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GSBS is a Collaborative Institution between MDACC
and other Univ. of Texas Schools
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S. P. Ray-Chaudhuri, T. C. Hsu and S. Pathak, 1980
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Pathak S. et al., Chromosoma, 1973.
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“The chromosomes never lie”

Pathak, S., 1972



Origin of Species and Cancer

Survive

Protection from
natural predators

Plenty of food and
water supplies

Migration
Prolific breeder

Survive
Protection from
natural predators

Plenty of growth and
angiogenic factors

Metastasis
Prolific cell division




Cancer Development

INTERACTION (S)

GENETIC ENVIRONMENTAL
BACKGROUND EXPOSURE
(Genotype) (Internal & External)

CANCER




Normal cells:

What IS cancer?

Normal cells vs. cancer cells

exhibit orderly, | '
controlled growth )

repair damaged

DNA

noroduce new cells only when needed

undergo a genetically programmed
cell death




What 1s cancer?
Normal cells vs. cancer cells

Cancer cells:

Cancer

grow in uncontrolled,
patterns Cytoplas m-

display unregulated
cell division

are unable to perform their speuahzed functions
grow beyond the boundaries of normal tissue

fail to die at genetically regulated time



Cancer originates in the
organ/tissue-specific stem cells

The development of individual organs in human
embryos involves the formation of tissue-specific
stem cells.

Only stem cells participate in organ/tissue
homeostasis by replacing old somatic cells lost
as a result of aging, injury or disease.

Only cycling (stem) cells accumulate mutations;
non-dividing do not. > 95 % human cancers are
sporadic.

Established cell lines from human and mouse
tumors have their own cancer stem cells.



Similarities between Normal Stem
Cells and Cancer Stem Cells

Normal stem cells Cancer stem cells
e Self renewal e Self renewal
« Migrate » Metastasize/migrate

 Differentiate .
* Proliferate indefinitely

« Are heterogeneous with
different phenotypes

» EXxpress telomerase
« Are tissue —specific
« Have extended telomere
« Undergo organogenesis
« Undergo apoptosis

Differentiate
Proliferate indefinitely

Are heterogeneous with
different phenotypes

Express telomerase/ALT

Are tissue —specific

Have extended telomere
Undergo limited organogenesis
Undergo apoptosis
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The Mother of All Stem Cells?

Spradling AC & Zheng Y., Jan. 26,Science Vol: 315, 2007



The Dynamic Chromosome

« Chromosomes evolve by modification,
translocation, deletion and recombination of
genetic material.

 Relating these dynamic (evolutionary)
changes to the functional biology of the
chromosome and now the telomere biology
remains an even greater challenge.



Chromatids
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H. J. Muller Barbara McClintock



Functions of telomeres

Telomeres protect the chromosome ends from
degradation and fusion.

Telomeres mask chromosome ends from DNA -
damage response that might trigger senescence
and apoptosis.

Telomeres help position the chromosomes in the
nucleus.

Telomeres provide means of maintaining
chromosome length through many generations of
replication.

Telomeres Initiate chromosome pairing in meiosis.
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Telomere: A specialized DNA-protein complex at the tips of linear
chromosomes.

Mammalian telomere DNA consists of tandem repeats of TTAGGG plus
a variety of attached proteins. The telomeres havea
single -stranded 3 overhang

- TTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGG-3’
3-AATCCCAATCCCAATCCCAATAAAAATCCC-5"

The average length of the double -stranded TTAGGG repeat varies
among species:

MiCE =mmmmmmmmmmmem 50,000 bp
Man --—-----—--- 10,000 bp
Cattle ----—----— 13,000 bp to 20,000 bp

The single-stranded portion 1s believed to loop back and attach to the
double -stranded portion to from what 1s referred to as a tloop.







