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	Professional Summary
Stem cell biologist focused on inner ear organoid systems and regenerative strategies for hearing restoration. Combines developmental pathway modulation with functional validation approaches to advance maturation and translational relevance of stem cell-derived otic models. Experienced in bridging in vitro organoid platforms with in vivo injury paradigms and therapeutic testing.


	Areas of Expertise

	· Inner ear organoid engineering
	· Electrophysiological analysis (MEA, ABR/eABR)

	· Stem cell–based otic differentiation
	· Cochlear injury and regenerative modeling

	· Developmental pathway modulation
	· Translational therapeutic evaluation

	
Technical Expertise
	Stem Cell & Organoid Systems
· Human and mouse embryonic/pluripotent stem cell (ESC/iPSC) differentiation toward otic and neural lineages
· Inner ear organoid and assembloid generation with maturation optimization
· Developmental signaling modulation (BMP4, Shh, Wnt, Notch, FGF)
· Multiparametric stem and progenitor cell enrichment and analysis 
· Patient- and mutation-associated organoid disease modeling
· MSC, neural progenitor, and HEI-OC1 auditory cell culture systems
Experimental Design & Maturation Engineering
· Design and optimization of developmental signaling for organoid maturation
· Dose- and time-dependent pathway modulation
· Photobiomodulation (PBM)–mediated regulation of stem cell viability, differentiation, and functional maturation
· Longitudinal structural and electrophysiological maturation assessment
· Comparative optimization of multi-condition differentiation systems

Molecular & Cellular Characterization
· Genotyping of transgenic and mutant mouse models
· Flow cytometry for multiparametric population analysis and cell sorting
· Gene and protein expression analysis (RT-qPCR, Western blotting)
· Immunofluorescence staining and quantitative phenotyping (cryosection and whole-mount preparations)
· Confocal microscopy (Olympus FV3000)
· Murine cochlear microdissection and tissue processing
· Proliferation, viability, and cytotoxicity assessment

Electrophysiology & Functional Validation
· Independent multi-electrode array (MEA) recordings in stem cell–derived cultures, organoids, and assembloids
· Live calcium imaging for assessment of activity-dependent signaling and neuronal responsiveness
· FM1-43 uptake assays to evaluate hair cell functional maturation
· ABR and eABR acquisition and analysis in rodent models
· Functional maturation and therapeutic response assessment in injury paradigms
In Vivo Models & Translational Techniques
· Cochlear injury models (noise-induced and ototoxic paradigms) in mouse, rat, gerbil, and guinea pig
· Round window and localized cochlear drug delivery techniques
· Neural progenitor transplantation and regenerative strategies
· Therapeutic response assessment using ABR/eABR and histological analysis
· Cochlear microdissection and surgical tissue handling

Scientific Communication & Research Development
· First-author and co-author peer-reviewed research publications
· Scientific review article preparation
· Grant and research proposal development
· Scientific data visualization for publications and research proposals


	CURRENT RESEARCH POSITION
	Postdoctoral Researcher
Dankook Institute of Medicine and Optics, Dankook University
09/01/2025–05/31/2026
· Expanding human inner ear organoid platform toward translational stem cell therapy
· Developing neural progenitor cell-based regenerative strategies for spiral ganglion restoration in animal model
· Integrating molecular and functional validation approaches for maturation assessment
· Collaborating with clinical otolaryngology teams for preclinical therapeutic modeling

	PUBLICATIONS
	Original Research Journal Articles

	
	04/13/2025
	Carpena NT, Chang SY, Mun SY, Kim KW, Yoon HC, Chung PS, Mo JH, Ahn JC, Park JO, Han KD, Choi JE, Jung JY, Lee MY. (2025) Shh agonist enhances maturation in homotypic Lgr5-positive inner ear organoids. Theranostics. 15(12):5543-5565.

	
	03/04/2025
	Abueva CD, Yoon SR, Carpena NT. et al. (2025) Development of NIR photocleavable nanoparticles with BDNF for vestibular neuron regeneration. J Nanobiotechnol. 23: 209.

	
	12/15/2023
	Song MS, Lee MY, Choi JE, Chang SY, Lee JH, Cuenca JP, Carpena NT, Jung JY. (2023) Unilateral Vestibulopathy Mimicking Inner Ear Ischemia Modeling Using Photothrombosis and Behavioral Assessment Using EthoVision. Res Vestib Sci. 22(4):112-119.

	
	11/15/2023
	Chang SY, Kim EJ, Carpena NT, Lee JH, Kim DH, Lee MY. (2023) Photobiomodulation Can Enhance Stem Cell Viability in Cochlea with Auditory Neuropathy but Does Not Restore Hearing, Stem Cells International, 6845571: 1-14.

