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Importance of iron

@ * Withinthe body, iron exists in two oxidation states: ferrous (Fe?*), or

the ferric (Fe3*) which binds to anions, water and peroxides forming
Insoluble compounds.

@ * Itis also presentin the prosthetic group of several enzymes such as
redox cytochromes and the P450 class of detoxifying cytochromes.

@ * lronisimportant for metabolism and oxygen
@ transport. Yet...

@ °* lron can be potentially toxic due its ability to form free radicals
when reacting with H202

2+ 3+ - e
Fe© +H,0, >Fe +OH +OH

@ Solution: ironis not free.
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What is life cycle of iron inithe body?

Erythrocytes carry 2500 mg at any
point in times which is about 70%
of iron.

Well-nourished persons
3-4g

At any point in time
macrophages carry 200-1000
mg of iron, of which it adds 25

The bone marrow carries 150 mg of

Monocyte-Macrophage | A AN ‘ iron, and gets a daily amount of 25

mg daily from scavenging the system mgs from macrophages which are
v It will be RBCs and it releases the same consumed (the 25 mgs) to
. . amount (25 mg daily) to the 20 mg synthesize new RBCs.
explained in bone marrow to make 200 gg"';g 7 daily
the next two Billion RBCs daily. e
. Absorption . Loss
slides. 1-2 mg daily 1-2 mg daily
— an — Ty Small amounts are lost 1 mg a day for men
2 g e uned but only 1- and 1.5-2 mg a day for women with regular
mgs are absorbed, the rest is not trual iod
abacrbod. menstrual periods

. Additional iron (300 mg) is
Myoglobin/ ’
enzyme's channeled to other celluﬂl\{-

300 mg / proteins (myoglobin and
cytochromes).




What is life cycle of iron in the body?

» The human body contains approximately 3-4 grams of iron, which
represents a significant amount for a trace element:

1. Erythrocytes (Red Blood Cells, RBCs)
Iron content: ~2.5 g (70%)

v" The majority of body iron is present in hemoglobin within RBCs, derived from
approximately 200 billion circulating RBCs.

2. Monocyte-Macrophage System

Iron content: ~200-1000 mg

v’ At any given time, macrophages carry approximately 200-1000 mg of iron.

v These cells play a central role in iron recycling by scavenging senescent red blood cells
(RBCs).

v Each day, macrophages acquire about 25 mg of iron from degraded RBCs and
simultaneously release the same amount (25 mg/day) into the plasma.

v' This recycled iron is then utilized by the bone marrow to support the production of
approximately 200 billion new RBCs daily.



What is life cycle of iron in the body?

3. Bone Marrow

Iron content: ~150 mg

v" The bone marrow receives a daily supply of
~25 mg of iron from the monocyte-
macrophage system.

v This iron isimmediately utilized to
synthesize new red blood cells (RBCs).

5.Enzymes /Myoglobin & cytochrome
Iron content: ~300 mg

6. Plasma (Transported by Transferrin)

Iron content: ~4 mg

v A very small but crucial fraction for
transporting iron between stores and

4. Tissue Stores (Hepatocytes and Kupffer the bone marrow.

Cells) » Dietaryiron absorption: ~1-2 mg/day
Iron content: ~500-1000 mg > Daily iron requirement for erythropoiesis and
v Iron release from these stores is slower other functions: ~18-20 mg/day
than from the monocyte-macrophage » Small amount are lost iImg a day for men and
system 1.5-2mg a day for women with a regular
menstrual period.
» the total body iron remains relatively constant.




lron absorption



Possible transfer to a

State Of iron ot e subcellular compartment
T' 0 .FeZ: im"

Fe*?

