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Ferritin is the main iron storage
protein in tissues

Ferritin

Single ferritin subunit

Up to 4500 atoms

Ferritin protein consisting
of 24 subunits

Cross section

Harrison & Arosio. Biochim Biophys Acta. 1996,1275:161-203.



Physiopathology of hyperferritinemia

Iron overload Cell necrosis
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Serum ferritin mainly derives from
hepatocytes and macrophages
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Macrophage

L-ferritin

L-ferritin
G-ferritin
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Hepatocyte

Beaumont C, et al. Gastroenterology. 1980,79:877-83; Cohen LA, et al. Blood. 2010,116:1574-84



Serum ferritin levels differ
according to sites of IOL

Ferroportin disease type A

Ferroportin disease type B

22-year-old woman
Tf saturation 24%; SF 3,200 pg/L;
LIC 3.9 mg Fe/g dry wt

personal data

30-year-old men
Tf saturation 88%; SF 5600 ug/L;
LIC 14.5 mg Fe/g dry wt
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Kupffer cell IOL

Hepatocellular IOL

Pietrangelo et al. N Engl ] Med 1999;341:725-32; unpublished data



Defining and monitoring the amount

of iron overload

Biochemical indices

= Transferrin saturation

= NTBI

= Serum ferritin
Non-invasive methods
= Quantitative MRI

= SQUID

= Magnetic Iron Detector

Liver biopsy
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Qualitative, not quantitative
index

Correlates with body iron, but
influenced by many factors

Reliable, can be applied to
different organs

Reliable for liver; not easily
available

Gold standard for LIC; allows
evaluation of iron distribution,
liver damage and associated
pathologies; invasive and not
repeatable; can be replaced
by non invasive methods
(Fibroscan).



Ferritina

e Sovraccarico di Ferro
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ia’ sovraccarico di ferro, ma e soggetto a
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Ferritina e Sovraccarico di Ferro
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Come misurare il sovraccarico di ferro:
ferritina sierica

Fig 1 Relgtion between the serum ferritin levels and
liver iron concentrations in 19 children included in the
chelator trial (r = 075, » < 0-:001).
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Letsky et al. J Clin Path 1974; De Virgiliis et al. Arch Dis Child, 1980



» Saturazione della transferrina

indice qualitativo e non quantitativo del sovraccarico di ferro
puo suggerire il meccanismo patogenetico del sovraccarico

influenzata dalla necrosi epatocitaria, inflammazione e deficit di
sintesi

» Ferritina sierica
e correlata al ferro di deposito, ma:

e influenzata da svariati fattori che possono renderla poco
affidabile

la relazione con il ferro di deposito varia a seconda delle diverse
malattie da accumulo (parenchimale, reticoloendoteliale, misto)

piu informativa nel follow-up del singolo soggetto che come dato
singolo



Increased Serum Ferritin

<45% Transferrin satura

No iron overload

Inflammation

Hepatocellular necrosis

High alcohol intake

Metabolic disorders (DHF)

Hereditary hyperferritinemia-cataract
Benign hyperferritinemia

Iron overload (mostly mild to moderate)
Chronic liver diseases (viral, ASH, NASH)
Metabolic disorders (DIOS)

Hemolytic anemias

Transfusional iron overload (early stages)
Parenteral iron administration (inadequate)
Ferroportin disease

Aceruloplasminemia

Gaucher’s disease

Modified from Piperno A. Expert Opin. Med. Diagn. 2013;7:161



Come misurare il sovraccarico di ferro:
oltre la ferritina

. SQUID

« Metodica calibrata, validata [comparandola con il LIC ottenuto da
biopsie a fresco (wet-weight)] e utilizzata in studi clinici.

