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Immunogenetics =
Immunology + genetics

* An overview of immunology
* An overview of genetics




What dangers have determined the evolution of
the immune system?

The invasion of multicellular and complex
organisms by:

- MICROORGANISMS
- EXTRANEOUS GENES (nucleic acids)

- OWN CELLS MUTATED
- ?*



Three defense sirategies:
1. Shell
2. Innate immunity
3. Acquired (or adaptive)
immunity
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Environmental condition®
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of the respiratory system
of the genital apparatus

1. The mucus membranes

Weaknesses:




INNATE AND ACQUIRED

IMMUNITY
0%,

NK cells

Neutrophil

Eosinophil

Monocyte/
macrophage

B Lymphocytes

Complement



Features of acquired immune
response

» Specificity (antigens, epitopes)

» Diversity (repertoire, over 101%)




RECOGNITION OF ANTIGENS RECOGNITION OF
BY BLYMPHOCYTES ANTIGENS BY T

LYMPHOCYTES

[145] 146-151

(TG

Transcription factors




Tools with which to study the
ontogeny of lymphocytes

» Analysis of cancer cell lines

* Bone marrow and fetal thymus
cultures




Discovery of the rearrangement




B cell receptor for antigen (BCR)

Iga/igp

(CD79a,CD79b)




Discovery of the rearrangement
of Ig genes

* Years '50: diversified V regions,
conserved C regions

* 1965, Dreyer and Bennett. Ig
are encoded by two different




Tonegawa’s experiment
(Nobel prize in 1987)
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Ibridizzazione
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singola elica
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catena leggera
marcata con *p




The genetic mechanisms implicated
In the synthesis of an immunoglobulin
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Rearrangement of the DNA encoding
for an immunoglobulin

V. v2 \ ,/J J,

C.
\ Ly =

DNA della linea germlnale

iV(D)J ricombinasi

s

DNA riarrangiato



Mechanisms of rearrangement

a Initiation b DNA-damage recognition C DNA repair
and hairpin opening

Ml
{ AJJ'
RSS
(9-23-7)
/RAG1,
' RAG2 | R _ »
.o 5 | “XRCC4 and
\HMG1, : DNA ligase IV /
Coding ends (hairpins)
' [V INNNN (J]
Coding joint

Signal ends

Lymphoid specific Ubiquitous DNA-repair machinery
(non-homologous end joining)

Nature Reviews | Immunolog&1




Rag1 and Rag2 genes are both necessary
and sufficient to promote the rearrangement

DP T-call alerment

Paxs, Myb, Lef1 and Gata3

Meuse-human homology regiors
(=80% identity, >200 nuclkotides)

180200 201000 221100 241200 261300 281400 301500 321600 341700 361800 331300
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GLOSSARY

Histocompatibility (transplantation) antigens:
Antigens on tissues and cells that determine
their rejection when grafted between two
genetically different individuals;

Major histocompatibility (MHC) antigens:
Histocompatibility antigens that cause a very
strong immune response and are most important
In rejection;

MHC complex: Group of genes on a single
chromosome encoding the MHC antigens;

HLA (human leukocyte antigens): MHC
antigens of man (first detected on leukocytes);

H-2 antigens: MHC antigens of mouse; 24



Genetic barriers to transplantation |

« autograft: in the same
individual

* |sograft: between
genetically Identical
Individuals, I.e., identical
twins (inbred animals)

« allograft: between
individuals of the same
species

e Xenograft: between

individuals of different

species




Xenograft: Grafts between members of
different species (also known as heterologous,
xenogeneic or hetero- grafts);
Allograft: Grafts between two members of the
same species (also known as allogeneic or
homo- graft);

Isograft: Grafts between members of the same
species with identical genetic makeup (identical
twins or inbred animals);



The laws of transplantation

Donor

Host A
Q.?\”“”’

Host B

Recipient

Host A

Host A

Graft

Graft

Host AxB

Graft

IIIIIIIII

accepted

lllllllll

Graft




LAWS OF TRANSPLANTATION:

* An immunocompetent host recognizes the
foreign antigens on grafted tissues (cells),
and mounts an immune response which
results in rejection. On the other hand if
an immunocompromised host is grafted
with foreign immunocompetent lymphoid
cells, the iImmunoreactive T-cells in the
graft recognize the foreign antigens on the
host tissue and cause their damage.

28



Discovery of Human MHC

Transplantation

Recognition of a graft as self or foreign is an
Inherited trait

* histocompatibility genes: differences between
V' ceopon ¥ self and foreign were attributed to their genetic
“”U“\‘/’/ e polymorphisms

/
o L T T
o _\SN.J E —5<3
\—— =

Mouse study: identification of MHC locus

Human MHC

In study with transplanted patients discovered
,human leukocyte antigens” HLAs

HLA-A, HLA-B, HLA-C (class | MHC genes)

In study of mixed leukocyte reaction identified
HLA-DR, HLA-DP, HLA-DQ (class Il MHC
genes



GENETIC MHC COMPLEX WAS FIRST IDENTIFIED
AS GENETIC REGION THAT CONTROLLED THE TRANSPLANT REJECTION
AMONG DIFFERENT INBRED STRAINS OF MICE (Snell, 1940)

Transplantation Immunization
® MHCa MHCP ® MHC? MHCP
\ T T i T Immunize with SN T

/g‘ = /k S\ | |[protein antigen /i"‘ N\
(: -..-:‘3;’. ,:_:'_‘?-&‘-' (.-_f;f/-”"-:.-;y- 41_&3“%} P "'—":.—:%f- ,:E..;‘«:J C.’r-{’/’ ;-—Ziaf' ‘--:3'*'

Donor *® [ Donor * ] '| - I—

. A = Antibod

Skin graft| {7 &7 respons)é Yes No
Recipient Recipient

(MHCR) 7 (MHC?) @7~

V. N e I
P i - el
| e -.'4\ J — .J‘\ I
TN PO
4 L -t T
,;’/_ ——iF Ty ‘/{f:'-'--':v-_-::gs»—c-.‘?’_wa'-'?"
—— a& o —-4,\
Graft
rejection = Vs

| | 30
opynght © 2003, Elsevier Science (USA). All Rights Reserved.



We saw that in the mouse a
genetic region (MHC) controls
the cell-mediated rejection
response.

And In humans?

31
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The HLA system

 HLA antigens: what are they?

Class | Class Il

Peptide-binding
groove

- .

............
. 2

Cytoplasmlc S ak
ta'l ". N
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HLA map: 1993

6p21.3

<«

4 Mbp about 50 genes

DP DQ DR C4 C2 TNFab HLA-B HLA-C HLA-A

| i LI |

Class || Class |

wptide-binding
groove | T

Peptide-bin
groove

.......
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The HLA system is
highly polymorphic



Allelic polymorphism is concentrated in
the peptide antigen binding site

Class | (3 d a1 Class |

(HLA-DR)
o3 Q P2 || a2

Polymorphism in the MHC affects peptide antigen binding
Allelic variants may differ by 20 amino acids

38



les A% %%
hains)

both classes enables
ith T cell receptors.

Extracellulary located peptide binding cleft

» polymorphic (predominantly in the cleft).

* Nonpolymorphic part of the molecule contains binding sites
for the T cell molecules CD4 and CD8



HLA — MHC: basic facts

Two groupes of MHC genes:
structurally and functionally distinct
class | recognition by CD8+ T cells
class |l recognition by CD4+ T cells

« HLA molecules are responsible for the compatibility of the tissues of
genetically different individuals and for the rejection of transplant

« MHC genes are codominantly expressed in each individual

* monozygotic twins have the same histocompatibility molecules on their
cells

» MHC genes are the most polymorphic genes present in the genome!
(Up to 250 alleles identified for some loci)




MHC expression

Class |

On all nucleated cells (no MHC on red blood cells, weak
expression on cells in CNS)

Class li
Found on antigen presenting cells




HLA system function



MHC Class | pathway

2

protein

Figure by Eric A.J. Reits
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MHC Class | pathway
\

%g A ‘\) proteasome
S
protein : Zs /

Figure by Eric A.J. Reits
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MHC Class | pathway

%ﬁ' |

protein

MHC class |

Figure by Eric A.J. Reits



MHC Class | pathway

%g |

protein

MHC class |
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Figure by Eric A.J. Reits



MHC controls post-transplant survival
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Time after transplantation, months
HLA mismatches (no.)
Curve no. Class | Class |l

1 0 0
2 lor2 0

5 lor2 lor2
6 3or4 1or2

A graft is compatible only if there is a complete match at all MHC alleles, i.e. a
two haplotype match for all MHC loci
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MHC and Transplants

* Organ
transplants
 Haemopoietic

stem cell
transplants

* Tissue
transplants

49



Is it still worth typing for HLA donor-
recipient pairs?

*|t is clear the effect of HLA-A, B, DR compatibility
for all organ transplants, except the liver

*HLA-DQ and DP compatibility also have a benefit,
at least in the kidney, and especially in the re-
transplanted and in the immunized

*10% improvement in 10 years for more
compatible transplants than those less compatible
o|t's still the parameter that determines the
effectiveness of transplant

50



What criteria guide the choice
of the most suitable candidate?

. Legislation principles J
» Biologic principles  ©
 Ethical principles

51



What criteria guide the choice
of the most suitable candidate?

* Legislation principles
* Biologic principles
 Ethical principles




The biological laws of transplants

« ABO group Y R
» HLA compatibility [z 775 v o
» Absence of anti- | g
tissue antibodies i
specific for the o s VN T R
donor o3BT H OOy R

[ A ot ::‘..’ L AN -'ﬁ’ B
ge ‘-'." "z.“ .".‘.:.\;’o o' "..‘0"'.". .. ‘ .‘“ ... ,'
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What criteria guide the choice
of the most suitable candidate?

* Legislation principlgg~ =
- Biologic principles [ w10
» Ethical principles Bt

La scuola di Atene

Raffaello Sanzio

1512 affresco, 772 x ? cm

Citta del Vaticano, Musei Vaticani
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What principles we refer to:

 Valuing a limited resource

Allocate organ to the most suitable
candidate depending on the probability of
transplantation success

e Justice

Take into account the gain, in terms of
predicted lifespan or life quality,
transplant offers to that candidate

* Equity

Give all candidates equal opportunity
of access to transplantation 55



Allocation criteria

 Heart
e Liver
* Lung

56



Allocation criteria

ke

Y

 Heart
e Liver
* Lung




Allocation criteria

 Heart
e Liver
* Lung

10 Ay 4

ABO compatibility
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Allocation criteria

e Heart
e Liver

1L TR

ABO compatibility
Body size
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Allocation criteria

e Heart
e Liver

b

ABO compatibility
Body size

Severity of illness
60



Allocation criteria

« Heart
e Liver

b1

ABO compatibility
Body size
Severity of illness
Seniority in list

61



Procedure of choice of
transplant receiver

* Favour candidates for
who:
—can be predicted a high
probability of
transplantation success

—can be predicted the lower
likelyhhood of re-transplant

62



Procedure of choice of
transplant receiver

* With a procedure that is
—automatized
—transparent

—available for public
consultation at the regional
transplantation center

63



Numero Verde . “
c 800-3330-33|  CON LA DONAZIONE DEGLI ORGANI DAI UN FUTURO A CHI NON LO HA. {;g’f;{}mg - s

www.donalavita.net
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wrn it et

Chi aspetta un organo
non aspetta altro.