@ Under conditions of neutral or alkaline
pH, iron is found in the ferric Fe3* state
and, at acidic pH, in the ferrous Fe?2* Ferrireductase
state. :

@ |n the stomach, iron will be in the ferrous Catabolismby hemek
state. iz e
@ In the duodenum, iron is in the ferric '
state. . | Possible export to
@ However, to be absorbed, dietary iron Transfer to b thacietulation
must be in its ferrous Fe?* form. chcuiatiod w
@ Plant basedironisin the Fe+3 state Herme exporter

(Berp or FLVCR)

-
‘*-,-\

while animal based is in the Fe+2
state. |

@ Although plantironis converted to
Fe+2 in the stomach, it is still not as
efficiently absorbed.

v' Animal-derived iron is better absorbed s
than plant-derived iron.




Site of absorption

@ Ferrireductase enzyme on the enterocytes' brush border reduces Fe3* to
Fe?* in a vitamin C-dependent reaction, where Vitamin C supplies the
electron.

@ Divalent metal transporter 1 (DMT1) transports iron into the cell.
@ DMT-1 can transport other metal ions such as zinc, copper, cobalt,
manganese, cadmium, and lead.

Possible transfer to a
24 subcellular compartment

Nonheme iron
out . Fe2+

Feh

/\ Ferrireductase

HO_ : HO_ : {

oo oo M@
\/H\g:z{ \/HX:T voH Catabolism by heme

3+

Fe Fe

(

EC 1.16.5.1
=
®

[




Heme as a source of iron S

e ©
° Fa2+ ’ Heme
. ? o
@ |ron can also be obtained from y ®
ingested heme. Judd 55y
. | =
@ Heme is absorbed by a receptor “\ / -
. . [ \
called heme-carrier protein 1 (HCP- YU \L
1) and iron is released by heme N ? ]
Oxygenase-l (HO-l) ) ../ “L ' Heme oxygenase
@ |n other cells such as macrophages, ) e
heme oxygenase also extracts iron Omeprazole (or other Yo
proton pump inhibitors) ( Lo
from heme. reduces stomach acidity by \\\ E P
inhibiting hydrogen ion [ Feo s |
secretion. @ S
Proton pump-inhibiting drugs such as v Lower stomach acidity Cemlop.asmm' sropertn
omeprazole greatly reduce iron absorption. impairs the conversion of
ferriciron (Fe3™) to ferrous HERE

iron (Fez+) Plasma



Fates of iron

Fate 1: storage
@ Cells can storeiron as ferritin.

@ Each Ferritin complex can store about
4500 iron ions. Ferritin
is present in all storage locations
including liver cells, macrophages..

@ But, if cells are sloughed off from the tip
of the villus into feces before absorption,
iron is eliminated from the body.

Fate 2: Transport

@ Iron is transported out via a basolateral
transporter known as ferroportin, which
IS ﬂlstrlbuted throughout the body on all
cells.




Ferroxidase and transferrin

Once iron leaves the intestinal cells, an iron oxidase, known as hephaestin or
ferroxidase, converts iron from the ferrous state to the ferric state. If stored as
Fe+2 it would be active and may participate in non desirable reactions, thus it is
stored as Fe+3.

@ Nonintestinal cells use the plasma protein ceruloplasmin to oxidize iron.

Iron is rapidly bound to transferrin, an iron-binding protein of the blood that
delivers iron to liver cells and from liver cells for storage to other tissues via
receptor-mediated endocytosis.

. Macrophage

JP\

S
E HRG1
Heme-

Fe oxygenase l‘

|
= Ferr;;;)l:ﬁﬁ'
Ceruloplasmin '

Tf-Fe*

Trar_t sferrin

Plasma



Intestine-related iron metabolism disorders

@ Iron malabsorption
@ Gastrectomy (total or partial)
@ Celiac disease (villous atrophy)
@ Crohn’sdisease
@ Helicobacter pylori

@ Intestinal hemorrhage (gastrointestinal-mediated iron loss)
@ Gastric cancer
@ Ulcers
@ Inflammatory bowl disease
@ Hookworm infection




Properties of transferrin

@ Apotransferrin can bind several
metals, but ferric, not ferrous, iron
has the highest affinity forming
ferrotransferrin.

