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ABSTRACT

The presence of HbS was reported in Turkey for the first time in the late fifties by Aksoy et al. This
was followed by other reports by the same author revealing the presence of several other abnormal he-
moglobins in Turkey. So far up to present 42 abnormal hemoglobins have been identified in the Turkish
population. In addition to the studies conducted in Turkey, many European researchers reported their fin-
dings in the immigrant Turkish population in their countries. This review tries to cover the tremendous
efforts in this field.
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In the late fifties the presence of HbS [beta6
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Table 1. Abnormal hemoglobin variants reported from Turkish subjects

Name Structure Ref numbers
a. Variants of the alpha-chain (single base changes)

1. O-Padova a30 (B11) Glu->Lys (GAG->AAG) 37

2. Hasharon a47 (CE5) Asp->His (GAC->CAC) 34

3. Montgomery a48 (CE6) Leu->Arg (CTG->CGG) 34

4. Adana a59 (E8) Gly->Asp (GGC->GAC) 42,49

5. J-Anatolia a61 (E10) Lys->Thr (AAG->ACG) 48

6. Ube-2 a68 (E17) Asn->Asp (AAC->GAC) 49

7. Q-iran a75 (EF4) Asp->His (GAC->CAC) 16

8. Moabit a86 (F7) Leu->Arg (CTG->CGG) 46

9. M-lwate a87 (F8) His->Tyr (CAC->TAC) 50

10. Capa a9%4 (G1) Asp->Gly (GAC->GGC) 51

11. G-Georgia a95 (G2) Pro->Leu (CCG->CTG) 52

12. Strumica a112 (G19) His->Arg (CAC->CGC) 53

13. J-Meerut (J Birming ham) a120 (H3) Ala->Glu (GCG->GAG) 54

b. Variants of the beta-chain (single base changes)

14. S R6 (A3) Glu->Val (GAG->GTG) 1,2
15.C R6 (A3) Glu->Lys (GAG->AAG) 55

16. Ankara R10 (A7) Ala->Asp (GCC->GAC) 57

17. E-Saskatoon R22 (B4) Glu->Lys (GAA->AAA) 14,58
18. G-Coushatta R22 (B4) Glu->Ala (GAA->GCA) 59,60
19. D-iran R22 (B4) Glu->GIn (GAA->CAA) 34

20. E R26 (B8) Glu->Lys (GAG->AAG) 3,7,22,23,24
21. Knossos R27 (B9) Ala->Ser (GCC->TCC) 15,61
22. Hakkari R31 (B13) Leu->Arg (CTG->CGG) 43

23. G-Copenhagen R47 (CD6) Asp->Asn (GAT->AAT) 34

24. Summer Hill R52 (D3) Asp->His (GAT->CAT) 36

25. Hamadan R56 (D7) Gly->Arg (GGC->CGC) 12

26. J-Antakya R65 (E9) Lys->Met (AAG->ATG) 38

27. City of Hope R69 (E13) Gly->Ser (GGT->AGT) 15

28. J-iran R77 (EF1) His->Asp (CAC->GAC) 62

29. G-Szuhu R80 (EF4) Asn->Lys (AAC->AAA or AAG) 63

30. istanbul Saint Etienne R92 (F8) His->GIn (CAC->CAA or CAG) 35,64
31. N-Baltimore R95 (FG2) Lys->Glu (AAG->GAG) 41

32. KoéIn R98 (FG5) Val->Met (GTG->ATG) 34,44
33. Los Angeles (D-Punjab) R121 (GH4) Glu->GIn (GAA->CAA) 19,65-67
34. O-Arab R121 (GH4) Glu->Lys (GAA->AAA) 9,10,29,34,68,69
35. Beograd R121 (GH4) Glu->Val (GAA->GTA) 13
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Table 1. Abnormal hemoglobin variants reported from Turkish subjects (continuation)

Name Structure Ref numbers
36. Sarrebourg 3131 (H9) GIn->Arg (CAG->CGG) 70

37. Brockton 3138 (H16) Ala->Pro (GCT->CCT) 71

c. Variants of the agamma chain (single base changes)

38. F-Bagkent 128 (H6) Ala->Thr (GCT->ACT) 72

d. Hybrid HBS

39. Lepore-Boston-Washington 34, 73,74
40. P-Nilotic 75

e. Hemoglobins with elongated alpha chains

41. Constant Spring (or CS) alpha142 (H19) (plus 31 residues) 34

f. Hemoglobins with longer or shorter beta chains due to deletions and insertions of certain aminoacid

residus
42. Antalya Unstable

45

Studies of patients: Routine hemoglobin
electrophoresis in patients with chronic and mild
to severe hemolytic anemia has helped identifica-
tion of several abnormal hemoglobins in homozy-
gous or compound heterozygous states or uns-
table hemoglobins as dominant form.

So far up to present 42 abnormal hemoglobins
have been identified in the Turkish population.
Thirteen of the 42 abnormal hemoglobins were
alpha chain variants, 24 beta chain, one gamma
chain, the two hybrid hemoglobins and two struc-
tural changes: elongated a chain and one deleti-
on/insertion of B chain (Table 1a-f, Table 2). Some

of these abnormal hemoglobins were originally
described in the Turkish population by laboratori-
es in Turkey or in Europe or as a result of collabo-
rative efforts[12-14,16,19-75] (Table 1a-f).

