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Causas de sobrecarga de hierro

Hemocromatosis
Hereditarias

®m Asociada al gen HFE o tipo 1
®m No asociadas al gen HFE:
H. Juvenil o tipo 2 (genes HJV -2A-y HAMP -2B-)
H. tipo 3 (gen Tf-R,)
H. tipo 4 (ferroportina)
H. tipo 5y 6 (genes Hy L de Ferritina)

Sobrecargas de
hierro Secundarias

m Enfermedades hematolbgicas
Talasemia mayor, Anemias sideroblasticas, A.
hemoliticas cronicas, A. aplasicas, SMD, etc

m Sobrecarga parenteral de hierro: Transfusiones de
hemoconcentrados, hierro iv, hemodialisis,

m Enfermedades hepaticas cronicas
Hepatitis B y C, enfermedad hepéatica
alcohdlica, EHNA, PCT

Miscelanea

B Hemocromatosis neonatal
m Atransferrinemia
m Aceruloplasminemia




Ciclo Red-Ox del Hierro y formacion
de radicales libres

Fe 2+

Fe 3+

e+ H,0, > OH- + HO*




Consecuencias de la toxicidad por la
sobrecarga de hierro

Increased free iron

Hydroxyl radical generation

Lipid peroxidation —

' —
Organelle damage TGF-b1l

Lysosomal fragility > Collagen
Enzyme leakage synthesis
v / v
Cell death Fibrosis

Gutteridge JMC, Halliwell B. Bailleres Clin Haematol. 1989;2:195. Bacon BR, et al, J Clin Invest. 1983;71:429.
Myers BM, et al. J Clin Invest. 1991;88:1207. Tsakamota H, et al. J Clin Invest. 1995;96:620.

Houglum K, et al. Hepatology.1997;26:605.




Toxicidad celular mediada por el Hierro Labil
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LVDCC = L-type voltage-dependent calcium channel Porter JB. Am J Hematol 2007;82:1136




Organos y tejidos afectados por la sobrecarga de hierro

Organo Consecuencia

Hipofisis Hipogonadismo hipogonadotropo
Tiroides Hipotiroidismo

Paratiroides Hipoparatiroidismo
Corazon Miocardiopatia

Higado Cirrosis, Hepatocarcinoma
Pancreas Diabetes

Piel Hiperpigmentacion
Gonadas Hipogonadismo

Articulacion. Artopatia




Total amount of body iren (g)

Sobrecarga de hierro y patologia

40 Cirrhosis, organ failure
|
30 Tissue injury
Increased hepatic

20 iron concentration

Increased
10 SErum iron

concentration

g i
Birth 10 20 30 L0 50



Hierro hepéatico (umol/g peso hiumedo)

Cronologia de la sobrecarga de
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Blood 1997;89:739.

Hierro hepatico (umol/g, peso seco)



Cuantificacion de Fe hepatico

RMN

Sobrecarga Normal



Hemocromatosis Hereditarias

= Relacionada con HFE (HH tipo | o Clasica, AR)

= No relacionadas con HFE:

= Hemocromatosis Juvenil o HH tipo Il:
= Subtipo A (gen HJV, AR)
= Subtipo B (gen HAMP, AR)
= HH tipo lll (gen Tf-R,, AR, frec. < 30 anos)
= HH tipo IV (gen ferroportina 1, AD, TFe paréng y/o SMF)
= HH tipos Vy VI (genes de H y L ferritina, AD)
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Chromosome 6
r — Bp25.3

GenHFE |-

| S —8pliz
—6qi2

C>G (nt187) G—>A (nt845)
H63D C282Y

| | -

T

A>T (nt193)
S65C

Intrones

Exones

= ocalizado en el cromosoma 6 (6p21.3). Compuesto por 7 exones gue ocupan
12 kb, codifica una proteina fundamental en el metabolismo del hierro.

»Pertenece a la familia de genes del complejo mayor de histocompatibilidad (HLA)



Metabolismo del Fe normal y en |la
Hemocromatosis asociada a HFE
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Genotipo Fenotipo
Mutacion Enfermedad




Growth demands, menses, pregnancy,
diet, blood loss

1
Factors Foet :
unrelated to factors . Alcohol intake; iron-loading diseases including,
HFE that affect : thalassemias, hepatic porphyrias, infections,
henctvs] ! nonalcoholic fatty liver, and viral hepatitis
phenotypic |
expression : | _
Genes encoding hepcidin, hemojuvelin, |} Genes invaled inantiodidant
Modifier transferrin receptor 2, haptoglobin, J :
genes hemopexin, ceruloplasmin, and ; flegshss, Hbropetestc,
phem,e oxygesase ] * 1 and tissue repair
1
T 1
Pathogenic steps High ) High > Organ
and principal plasma iron tissue iron damage
biochemical
Elevated Elevated Serum ferritin >1000 ng/ml;
transferrin serum abnormal results on hepatic, glucose,
saturation ferritin and endocrine tests
Proportion of C282Y
homozygotes
expressing the
indicated
abnormality