@ Transferrin contains two sites that
bind ferric irons:
@ jron-binding sites of transferrin are
normally only about 1/3 saturated
with iron.

@ When iron exceeds normal levels, non-
transferrin-bound iron (NTBI) appears.




Receptor-mediated endocytosis

Ferrotransferrin binds to a transferrin receptor Eadd

(TfR) on the surface of cells triggering o o holoTf B g
endocytosis into early endosomes (pH of 6.0).  apo-Tf e ‘. ® @
Early endosomes are transformed into late 1

endosomes (pH of 5.0) where Fe3*atoms
dissociate, get reduced into Fe2* by the
ferrireductase STEAP3, and are transported into
the cytosol via DMT1.

@ STEAP3 depends on vitamin C.
The apotransferrin-transferrin receptor

e e &
complex is recycled back to the surface, Ferritin' x
apotransferrin dissociates, and the receptor Fesr

binds another transferrin.
Affinity of TfR toiron: diferric Tf (Fe2Tf)
>monoferric Tf (FelTf) >apo-Tf

. Reductase
- (Steap2/3)

 “Acidified
milieu




Summary

Absorption in the Duodenum

Fe3* must be reduced to Fe2* to be absorbed.
Ferrireductase enzyme on enterocytes’ brush
border reduces Fe3* — Fe2* (vitamin C-dependent).
Transport into enterocytes:

Non-heme iron (Fe2*): via DMTI (Divalent Metal
Transporter 1).

Heme iron: via Heme Carrier Protein 1 (HCP1) — iron
released by Heme Oxygenase-1 (HO-1).

Stored as ferritin.

Transport to Blood

Exported via ferroportin on the basolateral
membrane.

Oxidized from Fe2" — Fe3* by
hephaestin/ferroxidase (in intestine) or
ceruloplasmin (other tissues).

Binds transferrin (Tf) in plasma for transport.

» Transport in Blood

Transferrin (Tf): binds Fe3" — delivers to tissues
via receptor-mediated endocytosis.
Iron-binding: transferrin is normally 1/3
saturated.

Cellular Uptake

Transferrin receptor (TfR) binds diferric
transferrin — endocytosis into early endosomes
(pH 6.0).

Late endosomes (pH 5.0) , Fe3* dissociates from
transferrin.

Reduced to Fe2* by STEAP3 ferrireductase
(vitamin C-dependent).

Transported into cytosol via DMTI.

TfR and apotransferrin recycled to cell surface.



Regulation of ironinthe body



Hepcidin (iron sensor)

@ Hepcidin is a peptide

hormone (25 amino VER
acids) secreted by the &) @ .
. . . H i High iron level
liver and it reduces iron YR —l "_ SIRIEE
IEVE'S. - @i— Inflammation
@ Wheniron level increases  Pem"d  "ami rfmmten
and in cases of
inflammation, hepcidin i
secretion increases. s
@ When iron levels are low, o5

there is high iron s

demand, or hypoxia, its e ]
. 3 {5"1 &

release is suppressed.

Reticuloendothelial
macrophages

Duadenum



How does hepcidinreduce iron levels in the body?

@ Hepcidin binds to the basolateral iron

.. ) Low hepcidin High hepcidin
transporter ferroportin inducing _. » _. -
ron uptake ron upta

ferroportin internalization and oG ol
d eg radatlon . (duodenal enterocytes,

macrophages,
hepatocytes)

@
@ ferritin.

@ This results in higher iron storage. g @

@ lIronis eliminated in sloughed off
intestinal cells.

< >

@ lIron is not released from macrophages. L ;
@ Hepcidin also inhibits the presentation of e onreease O :"d
the iron transporters (e.g. DMT1) in o plasma

intestinal membranes decreasing iron
absorption.
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What happens when iron increases

BASAL STATE

v" It will be explained in the next four slides.

