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Pathogenesis of ataxia-telangiectasia: the next generation
of ATM functions

Mark Ambrose' and Richard A. Gatti?

'School of Medicine, University of Tasmania, Hobart, Tasmania, Australia; and “Departments of Pathology & Laboratory Medicine, *Human Genetics, and
“Molecular Biology Institute, UCLA School of Medicine, Los Angeles, CA|
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DNA Repair 39 (2016) 1-20

Contents lists available at ScienceDirect

DNA Repair

journal homepage: www.elsevier.com/locate/dnarepair

ATM kinase: Much more than a DNA damage responsive protein @CmssMark
Ayushi Guleria, Sudhir Chandna*

Division of Natural Radiation Response Mechanisms, Institute of Nuclear Medicine and Allied Sciences, Delhi 110054, India

Proteina ATM (ataxia-telangiectasia-mutated)

* Pacientes AT apresentam inativacao ou auséncia da
proteina ATM (quinase de alto peso molecular)

* ATM nuclear (reconhecimento e reparo ao DNA) e
citoplasmatica (fosforila centenas de substratos
proteicos que ativam e coordenam vias de
sinalizacao)

Guleria et al. DNArepair. 2016; 39: 1-20.



Proteinas que sao fosforiladas pela ATM

DNA damage response
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ATM: sinalizacao vias metabdlicas
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A-T e Sinalizacao de Insulina

Bloqueio da atividade da ATM
em células do musculo >

PIP2  PIP3

esquelético de ratos:

t

- Fosforilacao AKt
significantemente reduzida

J (A
o

- Reducao na captacio de
glicose mediada por insulina

Halaby MJ et al., 2008

Adaptada Chakraborty et al., 2010




A-T e Sinalizacao de Insulina

Delecao ou mutacao do gene p53:

pS3: regula transcricao — expressao de genes antioxidantes e
envolvidos no metabolismo

Elevados niveis de EROS

Intolerancia a Glicose

Resisténcia Insulinica

Fosforilacao reduzida do Akt

- EROs podem interferir nas vias de sinalizacao da insulina e
homeostase da glicose Armata et al., 2010; Sablina et al., 2005




A-T e Intolerancia a Glicose

Células B pancreaticas:

- ATM-/-: reducao na secrecao de insulina e hiperglicemia
transitoria

causa primaria do diabetes

—> Declinio progressivona secrec¢ao da insulina: disfunciao das
células P pancreaticas possivelmente por apoptose das
ilhotas

Miles PD et al., 2007




Doenca Hepatica Gordurosa Nao
Alcoolica (DHGA)

Resisténcia
Insulinica

tAGNE

De novo
lipogenesis

Citocinas Pro-
inflamatadrias

Esteatose TNF o, IL-6
Hepatica

Adaptada Byrne,
2012



Case Report
Nonalcoholic Steatohepatitis in

a Patient with Ataxia-Telangiectasia
8 Caballero et al. Case Reports Hepatol. 2014: 761250.
'V ‘ R & '.
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* Paciente AT sexo masculino 2 anos
(diagnostico ha 6 anos) referido a servico
especializado por dislipidemia e alteracao nas
provas de funcao hepatica ha 3 anos

* Biopsia: lesdes semelhantes a esteatohepatite
nao alcoodlica (sindrome metabdlica)

— Imunohistoquimica: expressao da proteina ATM
ausente no nucleo dos hepatocitos.



Liver Disease in Pediatric Patients With Ataxia
Telangiectasia: A Novel Report

- - - - 2 - - S 2
Batia Weiss, 'Alexander Krauthammer, *Michalle Soudack, *Avishay Lahad, Slfat Sarouk,
"Raz Somech, 'Gali Heimer, Bruria Ben-Zeev, and 'Andreea Nissenkorn

- Estudo de coorte retrospectivo;
- 53 pacientes com A-T (9,9 £ 5,1 anos).

Resultados:
- 43,4% alteracOes das enzimas hepaticas;
- 39% esteatose hepatica (ultrassonografia);

- 2 pacientes biopsiados: 1 esteatose leve/moderada e 1
fibrose.

