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1. What is telomere and telomerase? 5

Telomere
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part of DNA structures (at the end of eukaryotic chromosomes) 5‘\<'a99i"9 chain
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‘\5«

repeating hexameric TTAGGG

— telomere

single-strand overhang of the 3-G-rich strand.
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# What is telomere for?
When cells divide by mitosis, telomeres get shorter-in every replication.
because the DNA polymerases can't copy the very end of each telomere.

v primer
ﬂ completed!
3
3 5
3
2 5
ﬂ removal of primer
3 overha
{ overhag

(End-Replicatiom problem) (50 to 100 base pairs shorter )

) ba duplex {
When telomeres get critically short, cells stopajmamg and commit apotopsis.

5

(-only-50-100 times replication) 5
‘ vuplex{ 3

= Telomere serves as molecular clockl?

enzyme that catalyzes the lengthening of telomeres.
a ribonucleoprotein complex.
composed of
(1) the reverse transcriptase protein subunit(hTERT),
one of the major component
a catalytic protein subunit
(2) an endogenous 455-nucleotide RNA subunit(hTR)
closely associated with hTERT.
the second of the major components.

a template for telomere lengthening d

P .
A lot of proteins connect with hnTERT grrdthFi, to control their functions.(ex. p23, HSPS0)

¢ -

D — ‘ -
{QQ‘_’/g of cancer cells — active Tumor cells ; typically long,

—  ——

******* E———.') Normal cells; slowly shorteninig telomeres.
85% of normal cells — inactive

—

These difference make cancer cells more sensitive to telomerase inhibitors.
One of molecular targeting therapy
Treatment without significant side effect.

N
constant telomere length,

—> Whether telomere/telomerase find out to be a near universal anticancer target?
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#Where to target?

[Targeting telomere agent(TTAs) '
small organic molecules ; inhibit by distorting the duplex .--.-. ~ addition of new bases difficult
or by overstabilizing the duplex ----- *hinder unwinding, an essential step in the DNA replication process.
(Targeting telomerase agent
ohigonucleotidés{template antagonist); to block specmc RNA-protein contacts

Immunotherapeuic agents: cancer celis only presents i ments on their cell surfase,

antigens.

For example

Targeting telomerase agent ; GRN163L, BIBR1532, AZT- TP, EGCG
Targeting telomere agent(TTAs); BRACO19, PIPERT, TMPyP4 Telomestatin, 12459

o oH BlaR1S l(:oov-a
oy O i

o ELllr

OH

prr———  H,0" ————— O

.“"\o
, T
e

. O Cﬁ\&wz OCONH, 0
Pk § s T A
' |: \G‘
' : . 'I’v
: UCS1025A 5 - @Cﬂ'ff@@@x: Ay
Blemssz. G-quadruplext®ii&

EGCG, MST-312 M ———————

......................................................

2/12



2. UCS1025A -a new antitumor antibiotics UCS1025A (o
NAH 2
S { H
Isolation; from Acremonium sp. KY4917 in1999 by Kyowa Hakko group. ~ OWF —
Structure and stereochemistry elucidation S0 o ’
studied by Kyowa Hakko group (Organic letters 2002, 4, 4387) 0

a novel natural product
two segments: an unique tricyclic skeleton(A) including a pyrrolidine fused with a y-lactone
a trans decaline moiety(B).

Bioactivity; Against both Gram-positive and negative bacteria,

antiproliferative activityagainst human tumor cell lines 1 _UCS1025B was also isolated

But no biological activity

ICso 21-58uM g o
; N-XOH O
G o
: o H
Total synthesis by Danishefsky (2-1.) Coupling A + B uCs10258

by Dyornikovs (2-2.)  Biomimetic
\:(.r‘fﬂl'

2-1. Total synthesis by Danishefsky (J. Am. Chem. Soc. 2006, 128, 426 )
2006 December 18, C&EN
p17- Chemistry Hightlights 2006
-The.first total synthesis of UCS1025A, a promising inhibitor of the enzyme telomerase, was achieved in an remarkably

concise manner
an approach that sidestepped problems encountered in earlier efforts-