Mechanisms of Telomere Length
Malintenance

« Telomerase-mediated; common in cancer cells, slow
process, less heterogeneity in telomeres

« Recombination-mediated or Alternative lengthening
of telomere (ALT); rare in cancer, sudden increase,
great heterogeneity of telomere size (ranging from
undetectable to abnormally long) within individual
cells, presence of nuclear bodies containing
extrachromosomal telomeric DNA

« Both mechanisms operating simultaneously in some
tumors






Telomerase= TERT+TERC

»  Ribonucleoprotein complex

Telomerase reverse it ,/FMAseermsesﬂaes
transcriptase (TERT) AL
RNA Templa'l‘e (TERC) Eeigation ‘ reve;eelggggz:;tase

,| 4" 7~ TTAGGGTTA GTTAGGGTTAG3"

+  Expression is negatively WhlpTecciEceCliN -~
3'

regulated: human somatic cells Translocation‘, Womersss
do not express telomerase, :
resulti ng in telomere l,l, {)A’j L'f T TNaOoTT T TAG "\/ 5
shortening. Reriatia éﬂ\/\ 3
. elongation l
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Telomere conformations
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telomere ioop]
subtelomeric — — — 2

region '
sl

centromere ——— T T mEaR

telomeric DNA [D-loop’ )
repeats (human): Closed conformation
(TTAGGG)n l I

subtelomeric -
region — R \
telomere| —

metaphase chromosome

Nucleosomes

A specialized DNA protein Complex

at the tip of linear chromosomes Open conformation
DNA replication?



Differences in telomere length regulation between human and mouse

~ |Human somatic cells Mouse somatic cells
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Spontaneous abortion
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Mental Retardation Fountain of Youth

Bone Marrow Transplant Aging - L
Immortahzatlon
leferentlatlon
Cell Cycle Regulatlon Cancer, Metastasis

(Mitotic Clock) and Resistance

Gene Regulation Telomere ——Drug Development

Dynamics
Speciation / \ Apoptosis
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Indian Muntjak, 2n= 6% , 75




Indian Munt jak
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Tympanoctomys barrerae, Viscacha Rat, 2n = 102



Comparison of Rodentia
and Carnivora

Order- Rodentia
Comprises of 35 Families and 443 genera
Family: Muridae
There are 281 genera and 1326 species
(2n =10-102)

Order- Carnivora
Comprises of seven Families and 101 genera
Family: Felidae
There are 17 genera and 38 species
(2n = 36 — 38)
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Hypothesis

« Telomere amplification is a biomarker of
cancer metastasis and therapy.

« Telomere erosion plays an important role
In cell death.









Fabde FHUMAN AND MURINE CANCER CELL LINES STUIMED FOR TELOMERIC SIGMNAL
INTENSITY

Metastatic Nl el Telomeric area
or invasive  chromosome (%)
Cell Lines patential number medlan mean
Froatair
I.5CaP M E9 .05 0.7k
C4-1 k| K2 1.Th 1.80
Breasi
MLIkA MB 468 "-' L9 024 43
MMiIba MEB 415 4] 5 I3b 2.H1
MDA ME 435 Br.l .M %6 I.34 .58
MIEA MH 435 lung ? L3 Eh 2! 4.n1
Renal
L | 1 1IN .55
SN PG W] il 0.l oy
Cnlon
L0 .M L] LI iz
KM 125% ™ L. .35 0.40
kKM 12104 M £l 11 20

Malignant Gilinma

MOGH 2 L1 i .11 0h.1%
HET & LI L] .05 .06
MGEI (11 &3 i.&0 1.70

S Mommetusizii LW = lewly meiasia e M o= metasiatie; L= low or pon-invadaive; HI = highly invasse



Table | - Continued

Mretastatic Mundal Telumeric area
Cell Lines or mvasive  chromosome (%)
polential mumber —_—
median mean

