
Preface

　科学技術の進歩は目覚ましく，日進月歩を超えた展開が日々生まれている。

一方で基礎的な知見の確認と研究の忍耐強い積み重ねにより，科学技術の進展

があることも忘れてはならない。生物学においては，学問の基本を理解すると

ともに，新しい知見の理解推進は必須のものである。今日では生物を見ること

から生物から得られる多様な情報を利用するように変ってきており，日々大量

の情報を検索し，研究に臨む必要がある。

　先端的な研究課題については，日本国内の研究においても専門論文やイン

ターネットでの情報は，世界共通言語ともいえる英語での記述が主流である。

世界の権威ある科学雑誌や研究機関は当然ながら英語で情報を公開しており，

英語での学問の理解は必須である。

　本書は，前作の「英語で学ぶ生物学」を受け継ぎつつ，最近のトピックであ

りまた基礎的な事項としても理解が必要な題材を新たに提供している。それは

幅広く題材を理解するための基礎的な情報を提供するとともに，また専門用語

に慣れることを意図している。さらに生物学の知識の修得だけではなく，生物

学に関わる倫理や社会の問題を同時に考察することも考慮している。

　取り上げた各題材は，著者が世界の著名な研究雑誌や最近のニュースとなっ

た話題から選抜したものであり，これらについて関連論文や書籍を精査し，そ

の内容を独自にまとめたオリジナルなものである。世界中の多様な話題をすべ

て網羅するのではなく，日本と世界に共通した事項を選抜している。

　各章はオムニバス形式でそれぞれ独立しているため，題材はどこからでも拾

い読みすることができる。興味のある方々には，本文の後に掲載された参考書

籍や文献を読むことで，さらに理解を深めていただければと期待している。な

お基礎的な知見や専門用語については，「英語で学ぶ生物学」や，「英語で学ぶ

医科学入門」「英語で学ぶ環境科学」（英語で学ぶ自然科学シリーズ）などを並
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行して利用いただければ，さらに理解が進むことだろう。

　科学技術は将来への多様な可能性を生み出すが，一方では，得られた知見の

正しい適用や社会との透明性のある合意形成がなければ，人類が適正に享受す

ることはできない。これは生物学においてもしかり
4 4 4

であり，本書で取り上げた

各章の Exercisesでは，単純に知見を英語で理解するだけではなく，知見の社

会との関わりについて話題を提供し，学習グループや個別の読者がそれについ

て十分に考えることを期待している。

　最後に，本書執筆にあたり長い期間ご支援くださった多くの関係者各位に感

謝いたします。そして，本書が生物学およびその新しい知見利用の理解推進に

資することができればと期待します。

　2013年９月

著　者　
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Chapter 1
Discovery of Induced Pluripotent 

Stem Cells （iPS Cells）

Many of you have probably learned about planarians in a biology 

class. A planarian is an aquatic organism about 1 cm long that lives in 

cold water. Interestingly as in Figure 1, if you cut a planarian into 

four equal parts, the parts will regenerate to produce four planarians! 

In other organisms too, such as lizards or newts, regeneration occurs 

at areas where they have been cut. Even in humans, if you scratch 

your hand, the bleeding eventually stops and the scratched area 

slowly regenerates back to its original form. Among cells, the birth of 

these new cells results from the action of stem cells.

 Stem cells are present in a variety of organisms. In a planarian, 

stem cells aggregate at wound openings and repair begins, after which 

a planarian completely identical to the original one is formed. Stem 

cells exist in humans as well, serving to replace damaged or aged cells 

or to newly replenish cells lost as a result of disease or injury. The only 

difference between stem cells in humans and those in planarians is 

that although human stem cells can regenerate, they are limited to 

producing only certain types of cells. Although a simple hand skin 

injury can be repaired, the restoration of large and complex parts such 

as whole arms and legs is impossible. These cells are known as adult 

stem cells.

 In contrast to these adult stem cells, artificially created stem 

cells have also emerged on the scene. These cells, unlike adult stem 

cells, can turn into all manner of cell types. In 2006, a cohort of 

Japanese researchers generated the world’s first iPS cells （induced 

pluripotent stem cells） from mice. These iPS cells, which were 
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Figure 1　An idea for creating iPS cell production.
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Chapter 1　Discovery of Induced Pluripotent Stem Cells （iPS Cells）　　3

cultured from skin cells （fibroblasts） in mice, differentiated into 

cardiac muscle cells that beat in cell clusters. Two years later, the 

same technique was applied to cells obtained from human skin. News 

of this raced around the world in a flash.

