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About Creative Biolabs
Non-viral Delivery Development Platform
Area of Our Development Services
Physical Methods
Chemical Methods

Non-viral Delivery System Application

THE BEST VENDOR
FOR GENE DELIVERY

About Creative Biolabs
As one of the ideal partners currently working on the development of gene therapy, Creative Biolabs has
outstanding expertise and rich experience to provide custom strategies for gene delivery. Generally, gene delivery
can be broadly classified into three groups: chemical, biological, and physical. We are able to recommend the best
methods depending on clients' cell types and experimental needs. Focusing upon the biological methods, the
adenovirus, adeno-associated virus, herpesvirus, and lentivirus have been used for gene delivery. In addition, our
non-viral delivery platforms have developed physical and chemical methods with high transduction efficiency to
supplement the strategies for gene delivery. Based on world-class core technologies and manufacturing
infrastructure, we provide end-to-end solutions for gene delivery and one-stop non-viral delivery development
service for our clients all over the world.
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1. Non-viral Delivery Development Platform

Areas of Expertise
Our Capabilities

Currently, gene delivery technologies available are classified into biological, physical, and
chemical methods. The last two approaches belong to the non-viral delivery system and
have been widely used in gene therapy, which have high transfection efficiency and avoid
certain problems related to viral systems. Creative Biolabs is committed to providing onestop non-viral delivery development services and performing related assays.

Our Non-viral Delivery Platform

+

Features of Our Services

Chemical Methods

• Extensive expertise and rich experiences in gene delivery

• Electroporation

• Polymers

• A series of stringent criteria and standardized operation protocol

• Sonoporation

• Peptides

• Complete and innovative solutions for gene transfer supporting

• Gene gun

• Liposomes

• One-stop-shop service and faster delivery

• Jet injection

• Inorganic particles

• Best after-sale services & Cost-saving

Physical Methods

• Advanced platform and excellent customized services

• Hydrodynamic intravascular injection
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Areas of Expertise
Our Capabilities
Needle injection
Ballistic DNA injection

1.1 Physical Methods
Gene delivery using physical principles usually employs a
physical force to overcome the membrane barrier of the cells

Electroporation

and facilitate intracellular gene transfer. The genetic material is
introduced into cells without formulating in any particulate or
viral system. Creative Biolabs possesses extensive expertise

Sonoporation
Jet injection

and advanced equipment which can offer complete and
innovative solutions to support your research. The available
physical methods include needle injection, ballistic DNA
injection, electroporation, sonoporation, photoporation,
magnetofection, and hydroporation.

Hydroporation
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1.2 Chemical Methods

Areas of Expertise
Our Capabilities

Chemical-based methods of gene delivery can utilize natural or artificial
compounds to form particles that improve the transfer of target genes into cells.
Chemical vectors usually enter cells via endocytosis and can protect genetic
materials from degradation. Synthetic or natural biocompatible particles may be
composed by cationic polymers, cationic lipids or cationic peptides, and also the
combination of these components. Creative Biolabs has the capacity to provide

Polymer-based delivery system

a wide variety of biodegradable delivery systems to meet your needs, such as
polymers, chitosans, inorganic particles, and liposomes-based non-viral
vectors.

Lipid-based non-viral vector
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Areas of Expertise
Our Capabilities

1.2.1 Polymer-based Delivery System

Cationic polymers condense DNA into polyplexes and prevent DNA from degradation. Polymeric nanoparticles are the most commonly used nanoscale delivery system that
are mostly spherical particles in the size range of 1-1000 nm, carrying the nucleic acids of interest. Creative Biolabs has established the advanced platform to help our clients
construct polymer-based non-viral vectors. We are able to provide commonly used polymers for gene delivery, including Poly(lactic-co-glycolic acid) (PLGA), Poly lactic
acid (PLA), Poly(ethylene imine) (PEI), Chitosan, Dendrimers, and Polymethacrylates.

Conventional Polymers

Biodegradable Polymers
Natural biodegradable polymers
• Protein-based Vectors
• Polysaccharide-based Vectors
Synthetic biodegradable polymers
• Polyesters
• Polycarbonates
• Polyurethanes
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Areas of Expertise
Our Capabilities
1.2.1.1 Polymer-based Delivery
System Design
Of note, the efficacy of a transfectant strongly depends on
some chemical and geometrical features. Many factors such
as molecular weight, surface charge, charge density,
hydrophilicity, and chemical structure affect gene
transfection efficiency of cationic polymers. Based on
advanced technologies and years of research, Creative
Biolabs offers one-stop polymer-based vector design

Several Considerations for Polymer-based Delivery System Design

Polymerization (Molecular Weight, Branching Degree)
Cationic Polymer-to-Plasmid DNA Ratio
Polymeric Architectures

Cytotoxicity (Degradable)

service to best suit your technical, program, and budget
requirements to greatly assist your research, preclinical
investigation, and clinical stage development.