Human melanoma

AITSP LM 125 p.73 .92
AITESM M Hl 1.61 2.0
ATSCISN M 64 1.0 1.39
TXM-18 LM el 0.0 0.03
X M-1 M 68 0.39 0.41

Mouse Melanoma

[ i LM 4% 6.9 8.37
K1735 C13 N 42 140 2.49
KITI5 (4 M 44 h4l 7.3
k1735 CX21 M 41 500 7.80

Human-meuse melanoma hybrid

HIT{AYISCIEN x KITASCI%H) LM 110 .81 0.8%
H6{AITSCISN x KI1TASC19H) M 151 .79 .03
HISM{AITSC18N x K1735C3H) M 131 441 4.54
HI4MEM{AITSCIEN x KI1T3SC3H) M T 305 173

N = Nonmeiasiatic: 1M = lowly metastatic; M = metasiatic; L1 = low or non-invasive: HI = highly invasive



Table 1: Telomere studies in PHA-stimulated lymphocytes of prostate

cancer patients

No. | Category | Our lah. Age  Ethni- | G.G PSA Y ulomea
No. (yr) city Levels srea
( ng/ml)

0 [0 Ko HB 1880 40 AA j W (—

2 |C HB 1881 68 AA T

3 |C L3 1882 47 | AA 7 f
L 4 1C HEB 1883 47 | AA S 142

§ |C 1B 1884 49 |lAA | 2.03
6 | C HB 1885 56 AN 1148

2: 10 B 18 AN 1.59

8 C B 1887 56 | AA L L7e

9 |C T HR ISR 88 AA 1.64
L1 NM uBleon |seolw o ﬁ_uu

2 |NM HB 1653 S5 0w 6 2.13

'.: ' 1:13 A ﬁg 1383 ET Lo

N 17 47 W 7 L04

S INM HBI6A3 (el W (34 49 [147

& |NM HB 1631 55 AA 1 A L4

7 | NM CHB 1637 76 | W 3 <02 | L32
.8 | NM B 1629 [ N\ S [ 142 | L6%

9 | NM H 7 1AA |7 1.6 B % (L E—

10 | NM HB 1645 60 W i — - X 5 M

11 | NM HB 1614 51 W 7 Lp J L0

HB 1682 (65 H L3
MW 8 ) R X )
LR HB 1654 W 2 L LO4

15 NM HEB 1704 A4 AA Un 1.98
LM HBI7T29 68 | H . 281 247

2 M CHBIs20 44 | W 2.37

i M " HB1720 %0 | H 308

i |M  HB 168% | W :

3 . HB1es1 61 | W 400 125
6 IM | 1B 167 65 | W , _
I |M Hp 1670 |78 | W | 1338 |
L8 IM HB 1630 69 | W I R S S

9 M |HB1s46 |59 W 0.2 B o/ ——

M (B 1647 (67 H 134 308 4

11 M HB1746 |55 W I .

C=controls, NM= Noametastatic: M~ Metastatic discase G G-Gileason grade

W= White, H= Hispanic. AA= African American
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100 bp ladder
TU 8315
TU8316
TU8317










Paclitaxel-treated K1735-X-21









Multani et al., (Mutant CHO), 1999.



Metaphases from aging DON cells




Senescent DON cells




Senescent Don cells
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Ara-C —treated X-21 clone






Western blot

PC-3M  (4-2 X-21
TRF1-»> li. l.! . ~
wr- DY N S

0 1 2

ara-C (pg/ml)



Telomere Degradation in Apoptosis

DCC Alterations in Lung Cancer

The Shared Machinery of Cell Life
and Death

Adaptation to Anti-Angio
Therapy '







Conclusions

 Telomere reduction is the earliest event for cell
death (spontaneous or induced)

* Telomere amplification is the molecular clock
for metastasis and drug resistance




