiol/PEG-tetrathiol	via Michael addition. Cell 
adhesion on the surface of hydrogel matrix was studied 
by confocal laser microscopy while cell viability within 
hydrogel	 was	 evaluated	 by	 the	 fluorescent	 Live-Dead	
viability assay. The hydrogels synthesized with a peptide 
concentration	of	1.0	mM	achieved	significantly	improved	
cell attachment and greater cell viability when compared 
to the hydrogels without RGD peptides. Histology studies 
demonstrated that hMSCs encapsulated in the hydrogel 
matrix	with	1.0	mM	RGD	and	TGF-β3	 showed	positive	
alcian blue and Safranin-O staining. In particular, hydrogel 
crosslinked by PEG-tetrathiol accumulated an abundant 
extracellular matrix. RT-PCR analysis of gene expression 
from hydrogel constructs is being carried out to further 
quantitatively characterize the chondrogenic differentiation 

of hMSCs in hydrogels. This RGD-containing PEG 
hydrogel may be potentially used as a scaffold for the 
expansion and chondrogenic differentiation of hMSCs for 
the repair of cartilage defect.

 A02673-04591 

Evaporative Precipitation into Aqueous Solution 
(EPAS): A Novel Approach to Enhance Dissolution 
Rate of Fenofibrate

Amrit KARMARKAR; Indrajeet GONJARI; 
Avinash HOSMANI; Pandurang DHABALE; 
Satish BHISE 
Pharmaceutics, Govt. College of Pharmacy, Karad, 
Maharashtra, India

Development of novel techniques for dissolution rate 
improvement is of great importance in the pharmaceutical 
formulations.	 Fenofibrate	 is	 more	 effective	 drug	 as	
compared	 to	 other	 fibrates.	 But	 low	 bioavailability	 of	 it	
is due to its poor aqueous solubility. A novel approach of 
evaporative precipitation into aqueous solution (EPAS) has 
been	developed	to	coat	BCS	class	II	drug,	Fenofibrate,	with	
hydrophilic stabilizers such as Pluronic F 68, PVP K30 to 
enhance	dissolution	rates.	Heated	solution	of	Fenofibrate	
in organic solvent dichloromethane is sprayed thorough 
atomizer into heated aqueous solution. Rapid evaporation 
of dichloromethane produces large supersaturation and 
rapid	 nucleation	 of	 Fenofibrate.	 Hydrophilic	 stabilizers	
inhibit particle growth and crystallization resulting in 
the micron to submicron size particles. More economical 
way of centrifugation and vacuum drying was used for 
removal of water form suspensions. To quantify surfactant 
stabilization	 of	 the	 Fenofibrate	 particles	 in	 the	 EPAS	
suspension, surfactant adsorption measurement studies 
were performed. Particle size and percentage dissolution 
of	 drug	 was	 also	 studied.	 The	 dissolution	 profile	 was	
compared	 with	 dissolution	 of	 bulk	 Fenofibrate.	 Model	
dependent approach was used to compare dissolution 
profiles.	 	 Significantly	 increased	 dissolution	 rates	 were	
observed for all EPAS processed formulations. The high 
dissolution rates observed due to EPAS process present 
new opportunities in the development of commercial 
formulations for poorly water soluble drugs. This might 
be due to small particle size and hydrophilic surfactant 
coating on the surface which enhances wetting. 
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 A02759-04839 

Development of Novel Liposome with Stable 
Protein Adsorption Ability for Bio-Application

Yen-Ku LIU; Yu-Ling LIN; Chia-Hung CHEN; 
Kuang-Wen LIAO 
Institute of Molecular Medicine and Bioengineering, 
National Chiao Tung University, Taiwan

Liposomes have been applied in drug encapsulation and 
delivery; they can entrap both hydrophilic and hydrophobic 
drugs. Liposomes combined with targeting molecule, such 
as	antibodies	can	deliver	drug	to	specific	site.	Therefore,	
retaining activities of targeting molecules or protein-
drugs by convenient process would be an important 
issue to manufacture drug carriers. The novel liposome, 
Liposome-PEI-PEG Complex (LPPC), was composed of 
lipid, polyethyleneimine and polyethylene glycol. With 
our procedure, TEM showed that polymers were dispersed 
on the lipid layer of liposome. Interestingly, LPPC could 
stably adsorb various proteins, such as antibodies, beta-
glucunonidase etc., even 10-fold competitive protein 
could not replace pre-adsorbed proteins on LPPC, and 
adsorptive reaction was accomplishable within 20 min. 
The results showed that PEI played an important role in 
proteins adsorption and conspicuously different enthalpy 
pattern of LPPC was observed.  Moreover, the proteins 
adsorbed on LPPC would retain their activities in serum 
contained medium. That is to say, LPPC could be applied to 
bio-application, such as adsorbed anti-VEGFR antibodies 
for	 specific	 target	 to	cancer	cell.	This	kind	of	quick	and	
stable adsorptive ability could improve medical material 
and vaccines.

 A02769-04733 

Enhanced Dissolution Rate of Gliclazide by Solid 
Dispersion with Poloxamer

Yogesh THORAT1; Avinash HOSMANI2; 
Pramod KASTURE3 
1. Pharmacology, DSTSM’s College of Pharmacy, 
Maharashtra, India
2. Pharmaceutics, Government College of Pharmacy, 
Maharashtra, India
3. Pharmaceutics, DY Patil Women’s College of 
Pharmacy, Maharashtra, India

Gliclazide is an oral hypoglycemic second generation 
sulfonyl urea drug. Major drawback in therapeutic 
application of Gliclazide as oral dosage form is its very 
low aqueous solubility and low dissolution rate. Hence, its 
bioavailability shows inter-individual variations. The slow 
absorption has been suggested to be due to either poor 
dissolution of gliclazide owing to its hydrophobic nature.

The primary objective of the present study is to investigate 
the possibility of improving the dissolution properties of 
Gliclazide by preparing solid dispersions with poloxamer 
as carrier.