« La complessita, il costo e la ridotta disponibilita ne limitano I’ utilizzo

-

Recenti controversie relative alla
possibile  sottostima del LIC
misurato con lo SQUID rispetto al
LIC da biopsia costituiscono un
ulteriore criticita: “ .. on average,
the LIC data obtained from BLS
and biopsy were related by a factor
of 0.46” and “overall, LIC from
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biopsy was generally larger than HEPATIC IRON (MAGNETIC), melesig, wet weight
that obtained from BLS” [(Piga et al,
Blood 2005 (abstract)]

Seth S. Pediatr Radiol 2003;33:373-377

Milano, 19/12/2019



Come misurare il sovraccarico di ferro:
oltre la ferritina

* Risonanza Magnetica

« Si basa sull’ effetto di accorciamento indotto dall’ interazione di molecole
contenenti ferro (in particolare ferritina e emosiderina) con i nuclei di
idrogeno (prevalentemente nelle molecole di acqua) sul tempo di
rilassamento T2.

« Il ferro depositato puo essere quantificato misurando il rapporto
dell’ intensita del segnale rispetto ad un tessuto di riferimento (per es. il
muscolo paraspinale). Questi rapporti (SIRs: signal intensity ratio) possono
essere derivati da diverse sequenze: spin-echo (SE) T2-pesate o gradient
recalled-echo (GRE) T2*-pesate.

« |l ferro puo anche essere determinato con la misurazione diretta del tempo
di rilassamento (relaxometry) sia T2 [o 1/T2 (R2)] da sequenze SE o T2* [0
1/T2* (R2*)] da sequenze GRE. E’ anche possibile misurare entrambe
(metodi ibridi).

Tziomalos & Perifanis. WJG 2010; Wood et al. Blood 2005; St Pierre et al. Blood 2005

Milano, 19/12/2019



Come misurare il sovraccarico di ferro:
oltre la ferritina

Risonanza Magnetica

La tecnica MRI puo essere disponibile in numerose strutture,
tuttavia richiede ancora speciali attenzioni e competenza da parte
dell’ operatore.

Richiede una calibrazione sul LIC tissutale

E’ applicabile a diversi tessuti e non solo sul fegato [cuore in
particolare, pancreas, encefalo].

L’ accuratezza delle varie metodiche [SIR derivate da sequenze SE
0 GRE, relaxometry methods] nella misurazione del ferro epatico e
iInfluenzata in diverso modo dalla presenza di fibrosi/cirrosi e
dall’ entita del sovraccarico di ferro, in alcuni casi dalla presenza di
grasso (steatosi).

Tziomalos & Perifanis. WJG 2010; Wood et al. Blood 2005; St Pierre et al. Blood 2005



Come misurare il sovraccarico di ferro:
oltre la ferritina

* Risonanza Magnetica: Fegato

97 4 sty moup » MRI with GRE sequences
" Veleston gos e (L/M ratio) on a 1.5 T
magnet.
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Come misurare il sovraccarico di ferro:
oltre la ferritina

 RISON
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Wood et al. Blood 2005; St. Pierre et al. Blood 2005



Monitoring iron overload

Quantitative MRI: Liver

Table 2. Hepatic iron concentration

Patient by concentration

category Biopsy Rz* Rz Rz Rz2-R2*
Low
17 1.3 22 20 1.0 2.1
Optimal 3.2 mg/g *Highly accurate for
11 4.4 6.1 35 55 55 . . .
. .5 sa 47 aq - 1 noninvasive estimates of
10 5.9 45 49 ad 46 hepatic iron over the entire
o 6.0 38 35 .4 a6

increased 7.0 mglg clinically relevant range.

20° 7.8 10.8 1.2 2.4 oIt allows correct

= =2 e A1 78 72 classifications of IOL in
19 12.7 9.3 8.4 B.5 B3 ) )

1 13.4 12.1 12.7 11.2 12.4 different class of risk.

.. / 148 122 130 W05 126 *For this reason, liver biopsy
Ig 15m .

- T for the sole purpose of iron
21 192 181 176 178 178 determination is not required
2b 21.3 204 202 20,7 27 H H

7 21.9 216 208 218 21.1 W_hen MRI |s.av_a|Ia_1bIe.

4 231 214 222 211 21.8 *Biopsy is still indicated when
2 25 M0 380 20 248 histology is important for
16h 273 325 294 a58 .o .

18 20.0 242 281 234 26.2 patient management.

