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再生醫學時代的來臨???!

• 一九九九年，美國「科
學」期刊選「幹細胞」

為十大科學發現榜首

• 二○○○年，美國「科
學」期刊選「幹細胞」

為「年度科學」
(Science of the Year)



Definition of Stem Cells

(1)self-renewal
(asymetric division and unlimited growth)

(2)proliferation
(3)differentiation
(4)functioning





幹細胞的種類

• 胚幹細胞(Embryonic Stem Cell)
胚(embryo, 8週以前)胎(fetus,8週以後)人工受精的胚
(胎)之內細胞團所培育出來之細胞株

• 成體幹細胞(Adult Stem Cell)

-Hematopoietic Stem Cell

-Somatic Stem Cell





3天大的胚胎

(16個細胞) 在針尖上



胚胎幹細胞可以分化成外胚層,
中胚層,內胚層之各種細胞,理論上可達兩百多種



第一位培養出人類胚胎幹細胞株
“James Thomson 博士”



幹細胞之研究發展方向

(1)藥物之效果與毒性研究

(2)組織/細胞治療 (3)基因之調控(基因治療)



Source of Adult Stem Cells

•Tissue derived stem cell (including 
hematopoietic stem cell of BM)

•Mesenchymal stem cells (MSC)
•Multi-potent adult progenitor cells (MAPCs)
•Plasticity (transdifferentiation of tissue -

specific stem cell) 
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CD34 Hematopoietic Stem Cell



Proposed cell-surface markers of 
undifferentiated hematopoietic stem cells

Mouse                       Human
CD34low/- CD34+

SCA-1+ CD59+*

Thy1+/low Thy1+

CD38+                                 CD38low/-

C-kit+ C-kit-/low

lin-* lin-**



Resources of CD34+ cell

•Bone marrow
•Peripheral blood

mobilization: chemotherapy
growth factor

collection: cell separator
•Cord blood



Clinical Use of CD34+ cell

•Allogeneic bone marrow/hematopoietic cell 
transplantation

•Autologous transplantation
•Selected CD34 transplantation



1st BMT in Taiwan
(1)病人：張武松先生
(2)時間：1983年11月9日
(3)診斷：Cutaneous-T-cell lymphoma

(EBV associated lymphoma) 
(4)疾病狀況：very refractory to C/T  
(5)TBI (single fraction)
(6)骨髓收集

*Epidural anesthesia
*Non-cryopreserved BM

(7)Outcome：short-term CR 
(8)Relpase in 3 months

資料提供：台大醫院王秋華醫師等



1st Allo-BMT

(1)病人：○○○先生
捐髓者：林淑貞小姐
時間：1984年3月9日

(2)診斷：CML
(3)併發症

VOD
aGVHD. GrII
cGVHD : liver+skin

(4)意外發現
HBsAg(+)            Anti-HBs(+)

(5)Alive and DFS x 16+yrs 
台大醫院提供



Clinically approved stem cell markers

Hematopoietic Differentiation

CD 34+

AC 133+

AC133+ CD34-
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In vivo tissue stem cell plasticity

Blood
vessel

Astrocytes, 
neurons,

oligodendrocytes

Muscle

Neural
stem 
cells

Liver

All germ 
layers
In chimeric 
embryos

Blood

Eric Lagasse et al, Nature Med 6:1229, 2000



骨髓間質幹細胞

骨 肌心 腱肌 肪脂骨軟 葉間



BM-derived MSC
More than 20 years ago, Friedenstein and then others grew adult stem 
cells from bone marrow called mesenchymal stem cells or marrow
stromal cells (MSCs).
Friedenstein A. :Stromal mechanisms of bone marrow: cloning in vitro and retransplantation in vivo.
In: Thienfelder S, Rodt H, Kolb HJ (eds). Immunology Of Bone Marrow Transplantation. Berlin: Springer Verlag, 1980, 19-20.

Function:
1. In vivo: Support HSC growth

in vitro: Feeder layer of HSC growth (in LTC-IC assay etc.)

