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WHO-TIF MEETING ON THE MANAGEMENT
OF HAEMOGLOBIN DISORDERS

cee

Figure: Global distribution of haemoglobin disorders,

In terms of births of affected infants per 1000 births (WHO, 1996)

Figure 1 The world distributi i ies overlaps thy

ic di ion of malaria. The p has increased in
previously non-endemic areas as a consequence of historical and recent immigration flows, slave-trade, trading activities and colonization. In al these:
regions there s a high prevalence of a thalassaema. It is believed that carriers of a thalassaemia are protected against malaria and that natural selec-
tion s responsible for elevating and maintaining their gene frequencies.

Harteveld and Higgs Ovphamer Journal e Rove Diserses 2010, 511
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How malaria escapes
effective immunological
responses

P falciparum exports PfEMP1 proteins
and concentrate them in knob-like
protrusions on the surface of their host
RBCs. This enables a large mass of
parasitized RBCs to sequester in venous
microvessels thereby avoiding splenic
clearance from the bloodstream.

Silent alpha-thal carriers show an 18%
reduction in PFEMP1 on the surface of

the parasitized erythrocyte relative to Figure 3. Three-dimensional photograph of normal
wild type RBC’s. Hemoglobin H disease red cells aggregating around a malaria-infected red
carriers show a 43% reduction. PO —

Data suggests that a-globin deletions
also ameliorate the pro-inflammatory
effects of cytoadherence.

Hemoglobin (Hgb)

Beta Globin Gene Cluster

Comgonents Chromosome 11
! R epsilon amma elta eta
* Epsilon and Zeta-globins are i .;g i i

found in embryonic Hgb’s

Fetal Hgb (Hb F) comprises two
alpha-globin chains and two

5 3
gamma-globin chains.

After the 1%t year of age the Hgb Hb F Hb A2 Hb A
that accounts for 96% of the

hemoglobin of an RBC is _

typically Hb A—-two alpha-globin Alpha Globin Gene Cluster

chains and two beta-globin Chromosome 16

chains.

Zeta2 Zetal Alpha 2 Alpha 1

A post-natal Hgb that typically
comprises not more than 3.5%
of the total RBC hemoglobin is
Hb A2—two alpha chains and
two delta-globin chains
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Epidemiology

* Estimations suggest that in excess 300 000 children are born
each year with a severe inherited disorder of hemoglobin

* Approximately 80 % occur in low- or middle-income countries

* These pathologies present an uneven distribution in high-
frequency populations

* Complex population genetics
* The epidemiological burden is still unknown

Weatherall D.J. Blood.2010. 115: 4431-4336

Abnormalities of hemoglobin

Encompass all genetic diseases of hemoglobin —
v Qualitative abnormalities: Clinical symptoms

Highly variable clinical

* Structural abnormalities, mutation or manifestations ranging
substitution of one or more amino acids, from mild hypochromic
often leading to a charge modification of anemia to severe anemia
the hemoglobin molecule with multiorgan

* Frequent Hb variants: B-globin : S, C, involvement.

DPunjab E . P
' E . Lifelong transfusion is
* Rare variants :a, 8 chains used as supportive
v’ Quantitative abnormalities: |7/l555000 treatment in cases of

* Synthesis or regulation abnormalities : sever anemia
{ B-globin = B Thalassemias
{ a-globin = o Thalassemias
{ 8B-globins = & Thalassemias

v'Combinations: =0 ¢ i+ both
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Globin production as a
function of gestational

age

The differences as to when
alpha-globin and beta-globin
production becomes prominent
explains why a fetus with no
working copy of the alpha-
globin gene is in trouble by the
2" trimester of gestation. In
contrast, the fetus with no

% Total Hemoglobin

working copy of the beta-globin ‘) i L ) ——
gene* is in difficulty postnatally 6 12 18 24 30 36 1 6 12 18 24 30 36 42 48
once the gamma-globin Gestational Age Birth  Postnatal Age
(in weeks) (in weeks)

production decreases.

* Objective #1 To develop an understanding of
the advantages of Capillary Electrophoresis over
other technologies in assessing hemoglobin

* Objective #2 To review the effect of alpha globin
deletions on HbE and HbA2 levels

* Objective #3 To acquire knowledge regarding
globin variants not routinely identified by hospital
laboratories

9/21/2015
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Objective #1

To develop an understanding of the
advantages of Capillary Electrophoresis
over other technologies in assessing

hemoglobin

Hemoglobin Testing
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Methods available for Hemoglobin analysis

- Gel electrophoresis (alkaline, acid)

- Methods for detection of specific hemoglobins (sickling test
for HbS, isopropanol denaturation for unstable hemoglobins)

- IsoElectric Focusing (IEF) on gel (time-consuming; requires
experienced interpreter; qualitative)

- HPLC
- Capillary electrophoresis (CE)

Due to the existence of more than 1000 variants and that
some rare variants co-migrate with normal hemoglobins

and/or common pathological variants, several methods must
be used in combination for diagnosis.