The phase-solubility studies for Gliclazide were done with 
Pluronic	 F	 68	 and	 Pluronic	 F	 127	 by	Higuchi-Connor’s	
Method, which shows a proportional increment in drug 
solubility with polymer concentration up to certain 
concentration.

Solid dispersions of Gliclazide were prepared with 
Pluronic F 68 in 1:1, 1:2, 1:3 & 1:4 drug to carrier ratios 
and Pluronic F 127 in 1:1, 1:2, 1:4 & 1:9 ratios by three 
methods viz. Physical mixture, Solvent Evaporation using 
common solvent chloroform & Melt Fusion in controlled 
temperature at 70ºC & 80ºC. All the batches were sieved 
through sieve no. 60 to get uniform particle size.

Evaluation was done by performing assay for % drug 
content, Thin Layer Chromatography, IR, XRD & in vitro 
dissolution study using solid dispersion equivalent to 40 
mg of Gliclazide in 900 ml 0.1 N HCl Medium in USP 
Type II dissolution apparatus at 100 rpm. Aliquots were 
withdrawn	at	fixed	intervals	&	analyzed	spectrometrically	
at 228.8 nm.

Any possibility of chemical degradation was checked 
primarily	 by	 TLC	 &	 confirmed	 by	 comparison	 of	 IR	
spectra of all batches. TLC showed presence of a third 
spot other than that of drug & carrier at different Rf value 
with all batches prepared by melt technique at 80 ºC which 
suggests possibility of thermal degradation rejecting the 
batches. The spot was not observed with other batches. 
The IR spectra also supported the same evidences as all 
the principal peaks were unchanged. 

X-ray diffraction patterns of the physical mixtures were 
similar to those obtained for the pure material. The 
characteristic crystalline peaks of Gliclazide were also 
observed for the polymer–gliclazide physical mixtures but 
the peak size was reduced. However, solid dispersions of 
gliclazide prepared by melt & solvent evaporation with 
Pluronic F68 and Pluronic F127 did not show the peak, 
indicating a transition of gliclazide from a crystalline to 
an amorphous state, which is useful for higher dissolution 
rate.

Dissolution	profile	of	Gliclazide	alone	showed	only	56%	
drug	 released	 in	 90	min.	 Physical	mixtures	 didn’t	 show	
any	significant	dissolution	enhancement.	Drug	dissolution	
of solid dispersion with solvent evaporation was markedly 
increased upto 80%. Melt dispersion showed 100% drug 
dissolution within 60 min. Dissolution enhancement was 
increased with increasing carrier concentration up to 
certain level but later declined.



Symposium C - Advanced Delivery of Therapeutics: New Challenges for Materials     37

 A02794-04834 

A Novel Liposome Complex for Encapsulating 
Curcumin to Enhance the Antitumor Effect of 
Curcumin

Yu-Ling LIN; Yen-Ku LIU; Chia-Hung CHEN; 
Kuang-Wen LIAO 
Institute of Molecular Medicine and Bioengineering, 
National Chiao Tung University, Taiwan

The liposome-based encapsulation of chemotherapeutic 
drugs has been developed for drug delivery, side effects 
decrease	and	efficacy	enhancement.	Several	natural	extracts	
have been reported that can distinguish normal cells and 
tumor cells, but they are usually hydrophobic components 
and	limited	in	its	poor	bioavailability.	We	firstly	developed	
a novel cationic liposome-PEG-PEI complex encapsulated 
with	 hydrophobic	 curcumin	 (curcumin/LPPC)	 and	
converted the curcumin to usable in aqueous solutions. 
Transmission electron microscopy (TEM) image showed 
that	 the	 curcumin/LPPC	 had	 roughly	 spherical	 shape	
and hairlike surface. Following the procedure, curcumin 
encapsulating rate of LPPC were 45-55%, and 90% of 
encased	 curcumin	 would	 stably	 release	 from	 curcumin/
LPPC at 37°C for 72 h. Surprisingly, the cytotoxic activities 
of this encapsulated curcumin were higher 490% than 
free curcumin, even more 20-fold to curcumin-resistance 
cancer	 cell	 line.	Curcumin/LPPC	could	 increase	 the	 cell	
cycle	arrest	at	G2/M	phases	and	rapidly	result	in	apoptosis.	
These great cytotoxic activities were contributed to rapidly 
transport	 through	 cell	 membrane	 of	 curcumin/LPPC.	 In 
vivo, low dose of curcumin had slight or even no effects 
on inhibiting tumor growth in the subcutaneous CT26 and 
B16F10	tumor	model.	However,	the	same	dose	of	curcumin/
LPPC was more effective (60%-80%) in inhibiting tumor 
growth. Therefore, this drug encapsulation technology of 
LPPC can enhance the antitumor effects and provide a new 
strategy for design of cancer therapies.

 A02797-04785 

Gene Delivery into Immune Cells for Childhood 
Acute Lymphoblastic Leukemia Treatment 

Sally Mun Hua CHAI1; Lin Kin YONG2; 
See Voon SEOW1; Poh Lin TAN3; Eng Juh YEOH1; 
Dario CAMPANA4; Yi Yan YANG2 
1. Department of Pediatrics, National University of 
Health Science, Singapore
2. Gene and Drug Delivery, Institute of Bioengineering 
and Nanotechnology, Singapore
3. Bone Marrow Transplantation Unit, The Children 
Medical Institute, National University Hospital, 
Singapore
4. Department of Pathology, St Jude Children’s Research 
Hospital, Memphis, United States

Patients suffering from high-risk and advanced stage acute 
lymphoblastic leukemia (ALL) relapse easily after current 
treatment regimens. In this study, we aim to harness the 
cytotoxic abilities of natural killer (NK) cells and cytokine-
induced killer (CIK) cells for killing CD19-expressing 
malignant B-cells. This is done by expressing the chimeric 
anti-CD19-BB-z receptor in NK and CIK cells, enabling 
them to recognize and bind to CD19+ B-cells, and exert 
cytotoxic	effects	on	these	cells.	Specifically,	we	evaluate	
the	 transfection	 efficiencies	 of	 synthetic	 polymers	
and peptides in human suspension Jurkat cell line and 
primary	NK	as	well	as	CIK	cells.	Using	flow	cytometry,	
the	 efficiency	 of	 gene	 delivery	 is	 determined	 by	 GFP	
reporter gene expression and cell viability is measured by 
propidium iodide exclusion staining.

