
TELOMERE LENGTH AND MALIGNANT TRANSFORMATION 

IN APLASTIC ANEMIA 

Rodrigo T. Calado, MD/PhD 

University of São Paulo at Ribeirão Preto Medical School 

Ribeirão Preto, São Paulo, Brazil 

BTG2012 

3rd International Hematologic Malignancies Conference 

Hong Kong, February 23-25, 2012  



TELOMERE STRUCTURE 

Calado & Young, Blood 2008 



TELOMERE LENGTH MEASUREMENT 

Calado & Young, Blood 2008 



TELOMERASE ELONGATES  
TELOMERES BY ADDING 

TTAGGG REPEATS 



TELOMERES ARE SHORT IN ACQUIRED APLASTIC ANEMIA 



Nail dystrophy 
Reticular skin  

hyper- or hypopigmentation 
Leukoplakia 

DYSKERATOSIS CONGENITA 
Bone Marrow Failure Associated with Mucocutaneous Triad 

Courtesy of B. Alter, NCI 



ACQUIRED APLASTIC ANEMIA 
Telomerase Mutations in Patients without Clinical Features of DKC 

Mutation Patient Diagnosis Family History 

Ala 202 Thr 41 yr Male Hispanic Severe AA -- 

Ala 202 Thr 75 yr Female Hispanic Moderate AA brother MDS 

His 412 Tyr 56 yr Male  White Moderate AA mother MDS 

His 412 Tyr 31 yr Male Hispanic Severe AA -- 

Val 694 Met 34 yr Male White Moderate AA sister MDS/AML 

Tyr 772 Cys 53 yr Male  White Moderate AA sister “anemia” 

Val 1090 Met 64 yr Female Hispanic Severe AA -- 

Yamaguchi et al., NEJM 2005 

Cohort of 205 patients with acquired aplastic anemia: 
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ACQUIRED APLASTIC ANEMIA 
Telomeres Are Short in Patients in with Telomerase Mutations 

Yamaguchi et al., NEJM 2005 
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FUNCTIONAL ASSAYS OF TELOMERASE ACTIVITY 

loss of function 
(hypomorphic) 

Yamaguchi et al., NEJM 2005 

haploinsufficiency 



HEMATOPOIESIS IN “NORMAL” RELATIVES WITH TERC MUTATIONS 

Hematology: 

 

   normal peripheral blood counts 

   mild anemia with macrocytosis 

   mild thrombocytopenia 

 

Hematopoiesis: 
 
   severely hypoplastic 
   љCD34 number 
   љcolony formation 
   јerythropoietin, thrombopoietin 

Fogarty et al., Lancet 2003 

proband affected sister affected niece unaffected brother 



TELOMERE LENGTH IN PATIENTS WITH 
ACQUIRED APLASTIC ANEMIA 

183 Consecutive Patients Treated with IST 

Shorter telomeres 

Longer telomeres 



RELAPSE RATE BY TELOMERE QUARTILES 

Telomere Length and Relapse 
 

Scheinberg et al. JAMA 2010 



Telomere Length and Clonal Evolution 
Multivariate Analysis 

Coefficient SD Relative risk P-value 

Telomere 
length -1.475 0.539 0.229 0.006 

Age 0.020 0.011 1.020 0.078 

ARC 0.192 0.374 1.211 0.610 

ALC 0.083 0.428 1.087 0.850 

ANC -0.446 0.326 0.640 0.170 

Platelet -0.262 0.283 0.769 0.35 

Scheinberg et al. JAMA 2010 



EVOLUTION RATE 
BY TELOMERE LENGTH 

MONOSOMY 7 RATE 
BY TELOMERE LENGTH 

Scheinberg et al. JAMA 2010 



SURVIVAL PROBABILITY 
BY TELOMERE LENGTH 

SURVIVAL PROBABILITY BY 
TELOMERE LENGTH & ARC 

Scheinberg et al. JAMA 2010 



Shorter Controls Longer
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INCREASED TELOMERE-FREE ENDS IN MARROW CELLS 
OF AA PATIENTS WITH SHORTER TELOMERES 

Long telomeres 

Calado et al. Leukemia 2012 in press 
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APLASTIC ANEMIA PATIENTS WITH SHORTER TELOMERES AT 
DIAGNOSIS ALSO DISPLAY MORE ANEUPLOIDY 

Long telomeres Short telomeres 

% Monosomy 7 cells in BM 

Calado et al. Leukemia 2012 in press 



del(1)(p11.2) 

t(5;18) 

Rob(14;22) 

ins(2;10) 

t(10;19) 

t(X;8) 

CHROMOSOMAL INSTABILITY IN APLASTIC ANEMIA PATIENTS 
 WITH SHORTER TELOMERES 

Calado et al. Leukemia 2012 in press 



TERT MUTATIONS IN ACUTE MYELOID LEUKEMIA 
Brazil Cohort 
 
N=133 consecutive AML patients (200 matched blood donors; p = 0.0001) 
 
11 TERT mutations:  7 heterozygous, 1 homozygous for A1062T 
    1 heterozygous H412Y 
    1 heterozygous R522K 
    1 heterozygous P65A 
 
TERT- AML:  2 inv(16), 1 complex, t(5;11)(q35;q13) + del(10)(p15), 3 t(15,17) 

 
MD Anderson Cohort 
 
N= 89 selected AML by cytogenetics (528 healthy controls; P=0.028) 
 
4 TERT mutations:   2 heterozygous for A1062T 
    1 homozygous for 411E deletion 
    1 heterozygous for V299M 
 
Mutations associated with trisomy 8 and inv(16) 
 
TERT mutations are constitutional and dominant loss-of-function. 

Calado et al., PNAS 2009 



DYSKERATOSIS CONGENITA 
Predisposes to Cancer 

Cumulative incidence of cancer Cumulative incidence of MDS 

Alter et al., Blood 2009 

Types of cancers and observed/expected (O/E) ratio 

Cancer   O/E  95% C.I. 

All sites   11*  4-23 

Tongue   1154*  232-3372 

AML   196*  22-707 

Cervical SCC  43*  0.6-236 
*P<0.05 



TERT LOCUS AND CANCER 
Genome-Wide Association Studies (GWAS) 



Telomere Erosion 

јƉϱϯ 
Senescence 
Apoptosis 

Chromosomal 
Instability 

Marrow Failure 

Malignant Transformation 



TELOMERE EROSION AND CANCER RISK 

Telomere loss 
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Inflammatory 
bowel disease 
Colorectal cancer 

Barrett’s 
esophagitis 

Adenocarcinoma 

TERT locus and 
general cancer risk 
Lung cancer, basal cell 

carcinoma, urinary bladder 
cancer, cervical cancer, 

glioma 



ANDROGEN THERAPY FOR APLASTIC ANEMIA 

May/90 
Feb/92 

16% 

48% 



SEX HORMONES INCREASE TELOMERASE ACTIVITY IN 

CULTURED HUMAN LYMPHOCYTES 

(n=10) 
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Calado  et al, Blood, 2009 



CONCLUSIONS IV 
Clinical Implications: Treatment 

• Selection of sibling donors for HSCT: mutation status 

• Telomere length measurement (silent carrier) 

• Mutation screening 

 

• Androgens as potential therapy for aplastic anemia patients with 

telomerase mutations 

• Response in 60% of dyskeratosis congenita patients 

• Response in some AA patients 

• Androgens in pulmonary fibrosis, cirrhosis? 

• Androgens for iatrogenic telomere shortening (Post-HSCT)? 
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