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Classification of anemias

Regenerative 
1.

 
loss of blood (acute)

2.
 

hemolysis
Hyporegeneratives

1.
 

quantitatively insufficient erythropoiesis
–

 

erythroblastenia

 

*
–

 

medullar aplasia

 

(e.g., after ceratin

 

drugs)
–

 

medullar "invasion" (leukaemia…)
2.

 
qualitatively insufficient erythropoiesis

insufficient hemoglobin synthesis
•

 

iron deficiency or chronic blood losses 
•

 

troubles of iron utilization *
insufficient DNA synthesis 

•

 

vitamin B12 deficiency
•

 

folates deficiency

type 

normocytaire
normochrome

microcytaire
hypochrome

macrocytaire

* observed in

 

infectious diseases, inflammation, and cancer (chronic situations)



Zürich, 13-15 October 2009Iron Master Class 3

What does the doctor need to look for in patients ?
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Where is iron stored, and what for ?

•
 

Iron stores are low compared to functional iron hemoglobin / myoglobin
 

…
•

 
Circulating iron is very low in quantity …

Organ / Cells amount function

Red blood cells 1.8 g O2 transport

RES macrophages 0.6 g iron storage

Liver 1.0 g O2 metabolism / storage

Bone marrow 0.3 g O2 metabolism / storage

Muscles (myoglobin) 0.3 g O2 metabolism

Other tissues8 0.1 g O2 metabolism

Transferrin 0.003 g iron transport
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Movements of iron into, within, and out of the body…

The in and out movements of iron are very limited compared "in body" turnover …

alimentary iron
 (≈

 
10 mg/d)

limited absorption

 
(1-2 mg/d)

plasmatic

 
transferrin

 
(3-4 mg)

erythrocytes

 
(3 g)

erythroblastic

 

marrow

 
(150 mg)

liver / spleen
macrophages

 
(1 g)

turn-over: 
≈

 
25-30 mg/jr

very low and slow losses 
(desquamations)

≈

 

1-2 mg/jr
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Absorption of iron: 1. intestinal control
•

 

Iron homeostasis is regulated at the level of intestinal absorption

•

 

Iron is absorbed by villus

 

enterocytes

 

in the proximal duodenum

•

 

Efficient absorption requires an acidic environment (antacids or

 

other 
conditions that interfere with gastric acid secretion can interfere with 
iron absorption)

•

 

Ferric iron (Fe+++) in the duodenal lumen is reduced to Fe++ * through 
the action of a brush border ferrireductase, and is  cotransported

 

with 
a proton into the enterocyte

 

via the divalent metal transporter DMT-1 
(which also transports many divalent metal ions.

•

 

Inside the enterocyte, iron follows one of two major pathways

–

 

Iron abundance states: iron within the enterocyte

 

is trapped by incorporation into ferritin

 and hence, not transported into blood. When the enterocyte

 

dies and is shed, this iron 
is lost. 

–

 

Iron limiting states: iron is exported out of the enterocyte

 

via a transporter (ferroportin) 
located in the basolateral

 

membrane

http://arbl.cvmbs.colostate.edu/hbooks/pathphys/digestion/smallgut/absorb_minerals.html

* favored by co-administration of ascorbic acid (vitamin C)
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Iron absorption and 
mobilization:  

2. role of hepcidin

Systemic iron homeostasis: 

•

 

Hepcidin

 

controls the transferrin

 

iron 
saturation by inhibiting iron efflux 
mainly from duodenal enterocytes

 

and 
macrophages but also from 
hepatocytes. 

•

 

Hepcidin

 

synthesis is positively 
regulated by the iron stores and 
negatively regulated by erythropoietic

 activity. 

Note:  the signal that regulates hepcidin

 
expression through erythropoiesis, 
anemia and hypoxia is still unknown, 
but inflammation may increase its 
production
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Hepcidin
 

"turn off" * 
the iron export system

Ganz

 

& Nemeth, Biochim

 

Biophys

 

Acta. 2006;1763:690-9

A. before hepcidin treatment. 

B. after hepcidin treatment: 
the ferroportin has been 
internalized leading to 
decreased cellular iron 
efflux.
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Why do 
inflammation 

cause anemia ?

