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Nucleic Acid Research

Natural
DNA, RNA

• Recognition specificity

• Metabolic stability

• Chemical & physical stability

• Chemical modification for biological property

Applications Therapeutics

Molecular Biology

Molecular Diagnostics

Artificial
PNA, LNA, MNA, etc.
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• Affinity & Specificity – Better recognition to DNA or RNA than DNA

• Resistance to enzymes (nuclease, protease)

• Durability to chemical & physical environment 

• Cell permeability 

• Convenience in synthesis

1st and 2nd

generation
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Overview of PNA

• Described in 1991 by Nielsen, Egholm, Buchardt, Berg.

• ABI (now ThermoFisher) invented Fmoc method in 1995.

• PANAGENE invented Bts method in 2002

• PANAGENE developed the first automatic PNA 

synthesizer in 2006

• More than 2,500 publications

- Review (300)

- Chemistry & properties (2,000)

- Molecular biology (150)

- Diagnostics (800)

- Therapeutics (1,000)

• PANAGENE is a major PNA oligomer supplier

• A variety of diagnostic products are on the 

market by PANAGENE, etc.. 

Science (1991) 254:1497



Therapeutic applications

Molecular biology & diagnostics applications

• miRNA inhibitor and detection

• PCR clamping

• Microarray

• Mutation detection

• Pathogen detection

• Drug resistance detection

• Companion diagnostics 

• Monitoring disease related gene expression 

• Antimicrobial

• Anticancer

• Gene therapy

• Gene editing

PNA Applications
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• Resistance to nuclease and protease-mediated degradation 

• Very good hybridization affinity to target sequence

• Excellent mismatch sequence discrimination

Attractive Properties

Limitations

• Poor water solubility

• Poor cellular uptake

Potential categories 

• Antigene & Antisense 

• Modulation of Splicing

• Gene editing

Therapeutic Applications of PNA

Modulation of Splicing

Gene editing

Advanced Pharmaceutical Bulletin (2018) 8(4):551-563
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1. Formulation of PNA as a duplex with sacrificial DNA 

2. Conjugation of PNA oligomers with CPPs or lipophilic moiety (B12, cholesterol, etc.)

3. Backbone or BASE modification of PNA (GPNAs, miniPEGPNA, Olipass, etc.)

4. Formulation negative charged PNA with cationic lipid transfection reagent

5. Incorporation of naked PNA with liposome

6. Loading in biodegradable nanoparticles (PLGA)

7. Loading PNA on graphene oxide. 

PNA Modifications for Cellular Uptake

Formulation of PNA/DNA Nanoparticles

Cellular Delivery Pathways for PNAs
Liposome delivery

Pharmaceuticals (2021) 14:14

2. Therapeutic Applications

Current Opinion in Chemical Biology (2019) 52:112-124

Molecules (2018) 23:632



Base modification

Nanoparticle formation

Companies for PNA-based Therapeutics 

source : www.olipass.com

source: www.seasuntx.com
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Advanced Pharmaceutical Bulletin (2018) 8(4):551-563

Several Examples of PNA-mediated Gene Therapy

2. Therapeutic Applications



Hyung Tae Lee, Se Kye Kim, and Jang Won Yoon*

• More than 200 publications

• Potential synergistic combination with antibiotics

• Need further research for drug 

• Potential against multi-drug bacterial resistance 

PNA as a Potential Anti-infective Agent

Journal of Microbiology (2019) 57(6):423–430
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• Physical, chemical and biological stability 

• Excellent kinetics in hybridization 

• Strong affinity in hybridization 

• Excellent mismatch sequence discrimination

• Ease of modification and sequence design

Attractive Properties

Limitations

• Not applicable as a primer

• Applying PNA requires optimized conditions of PNA and other 

reagents different from conventional DNA methods

Diagnostic Applications of PNA

3. Diagnostic Applications



PANAGENE developed and commercialized HPV PNA microarray in 2009

BioChip Journal (2012) 6(1):25-33 Hyunsun Kim, Jae-jin Choi, Minhye Cho & Heekyung Park

Journal of clinical microbiology (2009) 47(6):1785–1790

Jae-jin Choi, Chunhee Kim, and Heekyung Park

PNA microarray platform for miRNA expression profiling using on-chip labeling technology

Won Asia Pacific Product Innovation award by 

Frost & Sullivan (PANArrayTM HPV Chip)

PNA Microarray

3. Diagnostic Applications



www.alphalabs.co.uk/pnafish

(Now Opgen)

www.opgen.com

• Advantage of PNA: Rapid & accurate diagnosis

PNA FISH

3. Diagnostic Applications

PNA probe DNA probe

~ 2 hours Overnight
Incubation time

www.panagene.com



PCR-based PNA Technology 

3. Diagnostic Applications

Highly Sensitive Mutation Detection

(PNAClamp™ by PANAGENE)
Multiplex Detection (PANA RealTyper™ by PANAGENE)