Unstable hemoglobins: Eight of the 42 ab-
normal hemoglobins were unstable (Table 3). Hb
istanbul R92 (F8) (His->GlIn), (CAC->CAA or
CAQG) is an unstable hemoglobin variant first re-
ported from a young Turkish patient by Aksoy(35],
Coincidentally, the same variant was reported by
French researchers as Hb Saint Etienne in anot-
her patientl®4l. Quantity of abnormal hemoglobin
in heterozygotes is around 25% high level (20%)

Table 2. Distribution and characteristics of abnormal hemoglobins according to the affected chain

Abnormal chain

Characteristic Alpha Beta Gamma Hybrid Total
Stable 9 19 1 2 31
Unstable 4 2 - -

Thalassemic - 3 - -

Elongated 1 - - - 1
Del/inv - 1 - - 1
Total 14 25 1 2 42
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Table 3. Unstable hemoglobins

Name Structure

1. Hasharon a47 (CE5) Asp->His GAC->CAC

2. Adana 59 (E8) Gly->Asp GGC->GAC

3. Moabit 86 (F7) Leu->Arg CTG->CGG

4. Capa 94 (G1) Asp->Gly GAC->GGC

5. Hakkari 31 (B13) Leu->Arg CTG->CGG

6. istanbul (St Etienne) 92 (F8) His->GIn CAC->CAA or CAG
7. Kdin 98 (FG5) Val->Met GTG->ATG

8. Constant Spring (or CS) alpha142 (H19)

9. Antalya deletion in R-chain

of HbF presentl47l. This abnormal hemoglobin
had an electrophoretic mobility at pH 8.6. betwe-
en HbF and HbS. Hb Istanbul and HbA separate
at alkaline pH, Hb Istanbul moves between HbS
and HbCI47]. Hb Hakkari, [331 (B13) Leu->Arg]
and Hb Adana [a59 (E8) (Gly->Asp)] are two ab-
normal hemoglobins that are too unstable to de-
tect by electrophoresis or by in vitro chain synthe-
sisl42,43.76], Large inclusions were present in
erythroblasts in patients with Hb Hakkari [331
(B13) Leu->Arg] and HbF level was 33% of the to-
tal hemoglobin[43l. The patient was transfusion
dependent even after splenectomy. The patients
with Hb Adana [a59 (E8) (Gly->Asp)] had a°-tha-
lassemia in trans. In these patients, Hb Barts, rat-
her than HbH, is the second major hemoglobin af-
ter HbA[42,76], |In addition of these three hemoglo-
bins there are two other unstable hemoglobins,
namely Hb Moabit [a86 (F7) Leu->Arg] and Hb
KolIn [R98 (Val->Met) (GTG->ATG)][34.44,46,50]. Hb
Moabit [a86 (F7) Leu->Arg] was diagnosed in a
Turkish patient in Switzerland[46l. Hb Koin [R98
(Val->Met) (GTG->ATG)] is one of the most com-
mon abnormal hemoglobins reported from several
countries (Table 1a,b, Table 3)1471. Although this
variant is highly unstable, it can be identified and
measured by electrophoretic methods. Hb Kdin
[R98 (Val->Met) (GTG->ATG)] was reported in
three unrelated Turkish families (Table 1a-f, Tab-
le-3)[34.44,77] |t is important to note that these 3
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highly unstable hemoglobins (Hb istanbul, Hb
Hakkari and Hb Kaéln) occurred as de novo muta-
tions (Table 1a-f, Table 3).

It seems that in some of the highly unstable
hemoglobins of R-chain, such as Hb istanbul and
Hb Hakkari, elevation of HbF is commonl[35:43].
Therefore, in patients with severe anemia, the de-
tection of increased HbF could be suggestive of
the presence of an unstable hemoglobin of 3-cha-
in variant after exclusion of R-thalassemia.

Hb Antalya results from a small deletion and
insertion of R-gene (Table 1f)45]. The patients ha-
ve elevated HbA2 and microcytosisi45l. However,
the clinical and hematological presentation is mo-
re severe than a simple heterozygous 3-thalasse-
mia. Although no abnormal hemoglobin was ob-
served in electrophoresis, DNA analysis revealed
a small deletion and insertion which resulted in a
mildly unstable variant and B-thalassemial45l.
Therefore, this variant is included in the list of both
unstable and thalassemic hemoglobins.

Thalassemic Abnormal Hemoglobins

The list of the thalassemic hemoglobins is gi-
ven in the (Table 4). Among the three thalassemic
abnormal hemoglobins Hb Knossos [beta27 (B9)
(Ala->Ser)] is the one that can not be detected by
simple electrophoretic examinations. Hb Knossos
and HbA can be separated by IEF; Hb Knossos

Turk J Haematol 2002;19(1):63-74
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Table 4. Thalassemic hemoglobinopathies

1. HbE R26 (B8) Glu->Lys
R27 (B9) Ala->Ser
R69 (E13) Gly->Ser

2. Hb Knossos
3. Hb City of Hope

GAG->AAG
GCC->TCC
GGT->AGT

moves more cathodal but very close to HbAK7]. Its
presence can only be suspected when it is pre-
sent as compound heterozygous state by the pre-
sence of normal HbA2 level in obligatory hete-
rozygotesl40.47,61] Additionally, an abnormal R-
chain could be detected by globin electrophoresis
in acrylamide gel. Hb Knossos mutation was lin-
ked to dC59 (-A) mutationl78.791. Therefore the
lack of an increase in HbA2 level in Hb Knossos
heterozygotes would not be surprising. This he-
moglobin was reported twice as compound hete-
rozygote with two different B-thalassemia mutati-
ons (Table 5)140.61],

HbE [beta26 (B8) (Glu->Lys)] is the most com-
mon thalassemic hemoglobinopathy in far East
and all over the world[3,7.22,2347] |n Turkey it is
seen mostly in Eti-Turks along with HbS with a fre-
quency of 0.16-2.4%[6.7.23]. Electrophoretic mobi-
lity of this hemoglobin is similar to that of HbA2[471,
Although it is a R-chain variant, it comprises 30-
32% of the total Hb due to thalassemic effect of
the mutation in B-chain synthesis. Microcytosis
and hypochromia are other hematological featu-
res of this abnormal thalassemic hemoglobinl471.