. . L . Donazione W-EREGIONE
Con la donazione degli organi dai un futuro a chinon lo ha. eTrapianto = BPIEMONTE

65



Immunogenetlcs

* Introduction to
immunogenetics

* Genetics of
transplantation

« HLA
« Transplants A
- Future perspectives

L, 0 A . .
4 G Y g
pe 5 E

Immune Recognition by
David Goodsell

66



Future perspectives:
applications to public health

o Stem cells

* Tissue
engineering

* New
transplants

67



Future perspectives:
applications to public health

o Stem cells

 Tissue
engineering

* New
transplants

68



+ etymology:

* In english “stem” = plant stalk.

 [n italian the "thread of life"
was the thread that was linked
the fate of the men, which the
Fates spun and cut at the
appropriate time.

¢ definition:

* Cells with the capacity to self-
renew indefinitely and to
differentiate in at least one mature

cell type.

You can distinguish: unipotent,
multipotent, totipotent.




eWhere the stem cells are
recoverable?:

°* Embryo

°* Adult organism

° Umbilical cord

°* Non-physiological
sources



eWhere the stem cells are
recoverable?:

°* Embryo

°* Adult organism

° Umbilical cord

°* Non-physiological
sources
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Generation of embryonic stem cells

Morula: Morula:
8 cells 16 cells Section of
(21/> days) (3 days) blastocyst

Inner cell mass
Blastocoel

Irradiated feeder cells Trophectoderm

Embryonic stem cells




DIFFERENTIATION OF EMBRYONIC STEM CELLS

ES cells Embryoid bodies

i
Blastocyst

RA

)
RGF2, FGF2, ,‘\w\("' 7 —~——
e - 9" + X5t
— —_— {:»» _—< K /)/l)
7 /‘r ‘/X\ 2 75

~
" Oligodendrocytes &
astrocytes



What problems?

Y,




eWhere the stem cells are
recoverable?:

°* Embryo

°* Adult organism

° Umbilical cord

°* Non-physiological
sources



Bone Marrow Stem Cells,

Other Cell Types ?? Bone Cells

\ /

Mesenchimal stem cells

T

Bone Marrow
Stem Cells

l

Hemopoietic stem cells

|
i |
| |'
\ "I.-
.j .-"l I
4 'L..a'lll

Other Cell Types ?? Blood Cells > T8




bone Dove tr le SC adu tg’?
marrow //
peripheral ““
digestive Dlooe
tract
cornea
liver = '
brain b
epidermis pancreas
skeletal {2l
lat
dental vascuiature muscle

pulp heart



eWhere the stem cells are
recoverable?:

°* Embryo

°* Adult organism

° Umbilical cord

°* Non-physiological
sources



Placenta

Cordone ombelicale
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eWhere the stem cells are
recoverable?:

°* Embryo

°* Adult organism

° Umbilical cord

°* Non-physiological
sources



From differentiated cells

* Possibility to re-program their
genome through different
technologies.

83



Nuclear
transfer

Nuclera transfer
reprogramming
involves injection
of the nucleus of
an adult cell into
an enucleated
oocyte. After a few
days of
development to
the blastocyst
stage, embryonic
stem (ES) cells
can be generated.

Adqlt
mammalian cell

/
i
\%

INDUCED
PLURIPOTENCY

NUCLEAR TRANSFER
REPROGRAMMING

§\4
Extract ® > Add
nucleu Yamanaka
4-factor
j cocktall
:fjn
Inject into
enucleated
oocyte
Blastocyst from
somatic cell
nuclear transfer
lsolat Select for

ES ceIIs iPS cells

vw- - -

Reprogrammed plurlpotent
stem cells

Induced
pluripotent
cells

During induced
Pluripotency, the
adult cell is
directly
reprogrammed to
pluripotency by
transfection of a
set of genes
encoding key
transcription
factors, followed
bt careful
selection and
isolation of ES
cell-like induced
pluripotent stem
(iPS) cells over a
period of 2- 94
weeks.



Both approaches have proved feasible in mice.

In humans, no nuclear transfer-derived stem cells
have yet been reported; however, there are now
numerous human iPS cells from normal and disease-
bearing individuals available for study.
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Nuclear
transfer

Adult
mammalian cell

PN

NUCLEAR TRANSFER INDUCED
REPROGRAMMING PLURIPOTENCY

Extract ® v Add
nucleus amanaka
4-factor
l cocktall

\Af’;-{yk,7»/

Inject into
enucleated

®
oocyte &

Blastocyst from
somatic ceII
nuclear transfer
Isolate Select for
ES cells iPS cells

Reprogrammed plurlpotent
stem cells

Induced
pluripotent

cells
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Numerous organisms

have been cloned
 From Dolly te sheep,

9 Day old Individual cells Cells moved in

lis gr h .
sheep embryo from embryo Ce“l‘s c%lm dilute nutrient solution

-

¢
-
[ &
3
.

.
7

o~
.-
e
-
0,
'\
“-\
v

\q - 'y ' ’// ’

> .;“ o “ 2 - 4 ’
) :\_“i - - ‘H’ " 2 N 2
% - . %"}‘( / ‘ , )
Rl | & / \ b

s W
S IRRRY ’t

g

Egg cell taken Chromosomes Donorgegz inl!"ef‘tjed into egg Surrogate mother
from sheep removed from egg cell {pSty howa 8go) carries embryo to term

* Dogs, cats, bulls, mice......
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“Therapeutic” cloning: Derivation of
embryonic stem cells from the
patient

Somatic cell

Y, F
‘Y/Zona/'-

e pellucida

Somatic cell nuclear transfer :
Culture \

Y cleaving .

<l B : embryo )
A Pm \ . ‘
kamplamatlon j
k}g\ Blastocyst '

). ' - Neuronal

g " N ﬁ
‘ ICM culture / S Inner
? cell
Hemat ietic \

P e Gy Ty

differentiation oolls

Solter and Gearhart, Science 1999
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Korean University Will
Investigate Cloning Paper

Seou Ao Toxyo—Embattled Korean stem
cell scientist Woo Suk Hwang and his univer-
sity have bowed to pressure for an investiga-
tion into a growing list of questions about a
landmark paper he and colleagues pub-
lished in Science in June
2005 (17 June, p. 1777). On
12 December, Seoul National
University (SNU), where
Hwang works, announced it
will conduct an investigation
at the scientist’s request. This
followsa 7 December petition
for an investigation from
30 SNU faculty members to
university president Un Chan
Chung. Prompted nitially by
anonymous allegations made
on a public Web site about
imegulanties in the paper, sci
entists in Korea and clse-
where are calling for the

independent researcher.

(As Science went to press, one of Hwang's
co-authors, Gerald Schatten of the University
of Pittsburgh in Pennsylvania, asked Science
to remove his name from the paper.)

Meanwhile, stem cell researchers else-
where are worried about the possible fallout
The lab’s as-yet-unreplicated feat of creating
human embryonic stem (ES) cell lines that
match the DNA of patients inspired a global
ramp-up in semcell efforts. SwchES cell lines
might one day provide replacementcells
genetically matched to a patient suffering
from Parkinson s disease or disbetes Hwang's
team not only showed that producing such ES
cell lines was possible butalso that it coud be
done efficiently, with relatively few donated
oocytes per cell line. Alan Colman, head of
Singapore-based ES Cell Intemational and a
member of the team that produced Dolly the
shoep, the first cloned mammal, says “T'd still
like to believe this isa case of sloppy presenta-
tion but good science.” If the results of the
paper do not hold up, he says it could set the
field back © a time when many thought the
rescarch “was too difficult and inefficient to
pursue.” It would also provide ammunition to

oppanents of the rescarch, he says

The latest revelations center on the DNA
fingerprinting in the paper$ supplementary
online material first posted on 19 May 2005;
the fingerprinting data purportedly show that

.
paper’s key DNA fingerprint:  Back to work. Cloning e searcher Woo Suk Hwang returmed to his lab on 12 December. DO that Hwang's admission
ing tests to be redone by an  Hehad been haspital ized for sevess | day s suffering Fomsymptamsof steess and fatigue.  of duplicated images does nat

the ES cells are genetically identical to the
patients. There are also new allegations about
another set of images in the online matenal
that Hwang last week told editors at Science
had been erroncously duplicated (Science,
9 December, p. 1595).All the scientific ques-
tions can apparently be traced to anonymous
observations about the paper posted on an
Internet message board hosted by the Biolog-
ical Rescarch Information Center (BRIC)
(bric postechackr). BRIC officials declined
to comment, but a senior Korean scientist
who has followed the postings agreed 1o dis-
cuss the issue provided he not be identified.
(The Korean scientists contacted for this art-
cle requested anonymity because they fear a
backlash against what are perceived to be
attacks on Hwang, who has become a
national icon. “This issue is now complekely
beyond the realm of science,” one laments.)
The senior scientist says the message
board writer, who claims to be alife science
rescarcher, first pointed out the possibility
of duplicated images carly on 5§ December
Korea time. Hwang's e-mailed notice of
problems with duplicate images arrived at

Db hi bk b A AL

PAGE 1751

Science’s edional offices on 4 December at
11:29 p.m. Eastern Standard Time, which
would have been 1:29 p.m. on 5 December
in Korea, or several hours afier the images
were posted on the message board

On7 December, a critique of the DNA fin-
gerprinting results appeared on the BRIC sike.
DNA fingerpninting shows a genetic match
between two samples when peaksinthe traces
line up. But because the height and shapes of
peaks are influenced by random factors, they
should not be identical. The anonymous
poster pointed out that the
traces forseveral cell lines
appear to be identical to the
traces from the respective
patients. In other cases, the
background noise on the two
traces looks very similar

Alec Jeffreys, a genetic
fingerprinting expert at the
University of Leicester, UK.,
said in an e-mail that “some of
the traces do look unusually
amilar inpeak shape and back-
ground noise.” He declined to
comment further without see-
ing the onginal data,

The anonymous poster also

include other images that
appear © have been duplicated.

The postings have elicited a flurry of
responses. The consensus, says the senior sci-
entist following the BRIC postings, scems to
be that if Korean scientists don’t take the lead
in reviewing the paper, “the integnity of the
Korean scientific community might be ques-
tioned by the world community™

Two of the 30 SNU professors who signed
the petition asking for an investigation told
Science the group first leamedof the questions
surrounding the paper from the BRIC discus-
sion. One of the two professors contacted by
S lence says that they are not trying todiscredit
Hwang. “Dr. Hwang is a pioneer researcher in
the field, and his studies should be pursued. We
just see a senousneed for areview.”

