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暨參加第五屆美、加、日、歐聯合骨科研究學會會議

出國報告書

新竹生物醫學園區  醫療業務組 副組長

江清泉 教授

出國日期：93.10.9~93.10.16

1、 緣由

新竹生醫園區將是一個規劃極其完善的生物科學新重鎮，有第一流的醫學中心作為生物醫學發展的磐石，並配合鄰近的研發機構，如工業技術研究院生醫中心、動物科學研究所，以及週邊的生技公司，將成為台灣生物科技發展的指標。

設立臨床組織工程研究所的主要目的就是要發展疾病治療的新技術，不論是組織工程或是幹細胞治療。這種技術的開發完成，將會大量的使用在以前無法治癒的疾病，譬如軟骨損傷、大塊的骨骼缺損、巴金森氏病、腦中風、心肌梗塞、糖尿病、肝臟疾病…等等，使得新竹生醫園區成為新治療發展的新園地，並輔導及轉移新技術予生技公司，達成生醫園區的使命。

臨床組織工程研究所的研究將與臨床單位緊密配合，例如癌症中心、心血管中心都是合作的對象，以發展癌症及心肌疾病（如心肌梗塞）的幹細胞治療。另外神經科、內分泌科、肝臟科也是合作單位進行幹細胞移植治療。組織工程的研究將會與骨科、皮膚科、眼科合作，進行骨骼、關節軟骨、皮膚、眼角膜的人工組織移植。研發的過程中除了與其他研究機構如工業技術研究院生醫中心、與動物科學研究所充分合作，並讓廠商參與，以期讓再生醫學生物科技在台灣生根。為了避免閉門造車，積極與國外第一流Tissue Engineering領域的研究機構合作是刻不容緩的課題。

美國第一個Tissue Engineering的PhD program是在Thomas Jefferson Medical Center，由Rocky S. Tuan教授主持。主持人曾邀Tuan博士來台大訪問講學兩次，建立了很好的合作研究關係。Dr. Tuan兩年前受聘於National Institutes of Health，擔任NIAMS（National Institute of Arthritis, Musculoskeletal and Skin Diseases）的branch chief。由他的實驗室製造出的奈米基質，就委託台大醫院主持人的研究群從事迷你豬的動物實驗（NTUH-92A07），已獲致很好的成果，論文正投稿送審中。

Orthopaedic Research Society是骨科研究領域最重要的國際學術會議，今年十月十日至十三日在加拿大Banff舉行第五屆聯合美、加、日、歐洲會議。Tuan教授應邀主持Tissue Engineering的學術討論會。為了與Tuan教授洽談未來新竹生醫園區成立以後，台大與美國NIH間在生醫領域更廣泛更密切的合作，並請教Tuan教授臨床組織工程研究所成立事宜和招募師資，已與Tuan教授約好時間，利用此次開會之便，雙方能當面討論將來合作的方式與細節。
2、 參加會議經過及感想
Orthopaedic Research Society是骨科研究領域水準最高的學術會議，會員有2400名，來自世界各地。原來骨骼肌肉系統的基礎研究以Biomechanics為主，像UCSD的馮元禎院士、胡流原院士、Van Mou、Albert Burstein、Tim Wright、趙以甦、Mayo Clinic的安介南…皆是這領域的專家，曾獨領風騷十幾年。自從人類基因解碼後，genomics、proteomics等新興領域崛起，也帶來了許多新的醫療技術，如stem cell therapy、gene therapy、tissue engineering…等，所以最近五年的ORS學會發表的論文大都是這些新興的領域，這也是將來新竹生醫園區及研究所所要發展的方向。此次出席這個會議，特別注意這些議題的最新發展：
1. Mesenchymal stem cells
大會特別邀請NIH的Rocky Tuan主講 "Cell-based cartilage tissue engineering"；Tulane University的Carl Gregory主講 "Control of tissue repair by marrow stromal stem cells in degenerative diseases of the skeleton"；以及Rangos Research Center（Pittsburgh）的Johnny Huard
主講 "Gene therapy and tissue engineering based on muscle-derived stem cells：promising applications for tissue regeneration."
基本上，目前最被看好的stem cells來源是骨髓，肌肉和骨小樑（trabecular bone）。我們自己的研究團隊也從病人骨髓中分離stem cells，加以培養分化，可成功製出軟骨細胞，已發表在Stem Cells雜誌（Stem Cells 21:190-199, 2003.）。
2. Cartilage Repair— Established Techniques and New Innovations.