21 yr old pregnant woman: Hgb 13.1 g/dl, Hct
38.6%

Hb A 95%
Hb F 2.1%
Hb A2 2.9%

?
Z
g
|
%
| |
.
.

.
|

A

Normal pattern, Hb F slightly increased due to the pregnancy

Hemoglobin electrophoresis on CE systems

- HbA, HbA, & HbF
are detected
automatically

- Relative
quantitation of the
different fractions

- Centered pattern

- Variant separation
in a specific zone

(z1to Z15)

Comparison of HPLC to Capillary Electrophoresis

HPLC

* HPLC cannot separate HbE and
HbA2 or E and Hb Lepore

* In presence of HbS, HbA2 is
falsely elevated given HbS1c
elutes with HbA2. The common
delta-globin variant in Blacks
HbA2" also elutes with HbS

* MHbA1C makes HbF
quantification inaccurate

* Detection of low levels of Hb
Barts is unreliable and
unreproducible using HPLC

* M bilirubin may mascaraed as
HbBarts

* Using HPLC, Hb New York

cannot be differentiated from
HbA. They elute together.

Capillary Electrophoresis

HbE and Lepore can easily be
differentiated from HbA2

HbA2 is accurate regardless
HbS presence or absence

* Despite glycation, HbA1c
migrates with HbA and
HbS1c migrates with HbS

Uses higher voltage so run
times are shorter

Smaller sample size thus
better for neonatal/pediatric
cases

~10,000 samples per
automated run

More operator friendly

9/21/2015
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HPLC cannot separate HbE and HbA2

013 0354 P HEMOGLOBI ELECTROPHORESIS Abmomnal
B &ha-

Results.

% HEMOGLOBIN ELECTROPHORESIS (Order S03607165)

View

o 1 Resme 2 cinse X

Result Information

Stalus rowder Status
Abnommal  Final result (10172013 933 AM) Reviowed

To see results older than 5 years, please use Chart Review or Results Review.
HEMOGLOBIN ELEC TROPHORESIS

in Obstetrics, Gynecology|

Status: Final rasult  Visible to patient; This result is viewable by the patient in kp.org.  Hext appt: 0712472015 at 03:15
I

Pu

[x: SUPERVISION NORMAL MULTIGRAVIDA PREGH...

[Newer results are available. Chck to vew them now.

Ref Range Tyraga

HGB PATTERN, BLD HGB AE (A)
HEMOGLOBIN VARIANT ‘SEE NOTE (4)
HGB F %, BLOOD, 04
ELECTROPHORESIS.

HGB AZ %, BLOOD, 3 SEE NOTE
ELECTROPHORESIS.

INTERP SEE NOTE

Last Resulted /17113 933 AM

Comments

See comments

B a%d =D

Result History
HEMOGLOBN PHORESIS [Order 8503507165

Sickle cell

@ repontiistory || 1RHERARA] 21 view Pane 2 [E6pit Upoan [T]pit LetRight | (5 Desach Window
. T T P O R RRESE rd
HEMOGLOBIN ELECTROPHORESIS Entry Oate 10/17/2013 kp oy Shared Final result
Smmglonin  [iemelabin £ and Costuring Semeulebin A2 = 28 1
Using HPLC, when HbS is present HbA2 is
falsely elevated given HbS1cC elutes with HbA2
i - s
* HbA1c s produced by nonenzymatic . .
addition of a glucose molecule to the = G
N-terminal valine residue of the B- e o e~ e
globin chain
* This glycation changes B-globin’s
structure and decreases the positive s
charge of HbA <
¢ HbSicis also produced by adding a
glucose molecule to the N-terminal

valine residue of the Bs-globin chain 15

Time (min)

Fig. 1. CE-HPLC chromatogram for Hb A, analysis.
Hb S and an aberrant Hb Ayc value of 115.8% represented
the predominant Hb peaks in the chromatogram.

Sofronescu, Williams, et al., Clin Chem, 57(2) 153-7, 2011
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In contrast to HPLC, CE has no interference

of glycated Hb Sic on the Hb A2 level

v = 03
(A concentration = 4.373) Elevated Hb A2

Glycated Hb S,
l+ HbA2

Accurate Hb A2

measurement

7

CAPILLARY ELECTROPHORESIS
»No risk of falsely elevated Hb A2 with
CE technologies in case of Hb S presence

a-thalassemia trait with Hb
Bart’s

Hb Bart’s

.
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T
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%
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7
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i
7
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Consequences of
alpha-thalassemia

With a relative shortage of
a-globin chains, y-globins
form a tetramer named
Hb Barts. If the a-globin
chains are more
significantly scarce the
B-globins form a tetramer
named Hb H. These homo-
tetramers do not deliver