Sensitivity – 0.1% (somatic mutation)

Liquid Biopsy available

PANAMutyperTM
EGFR KRAS NRAS ROS1

Tissue only

• Melanoma

• Colorectal

• Lung

• Lung • Lung• Colorectal

• Lung

+



• Select optimal targeted therapy 

• Minimize adverse drug effect with 

increase in treatment options

Molecular Diagnostics (MDx)

Analyzing biological markers in DNA/RNA to 

diagnose and monitor disease

Patients

Biomarker

Diagnostics

Therapy
• Help predict drug response, reduce 

risk of toxicity

• CDx importance is increasing as 

Targeted Therapy increases 

(Field of breast, lung, colorectal 

cancer and melanoma.
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Companion Diagnostics (CDx)

“Molecular Diagnostics is 

essential for Patients’ Treatment”

Companion Diagnostics 

3. Diagnostic Applications



Selected PNA Production Companies

PNA Bio : distributor of PANAGENE Roberto Gambari

What is PANAGENE doing with PNA

Expert Opin. Ther. Patents (2014) 24(3):267-294

Panagene global leading company



Various Patents Files Related to PNA

What is PANAGENE doing with PNA

PANAGENE

PANAGENE

PANAGENE

PANAGENE

PANAGENE

Expert Opin. Ther. Patents (2014) 24(3):267-294



Various Patents Files Related to PNA

What is PANAGENE doing with PNA

PANAGENE

PANAGENE

Expert Opin. Ther. Patents (2014) 24(3):267-294



Various Patents Files Related to PNA

What is PANAGENE doing with PNA

Expert Opin. Ther. Patents (2014) 24(3):267-294



Technology

PANAMutyper™

EGFR (ver. 1) Lung cancer

EGFR (ver. 2) Lung cancer

KRAS Thyroid / Lung cancer

NRAS Colon / Lung cancer / Melanoma

ROS1 Lung cancer

EML4-ALK Lung cancer 

BRAF Thyroid / Colon cancer / Melanoma

PNAClamp™

EGFR Lung cancer

KRAS Thyroid / Lung cancer

NRAS Colon / Lung cancer / Melanoma

BRAF Thyroid / Colon cancer / Melanoma

PIK3CA Breast / Colon / Lung cancer

IDH1 Glioblastoma multiforme

IDH2 Glioblastoma multiforme

JAK2 Myelofibrosis / Polycythemia Vera

BCR-ABL Chromic myelogenous leukemia

c-KIT Glioblastoma / Myeloproliferative Neoplasm

TERT Thyroid / Lung cancer

PANA 
RealTyper™

HPV genotyping Cervical cancer

HPV screening Cervical cancer

STD Sexually transmitted disease

CRE Resistance to antibiotic

PANA qPCR™ TB/NTM Tuberculosis

O
n

co
lo

g
y

Target Disease

In
fe

ct
io

u
s 

D
is

ea
se

Development Phase

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

CE KFDA

PNA-based MDx Products of PANAGENE

(Liquid biopsy)

Completed



• Keyword: EGFR and PNA

• Total publications: 106

• Korean author: 34 (around 32%) 

Search PubMed for ‘EGFR’ and ‘PNA’

What is PANAGENE doing with PNA

PANAMutyper™ R EGFR for liquid biopsy

PNAClamp™ EGFR for tissue biopsy



Modulation of DNA and RNA by PNA, 2020

Timeline of Important Events in the Area of PNA 

Bts-monomer (PANAGENE, 2003)

Mass scale/automation (PANAGENE, 2005) PNA microarray (PANAGENE, 2006)

[Technology] [Application]

PNA Clamp (PANAGENE, 2009)

MCA with PNA Probe (PANAGENE, 2010)

Liquid Biopsy Platform (PANAGENE, 2013)



Current PNA Market Status

What phase is PNA market currently in?



APPROVED & 
COMMERCIALIZED

CLINICAL TRIALS 
(Phase 1 ▷ 2 ▷3)

INVESTIGATIONAL 
NEW DRUG 

APPLCIATION (IND)

PRE-
CLINICAL

PANAGENE: The Best PNA Supplier + PNA related IP

nmole ~ µmole

PANAGENE will be the sole provider 
for the development to Approval of PNA based therapeutics 

mg ~ gram Kg ~

 Secure cGMP for clinical stage supply capability 

 Use PNA provided by PANAGENE in all process

Kg ~

Process

PNA needed

Modified 
PNA 

Monomer

Base 
Modification

Conjugation
Method

PNA 
Delivery
Platform

PANAGENE will invest on PNA related patents to secure 
its Intellectual Properties in PNA



PANAGENE: Maximizing PNA-based MDx Technology 



Changing the world with PNA

54, Techno 10-ro, Yuseong-gu, Daejeon, 305-510 Korea ㅣ Tel : 042-861-9295 ㅣ Fax :  042-861-9297 ㅣ

http://www.PANAGENE.com 