Table 5. Abnormal Hemoglobin variants which have been reported in compound heterozygote state with R-

thalassemia
Abnormal hemoglobins Region Occurrence Clinical expression
HbS Southern Common Severe
Turkey
HbD/IVSI-110 K. Marasg, Eskisehir* 2 family Very mild
HbO Arab/IVSI-110 No selection
HbO Arab/IVSII-1 1 family Mild
HbE Cukurova Mild-moderate
HbE Saskatoon + IVSI-6 No selection 1 family Mild
HbC/IVSII-745 Antalya 1 family
Hb Knossos/FSC8 Antalya 1 family TI
Hb Knossos/IVSI-1 izmir 1 family
Hb City of Hope/R-thalassemia  ? Tl
Hb Strumica/l3-thalassemia Bursa 1 family ?
Immigrant
Yug
Hb Beograd + BTT Turkish 1 family Mild
Immigrant
Yug

* Unpublished observation of the author.
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OTHER ABNORMAL HEMOGLOBINS

A. Abnormal Hemoglobins with HbS Mobi-
lity:

The term “HbD” defines several abnormal he-
moglobins, which, similar to HbS, have electrop-
horetic  mobilities alkaline pH (Table-
6)[19,20,30,47,80], Differentiation of these hemoglo-
bins from HbS is easily possible by several simp-
le routine tests. However, diagnosis of individual
HbD’s may pose problems. The quantity of abnor-
mal hemoglobins may give some clue about a or
3-chain variance. R-chain variants usually compri-
ses of 35-45% of the total hemoglobin. However,
coexistence of a-thalassemia with an abnormal
hemoglobin of R-chain results in the reduction in
percentage of abnormal hemoglobin. In a* thalas-
semia, the reduction in the quantity of abnormal
hemoglobin is minimal and there are no changes
in red cell indices. Contrary to this, coexistence of

a°’-thalassemia with abnormal hemoglobin of R-
chain variant is associated with a reduction in the
quantity of abnormal hemoglobin, and hence with
microcytosis and hypochromia (Table 7)1471,

a. Hemoglobin S: [R6 (A3) Glu->Val]

HbS is the most common abnormal hemoglo-
bin in Turkey. It is prevalent in Eti-Turks living in
the Cukurova Region that is an Arabic speaking
closed population. In various surveys, the preva-
lence of HbS in this population was found to be
between 3-47%I[9.21,23.26]. The overall frequency
in Turkey is 0.3% and that in thrace is 2.5%. In it
is also observed in Manavgat, Antalya. Haplotype
analysis of HbS in Turkish patients indicated that
the majority of the HbS mutations originates from
Western Africa [Haplotype 19 (Benin Type)](18.81],
This haplotype is associated with severe disease,
which explains the severe clinical course of sickle
cell anemia in Turkey. It is interesting that there

Table 6. Abnormal hemoglobin variants with an electrophoretic mobility similar to that of HbS in pH 8.6 in

Turkey

Abnormal hemoglobins Mutation Abnormal Hb percentage
HbS* 36 Glu-Val 34-38

HbS + a*-thal* 32

HbS + a°-thal* 20

HbD Los Angeles R121 Glu-GIn 35-40

HbG Coushatta 322 Glu-Ala 45

Hb Lepore Fusion Hb 4-15

HbP Nilotic Fusion Hb 20

HbQ iran** a75 Asp-His 14-18

* Sickling test is positive,

** Electrophoretic patterns of adult and newborn are different.

Table 7. Abnormal hemoglobins that have been observed in compound heterozygote condition with HbS

Combined abnormal hemoglobins Region Occurrence Clinical expression
HbS/HbD Wide spread Several Mild
HbS/E Antalya Rare Mild
HbS/HbO Arab + a thal Rare Mild
HbS/HbO Arab Thrace Rare Mild
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are more than 10 RB-thalassemia mutations in
compound heterozygotes for R-thalassemia and
HbS (Table 7)82l. Additionally, in this population
red cell glucose-6-phosphate dehydrogenase
(G6PD) deficiency is B~ (563T) typel83l. These fin-
dings indicate that R-thalassemia and G6PD mu-
tations had been introduced to a population,
which already had the HbS mutation.

b. HbD Los Angeles or HbD Punjab R121
(GH4) (Glu-GIn)

HbD Los Angeles is the second common ab-
normal hemoglobin in Turkey. Its overall frequ-
ency in Turkey was reported as 0.2% and in Kah-
ramanmaras region as 0.3[30]. This hemoglobin is,
however, present throughout Turkeyl19,20,65-67]
HbD Punjab is the major abnormal Hb in Xinjiang
Uygur Autonomous Region of Chinal84l. It is pos-
sible that this mutation was introduced to Turkey
by Turkoman tribes that migrated to Turkey from
Xinjiang area. Presence of this variant in Turko-
mans living in Erbil (personal unpublished experi-
ence of the authors) may support this assumption.

c. The HbQ iran (a75 (EF4) Asp-His)

HbQ iran is an a-chain variants with an elect-
rophoretic mobility similar to HbS. It comprises
18% of the total hemoglobin[16:471, In the cord blo-
od, a-chain variants may exhibit different electrop-
horetic pattern than it does in adults because one
of the major hemoglobins is the abnormal HbF

that is composed of abnormal a-chain and normal
gamma chain.

d. Hb Lepore Boston and Hb Nilotic
(anti-Lepore)

These two fusion hemoglobins have the elect-
rophoretic mobility of HbD. The amount of abnor-
mal hemoglobin in heterozygote Hb Lepore pati-
ents is between 4-14%I[34.73,74], Microcytosis and
hypochromia are additional features of Hb Lepore
(Table 1d). Although the heterozygote form was
reported on several occasions homozygosity has
not yet been reported(73.741. Hb Nilotic was found
in a survey conducted in Konyal39.75], The amount
of fusion hemoglobin was 16-21% and hypochro-
mia and microcytosis were not present in this con-
dition[47],

B. Abnormal Hemoglobins with HbA2

Mobility

The list of some of the common hemoglobins
with HbA2 mobility is given in Table 8.