Retrosynthetic analysis -« -- - om oo
o) s 1S e
NAHO H OH ; NAH H— H :
O TOR /7 : % OFF Me ;
oro AAAAA " _— 0/—0 ..... n — ' O//'Q * H :
v \__/ ! A 8 :
Dess-Mari Reformatsky-type T T e is-Alder i
UCS1025A o ::odingn : Aldol qoup"zgyp intramolecular Deils-Alder reaction
with trialkylborane synthesized with MacMilan's catalyst
o] o o)
(o} MeO N A. synthesis of key intermediate
)é--vOA% HOC A~ NH \n/\/\N LOTMS ¢——— pon (Preparation for A )
%) O s OP # Silylative Dieckmann-like cyclization
OAc O MeO,C
OTMS silylatve B. intramolecular Diels-Alder reaction
Deickmann-like (Preparation for B )
cyclization C. coupling A and B
#trialkylborane-induced reraction
Unsuccesful atiempt Scheme 2. Alttempted Functionalization of Core Fragment 2
oaLl
Schems 1. Qriginal Syrthetic Stategy toward ucsroasA & 5‘
F e J> 138 2
4\ TBDPSO“" TBOPSO™" ~ ,{./ s
fo- H . 8 ? {Not Observed) P-TBOPS
diastereomer is able to enolize. l
[
N __hLHMDS N
o .
# [},O
TRORSO- TBOPSO~ ';9
S0% deuterium incorparation

80 yiold
e an2




UCS1025A

A. synthesis of key intermediate A

( Racemic synthesis of target intermediate 13 )

H
Scheme 3. Synthesis of lodolactone 13°
o . . . . oy .
o # Silylative Dieckmann-iike cyclization
o:}..;-a_. Jk/\,.wl? ..... R P o e yersTn ,
HOLC. o~ & 16O X 14 to 15; Silylative Dieckmann-like cyclization of Ester-Imides
10 (Organic lettters, 2006, 8, 5191}
o o]

q ©
N . " . -y
— \Vh/ — P, e o
Moo, & OTBS hod oTes s op; b TMSOTL, TEA n;; weer
11 single disswrsomer 12 O 1apates DM, 1t L
480 s

“Key: (3) AcOH, then toluene, EisN, reflux, Dean—Stark trp (75%); oo Mn

(b) SOCL:. MeOH (77%): fc) TBSOTE. BN, CH:Ch. ra. (80%): () Ove 2 Otte Sa
LIOH-H30. 3:1 THE:HO (99%5; (e} I, s NaHCOs. ELO, THE (84%).
(a) 1.2 addition of amine to carbony! group and cyclization ketene silyl acetal
(b) methyl esterfication
(c) Silylative Dieckmann-like cyclization and OH protection with TBS Scheme 2
(d) hydrolysis - c : o
(e) iodolactonization T™SOT va
2 e [/ )g — TMS)_/—N) {
Y Cheiyh
oo Weo osns G o wold o
- 6
11 was obtained in high yield as a single diastereomer, but o o "\ N‘ |
to get optically pure material, they tried asymmetric synthesis TMEO Y— OMe \m'
N 1Y . L\ ation ‘-c°R
Ode
o) OMe ™
40 oTHS &0, 48 R-TMS, B8%, or 62.1
N IS T™S 41 R=TBS, B1%. dt 46:1
Y | T-4x0 7-endo (tavoreay; 4¢ R=TIP§, 976 dr 1051
Me0,C OR Meo,C OR
4(11) 4011) cationic process involving ketene silyl acetal(5a-c),

and it serves as nucleophiles

the bicyclic lactam 4a was produced in high diastreomeric ratio.
the endo product was predomonantly formed

to get desire 4 onl
g e y O-silylated imide carbonyl prevent nucleophies from appoarching .

6 wasn't obtained.
C*-silylated ester was minor product,
because silylation at the O* atoms is faster tha that of C*

fAsymmetric synthesis of target intermediate 13]

Schema 4, Asymmetric Synthesis of 13%

- 0 9
MaGyC._ o~ NHCE w © _OR? W .0R? B OR!
N\A RPOTLELN N N
9 2 T vor E oR' 4 2T R
. & : 5
o

b OIS ’( CL Yo CDCly, ¢ ~ OR° R?
g; e C - ' oM COpme
ML Fomms 95 G0 OMe
101 4, o R A majpr Syied  de  minor®
1 g, P = TBS 13 P.TBS 20
® g Y8-0T TMS  TMS 21a 4 201 228
(T ™S TBS 21b % w1 220
2 Keg: (8} (i) ENH., THF: (i} AcCl, refiox (31%); (b) AcCl, MeOH TES  TMS MNe 72 831 22¢
(79%}; () TMSCL FiN, CHCl: (853%:): (di TBSOTY, PrNEr, CHCly. Bn TMS 21g® 87 111 22d