9/21/2015

% Total Hemoglobin
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HbX 0.7
HbA 392
HbF 59.6
HbA2 05
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Adult ~/ouon
HPLC Capillary Electrophoresis
[ e m

nmEe O o6

HbA 96.7
HbF 05
HbA2 10

e NEW ENGLAND
JOURNAL of MEDICINE

Hemoglobin New York

| wowe | armcicss mucmeon~ | rssues< | seeciinies s vorics - | rorAumons- |
HBB c.341T>A aka Val113Glu CORRESPONDENCE
A Novel Sickling Hemoglobinopathy

N Engl J Med 2011; 365:1548-1548 | Oc tober 20, 2011 | DOL: 10.1056/NEJMc 1108418

snare: I a0 3T |

* 2" most common B-globin variant among those
Americans of Chinese ancestry

¢ Using HPLC, Hb New York elutes with HbA

¢ Hb New York has been found in combination with
B-thalassemia and HbE with no clinical consequence

* Sickle crises, splenic infarct, acute chest syndrome reported
in compound heterozygotes for HbS / Hb New York

9/21/2015

HbH inclusions can O.
be seen when three
alpha-globin genes LA
are deleted.

Figure 13 An inclusion body positive cell seen in Brilliant Cresyl
Blue stained red cells of a a-thalassaemia carrier. Inclusion Bodies
are B4-tetramers precipitating on the red cell membrane, which dam
ages the membrane and induces haemolysis. HbH is unstable and in-
clusion body positive cells are more difficult to find in older blood
samples. The number of inclusion body cells seen after staining is
much lower in a®thalassaemia carriers than in patients with HbH dis-
ease (1in5-10 fields versus several per field at 1000x microscopic mag-
nification).

HPLC Disadvantages

* HPLC cannot separate HbE and HbA2
* In presence of HbS, HbA2 is elevated due to HbS1C
* MHbALC makes HbF quantification inaccurate

¢ HPLC's detection of low levels of Hb Barts is
unreliable and unreproducible.

e N bilirubin may mascaraed as Hb Barts
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Is Capillary Electrophoresis a suitable
tool for Hemoglobinopathy diagnosis?

v'Accurate and precise separation of hemoglobin types, together
with reliable quantitation, are essential for differential diagnosis
of diseases.

v Ability to separate an quantitate Hb A2, Hb F, Hb H, Hb Barts,
HbS, HbC, HbD and HbE which are important parameter requires
for diagnosis of thalassemias and hemoglobinopathies

* Capillary electrophoresis is used because it

gives faster results and provides high resolution
separation.

 Capillary electrophoresis separates ions based on their
electrophoretic mobility with the use of an applied

voltage.

The electrophoretic mobility is dependent upon the

charge of the molecule, the viscosity, and the atom's

radius.

If two ions are the same size, the one with greater

charge will move the fastest.

For ions of the same charge, the smaller particle has

less friction and overall faster migration rate.

Capillary electrophoresis is used most because it gives
faster results and provides high resolution separation.

Major variants

Heterozygote A/S
§ =) s

Heterozy

HD A 54.7%
Hb A2 3.6%
Hb D 41.7%

]

gote A/D

Eu

|
|

9/21/2015
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CE is able to use a small aliquot of blood so

HbC crystal that even an umbilical cord sample can be
= : , anal
caldy® | |
) € ’ 7] )‘(: p ;2
N [ Ond C 4 g %
o LY { |
- (: ) \C g ( / [ ~ é <— HbF
H (\( { l Z No HbA2
AN ‘( - o % in cord blood
=" 3 » % samples
» ( 0% & |
.bc; ' . al ( ((,5 .\-"‘ %
. e 7, .

B-thalassemia trait

Advantages of CE

Clinical context

11 yr old Palestinan child

1. Allows clear separation of HbC, HbE, and Lepore from A2

2. Migration difference between HbS and HbD enabling more accurate
measurements

T —
T
=

Hematological parameters
-WBC 7.71 G/L
-RBC 518 T/L

-Hb 9.5 g/dL (11.5-15.5)
-Hct 29.6 % (35-45)
-MCV  57.1 fL (77-95)

3. A perfect focalization of HbF between HbA and HbS allowing precise
quantification of F

4. A very good focalization of HbA2 allowing automatic identification and
quantification

Iron status

L

5. Excellent separation of A2 variants

-Iron 15 pmol/L
- Transferrin 213 /g/L 6. CE has the fewest number of variants that can be confused with the most
- Ferritin 95 pg/L

common variants HbS, HbC, and HbE [American Society of Pathology, 2011]