7 days BM culture 21 days BM culture 







Surface Phenotype of Human MSC
Surface marker                         Expression
Growth factor receptor

IL-1R (CD121) +
IL-2R (CD25)                                                       -
IL-3R (CD123)                                                      + 
Transferrin receptor (CD71) +
SCF-R (CD117) 士

G-CSF-R (CD114)                                                       -
PDGF-R 士

EGF-R 士

Hematopoietic markers
CD1a                                                          -
CD11b                                                         -
CD14                                                          -
CD34                                                          -
CD45                                                          -
CD133 -



Surface Phenotype of Human MSC
Surface marker               Expression

Adhesion molecules
ALCAM (CD166)                                                   +
ICAM-1 (CD54)                                                        + 
ICAM-2 (CD102)                                                       + 
ICAM-3 (CD50) 士

L-Selectin (CD62L)                                                      +
E-Selectin (CD62E)                                                      -
PECAM (CD31)                                                    士

VCAM (CD106)                                                    +
Hyaluronate receptor (CD44)                                       +

Integrins
VLA-α1 (CD49a)                                                       + 
VLA-α2 (CD49b)                                                       +
VLA-α3 (CD49c) + 
VLA-α4 (CD49d) -
VLA-α5 (CD49e) +
VLA-β (CD29)                                                         +
β4 integrin (CD104)                                                    + 



Surface Phenotype of Human MSC

Surface marker                       Expression
Other markers

Thy-1 (CD90) 士

Endogin  (CD1055)                                                    + 
SH-3                                                           + 
SH-4                                                               +
B7-1 (CD80)                                                        -
B7-2 (CD86)                                                       -

+ indicates routinely positive in all studies
士 indicates variably expressed
- indicates lack of expression

Steven M. Devine 
Journal of Cellular Biochemistry Supplement 38:73-79 (2002)



Mesenchymal Stem Cells 
in Bone Marrow

Ages Estimated 
Frequency
Newborn 1:   10,000
Teenage 1: 100,000
50 y/o 1: 400,000
80 y/o 1: 1~2,000,000



Isolation of Multipotent Adult 
Progenitor Cells (MAPC)

Catherline Verfaillie, Univ. Minnesota

Bone marrow mononuclear cells

CD45-,Gly-A- Cells, 5 x 103 / cm2

DMEM, MCDB, 2% FCS
PDGF-BB, EGF, Ascorbic a.
BSA, ITS, Linolic acid, Dexa

Fibronectin-coated
Plastic dish

Maintain at < 50% confluence
cell doubling time 48~60 hrs (20-25代)



Catherine Verfaillie
Director 
Stem cell institute, 
Prof. Medicine
Mdical school, 
Univ. Minnesota



以「細胞治療」
代替「器官移植」

• 科學家們認為，幹細胞可望用來治療各種有關骨質生成
的疾病、神經受傷、退化性神經疾患、心肌梗塞、心臟
衰竭、先天性肌肉生成不良、肝臟細胞壞死、糖尿病等
等。

• 預計在未來五到十年中，會對人類的醫療保健，產生革
命性的影響。



胚胎幹細胞

• 「胚胎幹細胞」的運用，因為有宗教、倫理、法律上
的種種正反兩極的意見，一直佔領著新聞版面。二○
○一年八月九日，美國布希總統宣佈有條件支持有關
胚胎幹細胞的研究，同時也開啟了這一領域的科學競
賽。

• 擁護胚胎幹細胞的科學家們認為惟有胚胎幹細胞才能
分化出各種我們所需要的細胞,在細胞數目方面也較容
易達到臨床治療所須之量,只要能夠克服免疫排斥作用,
就是未來「再生醫學」的希望所寄。



經陰道取卵



取卵後顯微鏡觀察



IVF (in vitro fertilization) 
(體外受精;試管嬰兒)



胚胎 (embryo)



取出卵子的細胞核

把體細胞核置入去核卵中



Reproductive Cloning vs. 
Therapeutic cloning 



治療性複製(細胞複製)



胚胎幹細胞之爭議:政治,宗教,倫理



生命之開始如何算??
人可以扮演神嗎??



