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Iron is required by every cell in the body for oxidative metabolism, cellular growth and proliferation, and oxygen transport and storage.  Iron metabolism involves distribution, absorption, transport and storage. 
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Total iron in the body is about 40-50 mg.  There are two types of iron 1. Functional compounds and 2. Transport or storage.  Hemoglobin has 0.5 mg/ml of blood and 85% of the iron is recycled.  Transferrin is a protein that carries iron to where is it needed.
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Iron is absorbed by the mucosal cells of the proximal small intestine.  The absorption is dependent on the amount of iron, bioavailability of the iron and the iron balance of the individual.  Bioavailability is the type of iron and how absorbable it is.  There are two types of iron: nonheme or ferric iron which is supplied by vegetables and whole grains is not readily absorbed by the intestine and most be converted before absorption.  The heme or ferrous which is supplied by red meats is easily absorbed.  Iron balance is if a person has an adequate amount of iron the body will not absorb as much as a person the is iron deficient.  There is a negative feedback system when iron levels get too high, Hepcidin is produced by the liver and blocks iron absorption.
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Iron is transported in the body attached to transferrin.  Each gram of transferrin will bind 1.4 mg of iron. 

 TIBC stands for total iron binding capacity reference range 250-450 μg iron/dL plasma.  Normally transferrin in about 1/3 bound to protein.  If there is not enough iron the TIBC will increase meaning there is less iron bound to transferrin.  UIBC or unsaturated iron binding capacity reserve iron binding capacity reference range 132-323 μg/dL males and 144-412 μg/dL females. 

 Serum iron reference range is 65-180 μg/dL male and 50-180 μg/dL female and about 95% of that is bound to transferrin.  

The transferrin receptor is a transmembrane glycoprotein dimer.  This is where transferrin releases iron to the cells.  Cells that require larger amounts of iron have more receptor sites.  It takes energy and as certain temperature for the iron to enter the cell.  
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The main storage area for iron is the liver.  The largest nonheme iron stores are ferritin and hemosiderin.  Ferritin has a spherical protein shell that stores iron and hemosiderin is a heterogeneous aggregate of protein and iron.   Serum ferritin is used as an index of iron stores, circulating ferritin parallels iron stores.   Ferritin is an acute phase reactant, that means if there is inflammation in the body the ferritin level may increase give a false iron storage level.  Ferritin with out iron is called apoferritin.  Hemosiderin is derived from ferritin.
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The usual daily requirement of iron is 1 mg /day.  There are some conditions that increase the requirements some are menstruation 2 mg/day, pregnancy 1,000 mg and growing children.  This is why you see increased iron deficiency in women. 
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If iron deficiency anemia is suspected the following tests might be ordered to confirm the diagnosis or help differentiate other causes of anemia.  We have talked about the reference values of these tests and as we talk about the various disordered iron metabolism diseases we will discuss how they change the results.

Serum iron = 65-180 μg/dL male and 50-180 μg/dL female

TIBC = 250-450 μg iron/dL plasma

% Saturation = male 20-50%, female 15-50%  Iron Deficiency <16%, Hemochromatosis >55%

Ferritin = 20-300 μg/L males and 12-200 μg/L females

Serum Transferrin Receptor = These can be measure and there is on going research.  This is not affected by other diseases and is inversely proportional to amount of storage iron.
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Dietary deficiency, blood loss, hemodialysis and malabsorption are causes of IDA.  Dietary deficiency is usually found in lower social economic populations.  

Blood loss could be hemorrhage or a slow chronic bleed, chronic intravascular hemolysis

Hemodialysis indicated kidney damage and less erythropoietin being secreted.  Malabsorption can be caused by various diseases like sprue, after gastrectomy, atrophic gastritis, etc.
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IDA has three stages.  

The first stage is characterized by the depletion of iron stores.  The anemia is not present in the blood but you might see an increased RDW ( may be the first sign) and a decreased ferritin.  

The second stage is when you start to see microcytes on the blood smear and if a BM was performed you would not see any siderocytes (stored Iron).

Finally stage three the typical hypochromic microcytic anemia is present.

Page 189 has a chart showing the three stage and the iron study results that you would expect.
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ID also presents with classic clinical signs.  Not all patients will have all the symptoms.

Koilonchia – concavity of nails

Glossitis – inflammation of the tongue

Muscle dysfunction 

Gastritis

Pica – the craving for unnatural food items example dirt





CLINICAL SIGNS OF IDA
D Koilonchia

O Glossitis

0 Muscle Dysfunction

O Gastritis

OPica

O Fatigue and weakness






image13.emf
LABORATORY RESULTS FOR IDA



Hemoglobin decreased



MCV decreased



Iron decreased



TIBC increased



% Saturation decreased



Ferritin decreased



Transferrin Receptor increased



Bone Marrow decreased M:E ratio


Microsoft_PowerPoint_Slide13.sldx
LABORATORY RESULTS FOR IDA

Hemoglobin decreased

MCV decreased

Iron decreased

TIBC increased

% Saturation decreased

Ferritin decreased

Transferrin Receptor increased

Bone Marrow decreased M:E ratio









13

These are what the laboratory results would look like for a patient with ID.  Lets discuss why they would be this way.

