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Hemoglobinopathies are types of intracorpuscular defects

leading to the production of an abnormal hemoglobin or to an
aberration of hemoglobin synthesis

Abnormal hemoglobins

- Most are clinically insignificant with no physiologic
consequence

- Most abnormalities occur in the B chain with abnormalities n
thls chain more hkely to cause disease because }e have only
o genes that encode the [3 cham%but we havé’four genes

N’
thWa chains, N W(@g bpq f Henoghb; Pqﬂ@
- Most variants arise from the substitution o% single aman:Eﬁ
acid in the 3 globin chain. z;@m | X\W‘c*\
T YNge/fon R iy
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teletions. frame sHift mutati v PHC SUDSUIULIONS, F==mm=re =
deletions, frame shilt mutations, ¢ross-gver, and fusions of |
subunits. == -

- Ifan individual is/Homo .
. a0 2Y gousitor a structural gene in the
chain, thg 1nd1v1d1§1a1 18 said to have the disease or anemia
- If the individual i;s;hetero ous,/they are said to have the

trait, and 50% or less of the hemoglobin will be abnormal.
Sickle cell disease - hydoobic stes

- Hemoglobin S: position 6 on the B chain has a valine (nonpolar) v
substituted for the normal glutamic acid (polar). Wil 1, \
er

- Carriers of the gene, when parasitized by Plasmodium
(causes malaria), cells containing HbS will sickle quickly, eith
killing the parasite or causing RBCs to be sequestered in the
spleen and destroyed.
- Therefo?, havingthe gene provides a certain protection against
ds\ﬁ\ malaria. S5 Rges

gay ‘ l \v\ “Qoﬂ b1
o 4 L Pt TR \\F‘Eﬁiﬁi\ ﬁé\&e«i‘; R, QBgy
Gasd == uté) & %{\ k:\ e\/) &m&}f C)ﬂuw\
S S\ e cncke )\ M2 b Ule : Wy WA owf sy :
Patl\lgghv\si)f)‘logv of the disease “i\sopib,c [&»c@ {L-Zi\\\ AN

- When oxygenated, Hb S is soluble, but when oxygen tension
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- When oxygenated, Hb S is soluble, but when c oxygen tens
decreases, Hb S in the deoxyhemoglobin state polymerize
Into insoluble aggregates leading to sickled cells.

r—’%quﬁ ach %ommbm{ U‘QQQC—DB\LLW(M? __) \' \...,)
- This leads to increased blowo_sﬁy 5'/ I T,

which leads to decreased circulation PJ \ r) L) i
and increased exposure to low oxygen. w) A 5 ) e

- This, 1n turn, leads to more sickling. )
~——  ————— %.\ : 7 -
= \'““*«."‘1
- The small microvasculature may o
become clogged with the rigid sickle S
cells leading to hypox1a and infarction == \ .~
and a “sickle cell crisis’ N - e
of organs / s

/EOJ'@ tr\z—gfoﬁfs bo V\*JO}WM ( SFE&L :
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- With repeated SiCklifi&Q@lnages~thejpermeabifl‘it}}l/ or tltlle
i e cell.
RBC membrane leading o premature death ot

- Tn addition, after repeated sickling events, the cells become
irreversibly sickled and are removed by the spleen.

I
I

- Early in childhood, the spleen loses its function due to

splenic atrophy and necrosis from repeated ischemic (blood
supply decreased due to blockage of the small vas culature?

(':’}:izs_es' o 9 'MO(JT/ g \ / A_:d;emft 1]
\J/”\/,évo/\ “’@Z)/o’ /g pm“\ﬁ}woﬂf* p%’ K% /Om nSe}oﬂ

. . e faclopfermc J
-Thus, these young patients are more subjected to infections.