16a 296 361 263 36.0 3.2

3 30.0 280 342 28.8 .6

5 3249 338 335 349 337

B 578 460 382 503 423

14 16.2 158 — — —

Wood et al. Bood 2005



Define the amount of iron overload

Quantitative MRI: Heart
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» Myocardial T2* values <20 ms
are associated with significant
decline in LVEF

Anderson et al. Eur Heart J 2001; Westwood MA et al BJH 2004, 127(3):348-55



Define and monitoring iron overload

Quantitative MRI: Brain

» Diagnosis and monitoring of brain iron accumulation in
systemic (aceruloplasminemia) and focal hereditary or
acquired IOL

Thalamus and Putamen Dentate nuclei Cerebral cortex

Mariani et al, Gut 2004 53:756-758



Iperferritinemia: Casi clinici

M, 66 aa, ferritina 707 ng/L

TS sat 35%, indici ematologici ndp; ALT 64 U/L

obeso (BMI: 32.7), intolleranza glucidica, dislipidemia, steatosi ecografica
[Analisi HFE: wild type]

Biopsia epatica: steatosi 50% epatociti; depositi di ferro parenchimali e
sinusoidali 40% epatociti; ferro rimosso: 4 g

Diagnosi: Dysmetabolic Hepatic Iron Overload Syndrome (DHIOS)

M, 21 aa, ferritina 1138 ug/L

TS sat 40%

Familiarita per cataratta precoce

Cataratta bilaterale

Analisi genetica regione IRE gene L-ferritina: mutazione puntiforme nella

regione CAGUG
Diagnosi: Sindrome Iperferritinemia e Cataratta Ereditaria (HHCS)



Casi clinici
F, 65 aa, ferritina 850 pg/L
TS sat 16 %, Hb 10.2 g/dl, MCV 76 fl, PCR e VES normali
Recenti disturbi dell’equilibrio
Ceruloplasmina non dosabile
RM fegato: HIC 200 umol/g; RM encefalo: depositi di ferro nei nuclei della

base e corteccia cerebrale
Diagnosi: aceruloplasminemia

M, 45 aa, ferritina 1298 ng/L

TS sat 43%

GOT: 218 U/L, GPT 276 U/L, GGT 48 U/L

HCVAb e HCV RNA pos; Biopsia epatica: infiltrato inflammatorio portale
linfocitario, epatite da interfaccia, necrosi epatocitaria, fibrosi 3, modesti
accumuli di ferro epatocitari e kuppferiani.

Diagnosi: Epatite C con sovraccarico di ferro lieve secondario

M, 61 aa, ferritina 2138 ug/L

TS sat 35%, Hb 12.6 g/dl; MCV 106 fl

GOT: 97 U/L, GPT 52 U/L, GGT 578 U/L, epatomegalia
Introito alcoolico: 100 g/die, RM fegato: HIC 65 umol/g
Diagnosi: Iperferritinemia da abuso alcolico



M.R.B donna, 48 anni -

Ipertensione arteriosa in terapia con ACE-i + b-
bloccante. Prurito essenziale. Potus: no. Peso 68 kg
h.158 cm, BMI 27.3 kg/m2.

[45 anni; 1996]. Ecografia addome: fegato e milza ndp;
piccolo calcolo 15 mm, mobile. Ricovero per
colecistectomia (Chirurgia HSG). Esami ematochimici:
AST 41->23 U/L, ALT 42->20 U/L, yGT 146->34 U/L, Hb
10.9->12.1 g/dL, MCV 89 fL, Leuc 6000/uL, PLTs
145000/uL, VES 15->13, PCR neg, AP 79%, Alb. 4.1
g/dL, vy-Glob 1.76 g/dL, glicemia 106->104 mg/dL.
Restanti esami nella norma.

Ferritina 1079->1395 ug/L, sideremia 57->80 ug/dL,
saturazione della transferrina 17->26%.



[46 aa]: esegue 3 salassi in un mese

Hb 11.6 g/dL, Leucociti 3700->5080/uL, PLTs 135000->
138000/uL, ferritina 893->715 nug/L, sideremia 74 ug/dL,
saturazione della transferrina 24%. Restanti esami
normali, invariati.

[47 anni]. Ricovero c/o ginecologia H. Vimercate per
asportazione cisti ovarica (istologico neg per npl). Esami
non disponibili.