P(MDS-co-CES), MK334A and F-peptide, a biodegradable 
cationic amphiphilic polymer, a cationic brush polymer 
and a triblock cationic peptide respectively, are used as 
gene transfection vectors. Our studies with P(MDS-co-
CES) have achieved high levels of EGFP reporter gene 
expression in Jurkat cells, but at high levels of cell death. 
MK334A	 produced	 lower	 transfection	 efficiency	 but	
maintained higher cell viability. F-peptide induced the 
highest	GFP	transfection	efficiency	at	 the	optimized	N/P	
ratios, yet possessed lower cytotoxicity when compared to 
P(MDS-co-CES). F-peptide may be a promising vector to 
transfect therapeutic genes into immune cells.

 A02831-04852 

Bioengineering of the Hematopoietic Stem Cell 
Niche for Ex Vivo Expansion of Cord Blood 
Hematopoietic Progenitor Cells 

Chou CHAI1; Kam LEONG1;2 
1. Program in Cancer and Stem Cell Biology, Duke-NUS 
Graduate Medical School, Singapore
2. Department of Biomedical Engineering, Duke 
University, North Carolina, United States

Human umbilical cord blood (UCB) is recognized as a 
valuable source of hematopoietic stem cells (HSCs) for cell-
based therapy of hematological disorders and malignant 
diseases. One limitation for the clinical application of 
UCB however is its relatively low content of HSCs 
compared to bone marrow and mobilized peripheral blood. 
This limitation can be addressed by selective expansion 
of HSCs ex vivo prior to transplantation. Despite more 
than four decades of research, the precise composition of 
the endogenous HSC niche that promotes stem cell self-
renewal over differentiation have eluded full elucidation. It 
is clear that the HSC niche is highly complex and embodies 
the interplay between biochemical, topographical and 
structural cues provided by the niche microenvironment. 
Niche cells do not only secrete soluble growth factors 
necessary for HSC maintenance and self renewal but also 
elaborate a 3D extracellular matrix (ECM) replete with 
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ECM-bound growth factors and cell adhesion molecules 
(CAM) that provide attachment sites for anchor-dependent 
HSCs. In addition, cell surface receptors expressed on the 
niche cells mediate bidirectional cell signaling crucial for 
HSC self-renewal.

In	 an	 effort	 to	 develop	 a	 more	 efficient	 system	 for	
expanding UCB-derived HSC ex vivo, we harnessed 
knowledge of the HSC niche by incorporating salient 
features	of	the	niche	into	bioartificial	culture	systems	using	
a bioengineering approach. We explored the combined 
effects of two features of the HSC niche, 3D topography 
and immobilized CAM, by covalently conjugating 
fibronectin	onto	3D	polyethylene	 terephthalate	scaffolds.	
When cultured on this scaffold in a serum-free medium, 
UCB-derived CD34+ progenitor cells expanded 100-fold 
with a concomitant 47-fold expansion of primitive, long-
term culture initiating cells (LTC-IC). Cells expanded 
on this scaffold showed superior ability for short-term 
immune	 reconstitution	 in	NOD/SCID	mice	 compared	 to	
cells expanded on collagen immobilized scaffolds or tissue 
culture	polystyrene.	The	effect	of	fibronectin	was	largely	
mediated by its connecting segment-1 (CS-1) domain, 
with a lesser contribution from the RGD-motif containing 
domain. Further, we demonstrated that bone marrow 
mesenchymal stem cells, a component of the bone marrow 
HSC niche, respond robustly to 3D topography with a 
marked enhancement in their ability to support CD34+ 
expansion. To study the effects of nanoscale features of 
ECM	in	the	HSC	niche,	we	synthesized	polymeric	nanofiber	
scaffolds using electrospinning technology. We further 
carried	 out	 chemical	 modifications	 of	 these	 nanofiber	
scaffolds with linear diamino compounds of varying 
carbon	chain	lengths.	Nanofiber	scaffolds	greatly	enhanced	
the adhesion and expansion of CD34+ cells. In addition, 
the chain length of the diamino compound conjugated on 
the	nanofiber	scaffold	was	found	to	differentially	affect	the	
expansion of CD34+ cells. Ethyl- and butylamines elicited 
high	 expansion	 efficiencies	 compared	 to	 hexylamine,	
correlating	well	with	NOD/SCID	mice	engraftment.	We	are	
currently investigating the effects of ECM-bound cytokines 
on	 CD34+	 cell	 expansion	 using	 recombinant	 affinity	
protein fusion technology to immobilize cytokines on 
bioartificial	scaffolds.	Collectively,	we	have	demonstrated	
the feasibility of a biomimetic approach to engineer the 
HSC niche for UCB progenitor expansion.