°'""é\/‘/&\/¢ (9_3534—\0\‘}—)\5),& ﬁé\‘,}m o ({J\J[Q
-Th@ and bone marrow then take over destruction of d%‘“’ 5 T
abnormal cells. 2 W Splosia, et

g\‘ \ — 9 N e Sl
-Hb $has a decreased affinity for oxygen, leading to a shift to
the right in-the oxygen dissociation curve.
- This, however, creates more deoxyhemoglobin, and hence,
more sickling. oyd@\e\ (D.owas 2t U\ do AT Jr) L
Clinical findings 7000, 0 (b s afiCO—> x5 Rens ghle
-The disease is diagnosed earlv at about 6. months of agce (==
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-Hb_§ has a decreased affinity for oxygen, leading to a shift to
the right in the oxygen dissociation curve.

- This, however, creates more deoxyhemoglobin, and hence,

more sickling. <216\ (Dtowne vt Ay dy My (1) L

Clinical findings g—;;@g@ A2 N A GF D> 55 RS ghle

-The disease is diagnosed early at about 6 months of age (¢
when hemoglobin F is replaced with Hb S rather than Hb A.

- Homozygous individuals frequently do not live beyondg
middle age. nelo/p 2 ;/ |

- Chronic hemolytic anemia. " D07 Togiibs

- RBC survival may decrease to 14 days.

- Increased bilirubin Wallsmnes,
Lab findings A Coke Bolgm L Hb

- Normochromic, normocytic anemia (6-10 g/dl Hb). |

- 10-20% reticulocytes~ becased Aveke Nonofpric N ehicgoghy
- RBC:s are sickled cells _

- Bone marrow: normoblastic bz/perplasm
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< o Y Ayl GoP RROVIE ke 3%) 4G,
nosis: peripheral blood smeat,|Hb electrophor@

/

/ solubility tests, sodium metabisulfiteAvill cause the cells to
sickle by deoxygenating the blood. /

/ Therapy
- No known effective long term

therapy, hoping to develop drugs sape g
, that can inhibit Hb S polymerization 38 7 ngfkis
- Bone marrow transplant 2 2 5 |Svch

- Gene therapy oo 2 “’6

/ | ) ‘ Electrophoresis gel E
| . AN sy &fwhz%“ﬁ@ DS ay W’%ﬁmﬁ? — Yo
Sickle cell trait (heterozygous for Hb S) Woe el

-Usually the patient has no problems because 350% of their W
hemoglobin is Hb A with some occasional problems upon 2 23 +

—exposure to severe hypoxia mmaw‘oo
<2l botn Valke

Diagnosis: H/b electrqph(_)resis or ttt with sodium metabisulfite

§——"’“ —_— _M_ _T\_A:__—,b:::‘—h
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- LX ine is substituted for Olutamlc: acid at position 6 on the 3
chain.

- Hb C has decreased solubility and in the deoxyhemoglobin
state, the RBCs form WM talg leading to a rigid
RBC with a decreased survival t1{ne (3 373?days) j

- The disease is usually asymptomatic.
Lab findings T

- slight MﬂlOCﬁSS s Hb C crys(tili
Diagnosis: le/qlg:trop_h__c_g_)resm
S/C disease

Q/Both B chains are abnormal therefore, Hb A is absent and
he disease 1s almost as severe as in Hb S disease

%@ _ Clinically, it is similar to those of mild sickle cell anemia

*”  _ Can be differentiated from Hb S by Hb electrophoresis.
7

Nemdys

™ | oy /123000
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(_Hb D//disease and trait . .. 121 onthe B~ =«
A glutamine replaces glutamic acid at poSIHOR2Si——___ ;

chain

-Tﬁzgt_h_ homozygous and heterozygous Mmaﬂc
- When combined with S to form D/S, D potentiates the

——l

polymerization of deoxyhemoglobin leading to sickling and

At aneia. -
/ﬁl)— Eﬁ‘disease and trait > on WIme u@\%b

{

%@_@gﬁmic_add replaces lysine at-position 26 on the 3 chain

leading to a slightly unstable hemoglobin with oxidant stress.
- Hb E has a decreased affinity for oxygen leadwﬁ to
the right in the oxygen dissociation curve
- Homozygous individuals have a mild microcytic anemia with

degge;sfed RBC survival, target cells and increased osmotic

fragility Y
T Hhs "

- Heterozygous individuals are symptomless Woe =3 |

-~ A e /s Y

‘ e \\b D/S al&‘g '