Biotechnology in Singapore

Send in the clones
The Economist August 24th 2002

SINGAPORE

Will a relaxed attitude to regulation make Singapore the stem-cell-
research capital  of the world?

新加坡在政府以「法規開放」來製造研究的大環境，再碰上新
加坡幣三十億（合台幣六○○億）的大手筆建造一流設備，成
立一流學院，建立跨國合作，聘來世界各國頂級研究團隊，一
年之內，把新加坡脫胎換骨變成「經濟學人」雜誌所稱的「世
界幹細胞研究之都」



幹細胞研究在中國----
自然期刊 2002/9/26



NIH Human Embryonic Stem Cell Registry
美國衛生研究院 幹細胞登記

5美國 Wisconsin Alumni Research Foundation
2美國 University of California, San Francisco
4以色列 Technion University,- Haifa, Israel
7印度 Reliance Life Sciences, Mumbai, India

6瑞典 Karolinska Institute, Stockholm, Sweden
19瑞典GöteborgUniversity. Göteborg, Swedem

2南韓 Pochon ChA University, Seoul, Korea

3印度 National Centre for biological Sciences/
Tata Institute of fundamental research, Bangalore,   India

1南韓MizMedi Hospital – Seoul National   
University, Seoul, Korea

3南韓Maria biotech Co. Lte.- Maria Infertility 
Hospital Medical Institute, seoul, Korea

7美國 Geron Corporation,Menlo Park, California
6澳洲 ES Cell International, Melboume, Australia
9美國 CyThera, Inc., San Diego, California
4美國 BresaGen, Inc., Athens, Georgia
細胞株數公司/機構



排斥作用(II)
(胚胎幹細胞之最大技術問題)

(三)如何解決胎胎幹細胞衍生細胞植入體內
之排斥問題

(1)以核轉移技術(nuclear transfer )
問題：失敗率高

常出現基因異常

(2)將基因剔除(gene knock-out)或置換(substitution) 
問題：不能解決 minor histocompatibility antigens
不保證沒有其他基因異常



Genetic Manipulation of Embryonic Stem Cells
Prevention of Graft Rejection





成體幹細胞

(1)骨髓/周邊血/臍帶血
(2)肝臟幹細胞
(3)胰臟幹細胞(內分泌、胰島幹細胞)
(4)軟組織幹細胞
(5)肌肉幹細胞
(6)眼角膜幹細胞
(7)腸道幹細胞
(8)神經幹細胞
(9)……(族繁不及備載)
*組織成體幹細胞癌化論





由骨髓移植到
成體幹細胞移植

• 骨髓移植
骨髓生病，不能以藥物治癒 將骨髓全部
殺光 打入捐髓者正常骨髓 骨髓細胞
再生/恢復

• 幹細胞移植 (修補醫學或再生醫學)
各器官之疾病(細胞受損) 以心肌梗塞為
例 取出自體骨髓內成體幹細胞(實驗室培
養？)打入心肌內,加速心肌恢復



打入骨髓間質細胞 來治療心肌梗塞
(2001.3.31  紐約時報)



打入骨髓間質細胞來生成骨頭或軟骨
(中國時報)



細胞治療之可能對象

1.肝臟:威爾遜氏症,猛爆性肝炎,肝硬化?

2.心臟:心肌梗塞,心衰竭

3.血液:間質造細胞與造血幹細胞移植並用

4.眼睛:人工網膜

5.胰臟:糖尿病

6.神經:退化疾病,脊髓損傷



成體幹細胞

• 在另一面，骨髓之「成體幹細胞」因為取得方便，與目
前骨髓移植之過程較類似，較無倫理與法律上的爭議，
因此，在實驗室研究，動物實驗以及臨床試驗上，皆在
悄悄而快速進展之中。

• 「骨髓幹細胞」之運用由過去的「骨髓移植」，變成更
進一步的「修補醫學」的運用。

• 這一派的擁護者認為，既然成體幹細胞與胚胎幹細胞一
樣，都可以分化出各種組織型態，使用成體幹細胞就行
了，何必去使用有倫理、道德、法律爭議的胚胎幹細胞。

• 但也有人認為，成體幹細胞也許真能分化成不同組織的
細胞，但「量」是否足夠臨床使用，是一個很大的問題。



Medical Progress: 
Adult Stem Cells for Tissue 

Repair—A New Therapeutic 
Concept?