Syndromes with accelerated
aging

Progeria

Werner Syndrome

Ataxia Telangiectasia (AT)
Down Syndrome



MEAN TRF LENGTH (KBP)

r= 0.83
m= —41 bp/yr
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Age Related Telomeric Area
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Table 1. Frequency of abnermal metaphases in B-lymphoblastoid cells of the

chromosome-breakage syndromes and normals.
Normal Endoreduplicatio Tetraploidy Total
metaphascs n
(%) (%) (%) (%)

9.5 49

244
43 16.5 208
8.8

78

7.0
54
49
0.6 5.6
2164 0.0 8.2 82

Ne. of
examined
pr ]
188

102
208
249

229
166
164
17
110

XP = Xeroderma pigmentosum; FA = Fanconi’s anemia; BS = Bloom’s syndrome;
AT = Ataxia-telangicctasia; * = B-cell linc from a “normal™ female showing higher

rate of aberrations.

Metaphases
with
aberrations
(%)

14







0% telomeric area

10

*
*
*
1 *
L7 ]
pooled 3402p AT BS FA-1 FA-2 XP
control

P<0.001 as compared to pooled control
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Mutagen Sensitive Family
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Pathak ef a/: Telomere Erosion and Sunlight Sensitivity

Table 1. Clinical features, sensitivity to clastogens, telomeric area percentage and frequency of TAs in the family members studied.

Family Sex/age Complexion/ Metaphases TAs per cell Sensitivity b/c Telomeric
members  (years) eye color/hair color with TAs (%) arca %;
Bleo 4NQO (mean + SE#)
I-1 M/82 Fair/blue/red 9.0 0.15 1.06 0.42 1.87 = 0.13
I-2 F/78 Fair/blue/blonde 52.0 0.76 1.12 0.24 2.90 = 0.20
I1-1 M/59 Fair/blue/blonde 35.0 0.57 0.93 0.73 1.53 = 0.12
11-2 F/54 Olive/blue/dark brown 46.0 0.64 1.43 0.89 2.39 = 0.17
11-3 F/58 Fair/blue/blonde 46.0 0.59 1.54 1.06 1.35 £ 0.12
11-4 NDP - B - - - -
I1-5 F/58 Olive/blue/dark brown 20.0 0.26 1.34 0.43 1.86 = 0.15
11-6 ND - - - - - -
I1-7 M/52 Olive/blue/dark brown 10.0 0.10 1.00 0.34 2.16 = 0.13
-8 F/53 Fair/blue/blonde 3.0 0.07 0.33 0.27 227 = 0.18
I1-1 M/28 Olive/hazel/dark brown 36.0 0.34 1.45 0.68 1.48 = 0.16
I11-2 Fi25 Olive/hazel/dark brown 13.0 0.13 0.82 0.75 1.37 = 0.11
I11-3 ND - - - - - -
111-4 ND - - - - - -
III-5 ND - - - - - -
I11-6 ND - - - - - -
111-7 M;/30 Fair/blue/blonde 15.0 0.13 0.48 0.40 ND
111-8 M/24 Fair/hazel/blonde 220 0.18 0.72 0.30 2.66 = 0.19
11-9 M/22 Fair/blue/blonde 24.0 0.20 1.29 0.23 2.58 = 0.16

a SE, standard error.
b ND, not done.

Pathak et. al., 2004



Werner Syndrome

‘Rare autosomal recessive disorder (1 per million individuals)

‘Loss of function mutations in Wrn gene (RecQ DNA helicase)
DNA recombination, replication, maintenance of genome stability

Age-related phenotypes:
* Cataracts

» Graying of hair

* Thinning of skin & ulceration

» Osteoporosis/fractures

* Hypogonadism

* Diabetes (type II)

» Atherosclerosis

- Cancer-prone:
Soft tissue sarcoma
Osteosarcomas
Thyroid CA

Average Lifespan 46-48 yrs

15-years-old  48-years-old

-Understanding this model of pathological aging may shed light on the
molecular basis of normal human aging.



