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Hb Nouakchott (alpha1 114(GH2)Pro>Leu; HBA1:c.344C>T), a second and third case described in two unrelated Dutch Families


We report two families, members of which are carriers of a hemoglobin (Hb) variant previously described as Hb Nouakchott (alpha1 114(GH2)Pro>Leu; HBA1:c.344C>T, p. Pro115Leu). In the first family of Dutch origin, the proband, a 32 year old male, and his 65 year old father, both were carriers of Hb Nouakchott. Of the second family we tested only the proband, a 56 year old Dutch female. Hematologic analysis of these cases showed the anomaly behaves as a silent Hb variant without clinical consequences. The hemoglobin variant remained unnoticed using high performance liquid chromatography (HPLC), while an additional peak was detected by capillary electrophoresis (CE). These independent findings of Hb Nouakchott indicate that this Hb variant might not be very rare, but simply remains under diagnosed depending on the hemoglobin separation technique used. 
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Introduction

Hb Nouakchott alpha1 114(GH2)Pro>Leu, was previously described as a neutral variation in HBA1, caused by a single mutation HBA1:c.344C>T. The variation seemed to be rare and until now only reported in individuals from Northern Africa. Here we present a short article in which two unrelated Dutch families carrying  Hb Nouakchott are described, with the full characterization of the defect and additional details on the possible pathological effect. Comparison between the carriers of the two independent families and assembling the data gave more insight into the presence or absence of pathology in the carriers of this abnormal Hb variant. [1]

Methods

Blood samples of family A and B were collected and hematological parameters were determined using SYSMEX XT-4000i (SYSMEX, Etten-Leur, The Netherlands) or Micros 60 (Horiba, Son, The Netherlands) according to the manufacturers instructions f. HPLC was done using a VARIANT IITM (Bio-Rad Laboratories) and capillary electrophoreses (CE) was performed using Capillarys 2 (Sebia, Lisses, France) as previously reported [2]. DNA for gap-PCR and direct sequencing was extracted by automatic high salt procedures (Autopure). DNA sequencing was done on the ABI Prism 3730 DNA Analyzer (PE Biosystems Foster City, CA, USA) [3]. Multiplex ligation-dependent probe amplification (MLPA) was performed using kit P140C1 and kit P102-B2 (MRC-Holland, Amsterdam, The Netherlands). 

Case reports
Family A originated from Nunspeet The Netherlands. The proband in family A was originally seen by his general practitioner for recurring herpes simplex infections. A general haematological screening showed high red cell count (6.2 1012 L-1) and a borderline microcytic profile (MCV 77 fL) suggestive of thalassemia . Family A analysis included the proband AII-1, his sister, mother and father. . 
The proband of family B comes from Hilversum, The Netherlands and was seen in the Amsterdam Medical Centre (AMC) with complaints of fatigue and muscle weakness. This blood sample was referred for HbP analysis to exclude an underlying chronic haemolytic anaemia. 
Haematological parameters were within normal range (table 1). Proband A and his carrier father show a low MCH, but also the sister who is a non-carrier shows a low MCH, which indicates that this is most likely not associated with the inheritance of the Hb variant. Proband B shows normal MCH, the normal ZPP values indicate the absence of iron deficiency. Haptoglobin levels are normal excluding haemolysis in Hb Nouakchott carriers. The HPLC pattern appeared normal, however slightly asymmetric as far as the HbA peak was concerned (figure 1). There were no indications of β-thalassemia (normal HbA2) or Hb variants (no clear extra peaks). figure 1a). The Capillary Electrophoresis pattern showed an Hb X fraction of 7-9%, eluting before Hb A (table 1, figure 1b).
Using multiplex gap-PCR no additional alpha-thalassemia deletions were found. DNA sequencing of the α1-globin gene (HBA1) revealed heterozygosity for the HBA1:c.344C>T variant that was previously reported as Hb Nouakchott (http://globin.cse.psu.edu/hbvar.html).
Discussion

