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Research Topic:  Targeted cancer immunotherapy with 
genetically engineered Salmonella typhimurium

Research Sector (e.g., New chemical entity, vaccine, biological drug, stem cell…)

Attenuated Salmonella-based cancer therapy

Research Goal (e.g., Discovery of new target, Mode of Action, New drug candidate, Drug delivery…)

To develop a strategy for targeted cancer immunotherapy using an engineered avirulent

S. typhimurium strain secreting FlaB (Toll-like receptor 5 ligand from Vibrio vulnificus

flagellin B), which would enhance host immune activation at the desired time and 

location.

Therapeutic Area Solid cancers including colon cancer, melanoma, potentially effective with other types

of solid cancer such as hepatocellular carcinoma, breast, lung and pancreatic cancers.

Stage of Research (e.g., Discovery, validation, scale-up for production…)

Preclinical studies with numerous cancer models in mice.
This strategy has been worked well with both subcutaneous murine colon cancer in
immunocompetent mice and orthotopic human colon cancer in nude mice.



Overview of Research Project 
Academic Papers 

(SCI listed journal) 

(Please indicate the title and published journal)
1. Zheng JH, Nguyen VH, Jiang SN, Park SH, Tan W, Hong SH, Shin MG, Chung IJ, Hong Y, Bom HS, Choy

HE, Lee SE, Rhee JH, Min JJ. Two-step enhanced cancer immunotherapy with engineered Salmonella
typhimurium secreting heterologous flagellin. Sci Transl Med. 2017 Feb 8;9(376).

2. Park SH, Zheng JH, Nguyen VH, Jiang SN, Kim DY, Szardenings M, Min JH, Hong Y, Choy HE, Min JJ.
RGD Peptide Cell-Surface Display Enhances the Targeting and Therapeutic Efficacy of Attenuated
Salmonella-mediated Cancer Therapy. Theranostics. 2016 Jun 20;6(10):1672-82.

3. V. H. Nguyen, H. S. Kim, J. M. Ha, Y. Hong, H. E. Choy, J. J. Min, Genetically engineered Salmonella
typhimurium as an imageable therapeutic probe for cancer. Cancer Res 2010;70:18-23.

Patents in Korea (e.g., Patent applicant, title and application/registration number)
1. Park Jong oh, Min Jung Joon, Hong Yeong Jin, Cho Dong Il, Seo Jong Mo, Shin Hyun Jong, Shin Heung

Soo, Park Jung Yul, Treatment method that use micro robot of bacterium base and the moving method and
this for lesion treatment, 10-1003149

2. Choy Hyun El, Min Jung Joon, Jeong, Jae-Ho, Ryu, Sangryeol, Lim Jeong-A, Novel bacterial lysis protein
and use thereof, 10-1346620

3. Min Jung Joon, Choy Hyun E, Kim Geun Joong, Hong Hyun, Salmonellae having improved inducible
gene expression and use thereof, 10-1421575

4. Park Suk Ho, Park Jong oh, Park Sung Jun, Ko Seong Young, Min Jung Joon, Park Seung Hwan, Cancer
tissue targeting microrobot of bacterium base, 10-1434879

5. Min Jung Joon, Choy Hyun El, Hong Yeong Jin, Pharmaceutical composition comprising attenuated
facultative bacteria and IL-1β for preventing or treating cancer, 10-1548734

6. Min Jung Joon, Park Seung Hwan, Choy Hyun El, Solid cancer tissue targeting bacterium and use
thereof, 10-1685034

7. Choy Hyun E, Min Jung Joon, Kim Hyung Seok,, Hong Yeong Jin, Selective infarcted-tissue-targeting
bacteria and use thereof, 10-2009-0046459

8. Choy Hyun El, Min Jung Joon, Kim Kwang Soo, Novel bacterial vector system based on glmS, 10-2015-
0082827

9. Min Jung Joon, Park Seung Hwan, Novel bacteria expressing hyaluroniase and use thereof, 10-2015-
0065508



Patents in the US (or EU, Japan, 

China etc.)