#2\ Unstable hemoglobin disorders 0/52P%R \i‘b <

diwo T PR . — o 1 1 v bl saAntiAano N AhAaiaa

nnnnnnnnnnnnnnnnnnnnn

0




microcytic anemia
- Heterozygous individuals are asymptomatic.
e
— | AP
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fraglht;L — PSL\ \;\bs Ny
- Heterozygous individuals are symptomless Noe =0
- Wooyg | ¥0F
Wopye | o
#\ Unstable hemoglobln dlsorders 0,52 0%H W £
$:* TContain amino acid changes in internal portions of Hb chains
@D leading to decreased stability - wSloy , B

> They are characterized by precipitation ofthe abnormal Hb =~ e

as Heinz es which leadsht&msneﬂqed cell rlgldlty,w ndodion
_,r_@% dt_pe

membrane damage, and RBC hemolysis. als 2 S &
S*J:)s \A\'Jv’\

- They are only found in the heterozygous state since the se.p , g
hor_n/ogy_gp_g__,ss,/Wwﬂh life g ¢ = ”‘ *”?— \V\%/gqr;

Hemoglobin variants with altered oxygen affinity

- Amino acid substitutions in the globin chains close to thg ’&0:\ el

heme pocket may affect the ability of the hemoglobin to 3*“*“ \8@

carry oXygen s.Addy Whieog B2/ ue hd&rophn
- This also occurs with substitutions near the 2, 3 DPG bindin @45\3,,\

. Slte %\“55% Ce(/OX&Qfs:k\sx:@Z/ )\95‘»\.035 @\u\.» ﬁ\.ﬂe 5 __)\dL.,_) QN&}\J&‘“\%“{
/f) Hb M variants noceluuloX Mowﬁv?ﬁlg \r\ai\\h Aden
7 Are characterized by pennanent methemoglobin formation 4;

because 1ropJ§ stablhz dinthe Fe ¥ state. o j@é";’f@
—Fon ™ Q&m 02 u MS%@ - AA\Q 5\&03 N\ o 2 o DAL

Scanned with CamScanner



o alassemiag

CY are a heterogencous or ic disorders with
variable levels ofgge?\?é?i&g\oup of genetic
- IIlle}duals with homozygous forms are severely affected
and die early in childhood without treatment
- The disorders aré due to mutations that decrease the rate of
synthesis-of one-of the-two-globin-chains-(a-or 3).
- The genetic defect may be the result of: o
(WA mutation in the noncoding introns of the gene resulting 1n
inefficient RNA splicing to produce mRNA, and the;f:}”oreYi P
decreased mRNA production —> WRNR Wi ‘nion wichs A2 S
@The partial or total deletion of a globin gene > RN?\%%W/“XL.—* S\ e
(@ A mufation in the promoter leading to decreased expression Pt

@A mufafion at the termination site leading to production of ﬁﬁ;‘é}w
Xnger, unstabEEMA s R atdagsopmia
nonsense mutation. (a9 ) Y- hulnssems
o G2 P90 SR AN €T e i
P N Tk =nelwsomiy T\ w, g,
gjﬁ%ﬂy of these defects lead to: — Bfsilon Ty Leggenn'y | pene
SN An excess of the other normal globin chain Oﬁ‘.”‘*d‘ oh
- A decrease in the normal amount of hemoglobin made = Z“:Uf*
&e=—Devetdpment of a hypochromic, microcytic anemia ot “’“i’g
B thalasseniia _ Fsnd
- The disease manifests itself when the switch frong y\t ol

chain synthesis occurs several months after birth.(i=gma ) 44—
- There may be a compensatory increase inyand.d chain sz

synthesis resulting in increased levels of Hb F and A.,.
- The genetic background of f thalassemiaTs heterogeneous i
home _andmay be roughly divided into two types: (SPldee

Za0¢ 714 B%)in which there is complete absence of § chain by e o
production which is common in ihe Mediterranean. o
| 2 ig)dwﬁi‘élﬁhere 1S a partlal block msynthesis_ W"‘X

J
- At lé\as% tﬁfee different mutant genes are inyolved:
B*!' —10% of normal B chain synthesis occurg
B+ — Fbout 50% of normal B chain Synthesis occurs
B*3 —50% of normal p chain synthesis o¢cyrg
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R _tholegsema —> 3~ 8% C/]W/ | ‘(; /

mjor ey Ler m./wf binatlong (t\Q

-The clinical expression of the different gene com \
from mother and 1 from father) are as follows: (Coo ley's

- BO/BY, B/ B*Y, or B/ B3 — tha thalassemia major
anemla) a), the most severe form of the disease.