Hgb↓ = No iron to make Hgb

MCV ↓= MCV 55 -74 in ID, decreased because RBC size small, and less Hgb

Iron ↓ = iron lost or not absorbed

TIBC ⁭ = transferrin does not have a lot of iron bound to it so it is free to bind

% Saturation = same reason

Ferritin ↓ = No storage iron, may be falsely increased in inflammatory states

Transferrin Receptor ⁭ = Ferritin not bound to it so free

BM ↓ M:E ratio = not as many RBC being produced.

Also the peripheral smear  can show targets, ovalocytes,  elliptocytes, teardrops or dacrocytes, microcytes, hypochromasis.  The retic count can be N to ⁭ but not enough to replace the blood cells being lost.  Leukocytes normal and the platelets n,⁭ ,↓
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To treat ID you must treat the underlying cause.  Then replacement of the iron loss.  Ferrous sulfate is administered and patients usually feel better 3-5 days after the start of treatment.  The standard dose is 60mg/day.  The anemia will take weeks to correct.  With iron therapy hemoglobin increased by about 1gm/mo.  It take 6-10 week for HGB to return to normal and 6 months for iron stores to be replaced.
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There are two anemia that are caused by abnormal iron metabolism.  They are Sideroblastic anemia and Anemia of chronic disease.
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Sideroblastic Anemia can be inherited or acquired.  The inherited kind is a sex-linked defect in heme synthesis due to an abnormal  σ-aminolevulinate synthase enzyme (ALAS).  It only effects men.  There may be another rare autosomal recessive that affects women.  Acquired can be due to idiopathic causes (don’t know what is the cause) or secondary to an underlying disease or exposure to drugs or toxins.  Some examples of drugs and toxins: lead poisoning (plumbism) lead inhibits enzyme, alcoholism interfere with enzymes also.  Some examples of malignancy are multiple myeloma, lymphoma and leukemia. 
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In sideroblastic anemia you see a dual or dimorphic population.  This can result in your MCV, MCH and MCHC being normal.  The RDW will be increased.  Pappenheimer bodies are seen iron deposits in the RBC they can make counting reticulocytes difficult. The reticulocyte index is usually less than 2 indicating ineffective erythropoiesis.  Targets and basophilic stippling may also be seen.  The BM is usually hyperplastic and you might see ringed sideroblasts. Unlike ID you see an increase in the iron level and the % saturation in increased.  Increased ferritin and normal to decreased TIBC.
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Pyridoxine  therapy is tried on hereditary sideroblastic anemia but iron overload makes this ineffective.  They can try phlebotomy to reduce the iron overload.  In the acquired type if you remove what is causing the sideroblastic anemia it should return to normal.
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Anemia of chronic disease is a phenomenon that happens in people with chronic infections, inflammatory diseases, and neoplastic disorders.  Cytokines are produced during the inflammatory response.  The increased cytokines interfere with the  red cell production by inhibiting erythropoietin production and blocking erythroid progenitor response.  They can also block the release of iron from the macrophage and finally shorten red cell survival by nonspecific macrophage activation, hemolytic factors released by tumors, vascular factors or bacterial toxins.  The also think that the production of hepcidin is increased in the chronic diseases as t is an acute phase reactant.  The increase of hepcidin causes the decreased absorption of intestinal iron but the macrophages do not release the iron they have.  Lactoferrin and ferritin may also have some effects to limit iron usage.





ANEMIA OF CHRONIC DISEASE

T Anemia that oceurs In patients with
chronicinfections, chronic
inflammatory disorders, or neoplastic
disorders