上一世紀骨科醫學對人類最大的貢獻是『人工關節』，用以治療人類退化性關節炎病變，本世紀骨科醫學最大的挑戰是『軟骨再生』，到目前為止很多方法一直在研發，包括基礎醫學的研究。

( The Cleveland Clinic的Anthony Miniac講Mosaic Arthroplasty的臨床經驗：optimal size是5mm，取donor site的軟骨最好使用manual punch，如使用電動punch，周圍20%的軟骨細胞會死掉。recipient site觀察到有cystic formation的問題。打入graft時，用手推，不要敲擊。Allograft會產生immune response，植入軟骨會隨著時間退化，GAG level會降下。
( Toronto，Mount Sinai Hospital的Allan Gross，談使用Fresh osteochondral allograft的經驗。donor的年齡最好少於30歲，取下後最好24小時內植入，如置於tissue bank保存，最久2星期。植入後軟骨細胞仍能保持活性。使用的適應症是軟骨缺損大於3公分直徑，深度大於1公分。
( 加州的Bert Mandelbaum講Autologus Chondrocyte Implantation。此方法由瑞典Gothenberg的Lars Peterson於1987年發表後，長期結果顯示，年輕人的病人和運動員的療效較佳，而且愈早手術，結果愈好。Freigberg發表於2003年Arthroscopy的論文，結合ACI和PLA/PGA fleece，結果不錯。一項mutiple center的研究顯示good and excellent result為65-92%，再生的hyaline like cartilage的durability為5-10年。
( Rush Medical Center的Susan Chubinskaya講 "Biological repair of large chondral and osteochondral defects with BMP-7"。
此方法已使用於人體膝關節腔注射，產生的軟骨與周圍軟骨密合，不會產生贅骨。只不過每劑500U$，十分昂貴。
3. Tendon to Bone Healing
常見運動傷害包括膝部前十字韌帶斷裂、肩部旋轉肌斷裂和手部屈肌肌腱斷裂都牽涉到肌腱與骨之癒合問題。經過手術治療，肌腱與骨無法達到正常的癒合，過去對此處之研究與瞭解尚不完全。本研討會，探討肌腱融入骨頭之胚胎發育，從而認知此處癒合之細胞和分子機轉。肌腱融入骨頭處之解剖特徵是存在Sharpey fiber（perpendicular collagen fiber），Intra-tunnel healing，tide-mark都出現在tensile side，不會出現在compression site。TG-β1（2ng + 0.1ml fibrin sealant）可以促進此處之癒合。CoX-2 NSAID會抑制此處之癒合，所以瞭解CoX-2 expression對此處癒合之瞭解十分重要；震波治療有助於血管增生；關節液對肌腱之癒合不利。
4. Intervertebral Disc Degeneration
脊椎間盤退化是下背痛的一個主要原因，然而造成背痛的機轉仍然不清楚。McGill University的John Antoniou談 "Biological approach to disc treatment" 是最新的醫學進展，BMP-2, 7已被確認是link peptide，目前這方面之研究包括：細胞與biomatrix，mesenchymal stem cell transplantation，gene therapy（包括SOX-9 gene therapy）。對於Nucleus Pulposus之研究，GAG/Hydroxyproline ratio是一個研究主題。對於晚期的椎間盤病變，prosthetic disc和tissue engineered disc是研究的熱門題目。
5. Biomarkers
由於近年來分子生物學以及immunoassays的進步，已有一些biomarkers被確認，可以反映skeletal turnover。
846 epitope of aggrecan可以反映早期退化性關節炎及術後關節炎（Fortin et al, 2003；L Sharma, 2004.）。C2C/PCII ratio可以反映關節炎之進行。由ELISA assays，C2C，C1,2C，846 epitope，CPII均可反映type II collagen和aggrecan之turnover，可預測病變之進行度。骨、軟骨代謝之biomarkers包括MMP degradation pathway（Pychnodys ostosis）。尿中Co12CTX濃度可反映生長速率，關節受傷後，關節液之Co12CTX 2B4（表示collagen damage）會升高。
6. Proteomics
此次大會，我們的研究小組有一篇論文被接受口頭發表 "Identification and characterization of the protein marker for wear of joint prosthesis"。
對於植入人體之人工關節磨損，會在關節液引發炎性反應，我們的研究群從病人的關節液中確認出兩個biomarkers：haptoglobin和fibrin fragment，對於進一步的基礎研究有很大的助益。（如附件）
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與美國國家衛生院Rocky Tuan主任洽談未來與新竹生醫園區合作事宜