[47 anni]. Ricovero HSR per rivalutazione clinica in
merito a iperferritinemia. Ferritina 928 nug/L, sideremia
128 ng/dL; Hb 12.3 g/dL, MCV 92 fL, Leuc 4200/uL, PLTs
109000/uL. Analisi gene HFE: p.C282Y e p.H63D wild-
type. Ecografia addome: fegato, milza, .. ndp. Restanti
esami non disponibili.



Diagnosi alla dimissione:

“.. si ritiene probabile la diagnosi di emocromatosi
genetica, verosimilmente attribuibile a mutazione genica
in altro locus..” (emocromatosi non-HFE, ndr).

Giunge all’osservazione presso ambulatorio
metabolismo del ferro HSG

[48 anni]. Ferritina 858 pg/L, sideremia 107 ng/dL, TS
33% Hb 11.3 g/dL, MCV 92 flL, Leuc 6400/uL, PLTs
141000/uL. VES 12, PCR neg, y-Glob 1.76 g/dL mm,
glicemia 116 mg/dL, peptide C 1.8->4; restanti esami
nella norma. Ecografia addome: fegato a fitti echi stipati,
milza nei limiti, .. ndp. Peso 68 kg, h 158 cm (BMI 27.3).



Hyperferritinemia and normal TS

Diag nOStiC Increased serum ferritin Exclude other causes of hyperfarritinemia: Chronic
transferrin saturation < 45% liver diseases, non-alcoholic fatty liver disease,
i metabolic alterations, high alcohol intake,
algorlthm 3 - - l inflammation, blood transfusion, parenteral iron
Confirm biochemical data (when needed
after correction of patient’s lifestyie) ceruloplasmin
! v I | l -
S-Ferritin®: > 200 < 400 pg/L in S-Ferritin: S-Feritin: Consider hypariesilinemia-
. i > 400 - 600 < 1000 > 1000 cataract syndrome
woman; > 300 < 600 pg/L in men uglL ugll po/ll (dominant £ iss00} and
v benign hyperferritinernia
Repeat after *
one year Quantitative magnet_ic resonance and/or liver
l psy’ b Sequence IRE L-ferritin
Unchanged: v
follow up
Iron overioad? Negative |« ‘ | Positive
............... v v
tDommant N Yes No ﬁ
ransmssaon Sequence L-ferritin gene
'—’ Sequence SLC40A" —| Genefictest: | | Re-consider Negative ‘J" Positive
+_I negative other causes |
Genelic tests: od Typeria
positive Unde arferritinemia
‘ p| Therapy
Evaluate organ
damage®

Modified from Piperno A. Expert Opin. Med. Diagn. 2013;7:161



Biopsia epatica:
“quadro compatibile con malattia da accumulo di
materiale PAS positivo diastasi resistente (probabile
morbo di Gaucher). Modesti e sporadici accumuli di
emosiderina nelle presunte cellule di Gaucher e nelle
cellule di Kuppfer”.

Analisi biochimica c/o H Gaslini:
B-glucosidasi leucociti: 1.1 nmoli/mg/h (vn 18.4+6.8).
Chitotriosidasi plasma: assente

Malattia di Gaucher tipo 1 non neurologico. La
signora e portatrice di una variante genetica della
chitotriosidasi responsabile di un’attivita plasmatica
assente. Si consiglia monitoraggio indici ematici, epatici e
sintomatologia a carico dell’'osso. Utile calo ponderale.



Hyperferritinemia and normal TS

Diag nOStiC Increased serum ferritin Exclude other causes of hyperfarritinemia: Chronic
transferrin saturation < 45% liver diseases, non-alcoholic fatty liver disease,
i metabolic alterations, high alcohol intake,
algorlthm 3 = - l inflammation, blood transfusion, parenteral iron
Confirm biochemical data (when needed
after correction of patient’s lifestyie) ceruloplasmin
! v I | l -
S-Ferritin®: > 200 < 400 pg/L in S-Ferritin: S-Feritin: Consider hypariesilinemia-
. i > 400 - 600 < 1000 > 1000 cataract syndrome
woman; > 300 < 600 pg/L in men uglL ugll po/ll (dominant b ) and
v benign hyperferritinernia
Repeat after *
one year Quantitative magnet_ic resonance and/or liver
l psy’ b Sequence IRE L-ferritin
Unchanged: v
follow up
Iron overioad? Negative |« ‘ | Positive
............... v v
. Dominant N Yes No ﬁ
. transmission Sequence L-ferritin gena