(e.g., Patent applicant, title and 

application/registration number)

1. Park Suk Ho, Park Jong oh, Park Sung Jun, Ko Seong Young, Min Jung Joon, Park Seung Hwan, Cancer
tissue targeting microrobot of bacterium base, 13/952,711(US)

2. Choy Hyun E, Min Jung Joon, Kim Hyung Seok,, Hong Yeong Jin, Selective infarcted-tissue-targeting
bacteria and use thereof, 2436756 (EP)

3. Choy Hyun E, Min Jung Joon, Kim Hyung Seok,, Hong Yeong Jin, Selective infarcted-tissue-targeting
bacteria and use thereof, 9,339,018 (US)

Research Grants 1. National Research Foundation of Korea, Next-Generation Novel Drug Technology Program, Development
of diagnostic and therapeutic repebody for imaging-based companion diagnostics and targeted therapy of
colon cancer

2. National Research Foundation of Korea, Pioneer Research Center Program, Development of cancer
targeting and precision radiotherapy technology based on radiation-induced acoustic imaging

3. National Research Foundation of Korea, Basic Science Research Program, Engineering of smart microbial
system through identification of cancer death mechanism induced by cancer-targeting Salmonella
typhimurium

Period of Research (e.g., Since Jul, 2011)

Since 2006



Research Background
• Current technological/drug problems related to the research topic 

• Current cancer therapies, including chemotherapy and radiotherapy, cannot completely 
destroy all cancer cells and are toxic to normal tissue. Three major causes of these problems 
are (1) incomplete tumor targeting, (2) inadequate tissue penetration and (3) limited toxicity to 
all cancer cells.

• Attenuated S. typhimurium, which was defective in guanosine 5’-diphosphate-3’-diphosphate 
synthesis (ΔppGpp S. typhimurium), have unique capabilities: (1) the ability to specifically 
target tumors, (2) preferential growth in tumor-specific microenvironment, (3) intra-tumoral
penetration, (4) native anti-cancer cytotoxicity. Within tumor, the bacteria actively proliferate, 
resulting in 10,000-fold or even higher increases in bacterial numbers in tumor tissue relative 
to normal organs. 

• Infection of tumor-bearing mice with ΔppGpp Salmonella resulted in the activation of immune 
cell infiltration and anti-cancer immunity (inflammasome pathway) in tumor microenvironment.

• Because their genetics can be easily manipulated, bacteria can be engineered to synthesize 
drugs (payloads) at sufficient concentrations to induce therapeutic effects.

• FlaB has been proved to be an excellent adjuvant for many kinds of vaccine through the 
activation TLR5 signaling. Overexpression of FlaB from the attenuated Salmonella could 
further activate the recruited immune cells and induce robust anticancer immunity.



Research Goal
• What (technological) problems does your research project tackle?
Although the strategy of oncolytic bacteria led to significantly greater therapeutic effects, they still have 
significant limitations; for example, multiple injections of bacteria are required, the tumors tend to recur 
quickly, and efficacy is unclear in the treatment of metastatic disease. Therefore, it is very important to 
generate genetically engineered strain that produce drugs at sufficient concentrations to induce and enhance 
therapeutic effects.
• Does your research try to provide an alternative approach (or improve the current approach)?
Our group developed a genetically engineered ΔppGpp S. typhimurium overexpressing heterologous 
bacterial flagellin (Vibrio vulnificus flagellin B, FlaB), which is an excellent adjuvant for anticancer 
immunotherapy because it activates innate immune responses via the toll-like receptor 5 (TLR5) signaling 
pathwa. As previously reported, the colonization and proliferation of bacteria within tumor induces significant 
infiltration by immune cells (neutrophils and macrophages) and subsequent secretion of proinflammatory
cytokines (TNF-α and IL-1β) (Kim and Phan et al. Theranostics 2015). Thus, secretion of FlaB by the 
Salmonellae may further activate recruited immune cells via ligand/receptor interactions, thereby enhancing 
the secretion of tumor-suppressive effectors and amplifying the tumoricidal effects.
• What is the substantial goal of your research project?   
To demonstrate the potential of ΔppGpp S. typhimurium carrying FlaB on treatment in mice with primary
cancer and metastases



Market Trend
• Market situation related to the research 
The global cancer immunotherapy market is expected to reach USD 119.39 Billion by 2021 from USD 
61.9 Billion in 2016, at a CAGR of 14.0% from 2016 to 2021. Factors such as increasing incidence of 
cancer and rising healthcare expenditure are driving the growth of this market.