Mating scheme to generate mTERC-/- mice
e
|
‘L- ‘—‘- Gl long telomeres

‘—- G2 shorter telomeres

|

G6 or G7  critically short telomeres






Clinical Presentation of mTERC-/-Wrn-/- Mutant Mice

G1-3 mTERC-/- WRN+/+ or -/-
G4-6 mTERC-/- WRN+/+ No WS Phenotype

64-6 mTERC-/- WRN-/- (70% penetrant by 8 months of age)

stunted ~ cataract
growth
alopecia & kyphosis

hair greying




Osteoporosis & Pathological Fractures in
Adult 64-6 mTERC-/- WRN-/- Mice
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Kaplan-Meier Analysis of Overall Survival

Hypothesis: manifestation of WS phenotypes in mice requires critical
telomere shortening.

1. G1-63 mTERC-/- Wrn+/+ long telomeres
2. 61-63 mTERC-/- Wrn-/- g
3. 64-G6 mTERC-/- Wrn+/ +} short, dysfunctional telomeres
4. G4-G6 mTERC-/- Wrn-/-
= 100 1 = 100 G4-6 MTERC-/- WRN+/+
= = (n=47)
- G1-3 MTERC-/- WRN+/+ 2
a (n=55) A
§ 50 1 G1-3mTERC-- WRN-/- LL_' g 0
o (n=42) — ) p<0.0001
o o
0=0.8 G4-6 MTERC-/- WRN-/-
(n=39)
0 /;I T T T T T T 1 0 T T 1
0 40 50 60 70 80 90 100 0 25 50 75
Age (weeks) Age (weeks)

G1-3 mTERC-/- Wrn+/+ ~90+/- 4 wk G4-6 mTERC-/-Wrn+/+ : 81 +/- 9.2 wks
G1-3 mTERC-/- Wrn-/- " WKS  G4-6 mTERC-/-Wrn-/-: 24 +/- 5.6 wks



Glucose Homeostasis in mTerc & Wrn Mutant Mice

Glucose Tolerance Test Fasting Insulin Levels

250- =
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o o 0.75 7
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2 2 0.50 1
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-8 100+ n 0.25 1
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0 k=
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0 30 60 90 120 0.00 -

G5 Wrn+/+ G5 Wrn-/-

Time (Minutes)

Elevated Fasting Glucose > Type II
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Elevated Fasting Insulin DIClbeTZS




Hypogonadism in 64-6 mTerc-/- Wrn-/- mice
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Increased Signal-Free Ends and Decreased Telomere
Length in 64-6 mTERC-/- WRN-/- Bone Marrows

p=0.005 P=0.003
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Chromosomal Fusions & Structural Aberrations in 64-6
MTERC-/- WRN-/- Mice
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Anaphase bridge index correlates with the level of
telomere dysfunction

apoptosis T )
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Anaphase bridge index
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0.25

0.00

Clinical Aging Correlates With Intestinal Crypt
Apoptosis and Anaphase Bridging
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Neoplastic Impact of WRN & Dysfunctional Telomeres

G61-3 mTerc-/-Wrn+/+

Lymphoma 68%
Soft tissue sarcoma 16%
Osteosarcomas 13%
Other tumors 3%
61-3 mTerc-/-Wrn-/-
Osteosarcoma 52%
Soft tissue sarcoma 24%
Lymphoma 16%
Carcinomas 8%
S:r:;/:\r:/- / fus,on -Increased Cancer Incidence
- / 85 > 62 weeks
é” ,‘ - ‘\ -Shift tfowards WS Spectrum
o ’_br / Lymph > Osteosarcomas

Chromosomal Aberrations

Fusions, Breaks & NRTs
Ah ‘ T /,
fusion -~



Figure 1. G5 mTerc-/- Wrn-/- MEFs spontaneously immortalize and exhibit chromosomal

aberrations
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Figure 2. Characterization of telomere structure and TDMs in G5 mTerc-/- Wrn-/-
immortalized clones
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Tumorigenic potential of
immortalized MEFK’s

« Immortalized MEF’s were transfected with
H- ras and injected in SCID mice.