	
	05/22/2023
	Choi JE, Carpena NT, Lee JH, Chang SY, Lee MY, et al. (2023) Round-window delivery of lithium chloride regenerates cochlear synapses damaged by noise-induced excitotoxic trauma via inhibition of the NMDA receptor in the rat. PLOS ONE. 18(5): e0284626. 

	
	07/06/2021
	Carpena NT, Chang SY, Abueva CDG, Jung JY, Lee MY. (2021) Differentiation of embryonic stem cells into a putative hair cell-progenitor cells via co-culture with HEI-OC1 cells. Scientific Reports. 11: 13893.

	
	09/24/2021
	Carpena NT, Chang SY, Choi JE, Jung JY, Lee MY. (2021) Wnt Modulation Enhances Otic Differentiation by Facilitating the Enucleation Process but Develops Unnecessary Cardiac Structures. International Journal of Molecular Sciences. 22(19):10306.

	
	07/12/2021
	Lee JH, Carpena NT, Kim S, Lee MY, Jung JY, Choi JE. (2021) Photobiomodulation at a wavelength of 633 nm leads to faster functional recovery than 804 nm after facial nerve injury. Journal of Biophotonics. 14(10), e202100159.

	
	02/01/2021
	Kim MT, Lee KH, Carpena NT, Lee MY, Chung PS, Jung JY. (2021) Estrogen Replacement Reduces Hearing Threshold Shifts and Cochlear Hair Cell Loss After Acoustic Overexposure in Ovariectomized Rats. Clinical and Experimental Otorhinolaryngology. 14(1): 61-68.


	
	06/12/2020
	Chang SY, Carpena NT, Mun S, Jung JY, Chung PS, Shim H, Han K, Ahn JC, Lee MY. (2020) Enhanced inner-ear organoid formation from mouse embryonic stem cells by photobiomodulation. Molecular Therapy: Methods and Clinical Development. 17:556-567.

	
	08/13/2019
	Chang SY, Park YH, Carpena NT, Pham TT, Chung PS, Jung JY, Lee MY. (2019) Photobiomodulation promotes adenoviral gene transduction in auditory cells. Lasers in Medical Science. 34(2):367-375.

	
	07/13/2016
	Carpena NT, Abueva CDG, Lee BT. (2016) Evaluation of egg white ovomucin-based porous scaffold as an implantable biomaterial for tissue engineering. J. Biomed. Mater. Res. Part B Appl. Biomater. 105(7):2107-2117.

	
	09/01/2015
	Sarkar SK, Lee BY, Padalhin AR, Sarker A, Carpena NT, Kim BR, Paul K, Choi HJ, Bae SH, Lee BT. (2015) Brushite-based calcium phosphate cement with multichannel hydroxyapatite granule loading for improved bone regeneration. Journal of Biomaterials Applications. 30(6):823-37.


	
	01/01/2015
	Carpena NT, Min YK, Lee BT. (2015) Improved in vitro biocompatibility of surface-modified hydroxyapatite sponge scaffold with gelatin and BMP-2 in comparison against a commercial bone allograft. ASAIO Journal. 61(1):76-86.

	
	07/08/2009
	Ocite M, dela Cruz C, Reventar MR, Carpena N, Barrion A, Barrion-Dupo AL. (2009) Preliminary cytogenetic characterization of the golden birdwing, Troides rhadamantus (Lucas) (Lepidoptera: Papilionidae). Transactions of the National Academy of Science and Technology 31(1):86.


	
	Review Articles

	
	12/01/2025
	Abueva C, Carpena NT. (2025) Optogenetic manipulation of organoids: advances, applications, and future prospects. Medical Lasers.14(2): 65-71.


	
	09/01/2024
	Carpena NT. (2024) Photonics-based imaging for organoid research: current trends and future directions. Medical Lasers. 13(3): 128-141.

	
	09/01/2020
	Chang SY, Carpena NT, Kang BJ, Lee MY. (2020) Effects of photobiomodulation on stem cells important for regenerative medicine. Medical Lasers. 9:134-41.


	
	12/28/2018
	Carpena NT, Lee MY. (2018) Genetic Hearing Loss and Gene Therapy. Genomics & Informatics. 16(4):e20.