The investigation comes amid a flurry of
claims and counterclaims in the Korean
media. On 10 December, a Korean news Web
site called Pressian reported that it had seen a
ranscript from an unaired docum entary by
the Korean Munhwa Broadcasting Corp
MBC pulled the documentary, prepared for a
weekly TV show called PD Notebook, in
response to public outery over allegations »

16 DECEMBER 2005 VOL310 SCIENCE  www.sclencemag org

T A M YOLINC - CXORAP FHANO
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Writing a new ending for a story of scientific f

He waxs once halled x5 2 research pioneer, a cedit to his  isues. South Korea waxs
country—South Kores, which treated him asa hero—and  research could legally be
as Scentific American’s Research Leader of the Year for on embryonic stem a
2005. But now the creer of Hwang Woo Suk has been  reguiated. The South |
moved on to the marginalia of history, where he jors 3 resuits thatwould not o
snall but infamous group of scentists who have  also put the country on
committed fraud. poured money—about
In 2004, Hwang published a poper in Somce, which  laboratoey. Ancther §!
reported the successful doning using 242 donoreggs, of  creation in Octoberof al
2 human embryn, from which he was able to derive stem el Eneswould be dhuen
cells. The next year, in Notwe Hwang amounced the  one of Hwang's co-aut
creation of Snupgy, an Afghan hound, the first doned  adviser to the President
dog. But itwas a May, 2005, Saence report that catapoited As patient advocacy 1
him into the spotiight. In that paper, Hwangdesribed the wordd tumed up the
doring using only 185 eggs, of 11 separate stern-cell  restrictions on stem-ced
lines from the DNA of patients, an achievemnent thought  the encouragemnent of
to be the fist step towards customised genetically  work promised therapeu
matched repair of injured tisues. condusion The Lancet w
The first sign of trouble emergedwhen it was uncovered  the people most in ™
that, contrary to Hwang's pravious assertions, asmany as  research are the oneswh
1100 eggs may have been used for the 2005 papes. The real victims here a
Furthermore, some of those used in the earfier papercame that this story demands
froen research staffwhoworked in Hwvand's laboratory (an awrrently being offered.
ethical laprse) and some from paid donors (curently dlegal about what cwses =
in South Korea). limitatiors of peer revi
More revelations quickly followed. On Dec 23 a Seoul  communities need to fn
Nationad University paned announced that Hwang could  future integrity and reputs
produce no data to support the findings reported in the Some critics will al f
May, 2005, paper. The same day, Scence reported that it buresucragy to control
waxs “moving toward retmaction” based on news reports.  reguiation would be enti
Irvestigation of the Souppy paper is now undeswary at  edsting oversight proces
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IPS cells

* Development is dictated by
epigenetic episodes: as
such, it can thus be
reversed.

* The iPS (induced pluripotent
stem) cells are somatic cells
that reacquire embryonic
stem cell features through
the introduction of defined

factors.

ES cell
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History of IPS cells

* The first published paper

Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors

Kazutoshi Takahashi' and Shinya Yamanaka'***

*Cell, Agosto 2006
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SUMMARY

Successful reprogramming of differentiated hu-
man somatic cells into a pluripotent state would
allow creation of patient- and disease-specific
stem cells. We previously reported generation
of induced pluripotent stem (iPS) cells, capable
of germline transmission, from mouse somatic
cells by transduction of four defined trans-
cription factors. Here, we demonstrate the
generation of iPS cells from adult human dermal
fibroblasts with the same four factors: Oct3/4,
Sox2, KlIf4, and c-Myc. Human iPS cells were
similar to human embryonic stem (ES) cells in
morphology, proliferation, surface antigens,
gene expression, epigenetic status of pluripo-
tent cell-specific genes, and telomerase activ-
ity. Furthermore, these cells could differentiate
into cell types of the three germ layers in vitro
and in teratomas. These findings demonstrate
that iPS cells can be generated from adult
human fibroblasts. 94
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Cambio di rotta Dopo la scoperta di uno scienziato giapponese: i geni per far «ringiovanire» le cellule adulte

Il padre di Dolly: inutile Ia clonazione

lan Wilmut: « Create staminali senza gli embrioni, scelgo questa via»

La scoperta
dell'universita di Kyoto
consente di creare
staminali da cellule
adulte della pelle

Cellule staminali senza bi-
soino di embrioni. Riportan-
do indietro V«orologio bioko-
gicowe di gquelle adulte, Vi sa-
rebbero riusciti ricercatori
giapponesi e martedi prossi-
mo il loro lavoro werra pubbli-
cato su una rivista scientifica,
Ma ' chi <2 gha tutto e antici-
pa la riveluzione. E' ii britan-
nico lan Wilmut, il «papas
della pecora Dolly: il primo
mammifero clonato nel 1997
dalla ceflula di un altro mam-
mifero adulto, Wilmut, del
Roslin Institure di Edimbur-
go, ha deciso di abbandonare
la'via della clonazione a s00-
po terapeutico (aveva il viali-
bera del governo inglese per
applicare sull'vomo 1a tecni-
ca-Dolly) a favore della pro-
duzione di cellule staminali
con la tecnica giapponese, B
lo ha dichiarato al quotidiano
Duily Telegraph, E' la grande
rinuncia.

Lo scienziato che ha fatto
radicalmente cambiare idea a

IV
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Lo scienziato e la sua creatura lan Wilmut abbeacaia Dolly, primo mammifaro clonato da una callula di un aftro mamrgigro aduto
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assume zero insolation during winter (polar
night) throughout glacial-interglacial cydes.
They themselves acknowledge this point, and
suggest that other factors not accounted for in
their approach may explain the discrepancy.
Nevertheless, we must now consider that
the orbital-precession rhythm in Antarc-
tic ice cores can partly be attributed to local
conditions. In the same way that an ill-fitting
piece of a jigsaw puzzle can be disconcerting,
this pseudo-rhythm will be discomfiting to
those who study palaeoclimate and climate
dynamics. ‘Is the signal I see really created by
dimate change?, is a question they will have

to ask themselves. And they will need to take
a hardlook at the principles on which their
data are founded. The relationship between
the isotopes in water and air temperature, for
instance, is based on geographical (spatial)
observations only. But its temporal variability
has not been confirmed at any ice-core drilling
sites in inland Antarctica, even by cbservations
on an annual timescale. Sometimes, in science
as in life, it is necessary to pause in order to
make progress. m

Koji Fujita is in the Graduate School of
Environmental Studies, Nagoya University,

The dark side of
induced pluripotency

Chikusa-kn, Nagoya 464-8601, Japan.

e-mail: cozy@nagoya-u.jp
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demonstrate that a subset of point mutations
found in iPSC lines pre-existed in a small
minority of fibroblasts used for reprogram-
ming Other lesions seem to arise early on in
reprogramming, as mentioned previously. For
example, Hussein et al.’ found large numbers
of new CNVs during early passages (subcul -
tures) following reprogramming, but noted
that subseq growth in vitro seemingly

Induced pluripotent stem cells have gmnthorq)amic potential. But genomic and

eplgenomic analyses of these cells g

hnology reveal

abnormalities that may affect their safe use. SEe ARTICLES .58, P63 & R68

selected against most of the changes, which
implies that they are deleterious for the cells
that bearthem. The studies also report changes

MARTIN F. PERA

nduced pluripotent stem cells (iPSCs) are

generated through the reprogramming of

differentiated adult cells and can be coaxed
to develop into a wide range of cell types. They
therefore have far-reaching potential for use
in research and in regenerative medicine.
But the ultimate value of these cells as dis-
ease models or as sources for transplantation
therapy will depend on the fidelity of their
reprogramming to the pluripotent state, and
on their maintenance of a normal genetic
and epigenetic (involving aspects other than
DNA sequence) status. Five recent surveys'~,
induding three in this issue'~*, show that the
reprogramming process and subsequent cul-
ture of iPSCs in vitro can induce genetic and
epigenetic abnormalities in these cells. The
studies raise concerns over the implications
of such aberrations for future applications
of iPSCs.

Ithaslong been known* that, during culti-
vation in v#ro, human embryonic stem cells
(ESCs) can become aneuploid; that is, they
acquire an abnormal number of chromosomes.
The new papers have applied various state-
of-the-art genomic technologies to assess in
detail the occurrence and frequency of genetic
and epigenetic defects in both human iPSCs
and ESCs.

Hussein et al.' (page 58) studied copy
number variation (CNV) across the genome
during iPSC generation, whereas Gore and cal-
leagues® (page 63) locked for point mutations
in iPSCs using genome-wide sequencing of
protein-coding regions. Lister ef al’ (page 68)

46 | NATURE | VOL 471 | 2 MARCH 2011

examined DNA methylation — an epigenetic
mark — across the genomes of ESCs and
iPSCs atthe single-baselevel. These studies,

along with other investigations into changes
in chromosome numbers* and CNV* in the

two kinds of stem cell, lead to the condu-

that apparently rel ate to long-term adaptation
to cell culture. These indude over-represen-
tation either of the short arm of chromosome
12 (12p) or of this entire chromosome**, and
of asubregion in the long arm of chromosome
20 (ref. 5). Both of these changes have been
observed® in ESC lines, with an increased

sion that rep ing and sub

ber of 12p being a hallmark of testicular

8

expannonofﬂ’SCsmaﬂmncxnhndtomn
accumulation of diverse abnormalities at the
chromosomal, subchromosomal and smﬂa—
base levels. Specifically, three ¢

germ-cell tumours — the malignant prototype
ofhuman pluripotent stem cells.
‘Third, several of the groups™”* repart dues

regarding the genetic and epigenetic stability
of ESCs and iPSCs, emerge.

First, by several measures, iPSCs display
more genetic and epigenetic abnormali-
ties than do ESCs or fibroblasts — the cells
from which they originated Chromosomal
abnormalities appear early during the cul-
turing of iPSCs", a phenomenon not gener-
ally observed in ESCs. Also, the frequency
of mutations in iPSCs is estimated to be ten
times higher than in fibroblasts®. And there
are greater numbers of novel CNV's (CNVs
not found in the cell of origin or in human
genomes of comparable background) in iPSCs
than in ESCs'”. Similarly, the epigenome of
iPSCs features incomplete reprogramming
(with cells retaining epigenetic marks of
the cell of origin), aberrant methylation of
CG dinucleotides, and abnormalities in non-
CG methylation — an epigenetic feature seen
onlyin pluripotent cells’.

Second, the studies show that genetic abnor-
malities can arise at different stages of iPSC
generation. Some lesions are inherited from
the cell used for reprogramming. Gore ef al.*
employ a particularly sensitive approach to

2 201 Macorilian Publshers Limbed. All nghts reserved

tothe p ial function of the genetic lesions
that arise in ESCs and iPSCs. For example,
regions prone to amplification, deletion or
point mutation seem to be enriched in genes
involved in cell-cycle regulation and can-
cer. Although the changes observed do not
strongly implicate any particular gene func-
tionally as a target for change during the ampli-
fication of iPSCs or during their adaptation to
culture conditions, the frequent association of
the affected genes with cancer gives cause for
concern.

This highly significant body of data'™* pro-
vides a revealing, in-depth paortrait of the status
of the genome and the epigenome during cel-
lular reprogramming. But it also leaves open
some fairly challenging questions.