~78 %C 10 1.2, (195K, {€) ACOH, 1| N HCL THF: (f) TEO, pyvidine. CHCl,.
—78 °C 1o r1.. then pyridine (765, two steps); (g)- BusSnH, PAPPhy)s. -

LiCH, 'THF (52%): () LIOH. 3:1 THE:HO (99%): () 1, sat. NaHCOs, o omws
EyQ. THF (84%). mso}—i OMe

(@) (i) 1,2 addition of amine to carbonyl group o N )Rows

(ii) then cyclization i H

{b) depratection of acetyl groups 97" TMs

(c) OH protection with TMS 23a-r8

(d) Silylative Dieckmann-like cyclization

and OH protection with TBS
. lactam 21 were obtained with excellent diastereoselectivity.
(e) deprotection of TMS group approach from the re face is disfavored by repulsion between OR, and H.

{f) conversion of OH to trifiate

(g) cross-coupling

(g)' hydrolysis

(h) iodolactonization 412



B. Enantioselective Organocatalytic intermolecular Diels

(LAm,. Chem.Soc. 2005, 127, 11616)
(J.Am,. Chem.Soc. 2000, 122, 4243)

[l\ﬁcMillan's catalyst ]

-Alrer reaction

UCS1025A

the LUMO-lowering activation of a.b-unsatuated carbonyls via reversible formation of iminium cation.

Organacatalytic intramolecular Diels-Alder (iMDA)
CHO

/ CHO H
/‘/_ amine o~ P

X — X M

Ny R catalystYor2 A N~
\_//_ H

o, Me o Mo
§—-N oocalalysts = N
L Ne 8= TFA AN Mo
7 = .
(e b=HCI o
Ph ¢ <HO, Iy Me
catalyst 1 caialyst 2

Tabie 1. Organocatalyzed Intramolecular Diels~Alder Reaction

Synthesis of catalyst

Ph CHy

J: 1)CH4NH; o) N){' cH,

CIH3N™ “CO,Me N
2)pTSA acetone MeOH Ph

H
cat1

eniry Iricne? :;:;:;b Product W yield® "“::‘("” % e
W §
I eno o r"" B st 7
2 L\/\/’\Ph n \. g 85 3200 9
H
3 ) N :04/“ o
3 "N o0 in 7 A R
4 NG, (\:C' % sl %
3 g
" L
0o TN N0 1 o l”" <0 -
12\ NNy, & N oA W2
;3 Hoou

cat 2 showed better result than cat1

Mechanism
O\ R'\lfnz N
CHO cat dienophile
product

R| Rl
‘\\ 4 diene

2') Pivaldehyde(cat2)

key intermediate

Scheme 1. Catalytic Towal Synthesis of Sojandpyrone D?

vz 20 mot%

CHO

PN Satalyst 2 18, Ti%yiold |

PN e 50 cien 201 o K eo |
16

H

.
o]
kﬁ:j Solanapyrone
D(18)

“Key: (8 Methyl acetovetate bistirmethy Isilyls enol cther, TiCh.
CHLCL;. ~78 *C. 25%. (b) Dess~Martin Penodinane. CH.CL, 71%. (o)
DBU, benzene. 60 “C, 87%. «dy Methvl p-wivenesulfonate. K200y, DMF,
soom femperature. 81%. 1¢) LDA. THE. 78 *C 10 € °C: methy! formuae.

=78 “C. §7% (9i% based on recovered “tasting material).

Inspection of structure of catalyst by MM3

C AVQ—*&&&D

sitace obiserved 194% ee)

the benzy! group effectively shields the re face of the dienophile

si face exposed to cycloaddition.
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C.Coupling

g

o}
"N ‘?u AN P
H H - wivens b4 H 7
P owt Mo » frviping é P4 ({;\_/
9 p-mas @ =" H
13 17 18 quantitstive
Srigle dibstareome
A B sngle d: r

completely stereoselective!!