a. HbE (R26 (B8) Glu-Lys) and HbE
Saskatoon (R22 (B4) Glu-Lys)

HbE [326 (B8) Glu-Lys] is the third most com-
mon abnormal hemoglobin in Turkey. Both HbE
[R26(B8) Glu-Lys] and HbE Saskatoon [[322 (B4)
Glu-Lys] are present In Turkey (Table
1b)[3.6,7,14,22-24,58] They both move like HbA2 in
electrophoresis at alkaline pH (Table 8). In acid
agar gel electrophoresis, on the other hand, both

Table 8. Abnormal hemoglobin variants with an electrophoretic mobility similar to A,

Abnormal hemoglobins Abnormal Hb Red cell Agar gel electrophore-
o percentage indices atpH 6

HbC 36-40 NN* Separates from A and E
HbO Arab 36-40 NN Separates from Aand C
HbE 27-32 HM**

HbE Saskatoon 40 NN

HbO Padova 15-18 NN Cord blood***

* Normochromia, normocytosis,
** Hypochromia, microcytosis,

*** Cord blood electrophoretic pattern is different than adult pattern.

Turk J Haematol 2002;19(1):63-74
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behave like HbA. Therefore, differentiation of the-
se 2 hemoglobins may create some problems. It
seems that HbE [326 (B8) Glu-Lys] is more com-
mon in Eti Turks with a frequency of 0.16-2.4%
while HbE Saskatoon was reported in 3 unrelated
families living Antalya, Aksaray and Kayseril7l.
One of the subjects was a homozygote. Reports
of HbE [[326 (B8) Glu-Lys] in Turkey date back to
a period before HbE Saskatoon [322 (B4) Glu-
Lys] was discovered. Therefore the diagnosis of
HbE needs to be verified using structural analysis.
Since HbE [326 (B8) Glu-Lys] is one of the thalas-
semic hemoglobinopathies, percentages of this
hemoglobin is lower than HbE Saskatoon [}22
(B4) Glu-Lys], and microcytosis and hypochromia
are accompanying features. These features are
usually sufficient to differentiate these two mutati-
ons. Recently, HPLC was also reported to be use-
ful for this purposel7l. HbE Saskatoon [322 (B4)
Glu-Lys] was originally reported from Canadians
of Orkney Island (Scotland) origin[85l. Haplotype
analysis indicated that the three Turkish families
have a similar founder effectl58l. Haplotype analy-
sis is also required in other populations to claim a
similar effect.

b. HbO Arab R121 (GH4) Glu-Lys

HbO Arab is the fourth most common abnor-
mal hemoglobin in Turkey (Table 1b). It is one of
the abnormal hemoglobins that moves like HbA2
at pH 8.6. However, it can be separated from ot-
her hemoglobins with similar mobility by acid agar

gel electrophoresis (Table 8). HbO Arab was first
reported from an Arab but later on was found to
be present in Turkey, Bulgaria and Macedonial47].
Two siblings from Kitahya were found to be ho-
mozygous for this variant hemoglobin(68l. Simple
heterozygotes and compound heterozygotes we-

re reported from several parts of the co-
untryl9.10,34,68,69],

c. Hb Padova a30 (B11) Glu----Lys

HbO Padova is an a-chain variant comprising
18% of total hemoglobin in adults (Table 1a). Alt-
hough this abnormal hemoglobin moves slightly
faster than HbA2 and HbC in adults, abnormal fe-
tal hemoglobin moves slightly slower than HbA2
and HbC [R6 (A3) Glu-Lys] in cord blood (Table
8)[37.

d. HbC: B6 (A3) Glu-Lys

HbC [36 (A3) Glu-Lys] first was reported from
Turkey by Aksoy et al. in heterozygous form. The
homozygous form was later reported in one,
simple heterozygous form on several occasions,
and compound heterozygosity in one subject
(Table 1b)I55],

Homozygosity for abnormal hemoglobins:
The list of the abnormal hemoglobins reported in
homozygous state is given in the (Table 9). Ex-
cept for sickle cell anemia, hematological and cli-
nical manifestations were mild in the homozygo-
tesl471.

Table 9. Homozygosity for abnormal hemoglobins in Turkey

Abnormal hemoglobins Region Occurrence Clinical expression
HbS/HbS Cukurova Common Severe

Manavgat

Thrace

HbD/HbD Tokat and ?* ? rare Mild
HbO Arab/HbO Arab Kutahya 1 family Mild
HbE/HbE Cukurova and ?* ? Mild
HbE Saskatoon /HbE Saskatoon Aksaray 1 family Mild
HbC/HbC ? 1 family

*?: Information was not present.
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Compound heterozygosity for one of the ab-
normal hemoglobins and 3-thalassemia mutation
and compound heterozygosity for two different
abnormal hemoglobins were reported on several
occasions. The list of these conditions is given in
the Table 5.

As expected, majority of patients has HbS/R3-
thalassemia. Due to the severity of R-thalassemia
mutations, clinical and hematological expression
of HbS/R-thalassemia disease is severe in Turkey
and the course of the disease is quite similar to
that of sickle cell anemial82l. Contrary to this, due
to mildness of R-thalassemia mutations such as -
88 (C-T), -29 (A-G), codon19 (A-G) and IVSI-6 (T-
C) clinical expression of the condition is very mild
in Africans[86.87]. There is, however, one patient
with HbS/IVSI-6 in izmir exhibiting a very mild co-
urse of the disease.