 A02871-04912 

Co-Delivery of Paclitaxel and Herceptin Using 
Cationic Micellar Nanoparticles: Achieving 
Enhanced Cytotoxicity and Targeting

Ashlynn L. Z. LEE1;2; Yong WANG1; Han Yin CHENG1; 
Shazib PERVAIZ2; Yi Yan YANG1 
1. Drug and Gene Delivery, Institute of Bioengineering 
and Nanotechnology, Singapore
2. Yong Loo Lin School of Medicine, National University 
of Singapore, Singapore

We have recently reported micellar nanoparticles self-
assembled from a biodegradable and amphiphilic copolymer 
poly{N-methyldietheneamine sebacate)-co-[(cholesteryl 
oxocarbonylamido ethyl) methyl bis(ethylene) ammonium 
bromide] sebacate} P(MDS-co-CES), which were able 
to deliver small molecular drugs and biomacromolecules 
such as genes and functional proteins individually or 
simultaneously into various types of cells. In this study, 
these cationic micellar nanoparticles were employed 
as carriers to co-deliver paclitaxel and Herceptin for 
achieving targeted delivery of paclitaxel to HER2-
overexpressing human breast cancer cells, and enhanced 
cytotoxicity through synergistic activities. Paclitaxel-
loaded nanoparticles have an average size less than 120 
nm and a zeta potential of about 60 mV. Herceptin was 
complexed onto the surface of the nanoparticles. The drug-
loaded	nanoparticle/Herceptin	complexes	remained	stable	
under physiologically-simulating conditions with sizes at 
around 200 nm. The nanoparticles delivered Herceptin 
much	 more	 efficiently	 than	 BioPorter,	 a	 commercially	
available lipid-based protein carrier, and displayed 
a much higher anticancer effectiveness. Anticancer 
effects of this co-delivery system was investigated in 
human breast cancer cell lines with varying degrees of 
human	 epidermal	 growth	 factor	 receptor-2	 (HER2/neu)	
expression level, namely, MCF7, T47D and BT474. The 
co-delivery of Herceptin increased the cytotoxicity of 
paclitaxel and this enhancement showed a dependency 
on their HER2 expression levels. Targeting ability of this 
co-delivery system was demonstrated through confocal 
images,	which	showed	significantly	higher	cellular	uptake	
in HER2-overexpressing BT474 cells as compared to 
HER2-negative HEK293 cells. This co-delivery system 
may have important clinical implications against HER2-
overexpressing breast cancers.
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 A02884-04951 

Block Copolymer Micelles as Smart Nanocarriers 
for Tumor Targeting 

Keiji ITAKA, Kazunori KATAOKA 
Department of Materials Engineering & Center 
for Disease Biology and Integrative Medicine, The 
University of Tokyo, Tokyo, Japan

Polymeric micelles, self-assemblies of block copolymers, 
are promising nanocarrier systems for tumor targeting 
of cytotoxic reagents. Several micellar formulations of 
antitumor drugs have been intensively studied in preclinical 
and clinical trials, and their utility has been demonstrated.  
Even compared with long-circulating liposomes, polymeric 
micelles might have several advantages, such as controlled 
drug release, tissue penetrating ability and reduced toxicity 
such as hand–foot syndrome and hypersensitivity reaction. 
Importantly, critical features of the polymeric micelles as 
drug carriers, including particle size, stability, and loading 
capacity and release kinetics of drugs, can be modulated 
by the structures and physicochemical properties of 
the constituent block copolymers. The development of 
smart polymeric micelles that dynamically change their 
properties due to sensitivity to chemical or physical 
stimuli is the most promising trend, directing to the 
targeting	 therapy	with	 high	 efficacy	 and	 ensured	 safety.	
In this way, smart polymeric micelles can respond to 
pathological or physiological endogenous stimuli already 
present in the body or to externally applied stimuli such 
as temperature, light or ultrasound. One sophisticated and 
rational approach is the increased hydorophobicity of the 
core of the polymeric micelles loaded with platinum-based 
drug	 to	modulate	 the	 drug	 releasing	profile	 triggered	by	
chloride	 ion	 in	 the	 body	 fluid	 so	 as	 to	 have	 a	 sufficient	
induction period, avoiding the systemic drug leakage and 
achieving the selective and sustained drug release at the site 
of solid tumor.  According to this strategy, DachPt-loaded 
micelle was recently developed to show further longevity 
in blood circulation as well as improved anticancer effect 
compared to cisplatin-loaded polymeric micelles. pH-
triggered system has also a great promise in the treatment 
of intractable cancers.  Here, the therapeutic agent should 
be stably associated with the hydrophobic core, and the 
release of the drug will be expected to occur along with the 
destabilization of the micelle structure responding to acidic 
pH of tumor tissue as well as intracellular compartment such 
as	 endosome	 and	 lysosome.	Notable	 anti-tumor	 efficacy	
against hypovascular cancer, including pancreatic cancer 
and diffused-type stomach cancer, of the doxorubicin-
incorporated polymeric micelles with pH-responding 
property was demonstrated to emphasize a promising 
utility of DDS for the treatment of intractable cancers. 
Photodynamic therapy (PDT), which involves the systemic 
administration of photosensitizers (PSs) and the following 
photoirradiation to the diseased sites, is a promising 
physical approach for the cancer treatment.  However, it 
is known that PSs are easily form aggregates, resulting in 

reduction	 of	 the	 singlet	 oxygen	 production	 significantly.		
To prevent the self-quenching of PS, ionic dendritic PS 
(DPs) were prepared, and incorporated into the polymeric 
micelles.  Eventually, the DP-loaded micelles showed a 
significant	increase	in	the	photocytotoxicity	compared	to	
free	 DP,	 achieving	 a	 remarkable	 photodynamic	 efficacy	
against subcutaneous tumor model in experimental animals 
by systemic injection.