+

T

Release of hepcidin through

Normally High

4Fe—45‘(_;})'

IRE in the 3" UTR
mMRNA degradation

IRE in the 5" UTR
Translation occurs

T Wy

2 18 T T T
M T S——

High Fe

L

IRPI: inactive
IRP2: degraded

Fe uptake: v
Fe storage: 1
Fe export: 1

Heme synthesis: f

TCA cycle: t

At the transcriptional mRNA level:

A-In the 3 UTR of TfR1 and Dmt1, the binding of iron to IRP removes it from the IRE in both the 3 end and the 5 end.
This causes TfR1 and DMT1 mRNA to become unstable and downregulated which reduces iron uptake.
B- In the 5 UTR region of Fpn the IRP is removed allowing the Ferroportin to be expressed probably to allow iron

circulation. In case of too much iron, hepcidin downregulates ferroportin to prevent overload of iron in other tissues.

Apo-TFR1 complexes

TFR2

TFR1

Fe,-TF SENSING NORMAL Fe HOMEOSTASIS

Sensor of
Fe -TF erz-TFD FegIr 3 3
2 Sensing
Complex

e % w
O Abnormall mh e

Signaling

HoIo-Tf (Fez-Tf) By

Iron Uptake

. Induction of Regulation of
with HFE during low binds TFR1 e T
or basal serum iron releasing HFE. HFE binds to TFR2
conditions. sending a signaling
o cascade to increase
52 v hepcidin production
BMPR @ High intracellular iron binds to bone morphogenic protein |
(BMP6), which binds to its receptor (BMPR). BMPR is
—— associated with Hemojuvelin (HJV), thus upon binding to
=§ BMP6, both proteins start a cascade of a signaling pathway
‘;j;"; inside the cell to upregulate hepcidin production.
: ,l;£%

Hepcidin



1) What happens when iron increases?

3ASAL STATE

When there’s too much iron (Fe) circulating in the blood, the liver TER2 TR

senses this and increases hepcidin production. @ %
I S —r
» How that signal travels?

Fe,-TF SENSING

* Wheniron levels are high — transferrin becomes more saturated — 3
(diferric transferrin = Fe2-Tf) which binds strongly to Transferrin FeyTF 3“*?”
Receptor 1 (TfR1) on hepatocytes (liver cells). \tﬁ

 Normally, HFE protein is attached to TfR1 But when Fe2-Tf binds to @ O m

TfR1 — HFE is displaced (released). [ ——
(Ll éj,o JcHFE bl 5 Js-aFep—Transferrin | cf,\g\ S aadl gy U

NORMAL Fe HOMEOSTASIS

* The free HFE now binds to Transferrin Receptor 2 (TfR2) on the FezTe 9 [
hepatocyte surface. °°'"j'ei"
, , - ' ligy jo.
« TfR2-HFE complex acts like a signal sensor for hepcidin v

Signaling * Iron Uptake

production Cesinds

Induction of Regulation of
Hepcidin =  \Whole Body
Production Iron Homeostasis



2) What happens when iron increases?

1. When intracellular iron increases, liver produces more HJV
BMP6 (Bone Morphogenetic Protein 6). i’ﬁj‘iewe
2. BMP6 binds to its receptor — BMPR (Bone BMPE
Morphogenetic Protein Receptor). |
SMADs )
3. BMPR forms a complex with a helper protein called
Hemojuvelin (HJV). e
Increased
transcription
4. This BMP6-BMPR-HJV interaction triggers an "
intracellular signaling inside the cell to upregulate - ¥ | :f sl

hepcidin production. Hepcidin



3) What happens when iron increases?