Korbling & Estrov, NEJM 
2003/8/7;349(6):570-83



Preclinical in vivo studies
From BM
1. Marked unselected cells conditioning 

treatment of animals
– See transdifferentiation but origin of SC is obscure

2. More specific methods
a. Purified cells with specific marker
b. Limiting-dilution technique

From PB
• Most are mobilized s/p cytokine 

– Cardiac studies: neovascularization, myocyte 
replacement

– Most rat/mice models OK, primate not



Clinical in vivo studies
• 1999: MSCs in allogeneic sex-mismatched BMT 

improved osteogenesis imperfecta [Nat Med]
• 2000: donor-derived hepatocytes after BMT [2 

groups: Hepatology, Nature]
• 2001: endothelial cell chimerism after renal 

transplantation [Lancet]
• 2002:

– Liver-tissue chimerism after liver 
transplantation [Hepatology]

– donor-origin epithelial cells [Nat Med], 
hepatocytes, endothelial cells [NEJM], 
cardiomyocyte [Circ] after BMT

– Chimerism after heart transplantation [NEJM]
• 2003: donor-origin neurons after BMT [PNAS * 2]











Translational Study in Stem Cell Therapy  

• Preclinical in vivo studies fail to show 
similar findings in large animals, including 
non-human primates

• No confirmation on validity of many 
clinical results as of yet

• Limitations in ID of chimeric cells



Stem Cell Therapy in Myocardial Ischemia
Cell Types

myogenesis angiogenesis

(I)Skeletal Myoblasts/Cardimyocytes (+)             (-)
(II)Bone Marrow Stem Cells

(1)unselected mononuclear cells        ？ ？

(2)CD34+ / CD133+ cells                       ？ (+)
(3)mesenchymal stem cells                 (+)             (-)  
(4)MAPCs                                               (+)            (+)  



Myocardial Infarction as a Model of Adult 
Stem Cell Therapy (I)

(I) Cells
Resources                       cell separation       culture     core-lab

1.BM mononuclear cells                - - no
2.BM CD34+ / 133 +cells     clinimax                   - ?
3.PB CD34+ / 133+ cells   +leucopheresis - ?
4.BM CD34- cells                   clinimax           short-term     ?
5.BM mesenchymal SCs        clinimax          long-term     yes

(Osiris)
6.BM MAPCs                           clinimax           long-term yes

(Athersys)



Myocardial Infarction as a Model of Adult  
Stem Cell Therapy (II)

(II) Cell Administration

1. thoracotomy and trans-epicardial injection
2. Intra-coronary infusion
3. electric mechanical mapping and injection
4. systemic injection



Human Studies
Author              Cell                     Administration     Results

(1)Stamm            BM/AC133 epicardial            Good(6pts) 
(Lancet)                                             (+bypass surgery)

(2)Tse                  BM/MNCs             endocardial        Good(8pts)
(Lancet)

(3)Assmus. BM/PB/CD34+ intracoronary   Good(20pts)
(Circulation)

(4)Osiris              allo/MSCs             epicardial           Good
(multi-ctrs)

(5)Galinanes. auto/BM                        ?                Good(14pts)
(Am Heart Ass)



Cell Number
Group  Cell           Resources       Cell expansion    Cell No.

Stamm et al  AC 133   BM 100-200ml    none                1-2x106

Tse et al MNCs        BM 40ml               none                1-2x107

Assmus et al  CD34     PB 250ml             x3d      7.35士7.31x106

Osiris             MSC          BM 100ml          x3wk          ≒108



Cell Number: how many we need?