HbS/HbD disease and compound heterozygo-
sity of B-thalassemia and HbD, HbC, HbE and
HbE Saskatoon are all associated with a mild di-
seasel47]. There was mild anemia in HbD/R-tha-
lassemia associated with IVSI-110 mutation and
one patient hemoglobin was high and erythrocyto-
sis was present (unpublished observation of the
authors)7]. HbE Saskatoon/R-thalassemia asso-
ciated with IVS-110 mutation resulted in a very
mild disorderl14,58],

HbM Iwata alpha87 (F8) His->Arg: Hb Iwate
was reported from a large family living in Bursa
(Table 1a)I50]. The author restudied from time to ti-
me young subjects of this family who are recruited
for the Turkish army. This condition in its hete-
rozygous form does not cause any abnormality
except for methemoglobinemia. It seems that ho-
mozygous form is not compatible with life. Methe-
moglobin reductase deficiency and HbM may cre-
ate a problem in differential diagnosis. In a cyano-
tic patient without any cardiac abnormality, absen-
ce of any increase in the methemoglobin level
should arise the possibility of HbM. Since there is
a dominant inheritance in HbM, family studies
may also reveal the presence of similarly affected
individuals in the same family(50].

Turk J Haematol 2002;19(1):63-74

Fast moving abnormal hemoglobins: HbJ
Ankara [beta10 (A7) Ala->Asp] is an abnormal Hb
of alpha chain that was first reported in a Turkish
subject (Table 1b)71. It was not found in other
screening studies. The a-chain variant of fast mo-
ving hemoglobins can easily be differentiated
from R-chain variants by its lower quantity.

HbJ fran R77 (EF1) His-Asp is a R-chain vari-
ant that is more frequently in Southwest Tur-
key41.62], HbJ Antakya is also a B-chain variant
found in a screening study conducted in Cukuro-
val38l. HbN Baltimore [beta95 (FG2) Lys->Glu] is
a R-chain variant reported in one subject from An-
talyal41l,

The list of the other rare abnormal hemoglo-
bins are given Table 1a-f.

Conclusion: The exact number of subjects
having abnormal hemoglobins in Turkey is not
known basically because there is no national re-
gistry for these conditions. In addition, most of the
abnormal hemoglobins, even those detected for
the first time in a given region, go unpublished.
Identification of abnormal bemoglobins used to re-
quire elaborative, time-consuming and labor inten-
sive studies such as structural analysis. In the last
two decades the introduction of HPLC and DNA
studies has helped easy and efficient identification
of abnormal hemoglobins. HPLC identifies only
known hemoglobins that are included in its prog-
ram. Detection of unknown hemoglobins requires
DNA analysis. There are several centers in Turkey
where DNA analysis is possible. A review of ab-
normal hemoglobins reported from Turkey indica-
ted that in addition to R-thalassemia major, sickle
cell anemia and sickle cell/3-thalassemia are ma-
jor causes of public health problems. It is important
to note that eradication of these common and de-
vastating conditions are possible by prenatal diag-
nosis.

Abnormal hemoglobins other than HbS are
probably rare because they do not provide any
selective advantage for any severe disease. They
usually do not create any health problem even in
homozygous states. Majority of these hemoglo-
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bins was detected in isolated families and does
not provides additional information about the ge-
netic make up of the population studied.

10.

1.

12.

13.

14.

15.

72

REFERENCES

Aksoy M. Abnormal hemoglobins and thalassemia
in Turkey. In: Jonxis TH, Delefrasnaye JF (eds). A
Symposium in Abnormal Hemoglobins, September
8, 1957, Istanbul: Oxford Blackwell, 1959.

Aksoy M. The first observation of homozygous he-
moglobin S-alpha thalassemia disease and two
types of sickle cell thalassemia disease (a) sickle
cell-alpha thalassemia disease, (b) sickle cell-beta
thalassemia disease. Blood 1963;22:757-9.

Aksoy M. HbE syndromes. 1. HbE in Eti Turks. Blo-
od 1960;15:606-9.

Aksoy M. The hemoglobin E syndromes. Sickle cell
HbE disease. Blood 1960;15:610.

Aksoy M, Lehmann H. The first observation of HbS
and E disease. Nature 1957;179:1248.
Prozorova-Zamani V, Ozsoylu S, Aksoy M, Head-
lee MG, Lam H, Wilson JB, Altay ¢, Huisman TH.
HbE and HbE-like variants in individuals from Tur-
key. Hemoglobin 1981;5:743-8.

Aksoy M. Hemoglobin S and E in Turkish people.
Nature 1962;193:786-7.

Aksoy M, Dingol G, Erdem S. Sickle cell syndromes
in Turkey. New Istanbul Contrib Clin Sci 1978;12:
185-200.

Aksoy M, Kutlar A, Kutlar F, Dingol G, Erdem S,
Bastesbihci S. Survey on haemoglobin variants,
beta-thalassemia, glucose-6-phosphate dehydro-
genase deficiency, and haptoglobin types in Turks
from western. Thrace J Med Genet 1985;22:288-
90.

Aksoy M, Dincol G, Erdem S. Survey on haemog-
lobin variants, beta-thalassemia, glucose-6-phosp-
hate dehydrogenase deficiency and haptoglobin
types in Turkish people living in Manavgat, Serik
and Boztepe (Antalya). Hum Hered 1980;30:3-6.
Aksoy M. Hemoglobinopathies in Turkey. Hemoglo-
bin 1985;9:209-16.

Dingol G, Aksoy M, Dingol K, Kutlar A, Wilson JB,
Huisman TH. Hemoglobin hamadan or alpha 2 be-
ta 256 (D7) Gly----Arg in a Turkish family. Hemog-
lobin 1984;8:423-5.

Aksoy M, Kutlar A, Kutlar F, Dingol G, Erdem S,
Wilson JB, Huisman TH. Hb Beograd-beta zero
thalassemia in a Turkish family from Yugoslavia.
Hemoglobin 1984;8:417-21.

Glrgey A, Sipahioglu M, Aksoy M. Compound he-
terozygosity for HbE Saskatoon or alpha2 beta 22
(B4) Glu-Lys and beta-thalassemia type IVSI-6 (T-
C). Hemoglobin 1990;14:449-51.