 A02896-04950 

Bcl-2 Family Proteins in Apoptosis and Cancer 

Ho Sup YOON 
Division of Structural and Computational Biology, 
School of Biological Sciences, Nanyang Technological 
University, Singapore

Apoptosis is a type of programmed cell death and essential 
for maintaining cellular homeostasis. Dysregulation of 
apoptosis is linked to various diseases including cancer, 
neurodegenerative and autoimmune diseases. The Bcl-
2 family proteins are central players in the apoptotic 
regulation, and members that inhibit apoptosis, such as 
Bcl-2 and Bcl-XL, are overexpressed in many types of 
cancers and contribute to tumor progression and resistance 
to chemotherapeutic agents. Thus, the anti-apoptotic 
proteins are prime candidates for novel anti-cancer 
strategies and attempts to develop inhibitors of these 
proteins as potential anti-cancer therapeutics have been 
receiving	 significant	 attention.	 Structural	 studies	 of	 the	
Bcl-2 family members provide insights into their molecular 
mechanism of action and how members of this family 
interact with their biological partners. To date, structural 
studies have been performed on several Bcl-2 family 
members encompassing both anti- (Bcl-XL, Bcl-2, KSHV-
Bcl-2, Bcl-w and Mcl-1) and pro-apoptotic (Bax, Bid) 
members. They all reveal a remarkably similar structural 
fold despite an overall divergence in amino acid sequence 
and function. The structural features provide the molecular 
basis for the hetero-dimerization of Bcl-2 family members 
and have also effectively been used to guide the structure-
based discovery of small molecules that block Bcl-XL and 
Bcl-2 function. Considering the Bcl-2 family serving as 
a key molecular switch between life and death pathways, 
targeting the Bcl-2 pro-survival family members in cancer 
cells will be a promising strategy in cancer therapy.
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 A02918-04987 

DNA-based Hydrogels for Drug Delivery and 
P-gels for Protein Production without Any Living 
Cells 

Dan LUO 
Department of Biological and Environmental 
Engineering, Cornell University, New York, United States

Challenges in drug delivery can be summarized in two 
problems:	 one	 is	 the	 drug	 problem	 –	 how	 to	 discover/
produce a drug; and the other is the delivery problem – how 
to carry a drug(s) to the desired place.  We are addressing 
drug delivery challenges by means of using DNA as 
both a generic and genetic material.  For the delivery 
problem, we have created a DNA-based biocompatible 
and biodegradable hydrogel that is crosslinked through 
enzymatic	and/or	photo	reactions.	More	uniquely,	the	gelling	
processes are achieved under physiological conditions and 
the encapsulations are accomplished in situ – thus drug 
loading	efficiency	is	close	to	100%.		Many	of	drug	delivery	
barriers may be overcome by further manipulating DNA via 
a	myriad	of	enzymes.		For	the	drug	discovery/production	
problem, proteins become increasingly important as both 
drug targets and drugs (biologics).  We have created a 
novel DNA hydrogel that is capable of producing a large 
amount of functional proteins without any living cells.  Our 
protein-producing	gel	(termed	P-gel)	is	the	first	time	that	
a hydrogel has been used to produce proteins.  We have 
tested a total of 16 different P-gels and have successfully 
produced all 16 proteins including membrane and toxic 
proteins, demonstrating that P-gel can serve as a general 
drug production technology.  Both DNA hydrogels and 
P-gels are novel designer materials that may provide a 
platform for meeting challenges in drug delivery.
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A Novel Family of Amphiphilic Glycopolymers 
via Controlled Ring-Opening Polymerization of 
Functionnalized Cyclic Carbonates for Targeted 
Drug Delivery 

James L. HEDRICK1; Philippe DUBOIS2; 
Fabian SURIANO2; Jeremy P. K. TAN3; 
Russell C. PRATT1; Yi Yan YANG3 
1. IBM Almaden Research Center, California, United 
States
2. Center of Innovation and Research in Materials and 
Polymers (CIRMAP), Universite de Mons-Hainaut, 
Belgium
3. Institute of Bioengineering and Nanotechnology, 
Singapore

Biocompatible and biodegradable polymers that assemble 
into	 well-defined	 nanostructures,	 such	 as	 micelles,	 are	
of increasing interest as a means for drug transport 
and release. Moreover, polymers bearing pendant 
carbohydrates are particularly useful for applications that 
require the targeting of carbohydrate-binding proteins 
known as lectins. Protein-carbohydrate interactions 
mediate a number of biological processes, including 
cell	 growth,	 inflammation,	 infections	 and	 adhesion,	 via	
multivalent interactions. The enhancement in binding 
as a consequence of polyvalent interactions is known 
as the glycoside cluster effect. Carbohydrate-bearing 
polymers present a platform for which multiple copies 
of a saccharide can be presented simultaneously, thus 
enhancing	 their	 affinity	 and	 selectivity	 for	 lectins.	Here,	
we describe the synthesis and polymerization of cyclic 
carbonates containing diacetonide-protected glucose, 
galactose and mannose to afford carbohydrate-bearing 
polymers, as well as an alternative xylofuranose-based 
monomer, which yields a carbohydrate-based polymer 
backbone. Polycarbonate nanoparticles having surfaces 
anchored with galactose, mannose and glucose may be 
used	to	transport	therapeutics	specifically	to	liver,	dendritic	
and pancreatic cells, respectively. For example, it has been 
demonstrated through confocal studies that galactose-
coated nanoparticles deliver much more doxorubicin (an 
anticancer drug) molecules to HepG2 liver carcinoma cells 
than free doxorubicin formulation and the glucose-coated 
nanoparticles. These nanoparticles have great potential as 
a carrier for targeted drug delivery.
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Efficient Delivery of Hydrophobic and Hydrolysis 
Susceptible N-epoxymethyl-1, 8-naphthalimide 
(ENA) Using Functional Polycarbonate Micelles 

Jeremy P. K TAN1; Fredrik NEDERBERG2; 
Sung Ho KIM2; Uttam SURANA3; James L. HEDRICK2; 
Yi Yan YANG1 
1. Institute of Bioengineering and Nanotechnology, 
Singapore
2. IBM Almaden Research Center, California, United 
States
3. Institute of Molecular and Cell Biology, Singapore