L’ Sequence SLC40A" _| Genetic test: »| Re-consider Negative ‘J" Positive
rI negative other causes |

Genetic tests:
positive Undefined hyperierritinemia
; »{ Therapy Gaucher Disease hyp
Evaluate organ 1
damage®

Modified from Piperno A. Expert Opin. Med. Diagn. 2013;7:161



V.R. 41 anni, O~

32 aa primo riscontro di lieve ipertransaminasemia
confermata poi negli anni successivi con alti e bassi.
Allora pesava fino a 98 kg per 177 cm; vino: uso
saltuario.

[35-40 anni] 2007-2012. Esami ematochimici: ALT (min
42 - max 105 U/L), yGT (32-72 U/L), Hb 15-16 g/dl, MCV
90-92 fl, VES 7-5, ferritina 562 fino a max 843 ug/L,
saturazione della transferrina 39-51%. Glicemia,
colesterolo, trigliceridi nella norma. Ecografia fegato:
steatosi moderata nel 2004. Analisi gene HFE: eterozigosi
p.H63D.

Giunge all’osservazione presso ambulatorio
metabolismo del ferro HSG



2012: TS 42 %%, ferritina 642 ug/L; Hb 15.8 g/dL,
Leucociti 3920/uL, PLTs 186000 uL; AST 32 e ALT 64 U/L,
lieve ipercolesterolemia, glicemia e trigliceridi nella
norma. Sovrappeso 94 kg per 177 cm (BMI 30 kg/m?2).
Ecografia: fegato iperecogeno con attenuazione fascio in
profondita come per steatosi epatica.

Conclusione: iperferritinemia associata agli stati
dismetabolici. Esclusa diagnosi di emocromatosi.
Possibile steato-epatite non alcolica. Consigliata dieta
adeguata e attivita fisica.



44 aa (2016): si ripresenta all’'osservazione per
iperferritinemia. Dal 2013 ha proseguito le indicazioni
dietetiche e attivita fisica. Peso attuale 78 kg x 178 cm
(stabile da 6 mesi).

Esami: Hb 14.6 g/dL, Leuc 3330-3000/uL, PLTs 160000-
141000/uL, ferritina 606-745 ug/L, TS 30-44%, AST 20-
19, ALT 23-22, GGT 16-18 U/L; restanti esami nella
norma. Ecografia (2015): non piu steatosi.

45 aa. Studio familiare: no iperferritinemia genitori e
fratelli/sorelle.  Ecografia addome: normalita, in
particolare non splenomegalia, né steatosi



Hyperferritinemia and normal TS

Diag nOStiC Increased serum ferritin Exclude other causes of hyperfarritinemia: Chronic
transferrin saturation < 45% liver diseases, non-alcoholic fatty liver disease,
i metabolic alterations, high alcohol intake,
algorlthm 3 - - l inflammation, blood transfusion, parenteral iron
Confirm biochemical data (when needed
after correction of patient’s lifestyie) ceruloplasmin
! v I | l -
S-Ferritin®: > 200 < 400 pg/L in S-Ferritin: S-Feritin: Consider hypariesilinemia-
. i > 400 - 600 < 1000 > 1000 cataract syndrome
woman; > 300 < 600 pg/L in men uglL ugll po/ll (dominant £ iss00} and
v benign hyperferritinernia
Repeat after *
one year Quantitative magnet_ic resonance and/or liver
l psy’ b Sequence IRE L-ferritin
Unchanged: v
follow up
Iron overioad? Negative |« ‘ | Positive
............... v v
tDommant N Yes No ﬁ
ransmssaon Sequence L-ferritin gene
'—’ Sequence SLC40A" —| Genefictest: | | Re-consider Negative ‘J" Positive
+_I negative other causes |
Genelic tests: od Typeria
positive Unde arferritinemia
‘ p| Therapy
Evaluate organ
damage®

Modified from Piperno A. Expert Opin. Med. Diagn. 2013;7:161



45 aa.
RM quantitativa ferro epatico: lieve sovraccarico
di ferro - LIC 3.2 mg/g (v.n. <1.8 mg/q)

Conclusione: Presumibile Dysmetabolic Iron Overload
Syndrome.