Kutlar A, Kutlar F, Aksoy M, Giirgey A, Altay C, Wil-
son JB, Diaz-Chico JC, Hu H, Huisman TH. Beta-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

thalassemia intermedia in two Turkish families is
caused by the interaction of Hb Knossos [beta 27
(B9) Ala----Ser] and of Hb City of Hope [beta 69
(E13) Gly----Ser] with beta (0)-thalassemia. He-
moglobin 1989;13:7-16.

Aksoy M, Gurgey A, Altay C, Kiling Y, Carstairs KC,
Kutlar A, Chen SS, Webber BB, Wilson JB, Huis-
man TH. Some notes about HbQ India and HbQ
iran. Hemoglobin 1986;10:215-9.

Dingol G, Aksoy M, Kazancioglu R, Dingol K. An-
takya’'nin iki Eti Turku kéylunde anormal hemoglo-
binler ve A2’si yiksek beta talasemi. Doga Bilim
Dergisi 1984;8.

Aluoch JR, Kiling Y, Aksoy M, Yiregir GT, Bakioglu
I, Kutlar A, Kutlar F, Huisman TH. Sickle cell ana-
emia among Eti-Turks: Haematological, clinical and
genetic observations. observations. Br J Haematol
1986;64:45-55.

Ozsoylu S. Homozygous hemoglobin D Punjab.
Acta Haematol 1970;43:353-9.

Cavdar AO, Arcasoy A. HbD punjab--alpha thalas-
saemia combination in a Turkish family. Scand J
Haematol 1974;13:313-9.

Ozsoylu S, Sahinodlu M. Hemoglobinopathy sur-
vey in an Eti-Turk village. Hum Hered 1975;25:50-
9

Arcasoy A, Cavdar A, Cin $ ve ark. Tlrkiye'de tala-
semi ve anormal hemoglobin insidansi. TUBITAK
Pediatrik Onkoloji ve Hematoloji Unitesi, Ankara
1978.

Altay C, Girgey A. Distribution of hemoglobinopat-
hies in Turkey. Turkish J Pediatr 1986;28:219-29.
Altay C, Yetgin S, Ozsoylu S, Kutsal A. Hemoglobin
S and some other hemoglobinopathies in Eti-Turks.
Hum Hered 1978;28:56-61.

Kiling Y, Kiimi M, Gurgey A, Altay C. Adana bdlge-
sinde bebeklerde kordon kani ¢alismasi ile alfa ta-
lasemi G6PD enzim eksikligi ve HbS sikhginin
arastirilmasi. DOYA 1986;2:162-7.

Yiiregir G, Donma O, Dikmen N, ispir T, Cinar M.
Population studies of HbS and other variants in Cu-
kurova. The southern part of Turkey. Acta Haema-
tol 1987;50:757-65.

Cin $, Akar N, Arcasoy A, Cavdar AO. Abnormal
hemoglobins in Turkish Cypriots. Hemoglobin
1988;4:423-5.

Cin $, Akar N, Arcasoy A, Dedeoglu S, Cavdar AO.
Prevalence of thalassemia and G6PD deficiency in
North Cyprus. Acta Haematol 1984;71:69-70.
Akar N, Uysal N, Yesil N, ince E, Arcasoy A, Ata Y.
Mustafa Kemal Pasa ve kdylerinde anormal Hb ve
HbA2 yuksekligi ile karakterize beta-thalassemia
tasiyiciligi arastirmasi. Doga Tr J Med Sci 1990;14:
551-4.

Canatan D, Arcasoy A, Bor S, Yesil N. Screening of
abnormal hemoglobins and high HbA2 beta-thalas-
semia in Elbistan area. Doga Tr J Med Sci
1990;14:555-61.

Turk J Haematol 2002;19(1):63-74



Abnormal Hemoglobins in Turkey

Altay G.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Arcasoy A. Hemoglobinopathies in Turkey. Hema-
tology Reviews 1992;6:61-7.

Bircan |, Sisli S, Giiven A, Gali S, Yegin O, Ertug H,
Guven A, Akar N. Hemoglobinopathies in the dist-
rict of Antalya, Turkey. Pediatr Hematol Oncol
1993;10:289-91.

Arcasoy A, Turan F, Yesil N, Kemahli S, Uysal Z,
Canatan D, Akar D. Mugla ili ve gevresinde talase-
mia ve anormal hemoglobin Taramasi. Pediatride
Yoneligler 1994;1:78-80.

irken G, Oren H, Undar B, Duman M, Giilen H,
Ugar C, Sanh N. Analysis of thalassemia syndro-
mes and abnormal hemoglobins in patients from
the aegean region of Turkey. Turkish J Pediatr
2002;44: 21-4.

Aksoy M, Erdem S, Efremov GD, Wilson JB, Huis-
man TH, Schroeder WA, Shelton JR, Shelton JB,
Ulutin  ON, Muftuoglu A. Hemoglobin istanbul:
Substitution of glutamine for histidine in a proximal-
histidine (F8(92)). J Clin Invest 1972;51:2380-7.
Cin S, Akar N, Cavdar AO, Arcasoy A, Dedeoglu S,
Weber B, Lam H, Huismann THJ. Hb Summerhill or
alpha 2 B2 52 (D3) Asp-His in a Turkish Family
from Cyprus. Hemoglobin 1983;7:467.

Kiling Y, Kiimi M, Gurgey A, Altay C, Webber BB,
Wilson JB, Kutlar A, Huisman TH. Hemoglobin O-
Padova or alpha (2) 30 (B11) Glu----Lys beta 2 ob-
served in members of a Turkish family. Hemoglobin
1985;9:621-5.

Huisman TH, Wilson JB, Kutlar A, Yang KG, Chen
SS, Webber BB, Altay C, Martinez AV. HbJ Antak-
ya or alpha 2 beta (2) 65 (E9) Lys----Met in a Tur-
kish family and Hb complutense or alpha 2 beta (2)
127 (H5) GIn----Glu in a Spanish family; correction
of a previously published identification. Biochim Bi-
ophys Acta 1986;871:229-31.