The studies provide little insight into the
crucial question of what aspects of the repro-
gramming methods might predispose the
cells to the accumulation of recurrent genetic
or epigeneticlesions. Although recurrence of
change in specific genomic regions across a
number of cell lines strongly implies a selec-
tive process, in several studies the researchers
noted that there was no obvious correlation
between the extent of genetic damage in a
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nduced pluripotent stem cells (iPSCs) are

generated through the reprogramming of

differentiated adult cells and can be coaxed
to develop into a wide range of cell types. They
therefore have far-reaching potential for use
in research and in regenerative medicine.
But the ultimate value of these cells as dis-
ease models or as sources for transplantation
therapy will depend on the fidelity of their
reprogramming to the pluripotent state, and
on their maintenance of a normal genetic
and epigenetic (involving aspects other than
DNA sequence) status. Five recent surveys'~,
induding three in this issue'~, show that the
reprogramming process and subsequent cul-
ture of iPSCs in vitro can induce genetic and
epigenetic abnormalities in these cells. The
studies raise concerns over the implications
of such aberrations for future applications
of iPSCs.

Ithaslong been known® that, during culti-
vation in v#ro, human embryonic stem cells
(ESCs) can become aneuploid; that is, they
acquire an abnormal number of chromosomes.
The new papers have applied various state-
of-the-art genomic technologies to assess in
detail the occurrence and frequency of genetic
and epigenetic defects in both human iPSCs
and ESCs.

Hussein et al.' (page 58) studied copy
number variation (CNV) across the genome
during iPSC generation, whereas Gore and cal-
leagues® (page 63) locked for point mutations
in iPSCs using genome-wide sequencing of
protein-coding regions. Lister ef al’ (page 68)
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Hotspots of aberrant epigenomic
reprogramming in human induced
pluripotent stem cells

Ryan Lister'*, Matta Peltzmlx" Vasuyuki §. Kida®, R. David Hawkins®, h!’th Nery', Gary I-[nn"d
Tessica Antosiewrkez- Baonrget*, Ronan O Malley', Rosa Castanon', Sarit Klqz;man Michael Downes?, Ruth ¥ar!, Ron Stewart**,
Bing Ren**, James A. Thomsan®**, Ronald M. Fvans & Joseph R, Ecker'

Induced pluripotent stem celk (iPSCs) offer immense potential for regenerative medicine and studies of disease and
involves

Somatic cell

cpigenomic reconfiguration, conferring iFSCs with characteristics

devdopment. FCprOEranuming

similar to enbryonic stem (ES) cdls. However, it remains unknown how complete the reestablishment of ES- cell-like
DNA methylation pattens & throughout the genome. Here we report the first whole-genome profiles of DNA
methylation at single-base resolution in five human iPSC lines, along with methylomes of ES cells, somatic cdls, and

differentiated iFSCs and ES cells. iPSCs show significant

reprogramming variahiliy,
aberrant reprogramming of DNA methylation. iPSCs :ln’\emegﬂnse-scaled.iﬁmnthﬂy

mm.d.ﬁgmﬁcmemyand
methylated regions proximal to

centromeres and telomeres that diEplay incomplete reprogramming of non-0G methylation, and differences in OG
methylation and histope modifications. Lastly, differentiation of iPSCs into trophoblast cells revealed that errors in

Greneration of i PSCs From soomastic cells oflers tremendous Ptunl.ia] fix
ﬂielapeulit'_'. the sll.ll'!.' of disedse dates, and el ucidation of d.uw]ip-
mental procesmes. iPSC production techniques intmduce active
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protein products, into 2 somatic cell to induce pluripotent cellular
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reprogramming process and subsequent cul-
ture of iPSCs in vitro can induce genetic and
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The new papers have applied various state-
of-the-art genomic technologies to assess in
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Tzabel Canta®,

andrx(‘lng\ettls' Mason A, Tsrael” Evangelos Kiskinis®, Je-Hyuk Lee , Yuin-Han Loh® PthpD Mamsl NurLaMnmserrat

Athanasia Tb. Panopoules®, Sergio B

, Melizsa L. Wilbert”, Junying Yu*, Ewen F. Kirkness®, Juan Carlos [zpisua Belmonte®=,

Derrick J. Ross™, James A. Thomson®, Kn‘ln Eggan®, George . Daley”, Lawrence 5. E{"nldsheln & Kun 7Zhang'

Defined transcription factors can induce epigenctic reprogramming of adult mammalkian cells into induced pluripotent
stem cells. Although DNA factors are ntegrated during some reprogramming methods, it & unknown whether the
genome remaing unchanged at the single nucleotide level. Here we show that 72 hunan induced pluripotent stem

lln'PS]cd]inu

five different methods cach contained an average of five protein

reprogrammned using -coding point
nutations in the regions sampled (an estimated six pwmdn-cmingp&ht nmitations per exome). The majority of these
or splice

nutations Were non-sy oy,

, and were enriched in genes mutated or having causative

offiects incancers. Atlemtlﬂﬂithmempmgmmmhu-mhmdmﬁrhmm existed in fihroblast progenitors at Low
frequendes, whereas the rest occwred during or after reprogramming. Thus, hiPS cells acquire genetic modifications in
addition to epipmetic modifications. Extensive genetic screening should become a standard procedure to asure hifs

el safety before clinical use.

Human induced P]urianenl. stem cells have the 'pul.enl'nl] tr revorlu-
tionize personalized medicine by allowing immunocompatible stem
cell I]ierapir_: tis b dx\diwl"z. Himwever, questiong remain st
hib'S cell safety. For clinical wee, hil5 cell lines mst be repmﬂ'amm:ml
froan cultured sdul ud]s. ard could &arya mutationa load dise 1o
momnal fre vive sorme tic mutation. Furthemmaone, Ty TP S cell rep-
g methods wse AR that may increase the mutation
raie. Additionally, some hiP'§ cel] lines have been observed o contain
large-scale genomic rearangements and shoomal karyotypes after
ruprq:rsrammi r.q;". Recent studies also revealad that tumowr s Wppres s
e, irx;]m].inﬁ those involved in DNA damas: Tk i e, hawve an
infibitory effect om mucear reprog rommoming'. These fin dings sugget
that the process of reprogramming could lead to an elevated muta-
tinral load in hiP% cells.

T provbee this issue, we sequenced the majority of the prokin-coding
exong | ecomes) of 22 hiP8 cell hnes and the nine matdial Abroblast
linves from whidh they came (Table 1) These lines wens repruy—.lmmmd
in seven bbomoresusing threeintegrating mahods (four -facior rdro-
viral, fur-fackor lentivira] and theee-factor raroviral) and two non-
integrating methods [epi.mma] vertor arsd e ger RMA delivery
intoy Bbroldasta). All hil's cdl lines were extensvely characterived for
pledpotency and had normal karyotypes before DNA extraction
(Supplementary Methods). Protein-coding regions in the genome were
captured and sequenad from the genomic DN A of hiPS cell lines and
their matched progeniior fbroblat lines weing either padiock
'Pmlusm”ur in -solution DNA or BNA baits'™", Weseanched i:-rsin@e
Ihease: d\ans,e.. small nsertions'dele ions and ahemative sp].'i.'irxsva:-
s, and identfed 12,000-18, 0040 koown and novel vadants for each
cell ne that had sufident coverage and consensus quality (Table 1),

hiP5 cell lines contain a high level of mutational load

W eidentified sites that showed the gainof anew allelein eachhiPScell
line relative to their u:-rrtq:u:-ml.ir.g; matehed privgeitor fibrollast
genome. A total of 124 mutstions were validated with Gq:lﬂhn_.'
Sequencing I'Fix,. 1, Table 2and S up'pkmenlan_.' Fiﬁ 1}, which revealed
thateach mutation was fixed in hetervaygouscondition in thehiP Scell
lines Mo small imsertioos fdeletiong were detected. For thres hiP'§ cell
lines (CV-RiP5-B, CV-hiPS-F and PGP1-iPS), the domac’s u:-mpku:
OIS S e obtained Fromwhile blood is 'pu].n].id? available'';
we used this information o further confirm that all 27 mutations in
these lines were boma fide somatic mutations Because 84% of the
expected exomic variants" were captured at high depth and quality,
the predicted load is approsdmately siv coding mutations per hiP$ cel
3ermr.r|g[see Table] for details). The majority of mutations wene mis-
sense (83 of 124), nondense {5 of 124) or q:]me varants (4 of 124}
Fifty-thres mis-sense mulalion: were Prm].'l.ml Lo alier privlein fume-
tion' {Supplementary Table 1. Fifty mutated genes were previowdy
foarsd 1o b rrustated in some cancers'™'™. Fusrexampk,)l'm is 2 well-
charscterined tumour asppresor gene found mutsted in one hiPs cell
line, and NTEK ! and NTRE3 fl\_.lm.l:ine e i reuepuprsl [= e
cancers when mlllahulmamlumlainmldamﬁnﬁ mustations in three
hiP5 cell lines (CV-hiP5-F, iP529% and FiPSAF-shpRB4S) that were
reprogrammed in three labs and came fom different donors. Two
Kirie penes from the NEK family, which is related to cell division,
were mutated intwo independent kiP5 celllines. Inaddition to cancer-
relaied gemes, 14 of the 22 hnes contained mulation in genes with
Kerwirwrn rodess i o Mendel n d.innlerszl.'numpajrs of hi PS5 cell
lines (P51 Taand iP517h, dH 1E- P54 an d dH1 F- P59, and CF- RiF51.4
and CF-RiP51.9) shared three, two and one mutation, respectively;
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assume zero insolation during winter (polar
night) throughout glacial-interglacial cydes.
They themselves acknowledge this point, and
suggest that other factors not accounted for in
their approach may explain the discrepancy.
Nevertheless, we must now consider that
the orbital-precession rhythm in Antarc-
tic ice cores can partly be attributed to local
conditions. In the same way that an ill-fitting
piece of a jigsaw puzzle can be disconcerting,
this pseudo-rhythm will be discomfiting to
those who study palaeoclimate and climate
dynamics. ‘Is the signal I see really created by
dimate change?, is a question they will have

to ask themselves. /
a hardlook at the |
data are founded.
the isotopes in wate
instance, is based «
observations only.
has not been confirn
sites in inland Antan
on an annual timesc
as in life, it is neces
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Environmental Stud

The dark side of
induced pluripote

Induced pluripotent stem cells have great therapeutic potol
dusing

eplgenomic analyses of these cells g

abnormalities that may affect their safe use. See Azncus:

MARTIN F. PERA

nduced pluripotent stem cells (iPSCs) are

generated through the reprogramming of

differentiated adult cells and can be coaxed
to develop into a wide range of cell types. They
therefore have far-reaching potential for use
in research and in regenerative medicine.
But the ultimate value of these cells as dis-
ease models or as sources for transplantation
therapy will depend on the fidelity of their
reprogramming to the pluripotent state, and
on their maintenance of a normal genetic
and epigenetic (involving aspects other than
DNA sequence) status. Five recent surveys'~,
induding three in this issue'~, show that the
reprogramming process and subsequent cul-
ture of iPSCs in vitro can induce genetic and
epigenetic abnormalities in these cells. The
studies raise concerns over the implications
of such aberrations for future applications
of iPSCs.

Ithaslong been known® that, during culti-
vation in v#ro, human embryonic stem cells
(ESCs) can become aneuploid; that is, they
acquire an abnormal number of chromosomes.
The new papers have applied various state-
of-the-art genomic technologies to assess in
detail the occurrence and frequency of genetic
and epigenetic defects in both human iPSCs
and ESCs.