 These iPS stem cells differed greatly from the embryonic stem 

cells （ES cells） that had been used up until that time. Because 

fertilized eggs are not used to create iPS cells, the ethical barriers to 

their use are very low. In addition, immunological rejection is assumed 

not to occur because an individual’s （the patient’s own） skin cells are 

used.

 A major catalyst for the discovery of iPS cells was the birth of 

Dolly the sheep in 1996. The nucleus taken from a mature udder cell 

of a sheep was inserted into an egg whose nuclei had been removed. 

When this egg was placed into the uterus of a different sheep, the 

newborn was completely identical to Dolly’s genetic mother. This 

mysterious art produces what is known as a cloned embryo. This 

technique spectacularly overturned the conventional view until then 

that in mammals, cells that had differentiated would never rewind 

（become initialized）. Four years later, in 2000, ES cells were produced.

 A lizard’s tail regenerates beautifully even if it is cut off. A 

newt’s arm regenerates not only skin tissue but also bone when it is 

severed. Furthermore, as for planarians, they regenerate even after 

being cut into small pieces. In contrast, in mammals, starting from the 

time the egg is fertilized, cells become increasingly differentiated, 

finally turning into different organs, and it was thought that going in 

reverse was impossible; that is, that cells, once differentiated, could 

not possibly return to the initial egg cell, and that the process was a 

one-way street （irreversible）. Nonetheless, the birth of Dolly and the 

production of ES cells demonstrated that this process could be 

rewound. Thus, the path toward the birth of iPS cells had begun.
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4　　Chapter 1　Discovery of Induced Pluripotent Stem Cells （iPS Cells）

 The method of producing iPS cells is surprisingly simple. It is 

said that anyone with experience in basic genetic manipulation 

techniques and culturing may be able to produce them. However, it is 

taking time for this method to become established. Particularly 

important aspects are the genes that need to be introduced into non-

pluripotent cells to force them to become iPS cells. Studies on ES cells 

thus far provided numerous hints, and the to-be-introduced genes 

were ultimately narrowed down to four （the Yamanaka factors） : 
those that 1） build the body, 2） play a key role in expression, 3） play 

an important role during regeneration, and 4） control transcription. 

Each of these genes is introduced into the cell via a retrovirus.  Genes 

for 3） can carry a risk of causing cancer, but these can now be avoided. 

 Although the method of using retroviruses to introduce genes 

has great advantages, some genes cause adverse effects on the body, 

particularly in gene therapy. Hence, methods to directly produce iPS 

cells without the insertion of genes are also being explored.

 The most innovative aspect of iPS cells is that they can be used 

for transplants and regenerative medicine. Given that iPS cells are 

cultured from the patient ’s own skin, there is unlikely to be 

immunological rejection. Currently, ideas such as preparing pools of 

cells according to the type of human leukocyte antigen （HLA） are 

being considered so that they can be used immediately when needed. 

These iPS cells could be applied to the treatment of various diseases. 

In mice, researchers have succeeded in producing blood stem cells 

from iPS cells and applying them to the treatment of sickle-cell 

anemia. There are also reports that transplanting neural stem cells 

derived from iPS cells into mice artificially given spinal injuries 

Notes：retrovirus「レトロウイルス」，human leukocyte antigen （HLA）「ヒト白血球抗原」

sickle-cell anemia「鎌型赤血球症」
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Chapter 1　Discovery of Induced Pluripotent Stem Cells （iPS Cells）　　5

reduced the symptoms by 20　%. iPS cells, which are capable of 

becoming various tissues, are being considered for practical use in the 

treatment of diseases such as Parkinson’s disease, muscular dystrophy, 

myocardial infarction, and diabetes, and positive outcomes of such 

work have been confirmed. Research is being advanced at core 

universities in Japan, beginning with experimental animals such as 

mice and working toward eventual application in humans.

 Conversely, iPS cells can also help reveal the causes of various 

diseases. By producing stem cells from the cells of diseased patients, it 

will become possible to study how and why diseases occur when they 

do. Until now, tissues have been directly taken from diseased patients 

and cultured; but such cells hardly ever proliferate, and this is also a 

great burden for the patients. However, by using iPS cells derived 

from the cells of diseased patients, we are about to understand how 

pathogenesis occurs. For example, the increasingly rapid cell loss that 

occurs in amyotrophic lateral sclerosis （ALS） has been revealed 

visually as well.