• What technological challenges does the market face? 
The cancer immunology community has now to face the difficult choice to define what are the most 
promising approaches to be actively explored in the clinical setting. Such necessity has led to multiple 
clinical initiatives like the Cancer Immunotherapy Trial Network (CITN) under the auspices of the NCI, 
and the Cancer Vaccine Collaborative from the Cancer Research Institute, which regroup many 
Cancer Immunologists in the USA and abroad.
One additional challenge lies in the critical obstacle(s) posed by the TME that limit the efficacy of 
immune therapies and will likely vary with, and need to be tailored to, the tumor type. It is due to the 
emerging resistance pathways in TME against newly developed immunotherapies; suppressive 
factors operative in the tumor site against immune check point inhibitor or cancer vaccine, and the 
induction of dysfuction against T cells once engineered T cells have entered TME.



Introduction of Research – research design/method

• Our group developed a genetically engineered ΔppGpp S. typhimurium overexpressing 
heterologous bacterial flagellin (Vibrio vulnificus flagellin B, FlaB), which is an excellent adjuvant 
for anticancer immunotherapy because it activates innate immune responses via the Toll-like 
receptor 5 (TLR5) signaling pathway. 

• Then, we tested the anticancer efficacy in diverse animal cancer models, such as MC38 murine 
colon cancer subcutaneous model, B16F10 murine melanoma subcutaneous model, and 
HCT116 orthotopic human colon cancer in nude mouse model.

• The role of TLR5 signaling in the FlaB-secreting Salmonella mediated cancer therapy was 
proved with WT,  TLR5-/-, TLR4-/-, and MyD88-/- mice.



Introduction of research – Research result
• (with backup data/evidence)
• The FlaB-secreting Salmonella showed excellent anticancer activities in TLR5-negative cancer cells 

(MC38 and HCT116), suggesting the TLR5 expression on cancer cells is not necessary in this strategy.
• The FlaB bacteria showed strong anticancer effect on MC38 cancer model (11/20 mice showed completely 

cancer eradication); also showed inhibition of HCT116 orthotopic human colon cancer with both primary 
cancers and metastasis.

• We proved that both the host TLR4 and TLR5 were requisite FlaB bacteria mediated cancer therapy. 
TLR4/LPS signaling recruited immune cells, while FlaB/TLR5 further activated the infiltrated immune cells.

• FlaB-secreting Salmonella clearly enhance M1-like macrophage polarization in tumor microenvironment, 
and showed increased production of tumor inhibitory cytokines such as IL-1β, TNF-α, and nitric oxide.

Effect of engineered S. typhimurium on primary and metastatic tumors (left) and on macrophage polarization in tumor tissue (right)



Why is your technological solution competitive and unique? 
• (Compared with competing researches)  
1. TLR5 ligand therapy: multiple injection with mild anticancer effect, no cancer targeting, and restricted to 

TLR5-positive cancer models (Cai et al, Cancer Res, 2011; Rhee et al, Gastroenterology. 2008). 
2. Salmonella cancer therapy with cytokine payloads: multiple bacterial administration and tumor relapse 

(Loeffler et al, Cancer Gene Ther, 2008; Loeffler et al, PNAS, 2007).
• Summary of uniqueness and competitiveness, i.e. technological advantage
• In our study, we used the attenuated Salmonella to secret FlaB locally in tumor tissues for targeted cancer 

immunotherapy. 
• Tumor microenvironment colonization by engineered Salmonella appeared to induce the infiltration of 

abundant immune cells such as monocytes/macrophages and neutrophils via TLR4 signaling. 
Subsequent secretion of FlaB from colonizing Salmonella resulted in phenotypic and functional activation 
of intratumoral macrophages with M1 phenotypes and a reciprocal reduction in M2-like suppressive 
activities.

• A single dose of FlaB-secreting Salmonella led to a complete tumor eradication in 55% (11/20) of mice; 
these tumors did not recur during a long period of observation (>120 days; long after the bacteria were 
removed in the tumor tissue). This bacteria also worked well with metastatic human colon cancer model.

• Along with the excellent antitumor activity, the current strategy of bacteria therapy has a good safety 
profile and are, therefore, a promising anticancer agent.



Why is your technological solution competitive and unique? 
• (Please show the comparative result with existing drugs/processes/targets, if applicable)

Previous studies Our study

Multiple injection of flagellin with mild anticancer activity (Cai et 
al, Cancer Res, 2011).

