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Hybrid Tylomys Karyotype

Pathak S. et al., Chromosoma, 1973.
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2n = 20
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“The chromosomes never lie”

Pathak, S., 1972 







What is cancer?

Normal cells vs. cancer cells

Normal cells:

 exhibit orderly, 
controlled growth

 repair damaged 
DNA

 produce new cells only when needed

 undergo a genetically programmed 
cell death



Cancer cells:

 grow in uncontrolled,

patterns

 display unregulated 

cell division

 are unable to perform their specialized functions

 grow beyond the boundaries of normal tissue

 fail to die at genetically regulated time

What is cancer?

Normal cells vs. cancer cells



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

• Self renewal

• Migrate

• Differentiate

• Proliferate indefinitely

• Are heterogeneous with 
different phenotypes

• Express telomerase

• Are tissue –specific

• Have extended telomere

• Undergo organogenesis

• Undergo apoptosis

Cancer stem cells

• Self renewal

• Metastasize/migrate

• Differentiate

• Proliferate indefinitely

• Are heterogeneous with 
different phenotypes

• Express telomerase/ALT

• Are tissue –specific

• Have extended telomere

• Undergo limited organogenesis

• Undergo apoptosis



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.
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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.







Mechanisms of Telomere Length 
Maintenance

• 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  





• Ribonucleoprotein complex
– Telomerase reverse 

transcriptase (TERT)
– RNA template (TERC)

• Expression is negatively 
regulated: human somatic cells 
do not express telomerase, 
resulting in telomere 
shortening.

• Adds de novo telomeric 
repeats

Telomerase= TERT+TERC



Telomere conformations

Closed conformation

Open conformation
DNA replication?

A specialized DNA protein Complex 
at the tip of linear chromosomes



Crisis

Human somatic cells Mouse somatic cells

Differences in telomere length regulation between human and mouse















Indian Muntjak,  2n = 6♀ , 7♂



Indian Muntjak



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)





Grasshoppers



Hypothesis

• Telomere amplification is a biomarker of 

cancer metastasis and therapy.

• Telomere erosion plays an important role 

in cell death.



























Paclitaxel-treated K1735-X-21







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



Metaphases from aging DON cells



Senescent DON cells





Ara-C –treated X-21 clone





Western blot









Syndromes with accelerated 

aging

• Progeria

• Werner Syndrome

• Ataxia Telangiectasia (AT)

• Down Syndrome
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Mutagen Sensitive Family



Pathak et. al.,  2004



Werner Syndrome

15-years-old 48-years-old

•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

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

+/-

-/-

-/-+/- G1    long telomeres

G2  shorter telomeres

G6 or G7     critically short telomeres

Mating scheme to generate mTERC-/- mice





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

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

G4-6 mTERC-/- WRN-/- (70% penetrant by 8 months of age)

stunted 
growth

alopecia &
hair greying

cataract

kyphosis



Osteoporosis & Pathological Fractures in
Adult G4-6 mTERC-/- WRN-/- Mice
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. .

Hypothesis: manifestation of WS phenotypes in mice requires critical 
telomere shortening.
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Glucose Homeostasis in mTerc & Wrn Mutant Mice

Elevated Fasting Glucose
Abnormal Glucose Tolerance
Elevated Fasting Insulin

Type II
Diabetes

Glucose Tolerance Test Fasting Insulin Levels



Hypogonadism in G4-6 mTerc-/- Wrn-/- mice

G4 mTERC-/- Wrn+/+ G4 mTERC-/- Wrn-/- G0 mTERC+/- Wrn-/-
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G5 Wrn+/+

G5 Wrn-/-

Increased Signal-Free Ends and Decreased Telomere 
Length in G4-6 mTERC-/- WRN-/- Bone Marrows 
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Chromosomal Fusions & Structural Aberrations in G4-6 
mTERC-/- WRN-/- Mice
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Anaphase bridge index correlates with the level of 
telomere dysfunction

p=0.0032
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Clinical Aging Correlates With Intestinal Crypt 
Apoptosis and Anaphase Bridging
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Neoplastic Impact of WRN & Dysfunctional Telomeres

•Increased Cancer Incidence
85  62 weeks

•Shift towards WS Spectrum
Lymph  Osteosarcomas

•Chromosomal Aberrations
Fusions, Breaks & NRTs



Purnima R. Laud et al. Genes Dev. 2005; 19: 2560-2570

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

aberrations



Purnima R. Laud et al. Genes Dev. 2005; 19: 2560-2570

Figure 2. Characterization of telomere structure and TDMs in G5 mTerc-/- Wrn-/-

immortalized clones



Tumorigenic potential of 

immortalized MEF’s

• Immortalized MEF’s were transfected with 

H- ras and injected in SCID mice. 