Elevated HbA2, ia and microcytosis indi

‘ a beta-thalassemia



Topics in Hemoglobinopathies

Hemoglobinopaty Program Printed On 9/3/2015 10:23:00 AM.
. FPoge: 1

Prenatal Screening Case Summary Report Nsber of Consliled

Home Facility: OAK Downloaded On: 8/27/2015

HE Evhcity: Flipma/Phibppne

HE Race: Asion Ferritin: O

wrnos  om wmnow  socom wac PN

savios  om weon  soow_mec e wa

wivmn o waion mwow nenaosn  us e

8/21/2015 OAK S/22/2015 2000080  MEMATOCRET 356 k3

8/21/2015 AKX 82212009 2000000 MCV 7 n l/

s om saaon o _mow 157 3

v om  smsos _oows _naraerc e

wizion _ oa  emams_iovarss _vsersor s an

s om sz woosm _pearin W

o om  emos  wous rae 2 3

s oa | wmsns  mome  reevmvm S T v—
ooty

sr22/2015 0AK B/2272015  WOUKO W8 AL 53 3 e

) s

Hemoglobinopaty Program Printed On. 9/3/2015 10:23:00 AM.

% Poge: 1

Prenatal Screening Case Summary Report Nuber of Casels): 1

Home Focility: OAK Downloaded On: 8/27/2015

HC Etheicity: Non Hitporsc/Mon Latna

HC Race' Black/African American Ferritin: 0

o om  wavaon  wouss e n T

s om smvon s rewennm s [y epm———
Memoglobin $ Trait with Tron Deficiency
ondlor antederiyag Agha Telssem
ey

wams o wavson _wowo e ) T

s om  wmon oo vesa w0s %

82172015 onx S/ZUI015  MNOC0L HEBS 342 3 u

waon o s oo _wic 7

wowan  om  eawmon oo o

wrnos o  wamon  wome nwosown  u_ ya

ol o eavion woww mewtomtt o PR

8/2172009 oax Q212015 200000 MoV ™ " L

awzon _om  wawion om0 _sow e %

wwm o wwm wow mamere w o

s _om eweon oo _wic ©  we

s o wavion _swow R 5w

wzasom waon s wewoscem  nr ya

8/2372015 0AX 8/21/2015 2000080 MEMATOCRIT 81 * L

savios  om  ason  seom wev 0 P

/232008 OAK /217200 2000150 ROW. 33 X

9/21/2015

Information required for interpretation

* Correct interpretation of a result requires both hemoglobin
electrophoresis profile and other blood indices & information:

* Hgb, Hct, mean red cell volume (MCV),

mean corpuscular hemoglobin (MCH) etc.

to assess anemia, microcytosis, and/or
hypochromia

* Iron status (in particular for the decrease
of Hb A2 and MCV in iron deficiency)

* Patient’s age, geographical /ethnic origin
and family history

* Transfusion history of the patient

Objective #2

To review the
effect of
a-globin

deletions on
HbE and

HbAZ levels

Hemogiobin

Oxygen molecule:
Red blood cell

Hemoglobin carries
oxygen throughout
the bady

10
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Alpha-globin Deletions account for
the majority of Alpha Thalassemias

wal a
Single.
wal a2 al
>< Homologous pairing
and unequal crossover
warl [ al

et a at

Triple-gene complex

Figure 118 The probable mechanism underlying the most comman form of a-thalassemia, which is due to deletions of
one of the two a-globin genes on a ch 1 airing, and ! between the al gene
on one chromosome and the o2 gene on the homologous Lhmnmmme result in the deletion of one & gene. (Redrawn from
Orkin SH: Disorders of synthesis: the thalas G, Nienhuis AW, Leder P, Majerus
PW [eds]: The Molecular Basis of Blood Diseases. Philadelphia, WE Saunders, 1987, pp 106-126.)

Non-Allelic Homologous Recombination

Thompson & Thompson Genetics in Medicine,

Common Alpha-globin Deletions

2007

THARFFIL-F HEF MED-F SEA- ¥ a237F a2-R 4K 37205R MED-R FIL-RTHALR

SEAR

PP o I I

Schematic representation of the aglobin gene cluster, indicating extents of the 7 deletions and relative
positions of the primers {except for the control LIS1-F and LISL-R primers, which are located on a
different chromosome). Locations of X, ¥, and Z sequence homology boxes and hypervariable regions
(HVRs) arealso shown

Cerner | Clinical Bioinformatics Ontology www.cerner.com

Alpha-Thalassemias

The number of working
copies of alpha-globin
genes that are present

in a given person is
typically four. But there
are individuals with
more than four and
those with less.
Whenever less, this is a
type of alpha-
thalassemia.