Summary of SCID mice S.C. tumor injection
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Figure 5. Transformation and tumorigenic potential of immortalized G5 mTerc-/- Wrn-/-
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Figure 3. T-SCE is elevated in G5 mTerc-/- Wrn-/- cells
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Figure 6. Engagement of the ALT pathway in H-RasV12 and V-sarcomas
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Immortalized 9B-1 before and after injection in SCID mice
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Immortalized MEF cells (9B-1)




Tumor following 9B-1 injection in SCID mice




Tumor from a Potl-a deleted mouse breast using MMTV-Cre




CONCLUSION

ShortTelomeres are required for WS Pathogenesis

Human WS Wrn-/-  G4-6 Wrn+/+ G4-6 Wrn-/-
Osteoperosis No No +H++
Cataracts No No 4+

Type IT Diabetes No No +++

Skin defects No ++ -+
Hypogonadism No ++ PP
Atherosclerosis No No No

Genome Instability No ++ 4+t

Mesenchymal Tumors No + ++++



CORD BLOOD TRANSFUSION
(vs Bone Marrow)

- Rich source of stem cells

- Cord blood can be pooled from different
individuals and then transfused

- No matchingis needed
« Survive longer than hone marrow cells
 Have much longer telomere repeats



FTable 1L Q-FISH studies in Bone marrow transplant cases
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BONE MARROW TRANSPLANT
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Post-transplant telomeric DNA analyses in a single
patient after two stem cell grafts
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Telomere Dynamics in Cancer
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Table 1. Human telomerase components, telomere proteins, and proteins
involved in the repair of telomeric DNA (tab001 nkg)

Telomerase
components®  Description

TERT (hTERT) Telomerase reverse transcriptase

TERC (hTR) Telomerase RNA component

HSPCA (HSP90)  Heat shock 90 kDa protein 1, alpha

P23 Telomerase-binding protein, p23

TEP1 (TP1) Telomerase-associated protein 1

SSB (La) Sjogren syndrome antigen B
(autoantigen La)

RPL22 (L22) Ribosomal protein L22

STAU Staufen (Drosophila RNA-binding
protein)

DKC1 Dyskeratosis congenita 1, dyskerin

NOLA1 (GAR1) Nucleolar protein family A, member 1
(H/ACA small nucleolar
ribonucleoproteins)

Telomere proteins

TERF1 (TRF1) Telomeric-repeat-binding factor
(NIMA-interacting) 1

TERF2 (TRF2) Telomeric-repeat-binding factor 2

TNKS (tankyrase) Tankyrase, TRF1-interacting ankyrin-

related (ADP-ribose)polymerase

TNKS2 (TANK2)  Tankyrase, TRF1-interacting ankyrin-
related (ADP-ribose)polymerase 2

TINF2 (TIN2) TERF1 (TRF1)-interacting nuclear
factor 2

RAP1 TRF2-interacting telomeric RAP1 protein

POT1 Homo sapiens cDNA FLJ11073, putative
telomere-end-binding protein

WRN Werner syndrome (control of genomic
stability)

ADPRT (PARP) ADP-ribosyitransferase [NAD";
poly (ADP-ribose) polymerase)

Telomere repair

MRE11A Meiotic recombination (Saccharomyces
cerevisiae) 11 homologue A

NBS1 Nijmegen breakage syndrome 1 (nibrin)

RADS0 Rad50 (S. cerevisiae) homologue

G22P1 (KU70) Thyroid autoantigen 70 kDa (Ku antigen)
XRCCS (KU80) X-ray repair (double-strand-break
rejoining; Ku autoantigen, 80 kDa)
PRKDC (DNAPK) Protein kinase, DNA-activated, catalytic
polypeptide (DNA-PKCS) (DNPK1)
ATM Ataxia telangiectasia; involved in
signal transduction, cell cycle control
and DNA repair