Altay C, Kutlar A, Wilson JB, Webber BB, Huisman
TH. HbP Nilotic or alpha 2 (beta delta) 2 in a Tur-
kish family. Hemoglobin 1987;11:395-9.

Huisman THJ, Carver MFH, Baysal E. A Syllabus
of thalassemia mutations (1997); The Sickle Cell
Anemia Foundation: Augusta, GA, USA, 1997.

Bircan I, Giiven AG, Yegin O, Plaseska D, Wilson
JB, Ramachandran M, Huisman TH. HbN Baltimo-
re [alpha 2 beta 2 (95) (FG2) Lys----Glu] and HbJ
iran [alpha 2 beta 2 (77) (Ef1) His----Asp] observed
in a Turkish family from Antalya. Hemoglobin
1990;14:453-7.

Curuk MA, Dimovski AJ, Baysal E, Gu LH, Kutlar F,
Molchanova TP, Webber BB, Altay C, Gilrgey A,
Huisman TH. Hb Adana or alpha 2 (59) (E8) Gly--
>Asp beta 2, a severely unstable alpha 1-globin va-
riant, observed in combination with the-(alpha) 20.5
Kb alpha-thal-1 deletion in two Turkish patients. Am
J Hematol 1993;44:270-5.

Glrgey A, Altay C, Gu LH, Leonova JY, Delibalta A,
Oner C, Huisman TH. Hb Hakkari or alpha 2 beta 2

Turk J Haematol 2002;19(1):63-74

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

31 (B13) Leu-->Arg, a severely unstable hemoglo-
bin variant associated with numerous intra-eryth-
roblastic inclusions and erythroid hyperplasia of the
bone marrow. Hemoglobin 1995;19:165-72.
Glrgey A. Altay C. Hemoglobin Kéln 398 (FG5)
Val->Met. In a Turkish child. Turk J Pediatr 1982;
24:271-3.

Keser |, Kayisli OG, Yesilipek A, Ozes ON, Luleci
G. Hb Antalya [codons 3-5 (Leu-Thr-Pro-->Ser-
Asp-Ser)]: A new unstable variant leading to chro-
nic microcytic anemia and high HbA2. Hemoglobin
2001; 25:369-73.

Knuth A, Pribella W, Marti HR, Winterhatter KH. Hb
Moabit, a86 (D7) Leu-Arg. A new unstable abnor-
mal Hb. Acta Haematol 1979;61:121-3.

Huisman THJ, Carver MFH, Efremov GD. A sylla-
bus of human hemoglobin variants, The Sickle Cell
Anemia Foundation. 2"d ed. Augusta, GA, USA,
1998.

Giordano PC, Fodde R, Amons R, Ploem JE, Ber-
nini LF. HbJ Anatolia [alpha 61 (E10) Lys----Thr]:
Structural characterization and gene localization of
a new alpha chain variant. Hemoglobin 1990;14:
119-28.

Bilginer A, Lehmann H, Arcasoy A. Hemoglobin
Ube-2 (alpha 68 Asn-Asp) observed in a Turkish fa-
mily. Hemoglobin 1984;8:189-91.

Ozsoylu S. Congenital methemeoglobinemia due
to hemoglobin M. Acta Haematol 1972;47:225-32.

Dingol G, Dingol K, Erdem S, Pobedimskaya DD,
Molchanova TP, Ye Z, Webber BB, Wilson JB, Hu-
isman TH. Hb Capa or alpha (2) 94 (G1) Asp-->Gly
beta 2, a mildly unstable variant with an A-->G
(GAC-->GGC) mutation in codon 94 of the alpha 1-
globin gene. Hemoglobin 1994;18:57-60.

van Houte DP, van den Ende A, Statius van Eps
LW, Giordano PC, Bernini LF. [Hemoglobin G Geor-
gia in a Turkish family in the Netherlands]. Ned
Tijdschr Geneeskd 1986;130:360-3.

Akar N, Arcasoy A, Ata Y. Hb Strumica. a112 (G19)
His->Arg (CAC->CGC) in a Turkish family. Hemog-
lobin 1991;15:347-8.

Yalcin A, Avcu F, Beyan C, Girgey A, Ural AU. A
case of HB J-Meerut (or HbJ Birmingham) [alpha
120 (H3) Ala-->Glu]. Hemoglobin 1994;18:433-5.
Ozsoylu S, Sipahioglu H, Altay F. Hemoglobin C-
beta (0) thalassemia. Isr J Med Sci 1989;25:410-2.
Goksel V, Tartaroglu N. HbC thalassemia. In: Leh-
mann H, Betke K (eds). Hemoglobin Collegium Vi-
enna: G. Thieme Stutgart, p55.

Arcasoy A, Casey R, Lehmann H, Cavdar AO, Ber-
ki AO. A new HbJ from Turkey. Hb Ankara (B10A-
7Ala-Asp) FEBS Letters 1974;42:121-3.

Birben E, Oner R, Oner C, Giimriik F, Giirgey A, Al-
tay C. Homozygosity for HbE Saskatoon [beta22
(B4) Glu-->Lys] in a Turkish patient. Hemoglobin
2001;25:409-15.

73



Altay C.

Abnormal Hemoglobins in Turkey

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

74

Dincol G, Dingol K, Erdem S. HbG Coushatta or
322 (B4) Glu->Ala in a Turkish male. Hemoglobin
1989;13:75-7.

S6zmen M, Uysal Z, Akar N. HbG Coushatta 322
(B4) Glu->Ala in a Turkish family. Doga, Turk J Med
Sci 1990;14:512.

Girgey A, Balkan H, irken G, Giimriik F, Altay S,
Kalaycioglu A, Oner C, Oner R. Compound hete-
rozygosity for Hemoglobin Knossos [a53,27 (B9)
Ala-Ser] and IVSI-1 mutation. Turkish J Pediatr
1997;39:253-6.

Arcasoy A, Turhanoglu S, Gézdasoglu S, Ogur G.
First observation of HbJ iran B77 (EF1) His-Asp in
Turkey. Hemoglobin 1986;10:209-13.