> Both Transferrin Receptor 1 (TfR1) and Divalent Metal -». IRP
Transporter 1 (DMTI1) have Iron-Responsive Elements (IREs) in 4.=e4§'i'_"_,";‘
their 3’ untranslated regions (3’ UTR). "

* Normally, when Iron Regulatory Proteins (IRPs) are bound to

."/'

IRE in the 3" UTR

these IREs, they stabilize the mRNA, allowing more translation mRNA degradation
— 1 iron uptake.
Vs ﬂﬁﬁﬁ,é@- >

v But wheniron is high:

* Iron binds IRP — IRP detaches from IRE — mRNA becomes Il = __R__ . 353
unstable — degraded.

* Result: | TfR1and | DMT1 — | iron uptake into the cell.

IRE in the 5" UTR
Translation occurs

> Ferroportin has its IRE at the 5’ untranslated region (5’ UTR). Ribosome
When IRP is bound (in low iron), it blocks translation of Fpn. ' ﬁb\ ‘
 Wheniron is high, IRP detaches — translation proceeds — 1 i -1 ’
ferroportin expression — more iron can exit the cell into
circulation. oW i o nad) 755 e (38 bl one b




What happens when iron increases?

> In conditions of iron overload, the first and second
regulatory pathways (abnormal) are primarily activated,
whereas in moderate increases of iron, the third pathway (
normal ) predominantly regulates iron homeostasis.

High Fe
r

~~

IRP1: inactive
IRP2: degraded

Fe uptake: X’
Fe storage: (1
Fe export: 1
Heme synfhesis:f
TCA cycle: )



Hemosiderin

@ The normal total body iron stores may range from 2 to 6 gm, but persons with
hemochromatosis have much greater stores exceeding 50 gm.

@ If the capacity for storage of iron in ferritin is over-saturated, iron is stored as water-
insoluble deposits known as hemosiderin, mainly in macrophages.

@ Excess hemosiderin leads to cellular dysfunction and damage.

Affected organs and conditions
e Liver (hepatic fibrosis)
* Pancreas (diabetes mellitus)
e Joints (arthropathy)
e Skin (pigmentation)
 Heart (cardiomyopathy)
e Gonadotrophin-secreting cells (hypogonadotrophic
hypogonadism)




Disease of high iron overload Hereditary hemochromatosis

@ Itisagroup of disorders in iron metabolism that is characterized by excess
iron absorption, saturation of iron-binding proteins and deposition of
hemosiderin in the tissues.

@ The primary cause of hemochromatosis is the inheritance of an autosomal

recessive allele designated as HFE (type | or primary HH) , but four other
genes that regulate the hepcidin—ferroportin axis can also be involved.



e © © ¢

Groups/classes of hereditary hemochromatosis

Type 1 (hemochromatosis protein, HFE-dependent)
@ Most common

Type 2A (HJV-dependent)
Type 2B (hepcidin-dependent)
Type 3 (TfR2-dependent)

Type 4 (ferroportin-dependent)
@ Autosomal dominant disorder



Regulation of transferrin receptor

* HFE is a major histocompatibility complex (MHC) class-1

gene.
* Normal HFE complexes with TfR1 reducing iron transfer

Into cells.
* Mutated HFE has areduced presence on membrane and/or lack of

interaction with Tfr1, leading to the loss of inhibition of transferrin receptor,
and, therefore, increased iron uptake and storage.

A Low TF saturation B High TF saturation
© o L O 3% >R 9!
o & Rl Lally
=) 4
TFR1 TFR2 TFR1 ] TFR2 TP
Qut 1T Out
HFE Cell membrane [ Call membrane ;
In In
(" TF-to-cell ™ ¢ TF-to-cell *
‘. cycle Lysosoma L. cycle
S e %Q‘g - o S o ;
¢ +— ) Degradative I 0(] -— E!?KJM;\PH
llllll ]
uptake L DENNEE _____hqn Fe uptake siae g___g
= e — B
——— g ey
/’frf’_—f =) /""’-F
= o :
MNu ig Muclea I
membrane ;m membrane -m
Nucleus
Nuch Nucleus




Mechanism of action

BASAL STATE

TFR1 exists as a
complex with HFE at
the plasma membrane
during low or basal I
serum iron conditions.