Heart: 250 gm
Size of infarction: 10-25 gm

AC 133 cells infused: 0.001 gm (1x106)
CD34 cell infused: 0.01 gm (1x107)
MNCs infused: 0.01-2 gm (1-2x107)
MSC infused: 0.1 gm (1x108)



Cell Expansion

(1)CD34/CD133: Many studies are undergoing in 
European countries.

(2)Mesenchymal stem cells : Well-established by 
Osiris.

(3)MAPCs: Athersys is now developing.



Cell Expansion vs. No Expansion 

(1)Advantage of Expansion
• Cell number can be more sufficient
(2)Disadvantage of Expansion
• GTP needed
• Problem of contamination 
• Side-effect from growth factors
• Cost jumps
．GTP
．Culture 
．Growth factors
．Man powers

(3)Clinical outcome is truly better?



Clinical Autologous Cell Transplantation
Skeletal myoblasts Systemic injection

Circulating 
progenitor cells

Unselected 
mononuclear cells

Hematopoietic 
stem cells

Mesenchymal 
stem cells

Intracoronary injection

Transendocardial 
catheter delivery ?
Surgical implantation & 
CABG

Surgical implantation 
alone



Requirements to Conduct a Good 
Clinical Trial in Cell Therapy

1. Multi-Center study: to obtain a significant patient
number

2. Core lab(s): GTP lab, Bioreactors (?)
quality control 
money saving

3. Research wards



Reports which question plasticity

• 2 reports in 2002 (both in Science)
– Castro et al: no donor-derived neurons seen 

after BMT in mice
• Purified and unfractionated BM used

– Wagers (Weissman) et al: single HSC 
transplantation in mice

• Replies from 3 groups: sensitivity/specifi-
city depends on experimental system



Cell Fusion
• Nature 2002 & 2003 [3 articles]: BMT-derived 

hepatocyte cell fusion (used DNA ploidy as 
proof)
– However, hepatocytes can be polyploid
– Numerous other studies show diploid donor-derived 

cells in host solid organs
• Fusion is likely 1 of several mechanisms for 

incorporating donor cells
– May be an ongoing physiologic repair mechanism
– Data from liver models may not be applicable to other 

solid-organ tissues
• Requires rigorous criteria to distinguish between 

transdifferentiation vs cell fusion



Stem Cell Competition
幹細胞之競爭

(「科學」期刊：2002. 7. 4)

• 胚胎幹細胞
– 如何克服「免疫」之
障礙

– 有倫理、法律、宗教
之爭

– 癌化現象？
– 體外培養出來的細胞
不等於體內培養之細
胞

• 成體幹細胞
– 較無倫理或法律問題
問題

– 如何克服「細胞數目」



What about embryonic stem cells?

– Superior in its differentiation ability after 
ex vivo expansion when compared to in 
vivo differentiation ability of HSCs

– Not superior to MAPC since formation of 
teratomas is a major concern



Conclusion
• HSCs: 

– Distributors of hematopoietic progenitor cells
– Systemic supplier of progenitor cells for 

homeostasis of solid organs
• Need to learn how to direct circulating 

blood SCs to areas of injured or diseased 
organs

• Obstacles remain, including 
misinterpretation of data



ELSI：
倫理、法律、社會面的衝擊
(ETHICAL) (LEGAL) (SOCIAL)   (IMPACT)

• 倫理:(1)在胚胎幹細胞方面,東西方之倫理觀、
宗教觀之異同

• 法律: (1)法律影響實驗室研究,研究成果又影
響法律之落實施行

(2)如全民健保將來是否給付再生醫學

之治療模式

• 社會: (1)再生醫學對社會的衝擊
(2)老年社會之考量



第一屆國際幹細胞研究大會
(ISSCR, 2003. 6. 8-11)

(1)集中在幹細胞生理之研究
(2)組織工程之參與
(3)與奈米科技之結合
(4)ELSI之討論
(5)甚少談及臨床
(6)Cancer Stem Cell 之觀念



Moron Laboratory (流氓實驗室)
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