Scheme 5. Synihesis of UCS1025A%
[ ol

L o
SN V't
CRMAA o |

: OP: e I I oK.
o Y o

UCS1025A (%)

“Key: ) TBAF, THF (85% ) (h} Desso-Martin periodisane, CH:CLy
83%)

13to 18

#Trialkylborane as an initiator and terminator of free radical reaction

reduction of a-halo ketenes.
(Bull.Chem.Soc.Jpn. 1991, 64. 403)

[Reformatsky type reaction )

O
R

Radical initiator

sche 4
boron enolete Scheme

o-carbonyl radical

PhySrer

[ \fow Q,Y'o

R R

E: electrophile

trialkylbonrane acts as an initiator
and as a terminator to trap a-carbonyl radical

reaction of a-iodo ketones proceeded without PhaSnH
terminator

\/(l\. v ¥
Cef C \_) \ro\,t
; v
- : e

,C M ‘[J‘H

I —7 C}‘/ = R

[additlon to o, B-unsatuated carbonyl compounds]

unsatuated bonds

carbonyl compound

/\ro trialkylboranes
B + 0y —=-R: R\)\ro ___'_Fl\,.,\ro ] wsatuated carponyl compound
M a-carbonyl radical
R 0Bn, /8
N .
R o) it \ /h" a4 :F
HK. \/\r tr'ansmor; slztg. R R{p,"
six-memberd ring . B‘““‘ 8]
Scheme 1. ™ ' sz

R



ie

1-3. Total synthesis by Dvornikovs (Biomimetic Total Synthesis) (J.Am.Chem.Soc. 2006, 128, 2550)

rOutline of Snythesii] """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
o o
H O
- H /
= O T = \
OrO ““““ » H o
~ > N-Me
UCS1025A 0 OMe
intramolecular /Ty (o]
Diels-alder reaction O or=0 +

# How trans decalin formation occurs during the biosynthesis ?

only UCS1025A is formed __, the Diels-Aider reaction is thermodynamical reaction.
under chemical condition { both UCS1025A and tetraepimer —» an intermolecutar Diels-Alder(IMDA) cyclization is operative
are formed

- H =% H 4
. Og‘ -~ T OF — \ OH/ % H_
""" 3 HO
o H e ” L ’
ucstoasa % enol ring-opened o
) ) ) pH7.4 N /o
In the aprotic organic sovent, keto tautomer predominates. H,O - H
Ho,c' OH O
diol H

# Isomeric species (keto and enol and the ring-opened carboxylate) were observed during the isolation study.

1

All isomeric spieces possesses dienophilic character. Is the reaction rate and diastereoselectivity unique to each of these

structures?
Synthesus of intermediateA
Scheme 2¢
X u I
N o)
Oﬂ 0= N\ oP O o o= Lop
y N N
u" ~COR  \ ]/ H ~COP
COMe s o ¥

B8R =Me¢ 10x=H 12
a
7 2 S9non =219, gixoy 2/
Throughout: P = TIPS (i-PriSi). (a) TIPSOTE, BuN. CHCY, nt, 97%:
(b) LIOH. THF, H,0. nt, 97%: (¢} CaDs. 80 °C, quantitative (by ‘H NMR):
(d) NaHCOy, HAO. CHCly: b, rt. 93%: (&) TIPSCL EuN, EO, 1it, 82%.

7712




(13H orotected 15:16 = 4:3 unseparable

ring-opened) 65°C 2days

not selective

i
17 ——
(OH protected enol) 18:19=1:2 not selective
65°C, 18h.
with Lewis acid
e
17 . 18
Choe,i-20h 5b rapid cyclization!!
(ring opend —_—_—— 1:3=1-1 not selective
natural substurate ) ft >10min
P .'-= 4
< o P _] ,f-...\cmor d
\ 18,10,15,18 tstraep)- S8 2
Y J “ Throughout: P = TIPS -PrySi. (a) i-PeMpCY. THFfether, 30 °C.
10 min then 13, 50 °Clio 1, 33%; (hy CDCl. 65 “C. 2 days. 69%; (¢)
Y- « KF, MeOH. 1. 3 min. 70~ 100%Td) HEepy, MeCN. 1. 2 days (56% to 1 under argument
/ + 3 from 17 74% 0 2); () ZnClaEr,0, CHAClz, 71, ca. 1K h. 56% or
CixCly. 63 °C.

4
This IMDA needs some enz to Qccure the reaction(Diel’s—Alderase??2
, or might be an en?y’?n’%‘atﬂnﬁ%ﬁ(?s\tﬁ@one product.