Kaufman S, Leiba H, Clejan L, Wallis K, Lorkin PA,
Lehmann H. Haemoglobin G-Szuhu, beta80 Asn-
Lys, in the homozygous state in a patient with abe-
talipoproteinaemia. Hum Hered 1975;25:60-8.
Rosa J, Brizard CP, Gibaud A, Beuzard Y, Courva-
lin JCI, Cohen-Solal M, Garel MC, Thillet J. Nouv
Rev Frd’Hematol 1972;12:691.

Dincol G, Aksoy M, Dincol K, Kutlar A. A survey for
hemoglobin variants and high HbA2 beta-thalasse-
mia in 1000 Turks, In North Cyprus Symposium on
abnormal hemoglobins and thalassemia ed. By M
Aksoy and THJ Huisman. TUBITAK, Ankara p 95.

Yalgin A, Girgey A, Giirbiiz AK, Laleli Y. Homozy-
gous HbD Punjab disease. Turk Hematoloji Onko-
loji Dergisi 1991;1:63-4.

Canatan D, Akar N, Arcasoy A. HbD Los Angeles/ B
IVSI-110 (G-A) combination in a Turkish woman.
Doga Tr J Of Medical Sciences 1992;16:585-6.
Altay C, Girgey A, Huisman THJ. Homozygosity
for hemoglobin O Arab. Turkish J Pediatr 1986;28:
67-72.

Cin S, Akar N, Arcasoy A, Cavdar AO, Dedeoglu S.
Haemoglobin O Arab (B121 Glu-Lys) in Turkish
Cypriot population. J Med Genet 1984;21:158.
Duwig I, North ML, Barth JG, Rieffel M, Nierengar-
ten P, Arous N, Galacteros F. Abstract. Nouv Rev
Fr d’Hematol 1987;29:344.

Ulukutlu L, Gzsahin H, Wilson JB, Webber BB, Hu
H, Kutlar A, Kutlar F, Huisman THJ. Hb Brockton
[alpha 2 beta 2138 (H16) Ala----Pro] observed in a
Turkish girl. Hemoglobin 1989;13:509-13.

Altay C, Girgey A, Wilson JB, Hu H, Webber BB,
Kutlar F, Huisman TH. HbF Baskent or alpha 2A
gamma 128 (H6) Ala----Thr. Hemoglobin
1988;12:87-9.

Cavdar A, Arcasoy A. Hemoglobin Lepore Boston
in a Turkish family. J Med Genet 1976;13:363-5.
Glrgey A, Altay C, Hicsbnmez G. Beta-talasemi ve
Hb Lepore Boston’un birlikte bulundugu bir vaka.
Cocuk Sagligi ve Hastaliklari Dergisi 1979;22:52-6.
Turhan C, Topal B, Girgey A ve ark. Konya ve De-
nizli yoresinde beta-talasemi sikhidi. Gocuk Saghgi
ve Hastaliklar Dergisi 1991;34:9-15.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Altay C, Say B, Yetgin S, Huisman TH. Alpha-tha-
lassemia and beta-thalassemia in a Turkish family.
Am J Hematol 1977;2:1-15.

Dingol G. Medical Bulletin of istanbul. Med Faculty
1986;19:121-4.

Olds RJ, Sura T, Jackson B, Wonke B, Hoffbrand
AV, Thein SL. A novel delta 0 mutation in cis with
Hb Knossos: A study of different genetic interacti-
ons in three Egyptian families. Br J Haematol
1991;78: 430-6.

Oner R, Birben E, Acar C, Oner C, Kara A, Giimriik
F, Girgey A, Altay C. Molecular analysis of turkish
beta-thalassemia heterozygotes with normal HbA2
levels. Hemoglobin 2000;24:195-201.

Aksoy M, Lehmann H. Further example of hemog-
lobin D in Turkish family. T R Soc Med Hyg 1956;
50:178.

Oner C, Dimovski AJ, Altay C, Giirgey A, Gu YC,
Huisman THJ, Lanclos KD. Sequence variations in
the 5" hypersensitive site-2 of the locus control re-
gion of beta S chromosomes are associated with
different levels of fetal globin in hemoglobin S ho-
mozygotes. Blood 1992;79:813-9.

Altay G, Oner C, Oner R, Mesci L, Balkan H, Tiiz-
men S, Basak AN, Gimrik F, Gurgey A. Genotype-
phenotype analysis in HbS-beta-thalassemia. Hum
Hered 1997;47:161-4.

Oner R, Giimriik F, Acar C, Oner C, Giirgey A, Al-
tay C. Molecular characterization of glucose-6-
phosphate dehydrogenase deficiency in Turkey.
Haematologica 2000;85:320-1.

Zeng YT, Huang SZ, Ren ZR, Li HJ. Identification of
HbD Punjab gene: Application of DNA amplification
in the study of abnormal hemoglobins. Am J Hum
Genet 1989;44:886-9.

Vella F, Lorkin PA, Carrell RW, Lehmann H. A new
hemoglobin variant resembling hemoglobin E. He-
moglobin E Saskatoon: Beta-22 Glu replaced by
Lys. Can J Biochem 1967;45:1385-91.

Gonzalez-Redondo JM, Kutlar A, Kutlar F, Mc Kie
VC, Mc Kie KM, Baysal E, Huisman TH. Molecular
characterization of HbS(C) beta-thalassemia in
American blacks. Am J Hematol 1991;38:9-14.
Huisman TH. Combinations of beta chain abnormal
hemoglobins with each other or with beta-thalasse-
mia determinants with known mutations: Influence
on phenotype. Clin Chem 1997;43:1850-6.

Address for Correspondence:
Cigdem ALTAY, MD

Department of Pediatrics
Pediatric Hematology Unit
Faculty of Medicine
University of Hacettepe
Ankara, TURKEY

Turk J Haematol 2002;19(1):63-74



