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NAME: Hung, Clark
eRA COMMONS USER NAME (agency login): clarkhung
POSITION TITLE: Professor, Biomedical Engineering & Orthopaedic Surgery

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing,
include postdoctoral training and residency training if applicable.)

INSTITUTION AND LOCATION DEGREE Completion Date FIELD OF STUDY
(if applicable) MM/YYYY
Brown University, Providence, RI BS 05/1990 Bioengineering
University of Pennsylvania, Philadelphia, PA [MENG 05/1992 Bioengineering
University of Pennsylvania, Philadelphia, PA |PHD 12/1995 Bioengineering
University of Pennsylvania, Philadelphia, PA |Postdoctoral Fellow [06/1996 NASA research
Columbia University, New York, NY Postdoctoral Fellow [06/1997 Cartilage bioengineering

A. Personal Statement

Dr. Hung has been pursuing in-depth multidisciplinary collaborations with faculties and students from the
Departments of Biological Sciences, Mechanical Engineering, Chemical Engineering and Orthopaedic Surgery
using with state-of-the-art biological and engineering tools to perform research aimed at the study of physical
effects (e.g., cell deformation, fluid flow effects, hydrostatic pressure) on cells and tissues, and the
incorporation of these forces in strategies to develop functional tissue substitutes of clinical relevance. An
understanding of the effects of physical forces on cells is important in the development of effective tissue
replacements which mimic or restore normal tissue structure-function in orthopaedic and other load-bearing
tissues of the body. Such studies are aim at alleviating the most prevalent and chronic problems afflicting the
musculoskeletal system such as arthritis, and problems related to sports and occupational injuries.

1. Hung CT, Mauck RL, Wang CC, Lima EG, Ateshian GA. A paradigm for functional tissue engineering of
articular cartilage via applied physiologic deformational loading. Ann Biomed Eng. 2004 Jan;32(1):35-
49. PubMed PMID: 14964720.

2. Ateshian GA, Hung CT. Patellofemoral joint biomechanics and tissue engineering. Clin Orthop Relat
Res. 2005 Jul;PubMed PMID: 15995425; PubMed Central PMCID: PMC3786422.

3. Lima EG, Tan AR, Tai T, Bian L, Stoker AM, Ateshian GA, Cook JL, Hung CT. Differences in
interleukin-1 response between engineered and native cartilage. Tissue Eng Part A. 2008
Oct;14(10):1721-30. PubMed PMID: 18611148.

4. Tan AR, Alegre-Aguardn E, O'Connell GD, VandenBerg CD, Aaron RK, Vunjak-Novakovic G, Chloe
Bulinski J, Ateshian GA, Hung CT. Passage-dependent relationship between mesenchymal stem cell
mobilization and chondrogenic potential. Osteoarthritis Cartilage. 2015 Feb;23(2):319-27. PubMed
PMID: 25452155; PubMed Central PMCID: PMC4369922.

B. Positions and Honors

Positions and Employment

1990 - 1995  Predoctoral Fellow, Department of Bioengineering and Orthopaedic Surgery, University of
Pennsylvania, Philadelphia, PA

1995 - 1995 Instructor, Department of Bioengineering, University of Pennsylvania, Philadelphia, PA

1996 - 1996  Postdoctoral Fellow, Department of Biomedical Engineering, University of Pennsylvania,
Philadelphia, PA

1996 - 1997 Postdoctoral Fellow, Center for Biomedical Engineering, New York, NY

1997 - 2001  Assistant Professor, Department of Biomedical Engineering, Columbia University, New York,
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1998 -

1998 -

2002 - 2009

20009 -
2014 -

NY

Director, Cellular Engineering Laboratory, Department of Biomedical Engineering, Columbia
University, New York, NY

Director, Summer High School Course in BME (Physical Effects on Cells), School of
Continuing Education, Columbia University, New York, NY

Associate Professor of Biomedical Engineering, Department of Biomedical Engineering,
Columbia University, New York, NY

Professor, Department of Biomedical Engineering, Columbia University, New York, NY

Chair, Undergraduate Committee, Department of Biomedical Engineering, Columbia University,
New York, NY

Other Experience and Professional Memberships

2000 - 2000
2006 - 2012
2008 -
2008 - 2014
20009 -
2011 - 2014

2014 -
2016 - 2019

Honors
1990

1996

1996
1996
2002
2003

2004
2008

2009
2010
2012
2016

Member, American Society of Mechanical Engineers (ASME)