Experiments in biologically relevant (aqueous, metal-ion mediated) is needed.

4a,b Sa,b 6a,b

aR = methyloctaling {as in 1) B R = undeca-1,7.9-trenvt (as in
7 2 (3(9.10.15.180taep)- yloctalin {as in 1) Wiesin2
4 UCS1025A

8712



3. GRN163L - an application to clinic -

oligonucleotide N3'-P5' phosphothioamidate
negatively charged at neutral pH
resistant to nuclease degradation
high specificity and stability for DNA targets

secondary stabilizing interactions with the regions of hTERT

both in vitro and in vivo improvement
(Cancer Research 2005, 65, 7866
Oncogene 2005, 24, 5262)

a
& & armes

& ]
7
LEIT

without
FUGENES

comparsion of GRN163 and GRN163L
in TRAP

Table 1 Compatison of tebomerine activy 3C, vahies botaeen
GRNI63). und GRN163 in tomor cell hings®

Cell fype Co¥i tire CRNI63L:  GRNIG:  Fohd 3
o M o i M
Ceyvical HT-2 0.29 i.3 48
Glioblastoma LS 037 .33 16
UR? [{83 ] i3] 43
fHepatoma tep3B 1.35 302 22
HepGi2 G.48 4 37
Lung NCE Q.23 0.8 iz
Melanoms Mi4 0.33 0.89 20
SK-MLL-2 v.fY 113 39
SK-MEL-S 0.3% .54 14
SK-MEL.28 .94 3.29 18
Moyckowna RPM) 8226 28 269 7.3
Ovarian Owveors .92 303 33
Progtate DS @15 8 9

comparsion of GRN163 and GRN163L

Oligonucleotide Oligonucleotide
Phosphoresters Phosphoramtdale.s“ o
A

: \/L_ yT

N Vivo

lii ificati
1st generation ; GRN163 ipid moditication 2nd generation ; GRN163L

sevenfold higher activity
due to increase of up-take

another trial was lipophilic carrier; not easily translate to clinic
(fow toxicity and easily administered)

# Currently in Phase 1 clinical trials for solid tumors patients
Phase 1/2 for chronic lymphocytic leukemia(CLL)

Nov. 10, 2006
Geron reported

the first clinical trial data, which showed the safety , tolerability and predicted pharmacokinetics
in low-dose cohorts from a Phase1/2 trial in patients with CLL and a Phase 1 trial in patients with solid tumors.
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# Synthesis How to synthesis?
phosphoramidate transfer methology 0 Synthesis?
Oligonucleotide N3' to P5' thiophos| horamidates ( Tetrah, i
PRospl (Tetrahedron letters 1999, 40, 7661) Ohgonucleotide
R y phosphothioamidate
1 Key coupling partner !
; L f
;. ECOPN H
H o T_ B
RON o BholJMNL : O !nro 8 FON o
RO B 0
O
e ——————— ———
H,N coupling sulturization HN detritylation HI
i ~p=8
amidatejtransfer ECOHE ECO_,";:S ECO g
i [e] B 0. B
R
TAHN FeN
TrtHN
; NH, NH, o o :
: NH SN NH NH :
eace | f RS B CLr (L
¢ N Z N“0 '
i N N7 UNH, p' 0 H ” 0 !
E Adenme Guanine Cytosine Thymidine Uracil é
(o]
* the most common reagent for
Sulfur-transfer reagent(Beaucage reagent) (. Org.Chem. 1990, 55, 469 S Beaucage reagent °s"§t‘:;,‘,‘e°';°g‘:f C"?,"Spmm'h"’a'es
3
Reaction mechanism e for prolonged period of time )
without losing signicicant activity.
* poor stability in solution once

= installed on the DNA synthesizer.