Chromasome 16

[ Normal a-globin gene
[ Deletion
Il Nondeletional mutation

NORMAL - LETHAL

a-Thalassemia
Normal Carrier minor

HbH disease  Hemoglobin Bart's

(asymptomatic) (asymptomatic) (symptomatic)  hydrops fetalis

|11 bl b
g A% aa

111 . b
a1

43 0Od
8 04

N
Ja

371:1909, 2014

Review a-globin deletion locations

The NEW ENGLAND JOURNAL of MEDICINE

A Genetic Variants nfa-ThaIassem:a )

[ a*-thalassemia
B «%-thalassemia

9/21/2015
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HbE is a qualitative beta-globin
variant that is also thalassemic

a-Thalassemia major Hydrops Fetalis

B Hemoglobin Bart's Hydrops Fetalis

2

. %n
Annual no. of

births affected

Mutation enhancing a eryptic splice donor site in an exon

———reduced usa of normal site

Hb E: exon 1 mutation in a tic donor site
e ———a moderate use of cryplic site

Exon 3

New splice sita,

o in a codon

—11-

o5 Codon 24 25 26 27 Hb E

m

= 2501017 / Bt Mutation GGTEETAAGGCC codon 26

I 10183742 i{ Donor consensus ~ AAGIGTAAGT G:ﬁ;}rﬁﬁ
>ys

Mormal exon 1 sequence GGTGGTGAGGCC

Thompson & Thompson Genetics in Medicine, 2007

. 0 Hemoglobinopaty Program Printed On 9/:/2015::200ml
E trait: The % HbE lowers as the number Prenatal Screening Case Summary Report ek
H Home Facility: OAK Downloaded On: 8/27/2015
of a-globin genes present goes down e
HC Ruce: Other Ferritin: O
T Be e e T
a-Genotype| HbE%#| MCV* | n |N0tes Vot ke
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0, /212015 OAx B/22/2015 2000080 HEMATOCRIT 329 % L
aa/aa 29.2% | 782 | 80 e —
_ 0, Silent carriers without HbE 8212018 oax ar22015 2000150 Row us
(I/QC( 27.5% 81.2 51 typically have MCV w0 oA W/2212015 200040 PLATELETC 3% [
between 77 and 82 222008 oar 8/22/2015 1000794 He8HROF W8 AE
a2/ OAL 872272005 1000820 FERRITIN 210 i, &
--/aa 21.4% 69.5 21 wition o Wis mouss  ar vy W
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# Medians T T e
. . unceryirg beta thalassemio is uriikely.
HbA:% is typically < 4.3% T T T
/222015 oAL. 8/22/2015 1410003 HGRE 240 5 4= H

Ann Hematol (2003) 82: 612-
616
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The effect of a- HbA2: The % HbA2 lowers slightly as the
qlobln delet|ons on Haemoglobin A, levels in different c-thal genotypes number
HbA2 %: Normal _— of a-globin genes present goes down

. . iron depletion 2 _ % | e |
a-globln deletions o Gen/otyge HbA,% i n_ Ferritin Notes
- 1 2.57+0.23% [107 | =230 L
lower the HbA2%. s Saras el He/L |
% A2 | ol T -a?/-a 244 £0.20% | 65 | 230 pg/L
The % A2 lowers as 2.48 +0.25%® | 3077 | 230 pg/L |
the number of a- o 1 z15but |
. 2.38 +0.25% | 123Y¢
globin genes o | — <30 pg/L
2.31+0.23%% | 755 | <15 pg/L
present |0W€I’S 0 10 20 30 40% # Means + SD ISRN Hematology, 2013, IDB58234  hitp://dx.dol.org/10.1155/2013/858294
Figure 12 Mean and dard deviation of HbA, in diffe a- 2 P <0.0001
thalassaemia genotypes. @ _P<0.0001
A P=0.01
i aptan e D 201051

Hb Constant
Spring, -az.7del
and 6B-thal
traitina 33 y.o.
male of Chinese
ancestry

Objective #3

To acquire knowledge regarding globin
variants not routinely identified by
hospital laboratories.

Malaysian J Pathol 2012 34(1): 57-
62

FIG. 1: Capillary clectrophoresis analysis showing presence of Hb CS peak

13
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Why are globin variants complicated?

e Sheer number
http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3
HbVar: A database of Human Hemoglobin Variants and Thalassemias
tallies:

* 418 a2 variants
* 331 al variants
* 855 B variants
* 111 & variants

* Patient ethnicity, globin variant stability, and status of the remaining
loci need to be considered when evaluating presence of a variant

* Also important in interpretation is the % variant out of the total
hemoglobin

* While most do not, several variants have thalassemic properties:
Hb E, Hb Lepore, Hb Constant Spring, and Hb Quong Sze

HbVar: A database of Human Hemoglobin Variants and Thalassemias

Number of variants...

Name Matation, HGVS nomenslarare

77 (1) delia (0 0r + ueciear) dels

http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3
HbVar: A of Human + lobin Variants & Tl
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Topics in Hemoglobinopathies

Globin production as a
function of gestational

age

In general, delta globin
variants are clinically
insignificant. Yet the total
Hb A2 is a vital piece of
information for assessing
beta-thalassemia status, so
presence of a delta globin
variant need to be added to
the traditional delta globin’s
A2 to get the total Hb A2.