&0t~ Imbalanced synthesis leads to decreased total RBC
=< hemoglobin production and a hypochromic, microcytic

anemia.

- Excess a chains precipitate causing hemolysis of RBC
precursors in the bone marrow leading to ineffective
erythropoiesis causing severe anemla s gkl e 3M

Normaf Wy and ot K

- In circulating RBCs, o chains may also precipitate leading to

pitting in the spleen. <55 Hagofiic otippl;

- Untreated individuals die early, usually o?cardlac failure
(due to overwork and hemochromatosis).

=

due_ty h@/ﬂol >3 Mﬂ h

- Lab. findings include: et 9% <
- hypochromic, microcytic anemia
% basophilic stippling from o chain precipitation
- increased reticulocytes and nucleated RBCs

- Serum nd @ar@omal to increased and there is
increased saturation

- Chronic hemolysis leads to.in ed bilirubin and gallstones
- Hemoglobin electrophoresis shows increase Hb F)variable

avglob . v i L
a\ Al le I bomo%oba
-Therapy: transfusions plu fo prevent

homnhhthﬂfﬂQlQ and ticone I']Qmag.e_ﬁom II'OH Over](\ﬁA

Scanned with CamScanner



et - & T HIC particular combination.
a thalassemia § P

, €.
- At birth there are ©XCESS y chaing and Jater there are excess B
Chains.  ~eplocmomt i Somiboncll o ch

] : WA w, \\'\“\ W@\)\fﬁgﬁny‘
-These form stable, nonfunctional tetramers that precipitate g

leading to decreased RBC survival.

-The disease is usually due to deleti
a functionally abnormal o gene.

- Since one gets two genes from each
thalassemia:

/—’I;bss_of-m)ﬁ silent carrier (-a/aa). 1Ry S ochan 59/ QW@%{%{ L
“Loss of TWO genes>— thalassemia minor (trait) (-a/-a) or (--/aa) with

ons of the o gene and occasionally to

parent, there are four types of a

209,
_—mild anemia, —
- Loss O@ Hemoglobin H (--/-a) —s accumulation |
of B chains — association of B cha.inS 1 groups of 4 — Hb H (has

a higher affinity for O2 and precipitates in older cells

may be chronic to moderate to severe.
' -l nce AfENTTD A= - T Tmawm~n~n~alnhin Rarta r

) — anemia
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V. Delta/beta (5/B) thalassemia (Hereditary persistence of Hb F)
o Both & and B chains are absent with no or little compensatory 1ncreasg

in y chain synthesis. ' . ‘ .
- This leads to 100% Hb F and mild hypochromic, microcytic anemia

- Since Hb F has an increased affinity for O,, this results in polycythemia.

=
~—

7T<" Hemoglobin Constant Spring dlue to milabion (n Ye/minfion Sike T ySo
- Formed by a combination of two structurally abnormal o chains (each

elongated by 31 amino acids at the COOH end) and two normal 3
chains. ‘ Cavbe xylic fe/mingf end

- Homozygous individuals have mild hypochromic, microcytic anemia
similar to a mild a o thalassemia. .
oS 2/ Wiy

)fz‘(A Hemoglobin Lepore EJDM‘WN Gwsi oa vy ~J 3
- A normal a chain plus a 8- hybrid (N-terminal 6, and C-terminal ).
- There is ineffective synthesis of the hybrid chain leading to o chain
excess and the same problems seen in 3 thalassemia.
- Homozygous individuals have a mild to severe hypochromic,
microcytic anemia
- Heterozygous individuals are asymptomatic.

PR

Scanned with CamScanner