NORMAL Fe HOMEOSTASIS
Fe,-TF 3 3
i Sensing
HFE' binds TFR2 S
and induces a
intracellular ( A w

signaling that ' | el
stimulates hepcidin @ *
production. Signaiing * Iron Uptake

Cascade

Induction of Regulation of
Hepcidin  ==3»  Whole Body
Production Iron Homeostasis

Fe,-TF SENSING

Sensor of 3
Fe,-TF aFez-TF
CO

Il |

Serum Fe2 -TF
competes with HFE
for binding to TFR1.
Increased serum
transferrin saturation
results in the
dissociation of HFE

from TFR1.
HEMOCHROMATOSIS
Fe,-TF 3 3
Sensing 3 .
Complex Mutation or absence of

Not Functional

%) HFE or TFR2 prevents
@& ¢ w formation of a functional

P iron sensor and signal

transduction effector

Lack of /S Progressive i

Signaling Iron Loading Complex Ie_admg to .
dysregulation of systemic

Lack of : Loss of Iron iron homeostasis

Hepcidin Homeostasis
Induction



Juvenile hemochromatosis

@ Type 2A hereditary hemochromatosis
@ AKA HFE2 (HJV)-dependent hereditary hemochromatosis
@ Mutations in HJV gene, which encodes the protein
“hemojuvelin”, account for the majority of JH.

@ Normal HJV upregulates expression of hepcidin.

@ Type 2B is also juvenile hemochromatosis but is
caused by mutations in hepcidin gene.

HJV

jg") :@— ’ BMPS

BMPR

l
SMADs ]

=

Increased
transcription

PAY AY S

b))
NS
NS

E?

Hepcidin



What happens in case of low iron

1. The expression of EPO (erythropoietin) by the kidney. EPO stimulates the synthesis
of erythroferrone which is a protein produced by growing RBCs, thus inhibiting the
synthesis of hepcidin.

2. At transcriptional level there is a sequence in the DNA called Iron response element
(IRE) that binds to iron response protein (IRP). The binding of this protein to IRE at the 3

UTR causes stabilization of the mRNA allowing it to be translated. Thus:
A- Upregulation of TfR1 to increase iron absorption since it functions in engulfing TF-

Fe+2 complex.
B- Upregulation of DMT1 which functions in absorbing heme directly

C- Downregulation of Ferroportin production to prevent loss of iron. The binding of IRP
to the 5 UTR causes downregulation of the protein as it prevents its translation.

C ;ﬁ\
&

IRE in the 3" UTR
mMRNA stabilization

TMPRSS6

i i

function)

Enterocyte ( Ferroportin (hep idin “receptor”

IRE in the 5" UTR
Ferroportin (iron exporter function)

interstitial cell

Translational repression

""""" Erythroblast >, )
58_ii_-_ 3
— e LA — — [— — — — — — — Erythroferrone = i m
Renal peritubular

Low Fe

L

IRPI: active
IRP2: active

L

Fe uptake: t
Fe storage: v
Fe export: ¢
Heme synthesis: i)
TCA cycle: |



IRP-IRE Regulation: Low vs High Intracellular Iron

. . Low Iron (IRP High Iron (IRP Physiological
Protein IRE Location bound) detached) Effect
Uptake of
, 7 mRNA stability | mRNA stability transferrin-bound
TIRI 3"UTR — 1 TfR1 — | TfR1 iron T when low, |
when high
Absorption of
, T mRNA stability | mRNA stability divalent metals and
DMTI 3"UTR — 1 DMTI — | DMTI1 heme 1 when low, |
when high
: : [ron export | when
Ferroportin (Fpn) |5’ UTR Ea?sliat;on blocked T;zrcl:it;oi * Fpn low iron, T when
P P PR high iron




What happens in case of chronic inflammation

)

Inflammation causes the release Inflammatory
cytokines, including IL6, which iduces the
expression of hepcidin.