Munoz et al. World J Gastroenterol

 

2009; 15:4617-4626
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When do erythrocytes need iron ?

for the final maturation of red 
blood cells

 
(synthesis of hemoglobin)
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Anemia

Anemia is a condition characterized by a bodily insufficiency of

 

red blood cells, hemoglobin, or a combination 
of the two. A most common form is iron deficiency anemia, related to a paucity of the mineral iron, which 
the body requires to produce hemoglobin and transport oxygen. 

Without enough oxygen circulating in the body, symptoms such as extreme fatigue, pallor,

 

weakness, 
lightheadedness, shortness of breath, and cold extremities may develop. Other possible signs of iron 
deficiency anemia include brittle nails, poor appetite, increased susceptibility to infection, headache, swelling 
and soreness of the tongue, and cracking of the sides of the mouth, though mild cases are sometimes 
asymptomatic.

http://www.microscopyu.com/galleries/pathology/irondeficiencyanemiaexlarge.html
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Iron deficiency anemia: who is at risk ?

•
 

nutrition deficiencies
–

 

lack of animal iron or "poor" quality nutrition

•
 

pregnant women
–

 

fetal reserves building

•
 

children
–

 

growth (young children)
–

 

ill-adapted nutrition (adolescents; young women)

•
 

aged patients with decreased
–

 

medullar reserve 
–

 

hormonal response to erythropoietic

 

stimulants
–

 

alimentary supply

•
 

acute blood loss
–

 
surgery

•
 

cancer / inflammation / infections
–

 
"resistance" to erythropoietic

 
stimuli

http://www.microscopyu.com/galleries/pathology/irondeficiencyanemiaexlarge.html

improve nutritional 
status

intervene !
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Alimentary supplies

"vegetal" iron

hemic

 

iron

This guy is wrong !
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Alimentary supplies

"vegetal" iron

hemic

 

iron
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Alimentary supplies

"vegetal" iron

hemic

 

iron

old but useful publication

What you need (for optimal 
bioavailability) is this:

myoglobin hemoglobin
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Why is hemic
 

iron more bioavailable
 

?

because of the presence of a 
specific heme-transporter at the 
level of the intestinal cell villi

Dunn et al. Trends in Cell Biol

 

2006; 17: 93-100
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Oral iron with pharmaceutical preparations …

All have a poor bioavailability (non hemic

 

iron…)
–

 

May help if …

 

you have a  lot of time * 
thus, not in acute situations

 
(ascorbic acid may help …)

–

 

treatment is ALWAYS long (3-6 months!!)

All have several undesirable effects (you MUST warn the patient !!) due to presence of large 
amounts of free iron (that will not be reabsorbed)

–

 

irreversible teeth staining 
–

 

diarrhea or constipation, 
–

 

blackened stools (with persistent stains on clothes)
–

 

risk of ulcers (Iron sulfate) **

Do NOT administer with drugs that may be complexed by dicationic

 

or tricationic

 

iron 
(diphosphonates, levodopa, fluroquinolones, tetracyclines, …) or which can reduce iron 
bioavailability (antacids, phosphates, calcium salts, …)

*  typical time to recover from a 300 ml blood loss: 1-2 months
** see next slides
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Iron sulfate and gastric ulcers…

Zhang et al., Pathol

 

Res Pract.

 

2009;205:579-81 
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Iron sulfate and esophageal ulcers…

Areia

 

et al., Endoscopy.

 

2007; 39 Suppl

 

1:E326 
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Oral Iron preparations ..
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When iron is more urgently needed than can be 
obtained by oral route ?

•
 

intolerance or low adherence to oral preparations 
(up 1/5 of all patients [Kulliggs

 

et al. Alim. PharM; Ther. 2006; 24:1507-1523)

•
 

acute blood loss
–

 

surgical interventions and accidental hemorragea

–

 

post-partum

•
 

diseases associated with disturbance of iron absorption and/or 
utilization

–

 

inflammatory bowel disease

–

 

congestive heart failure

–

 

chronic kidney disease

–

 

cancer-related anemia
in association with erythropoietin



Zürich, 13-15 October 2009Iron Master Class 26

Why more iron after administration of erythropoietin ?

Exogenous 
EPO

Iron need 
increases

Conditions where endogenous 
EPO is insufficient:
−

 

renal insufficiency
−

 

cancer (overproduction of 
cytokines)

Erythropoiesis-stimulating agents should be used to target hemoglobin 11-12 g/dl in patients with 
chronic kidney disease (or tumors). Intravenous iron may be beneficial for patients with hemoglobin less 
than 11 g/dl and transferrin

 

saturation less than 25% despite elevated ferritin

 

(500-1200 ng/ml).