 iPS cells are also expected to bring about ground-breaking 

progress in drug research. In the past, candidate drugs were first 

screened in experimental animals such as mice, monkeys, or pigs and 

their effects were then tested by experimentally administering them 

to humans. However, a drug that was highly effective in animal 

experiments might show a reduced effect, a rejection response, or 

toxicity when administered to people. An enormous amount of time 

and effort is considered necessary in order to discover just one drug in 

the conventional way; however, if iPS cells are used, animal 

experiments will become unnecessary. By transforming the cells into 

Notes：Parkinson’s disease「パーキンソンン病」

muscular dystrophy「筋ジストロフィー」，myocardial infarction「心筋梗塞」

amyotrophic lateral sclerosis （ALS）「筋萎縮性側索硬化症」
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6　　Chapter 1　Discovery of Induced Pluripotent Stem Cells （iPS Cells）

the desired tissue, the effects and toxicity of a drug can be confirmed.

 Looking ahead, the day we can culture iPS cells in three 

dimensions and replace organs that have weakened or stopped 

functioning is not so far off. And though efforts to create human 

organs in the bodies of pigs have begun, there are many more 

problems that yet remain. To this end, there are many remaining 

challenges to be addressed concerning research on stem cells 

（including iPS cells）, such as the consideration of ethical issues, 

establishment of systems and guidelines, financial support, and the 

understanding of the patients and general public.
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red blood cell 11
red sea breams 81
red tides 79
reduction 67
regain 92

regenerate 1
rehabilitation 32
reintroduce 102
reintroduction station 102
rejection response 5
release 42
relieve 59
REM sleep 43
remain 66
render 15
renewable 68
replenish 1
reproductive 80
resistance 55, 93
respiratory 24, 46
restoration 1
restore 35
retina 32
retrieval 41
retrogression 133
retrovirus 4
reveal 94, 121
revetment 79
revolution 65
rewound 3
Rhesus macaque 129
rock ptarmigan 109
rotate 33
runny nose 53

【 S 】
saccharified 68
sag 46
Sakhalin  110
salivary gland 11
sanctuarie 110
sanitation 108
Sargassum muticum 82
scaffolding 123
scale 123
scatter 44
scorch 65
scratch 1
sea squirt 129
seawall 77

seaweed 66
secret 123
self-incompatible 94
sensation 76
sense 31
sewage 66
sexual 11
sexual differentiation 130
shift 23
short-tailed albatross 106
shred 82
sickle-cell anemia 4
silkworm 134
sinusitis 53
skeletal 46
skill 33
sleep apnea syndrome 45
sludge 66
smallpox 20
sneezing 52
solidify 123
span 13
spawn 80, 129
specimen 102
speculation 55
sperm 132
Spicebush swallowtail 120
spin 123
spinal 4, 77
spread 24, 90
squeeze 66
stabilize 41
stalk 66
stamen 90
staple 58
steamboat 106
Steller’s sea eagle 110
stem cell 1
stemming 85
Stephanolepis cirrhifer 83
steroid 56, 130
stimulate 54
stink 123
stinkbug 122
stomachache 53
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 Index 161

strangle 43
strength 68
stressful 95
structure 23
stuffed 102
stung 76
sub-Saharan region 15
subsequent 79
subsidy 14
substantial 42
subtype 23
sucked in 83
suppress 56
surgery 57
surround 117
survive 22
suspicion 93
sustainable 68
swine 24
symptom 5, 22
syndrome 45
synthetic 67
syphilis 20

【 T 】
tactic 117
tail fins 129
teeter 100
terrify 42
testes 130
testify 42
testosterone 130
Thamnaconus modestus 83
therapy 56
thoracic 46

thread 13
threadsail filefish 83
titan arum 123
tonsil 46
toxicity 5, 59
trachoma 31
tragedy 103
trampling 107
transcription 4
translocate 107
transplant 4
transplantation 32
transportation 24
treatment 5, 56
treetop 132
tremble 93
trend 57
trial-and-error 82
trichromatic 132
trigger 22, 54
tuberculosis 20
turbidity 133
twig 117

【 U 】
udder cell 3
underly 22, 44
undifferentiated 123
uninvited 76
unison 121
unprecedent 13
uterus 3

【 V 】
variegated 133

Varroa 92
vector 11
vegetation 107
venom 77
verge 15
verify 121
vertebrate 133
virulence 22
virus 20
viscous 123
visible 76
vision 31
vocalization 107
volcanic 107
volcanically 107

【W】
wakefulness 44
walking stick 117
wane 102
widespread 20, 100
wildfire 24
wind-pollinated 53, 90
wingspan 106
wither 81
withstand 95
witness 42
wondrous 117

【 Y 】
Yersinia pestis 20

【 Z 】
zebrafish 129
zooplankton 79, 129
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