Ad hoc Reviewer, Clin Orthop Rel Res, Biophys J, J Biomechanics, J Orthop Res, J Biomech
Eng, Arthritis Res, Arthritis Rheum, Biochem Biophysica Acta, J Microscopy, Bone, J Bone
Miner Res, Osteoarthritis Cartilage, Calcified Tissue, Ann Biomed Eng, Tissue Eng, Acta
Biomaterialia, Med Eng Physics, Stem Cells, Langmuir, Bioeng Biotech, Proteomics, Biotech
Prog, J Tissue Eng Regen Med, Nature Protocols, Cartilage, e Cells Mater J, PNAS,
Biomaterials, Biomedical Engineering Online

Member, Orthopaedic Research Society (ORS)

Member, Biomedical Engineering Society (BMES)

Member, American Institute of Medical & Biological Engineering (AIMBE)

Guest Co-Editor (Cell & Tissue Engineering Issue), Journal of Biomechanical Engineering
Associate Editor, Journal of Biomechanical Engineering

Editorial Board Member, The Open Orthopaedics Journal

Deputy Editor, Journal of Orthopaedic Research (Editors: Buckwalter & Wright)
Orthopaedic Research and Reviews (Dove Press), Editor-in-Chief

Editorial Board Member, Tissue Engineering: Parts A, B, C

Associate Editor, Journal of Orthopaedic Research (Editor: Sandell)
Editorial Board Member, Tissue Engineering: Parts A, B, C

NIH Bone & Cartilage Traineeship (T32), Department of Orthopaedic Surgery, University of
Pennsylvania

Solomon R. Pollack Award for Excellence in Graduate Bioengineering Reseach, Department of
Bioengineering, University of Pennsylvania

Whitaker Special Opportunity Award Postdoctoral Fellow, Columbia University

Postdoctoral Fellowship (NASA-Wistar Institute-Bioengineering), University of Pennsylvania
Edward & Carole Kim Award for Faculty Involvement, FFSEAS, Columbia University
Negma-Lerads Prize, 3rd International Symposium on Mechanobiology of Cartilage and
Chondrocyte, Brussels, Belgium, May 16-17

The John Paul Stapp Best Paper Award, 47th Stapp Car Crash Conference

Invited Speaker and Session Chair: Physical Regulation of Musculoskeletal Tissues, Gordon
Research Conference (Musculoskeletal Biology & Bioengineering), Proctor Academy, Andover,
NH, July 28-August 1

Fellow, American Institute for Medical and Biological Engineering (AIMBE)

Fellow, American Society of Mechanical Engineers (ASME)

Standing Member, CSR Skeletal Biology Structure and Regeneration (SBSR) Study Section
Marshall R. Urist Award for Excellence in Tissue Regeneration Research, Orthopedic
Research Society



C. Contribution to Science

1. Functional Tissue Engineering of Articular Cartilage: Our laboratory has pioneered the application of
applied deformational loading (10% deformation, 1 Hz, 3 hours daily) to promote development of tissues
with functional properties of cartilage. Our recent work has focused on further characterization of our
engineered tissues (e.g., quantification of radial and depth-dependent properties, friction measurements,
and structural organization of the extracellular matrix) as well as optimization of tissue culture methods to
further improve and expedite cultivation time of functional tissues. Achieving some major advances in
engineered cartilage tissue properties (Young’s Modulus: 1000 kPa and GAG content: 6-8%, similar to
native cartilage in 8 weeks or less), we have identified important differences in the biological behavior of
engineered cartilage and native cartilage with respect to their response to the chemical environment
(specifically inflammatory cytokines) that may be present in an injured or healing joint and will likely impact
the clinical outcome. Toward these efforts, we have used proteomic analyses to optimize cell sources for
engineering cartilage. Additionally, we are looking into strategies to increase collagen content of our
tissues, such as with controlled enzymatic digestion and co-culture with TMAO.

a. Mauck RL, Soltz MA, Wang CC, Wong DD, Chao PH, Valhmu WB, Hung CT, Ateshian GA. Functional
tissue engineering of articular cartilage through dynamic loading of chondrocyte-seeded agarose gels.
J Biomech Eng. 2000 Jun;122(3):252-60. PubMed PMID: 10923293.

b. Bian L, Fong JV, Lima EG, Stoker AM, Ateshian GA, Cook JL, Hung CT. Dynamic mechanical loading
enhances functional properties of tissue-engineered cartilage using mature canine chondrocytes.
Tissue Eng Part A. 2010 May;16(5):1781-90. PubMed PMID: 20028219; PubMed Central PMCID:
PMC2952125.