 
Novak et al. Curr

 

Opin

 

Nephrol

 

Hypertens. 2008 Nov;17(6):580-8.
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What is the link between EPO and need of iron ?

for the final maturation of red 
blood cells

 
(synthesis of hemoglobin)
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Why do some patients "resist" to EPO ?

Elliott et al., Advances in Chronic Kidney Disease, 2009; 16:94-100
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Diagnostic and handling of EPO-resistance

Elliott et al., Advances in Chronic Kidney Disease, 2009; 16:94-100
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Can iron be administered by the parenteral
 

route ?
A few milestones:

the early use of iron salts has been associated with very severe side effects (J. Clin. 
Invest. 1932; 11: 1293-1312 – N. Engl. J. Med. 1938; 219:910-912 – Blood 1946; 
1:129-142)

IV solutions with saccharose (sucrose) were found more acceptable (Lancet 1947; 
i:49-51)

Fisons introduced iron dextran in 1954, first for intramuscular (Lancet 1954; ii: 942) 
and later on for intravenous administration 

Several other preparations of complexed iron have since then been introduced, with 
large variations between countries for commercialization

Example for Belgium :
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But what are (some of) the problems ?
•

 

Complexation

 

is often insufficiently stable leading to liberation of free, toxic ionic iron, 
causing oxidative stress …

–

 

iron gluconate

 

(Venofer®

 

needs to be administered by small doses (100-200 mg) over several 
days

•

 

The complexing

 

agent may cause severe adverse reactions

–

 

formation of anti-dextran

 

antibodies

–

 

Iron-dextran

 

needs to be administered very slowly (50 mg/min max.) and ofteh

 

over several 
hoours

•

 

Anaphylactic-type reactions, including deaths 
•

 

Use only in those patients with iron deficiency: 
Verified with lab tests 
Not amenable to oral iron therapy.

•

 

Resuscitation techniques and treatment of 
anaphylaxis and anaphylactoid shock must be 
readily available.

Warning box for Iron Dextran…

•

 

Most preparations do not fully take into account the way iron should be delivered to cells !
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Pharmacological properties

Silverstein & Rodgers, American Journal of Hematology 76:74–78 (2004)
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Guidelines

Silverstein & Rodgers, American Journal of Hematology 76:74–78 (2004)
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How is iron delivered to cells ?
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How is iron delivered to cells ?
Iron is never free in plasma but 
VERY tightly bound to transferrin as Fe3+
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How is iron delivered to cells ?
Fe3+-loaded transferrin
binds to a surface 
receptor…
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How is iron delivered to cells ?
The Fe3+-loaded transferrin – 
receptor complex is internalized by 
adsorbtive pinocytosis
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How is iron delivered to cells ?

Thanks to acid pH (∼

 

5), Fe3+ is 
reduced to Fe2+, unloaded from the 
transferrin – receptor complex, and 
reaches the cytosol (to be used or 
stored)
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How is iron delivered to cells ?

The free-transferrin - 
receptor complex recycles 
to the cell surface… where 
free transferrin is  liberated 
…
to capture any free iron and 
do its job again …
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Why could Ferinject®
 

be more "physiological" ?

16

 

Geisser

 

P, 1992

Macrophage

Fe2+

Fe2+
Ferritin

Fe2+ Fe3+ Transferrin

Carboxymaltose 
shell

Ferric
 

carboxymaltose

Lysosome

Fe3+

Transferrin

Fe3+

Fe2+

Fe3+

It mimics what transferrin

 

would do …

 

and it helps reloading transferrin

 

with Fe3+
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Proposed use of intravenous iron in surgical patients

Munoz et al. Vox

 

Sanguinis

 

(2008) 94: 172–183
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Proposed use of intravenous iron in cancer patients
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Proposed use of intravenous iron in cancer patients (2 of 3)



Zürich, 13-15 October 2009Iron Master Class 44

Proposed use of intravenous iron in cancer patients (3 of 3)
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Is infection a risk of iron therapy ?
•

 
This has been a much controversial area… with suggestions and 
experimental evidence that iron supplementation

–
 

will increase host defenses (PMN use oxydant
 

species to kill bacteria)

–
 

BUT will also promote microbes' growth because they may need iron…*

•
 

Most evidences come from studies with oral administration in 3d world 
countries with undernourished populations (probably deficient in

 
iron) and 

high incidence of malaria…

•
 

No studies of oral iron supplementation clearly show deleterious
 

effects in 
non-malarious

 
areas…

•
 

Milk fortification reduced morbidity due to respiratory disease in two very 
early studies in non-malarious

 
regions, but this was not confirmed in three 

later fortification studies, (decreased morbidity rates could be
 

achieved by 
breast-feeding alone). 