% Total Hemoglobin

6 12 18 24 30 36 1 6 12 18 24 30 36 42 48
Gestational Age Birth  Postnatal Age
jin weeks) {in weeks)

Most Common Globin Variants in Guangdong

Alpha Variants

Beta Variants

*(1)HbE HBB c.79G>A
* (2) Hb New York HBB c.341T>A
* (3) Hb J-Kaohsiung HBB c.179A>C

* (1) Hb Constant Spring A2 ¢.427T>C
* (2) Hb Q Thailand Alc.223G>C
* (3) Hb G Honolulu A2c.91G>C

* Hb Quong Sze A2c.377T>C Laotian Beta Variants

< (1)HbE HBB c.79G>A
* (2) Hb Minneapolis-Laos
HBB c.356T>A

* (3) Hb Hope HBB c.410G>A
* (4) Hb Phou Bia HBB c.295G>C

Lou, Wang, et al. Hemoglobin, (38M: 262, 2014
Sanchalsuriva, et al. Euro | Haemaol, (74)3: 221. 2005

Although CE has the tewest number ot
variants that can be confused with the
common variants...
itis.not a panacea

oOrder Date FAC E4Date TestCode Test Name  Reading ::; I::';l Text
/42005 s 9/4/205 1000794 HGEPROF HEE AD B
9444 2015 EL& 04 4¢2015 1000820 FERRITIN 8 ng/mL. L
04442016 EL& 07472015 1001135 HGEBF <1.0 %
9444 2015 EL& 04 4¢2015 1001136 HGBNFINTER SEE 1If no transfusion, pottern consistent with
Hemoglobin D Trait.
92 4¢ 2015 EL& 0/ 4/2015 1001150  HGB AZ 3.2 T
924 2005 EL& 97472015 1410000 HGE A 571 T
/92005 s 9/4/205 1410008 HGE D 397 3 H
9244 2015 EL& 9/ 4/2015 2000020 WEC 2.5 KAl
94 44 2015 EL& 0/ 4/2015 2000040 RBC 4.91 flul
924/ 2015 ELB 97472015 2000060 HEMOSBLOBIN 117 il
/42005 5 9/4/2015 2000080 HEMATOCRIT 352 3
92 44 2015 EL& 9/ 4/2015 2000100 fhch 72 i L
94 4¢ 2015 EL& 04472015 2000150 RbwW 15.4 T
97442015 EL& 9/ 42015 2000160 PLATELET € 323 KAl

Hb Quong Sze Globin Variant in Chinese
a highly unstable a-globin chain

Table 1. «-Globin genotypes in 319 patients with Hb H disease from California,
Hong Kong, and Ontario®! 341

Nondeletional
(--SEAJq Constant Spring [Codon 142 TAR>CAA or Ter—Girly)

o
bt}

17
10

w

DA N e o e N e o aw NS

" (.55Aj, Quong Sze (Codon 125 CTG> CUG o Leu-+Froly)
(--SEA 1 Codon 30 deletion of GAG(y)

TOT g Codon 30 deletion of GAGy )

SEAyy Initiation codon ATG>AGy)

- THAI Initiaion codon ATG:> AGy )

BBy Caon 31 AGE=AAG or A1)

L [y Codon 36 TCC:»COC of Ser—Prog )

- MED/y VS | deletion of TGAGG)

SEAy, Codon 50 GEC:»GAC or Gy ~Aspyy)

_SEAy Pakse [Codon 142 TAASTAT or Ter—Tyrly )

- THAlj Gonstant Spring [Codon 142 TAACAA o Ter-~Gnly

(
(
(
(
(
(
¢
¢
¢
(

Chui, et al. Blood (101)3: 791,

Mo Sallanches [Codon 104 TGCTAC ar Cys—Tyr] gy Sallanchesyy)

9/21/2015
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Hb Q Thailand Hb Q Thailand

Table 1. «a-Globin genotypes in 319 patients with Hb H disease from California,
Hong Kong, and Ontario333.41

Hb H disease No.ofpatients % 416 bp
B
Deletional 266

G20
83

(~SEAL3T) 175 55
(--SEAL42) a7 12
(-FlLr 3Ty 2% 1 pat a2
PITESEN 8 2 4.2 kb deletion 4
(—THAaBT) 2 <1 Codon 74
(-BRTLa3T) 1 21 ) GAC-CAC
. C :
(~SA1a37) 1 <1 |
(--tenovay_37) 1 1 t 1529 bp {
" (__SEAY 42 0-Thaland [Codin 74 GACCAC or Asp—+is]) 4 1
\(__F\L[_a#?QWulmn (Cadon 74 GAC:CAG or Asp—+Hsl) 1 1
Sanchaisuriya, et al. Euro J
Chui, et al. Blood (101)3: 791, 2003 4 =

Haematol (74): 221, 2005

Hb QO Thailand
Q Most Common Globin Variants in Blacks

-Giobin. gene haplotypes associated with a®T%, o -thalsssemia (42 kb deletion) and normal c-globin genes in Thai population. Numbers indicate number of alleles
associated with each specific haplotype. + and ~ indicate the presence and absence of each polymorphic site where as 0 indicates deletion. nd = not done.