Polymer Solubilization and Complexation Buffer
Complexation Method
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1.2.1.1 Polymer-based Delivery System Modification

Areas of Expertise
Our Capabilities

Many factors affect gene transfection efficiency of polymer-based vectors, which have been shown to affect DNA condensation into polyplexes and induce aggregation,
toxicity, and buffering capabilities of the polyplexes. The physicochemical properties of cationic polymers are critical factors that govern complex distribution, bioavailability,
and the gene expression profile in vivo. According to the influence factors of gene transfection, Creative Biolabs provides a range of chemical modification services to
broaden the application of the polymer-based vectors for gene therapy.

Several Modification Strategies for Polymer-based Delivery System
Charge Density
• Acetylizad modified polymers reduce positive charge
• Quaternary amine groups with chitosan maintain
permanent charge
Biodegradablity
• Biodegradable linkages to reduce the toxicity of the polyplexes
Pegylation
• PEGylation to Reduce the Effects of Endosomal Escape
• PEGylated Polymers for Targeting

Chemical Structural Modification to Facilitate Bioresponsive Strategies
• Cross-link Disulfide Bonds
• Thiol Modification on Polymers
• Acid-Labile Polymers
• Hydrophobic Unit Modification
Chemical Structural Modification to Create Proton Sponge Effects

• Histidine Residue Modification
• Tertiary Amino Group Modification
• Full deacylation
Chemical Modification to Increase DNA Condensation Ability
• Pseudodendrimers
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1.2.1.1 Polymer-based Delivery System Characterization

Areas of Expertise
Our Capabilities

In order to verify the gene transfer efficacy of polymer-based vectors, Creative Biolabs also provides the characterization service of polymer vector systems. With
advanced technologies and experienced researchers, our scientists can design and operate a full range of validation assays according to your gene therapy
objective. A series of stringent criteria are applied to implement quality control in order to guarantee reliability.

Physical Characterization
• Particle Size
• Zeta Potential
• Surface Morphology

Gene Characterization
• DNA Release Profile
• DNA Integrity

In Vitro Studies
• Cytotoxicity Assay
• Transfection Efficiency

In Vitro Studies
• Gene Expression
• Efficiency Assay

• DNA Encapsulation
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Areas of Expertise
Our Capabilities

1.2.2 Lipid-based Delivery System
Cationic lipids are efficient synthetic gene delivery reagents that can

Cationic Liposomes

protect nucleic acids from enzymatic degradation and deliver the
nucleic acids into cells by interacting with the negatively charged
cell membrane. Creative Biolabs is able to provide various cationic
lipid-based vectors for gene therapy, including cationic liposomes,
solid lipid nanoparticles, and lipid nanoemulsions.

Liposomes offer several advantages for gene delivery
 They are relatively cheap to produce and do not cause diseases
 Protection of the DNA from degradation, mainly due to nucleases
 They can transport large pieces of DNA

Solid Lipid Nanoparticles (SLN)

Lipid Nanoemulsions

 They can be targeted to specific cells or tissues
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Areas of Expertise
Our Capabilities
1.2.2.1 Lipid-based Delivery System
Design

Rational Physico-chemical Design of Liposomes

Control of physical and chemical specifications of liposome
composition, which includes lipid-to-DNA charge, size,
presence of ester bonds, chain length and nature of ligand

Physico-chemical properties

complexation, is integral to the performance of targeted liposomes

Cell type

as genetic delivery agents. Creative Biolabs manifests as a world

Charge ratio

leading expert in gene delivery field and provides our clients with
the best lipid-based vector designing service with the high efficacy
in order to meet your research needs.

Delivery routes
Lipid chosen
Lipid size

Transfection conditions
Production methodologies
Drug candidates
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Areas of Expertise
Our Capabilities

1.2.2.1 Lipid-based Delivery System Design
DESIGN OPTIMIZATION OF LIPOSOMAL DELIVERY SYSTEMS

Improving
Entrapment Efficiency

Manipulation of the In
Vivo Fate of Liposome

Control of Drug
Release Rate

Enhancing
Intracellular Delivery
of Liposomal Payload

In the active loading method,

Manipulation of the

It is well recognized that the

Receptor-mediated endocytosis

the pH or chemical

physicochemical properties of

entrapped drug within

of liposomes results in their

composition of the internal

liposomes, such as size, fluidity,

liposomes is not bioavailable

lysosomal delivery, where they

aqueous compartment of the

net surface charge, and packing

until it is released. Therefore

become vulnerable to

liposomes is manipulated to

of the lipid bilayers, has been

optimizing the release rate of

degradation by the acidic and

allow efficient retention of

found to affect not only

liposomal payload is

enzyme-rich environment of the

drugs within the liposomes.