Causes: chronic kidney disease, chronic
infections and chronic inflammatory
diseases

Inflammatory cytokines — increased
hepcidin production by hepatocytes —
downregulation of ferroportin expression in
major iron-exporting cells such as
macrophages, duodenal enterocytes, and
hepatocytes — decreased entericiron
absorption — Anemia

Anemia of chronic
disease

-
-w < @
€ ‘0 \
& | :
e W Qg
g
& . :
Blocked iron Iron uptake ! Internalization and
release degradation of

ferroportin in
enterocytes and
macrophages

g O

Anemia




Additional molecular consequences of chronic inflammation

Besides IL6 release which causes the release
of hepcidin leading to anemia, inflammation
also:

1 decreases erythropoietin release from
kidneys, which causes a decline of
proliferation of erythroid progenitors.

2 Increases phagocytosis of RBCs and
reduces the release of the iron from the
phagocytosed cells as Ferroportin is
reduced.

nne Friesen ard Nicholas Woelridge

Inflammatory stimulus
(e.q., infection, autoimmunity, cancer)

{l/

Activates monocytes

Inhibition of and T cells Induction of synthesis
erythropoietin of hepcidin, which
release from the binds to ferroportin,
kidney reducing leading to its

+ Erythropoietin \

Decreased
erythropoietic
stimulation

hematopoietic
proliferation

internalization and
limits iron availability
J—

Direct inhibition of the Increased
proliferation of phagocytosis by Syw—
erythroid progenitors macrophages epcidin
4 !/ Inhibits iron
release from RES
Hemophagocytosis by
RES macrophages

: -7 , :
/ o Release of recycled
) o ironvia ferroportin
..
o
° a

1 Fe¥*ftransferrin




Anemia

Anemias are characterized by a deficiency in the number of mature
erythrocytes in the circulation, lowering the oxygen-carrying capacity of
the blood, causing tissue hypoxia, and clinical symptoms such as fatigue,

weakness, increased cardiac output, as well as increased morbidity and
mortality.

NUTRITIONAL
) ANEMIAS
Cells cannot synthesize
DNA and, hence, cannot [ MICROCYTIC (MCV <80) | Folate is not regenerated
divide and megaloblasts s R RS— ‘ ~p
accumga te' =2 — Deficiency in copper l :‘
. recamentodia & i — Deficiency in pyridoxine duUMP DNA
'"ypneeuirgophllt y P S ’ s, '
S g @ __INORMOCYTIC (MCV = au-mn)j — NN M'”""" ..0
;‘ h; "f",‘ ~ Protein-energy malnutrition /
- N -Methyl-THF
Harge oval SREs | MACROCYTIC (MCV > 100) j v TR e
vn' 812 ’/ ?
— Deficiency in vitamin B4, Methsonin
__. L Deficiency in folate Mothionin Synthase > Methyl-Vit. B Folsdure

Homocysen



Otherissues associated with chronic inflammation

@ Inflammatory cytokines — increased
hepcidin production by hepatocytes —
downregulation of ferroportin expression in
major iron-exporting cells such as
macrophages, duodenal enterocytes, and
hepatocytes — perhaps more importantly,
increased iron retention within splenic
macrophages and hepatocytes—>
Hemosiderin.



Biochemistry Quiz #5

ma@@\w&@\jw&%«guux;@wﬁm



https://docs.google.com/forms/d/1u_FFsQadUr6E8d7C8FNlkF3NaaEqpghjH8c9VTqIrlU/viewform

For any feedback, scan the code or click on

Corrections from previous versions:

Versions

Slide # and Place of Error

Before Correction

After Correction

V0 > V1

V1 ->V2



https://docs.google.com/forms/d/e/1FAIpQLScZJAoz5SVgvRGsTXkbayhe19WNR5Qv6zjvatF0MoNLHJ7XQg/viewform?usp=sf_link
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