100%

75% 50% 25%

0%




Penetrancia fenotipica en HH

Homocigotos C282Y HFE
(Prevalencia 1/200)

60-80% —> Expresion bioquimica

(Ferritina e IST altos)

40-50% -> Sobrecarga Fe tisular
(Hepatica)

10-33% —> Morbilidad asociada

(Hepatopatia, Artralgias, DM,
Arch Intern Med 2006;166:294 Hipogonadismo, Arritmias)

Ann Intern Med. 2006;145:209
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Manifestaciones clinicas en la HH

Manifestacion .. . Reversibilidad
o Aparicion Frecuencia (%) ,
Clinica con flebotomias

Astenia/debilidad Precoz 60 ++
Artralgias/artritis Precoz 30-50 +/-
Hepatopatia
Hipertransamin. ? 30-50 +
Hepatomegalia ? 95 +
Cirrosis Tardia 60 -
Hepatocarcinoma Tardio 5 (30% en CiH) -
Miocardiopatia: +
Cardiomegalia ?
Arritmias ? 20-30
Insuf. Cardiaca Tardia 15-35
Diabetes mellitus Tardia 30-60 (agr. fam.) +/-
H!pogonadlsmo 5 15-35 +/-
Hipogonadotropo
Pigmentacion ?/Tardia 70-90 ++

cutanea



Posibles causas de mortalidad en la
Hemocromatosis Hereditaria

" Cirrosis hepatica
= Hepatocarcinoma

" Miocardiopatia (Insuficiencia cardiaca y arritmias)

= Aterosclerosis
" Otras neoplasias — éCarcinogénesis?
" Enfermedades Neurodegenerativas

" Mayor susceptibilidad a infecciones (Listeria,
Yersinia, Vibrio)



Mortalidad en Hemocromatosis Hereditaria
Cohorte danesa (n=179 con dco. clinico)

Causes of death Deaths

n %

Hepatic failure

Cirrhosis of the liver 47 32.0

Cirrhosis and liver cancer 34 23.1

Malignancies, extrahepatic 16 10.9
Cardiovascular disease

Cardiac failure 10 6.8

Myocardial infarction 7 4.8
Cerebrovascular disease 7 4.8
Respiratory disease

Pneumonia 6 4.1

Obstructive lung disease 1 0.7
Septicemia 5 34
Trauma 3 2.0
Miscellaneous 4 2.7
Nonclassified 7 4.8
Total 147

Ann Hematol 2001;80:737



Mortalidad en Hemocromatosis Hereditaria
Cohorte danesa (n=179 con dco. clinico)

Cause of death No. of deaths Standardized mortality ratio

Observed Expected  Observed/expected ~ 95% CL?

All causes 126 34.2 3.68 3.07-4.39

Cancer® IR 9.7 496 3.60-6.58
Diseases of the circulatory system 22 159 [.38 0.87-2.10
Other natural causest 46 6.9 0.08 4.89-8.91
Trauma 3 1§ .69 0.35-4.94

¢ Confidence imits | ®Liver cancer in 32 patients | |*Hepatic failure in 35 patients

Ann Hematol 2001;80:737



Mortalidad en Hemocromatosis Hereditaria
Cohorte danesa (n=179 con dco. clinico)
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Mortalidad en Hemocromatosis Hereditaria
Cohorte UK (n=501 con dco. clinico)

No. of Rate (per 1000 Hazard Adjusted

events person years) ratio hazard ratio® CI

Death

Controls 317 19.8

Haemochromatosis 68 43.5 2.2 2.2 (1.7-3.0)
Extra-hepatic cancer

Controls 149 9.6

Haemochromatosis 21 14.1 1.5 1.6 (1.0-2.6)
Liver cancer

Controls 1 0.1

Haemochromatosis 14 9.0 144 149 (19-1159)
All Fractures

Controls 117 8.4

Haemochromatosis 16 12.1 1.4 1.2 (0.7-2.1)
Myocardial Infarction

Controls 68 4.4

Haemochromatosis 5 3.3 0.8 0.7 (0.3-1.8)

Aliment Pharmacol Ther 2008;29: 183



Mortalidad en Hemocromatosis Hereditaria
Cohorte UK (n=501 con dco. clinico)
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Mortalidad en familiares de pacientes con HH
(Estudio holandes HEFAS: 224 pacientes y 735 familiares 12)

Participating hospitals*
\
Aged =18 year

/

Defined proband ‘s ;
Invited probands Ty Ty ey e Par:éc;aps(tjlgg 1 / Questionnaires (1009%6)
n=280 Questionnaire returned N n=224 J \aboratory data (100%)
l Aged =18 year
. Participating /
Invited first-degree o
) Informed consent ﬁr.st—degree Questionaires (1009%)
Famll?;_members Questionnaire re turned family members aboratory data (98%6)
=972 n=735
HEFAS NBS (Pob. General)
Families n Deceased ~ Families I Deceased P value

n (%) n (%)
Parents 224 427 299 (70.0) 224 421 310 (73.0) 0.25
Siblings 224 709 03 (13.1 204 752 99 (13.2) 1.00
Children 224 414 8 (19) 224 172 5 (1) 059