JPGN * Volume 62, Number 4, April 2016



Original Article

Linear growth and endocrine function in children
with ataxia telangiectasia

Mohammad Ehlayel'?, Ashraf Soliman!?3, Vincenzo De Sanctis*

"Department of Pediatrics, Weill Cornell Medical College, State of Qatar, 2Department of Pediatrics, Section of Pediatric Allergy-Immunology,
3Department of Pediatrics, Section of Pediatric Endocrinology, Hamad Medical Corporation, Doha, Qatar, *Pediatric and Adolescent Outpatient

Clinic, Private Accredited Hospital Quisisana Hospital, Ferrara, Italy

| 3 pacientes com média de idade 7,7anos

Table 1: Anthropometric and hormonal data in children with AT

HtSDS BMI MPHtSDS  IGF-I FT4 TSH Anti TPO Albumin ALT  Ferritin
(kg/m?) (ug/L) (pg/ml) (mlIU/L) (U/ml) (g/L) (U/IL)  (uglL)
Mean -14 15.1 -1.3 149 15.2 7.3 88.7 39.2 42.2 324.0
SDS 1.2 2.4 1.1 110 3.8 13.6 131 7.2 24.2 606.3
Number of patients investigated 13.0 13.0 13.0 8.0 13.0 13.0 13.0 13.0 13.0 9.0
Abnormal % 38 38 31 38 15 31 15 15 38 22

HtSDS: Height standard deviation score, MPHtSDS: Mid-parental height standard deviation score, IGF-I: Insulin-like growth factor 1, Anti TPO: Anti-thyroid peroxidase
immunoglobulin, ALT: Alanine transferase, FT4: Free thyroxine 4, AT: Ataxia telangiectasia, TSH: Thyrotropin, BMI: Body mass index, SDS: Standard deviation score

Indian Journal of Endocrinology and Metabolism. 2014; 18(1): 93-96.



DIABETICMedicine

DOI: 10.1111/dme. 13037

Short Report: Metabolism

Recessive mutations in the cancer gene Ataxia
Telangiectasia Mutated (ATM), at a locus previously
associated with metformin response, cause dysglycaemia
and insulin resistance

P. J. Connelly', N. Smith!, R. Chadwick?, A. R. Exley?, J. M. Shneerson? and E. R. Pearson'

"Division of Cardiovascular and Diabetes Medicine, Medical Research Institute, University of Dundee, Dundee and ?Papworth Hospital NHS Foundation Trust,
Cambridge, UK
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ORIGINAL ARTICLE

The relationship between nutritional status, vitamin A and zinc
levels and oxidative stress in patients with ataxia-telangiectasia

R. da Silva®®, E.C. dos Santos-Valente?, F. Burim Scomparini?,
R.O. Saccardo Sarni*<, B.T. Costa-Carvalho®*

Table 1 Characteristics and nutritional status of patients with ataxia telangiectasia (AT) and controls. Mean+ SD; median

(min-max).
Variables Patients (n=14) Controls (n=14) p-Value
Age (years) 13.14+4.96 13.2+-4.81 0.877°
Males 11/14 (78.57%) 11/14 (78.57%)
Pubertal development
Pre-pubertal 6/14 (42.8%) 4/14 (28.5%)
Pubertal 2/14 (14.2%) 6/14 (42.8%) 0.836°
Post-pubertal 6/14 (42.8%) 4/14 (28.5%)
Income per capita/month (S) 239.454+185.40 311.35+138.37 0.255%
Maternal education (years) 10.5 (1-12) 7.5 (0-12) 0.448°
Nutritional status
BMI (kg/m?) 15.41 (12.7-22.5) 18.3 (14.9-20.7)
Malnourished 6/14 (42.8%) 0
Eutrophic 7/14 (50.0%) 12/14 (85.7%) 0.009¢"
Overweight 1/14 (7.1%) 2/14 (14.3%)
Height (cm) 139.5 (97-163) 155.5 (119-183)
Low height 5/14 (35.7%) 0
Body composition
% body fat 16.93 (12.6-32.9) 15.2 (10.6-25.7) 0.550°
Adequate 11/14 (68.6%) 11/14 (68.6%)
High 3/14 (21.4%) 2/14 (14.3%)
Low 0 1/14 (7.1%)
Fat body mass (kg) 6.27 £+ 3.61 7.42+3.07 0.369°
Lean body mass (kg) 25.55+9.27 37.60+11.8 0.006"