liposomal physical stability but

considered a crucial

endosomes and lysosomes.

also their uptake by cells of the

determinant for the overall

Recently, much attention has

mononuclear phagocyte system.

therapeutic efficacy of

been devoted to verifying

liposomal systems.

different strategies to bypass the
endocytic pathway.
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Areas of Expertise
Our Capabilities

1.2.2.1 Lipid-based Delivery System
Design
The most commonly used non-viral vector is lipid nanoparticles
(LNPs) that are composed of lipid(s), emulsifier/surfactant(s),

Designing LNP Formulations

co-surfactant (optional), solvents/co-solvents (optional)
and active pharmaceuticals. Creative Biolabs can offer
customize LNP design by varying lipid compositions, vesicle
sizes, surface charges, etc.

Composition of LNP
• Cross-link Disulfide Bonds
• Lipid(s)
• Cryoprotectants
• Solvents/co-solvents

Selection of Lipid(s)

Selection of Surfactant and Co-surfactant

• Partition coefficient

• Non-irritant/toxic to biological membranes

• Stability and HLB value

Selection of Solvents/Co-solvents

• Thermodynamic stability

• Administration route

• Lipid packing density

• Hydrophilic-lipophilic balance value

• Crystalline lipid matrix

• Lipid modification and particle size

• Compatibility

• Gastrointestinal lipid instability and degradation

• Drug candidates
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1.2.2.2 Lipid-based Delivery System Modification

Areas of Expertise
Our Capabilities

The ultimate goal of lipid-based drug delivery is reaching the target cell. A variety of ligands may be functionally LNP-attached including various internalizable
ligands, specific targeted peptides, saccharide ligands, or therapeutic molecules. Creative Biolabs is able to provide the custom lipid-based delivery system
modification with the aim of improving its therapeutic and targeting performance.

Modifications for Improved
Liposome-mediated Gene Delivery
 Poly(ethylene) glycol, hydrophilic molecules
 Peptides/Proteins
 Saccharide ligands
 Enzymes
 Transferrins

The Advantages of Surface-modified Lipid Nanoparticles
• Increase stability of LNPs in GIT fluids and accelerate epithelium transport of LNPs
• Enhanced biocompatibility and reduced thrombogenicity of drug carrier
• Reduce nonspecific distribution and target tissues or specific cells
• Improvement of colloid circulation in blood for systemic use
• Enhanced dispersibility of colloids

 Antibodies
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1.2.2.2 Lipid-based Delivery System Modification

Areas of Expertise
Our Capabilities

Most liposomes prepared with targeting ligands demonstrate limited penetration efficiency in reaching the
target site as many such composites end up being accumulated in the liver due to insufficient interaction
between the target and targeted liposomes. Developing efficient clinical systems for targeted delivery of
nucleic acid therapeutics will depend on ligand design, target cell/tissue, liposome composition and
interactions between liposome and cargo. Creative Biolabs is able to provide the custom lipid-based delivery
system modification for targeted liposomal gene delivery. We have designed various targeting ligands for
gene transfer, both in vitro and in vivo.

Recent strategies towards the surface modification of liposomes
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Areas of Expertise
Our Capabilities

1.2.2.2 Lipid-based Delivery System Modification
Peptides-targeting

Targeted Liposomal Gene
Delivery Strategies

• Integrin receptors (αvβ3 and αvβ5)
• Growth factor receptors (GFRs)
• G-protein coupled receptors (GPCRs)
• Arginine-glycine-aspartate (RGD) sequence, Peptide AG73, Ampipathic peptide LK15
•

Cell-penetrating peptides (CPPs) : TATp, oligoarginine, transportan, penetratin, low molecular
weight protamine, synthetic arginine-enriched sequences, TP10 and VP22.

• The most commonly used phospholipids for the preparation of peptide-targeted liposomal
gene delivery systems are DOTAP, DOPE, DSPC and DSPE alongside PEG.

Peptides & Liposomes

15

1.2.2.2 Lipid-based Delivery System Modification

Areas of Expertise
Our Capabilities

Antibodies-targeting

Targeted Liposomal Gene
Delivery Strategies

Antibodies are the most prevalent targeting ligands, both in vitro and in vivo, for targeted
liposomal gene therapy. Unlike other ligand-based approaches, antibodies tend to have higher
specificity toward their ligands, which minimizes non-specific binding to receptors expressed on
normal cells. Compared to other ligands, antibodies are, typically, more difficult to conjugate to
liposomes and are more expensive.