目的：與美國NIH（國家衛生研究院）Rocky Tuan主任訪談有關—臨床組織工程研究所成立事宜與未來NIH合作之可能。
過程：此行在93年10月10日晚上8點在加拿大Banff Spring Hotel進行，
請教方向。
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Abstract

Synovial fluid (SF) is a dynamic reservoir for proteins originating from
serum, synovial tissue, and cartilage. To identify novel protein makers for
wear of joint prostheses in SF, proteomic approaches will provide a
global and sensitive assessment for evaluating artificial joints. SF proteins
from control individual and prostheses patients were resolved by two-
dimensional polyacrylamide gel electrophoresis (2D-PAGE) followed by
silver staining. Most of the protein spots could be matched well with
SWISS-2D PAGE plasma reference map according to isoelectric point
(pl) and molecular weight of proteins or those have been identified
previously. In this study, the differential proteins were identified by mass
spectrometry and then quantified by immunoassay. Haptoglobin, an acute
phase protein was identified as an important protein marker that was
increasing 2~9-fold in patient’s SF. Additionally, the amount of reactive
oxygen species measured by lucigenin- and luminol-amplified
chemiluminescence method also drastically increased in SF of prostheses
patients, indicating an inflammatory response. The high level of
haptoglobin and reactive oxygen species could be downregulated by
sodium hyaturonate, which was a potential antioxidant agent identified in
our laboratory. Our results demonstrate a new protein marker for wear of
joint prostheses and suggest the hypothesis that oxidative stress was
involved in this disease progresses. E

Materials and Methods

Patients with prosthesis wear and with clinically active inflammation
were recruited from outpatient clinics at National Taiwan University
Hospital College, Taiwan, R. O. C. Written informed consent was
obtained from each patient prior to enrollment. For two-dimensional
eletrophoresis analysis the protein concentration of SF was measured
using the Bio-Rad Protein Assay according to the manufacture’s
instruction. For the first separation, 5 ul of synovial fluid was diluted with
250p! of rehydration buffer. Isoclectric focusing was performed by 13-cm
immobilized pH gradient strips pH 3-10 using diffusing approach and
focused for a total of 33 kVh at 20°C. After one-dimensional
electrofocusing, strips were equilibrated with equilibrate buffer and
transferred to the top of 12.5 % polyacrylamide gels and gels were run at
25 mA for 5 hr. Gels were routinely stained with modified silver nitrate
according to the manufacturer’s instructions and then scanned using a
flatbed scanner followed by Phoretix™ 2D software version 2002.01 for
spots analysis. The interesting protein spots were excised and subjected to
in-gel tryptic digestion and then MALDI MS analysis was performed on a
Voyager DE-STR workstation.

To evaluate the oxidative status of SF the amount of reactive oxygen
species were measured by lucigenin- and luminol-amplified
chemiluminescence method as followed. Briefly, the SF samples were
immediately wrapped in ‘aluminum foil and kept on ice until
chemiluminescence measurement, usually done within 4 h The
chemiluminescence was measured in a completely dark chamber of the

Chemiluminescence Analyzing System. After 100-sec background level
determination, 1.0 ml of 0.1 mM lucigenin in PBS (pH 7.4) or 1.0 mi of
mM luminol was injected into the sample. The chemiluminescence was
continuously meonitored for an additional 600 sec. The assay was
performed in duplicate for each sample and was expressed as
chemiluminescence counts/10 sec for SF chemiluminescence. The mean
standard error (SE) of the chemiluminescence level of each sample was
calculated. In addition the concentration of haptoglobin of SF was
performed on automated biochemical analyzer (Toshiba, Tokyo, Japan)
based on immunoturbidimetric assays.

Results and Discussion

5 pl synovial fluids from control individual and 2 patients with wear of
joint prostheses was subjected to 2D-PAGE and proteins visualized by
silver staining. The total proteins of SF ranging in molecular mass from
100,000 to 14,000 Da with pls between 3 and 9, was similar to plasma
protein map deposed on SWISS-2D PAGE database. By comparing the
protein profile with plasma map obtain from SWISS-2D PAGE database,
the most abundant proteins were albumin, immunoglobulins and al-
antitrypsin, the moderate abundant proteins were transferring (Beta-1-
metal binding globulin), apolipoprotein A-1 and transthyretin
(prealbumine). The spots were analyzed by 2D phoretix software and
there were two major protein trains highly upregulted in patients synovial
fluid. One train was protein spots with a molecular mass of 42~44 kDa
and a pl of 4.8~5.8, the other train was protein spots with a molecular
mass of 18 kDa and a pl of 5.4~6.1. The protein spot trains maybe caused
by different degrees of post-translational modification of the same