Parental G5 m/Terc–/–Wrn–/–#1 P1 4 0     n.a. 

Parental G5 m/Terc–/–Wrn–/–#2 P2 8 0 

Parental G5 m/Terc–/–Wrn–/–#3 P1 4 0 

Immortalized G5 m/Terc–/–Wrn–/– + vector #1 P2 8 8 43 d 

Immortalized G5 m/Terc–/–Wrn–/– + vector #2 P2 8 6 42 d 

Immortalized G5 m/Terc–/–Wrn–/– + vector #3 P3 8 6 48 d 

Immortalized G5 m/Terc–/–Wrn–/– + vector #4 P5 8 4 41 d 

P < 0.004 

Immortalized G5 m/Terc–/–Wrn–/– + H-Ras #1 P2 4 4 25 d 

Immortalized G5 m/Terc–/–Wrn–/– + H-Ras #2 P2 4 2 26 d 

Immortalized G5 m/Terc–/–Wrn–/– + H-Ras #3 P3 4 4 20 d 

P < 0.01 

Immortalized G5 m/Terc–/–Wrn++ p53–/– #1 P3 4 0 n.a. 

Cell lines
sites tumors days

Summary of SCID mice S.C. tumor injection 



Purnima R. Laud et al. Genes Dev. 2005; 19: 2560-2570

Figure 5. Transformation and tumorigenic potential of immortalized G5 mTerc-/- Wrn-/-

MEFs



Purnima R. Laud et al. Genes Dev. 2005; 19: 2560-2570

Figure 3. T-SCE is elevated in G5 mTerc-/- Wrn-/- cells



Purnima R. Laud et al. Genes Dev. 2005; 19: 2560-2570

Figure 6. Engagement of the ALT pathway in H-RasV12 and V-sarcomas



Immortalized 9B-1 before and after injection in SCID mice



Immortalized MEF cells (9B-1) 



Tumor following 9B-1 injection  in SCID mice 



Tumor from a Pot1-a deleted mouse breast using MMTV-Cre



ShortTelomeres are required for WS Pathogenesis

Human WS
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Cataracts
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Skin defects
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Post-transplant telomeric DNA analyses in 3 Patients
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Post-transplant telomeric DNA analyses in a single 

patient after two stem cell grafts
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EC Parental JMC Clone

Giemsa stain



EC Parental JMC Clone

Telomere FISH







Telomere Dynamics in Cancer 

Cell Proliferation and Apoptosis

Sen Pathak

Department of Cancer Genetic, The University of Texas 

M. D. Anderson Cancer Center, Houston, Texas 77030, 

USA





Pathak et al., (AMD), 1975.





Mechanisms of Telomere Length 
Maintenance

• 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  







Azoospermia



Ruta  Structure



Ruta treatment on GBM



Ruta treatment



Ruta and PBL



Ruta treatment



Table 2: Frequency of normal and abnormal metaphases in Ruta 6 +

CaPO4  -treated human brain cancer cells

Experiment

Number

Dose Mitotic

Index

(%)

Duration

(hours)

Normal

Metaphases

% 1S       % 2S

%

Metaphases

with

Aberrations

SP4262 Control 15.8 24 90.2             2.0 8.0

SP4363 Ruta 6

(Low

dose)

10.3 24 42.8            7.6 49.5

SP4364 Ruta 6

(High

dose)

9.6 24 30.7            4.9 64.3

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 + CaPO4

Experiment

Number

Dose Normal Metaphases

% 1S        % 2S

 % Metaphases with

Aberrations

SP4338 Control 92.0              8.0 0.0

SP4341 Ruta 6 91.4              3.8 4.8

SP4345 0.2 µ M H2O2 46.0              6.0 48.0

SP4342 Ruta 6 + 0.2 µ M

H2O2

79.0              2.0 9.0

SP4343 Ruta 1 91.2               4.9 3.9

SP4344 Ruta 1 + 0.2 µ M

H2O2

87.4               3.9 8.7
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Human Brain Cancer Cells

0

20

40

60

80

100

120

M.I.                 Normal            Abnormal

M
e

ta
p

h
a

s
e

s
 (

%
)

Control

Ruta only

H2O2 only

Ruta plus H2O2



Parental P1 Parental P4 Immortalized P1 SKY

G5 mTerc-/- wrn-/- MEFs exhibiit chromosomal 
aberrations

Mouse embryonic fibroblasts in culture
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p53/pRb inactivation

Normal cells Premalignant cells Malignant cells

ALT

Cell death
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Regulation of telomere length in normal and 
cancer cells by telomerase