•
 

No systematic studies report oral iron supplementation and infectious 
morbidity in breast-fed infants in nonmalarious

 
regions. 

*  unlikely to take place with S. aureus et S. pneumoniae because there is enough Hb

 

where they live in humans…

Oppnenheimer

 

S, J. Nutr. 2001; 131: 616S–635S.



Zürich, 13-15 October 2009Iron Master Class 46

Does oral iron supplementation increase infections * ?

*  in non-malarious

 

areas…
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Does oral iron supplementation increase infections * ? 

*  in non-malarious

 

areas…
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What about infections in "Western" patients ?

Surg Infect (Larchmt). 2009 Feb;10(1):9-19. 

Randomized, double-blind, placebo-controlled trial of effects of enteral iron supplementation on 
anemia and risk of infection during surgical critical illness.
Pieracci

 

et al. Department of Surgery, Weill Cornell Medical College, New York, New York 10021, USA. 

BACKGROUND: Critical illness is characterized by hypoferremia, iron-deficient erythropoiesis

 

(IDE), and 
anemia. 

SETTING: Enteral

 

iron supplementation (ferrous sulfate 325 mg three times daily)

 

or placebo until 
hospital discharge (97 vs. 103) in surgical patients

OUTCOMES: hematocrit, iron markers (i.e., serum concentrations of iron, ferritin, and erythrocyte zinc 
protoporphyrin

 

[eZPP]), red blood cell (RBC) transfusion, transfusion rate (mL

 

RBC/study day), 
nosocomial

 

infection, antibiotic days, study length of stay (LOS), and death. 

RESULTS:No

 

difference with respect to incidence of infection (46.8% vs. 48.9%; p = 0.98), antibiotic days 
(14 vs. 16; p = 0.45), LOS (14 vs. 16 days; p = 0.24) or mortality rate (9.4% vs. 9.9%; p = 0.62).

CONCLUSION: Enteral

 

iron supplementation of anemic, critically ill surgical patients does not increase 
the risk of infection and may benefit those with baseline IDE by

 

decreasing the risk of RBC transfusion. 
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What about the infection risk for parenteral
 

iron ?

•
 

much of the evidence is from in vitro studies
migration of PMN

0 25 50 75 100
0

25

50

75

100

125

150

175 EC + / PMN +
EC - / PMN +
EC - / PMN -

iron (mg/L) as iron-sucrose

%
 o

f c
on

tr
ol

Authors' discussion: The clinical implications of our finding…

 

are currently unknown and require further 
studies.
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What you will learn in the next days about iron therapy 

•
 

Clinical studies of available formulations (as registered)
•

 
Medical education

•
 

Science now and in the near future
•

 
Patient Management

•
 

Use in Oncology (future indication ?)

•
 

My wish list for the future of iron therapy
–

 
further clinical data in treatment of anemia in chronic diseases

 (cancer, chronic heart failure, inflammatory diseases)
–

 
impact of intravenous iron on (i) cytokines and inflammation-related 
markers in vitro and in vivo, (ii) atherotic

 
plaques peroxidation

 (cardiovascular disease); (iii) infections (in vitro [comparison
 

with iron-
 sucrose] and in vivo) …

–
 

nephrotoxicity
 

of new formulations in comparison with iron-sucrose
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Where is Louvain ?
original place of the University 
(founded in 1425), and present place

 
of the Flemish-speaking Catholic 
University of Louvain 
(Katholieke Universiteit Leuven) 

Where we are now, in the outskirts of 
Brussels for the Faculty of Medicine of the 
French speaking Catholic University of 
Louvain (Université catholique de Louvain)

Where the other Faculties of the 
French-speaking Université 
catholique de Louvain are located
(in a place called

 

Louvain-la Neuve)
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And here is how it will look when you come and visit us …

the Cellular and Molecular 
Pharmacology team
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