EEDeTs o G2 imerLHVR wEl ya? yol o al B
/H;'j j\ A W Alpha Variants Delta Variants
Xbal Byl SML  Accl  Ral 0Pl 8Pul . ] ,
o H S S = " * Hb G-Philadelphia A2c.207¢>G * Hb A2’ (HbB2) HBD ¢.49G>C
Pt oa '/ often in cis with the —a 3.7 (A1) Gly16Arg
e —— — s ] il deletion A2 Asn68Lys Beta Variants
] * Hb Evanston  A2c.43T>A *HbsS
or more often in cis with the —a 3.7 «HbC
- ¥ (A1) deletion  A2Trp14Arg
QT
-

Worth mentioning:
* Hb C Harlem /Hb C Georgetown

| ma,
u Ii’
R

HbA,  HEQA
. o

— = Singsanan, et al. BCMB (45): 210, 2010

B30 @ 6 W 180 LI 14D 6 198 200 230 240 3 290 300
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The % of the Variant also

9/21/2015

The % of the Variant suggests
which globin chain is involved

assists in interpreting which

globin chain is involved

* Delta globin variants comprise about % of the total HbA2

HEMOGLOBIN ELECTROPHORESIS
Status: Final result  Visible to patient: kp.org
Dx: PREGNANCY COUNSELING

[}
Next appt: 07/16/2015 at 04:00 PM in Obstatrics, Gynecolooy [N

Ref Range
HGB PATTERN, BLD

HGB F %, BLOOD, o
ELECTROPHORESIS

HGB A2 %, BLOOD, 00-33%
ELECTROPHORESIS
HEMOGLOBIN
ELECTROPHORESIS,
INTERPRETATION
HGB A %, BLOOD, %
ELECTROPHORESIS

HGB A2 VARIANT %, -

BLOOD,
ELECTROPHORESIS

a-globin Variants

¢ Each upstream Alpha2
gene produces about
twice the amount of
mRNA than does
Alphal. Alpha 2 thus
codes for about 30% of
the total alpha globin
made inside the red
blood cell.

That leaves about 20%
being made by each
Alphal gene.

6d ago Comments
SEE NOTE (A) See comments
<10

11

SEENOTE See comments
978

Beta Globin Gene Cluster
Chromosome 11

epsilon gamma delta beta
6 A
5 Y 3
Hb F Hb A2 Hb A

Alpha Globin Gene Cluster
Chromosome 16

Zeta2 Zetal Alpha 2 Alpha 1

T mRNA

* Beta globin variants typically comprise between 30-50% of what would
otherwise be HbA

* It can be less than 30% if it is unstable or if it has decreased transcription

efficiency

HEMOGLOBIN ELECTROPHORESIS

Status: Final result _Visible to patient: kp.org

Dx: COUNSELING

(]
Next appt: 07/15/2015 at 11:15 AM in Obstetrics, Gynecology [ INEEEEN *

Ref Range

HGB AE (A) -

HGB PATTERN, BLD

HGB F %, BLOOD, 21(H)

ELECTROPHORESIS

HGB A2 %, BLOOD, 41(H) See comments
ELECTROPHORESIS

HEMOGLOBIN SEENOTE See comments

ELECTROPHORESIS,

INTERPRETATION
HGH A %, BLOOD,
ELECTROPHORESIS
HGB E %, BLOOD,
ELECTROPHORESIS
rati

684

D /

en reflexed due to MCV < g0.

The % of a Variant is not always helpful

HEMOGLOBIN ELECTROPHORESIS
Status: Final result Visible to patient: kp.org
Dx: SUPERVISION NORMAL MULTIGRAVIDA PREGN...

Next appt: 07/17/2015 at 03:15 PM in Obstetrics, Gynecology [N

HGB PATTERN, BLD
HGB F %, BLOOD,
ELECTROPHORESIS
HGB A2 %, BLOOD,
ELECTROPHORESIS
HEMOGLOBIN
ELECTROPHORESIS,
INTERPRETATION
HGB A %, BLOOD,
ELECTROPHORESIS
HGB[ |%, BLOOD,
ELECTROPHORESIS

Ref Range

1mo e?o Comments

<1.0

35(H) See comments

SEENCTE Sea comments.