Chromosome

5p15.33
3q26.3
1q21.2-q22
12

14q11.2
2p14-q14.3

3926
20q13.1

Xq28
4q

8q13

16q22.1
8q

10g23.3
14q12-14q21.3

16

8p12-p11.2

1q41-q42

11q21

8q21

5q31
22q13.2-q13.31
2q35

8q11

11922-q23

Gene
accession®

NM_003219
HSU86046

NM_005348
XM_006707
NM_007110
NM_003142

NM_000983
XM_016758

XM_053357
XM_054788

XM_016344

XM_028687
NM_003747

NM_025235
XM_033252

XM_033974
AK001935

NM_000553

NM_001618

XM_045811

NM_002485
NM_005732
NM_001469
M30938

NM_006904

NM_000051

Protein
accession

014746

NP_005339
Q15185

XP_007488
NP_003133

NP_000974
095793

NP_001354
NP_127460

XP_016344

XP_028687
NP_003738

NP_079511
XP_007309

XP_033974

Q14191

P09874

P49959

NP_002476
XP_034865
P12956
P13010

P78527

Q13315
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Mechanisms of Telomere Length
Malintenance

 Telomerase-mediated; common in cancer cells,
slow process, less heterogeneity in telomeres

» Recombination-mediated or Alternative lengthening
of telomere (ALT); rare in cancer, sudden increase,
great heterogeneity of telomere size (ranging from
undetectable to abnormally long) within individual
cells, presence of nuclear bodies containing
extrachromosomal telomeric DNA

« Both mechanisms operating simultaneously in some
tumors
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Ruta treatment on GBM




Ruta treatment
.




Ruta and PBL




Ruta treatment

MGR1 B-cell line
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Table 2: Frequency of normal and abnormal metaphases in Ruta 6 +
CaPO, -treated human brain cancer cells

Experiment Dose Mitotic | Duration Normal %
Number Index | (hours) Metaphases Metaphases
(%) % 1S % 2S with
Aberrations
SP4262 Control 15.8 24 90.2 2.0 8.0
SP4363 Ruta 6 10.3 24 42.8 7.6 49.5
(Low
dose)
SP4364 Ruta 6 9.6 24 30.7 4.9 64.3
(High
dose)
SP4267 Ruta 1 12.2 24 22.8 1.3 75.9
SP4293 Ruta 0 0.9 24 0.0 0.0 100.0




Table 1: Frequency of metaphases with aberrations in a
B-lymphoid cell line treated for 24 hr with Ruta + CaPO,

Experiment | Dose Normal Metaphases | % Metaphases with
Number % 1S % 2S Aberrations
SP4338 Control 92.0 8.0 0.0
SP4341 Ruta 6 91.4 3.8 4.8
SP4345 0.2 uM H,0, 46.0 6.0 48.0
SP4342 Ruta6+0.2uM 79.0 2.0 9.0

H20>
SP4343 Ruta 1 91.2 4.9 3.9
SP4344 Rutal+02uM 87.4 3.9 8.7

H,0O,




Normal Human B-Lymphoid Cells
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Human Brain Cancer Cells

120
100 - & Control
B Ruta only
80 - @ H202 only
B Ruta plus H202

Metaphases (%)
3

M.I. Normal Abnormal



Mouse embryonic fibroblasts in culture
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Dysfunctional telomeres required for WS Pathogenesis

Human WS

Osteoperosis
Cataracts

Type II Diabetes
Skin defects
Hypogonadism
Atherosclerosis
Genome Instability

Mesenchymal tumors

Wrn-/-
No
No
No
No
No
No
No

+

G4-6 Wrn+/+
/-
No
No

++

++

No

++

G4-6 Wrn-/-

++++
++++
++++
++++
++++
No
++++
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Regulation of telomere length in normal and
cancer cells by telomerase
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