Hussein et al.' (page 58) studied copy
number variation (CNV) across the genome
during iPSC generation, whereas Gore and cal-
leagues® (page 63) locked for point mutations
in iPSCs using genome-wide sequencing of
protein-coding regions. Lister ef al’ (page 68)
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Copy number variation and selection
during reprogramming to pluripotency

Samer M. Hussin™™  Nizar N. Eatada".Sanm \.-‘unrlsm ,Reagan W, -I."hlng‘ Relja ﬂuﬂn“'"‘ Elisa Nm'x , Slermaon Nj
Michel Sourour', 'P.H.l{li:a Hiimiliinen', {ia Olssan’, mellna Lundin®, Milla Mikkola', Ras Trokovie?, Michael Peitz’,

Oliver Britstle’, Diawid P. Bazett- hne—s‘ erlﬂ.ﬂtaln Riitta Lahes

, Andms Nagy'™® & Timo Otonkesk 9

The mechanisms underlying the low efficiency of reprogramming somatic cells info induced pluripotent stem | iPS) celk

are poorly understond. There is a clear need tostudy whether the

itzelf compromises

FEprOE ramming process menomic
imtegrity and, through this, the offidency of IPS cell establEhment. Using a high-resolution single miclentide
polvmarphism array, we compared copy number variations (CNVs) of different passages of human iPS cells with
their fibrobhst cell origins and with human embryvonic stem (ES) celk. Here we show that significantly more CNV
are present in early -passage human iPS celk than intermediate passage human P8 cells, filbvoblasts or lmman ES cells.
M=t CWVs are formed de movo and generate genetic mosaicism in early -passage human iPS cdls. Most of these novel
CHVz renderod the affected cells at a selective disadvantage. Remarkably, expansion of human iPS cells inenlure selects
rapidly arainst mutated cells, driving the lines towards a genetic state resembling human ES cells.

Repmﬂ'ammns somatic cells 1o 'P]unptmrx:v can be achisved 1n'
fomed eaq:!rusmn af & defined sl of Betors ', Several methods ]\z\-e
[ d.e\.wﬂq:ul fisr generating human iP5 cells, such a8 retrovical
tran sduction', DINA -trn spodi tion-based systems™, transient plasmid
delivery” and integration fplasmid-free systerms™. To improve effi-
CEncy and inan effort o undestand the pricess aof e rATTng,
mem]ﬁmu'ps harvedemonstrated that modulsi nﬁ]wv ol ponenls aof
the od]q-de.smﬂ'ias repnﬂ_uiin of the frkd A |;r.|m.'|5 [ 3 d.uwmetplh-
tiom o the pE3-p21 Pal]luay, Terve marked positive eflects on repri-
gramming eficiency™ . However, pi3 sppresion can lesd 1o
i reased levels of DN A damage and genomic instability. These find-
ings suggestthat the reprogrmming proces: places a beavy bunden on
cellular integr i‘h_.laml]\iﬁ\]@\ll}m impmanu:al’ﬁuﬂwr uﬁnrinﬁﬂw
reatureof the DNAdarm# theat is asocdated with the repinieg ramming

e

High CNV levels in early -passage human iPS cells

To determine whether reprigranming i associated with de now-
#rxralﬂl{:h' Vs, we wsard the Affymetdx SNP array 6.0 10 characterize
22 human iP5 call lines alunnﬁ with 17 human ES cell lines ', a0 well 2
three parental and one unrebted fibroblagt lines a8 controb
(Supplementary Table 1). The human iPS od] lines were established
either by retroviral’ or piggyBac™ gene ddivery methods and con-
firmed a5 human iP5 cells us'nﬁ estblished criterialt I'P-uP'P]em.en-
Lary Fitp 1-3 and .‘iu'pp]enwnlar‘y Table 2). Nine of the 22 huran
iP5 cell lines were charactertred 3t more than one s rack
CNVs during propagstion.

The medizn member of CNVs in human iP5 cell lines (109) was
absoaut twofold higher than inhuman ES cell lines (55) and fibroblasts
(53) ISWFPL:m.enlar\_\.' Fix, da .‘lmlﬁlrpphmmnl.ary Tables 3 and 4). We
foumd that the Ly of CNWVs (52.4%) in human iPS cells were mot

present in eithser human ES cells orfibroblass I'.‘;u'|:|'|:!ler.r|.er.|I.ﬂn\_.I Fi} b
I.r.ll.!l!‘_iﬁnﬂ'}'. the number of CHV: mﬁuli\d’y correbited with the
pasage mumber. This was surprising because fhroblasts and human
ES cells showed mo significant changes during intermediate length
pasaging (Supplementary Fig. 4c, d). Both the mumber and the total
size of CHVS in human iP5 cell lines decreased duﬁlzsprqpaﬁulitn
I'Fiﬁ.]aa mwd § uppkmenlaﬂy Fix,. 4. Neither the mprqﬁmmminﬁl'ad.m
dd.'rveﬂ_\.- methad, fbroblat souree or viml inLeﬁral.inn et for e
prlﬂerxxura]uerme 0I'Mycdu.rlrxsrep'utpaminﬁff:%.lb,camlﬁup-
plementary Fig. 5) infleenced these results. This trend was verified in
an independent data set on human iP5 cell lines derived from fowr
adult skin fibroblasts fﬂrp'p]entnlaw Tale 5, a5 well as within indi-
vidisa]l human iP5 cell lines analysed ot eady amd ber e s
I'Fif,. 1b-d). Owr ﬁnd.i.ngs indicate that CNV: ane #rxemlﬂl du.rins
the reprogramming procss.

The decrease in CNVs during passging could be explained either by
[t A repair mechanisms or by mosaicism fdlowed by selection. We
e that DNA repair may mid e efBient erm-u@\ 5 u:'Phin the
mpill decrease in TNV butl, instesd, that de mvneral.ul CNVs
create masaicism, whichis fdlowed by selection Bvouring lessdamagal
el durinﬁ Propaglion. To obtain direct 'Fns-li' for moskicism, we
atallishel new human iP5 cell lines and tested ﬂiuealwr\_vem]?
e I"Pa:saﬁg 2 and 3) fir CNV2 1w u:ms Hisiorescence m s
]'ug.’].rrid.izaliim (FISH). We d’u:eaprdﬂ: that s b & locus on clins-
masirme 1 that, msrl].inﬁ s e sinﬁ! msclentide 'pu}!.msrphism
(SWP) array dot, i frequently affected in human iP5 @ll lines
(Fig. 2a). A contrel probe was selacted from a chromosome 1 location
that showed mormal iy muber | 2) across all human iP5 cell lines
that were testad. Durinsmr}y s g, the h‘_sl.'Pmln-e demonsnated a
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Pros and Cons to iPS cell
technology

e Pros:

— Cells would be genetically identical to patient or
donor of skin cells (no immune rejection!)

— Do not need to use an embryo

e Cons:
— Cells would still have genetic defects
— One of the pluripotency genes is a cancer gene

— Viruses might insert genes in places we don’ t
want them (causing mutations)
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NOBEL PRIZE IN PHYSIOLOGY OR MEDICINE

Reprogrammed Cells Earn
Biologigtg Tan Hannr

Life is 2 one-way tni
start as embryos and

versible developmen
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The ability to reprogram adult cells has
made it passible for researchers to study
diseases m new ways and raises the possi-
hility of someday growing replacement tis-
sues o1 even organs in the kb, Yamanala's
work, published just 6 years aga, “is com-

pletely transformative,” says Austin Smith,

2 developmental biologist at the University
of Cambridge. Although the Nobel Com-
mittee often waits decades before award-

mg aprize, in Yamamaka's case, Smith says,
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nuclear transfer. That breakthrough demon-
strated that mammalian cells could undergo
the same transformation from mature o
immature. The technique was extremely
inefficient, however, resulting m many
more failures than successes. And no ane
has been able to get the methaod to work m
human cells.

A fundemental question dogged the feld:
Could researchers recnstitute in 2 lab dish

£ 2012

Dolly the sheep using 2 similar feat of

an egg cell’s alnlity to tum back the cellu-
lar clock? “What we all believed ... was that
it could be done but must be 2 very, very
complicated process.” Colman says. “Then
Shinya comes along and showed only fouwr
factors auH dont”
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Researchers have found several vana-
tions on Yamanala's onignal recipe for mak- §
ing iPS cells, which mvolved mserting extra
copies of genes that are imolved i cancer; i
the resulting cells were prone © forming g
tumors. It's now passible o reprogram adult £
cells to a stem cell state withouwt making
permanent genetic changes in them. Sev- »
eral groups are working on ways 0 regro- =
gram mature cel k—sxy, skin cells—direclly z
into anather mature cell type such as cardiac g

12OCTOBER2012 VOL 338 SCIENCE www.scencemag.org

PHYSIOLOGY & MEDICINE

102



Hopes Iin Medicine with

stem cells

 Consolidated therapies
with adult stem cells

» Tissue engineering

 Experimentsl therapies
with stem cells

e Conclusions
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Cover illustration

A colony of human
embryonic stem cells
(light blue) growing on
fibroblasts (dark blue).
(Courtesy of AMichalska
and A. Trounson, Monash
University (MISCL))

REGENERATIVE

MEDICINE

ife is regenerative, by definition. But by and
large, humans lack the regenerative capacity of
creatures such as newts and hydra. Although
some of our cells have the innate ability to
replenish themselves — and, by doing so, to repair
ageing and injured tissues and organs — most of the
body’s cells form the specialized cell type they are
destined for and then go into lock down.

INTRODUCTION

302 Regenerative medicine and
human models of human
disease

K.R.Chien

REVIEWS
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Hopes Iin Medicine with

stem cells

» Consolidated therapies
with adult stem cells

» Tissue engineering

- Experimentsl therapies
with stem cells

e Conclusions
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hemopoietic stem cells, for the treatment of hematological
diseases, some solid tumors, diseases of the hemopoietic and

Immune system.

mesenchimal stem cells, for the prevention of Graft versus Host
disease and regeneration of bone and cartilage.

expanded in vitro skin, keratinocytes and fibroblasts for
treatment of burns and skin diseases.

limbar stem cells, for the treatment of corneal lesions.
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AUTOLOGOUS CHONDROCYTE TRANSPLANTATION
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— Healthy cartilage biopsy ———————3p- Enzymatic digestion
1 ' 8 i and 2D cell expansion

Analysis of the chondrogenic
properties maintenance in the

expanded cell population
C y A

 Trypsinization
- and cell
" 1 harvesting

R

Repaired lesion site Cell delivery under
the periosteal flap

Prepar;tive surgery
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- Marrow aspirate =
£ from the patient .
5 P l

BMSC isolation
i and 2D culture

—

Lesion site

F Skeletal

stem cell | l
Analysis of the osteogenic <% Culture expansion

l Ex vivo expansion properties maintenance in — 9 — 9
A I 29 E ........ ’
:.9*;9

(Gene therapy ?)

v

Attachment to hydroxye

tricalcium phosphate pe =3
R L Trypsinization
808 — — : 4 and cell
O J harvesting

In vivo transplantation

into segmental defect v

S
BMSC embedding

in biomaterial(s)



REMOVAL OF SKIN FOR THE
CULTIVATION OF
KERATINOCYTES

* |t is basically similar to a skin biopsy

* |t is necessary to send to the laboratory a
smallo fragment of full-thickness skin of
the pationt (2 cm x 1 cm) taken from a
healthy area, possibly hidden (prelevato
da un’area sana, possibilmente nascosta
(behind the ear region or groin region)

» Cultured keratinocytes will be ready after
an average time of about three weeks.
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* The keratinocytes cultured in vitro
generate cohesive sheets of laminated
epithelium that retain the characteristics
of the epidermis

» Cultured autologous keratinocytes are
widely used for the treatment of

extensive burned areas and epidermal
renewal

* LIMITS: infections, graft site

preparation can cause problems
(dermabrasion, necrectomia, ecc.)
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Ficure 2. Colony-forming efficiency of human keratinocytes
grown on a fibrin matrix. One hundred human keratinocytes
(strain YF29, culture V) were plated onto 100-mm Petri dishes
containing lethally irvadiated 3T2 cells, in the absence (A) or
presence (B) of a fibrin matrix. Cells were cultured for 12
days and were then fixed and stained with Rhodamine B (A)
or Nile Blue (B). The presence of a fibrin matrix did not affect
the clonogenicity of the keratinocytes. Similar numbers of
colonies (54) were obtained with or without the fibrin matrix.
A similar result was obtained with other strains of human

keratinocyte. Colonies cultured on a fibrin matrix were less
regular in shape and smaller than the control colonies.
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FIGURE 1. Appearance of a cultured epithelium grown on a
fibrin matrix. A cultured epithelium grown on a fibrin ma 12
was detached from the culture dish using two thin forci -

Note its transparency, its molding properties and the case of
handling.