Allergol Immunopathol (Madr). 2014;42(4):329-335
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ORIGINAL ARTICLE

The relationship between nutritional status, vitamin A and zinc
levels and oxidative stress in patients with ataxia-telangiectasia

R. da Silva®®, E.C. dos Santos-Valente?, F. Burim Scomparini?,
R.O. Saccardo Sarni®<, B.T. Costa-Carvalho®*

Table 2 Serum concentrations of malondialdehyde (MDA), retinol, beta carotene, and serum and erythrocyte zinc in patients
with AT and controls. Mean &+ SD; median (min-max).

Patients (n=14) Controls (n=14) p
MDA (pg/mL) 3.12+0.69 2.65+0.56 0.0632
Retinol (umol/L) 1.65 (1.0-4.2) 2.00 (0.9-3.4) 0.241°
Beta carotene (pmol/L) 0.25 (0.10-1.70) 0.20 (0.10-0.40) 0.129°
Serum zinc (pg/dL) 125 (100-150) 150 (100-150) 0.112°
Erythrocyte zinc (pngZn/gHb) 43.32+9.89 44.86 +8.37 0.660*

a Student’s t-test.
b Mann-Whitney test.



Biomarcadores do Metabolismo
Lipidico

1.006

Quilomicrons

1.02 | Remanescentes

-
£
S~
o
St
v
o
)
o
)
c
@
Q

Nao-HDL-c
(todas as particulas con-
tendo apolipoproteina B)

40 60
Diametro (nm)

Blaha, et al., 2008



Original Paper

A of
Nutrition Ann Nutr Metab 2015:66:196-201
Metabolism DO 10.1159/000430790

Risk of Atherosclerosis in Patients with
Ataxia Telangiectasia

Itana Gomes Alves Andrade® Beatriz Tavares Costa-Carvalho®

Rosangela da Silva® Sonia Hix® Cristiane Kochi? Fabiola Isabel Suano-Souza®®

Roseli Oselka Saccardo Sarni®

Table 1. Lipid profile, vitamins and cardiovascular risk markers in patients with ataxia telangiectasia and controls

Variables AT Control group p value
(n=13) (n=22)

Lipid profile
CT, mg/dl 179.0 (130.0-290.0) 153.5 (103.0-214.0) 0.038*
LDL-c, mg/dl 119.0 (78.0-211.0) 83.5 (50.8-136.0) 0.003?
HDL-c, mg/dl 41.0 (29.0-60.0) 54.5 (29.0-105.0) 0.008?
TG, mg/dl 91.0 (61.0-256.0) 65.5 (39.0-118.0) 0.005%
VLDL-c, mg/dl 18.0 (12.0-51.0) 13.1 (7.8-24.0) 0.004?
Vitamin E, umol/I 17.1 (8.0-32.4) 16.2 (9.2-32.9) 0.827°

Cardiovascular risk
MDA, nmol/ml 2.4 (2.0-3.2) 2.4 (2.1-3.0) 0.906
hsCRP, mg/1 1.5 (0.0-29.0) 0.6 (0.2-19.3) 0.113%
NHDL-c, mg/dl 141.0 (96.0-243.0) 96.5 (62.0-160.0) 0.0012
CT/HDL-c 4.3 (2.8-7.0) 2.7 (1.9-6.2) <0.001?
LDL-¢/HDL-c 2.9 (1.6-4.5) 1.4 (0.8-4.4) <0.001*%
log TG/HDL-c 0.4 (0.0-0.9) 0.1 (=0.3 to -0.6) 0.001°
Vitamin E/total lipids, pg/mg 2.8 (1.5-3.8) 3.4(2.2-5.2) 0.035°
Vitamin E/CT 9.8 (4.5-16.0) 10.9 (6.5-17.6) 0.152P
Vitamin E/TG 14.2 (7.9-24.6) 23.4 (16.8-49.7) <0.001°

Median (min.-max.).

a Student’s t-test; b Mann-Whitney- U test.