Multiple injection engineered bacterial is needed to acquire a 
decent anticancer activity (Loeffler et al, PNAS, 2007).

Single administration of engineered FlaB-secreting bacterial 
showed long-term suppression of cancer growth and cured 
55% tumor-bearing mice (Zheng et al, Sci Transl Med, 2017).



Why is your technological solution competitive and unique? 
Role of host TLR signaling in the antitumor activity of 
FlaB-secreting S. typhimurium

• Antitumor activity was completely abrogated in 
TLR4-/- and MyD88-/- mice, 

• But some activity remained in TLR5-/- mice 
• This finding implies that the Salmonella-

mediated TLR4 pathway is a prerequisite for 
FlaB-mediated anticancer immunity, and the 
FlaB/TLR5 pathway should synergistically 
reinforce the tumor-suppressive effects.

• Indeed, immunofluorescence staining revealed 
that, when compared with WT mice, TLR4-/-

tumor-bearing mice failed to recruit 
monocytes/macrophages and neutrophils after 
bacterial colonization. 

• These results suggest that attenuated 
Salmonella by itself stimulates the host 
TLR4/MyD88 signaling pathway and sets up a 
microenvironment in which TLR5 signaling 
enhances host antitumor responses. 



Project Status – Achievement & Challenge
• (Please explain the current status/achievement of your research)
FlaB-secreting Salmonella show excellent anticancer effects in diverse mouse tumor models, suggesting that 
this strategy could be applied to a wide spectrum of malignancies. In contrast with previous studies, which 
showed that flagellin-mediated cancer therapy was dependent on the presence of TLR5 on the cancer cell 
surface, we found that the strategy described herein is not restricted to TLR5-expressing cancer cells. Here 
we primarily described biological mechanisms underlying the anticancer activities of FlaB-secreting 
Salmonella using colorectal tumor cell lines (the strategy worked comparably well with a melanoma model). 
These effects were mediated through the activation of TLR4 and TLR5 signaling pathways in host immune 
cells. This approach is based on the cooperative activity of ΔppGpp S. typhimurium and its payload, FlaB, 
combined with the finding that bacterial colonization and proliferation in tumors strongly induced tumor 
infiltration and subsequent activation of immune cells. This, coupled with localized production of 
FlaB, activates a powerful anticancer immune reaction.
• What technological challenges are you facing? 
Firstly, we’re seeking for the clinically relevant vector system. We are engineering expression vector based on 
tetracycline/doxycycline inducible system. Doxycycline is FDA approved medicine widely used in clinic, and 
sub-therapeutic dose is just needed for turn on target gene expression in Salmonella (Jiang SN et al. Mol
Ther 2013;21(11):1985-95)



For commercialization, what kinds of supports do you expect? 

• (e.g., External/International R&D partners needed for validating your research discovery, 

Commercialisation strategies, 

Fund for scaling-up, 

Company partners for technology transfer…)

• (Please explain in detail)

• Preclinical study: more information will be collected with preclinical studies including the evaluation 
of  potential side effects; 

• Toxicology study: decide the dose and route for the administration of genetically engineered 
bacteria;

• Clinical trials: firstly test on big animals like canines and monkeys, and then on non-human primates. 
Finally ,clinic cancer patients will be recruited for this trial.



Conclusion and commercial potential of the research 

Novelty, Advantages, and Translational Potential

• First work to demonstrate engineered S. typhimurium secreting FlaB suppress tumor growth and
markedly inhibit the metastasis of human orthotopic tumors in mouse models through shifting tumor
macrophages from M2 to M1 dominance.

• Homing and proliferation of bacteria in active tumor sites are essential for the effectiveness of bacteria-
mediated cancer therapy. Conventional therapy such as chemotherapy can’t cope with these tasks.
o A single dose of FlaB-secreting Salmonellae led to a complete tumor eradication in 55% (11/20) of

mice; these tumors did not recur during a long period of observation (>120 days; long after the
bacteria were removed in the tumor tissue).

• Along with the excellent antitumor activity, the current strategy of bacteria therapy has a good safety
profile and are, therefore, a promising anticancer agent.