Biocompatibility and biodegradability are two essential 
criteria for designing micelle drug delivery systems, and 
many	 polymers	 could	 fit	 into	 these	 criteria	 perfectly.	
However, most of the polymers are not easily functionalized 
for improving drug loading content and achieving targeted 
drug delivery, and their molecular weight is polydispersed, 
leading to micelles formed with a wide size distribution. 
Poly(carbonate) is biodegradable and biocompatible. 
In this study, we synthesized block copolymers of 
poly(carbonate) and poly(ethylene glycol) (PEG) via 
organocatalytic ring opening polymerization. The resulting 
polymers have precisely controlled molecular weight, 
end	 group	 fidelity	 and	 functionalities	 on	 the	 backbone	
of poly(carbonate). The functionalized block copolymers 
were used to encapsulate the hydrophobic and hydrolysis 
susceptible N-epoxymethyl-1, 8-naphthalimide (ENA), 
a new anticancer drug compound, into micelles through 
non-covenant interactions. The loading level of ENA in 
the functionalized micelles was much higher than that in 
the micelles formed from PEG-b-poly(carbonate) without 
functionality. The particle size of the drug-loaded micelles 
was well below 200 nm with a narrow size distribution. 
In vitro cytotoxicity studies showed that the drug-loaded 
micelles	were	significantly	more	effective	in	suppressing	
proliferation of various types of cancer cells as compared 
to the free drug, which was different from other drug 
delivery systems. These functionalized micelles may be a 
promising carrier for ENA delivery.

 A02945-05034 

Molecular and Cellular Biology of Keloid Scar 

Thang T. PHAN 
Department of Surgery, Yong Loo Lin School of Medicine, 
National University of Singapore, Singapore

Keloids are pathological scars and despite numerous 
available treatment modalities, continue to plague 
physicians	and	patients	with	persistence	and/	or	recurrence.	
Identification	of	molecular	mediators	that	contribute	to	this	
fibrotic	phenotype	thus	remains	a	top	priority.	In	this	study,	
2-D	gel	electrophoresis	and	matrix-assisted	laser	desorption/
ionization	time-of-flight,	mascot	online	database	searching	
algorithm and melanine gel analysis software were 
employed for comparative proteomic analysis between 
normal skin (NS) and keloid scar (KS) tissue extracts. 
Eighty-six proteins spots corresponding to 21 and 30 
differentially	expressed	proteins	were	identified	in	NS	and	
KS respectively. Isoforms of heat shock proteins, gelsolin, 
carbonic anhydrase and keratin were strongly expressed 
in NS along with manganese superoxide dismutase, 
immune components, antitrypsin, prostatic binding 
protein and crystalline. Various classes of proteins were 
found either to be present or upregulated in keloid tissue 
in	 the	 following	 classes:	 (I)	 Inflammatory/Differentiated	
keratinocyte markers: S100-proteins, Peroxiredoxin 
I  (II) Wound-healing proteins: Gelsolin-like capping 
protein	 (III)	 Fibrogenetic	 proteins:	Mast	 cell	 β-tryptase,		
Macrophage	migration	inhibitory	factor	(IV)	Anti-fibrotic	
proteins: Asporin, a novel transforming growth factor-beta 
neutralizing binding protein (V) Tumor suppressor proteins: 
Stratifin,	galectin-1,	maspin	(VI)	Antiangiogenic	proteins:	
Pigment	epithelium	derived	factor.	Significant	increases	in	
expression	of	asporin,	stratifin,	galectin-1	and	macrophage	
migration inhibitory factor were observed by western 
blot analysis in KS. These proteins of diverse functions 
are either involved in angiogenesis, growth regulation, 
apoptosis and the induction of matrix metalloproteinases. 
Studies have shown inducers of these proteins, such as 
hypoxia-inducible factor, transforming growth factor-beta 
and vascular endothelial growth factor to be upregulated 
in	the	keloid	microenvironment.	This	work	has	identified	
differentially	 expressed	 proteins	 specific	 to	 KS	 tissue	
extracts	which	can	potentially	be	used	as	specific	targets	
for therapeutic intervention. 
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Chitosan Nanoparticles- new Adjuvants in 
Vaccine Delivery System 

Vijayashree NAYAK1; Nirmala L.2; 
Sanjay Kumar DHAKER2 
1. Department of Biotechnology, Rajalakshmi 
Engineering College, Chennai, Tamilnadu, India
2. Department of Pharmaceutical Biotechnology, SRM 
University, Chennai, Tamilnadu, India

Chitosan nanoparticles are  immuno-activating in nature 
with  strong membrane interactive potential including 
higher NO production in vivo. Chitosan obtained from 
crustacean shells such as crab, lobster etc has a great impact 
on pharmaceutical applications due to its bioavailability, 
non toxic, high change density and biodegradability. In 
this research work, we have selected chitosan polymer 
as a mode of immunomodulatory effect of vaccine of 
typhoid antigens. According to WHO typhoid is systemic 
infectious disease caused by S.typhi has been estimated 
that the typhoid fever endemicity among large populations 
and global emergence of multi drug resistant strains 
impose greater urgency on the evolution of existing and 
new vaccines to prevent typhoid fever. Recently available 
recombinant vaccine was seems to be causing side effect. 
The therapeutic application in single administration of 
Typhoid antigen can be enhanced using chitosan as an 
adjuvant. The chitosan polymer in the form of microsphere 
was preferred in order to replace the alum to elicit 
sustained immune response, because alum induces local 
granuloma and hypersensitivy reaction to some individual. 
We have employed emulsion cross linking technique by 
using glutaraldehyde as a cross linking agent. The particle 
sized nano was analyzed Invitro studies by SEM and 
compatibility studies were performed. Invivo studies were 
analysed by ELISA test and the immunoglobulin titer of 
IgG, IgM, IgE response shows increase level of antibody 
response.