LDL-c = Low-density lipoprotein cholesterol; HDL-c = high-density lipoprotein cholesterol; TG = triglycer-
ides; VLDL-c = very-low-density lipoprotein cholesterol; MDA = malondialdehyde; hsCRP = high-sensitivity
C-reactive protein; NHDL-c = non-HDL cholesterol; CT = total cholesterol.



Apolipoproteinas x Pertfil Lipidico
Classico

- Obtencao por teécnicas diretas (CV <5%); - LDL-c - formula;
- Padronizadas por escala universal; - TG possuem 1 variacgao;
- Nao necessita de jejum. - Necessita de jejum.

A relacao Apo B/Apo A-I ¢ descrita como superior aos seus
valores absolutos na predicao de DCV.

Friedewald et al. (1972); Wagner (2000); Brunzell (2008); Srinivasan & Berenson (1995)



Apolipoproteinas

t APO B/APOA-1

—

T Colesterol das
lipoproteinas
aterogénicas

— =

T Risco para
aterosclerose

—

Millan, et al., 2009; Tian & Fu, 2010



Espessura do Complexo Meédio-Intimal
(CMI) da Carotida

Circulation. 2007 Jan 30;115(4):459-67. Epub 2007 Jan 22.

Prediction of clinical cardiovascular events with carotid intima-media thickness: a systematic review and meta-
analysis.

Lorenz MW', Markus HS, Bots ML, Rosvall M, Sitzer M.

CMI

Padrao-ouro para
triagem da
aterosclerose
subclinica
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AVALIAGAO DA DOENGA HEPATICA GORDUROSA NAO
ALCOOLICA EM PACIENTES COM ATAXIA-
TELANGIECTASIA: ASSOCIAGAO COM BIOMARCADORES
RELACIONADOS AO METABOLISMO DA GLICOSE

AVALIAGAO DA ESPESSURA DO COMPLEXO MEDIO-INTIMAL
DA CAROTIDA EM PACIENTES COM ATAXIA
TELANGIECTASIA: ASSOCIACAO COM BIOMARCADORES
RELACIONADOS AO METABOLISMO LIPIDICO E DA GLICOSE

Tese apresentada a Universidade Federal Tese apresentada & Universidade Federal

de S&o Paulo para obtencéo do titulo de
Mestre em Ciéncias.

Orientadora:
Profa. Dra. Roseli Oselka Saccardo Sarni

Coorientadora:

Profa. Dra. Beatriz Tavares Costa Carvalho

Séo Paulo
2015

Financiamento CAPES

de Sdo Paulo para obtencdo do titulo de
Mestre em Ciéncias

Orientadora:
Profa. Dra. Roseli Oselka Saccardo Sarni

Co-orientadora:

Profa. Dra. Beatriz Tavares Costa Carvalho

Séo Paulo
2015




Risco cardiovascular e doenca hepatica em
pacientes com ataxia telangiectasia

Objetivos:
e Avaliar o risco CV, resisténcia insulinicae esteatohepatite;

* Relacionar a presenca de esteatohepatite com RI.

Meétodo:
e Estudo transversal.
18 A-T (5,0 — 25,0 anos; 15 masculino)
* Antropometria
* Perfil lipidico e outros biomarcadores

 Medidacomplexo médio intimal (US doppler carétida)
» Toleranciatolerancia oral a glicose (curva de insulina)



Tabela 1. Caracterizacao dos pacientes com A-T

Variaveis N (%)

Estado nutricional Desnutricao 6 (33,3%)
Eutrofia 11 (61,1%)
Sobrepeso 1(5,5%)

Perfil Lipidico Colesterol total elevado 10 (55,5%)
LDL-c elevado 10 (55,5%)
Triglicérides elevado 8 (44,4%)
HDL-c baixo 10 (55,5%)