• The power of the Salmonella in the present study in changing TME is strong enough to destroy all tumor
and tumor related cells that may overcome the resistance or suppressive mechanism against currently
on-going immunotherapy



Profile of the laboratory and the professor
Profile of the 

professor

Educaion
Chonnam National University, Gwangju, South Korea

Ph.D., Nuclear Medicine and Molecular Imaging, February 2002
M.S. Nuclear Medicine and Radiation Biology, August 1998
M.D., Medical Science, February 1991

Experiences
3/2004 – Present Chonnam National University (CNU)

· Professor (8/2011 – Present), Department of Nuclear Medicine 
· Chairman, Department of Nuclear Medicine, CNU Medical School (2/2017 – present)
· Director, Institute for Molecular Imaging and Theranostics (10/2015 – present) 
· Director, Small Animal Molecular Imaging Center, CNU Hwasun Hospital (1/2011 – present)
· Director, Department of Nuclear Medicine, CNU Hwasun Hosptial (3/2008 – present)
· Associate Professor (8/2006 – 8/2011), Department of Nuclear Medicine 
· Assistant Professor (3/2004 – 8/2006), Department of Nuclear Medicine 
· Principal Investigator, Laboratory of In Vivo Molecular Imaging (3/2004 – present)
· Professor, Department of Microbiology (affiliated, 8/2008 – present)

3/2001 – 2/2004 Stanford University and UCLA School of Medicine
· Research Associate, Molecular Imaging Program at Stanford (Dr. Sanjiv S. Gambhir, 8/2003 – 2/2004)
· Post-doctoral fellow, Crump Institute for Molecular Imaging, Department of Molecular and Medical                            

Pharmacology, UCLA David Geffen School of Medicine (Dr. Sanjiv S. Gambhir, 3/2001 – 2/2004)
3/2000 – 2/2001 Seoul National University Hospital

· Clinical Fellow, Department of Nuclear Medicine (Dr. June-Key Chung)
3/1995 – 2/2000 Chonnam National University Hospital

· Residency, Department of Nuclear Medicine (1996-2000)
· Visiting Fellow, Department of Radiology, Mount Sinai Medical Center, New York, NY 

(Dr. Chun K. Kim, 6/1998 – 7/1998)
· Medical Internship (3/1995 – 2/1996)



Main research 

area     

of the lab

Our research focuses on developing imaging and therapy strategies/technologies in 
cancer using cancer targeting bacteria, protein scaffolds or peptides. Technologies 
being utilized include PET, optical imaging, and photoacoustics in small animal 
models. Particular interest of his research and lab is the design of smart and non-
toxic bacteria for cancer theranostics. We has published over 110 publications in 
peer reviewed journals, has co-authored several textbooks and holds more than 20 
patents that are issued or filed.



Lab Members 

(Name, Title/Course, Email)

1. Changho Lee, Assistant Professor, ch31037@gmail.com

2. Seong Young Kwon, Assistant Professor, suninocean@hanmail.net

3. Dong-yeon Kim, Research Professor, blueburr@gmail.com

4. Sae-Ryung Kang, Fellow, campanella9@naver.com

5. Su-Ung Yoo, Fellow, ysu1321@empal.com

6. Hyeon-Sik Kim, Post-doctoral course, knkc1120@nate.com

7. Ayoung Pyo , Post-doctoral course, payjal@naver.com

8. Hee-Seung Yoon, Ph.D. course, sainics@naver.com

9. Jinhai Zheng, Ph.D. course, kingseazheng@gmail.com

10. Min-A Kim, Ph.D. course, ren37@naver.com

11. Nguyen Dinh Huy, ,Ph.D. course, nguyenhuybio@gmail.com

12. Duong Thi Quynh Mai, Ph.D. course, duongmaibio@gmail.com

13. Sung-Hwan You, Ph.D. course, yshyoou@naver.com

14. Subin Jeon, M.S. course, subin4255@naver.com

15. Young-Jin Choi, B.S. course, asdf78q@naver.com

16. Kyungmin Kim, Researcher, jkyest@naver.com

17. Yoon-Soon Moon, Assistant, ansdbstns@hanmail.net

18. Saerom Yu, Assistant , tofh100@hanmail.net



Key papers (& patents, 

technology transfer)

1. Zheng JH, Nguyen VH, Jiang SN, Park SH, Tan W, Hong SH, Shin MG, Chung IJ, Hong Y, Bom HS,

Choy HE, Lee SE, Rhee JH, Min JJ. Two-step enhanced cancer immunotherapy with engineered

Salmonella typhimurium secreting heterologous flagellin. Sci Transl Med. 2017 Feb 8;9(376).