Schematic illustration of immobilization of
antibody on liposomes
• Type A: PEG-free immunoliposomes with antibody
covalently linked to the short anchor
• Type B: PEG-immunoliposomes with antibody
covalently linked to anchor
• Type C: PEG-immunoliposomes with antibody
attached to the distal terminal of anchor molecule
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1.2.2.2 Lipid-based Delivery System Modification

Areas of Expertise
Our Capabilities

Aptamers-targeting

Targeted Liposomal Gene
Delivery Strategies

Compared to antibodies, aptamers are thought to be easier to produce, demonstrate higher target
antigen recognition, are non-immunogenic, less heat-labile, can more rapidly diffuse into tissues, and the
conjugation chemistry for attaching functional groups is orthogonal to nucleic acid chemistry.

Aptamer-targeted liposomes
To date, a number of aptamer-functionalized liposomes have been developed to deliver nucleic acids.
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1.2.2.2 Lipid-based Delivery System Modification

Areas of Expertise
Our Capabilities

Folic acid/folate-targeting

Targeted Liposomal Gene
Delivery Strategies

Cancer cell-surface receptors displaying targeting molecules have allowed for the development of small
molecule-based ligands for active liposomal targeting. Among the most prominent is folic acid/folate,
owing to its ease of conjugation to liposomes and overexpression of folate receptor in activated
macrophages and cancer cells.

Main strategies
• Folate receptor to folate
• Folate receptor to folate analogues
• Folate receptor α (FRα)
• Serum-resistant folic acid-lipopolyplexes
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Areas of Expertise
Our Capabilities

1.2.2.3 Lipid-based Delivery System Characterization
Characterization

Creative Biolabs can provide the comprehensive analysis and characterization for LNP before and after encapsulation, such as size distribution, stability,
zeta potential, visual appearance, entrapment efficiency, lamellarity, and release rate. We also provide a cost-effective suite of characterization tools to
measure critical parameters of these products.

Characterization
Zeta Potential

Techniques
Entrapment Efficiency

• Dynamic Light Scattering (DLS)
• Electrophoretic Light Scattering (ELS)

Stability Test

Visual Appearance

• Nanoparticle Tracking Analysis (NTA)
•

Size Distribution

Lamellarity and Release Rate

Small- and Wide-angle X-ray Scattering (SAXS/WAXS)
Differential Scanning Calorimetry (DSC)

19

Areas of Expertise
Our Capabilities

1.2.2.3 Lipid-based Delivery System Characterization
• Determination of Drug Encapsulation Efficiency
Drug concentrations were determined by reversed-phase HPLC. Encapsulation Efficiency (EE) was calculated as follows:

• In Vitro Release Study---Workflow
Liposome preparation

Diluted and dialysis

Shaking and incubation

Drug release amount
determined by HPLC at the
predetermined time intervals

• In Vivo Study
Our platform can also provide the in vivo study of lipid-based delivery system. The animal model will be treated with the modified
liposomes containing drug candidates. At predetermined time intervals, whole blood samples were withdrawn. After immediate
centrifugation, the plasma was taken and stored at 4 °C until it was assayed within 24 hours.

• PK/PD Study
The only active component of liposomal drugs is the free drug, the active pharmaceutical ingredient (API) released from the
liposome. Thus, an integrated PK/PD relationship with regard to the systemic and local kinetics of both the liposomes and free
APIs is extremely valuable.
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2. Non-viral Delivery System Application

Disease Area
Cancer Diseases
Cardiovascular Diseases

Gene Therapy vehicles can be categorized into two groups: biological and non-biological

systems. The main objective in gene therapy is the development of efficient, non-toxic gene carriers
that can encapsulate and deliver foreign genetic materials into specific cell types. The non-viral
vectors have proved less toxic and safe compared to viral vectors through clinical trials. Creative

Biolabs is able to provide one-stop non-viral delivery system development service for gene therapy in
various disease area.

Ocular Diseases
Infectious Diseases
Inflammatory Diseases

Drug Loading vehicles usually use liposomes, due to their various forms and controlled
properties. These structures can deliver both hydrophilic and hydrophobic drugs for cancer,

antibacterial, antifungal, immunomodulation, diagnostics, ophtalmica, vaccines, enzymes and genetic
elements. Creative Biolabs provides the custom drug loading service by liposomes.

Neurological Diseases
Others

Loading of Hydrophilic Drugs

Loading of Hydrophobic Drugs
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