" primary structure protein and leading to a progressive change in the pl

and molecular weight. The MS profiles of the peptides from train one
spots, the 42~44 kDa proteins with a pI of 4.8~5.8, were obtained by a
MALDI-TOF MS and identified as haptoglobin 8. The other train spots
with a molecular mass of 18 kDa and a pl of 5.4~6.1 were identified as
haptoglobin o2. Both haptoglobin and C-reactive protein measured by
immunoturbidimetric assays were increasing 5.8 times and 4 times,
respectively in patient’s SF. The amounts of reactive oxygen species were
also increased more than 2000 fold in patients® SF. The raised acute phase
protein and free radicals level implied the clinical inflammation and high
oxidative stress status of this disease. In clinical sodium hyaluronate had
been applied for improvement of joint function or improved the symptom
of patients osteoarthritis of the knee. However, after injections of sodium
hyaluronate in patients with prosthesis wear, the amount in haptoglobin
and reactive oxygen species was reduced. The results indicated the acute
phase proteins and free radicals were highly correlated with pathogenesis
of prosthesis wear. In summary, we demonstrate a new protein marker for
wear of joint prostheses by proteomic strategies and suggest the
hypothesis that oxidative stress was involved in this disease progresses.
The more detail of molecular mechanism of disease development will be
further studied.
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1. 成立研究所

　(一) 研究所成立後建議進行七大主題的研究方向
1. Stem cell（成立tissue bank）。
2. Biomaterial research在這一方面的研究要特別小心。
3. Animal model的研究，尋找與人相近之動物模式。目前以迷你豬為
主要方向。
4. 成立GMP lab。

5. Gene therapy。

6. Mechanical Biology。

7. Analytical Molecular Biology（內容可包括genomics and proteomics）。

以此行參與之研討會為例，從關節液中可以進行蛋白質的研究，找出數種biomarkers，將可用以區分臨床所見之OA、RA或prosthetic wear症狀。同時所發現之biomarkers，或是protein fragments亦可能仍具functional activity，是未來重要的研究方向。

(二)未來新竹生醫園區與美國NIH可能之合作研究計畫

1. 進行in vitro（matrix+ growth factor）之細胞培養等實驗。

2. 利用GFP或transfected chondrocyte等方式，探討chondrocyte origin。
3. Proteomics在組織工程的應用。

(三)繼續進行Nanofiber製成之matrix的動物實驗合作計畫

兩年前台大醫院與NIH合作之迷你豬動物實驗結果發表於Journal of Orthopaedic Research(骨科領域SCI雜誌排名第二) ，已被接受刊登。

(四)臨床組織工程研究所

組織七大項目：
1. Stem cell

2. Biomaterial

3. Animal model

4. GMP lab

5. Gene therapy

6. Mechanobiology

7. Analytical molecular biology

2. 師資招募

1. 盡量招募不同領域人才規劃：以stem cell人才最優先，其次為mechanobiology人才，再次為gene therapy或analytical molecular biology人才。

2. PhD或是physician scientists之人才皆可。

3. 如何選擇適當人選：這是較為困難的事，但可以從研究skill的方向切入評估。

3. 未來交流方向與課程訓練

新竹生醫園區可派員至NIH進修：

1. 可以進行Postdoctoral student training至少一年以上。

2. Mental stimulation course可以進修3-6 months。

3. Physical training course可以進修1-2 years。

4. 與NIH交流

1. 可以近距離的交流，如PhD的thesis可在NIH工作，而PhD degree則在原校取得。

2. 可以邀請NIH學者至研究所教學，採密集式上課，進行special course在1-2週內完成課程。
如：進行cell tissue engineering workshop。