2. Park SH, Zheng JH, Nguyen VH, Jiang SN, Kim DY, Szardenings M, Min JH, Hong Y, Choy HE, Min JJ.

RGD Peptide Cell-Surface Display Enhances the Targeting and Therapeutic Efficacy of Attenuated

Salmonella-mediated Cancer Therapy. Theranostics. 2016 Jun 20;6(10):1672-82.

3. Kim JE, Phan TX, Nguyen VH, Dinh-Vu HV, Zheng JH, Yun M, Park SG, Hong Y, Choy HE,

Szardenings M, Hwang W, Park JA, Park SH, Im SH, Min JJ. Salmonella typhimurium suppresses

tumor growth via the pro-inflammatory cytokine Interleukin-1β. Theranostics. 2015 Oct 6;5(12):1328-42.

4. Lee JJ, Choi HJ, Yun M, Kang Y, Jung JE, Ryu Y, Kim TY, Cha YJ, Cho HS, Min JJ, Chung CW, Kim

HS. Enzymatic prenylation and oxime ligation for the synthesis of stable and homogeneous protein-

drug conjugates for targeted therapy. Angew Chem Int Ed Engl. 2015 Oct 5;54(41):12020-4.

5. Selective infarcted-tissue- targeting bacteria and use thereof, US Patent-9,339,018, EP Patent-

2436756



Patents list
Patents Registered in 

Korea (Korea Patent Office)

1. Park Jong oh, Min Jung Joon, Hong Yeong Jin, Cho Dong Il, Seo Jong Mo, Shin Hyun Jong, Shin Heung Soo,
Park Jung Yul, Treatment method that use micro robot of bacterium base and the moving method and this for
lesion treatment, 10-1003149

2. Choy Hyun El, Min Jung Joon, Jeong, Jae-Ho, Ryu, Sangryeol, Lim Jeong-A, Novel bacterial lysis protein and
use thereof, 10-1346620

3. Min Jung Joon, Choy Hyun E, Kim Geun Joong, Hong Hyun, Salmonellae having improved inducible gene
expression and use thereof, 10-1421575

4. Park Suk Ho, Park Jong oh, Park Sung Jun, Ko Seong Young, Min Jung Joon, Park Seung Hwan, Cancer tissue
targeting microrobot of bacterium base, 10-1434879

5. Min Jung Joon, Choy Hyun El, Hong Yeong Jin, Pharmaceutical composition comprising attenuated facultative
bacteria and IL-1β for preventing or treating cancer, 10-1548734

6. Min Jung Joon, Park Seung Hwan, Choy Hyun El, Solid cancer tissue targeting bacterium and use thereof, 10-
1685034

7. Choy Hyun E, Min Jung Joon, Kim Hyung Seok,, Hong Yeong Jin, Selective infarcted-tissue-targeting bacteria
and use thereof, 10-2009-0046459

8. Choy Hyun El, Min Jung Joon, Kim Kwang Soo, Novel bacterial vector system based on glmS, 10-2015-0082827
9. Min Jung Joon, Park Seung Hwan, Novel bacteria expressing hyaluroniase and use thereof, 10-2015-0065508

Future Plan for Patent 

Application

(e.g., Patent applicant, title and application/registration number)
We are about to submit patent for bacterial strain and vector system for transgene expression in oncolytic Salmonella
that is clinically relevant.

Patents in the US (or EU, 

Japan, China etc.)

1. Park Suk Ho, Park Jong oh, Park Sung Jun, Ko Seong Young, Min Jung Joon, Park Seung Hwan, Cancer tissue
targeting microrobot of bacterium base, 13/952,711(US)

2. Choy Hyun E, Min Jung Joon, Kim Hyung Seok,, Hong Yeong Jin, Selective infarcted-tissue-targeting bacteria
and use thereof, 2436756 (EP)

3. Choy Hyun E, Min Jung Joon, Kim Hyung Seok,, Hong Yeong Jin, Selective infarcted-tissue-targeting bacteria



Thank you for your 
continued cooperation! 

KAIST CHIP ( Center for Bio-Healthcare Innovation & Policy)
sungwoong913@kaist.ac.kr

wsophie@kaist.ac.kr 

http://chip.kaist.ac.kr (http://fb.me/chipbiocurator)
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