Neth J Med 2007;65:425



Registro Sueco de Hemocromatosis Hereditaria
(Cohorte de 3832 pacientes y 14.496 familiares de 19)

Register linkage procedure

1=identification of patients
2=identification of controls

3=identification of first-degree relatives and spouses

4=follow-up

Swedish inpatient register

Swedish outpatient register

Regional register

Cause of death register

GASTROENTEROLOGY 2009;137:1301
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Registro Sueco de Hemocromatosis Hereditaria

All HH sources combined HH identified in Inpatient Register HH identified in Qutpatient Register

Qrigin of cohort
Patient ~ Control Patient  Control Patient  Control

Type of relative  deaths, n deaths,n  RR(95%Cl)  deaths,n deaths,n  RR(95%Cl)  deaths,n deaths,n  RR (95% Cl)
All patients 940 6810 |2.15(2.00—2.31)| 857 5902 |2.45(2.27—2.64)| 216 1856 |1.15(1.00—1.33)|
Sex

Male 617 4487  2.17(2.00-2.38) 562 3901  247(2.26-2.72) 144 1212 1.18(0.99-1.41)
Female 323 2323 2.09(1.85-2.36) 295 2001 2.40(2.11-2.73) 72 644  1.09(0.85-1.39)
Year of first HH in

patient

1964-1994 493 4542 2.05(1.86-2.56) 488 4434 212(1.92-2.34) 48 594 0.70(0.52-0.94)

1995-1999 222 1063  2.58(2.18-3.06) 219 1004 2.68(2.26-3.19) 27 268 0.84(0.53-1.33)

2000-2005 225 1206 1.95(1.67-2.27) 150 dod4  4.03(3.27-4.97) 141 994 1.49(1.24-1.78)
Time since start of

follow-up
evaluation, y
<1 252 523 5.91(5.13-6.81) 234 381 812(6.96-9.49) 33 206 1.58(1.10-2.26)
1t0<h 324 2294 1.92(1.711-2.16) 279 1761  2.46(2.16-2.80) 97 86b  1.14(0.92-1.40)

>D 364 3993  1.59(1.43-1.78) 344 3760  1.63(1.46-1.83) 86 785 1.06(0.85-1.32)

GASTROENTEROLOGY 2009;137:1301



Registro Sueco de Hemocromatosis Hereditaria
Analisis de familiares

All' HH sources combined

Case identified in Inpatient Register

Case identified in Outpatient Register

Deaths Deaths Deaths
Origin of cohort ~ Deathsin  in relatives Deaths in ~ in relatives Deaths in~ in relatives
relatives of - of population relatives of - of population relatives of - of population
Type of refative  patients, n - controls, n RR(95%Cl)  patients,n  controls, n RR (95%Cl)  patients, n controls, n RR (9% CI)
All Relatives 1978 18,888 |1.05(1.01—1.10) | 987 9547 I 1.08(1.01—1.15)' 1409 13,392 | 1.05(0.99-1.11)
Parents 1562 15,420 1.03(0.98-1.09) 734 7400 1.05(097-1-13) 1174 11,310 09 (0.99-1.
Siblings 294 2231 117(1.04-1.33) 161 1215 1.20(1.02-1.42) 186 1566  1.05(0.90-1.22)
Children 122 1237 1.09(0.90-1.31) 92 932 1.14(0.92-1.41) 49 516 0.93(0.70-1.25)
Spouses 82 696  1.09(0.86-1.38) h6 422 1.36(1.01-1.82) B0 460  0.91(0.68-1.22)
Sex
Male 957 9391  1.04(097-1.11) 449 4613 0.99(0.90-1.09) 695 6697  1.07(0.99-1.1%)
Female 1021 9497 1.07(1.00-1.14) 538 4934 1.16(1.06-1.27) 114 66%  1.03(0.95-1.11)
Year of first HH in
patient
1964-1994 457 h362  1.00(091-1.10) 426 9544 1.03(0.93-1.14) 172 2006 1.00(0.85-1.17)
1995-1999 308 283 1.11(0.98-1.25) 271 2412 1.10(0.97-1.25) 136 1372 1.03(0.86-1.24)
2000-2005 1213 10691  1.07(1.01-1.14) 290 2153 1.15(1.01-1.30) 1101 10,014 1.06(1.00-1.13)

GASTROENTEROLOGY 2009;137:1301




Conclusiones

" Los pacientes con HH tienen una mortalidad de
2-3 veces superior a la poblacion general.



Conclusiones

= Aunque las causas de muerte pueden ser
diversas, el principal factor relacionado con la
misma es la enfermedad hepatica en forma de
cirrosis y/o hepatocarcinoma.



Conclusiones

" E| inicio de flebotomias antes del desarrollo de
la hepatopatia revierte el exceso de mortalidad.



Conclusiones

= E| cribado poblacional no esta indicado, pero si
el diagnostico en cascada entre sus familiares