c. Sampat SR, O'Connell GD, Fong JV, Alegre-Aguardn E, Ateshian GA, Hung CT. Growth factor priming
of synovium-derived stem cells for cartilage tissue engineering. Tissue Eng Part A. 2011 Sep;17(17-
18):2259-65. PubMed PMID: 21542714; PubMed Central PMCID: PMC3161099.

d. Lima EG, Durney KM, Sirsi SR, Nover AB, Ateshian GA, Borden MA, Hung CT. Microbubbles as
biocompatible porogens for hydrogel scaffolds. Acta Biomater. 2012 Dec;8(12):4334-41. PubMed
PMID: 22868194; PubMed Central PMCID: PMC3654399.

2. Mechanobiology of Cartilage and Chondrocytes: A portion of the lab is dedicated to basic science studies
of physical regulation of articular chondrocytes. A better understanding of how cells perceive and respond
to applied physical stimuli may provide greater insights to the role that physical forces play in the etiology
of degenerative joint disease and osteoarthritis, as well as in normal maintenance of articular cartilage.
These studies have formed the underpinning of our functional tissue engineering efforts using applied
physiologic deformational loading and osmotic loading to promote engineered cartilage tissue development
in culture. We are also exploring the role of other physical forces, including applied electric fields to guide
cell migration in healing or forming tissues as well as to optimize cell sources.

a. Hung CT, Henshaw DR, Wang CC, Mauck RL, Raia F, Palmer G, Chao PH, Mow VC, Ratcliffe A,
Valhmu WB. Mitogen-activated protein kinase signaling in bovine articular chondrocytes in response to
fluid flow does not require calcium mobilization. J Biomech. 2000 Jan;33(1):73-80. PubMed PMID:
10609520.

b. Chao PH, West AC, Hung CT. Chondrocyte intracellular calcium, cytoskeletal organization, and gene
expression responses to dynamic osmotic loading. Am J Physiol Cell Physiol. 2006 Oct;291(4):C718-
25. PubMed PMID: 16928775.

c. Sampat SR, Dermksian MV, Oungoulian SR, Winchester RJ, Bulinski JC, Ateshian GA, Hung CT.
Applied osmotic loading for promoting development of engineered cartilage. J Biomech. 2013 Oct
18;46(15):2674-81. PubMed PMID: 24035014; PubMed Central PMCID: PMC3902123.

d. O'Connell GD, Tan AR, Cui V, Bulinski JC, Cook JL, Attur M, Abramson SB, Ateshian GA, Hung CT.
Human chondrocyte migration behaviour to guide the development of engineered cartilage. J Tissue
Eng Regen Med. 2015 Jan 28;PubMed PMID: 25627968; PubMed Central PMCID: PMC4531108.

3. Preservation Strategies for Osteochondral Grafts: Our laboratory has developed strategies for preservation
of cartilage explants (excised cartilage tissue from a diarthrodial joint) using tissue culture techniques and
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incorporation of applied physiologic loading. We have demonstrated for the first time that our optimized
culture media formulation (serum-free) can actually increase material properties of native cartilage tissue in
culture. With collaborators from the University of Missouri, we have extended this media in a modified form
to successfully preserve osteochondral allografts at room temperature for over 70 days. By increasing the
shelf life of tissue grafts, our efforts would significantly increase the clinical impact of living cartilage grafts.

a. Bian L, Lima EG, Angione SL, Ng KW, Williams DY, Xu D, Stoker AM, Cook JL, Ateshian GA, Hung
CT. Mechanical and biochemical characterization of cartilage explants in serum-free culture. J
Biomech. 2008;41(6):1153-9. PubMed PMID: 18374344; PubMed Central PMCID: PMC3387278.

b. Bian L, Stoker AM, Marberry KM, Ateshian GA, Cook JL, Hung CT. Effects of dexamethasone on the
functional properties of cartilage explants during long-term culture. Am J Sports Med. 2010
Jan;38(1):78-85. PubMed PMID: 19959744; PubMed Central PMCID: PMC2929560.

c. Stoker A, Garrity JT, Hung CT, Stannard JP, Cook J. Improved preservation of fresh osteochondral
allografts for clinical use. J Knee Surg. 2012 May;25(2):117-25. PubMed PMID: 22928429.

d. Cook JL, Stoker AM, Stannard JP, Kuroki K, Cook CR, Pfeiffer FM, Bozynski C, Hung CT. A novel
system improves preservation of osteochondral allografts. Clin Orthop Relat Res. 2014
Nov;472(11):3404-14. PubMed PMID: 25030100; PubMed Central PMCID: PMC4182376.