The Limbus...
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* Boundary between cornea and conjunctiva
 Defined by Palisades of Vogt
» Location of progenitor cells for corneal epithelium
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1. Biopsy 4. Grafting onto injured eye
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2. Culture expansion 3. Seeding onto carrier
(with FBS and 3T3 cells) (amniotic membrane)
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Severe burn by alkali in a 75-year-old patient

Corneal regeneration following limbar stem cell transplantation
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Growth and transplantation of a custom vascularised bone
graftinaman
PHWamke, N G Springer, | Wiltfang, Y Acil, H Eufinger, MWehmaller, P A | Russo, H Bolte, E Sherry, E Behrens, H Terheyden

Summary

Background A major goal of research in bone transplantation is the ability to avoid creation of secondary bone
defects. We aimed to repair an extended mandibular discontinuity defect by growth of a custom bone transplant
inside the latissimus dorsi muscle of an adult male patient.

Methods Three-dimensional computed tomography (CT) scanning and computer-aided design techniques were
used to produce an ideal virtual replacement for the mandibular defect. These data were used to create a titanium
mesh cage that was filled with bone mineral blocks and infiltrated with 7 mg recombinant human bone
morphogenetic protein 7 and 20 mL of the patient’s bone marrow. Thus prepared, the transplant was implanted
into the latissimus dorsi muscle and 7 weeks later transplanted as a free bone-muscle flap to repair the mandibular
defect.

Findings In-vivo skeletal scintigraphy showed bone remodelling and mineralisation inside the mandibular
transplant both before and after transplantation. CT provided radiological evidence of new bone formation.
Postoperatively, the patient had an improved degree of mastication and was satisfied with the aesthetic outcome of
the procedure.

Interpretation Heterotopic bone induction to form a mandibular replacement inside the latissimus dorsi muscle
in a human being is possible. This technique allows for a lower operative burden compared with
conventional techniques by avoiding creation of a secondary bone defect. It also provides a good three-dimensional
outcome.
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Figure 2: Titanium mesh cage filled with bone mineral blocks infiltrated with recombinant human BMP7 1ﬁ1]9
Figure 1: Three-dimensional CT scan of size defect (upper) and CAD plan of bone-marrow mixture (upper) and implantation into right latissimus dorsi muscle (lower)
ideal mandibular transplant (lower)




Figure 5: Three-dimensional CT scan (left) after transplantation of bone replacement with enhancement of soft tissue (red) and repeat skeletal scintigraphy
(right) with tracer enhancement showing continued bone remaodelling and mineralisation (arrows)
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Tissue-engineered autologous bladders for patients needing
cystoplasty

Anthony Atala, Stuart B Bave, Shay Soker James | Yoo, Alan B Retik

Summary

Background Patients with end-stage bladder disease can be treated with cystoplasty using gastrointestinal segments. The
presence of such segments in the urinary tract has been assodated with many complications. We explored an alternative
approach using autologous engineered bladder tissues for reconstruction.

Methods Seven patients with myelomeningocele, aged 4-19 years, with high- pressure or poorly compliant bladders, were
identified as candidates for cystoplasty. A bladder biopsy was obtained from each patient. Urothelial and muscle cells
were grown in culture, and seeded on a biodegradable bladder-shaped scaffold made of collagen, or a composite of
collagen and polyglycolic acid. About 7 weeks after the biopsy, the autologous engineered bladder constructs were used
for reconstruction and implanted either with or without an omental wrap. Serial urodynamics, cystograms, ultrasounds,
bladder biopsies, and serum analyses were done.

Results Follow-up range was 22-61 months (mean 46 months). Post-operatively, the mean bladder leak point pressure
decrease at capacity, and the volume and compliance increase was greatest in the composite engineered bladders with an
omental wrap (569, 1-58-fold, and 2-79-fold, respectively). Bowel function returned promptly after surgery. No metabolic
consequences were noted, urinary calculi did not form, mucus production was normal, and renal function was preserved.
The engineered bladder biopsies showed an adequate structural architecture and phenotype.

Condusions Engineered bladder tissues, created with autologous cells seeded on collagen- polyglycolic acid scaffolds, and
wrapped in omentum after implantation, can be used in patients who need cystoplasty.
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Figure1: Construction of engineered bladder

Scaffold seeded with cells (A) and engineered bladder anastamosed to native bladder with running
4-0 polyglycolic sutures (B). Implant covered with fibrin glue and omentum (C).
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Trachea transplantation:
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Figure 2: Bioreactor developed for airway tissue engineering

(A) Schematic lateral view, highlighting the rotation of the matrix around its longitudinal axis. The design has separate compartments for lumen and outer surface,
and is regularly rotated through a motor to apply the sheer stress needed for growth, distribute nutrients and waste, and ensure even exposure to applied cells.
(B) The sealed device. (C) Bioreactor with the graft in situ. (D) Bioreactor after removal of the graft. (E) The final graft immediately before surgical implantation.
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and 25 cycles (E and F) of detergent-enzymatic treatment

Brown staining represents MHCclass | (A, C and E) and I1 (B, E, and F). After 25 cycles (E and F), epithdial cells and
glands completely disappeared, whereas only a few chondrocy tes were detectable inside the cartilage rings, and
even they weredisrupted: most did not have a nucleus and their cell borders were indistinct. However, compared
with native trachea (A and B), the treated tissues maintained their structural integrity. After 17 cydes

(Cand D), adiffuse immunoreactivity against both MHC dass | and Il antigens was still present and 25 cycles

(E and F)were needed to remove nearly all HLA-positive cells from the tracheal matrices. Atimplantation, only

a few small areas of cartilage were weakly positive for MHC class Il (arrow) and no class | staining was visible.

Claudia Castillo, the recipient of a bioengineered
human airway, the world’s first transplanted organ

grown from stem cells
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Fig. 2. Stem cell patents and patent applications published by various patent offices. Data source:
Thomson Innovation (2010), queried using methods of Bergman and Graff (13). 127
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Target Diseases for future Stem
Cell Therapy

» Heart Disease: ES cells can be induced to form
cardiac muscle cells that actually beat in culture

* Brain and Spinal Cord Injury: HSCs can also be
transplanted into the brain where they are
reprogrammed to generate neurons and glial
cells

* Type 1 Diabetes: Insulin-producing structures

similar to pancreatic islets have been generated
from mouse ES cells in culture




P ™  \What is the "unmet need” for
CVD?

EPMmA

European Association for Predictive
Preventive & Personalised Medicine

® Despite the enormous progresses in the treatment of
coronary artery disease, it remains the most common
cause of heart failure and the leading cause of death
in the Western countries

® New translational therapeutic approaches based on
personalized and regenerative medicine are needed

® [n this study we fabricated bioartificial constructs
mimicking anisotropic structure and mechanical
properties of the myocardium

Claudia Giac}wzigno
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Y What are the target populations

for PPPM intervention?

EPMA

European Association for Predictive
Preventive & Personalised Medicine

® Patients with acute heart failure might benefit from such
approach

® Patients with coronary artery disease
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iPmA Aim of the project

European Association for Predictive
Preventive & Personalised Medicine

Making innovative therapeutic tools against
myocardial ischemia, the main cause of acute
haart disease

Opening coronary with
innovative stents...

...myocardium implant of biomimetic
and bioinductive scaffolds
(made of polymeric bioartificial
materials as PHBHV/gelatin and
PLGA/gelatin)
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EPMH requirements

European Association for Predictive
Scaffolds must:

Preventive & Personalised Medicine

v" Mimic myocardium structure and biomechanics

v' Be biocompatible

Scaffolds must have:

v" A cardioinductive function on stem cells, to promote tissue
regeneration

v A cardioprotective effect, to limit reperfusion injury

v" A chemoattractive function, to recruit both resident and circulating

stem cells
132
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Mimic myocardium structure and
EPmA v

Preventive & Personalised Medicine

—paprey &

European Association for Predictive b I O m e c h a n I CS
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Microstructured scaffold surface Microstructured scaffold section Non-microstructured scaffold section

Longitudinal
direction

Transverse

direction

SEM images of microfabricated material surfaces showed the presence of
rectangular recesses following the soft lithography model geometry and micro-
mesopores distributed diffusely at the level of the entire structure due to chemical
composition and solvent casting procedure. The macrocavities, considered as
polymeric guides to induce alignment of cardiomyocytes have longitudinal and
transversal dimension of 480 uym and 25 ym and a depth of 40 ym, and are
separated among them by an array of longitudinal regular ridges of 60 ym and 25
Mm and cross ridges of 30 um.
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EPMH Mimic myocardium structure and
European Association for Predictive b i O m e C h a n i CS

Preventive & Personalised Medicine

Chemical imaging technique, a useful and innovative tool to investigate
about hydrophilicity and molecular interactions between material
components, suggested that these scaffolds exhibit hydrophilicity
properties matching those of healthy myocardium sample.