iMe0),Tr0 -w r (hmﬁeow 1Me0), 710 w
0 0
[}
~ |
~~~0CE Co :—Gl——oce $=p o OCE o
== e | ' — | Tt /
: o
k‘j e Wl
12 B3 10

é\;»f”

0,
" "® "o
13»; BuTulr-Thyminyi 14a-¢ 15a-d
b; Bx1.{N-&-Benzoyicyfnsinyi)
¢ Bx28-(N-6-Banzoyiadeninyt} . . .
¢ Bx8-(H-2-lxobuty:yiguaninyl 15a-d were obtained in 99% vyield!!

(lhO)gt gi{p-anisyljphanytmethyl
s-eyanosthyi
CPO: Cortislied-pore glass

0O

i O.
1st generation 2nd generatlgn % ©:_(,
’ rt rapld addition, Dt A

I}
s g
S=0
1
0
Only 25% yield
*accelerate the intramolecular H,0,
nucleophilic attack

40-42°C, slow addition
three times

0 3rd generalion

- Beaucage reagent

“increase the electrophilicity of sulfonyt group
“destabilize the sulfur-sulfur linkage 1012



N3 to P5' oligonucleotide Phosphoramidales(PhQ§phgrgmigate Am’ ine-Exchange reacton)

(J. Org. Chem. 1997, 62, 7278)

@qwok‘\j
G0
h 0

+ Ny

Scheme £

2 @—”}'\4"

How about?

Oligonucleotide

CPG}—NH_ Y
™ Phosphoramidates

1#H-Yerazole N m:' o
Ao o CHgON Ne~oT o o Bt PYITHE NG o" 0 Lo, B
- R R
...... / (o] o 8 ;
i \g 4+ NH 4 n
; Tr s
b
I N +
Key coupling partner ] ‘ detritylation
How to prepare key inetermediate 4 Scheme 2
H
\;(o 1} K. 10% PGC, EIOH O _._( \;(
o N o N
[ \g_]’ 2 TG ELN, by _\(_7
83% NH
57% n'.a = avusoyl i 2
14 o X o ‘ YA
C R H2 ReT: 15 % A Syep Y
92% R= T 13 ¢ [ 80% 92% ( R=H:3 \.4?0?03% HO—_ 0 NA g Woon b _( om
L " +PrpaNEs, C*
a THCI. pyridine, 90°C, 3h o by - ﬁ ';:‘
b PPh;, DIAD, MeCN,0°C, 12h Ao ’ PP

¢ NaN; DMF,140°C,12h
d TFA,CH,Cl,/MeOH ,10h

total yield 4-5%(purine) and 15- 20%(pyrimidine)
preparation of purine 10steps, pyrimidine 7steps.

New approarch to oligonucleotide N3' to P5" phosphoramidate building blocks ._____L

(Tetiahedron Lefters 2006,47, 4495)

Nowdays 3' amino nucleosides are comercially available!! —

Preparation of Thymp

0
Ho Sy
‘ VoS
- -
HN
Te
g
NR, ; ﬁL‘NH
CEO~H }
o NV
[ /
\\ O~/
s B L
HN
N

Sehemie £ Synihesis of (hvnidioe  phosphoramidite 3. whese (1)
TrC)L BNy, (@) (P NIPICHOCE. £ONils; R = CE=
2<cyanoethyl

overall yield up to 70%

Preparation of Adenine
Due to presence of secondary amino group, different tritylation condition is used.

NH,
N
ey
HO -, \;‘ N
N ,
AAAAAAAA - .
HN,
N
T:
NH-Bz
KR N
o CEO--p <X )
HO-. N N
\/oj e O
HN, 1N
\ 5
Tr T

Scheme L. Syothevis of sdonosse phasphocumdit: Ta. where 13 FeCh Py/DNMF/ELNL S BzCL Py, (0 $PRINPCEOCE, EBINUPr; R Po
Ci o Jayonoethyl.
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4. What' going on telomerase inhibitor?

# comparsion

Advantage Limitation

targeting telomerase on the way to the first approved telomerase inhibitor! delay of efficiancy

effects dependent on initial telomere length.

. significant antitumour activity in vivo interact with nonteloimeric G-
TTAs(telomere targeting agents) within a few days of treatment. {non-specific) rielomenc Grauadruplexes

broard-spectrum utility
(solid tumors and haematological malignancies)

# Underlying biol i mplicated.

? 2?
telomere length ——— telomerase activity ———-  telomere capping

the engagement of an alternative lengthening of telomere mechanism

resistance ?7??

recombination
participation of other enzyme(DAN reptication, DNA repair)

# Selection of relave ieces

Mice have relatively long telomeres and different telomerase biology.
So it's difficult to predict clinical utility of findings from regulatory toxicology and safety pharmacology studies conducted in mice.

—— appropriate preclinical human xenografted tumor experiments

lini m
optimal scheduling, predictive markers,

pre-selection of patients to use measures of telomere length in biopsy material

— need to combine with other established molecular targeting agents
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