Glicemia dejejum alterada

Teste de tolerancia oral

Resisténciainsulinica

ALT

Esteatose hepatica

Esteatohepatite

NHDL-c elevado

> 100 mg/dL

Normal

Intolerancia glicose

Diabetes mellitus

Soma insulina do TTOG > 300 pU/mL
> 40 U/L

Ausente

Leve

Moderada

Esteatose + TGP > 40 U/L

11 (61,1%)
2 (18,2%)
9 (81,2%)
2 (18,2%)
0 (0,0%)
5 (45,0%)
7 (41,2%)
6 (35,3%)
7 (41,1%)

4 (23,5%)

7 (41,1%)




Tabela 2. Comparacao das variaveis estudadas no grupo A-T e controles

Variavel Grupo A-T Controles Valor-p
(n=18) (n=17)
Colesterol total mg/dL 177,4+33,3 170,0+25,4 0,448’
LDL-c mg/dL 115,4+32,3 107,6x22,3 0,412’
HDL-c mg/dL 43,5+10,8 45,2+8,1 0,596
Triglicérides mg/dL 94,1+47,2 91,7+45,8 0,880
N3o-HDL-colesterol mg/dL 134,2+35,7 124,8+25,6 0,377°
Colesterol total/HDL-c mg/dL 43+14 3,9+0,9 0,265’
LDL/HDL mg/dL 2,8+1,1 2,5+0,8 0,272'
Apo A-I mg/mL 130,8+27,2 138,8+19,8 0,330
Apo B mg/mL 274,1+184,4 167,0£46,0 0,027
Apo B/Apo Al mg/mL 2,1+1,4 1,2+0,3 0,018
LDL/ApoB mg/mL 0,56+0,42 0,67+0,15 0,327°
Lp (a) pg/mL 182,8 (31,2;585,8) 31,2 (31,2;334,9) 0,001

Lg\k%signiﬁcéncia do teste t-Student.
2 Nivel de significdncia do teste Mann-Whitney

cdAdil DI e

pg/mL

mmal /1

2610,0+985,0

224N 0

2338,4+982,6

294N Q

0,533

N A1l



Grafico 1. Somatodria das concentracdes de insulina no teste de tolerancia oral a glicose em pacientes com A-T
sem esteatose, com esteatose e esteatohepatite.
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2400 T

2100
)

1800
E
S
-
=
m 1500=
=
E
= | *
o 1200
=
i
O
= Q00
E
(=]
@ GO0

Age: 10%5,2 Age: 9,91+2,1 anos
0 = = = = = = m = = = = = = = S :I ———————
p—
D—
n=6 n=5 n=7
T I T
Maormal Steatosis Steatohepatitis

*Nivel de significancia do teste: ANOVA para idade (anos), p =0,001 Krusskal-Wallis, somatéria de insulina (uU/mL), p=0,047



HETEROZIGOTOS E RISCO DE
DOENCAS



Clin Genet 2016
Printed in Singapore. All rights reserved

Review

© 2015 John Wiley & Sons A/S.
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CLINICAL GENETICS

doi: 10.1111/cge.12710

Todos os tipos de

Health risks for ataxia-telangiectasia mutated canceres

heterozygotes: a systematic review,

meta-analysis and evidence-based guideline

A-T families

Controls

RR

Events Total Weight M-H, Random, 95% CI

RR
M-H, Random, 95% CI

Study or Subgroup Events Total
1.1.1 Relative risks all relatives

1 - Swift 1991 91 10211
2 - Geoffroy-Perez 2001 122 B3255
3-Thompson 2005 118 26220
4 - Qlson 2005 225 1445
Subtotal (95% Cl) 101131
Total events 556

19 5187 11.4%
12060 6325500 28.3%
9660 2622000 28.1%
17527 144500 32.2%
9097187 100.0%

39266

Heterogeneity: Tau®= 0.03; Chi*= 12.45, df= 3 (P = 0.006), F= 76%

Testfor overall effect: Z= 2.35 (P= 0.02)