Complete List of Published Work in My Bibliography:

https://www.ncbi.nim.nih.gov/pubmed/?term=hung+ct+and+new+york+or+hung+ct+and+philadelphia+or+hung
+ct+and+columbia

D. Research Support (Ongoing)

5P41EB002520, NIH

Vunjak-Novakovic, Gordana (PI)

09/01/14-08/31/19

Tissue Engineering Resource Center (Bioreactor Core)

The focus of this core will be on the development and utilization of novel bioreactors designed to precisely
control the cellular microenvironment, impart multiple physical stimuli, and enable real time imaging of cells
and tissues (osteochondral and myocardium) at various hierarchical scales.

Role: Co-l

Shared Facility Application N13S-005 , NYSTEM

Brown, Lewis (PI)

01/01/14-03/31/18

IDEA- Large-scale biochemical profiling for stem cell research in New York

The proposal seeks funds to purchase acquire a new liquid chromatograph-mass spectrometer and increase
staffing level to support this equipment to support metabolomics and proteomics studies pertaining to stem cell
research at Columbia and for other New York state researchers.

Role: CPI

MTF CU15-0486, Musculoskeletal Transplant Foundation

Hung, Clark (PI)

02/01/15-07/31/18

Local Dexamethasone Delivery for Osteochondral Grafting

This application aims to improve osteochondral repair of full thickness cartilage defects by intra-articular
delivery of the steroid dexamethasone from engineered osteochondral plugs placed in the graft donor sites as
part of an autologous osteochondral transfer procedure.

Role: PI

W81XWH-14-1-0591, CDMRP
Bulinski, Jeanette Chloe (PI)
09/01/14-09/30/18 (NCE)
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IDEA- Electric field stimulation enhances healing of post-traumatic osteoarthritic cartilage

This proposal will study the efficacy of applied DC electric fields as a means to direct cell migration and repair
capacity of endogenous chondrocytes and exogeneously introduced synovium-derived stem cells for cartilage
repair in vitro and in vitro (canine knee defect model).

Role: CPI

OSRF 02-2015, Orthopedic Scientific Research Foundation

Shah, Roshan P. (PI)

01/01/16-12/31/18 (no-cost extension)

Role of cartilage particulates in synovial joint inflammation

This application will analyze synovial fluid from patients undergoing joint arthroplasty for particulates, cytokines
and biomarkers.

Role: CPI

PUCFFSEAS, PUC Chile and Columbia SEAS Collaborative Engineering Research Seed Program
Columbia University (Co-Pls: Hung, Lu, Valenzuela)

01/01/16-12/31/18 (no-cost extension)

Electrotherapeutics for musculoskeletal tissue repair and regeneration

This application aims to study the influence of charged electrospun scaffolds and applied electric fields on
strategies for cartilage repair and ligament regeneration.

Role: CPI (Lead)

Planning Grant, President’s Global Innovation Fund, Columbia University (Co-PIs: Hung CT and Lu, HH)
5/1/2016-12/30/2018

A Joint Symposium with Pontificia Universidad Catdlica de Chile to Catalyze Biomedical Engineering Research
and Education Exchange.

This internal proposal is aimed at planning and holding a research-education symposium in Chile between
Columbia BME faculty and BME-related faculty at PUC.

Role: CPI (Lead)

1R01AR068133-01A1, NIH/NIAMS

Hung, Clark (PI)

5/10/16-5/01/21

Incorporation of Dexamethasone Delivery within Engineered Cartilage

This application examines release of the steroid dexamethasone from degradable polymer microspheres that
are encapsulated together with cells in a biocompatible hydrogel scaffold for cartilage tissue engineering. This
strategy is aimed at providing chondroprotection against inflammatory cytokines in the implantation
environment.

Role: PI

OSRF TBD, Orthopedic Scientific Research Foundation

Shah, Roshan P. (PI)

01/01/17-12/31/18

Synovial Patch System for local delivery of Anti-TGF Beta loaded Microspheres for Arthrofibrosis Treatment/
Prevention

This application will fabricate polymer microspheres for local delivery of anti-TGF Beta

Role: CPI
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