Maps acquired in JATR mode
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NIR maps showed that the amount of OH groups respect to CH groups
was higher in recesses than in ridges indicating a specific anisotropic
surface hydrophilicity of the materials that can be fundamental to
explain the behavior of stem cells seeded onto these matrices.
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Mimic myocardium structure and
European Association for Predlctlve b i O m e C h a n i CS

Preventive & Personalised Medicine
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The evaluation of mechanical properties of the produced systems
showed that storage modulus resulted in the order of MPa, in both
non and microstructured samples, being these values similar to the
healthy cardiac tissue. In addition, the anisotropic structure conferred
by soft-lithography induced anisotropic mechanical properties with a
higher storage modulus value in the longitudinal direction than thais
along the transversal direction.
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Biodegradation properties of the scaffolds was examined in vitro using
different media and for prolonged times. Morphological analysis, pH
trend of degradation solutions and GPC analysis confirmed a slow and
gradual degradation of the scaffolds, the maintenance of a regular
surface microstructure, an unaltered pH in the degradation media tq%%s
preventing possible inflammatory responses in vivo.
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£ PMA Biocompatibility

European Association for Predictive
Preventive & Personalised Medicine

A Bright field

d1

Non-microstructured film

d15

Viability and proliferation
assays demonstrated that
these constructs allow B
adhesion and growth of
mesenchymal stem cells
(MSCs) and cardiac
resident non myocytic
cells (NMCs).
Immunofluorescence
analysis demonstrated
that stem cells cultured
on these constructs adopt
a distribution mimicking
the three-dimensional cell 137
alignment of myocardium.

d1

Microstructured scaffold

d15

3D reconstruction
on microstructured scaffo
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£ PMA Biocompatibility

European Association for Predictive
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European Association for Predictive
Preventive & Personalised Medicine

During scaffold colonization
cells maintained an optimal
cytoskeletal organization
and they were able to
colonize the entire
construct thickness,
growing in at least three
cell layers as shown in the
3-D scaffold reconstruction.
Transmission electron
microscopy analysis
allowed to appreciate
electron-dense areas,
known as focal adhesions
or focal contacts, typically
elongated, in which the
plasma membrane runs
parallel to the overlying
matrix.
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£ PMA Cardioinductivity

European Association for Predictive
Preventive & Personalised Medicine
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Real-time qPCR analysis showed the ability of these construcst to direct initial
MSC and NMC lineage specification towards cardiomyogenesis. Both MSCs
and NMCs showed down-regulation of the stemness marker kit and up-
regulation of the cardiac transcription factor GATA-4. Moreover NMCs acquired
the expression of the transcription factor Tbx5, the GAP-junction gene

Connexin 34, and the sarcomeric gene Troponin C. 140
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Immunofluorescence analysis confirmed down-regulation of c-kit and up-
regulation of GATA-4 protein in MSCs. It also documented expression of the
cardiac transcription factor Nkx2.5, the GAP-junction protein Connexin 43 as
well as the sarcomeric proteins Troponin C and a-actinin in NMCs. 141
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EPMA

European Association for Predictive

Preventive & Personalised Medicine
[SChemia/reperfusion injury

Despite timely reperfusion, nearly 10% of AMI subjects die during
hospitalization, and 25% of survivors progress to develop chronic h

failure

Reperfusion of ischemic myocardium can also cause cardiomyocyte deat.. _.._.
microvascular damage through a process referred to as myocardial ischemia/
reperfusion injury

These data suggest that despite progress in the treatment of AMI, a major
scientific problem is the need for novel approaches to limit myocardial damage
resulting from reperfusion injury

ADENOSIN: protection factor
Vasodilatory action and protection of myocardic tissug

Scaffolds were functionalized with adenosin
that is released gradually after the implant
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European Association for Predictive
Preventive & Personalised Medicine

Ischemia induction: '.ﬁ |
left anterior descending coronary (LAD) $

b7\ding ‘\‘3

preparation Ischemia ) | ) Surgical
anhestesia  induction Biopsy # Biopsy #3 breach
closure
w & e o “ & ¢ (2 o o
: Patch .
B #1 i B T '
Iopsy application Reperfusmn\ lopsy Waking up
Patch application: Reperfusion:
few minutes after LAD after 50 minutes from LAD
binding binding
Biopsies: 1. before LAD binding
2. 40 minutes after LAD binding protein analysis
10 minutes after reperfusion of cardioprotective
markers 143

60 minutes after reperfusion



st N CARDIOPROTECTION

EPMA

European Association for Predictive
Preventive & Personalised Medicine

Myocardic implant

The patches are easily implanted and adhere perfectly on the epicardial surface

Use of a novel delivery system optimized by Sorin Group, a medical products
group based in ltaly, with significant operations in France, the United States,
and Japan, specializing in cardiac devices.
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Myocardic implant

After 24 h
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i—EPMH Major results

European Association for Predictive
Preventive & Personalised Medicine

+» Cardiac patches are cytocompatible and stem cells show a good adhesion
and proliferation

s Cardiac patches induce stem cell commitment towards cardiac phenotype

The microstructure is important
for cell orientation and differentiation

s Patches functionalised with adenosin
reduce the hypoxic damage in vitro, suggesting

a cardioprotective effect

+ Cardiac patches are easily implanted in vivo and ¢
are completely adsorbed after 3 months e

147




*‘.4* "**
x

i—EPMH Next steps

European Association for Predictive
Preventive & Personalised Medicine

¢ Functionalisation of cardiac patches with stem cell chemoattractants

¢ Conduction of a large in vivo study on the selected animal model
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The offers of stem cells

*The press reports many disputes for and
against stem cell research.

*Because the media has an important role in
forming the opinion on recent progress, the
stem cell debate is often based on a lack of
accurate information and objective.

*Even those who want to speculate on
diseases and out of desperation and hope of
those affected uses instrumentally mass
media.
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Viaggio della speranza

per guarire dalla sclerosi

Da circa dieci anni & su
UNE CAITOZZIDA 4 Causa
della sclerosi multipla
primaria proFrassi\a ]
ora parte per [a Cina per
fare un trapianto di cel-
Jule staminali embrionaki,
intervento vietato in Ialia
in gran parte dell' Buro-
storia & quella di
iovanni Pietro Sanna,
42 anni, nativo del Belgio
ma con genitori originari
di Nulvi e Chiaramonti.
Una vita pressoché nor-
male sino al 1991. Una
laurea in ingue maoder-
ne, una maglie (Lucia)
nativa di C Jaramnm!
conosciuta in B
wno splendido figho dl 14
anni, arrivato dopo una
prima gravidanza sfortu-
nata. Le vicende della vi-
ta él riportang entrambi
in

E e & VIVETE pro-
prio &
sfruma

iaramonti. Lui
il sun titolo di stu-
dio curando i rapporti

con |'estero di una 58
impresa sassarese. Ma
provviso la situazio-

ne crolla. «Ho cominciato
nel 1991 ad avere dolori
ad un arto — dice Sanna
— poi all’altro e piano
Bﬂ qualche tempo eb-

"esito dei vari esami
eﬂetruali seleros] multi-

B prima progressivas.
¢ cosi un vero calva-

na al resto del corpo. -

rig, con una serie di visi-
te effetuate presso 1Asl
Sassari, terapie a base Lo
di cortisone, interferone
fino all'attuale cura fana.
conAzaﬂg{:nna Ma la si-
tazione di Giovanni Pie-
o Sanna é gradatamen-
e peggiorata, sino a rele-
garlo sette anni fa suuna
carrazzina. Ma qualche
tempo fa si @ aperta una
nuova  possibilita:  un
viaggio della speranza
presso un centro di Pe- (¢
chino specialista nel wat-
tamento di palattie neu-
rologiche e cardiclogiche
con le cellule staminali
embrionali, intervento
che nel nostro Papse &
vietate dalla legge. La cli-
nica @ la Neuro Regene-
ration Repair, di recante
agh onori della cronaca
perché avrebbe dovule
accogliere Ambrogio Fo-
gar. «Dovrd andare a Pe-
chino a gennaio, ma per
far questo devo avere a
dJsposazwne 25mila euro
per il mio ricoveros, Sono
mahi gli !lah?l?l che si s0-
no gia rivolth a guesto
ceniro con buoni risulta-
tt. La famiglia Sanna ha
aperto un cenio colTente
presse il Monte dei Pa-
schi di Siena & ora spera
nel buon cuore i qualeu-
no.
Pacio Pasca
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L ntervento sperimentale inuna clinica di Rotterdam, in Olanda. Tl direttore del centro: *“Ma le reazioni variano da paziente a paziente™

“Curata con le staminali, oracammino”

Iniezione di celhile sumalata di sclerosi. ll governoinglese: troppirischi, meglio astenersi

POBSE OIS0 AUTGIEZZAN 11 -
terventidel generes. Comnenta
la dotioressa Carol (_.Bopcr.
esperoadi medicina del Sun: «Le
st nah sorme cellule vzvc‘ chie
rest; elCOTp o per sempre e si
Toltiplicare. L1 sone st 1o
wEati allla prossibile trasmissione
il virus e perfino alla crescita di
ori. Enccessario continuare
a ricerca, prima i o erare
una cura di gquesto Hpo come
c'vem:nle soluziomnes.,

La legge sulle -<I'|n|ind||.vnr|=|
da paese a paese, anche all
terno dell’Unione Burope:
autorith b Hnnichr. CONSENTO -
no bn rice st Al
indagando i possililir
eurare forme dicancro, diahe
lesiontdella spina dorsale, mor-
bo di Parkinson e altre malarie
Al gran 1l sperinen -
Tazione avviene sugli animali e
@i vored tempo prima che Lon -
dra permetta terapic sugli esseri

i 1
apuale tipodi malatia? Come far
erescere ablastanza staminall
per usacle inuna cura? Quale & il
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nelpunto giustodel co
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Tate, continuana alavorare?
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Dopo Tangentopoli, esiste
ancora il Paese dove regna la
raccomandazione come
pratica della relazione umana
e la diffusa corruzione sociale
come il voto di scambio, che
rendono labile I'aspirazione ai
diritti individuali,al rispetto
della dignita di ognuno?
Insomma, esiste ancora il
sopruso di una persona su
un‘altra, la violenza che rende
asserviti?

Alla prima domanda ogni
cittadino del Bel Paese
risponderebbe in modo
affermativo senza mostrare
alcun dubbio. La sensazione
piu comune & che i “capponi”
di manzoniana memoria sono
ancora la moneta di scambio
per ottenere i propri diritti, e
che i Renzo si rivolgano agli
azzeccagarbugli con deferenza
e sottomissione.Vengono
degradati pero a poco pit di
un malcostume inguaribile,
un'infezione resistente ma
TWLto SOMMato non troppo
dannosa.

Poi del resto la vulgata
sostiene che la vera tutela
dell'interesse della persona e
nel clan familiare, il luogo
essenziale della vita della
comunita nazionale (vedi alla
voce Family Day).

Non importa se questo
comporta I'abbandono del
proprio vicinato lasciando la
propria immondizia per
strada magari contribuendo
come dipendente pubblico
dell'azienda municipalizzata
della raccolta dei rifiuti di un
comune del napoletano, se
all'Universita di Bari impera il
pil bieco nepotismo, e se le
assunzioni nel Consiglio
Regionale della Calabria, nelle
Asl e negli ospedali sono
riservati a cittadini al di sopra
di ogni sospetto pero
aderenti a clan ben
identificabili. E solo
malcostume nazionale
definire morto un dirigente
del sistema sanitario che ha
assunto il ginecologo con pil
titoli, e non il candidato
appartenente al clan di
Ceppaloni al quale il manager
Asl doveva la sua nomina.