	PATENTS
	01/21/2026
	Choi JE, Lee MY, Jung JY, Chang SY, Cuenca JP, Carpena NT, “Method for regenerating facial nerve cells using neural progenitor cells and photobiomodulation” Korea Patent, No. KR102917904B1

	
	10/15/2021
	Lee MY, Jung JY, Chang SY, Carpena NT, Chung PS. “Method of differentiation of embryonic stem cells into inner ear cells using co-culture with auditory cells,” Korean Patent, No. KR102315584B1 

	
	11/05/2020
	Lee MY, Jung JY, Chang SY, Carpena NT, Chung PS, Kim SH. “Method of differentiation of embryonic stem cells toward otic lineage using photobiomodulation” Korean Patent, No. KR102177610B1


	
	07/06/2020
	Lee MY, Jung JY, Chang SY, Carpena NT, Chung PS, Kim SH. “Method of differentiation of embryonic stem cell toward otic lineage using photobiomodulation” Korean Patent, No. KR102132914B1



	RESEARCH EXPERIENCE
	09/01/2025-05/31/2026
	Dankook Institute of Medicine and Optics, Dankook University
Cheonan, South Korea
· Post-doctoral Researcher 
· Human Stem Cell Therapy and Organoid Research

	
	10/01/2018-08/31/2021
	Beckman Laser Institute - Korea
Cheonan, South Korea
· Medical Researcher 
· Photobiomodulation Therapy

	
	03/01/2014-09/30/2018
	InoBone Co. Ltd.
Asan, South Korea
•	R&D Researcher 
•	Implantable materials for bone tissue regeneration

	
	10/01/2010-09/30/2011
	University of the Philippines
Laguna, Philippines
•	Project Assistant II 
•	Cytogenetic profiling of endemic freshwater fishes


	EDUCATION
	
09/01/2021-08/21/2025
	
Dankook University (South Korea)
PhD Medical Biology
Dissertation Title: Enhancing Stereocilia Maturation in Homotypic Lgr5-positive Inner Ear Organoids: A Transcriptomic and Functional Approach Toward Inner Ear Regeneration


	
	03/01/2012-02/20/2014
	SoonChunHyang University (South Korea)
MS Medical Science
Thesis Title: Synthesis, Fabrication, and Surface-Modification of Calcium Phosphate-Based Bone Substitutes and Evaluation of In Vitro and In Vivo Bone Regenerating Capabilities.


	
	05/21/2003-04/28/2007
	University of the Philippines (Philippines)
BS Biology
Thesis Title: Preliminary cytogenetic characterization of the golden birdwing, Troides rhadamantus (Lucas) (Lepidoptera: Papilionidae)


	
RECENT INTERNATIONAL PRESENTATIONS
	
02.2026
	
Association for Research in Otolaryngology Midwinter Meeting
San Juan, Puerto Rico
“Early BMP4 Modulation Alters Electrophysiological Activity in Human iPSC-Derived Otic Organoids"”


	
	02.2025




04.2025
	Association for Research in Otolaryngology Midwinter Meeting
Orlando, FL, USA
“Characterization of SSBP1-Mutation-Associated-Hearing Loss In Patient-Derived Otic Organoids”

International Congress of Otorhinolaryngology-Head and Neck Surgery Suwon, South Korea
“Targeted Delivery of Encapsulated Neural Progenitor Cells into the Spiral Ganglion Neurons”


	
	02.2024






04.2024
	Association for Research in Otolaryngology Midwinter Meeting
Anaheim, CL, USA
“Patient-Derived Organoids Modelling Human TMPRSS3-Related Hearing Loss”
“The Role of Notch, Wnt, Shh and Fgf2 Signaling in the Differentiation of LGR5-Positive Progenitor Cells Into Inner Ear Hair Cells”

International Congress of Otorhinolaryngology-Head and Neck Surgery Suwon, South Korea
“Regulation of LGR5-Positive Progenitor Cell Differentiation into Inner Ear Hair Cells: Insights from FGF2, Notch, Wnt, and SHH Signaling Pathways”



	
	02.2023




04.2023
	Association for Research in Otolaryngology Midwinter Meeting
Orlando, FL, USA
“Homotypic Versus Heterotypic Cellular Composition on the Differentiation of Lgr5+ Progenitor Cells Into Otic Organoids”

International Congress of Otorhinolaryngology-Head and Neck Surgery Gwangju, South Korea
“LGR5-positive Progenitor Cells Isolated from Mouse Cochlea by Magnetic-Activated Cell Sorting Differentiate Into Inner Ear Hair Cells: The Role of Late Notch Inhibitor Application”

	
	
04.2022
	International Congress of Otorhinolaryngology-Head and Neck Surgery Seoul, South Korea
“Generation of spiral ganglion neurons from neural progenitor cell neurospheres for targeted auditory neural regenerative therapy”


	
	07.2022
	Tissue Engineering and Regenerative Medicine International Society – Asia Pacific Jeju, South Korea
“Human neural progenitor cell differentiation into spiral ganglion neurons for sensorineural hearing loss”
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