 A02953-05056 

Nanomaterial Developed to Overcome the 
Cispaltin Resistance in Prostate Cancer 

Xing-Jie LIANG 
CAS Key Laboratory for Biomedical Effects of 
Nanomaterials and Nanosafety, National Center for 
Nanoscience and Technology of China, Beijing, China

As a major chemotherapeutic agent for tumor treatment, 
cisplatin remains a cornerstone of present-day chemotherapy 
regimens not only for epithelial malignancies but also 
against a number of metastatic and advanced malignancies. 
However, due to its high toxicity and the development of 
drug-resistance, successful treatment with cisplatin is often 
limited. Intensive efforts have been made to reverse drug-
resistance or increase the susceptibility of cancer cells to 

cisplatin. Due to nano-scale particles known to easily enter 
and accumulate in cells, nanotechnology may be one way 
to overcome this resistance.  Metallofullerene nanoparticles 
were found to be virtually non-toxic, and in mouse models 
did not affect the proliferation of either cisplatin-sensitive 
(CP-s) or cisplatin-resistant (CP-r) prostate cancer cells. 
However, when administered in combination with cisplatin, 
these nanoparticles resensitized the CP-r cells to the drug. 
This was demonstrated by reduced sizes of CP-r tumors in 
the mice, as measured by optical and magnetic resonance 
imaging (MRI). CP-r cells normally exhibit reduced 
accumulation of intracellular cisplatin due to defective 
endocytotic function. The nanoparticles were developed 
to overcome tumor resistance to cisplatin by increasing 
endocytosis-mediated cisplatin accumulation.

 A02960-05067 

Preparing Bone Using an Injectable Hydrogel 
Scaffold 

Jöns HILBORN; Kristoffer BERGMAN; Tim BOWDEN; 
Dmitri OSSIPOV; Thomas ENGSTRAND 
Polymer Chemistry, Materials Chemistry, Uppsala 
University, Uppsala, Sweden

Autologous bone grafts are routinely used to heal large 
bone defects but has the disadvantages limited graft 
quantity, donor site morbidity, pain for the patient, and cost 
of harvesting. A promising alternative to this autografting 
is the delivery of osteoinductive growth factors, such 
as members of the bone morphogenetic protein (BMP) 
family that act on resident stem cells. It is, however, 
estimated that less than 20% of the more than 1 million 
patients in US and Europe who develop non-healing bone 
fractures can today be treated by bone growth stimulation 
to	heal.	One	reason	for	 this	 is	 that	 the	clinical	efficiency	
of BMP is critically dependent on the delivery strategy: 
when delivered in solution, BMPs will be rapidly cleared, 
resulting in suboptimal healing. When employing carriers 
that can retain and sequester BMPs greatly enhances 
efficacy	 and	 reduces	 protein	 dose	 by	 localizing	 the	
morphogenetic stimulus.

To address this problem we have developed a new 
hydrogel carrier that has demonstrated the desired 
features of an injectable replacement for bone grafts: 
with BMP-2 it induces bone formation in animals , it 
induces vascularisation, it is sterilizable, forms a gel upon 
injection,	shows	little	or	no	inflammatory	reaction	and	is	
based on naturally occurring hyaluronic acid which has a 
firmly	established	biocompatibility.

Adult stem cells reside in specialized niches, a term used 
to describe the control of stem cell function, such as self 
renewal or differentiation by the complex interaction of 
different cell types, matrix components and growth factors 
in distinct tissue locations. Bone repair is mediated by a 
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coordinated participation of hematopoietic and immune 
cells with bone marrow precursor cells including stem 
cells. Stem cells present in the bone stem cell niche include 
hematopoietic stem cells as well as endothelial progenitor 
cells	and	mesenchymal	stem	cells,	which	require	a	specific	
environment for self replication and which interact with 
each other by growth factors such as BMP-2 and the 
corresponding receptors.
 
The generation of new bone formation using hyaluronan-
based biomaterial was demonstrated which can exemplify 
a concept mimic the physiological events during tissue 
repair. Hyaluronan induces the expression of its own 
receptor,	 CD44,	 specifically	 in	 mesenchymal	 stem	 cells	
(MSC). One hypothesis is hyaluronan-CD44 interaction 
induces adhesion and migration of MSC to hyaluronan. The 
migrated cells can thereafter differentiate into specialized 
cells	upon	treatment	with	specific	growth	factors	as	already	
demonstrated with impressive bone formation was seen 
when	BMP-2	was	delivered	with	 a	modified	hyaluronan	
carrier. Importantly, this bone formation was accompanied 
by angiogenesis which is believed to be required for the 
regeneration of larger bone defects. This demonstrates 
the dual capacity of hyaluronan-based biomaterials 
by functioning as both a matrix for attraction of MSC 
(adhesion, migration, proliferation) and as a carrier and 
protective container for differentiation factors.
 
Although recent results have shown that combinations 
of scaffold, cells, and growth factors provides for a 
microenvironment that results in successful healing, 
this practice diminish clinically, when the time in the 
surgery room becomes of greater importance in treating 
a patient. Surgeons prefer an implant that does not require 
additional preparation, such as harvesting and seeding 
multipotent cells onto scaffolds. Furthermore, while cell 
seeded scaffolds require open surgery the trend is towards 
minimal invasive procedures to reduce risk of infection 
and cost of surgery. Therefore, becuase cells are not to be 
implanted, we have developed a system where the scaffold 
itself is  responsible for inducing cellular invasion and 
bone tissue engineering. Also, as open surgery time is to 
be minimized, or even eliminated for closed fractures, such 
bone inducing scaffolds have been made injectable and to 
potentially become off-the-shelf available.

 A02995-05117 

Gene Delivery with Non Viral Vector Systems for 
Induction of Immunological Tolerance 

Andrew GEORGE1; Adnan KHAN1; Frank LARKIN1; 
Wei Yang SEOW1;2; Yi Yan YANG2 
1. Department of Immunology, Division of Medicine, 
Imperial College London, Hammersmith Hospital, 
London, United Kingdom
2. Institute of Bioengineering and Nanotechnology, 
Singapore

Transplantation of organs is the only treatment for many 
forms of organ failure. At present it is limited mainly 
by the number of donors, by the side effects of the 
immunosuppressive drugs used to prevent immunological 
rejection and by chronic, long term, rejection of the grafts. 
This has spurred the development of new approaches to 
induce	 specific	 immunological	 tolerance	 to	 the	 donor	
organs, to allow long term survival without the need for 
immunosuppressive therapy. 