5. 參訪與指導

美國NIH Rocky Tuan主任將於12月20-25日來訪，參觀新竹生醫籌備處，並指導台大之研究團隊。

6. 人員交流
台大醫院江鴻生醫師將赴NIH進修一年（2004年12月至2005年11月）。
3、 結論與建議
根據美國、歐洲、澳洲、日本等國發展生醫產業成功的經驗，醫學中心和研究所是核心，生醫產業在外圍。從研究所研發出來的新產品、新技術，經過動物實驗和臨床試驗得到的驗證後，移轉給產業界，銷售到市場。
過去大學的研究與產業界脫節，教授們在象牙塔內浸潤於研究，多只重視學術成果之發表，偶有創新，也少會申請專利，因為專利的維護需要費用，學校接觸不到市場，申請的專利只能放在私人的著作目錄中，Tuan教授在這方面提供了他當年在Thomas Jefferson Medical Center的經驗作為參考。將來
新竹生醫園區產業界就環繞在醫學中心的外圍，學界與業界有良好緊密的互動，應可克服過去所面臨的障礙。新竹生醫園區開辦後，只要促成一件研發的生醫產品或技術，成功移轉至業界，研發者因坐享專利所衍生的實質利益，必能鼓勵誘導更多的成功案件，從而促進生醫產業的發展。
組織工程是一新興的學門，自從人類基因解碼後，兩者相輔相成，帶來全新的醫療技術。因此臨床組織工程確實是發展生醫產業的利基。新技術的研發固然重要，人才的培育才能奠定可長可久的基礎。Tuan教授在Thomas Jefferson Medical Center創立美國第一個Tissue Engineering的Ph.D. program，他除了有卓越的學術地位外，也有豐富的開辦與教學經驗。此次能趁ORS年會之際向他請益，對於將來竹北分校成立臨床組織工程研究所提供了許多寶貴的意見。更重要的是，他答應擔任新竹生醫園區的顧問，為台灣發展生醫產業貢獻一份心力。
此次口頭論文發表，得到與會學者熱烈的討論與重視，表示我們的研究團隊在proteomics領域的研究已奠定了良好的基礎，將來配合豐富的臨床病例，必能在生醫領域開展一片天地。
4、 附錄（Dr. Rocky Tuan之CV）

Rocky Tuan, Ph.D. 

Branch Chief
Phone: 301-451-9832
Fax: 301-435-8017
Building 50, Room 1503
E-mail: tuanr@mail.nih.gov 
Rocky S. Tuan, Ph.D. received his bachelor's degree in Chemistry in 1972. He received his Ph.D. in 1977 from the Rockefeller University in New York, under the mentorship of the late Zanvil A. Cohn, M.D. His postdoctoral research fellowship was at Harvard Medical School in Boston, first with Melvin J. Glimcher, M.D. in the Department of Orthopaedic Surgery at the Children's Hospital, and then from 1978 to 1980 with Jerome Gross, M.D., in the Developmental Biology Laboratory at the Massachusetts General Hospital. In 1980, Dr. Tuan was appointed as Assistant Professor in the Department of Biology, University of Pennsylvania in Philadelphia, and was promoted to Associate Professor in 1986. In 1988, Dr. Tuan joined Thomas Jefferson University, Phildelphia, to be the Director of Orthopaedic Research and Professor and later Vice Chairman in the Department of Orthopaedic Surgery with a joint appointment in the Department of Biochemistry and Molecular Biology. From 1992-1995, Dr. Tuan was the Academic Director of the M.D., Ph.D program at Jefferson, and in 1997, he established the nation's first Cell and Tissue Engineering Ph.D. program at Jefferson, with the mission of training the next generation of "cross-cultural" biomedical scientists committed to regenerative medicine and the development of functional tissue substitutes. In the fall of 2001, Dr. Tuan joined the Intramural Research Program of NIAMS as Chief of the newly created Cartilage Biology and Orthopaedics Branch. 
Personal Interests
My interest in biological processes related to the skeletal tissues had its beginning in my Ph.D. work, where I analyzed the biochemical and developmental regulation of calcium transport and homeostasis during embryonic development, and its impact on skeletal development, using the chick embryo as an experimental system. My discovery of specific cell surface and cytosolic calcium-binding proteins in the chick embryonic chorioallantoic membrane and in human and mouse placentae provided significant and useful insights into how the maternofetal placental unit functions as the key calcium regulating tissue during embryonic and fetal development. During my postdoctoral years, I expanded my research interests into the cellular and molecular aspects of embryonic skeletogenesis. As an extramural investigator, my research activities, funded by the NIH and other federal agencies and private foundations, have focused on skeletal development, growth factor biology, bone-biomaterial interaction, cell-matrix interaction and signaling, cartilage tissue engineering, and the development of molecular diagnosis of infection and biodegradable drug delivery devices for orthopaedic application.
My overall view is that orthopaedic research is fundamentally a study of skeletal tissues and the biological activities that are important for their development, growth, function, and health. My laboratory is currently engaged in a variety of research projects focused on multiple aspects of skeletal and related biology.
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