O Cytokines are mediators
= Inhibit £RO production and srythrold

progenitorrésponse.
= BlockIronrelease from Macrophage
= Shorten REC sunvival





image20.emf
ACD LABORATORY FINDINGS



Normocytic, normochromic



RPI <2



Iron Decreased



% Saturation normal to decreased



Ferritin normal or increased



BM increased M:E ratio


Microsoft_PowerPoint_Slide20.sldx
ACD LABORATORY FINDINGS

Normocytic, normochromic

RPI <2

Iron Decreased

% Saturation normal to decreased

Ferritin normal or increased

BM increased M:E ratio









20

The ACD is usually normocytic and normochromic it may become microcytic and hypochromic.  The decreased RPI indicates inadequate erythropoiesis.  It may also cause leukocytosis and thrombocytosis.  Serum iron is decreased and the % saturation is normal or decreased.  Ferritin is normal or increased ( remember acute phase reactant).  Transferrin receptor is within the reference range. The BM has an increased M:E ratio, not as many RBC being produced.  You might see sideroblasts.
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Therapy consists of treating the underlying disease.  Rarely they will treat with transfusion.  Therapeutic erythropoietin can be used to  correct anemia of chronic disease but this is expensive and usually is not required.
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Hemochromatosis is not an anemia but it is a disease of iron metabolism.  Hemochromatosis is actually iron over load in the body it can be hereditary or secondary to other diseases.  The hereditary type is usually seen in people of European ancestry and most people have an HFE gene either C283Y or H63D.  This causes and increased affinity between transferrin and transferrin receptor so two times as much iron is absorbed than normal.  The excess iron causes cell injury and organ failure.  The diseases that can cause secondary hemochromatosis are anemias with ineffective erythropoiesis, chronic liver disease, multiple transfusions and iron injections and alcoholism.  You see an iron excess of > 4 gm in the body with hemochromatosis.
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Some of the symptoms of hemochromatosis are chronic fatigue, arthralgia, infertility and inpotence, cardiac disease, diabetes, cirrhosis and hyperpigmented skin. They are called the golden body or Bronzed diabetes.
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Hemochromatosis patients will have increased iron saturation( > 50 % females and >60% males) and increased ferritin levels.  DNA testing is used to identify the inherited hemochromatosis patients.  Liver and BM biopsies may be done.
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The most common treatment is phlebotomy each units remove about 250 mg of iron.  Weekly phlebotomies in early treatment and then about every three months. They have also tried iron chelators (desferrioxamine) on secondary hemochromatosis patients.  The chelators bind the iron so it can be removed from the body by excreting it in the urine.
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Heme is an iron-chelated porphyin ring and the porphyrias are inherited disorders in the prophyrin synthesis usually to defect in the enzymes in the heme synthesis pathway. There are two types erythropoietic or liver depending on the site of the defective metabolism.    The defects in the synthesis results in increased porphyrin heme precursors.  The build up of the precursors cause the symptoms and clinical finding of the disease; photosensitivity, abdominal pain, neuropathy, mental disturbances.
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The first we are going to discuss is congenital erythropoietic porphyria also called Gunther’s disease.  It is an autosomal recessive trait that caused a defect in the uroporphyrinogen III cosynthase enzyme.  It results in increased amounts of uropophyrin 1 and copropophyrin 1.  The patient usually has a normocytic anemia with anisocytosis and poikilocytosis that can be mild to severe. Retic counts are increased and the BM is hyperplastic.  Haptoglobin is absent, iron and iron stores are normal. The red cells will fluoresce under UV light.  The patients urine might be pink to reddish brown in color due to the increased porphyrin. Increased unconjugated bilirubin and urinary and fecal urobilinogen are increased.  Patients are very photosensitive and must avoid sun exposure.  Patients usually only live to about 50 years of age.  BM transplants have been tried in severe cases.
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Anemia can be due to a defect in heme synthesis or globin synthesis.  Heme synthesis problems could be due to 1. Faulty iron metabolism (iron deficiency or defective iron utilization) 2. Defective porphyrin metabolism   Globulin defects are due to deletion or mutation of globulin genes (Thalassemia)  This will be discussed at a later time.  
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The second type of porphyria is erythropoietic protoporphyria.  This autosomal dominate disorder results in over production of protophophyin due to a defect in ferrocheletase (heme sythase).  It  can be hepatic or erythropoietic.  In this porphyria you do not see protoporphyins in the urine.  The Red cells fluoresce and the patients need to avoid sun exposure.  Most patients with this disease only live until there 50s.  
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Hemoglobin – heme + globin

Heme Defects = Faulty Iron Metabolism or Porphryin metabolism

IDA = Inadequate amount of iron, microcytic, hypochromic, decreased iron, ferritin, %sat  Increased transferrin, transferrin receptor

ACA = cytokines due to inflammation and infection decrease erythropoiesis and destroy red cells, usually normocytic, normochromic may be Microcytic, hypochromic, decreased iron, transferrin normal to increased, % sat normal to increased, increased ferritin and normal transferrin receptor

SA – defective porphyrin synthesis, block in iron insertion, dual population, normocytic, hypochromic, ringed sideroblasts, normal iron

Hemochromatosis – Increased iron and ferritin, C283Y and H63D

Porphyrias – Abnormal porphyrin synthesis
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Faulty iron metabolism can be due to Sideropenic or deficiency of iron for heme synthesis or Siderachristic the adequate amount of iron but for some reason there is a block so it can not be utilized.  Iron Deficiency anemia is an example of sideropenic and Sideroblastic anemia and anemia of chronic disease are examples of siderachristic.  Sideroblastic anemia is due to a defect in the porphyrin synthesis.  Anemia of chronic disease is due to defective reuse of iron.
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