One possibility is to use gene therapy to express genes 
that modulate the immune response to the graft. We have 
developed	 two	 main	 approaches	 to	 this.	 The	 first	 is	 to	
modify the graft itself. Using corneal allografts as our main 
model we have shown that the introduction into the graft 
of constructs expressing a range of immunomodulatory 
proteins that can either block recruitment of effector cells, 
or inhibit their action, can lead to the prolongation of graft 
survival. The second approach is to modify the dendritric 
cell, which initiates the immune response. We have shown 
that	modification	of	these	cells	to	express	molecules	that	
‘turn	off’	T	cells	results	in	long	term	graft	survival.	

One major consideration in developing such gene therapy 
approaches is the vector used to introduce the construct 
into the target cell or tissue. We have used a variety of viral 
vectors, but as might be expected these are associated with 
increased	inflammation	and	non	specific	activation	of	the	
cells. We have therefore concentrated on the development 
of non viral vectors. These have included both antibody 
targeted liposomes and dendrimers, and tri-block peptide 
polymers	designed	to	allow	efficient	uptake	and	delivery	
of	plasmid	DNA.	While	these	are	less	efficient	than	most	
viral vectors, they can result in therapeutically useful levels 
of transgene expression. 

 These data show that the development of gene delivery 
systems	may	be	of	 enormous	benefit	 for	 transplantation.	
However, transplantation can also serve as a model for 
other forms of immune-mediated diseases, in particular 
autoimmunity. It is to be expected, therefore, that these 
non	viral	systems	will	find	wide	applicability.	
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Nanoscale Amphiphilic Macromolecules: 
Mutlifunctional Polymers for Managing 
Cardiovascular Disease 

Kathryn UHRICH 
Chemistry and Chemical Biology, Rutgers, The State 
University of New Jersey, United States

Heart disease is the leading cause of death in the United 
States and current treatments are extremely limited in their 
use	and	efficacy.		Nanoscale	amphiphilic	macromolecules	
(AMs) are unique polymer systems that offer a variety of 
therapeutic options within a single system. The AMS self-
assemble into water-soluble micellar, nanocarriers with 
potential for delivering hydrophobic drugs. These water-
soluble polymers are comprised of a highly branched, 
hydrophobic interior (core) and hydrophilic exterior 
(shell) to maintain physical properties characteristic of 
conventional micelles. The variation of alkyl chain length 
controls the solution and hemolytic stability as well as 
drug loading capacity and release rate.

The AMs form nanometer-sized micelle systems in 
aqueous media and inhibit the uptake of highly oxidized 
low-density lipoproteins (hoxLDL) by competitively 
binding scavenger receptors on macrophages, slowing 
the atherogenic process. In one approach, the AMs can be 
delivered to atherosclerotic lesions in a controlled manner 
by coating a stent with active polymer. This coating 
allows active polymer to be released over the course of 
one week when used in combination with a known, water-
insoluble polymer.  Additionally, the tunability of the 
AMs	 allows	 site-specific	 delivery	 of	 therapeutic	 agents	
by conjugating targeting moieties to the micellar corona. 
The ability to utilize a multifaceted approach makes AMs 
an ideal candidate as a therapeutic tool for atherosclerosis 
intervention. 

C00001

DNA and siRNA Delivery Using Degradable Poly 
(amino ester)s

Chong-Su CHO
Department of Agricultural Biotechnology, Seoul 
National University, Korea

Efficient	and	safe	delivery	of	siRNA	is	very	important	for	
the success of gene therapy in clinics. Recently, degradable 
poly(amino	ester)(PAE)s	have	received	significant	attention	
due to their potentials in vitro and in vivo success. Amongst 
different PAEs, our PAE carrier based on polycaprolactone 
and polyethylenimine (PEI) have displayed superior gene 
transfection	 efficiency	 than	 high	 molecular	 weight	 PEI	
(PEI25K) in number of cell lines. Also, it displayed good 
in vivo transfection in mice lungs on aerosol delivery 
[1]. Further screening of PAE mini-library composed of 
aminosilane and polyethylene glycol diacrylate (PEGDA) 
revealed very interesting observations. The results displayed 
the importance of amine monomer concentration in carrier 
synthesis.	Even	small	increase	in	amine	ratio	significantly	
altered	 the	 cell	 viability	 and	 transfection	 efficiency.	
Also, results displayed cell line dependency and effect 
of	 serum	 media	 on	 transfection	 efficiency	 [2].	 Our	 PAE	
carrier composed of low molecular weight PEI(452Da) 
and PEGDA showed excellent gene and siRNA delivery 
efficiency	 in	 vitro	 and	 in	 vivo.	 This	 PAE	 efficiently	 and	
safely delivered DNA in number of cell lines and in vivo 
[3-4]; moreover, it successfully complexed, condensed 
and delivered siRNA in lung cancer cells. The silencing 
achieved with PAE carrier was obtained to be nearly 1.5 
times superior and safer than standard PEI25K. PAE-
mediated	Akt1	 shRNA	 delivery	 efficiently	 silenced	Akt1	
protein,	and	significantly	decreased	lung	cancer	cell	survival,	
proliferation and metastasis [5]. The aerosol delivered Akt1 
siRNA-PAE	polyplexes	specifically	silenced	Akt1	protein,	
and	efficiently	suppressed	lung	cancer	progression	through	
regulating proteins important for Akt1-related signals, and 
cell cycle regulation in K-rasLA1 and urethane-induced 
lung cancer model mice [6]. Recently, developed our PAE 
carrier composed of glycerol dimethacrylate  and PEI 
has displayed high transfection in number of cell lines as 
compared to commercially available liposomal vector 
owing to the synergistic effect of glycerol osmolarity to 
proton sponge for endosomal escape by PEI [7]. These 
results suggest potential application of biodegradable PAEs 
for therapeutic DNA and siRNA delivery.
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