Indicazioni terapeutiche: mantenere attenzioni
dietetiche; blanda salassoterapia.



Simultaneous liver iron and fat
measures by MRI in patients with
hyperferritinemia

Table I. Characteristics of the 67 patients with hyperferritinemia
who underwent MRI and liver biopsy.

Parameter Results®
Age at liver biopsy (years) 50.5 (45.2-60)
Males 59 (88)
Fibrosis (grade)
0-1 4 (6)
2-4 50 (75)
56 13 (19)
Hepatic iron
Toml iron score 15 (12-25)
Liver iron concentration” (umol/g) 44.6 (26.4-81.6)
Hepatic fat
Grading of fatty hepatocytes (%) 70.0 (25.0-90.0)
Area of steatosis (%) 9.5 (3.2-17.1)

“Results are reported as n (%) or median (I-1II quartile).
bLlC.,;op,y was missing in 11 subjects.
Abbreviation: 1IC = Liver iron concentration.

Galimberti et al Scand J Gastroenterol 2015



Methods

Magnetic resonance examinations were performed on a
1.5T whole-body scanner (Achieva 1.5T SE; Philips Medical
Systems, Best, the Netherlands) close to liver biopsy
(median = -20 days from biopsy). No therapies were
started during this period. A 20 echo Gradient-

Echo sequence was employed and was performed in
breath-hold, resulting in a total acquisition time of around
20s. Images were analyzed using Image J (National
Institute of Health, USA) and Datafit 7.1 (Oakdale, CA,
USA) software.

The relaxation rate R2* = 1/T2*, that is directly
proportional to iron amount, was used for LIC. Fat fraction
(FF), that is, the percentage of Sf on the total signal, was
used for expressing the hepatic lipid content: FF =
100[Sf/(Sw+Sf)].



Agreement between observed and
predicted values of hepatic iron and fat
by MRI

LIC g1
L1Ci0pey Absent Mild Moderare Severe Toral
Absent 14 3 0 0 17
Mild 2 26 0 0 28
Moderate 0 1 3 1 5
Severe 0 0 1 5 fi
Tortal li 30 4 i) 56"

AOSp
AOSgiopey Absent Mild Moderare Severe Toral
Absent 4 1 0 0 5
Mild Q 1 0 11
Moderate 0 0 17 3 20
Severe 0 0 3 17 20
Total 5 8 22 21 56°




Table III. Hepatic iron and far values obtained by biopsy and predicted by MRI in the validation sample. Classes of severity of steatosis and

iron overload are also reported.

iy LECoum LiCumrans

ID  FF (%)  AOSuepy (%)  AOSum (%)  R2* (sec™)) (umolg) (umol/g) (umol/g)

T - 011 A <2 A 3609 .46 118.0 Mo 175.81 Mo 193.15 Mo
3 353 0.18 A Q.78 A 161.30 BT.6 M T4.91 M 9397 M
3] - 1.20 A <2 A Gll.59 933 M 205 .46 5 20046 5
5 - 1.73 A <2 A TH1.32 256.4 S 37022 5 36231 5
] 632 3.06 M 3.28 M 68.25 7.4 A 3087 M 44 44 M
1 11.07 622 Mo 7.56 Mo 143.36 6.0 M 66.31 M 6536 M
10 2008 13.93 Mo 16.48 5 101.17 369 M 46.31 M 31.71 M
0 2526 2134 5 20.33 5 65.74 159 A 20.70 A 21.79 A
2 21.90 22.49 5 17.31 5 4836 222 A 21.65 A 16.69 A
4 2436 3153 5 19.52 5 6562 27 .8 A 2065 A 21.76 A

Abbreviarions: A = Absent; AQS = Area of stearosis; FF = Fat faction; LIC = Liver iron concenrration; M = Mild; Mo = Moderate; § = Severe.



Calibration equations for the prediction of
LIC based on R2* proposed by different
Authors.
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