1.1.2 Relative risks obligate heterozygotes

1 - Swift 1991 18 1895
2 - Geoffroy-Perez 2001 22 10613
3-Thompson 2005 14 5025
Subtotal (95% CI) 17533
Total events 54

19 5187 27.4%
1650 1061300 39.3%
1327 502500 33.2%

1568987 100.0%
2996

Heterogeneity. Tau®= 0.10; Chi*= 469, df= 2(P=0.10), F=57%

Test for overall effect: Z=1.66 (P=0.10)

2.43[1.49, 3.98)
1.01(085,121]
1.22[1.02, 1.46)

1.28[1.14, 1.45)
1.27 [1.04, 1.56]

2.59 [1.36, 4.93]
1.33[0.88, 2.03]
1.06 [0.62,1.78]
1.48[0.93, 2.35]

-+

N+

0.2 0.5 1

Roeleveld et al. Clin Genet, 2016.

m-h



Clin Genet 2016
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Review

© 2015 John Wiley & Sons A/S.
Published by John Wiley & Sons Ltd

CLINICAL GENETICS
doi: 10.1111/cge.12710

Health risks for ataxia-telangiectasia mutated

heterozygotes: a systematic review,

meta-analysis and evidence-based guideline

Cancer de mama

A-T families Controls RR RR
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.1.1 Relative risks all relatives
1- Swift 1991 23 8377 3 2706 31% 386([1.16,12.84)
2 - Geoffroy-Perez 2001 28 32148 1860 3214800 31.9% 1.51[1.04, 219) —
3-Thompson 2005 23 13557 1450 1355700 26.2% 1.59[1.05, 2.39) —
4 - Olson 2005 34 22892 1950 2289200 38.7% 1.74 [1.24, 2.45] ——
Subtotal (95% Cl) 73974 6862406 100.0% 1.66 [1.35, 2.05] @
Total events 108 5263
Heterogeneity: Tau®*= 0.00; Chi*= 2.32, df=3 (P=0.51), F=0%
Test for overall effect: Z= 4.73 (P < 0.00001)
2.1.2 Relative risks obligate heterozygotes
1 - Swift 1991 0 0 0 0 Not estimable
2 - Geoffroy-Perez 2001 9 4980 227 498000 26.3% 3.96 [2.04, 7.71) B
3-Thompson 2005 5 2640 267 264000 16.5% 1.87 [0.77, 4.53) BN - —
4 - Olson 2005 8 1720 181 172000 23.9% 4.42(2.18, 8.96] B —
5- Switt 2008 57 19232 15 12138 33.2% 2.40[1.36, 4.23) —
Subtotal (95% CI) 28572 946138 100.0% 3.04 [2.06, 4.48] ’
Total events 79 690
Heterogeneity: Tau®*= 0.03; Chi*= 3,82, df=3 (P=0.28); F=21%
Test for overall effect: Z= 5.62 (P < 0.00001)

0.05 0.2 5 20

Roeleveld et al. Clin Genet, 2016.



Ann Intern Med. 2000 Nov 21;133(10):770-8.
Mortality rates among carriers of ataxia-telangiectasia mutant alleles.

SuY', Swift M.
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. Coorte retrospectiva
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Em andamento Servico Imunologia Clinica
UNIFESP

- Projeto FAPESP 2015/25841-3 — Interface selénio e glutationa
peroxidase e alteracdes do metabolismo lipidico em pacientes
comA-T

- Alteracdoes no metabolismo da vitamina D e sua relacao com
metabolismo lipidico

- Avaliacao do risco cardiovascular (biomarcadores do
metabolismo lipidico e espessura médio-intimal da cardtida em
pais de pacientes com A-T



Consideracoes Finais

Avancos no diagnostico e tratamento: sobrevida X
complicagdes como as relacionadas ao acometimento hepatico,
resisténcia insulinica e dislipidemias - evolu¢ao da doenga.

—> Atencao multiprofissional: enfoque nutricional

- Reducdao da morbimortalidade — relacionada a alteracoes
metabolicas e melhoria da qualidade de vida