66.0

T /
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Topics in Hemoglobinopathies

The % of the a-globin Variant

* The % of an alpha globin variant is somewhat variable:

HEMOGLOBIN ELECTROPHORESIS
Status: Final result  Visible to patient: kp.org  Next appt: None  Dx: ANTENATAL SCREENING; PRENATAL

9/21/2015

The % of the a-globin Variant

* The % of an alpha globin variant is somewhat variable:

INTAKE ...
Ref Range Tyr ago Comments
HGB PATTERN, BLD SEENOTE (A) See comments
HGB F %, BLOOD, <10
ELECTROPHORESIS
HGB A2 %, BLOOD, 27
ELECTROPHORESIS
INTERP SEE NOTE See comments
HGB A %, BLOOD, % 973
ELECTROPHORESIS
HGB RARE VARIANT  <-00% 234 (H) See comments
%, BLOOD,
ELECTROPHORESIS
HEMOGLOBIN ELECTROPHORESIS Entry Date: 12/5/2013 kp.org: Shared Final resui]

‘omponent

‘Comments.

Interpretation 3iochemical Evaluation Is Unable To Identify Rere Hemoglobin Variant. Consider

Further Testing If Clinically Indicated,

Variant interpretation variables:

Sheer number of identified variants

Which globin has the nucleotide change?

If an a-globin variant, is it a2 or a1?

What is the affinity of the variant globin to its
paired globin? e.g. Is the B-variant more
positively or negatively charged than normal -
globin?

What is its stability?

What is its rate of synthesis?

HEMOGLOBIN ELECTROPHORESIS v
Status: Final result_Visible to patient: kp.org _Nextappt: None _Dx: ANTENATAL SCREENING :
Ref Range Imo ago Comments

HGB PATTERN, BLD SEE NOTE (A) See comments

HGB F %, BLOOD, [ <10

ELECTROPHORESIS

HGB A2%,BLOOD,  00-33% 22

ELECTROPHORESIS

HEMOGLOBIN SEENOTE See comments

ELECTROPHORESIS,

INTERPRETATION

HGB A %, BLOOD, % 79.8

ELECTROPHORESIS

HGB A2 VARIANT %,  —0.0% 0.6 (H)

BLOOD,

ELECTROPHORESIS
HGB RARE VARIANT
%, BLOOD,

ELECTROPHORESIS

A /

Practice Case: Which globin Variant?

HEMOGLOBIN ELECTROPHORESIS
Status: Edited Result - FINAL  Visible to patient: kp.org  Next appt: None  Dx: ROUTINE ADULT HEALTH CHECK

UP EXAM
Ref Range dmo ago Comments
HGB PATTERN, BLD SEE NOTE (A) See comments
HGB F %, BLOOD, 00-20% <10

ELECTROPHORESIS

HGB A2 %, BLOOD, 1.0

ELECTROPHORESIS

HEMOGLOBIN SEENOTE See comments
ELECTROPHORESIS,

INTERPRETATION

HGB A %, BLOOD, % 454

ELECTROPHORESIS

HGB H %, BLOOD, <2.0 (H)

ELECTROPHORESIS

HGB A2 VARIANT %, 1.1 (H)

BLOOD,
ELECTROPHORESIS
HGB RARE VARIANT
%, BLOOD,
ELECTROPHORESIS

52.5(H) /
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Practice Case: Which globin Variant? Practice case: This CE result is on a full-term
gestation neonate. What is the suspected dx?

xm pa—
&) =i

HEMOGLOBIN ELECTROPHORESIS []
Status: Final result  Visible to patient: kp.org  Next appt: 07/09/2015 at 10:10 AM in Obstetrics, Gynecology I *
Dx: SUPERVISION NORMAL MULTIGRAVIDA PREGN...
Ref Range 6mo ago Comments

HGB PATTERN, BLD SEE NOTE (A) See comments

HGB F %, BLOOD, 00-20% <10

ELECTROPHORESIS

HGBA2%,BLOOD,  00-32 SEENOTE See comments

ELECTROPHORESIS

HGB A %, BLOOD, % 977

ELECTROPHORESIS /

HGB A2 VARIANT %, 00% 23(H)

BLOOD,

ELECTROPHORESIS = Hb S
(= zone N4)

AA/

Practice Case: HbA =72.7% s the unidentified
variant an a-, B-, or 6-globin variant?

HEMOGLOBIN ELECTROPHORESIS ]
Status: Final result _ Visible o patient: kp.org  Next appt: None | I NNREEE :

[Newer resuits are available. Click to view them now ]

Ref Range 3yrago Comments
HGB PATTERN, BLD SEE NOTE (A} See comments
HEMOGLOBIN VARIANT SEE NOTE () See comments
%
HGB F %, BLOOD, 00-20% [
ELECTROPHORESIS
HGB A2 %, BLOOD, 00-33% 27
ELECTROPHORESIS
INTERP e

Component |Comments ]
Hemoglobin Unidencified Hemoglobin = 24 4~
varianc %
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