In un clima auto assolutorio,
tutto viene ascritto al
fenomeno della casta come
fosse altro rispetto al noi
plurale, alla comunita in cui
viviamo. Noi in fondo viviamo
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corrisponde una diminuzione del ricorso, nella
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za e la qualita della vita delle persone con lesioni midollari, ma a questo non

e delle ip i, a tratt

ti speri

i costosi e

non validati. | ricercatori mettono in guardia sulle terapie promosse in alcune nazioni asiatiche

Giuliano Giovinazzo*

Negli Stati Uniti sono sempre di pit
le persone con lesione midollare o
Parkinson che si imbarcano alla vol-
ta della Cina per sottoporsi a dei
trattamenti di cui il mondo scientifi-
co occidentale sa molto poco; ipo-
tecano le loro case, la loro comunita
si da da fare per inventarsi i pit di-
sparati modi per raccogliere i fondi
necessari per il viaggio, e per soste-
nere la speranza di una cura miraco-
losa. Un discreto numero di questi
turisti della medicina al suo rientro
rivendica un minimo successo. Jim
Savage ad esempio, un uomo tetra-
plegico di Houston, ha dichiarato di
riuscire ad avere nuovamente la fun-
zionalita del suo braccio destro.
Penny Thomas, delle Hawaii, ha di-
chiarato che buona parte dei tre-
mori dovuti al Parkinson sono spa-
riti a seguito del trattamento in Ci-
na. | genitori di Rylea Barlett, del
Missouri, nata con un difetto otti-
co, dicono che ora
riesce a vedere. Ma

Una via di Pechino nei pressi della Citta Proibita

teorie riguardo il perché alcune
persone credono di avere dei mi-
glioramenti quando I'evidenza &
davvero al lumicino. L'effetto place-
bo puo essere un fattore. John

Steeves, professore al-

o 3ansi a University of British
la documentazione & L’evidenza Columbia, direttore di
nella maggior parte scientiﬁca e un gruppo interna

dei casi lacunosa. Gli nale di monitoraggio
scienziati ed i medici davveroal (i accament delle
occidentali sosten- lumicino” lesioni al midollo spi-

gono che questi pa-

zienti vengono usati

come cavie, porcellini d'India in u-
na paese che non sta facendo i ne-
cessariamente rigorosi test indi-
spensabili a provare che un tratta-
mento € sicuro ed effettivo.
Notando la mancanza di evidenza,
tre dottori occidentali hanno in-
trapreso uno studio che ha coin-
volto sette pazienti con lesione
midollare che avevano scelto di
sottoporsi ad iniezioni di tessuto
cerebrale fetale in un ospedale ci-
nese. Dallo studio non & emerso
“alcun utile miglioramento”, anche
se i pazienti erano convinti di stare
meglio. Cinque addirittura hanno
sviluppato complicazioni, quali la
meningite.

Gli esperti occidentali hanno delle

nale, ha un'altra teo-

ria. Alcuni pazienti po-
trebbero essere influenzati dalla ci-
fra che hanno pagato e dall'aiuto
che hanno ricevuto da donatori o
da chi li ha aiutati a racimolare il
denaro.
“Inutile a dirsi, una volta tornati
cosa andranno a riferire ai loro a-
mici e vicini? Che non ha funziona-
to? = ha commentato Steeves.
“Nessuno vuole sentire cio”.
Insieme ad altri esperti Steeves ha
redatto una guida per mettere sul-
I'avviso le persone che stanno
prendendo in considerazione que-
sto tipo di trattamenti. | dottori oc-
cidentali scoraggiano i loro pazienti
dal ricorrere a questi viaggi,notando
come ¢ impossibile misurare la sicu-
rezza ed i benefici effettivi dei tratta-

menti, 0 quantomeno sapere cosa
c'¢ nelle iniezioni che vengono pro-
fuse nei cervelli e nei midolli spinali.
Ma per troppe persone quello ver-
so la Cina & ormai il viaggio della
Speranza. Savage, 44 anni, prece-
dentemente citato, € un avvocato
che si & procurato una grave lesio-
ne midollare durante una escursio-
ne in canoa 25 anni fa. Ha trascor-
so due mesi e mezzo a cavallo tra
il 2006 ed il 2007 in un ospedale di
Shenzhen, nel sud della Cina, per
ricevere quello che gli é stato det-
to essere una serie

di iniezioni di cel-

per questi trattamenti & un dato
sconosciuto, e la Cina & solo uno
dei paesi dove sono offerte queste
tecniche.
Molti dottori cinesi non aspettano
i risultati di test rigorosi prima di
trattare i pazienti, ed offrono quel-
lo che dicono essere cellule stami-
nali o altri tractamenti cellulari a
tutti coloro in grado di pagare.
Quello che si sa riguardo aueste
procedure arriva dai materiali pre-
senti sui loro siti o dai pazienti che
danno dettagliati resoconti dei lo-
ro viaggi. Molto poco ¢é stato pub-
blicato su riviste scientifiche per u-
na valutazione da parte degli altri
medici.
Luso di cellule staminali per alcuni
trattamenti non € una cosa nuova.
Per decenni dottori di tutto il
mondo hanno usato cellule stami-
nali adulte del sangue e del midollo
osseo — pill recentemente del san-
gue del cordone ombelicale — per
trattare tumori del sangue come
leucemia e linfoma, o malattie del
sangue quali I'anemia falciforme.
Gli scienziati hanno studiato se tali
cellule staminali adulte o altre cel-
lule come quelle della retina o del
tessuto cerebrale fetale potrebbe-
ro essere utilizzate per sostituire
le cellule perdute a
causa di un trauma o

lule staminali nel “Molto poco e di una malattia, e

suo midollo, attra-

stanno cercando di

verso il sangue del stato PUbb"cato capire se c'é un mo-

cordone ombeli-
cale.

su riviste

do per stimolare le
cellule staminali del

. . »
A seguito di que- sc'enufiche proprio corpo a fare

ste iniezioni Sava-

ge ha dichiarato di

essere in grado di muovere il suo
braccio destro per la prima volta a
seguito dell'incidente. Un video gi-
rato nell'ospedale sembra mostra-
re un leggero movimento. Ha inol-
tre riscontrato pil forza nell'addo-
me ed una maggiore sensibilita del-
la sua pelle. Quanti stranieri come
Savage stanno arrivando in Cina

riparazioni.

Ma queste strategie
sono ancora in fase di studio sugli
animali nei laboratori, e ¢'é stato
un numero davvero limitato di
questi test sulle persone. Se alcune
cliniche in Cina stanno usando le
controverse cellule staminali em-
brionali — come sostengono dot-
tori di altri paesi — non é chiaro.
(segue a pagina 6)
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Rocco Vadala, esperto del Centro per I'Autonomia di Roma
sui temi della mobilita, ha fatto parte di una delegazione del
Ministero deeli Esteri recatasi in Cina per una serie di

Faip:

si avvicina la Giornata sulle lesioni midollari - pag.2

[ resoconti dai maggiori convegni scientifici italiani - pag.3
Vita Indipendente: intervista a Dino Barlaam - pag. 5
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NEWS

Stem-cell therapy faces
more scrutiny in China

But regulations remain unclear for companies that supply treatments.

BEIJING

The Chinese Ministry of Health has imple-
mented regulations on the clinical application
of cutting-edge therapies such as stem-cell
injections.

Stem-cell scientists in China contacted by
Nature hope that the rules may help to curtail
a growing trade in unproven treatments that
attract patients from around the world, risk-
ing their health and potentially damaging the
reputation of stem-cell research.

The new regulations, which came into
effect on 1 May, designate all forms of stem-
cell therapy as ‘category 3’ medical technolo-
gies — those deemed “ethically problematic”,

L | 1» LUIPES | B 1 L L 1

are likely to face fines or have their permit to
practice medicine revoked, says Renzong
Qiu, a bioethicist based at the Peking Union
Medical College in Beijing.

“These regulations will make people under-
stand that the Ministry of Health and many
scientists in China are concerned about these
unverified procedures,” says Ching-Li Hu, a
paediatrician and senior adviser to Shanghai
Jiaotong University’s medical school, and a
member of the International Bioethics Com-
mittee of the United Nations Educational, Sci-
entific and Cultural Organization.

Hu and Qiu are members of an expert panel
that will deliver recommendations to the min-
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Monitoring and Regulating
Offshore Stem Cell Clinics

Sorapop Kiatpongsan'2? and Douglas Sipp***

of finding a stem cell-based treatment

for a disease—"‘stem cell tourism”—has
been the object of intense scrutiny in recent
years, fol lowing reports o fcharlatanry, baseless
claims, and adverse medical events (/).
Providers of stem cell-based interventions vary
widely in their assertions about the conditions
that can be treated, the degree of improvement,
and the cell types and protocols used (2), but
there are many advertisements for medical
procedures that have never been proven
efficacious in appropriately designed
clinical trials. To date, proven thera-
peutic applications for stem cells
have been mainly for blood and
immunological disorders. The
scientific community and ad-
vocacy groups have begun to
respond by formulating guide-
lines for physicians and
scientists engaged in the
clinical translation of stem
cell research (3) and lists of
questions for prospective
patients to ask when
considering an experi-
mental stem cell treatment
(3, 4). Inaction and occasional

Traveli ng to another country in the hope

-

that can legally be made by providers or to rel-
egate them to operating outside of their bor-
ders. The possibility of operating extraterrito-
rially has meant that unapproved treatments
could be had by those willing to travel abroad,
but in the great majority of instances, this has
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Unverified medical treatments based on
stem cells are proliferating and need oversight.

Netherlands (9), and Ireland (/0); others have
been forced out of business (//) or prevented
from opening by negative publicity (/2, /3).
Successful clinics that remain in business
are sometimes supported by local medical
associations, governments, and regulatory
agencies. Although the company Web sites
suggest an awareness of the need for clinical tri-
als, treatments costing $20,000 or more are
being offered in the absence of prior
publication of peer-reviewed studies
demonstrating efficacy. For ex-
ample, TheraVitae has an im-
pressive list of Thai physi-
cians, including the current
presidents of the Thai Heart
Association and the Thai
Atherosclerosis Society
(/4),and recognition from
the Davos-based World
Economic Forum as a
2006 Technology Pioneer
(15). However, the peer-
reviewed article listed by
the company as “accredita-
tion” for its therapeutic reg-
ime of adult stem cell therapy
for heart disease was consid-
ered by the authors to be asafety
study and did not use randomiza-
tion or double-blind controls (16, /7).
Perhaps as important as the govern-
ent and medical establishment links are
narketing and patient recruitment stra-
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Riprogrammare le
funzioni del genoma
consente
diindirizzare

la differenziazione
cellulare e schiude
nuove opportunita
terapeutiche

LARETINA, ILTESSUTO SENSORIALE
dellocchio, corsesva anche nell'adulto akune
cdlule staminalitotipotenti.

waw bscienze.it

lule

diSilvia Garagna,
Carlo Alberto Redi
e Maurizio Zuccotti

a biologia dello sviluppo vive oggi un periodo particdlarmente feli-
ce. La genetica e la biologia cellulare hanno messo a disposizione
degli embriologi un bagaglio di conoscenze e tecniche che permet-
tono di affrontare, e molto probabilmente risolvere, quesiti che per
decenni sonorimasti senzarisposta. Tra questi, il pit avvincente ri-

quarda le modalita con cui avviene il processodi differen-

ziamento cellulare durante l'embriogenesi. In par ticolare:
quali sono i meccanismi e le molecole che inducono una cellula indifferen-
Ziata verso unavia differenziativa piuttosto cheun‘altra? Il processo di dif-
ferenziamento & temminale oppure la cellula puo tornare allo stato iniziale
ditotipotenza?
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