We report the presence of Hb Nouakchott in two Dutch Caucasian families. These families were unaware of any family bond, but a common ancestor is not unlikely in a small country like The Netherlands, therefore a founder-effect cannot be ruled out. 
The only previous report of Hb Nouakchott [α1 114(GH2)Pro>Leu] was in three unrelated North African patients by Wajcman (1989) [4]. This variant was detected using routine haemoglobin separation techniques, such as isoelectric focussing (in the HbF position) and reverse-phase liquid chromatography of globin chains [Wajcman H, Riou J. Clin Biochem. 2009 dec;42(18):1802-6]. However these separation methods are rarely used since the introduction of dedicated diagnostic devices for Hb separation. The patients presented by Wajcman showed normal haematologic parameters as was confirmed in our patients. Only for one patient (C I) the MCH was was lower than the reference range. The low MCV of D I was explained by slight iron deficiency due to menstruation blood loss. 
Wajcman et al. reported fractions of Hb Nouakchott between 20 and 25% [4],. However, in our patients Capillary Electrophoresis (CE) detected a lower fraction of Hb Nouakchott (7-9%, figure 1b, table 1). The partial overlap in the Hb X fraction and the Hb A fraction in the CE diagram (figure 1b) shows incomplete separation and consequently a slight underestimation of the Hb Nouakchott fraction. As in the first reported African cases no DNA analysis was performed, the location of the mutation to either HBA1 or HBA2 is unknown. In the Dutch patients the mutation was found to be on the α1 globin gene, which might explain the lower amount estimated from Capillary Electrophoresis. The α1 gene is expressed at a lower level than the α2 gene, but this would only reduce the amount to 15-20% and therefore not entirely explain the difference with the African sample for which 25% Hb Nouakchott was reported  [5] [6]. The geographical distance and the different amounts reported suggest two independent events.   If 
The α114 location is involved in axial contacts with α16, α20, α116, β17, β117, β118, β121 [5], and is important in the formation of the Hb S polymer, however in absence of Hb S the functionality is not clearly described [6]. Several other Hb variants have substitutions in the same location as Hb Nouakchott. In Hb Chiapas (c.344C>G) the proline is replaced by arginine, in Hb Melusine (c. 343C>T) by a serine residue and in Hb Broomhil (c.343C>G) by an alanine residue. None of these variations have clinical implications (http://globin.cse.psu.edu/hbvar.html). Similar to Hb Groene Hart also Hb Nouakchott is a highly hydrophobic variant due to a structural modification in the same GH region; in Hb Nouakchott the first Proline is replaced by Leucine while in Hb Groene Hart the second Proline of the GH region is replaced by Serine, and in Hb Diamant it is replaced by a Leucine. It has been suggested by Zanella-Cleon et al. that replacing a Proline residue at position 114 (or 119) with Leucine would retain hydrophobic contacts in the cellular environment explaining the absence of a thalassemic phenotype in carriers of Hb Nouakchott and Hb Diamant (Zanella-Cleon I, Becchi M, Lacan P, Giordano PC, Wajcman H, Francina A. Clin Chem. 2008 Jun;54(6)).  .
As was previously reported for Hb Groene Hart, Hb Melusine and Hb Athens-Georgia, Hb Nouakchott might not be very rare, but simply hard to detect using common HLPC methods in Hb variant screening [7]. As for the example of Hb Groene Hart, once reported many cases followed either by DNA analysis or, in the case of Hb Nouakchott by careful examination of the HPLC patterns produced by devices often used in routine laboratory environments. CE on the other hand is capable of identifying this Hb variant but is not widely used for determining the HbA1c. Detection is further complicated by the lack of clinical implications. However the knowledge about endemicity of rare Hb variants can help in interpretation of abnormal CE or HPLC patterns. 
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Figure 1. (a) High performance liquid chromatography (VARIANT IITM; Bio-Rad Laboratories) result of the Hb Nouakchott showed a near normal pattern with the abnormal Hb fraction overlapping the Hb A fraction. The normal pattern is indicated as dashed lines overlaying the Hb Nouakchott pattern.
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Figure 1. (b) Capillary Electrophoresis result ofof Hb Nouakchott, with characteristic Hb X fraction eluting before Hb A.











Tables
Table 1 Haematological, biochemical parameters and DNA results of the two families with Hb Nouakchott
	
	Family A
	Family B
	Reference range

	
	A I-1
	A I -2
	A II-1
	A II-2
	B I-1
	

	Gender-Age
	M-66
	F-61
	M-33
	F-31
	F-56
	

	Hb (g/dl)
	14.7
	12.8
	15.5
	13.5
	12.8
	M: 13.7-16.9
F: 11.9-15.0

	RBC (1012 /L)
	5.43
	4.15
	6.07
	5.01
	4.36
	M: 4.60-6.20
F: 4.20-5.40

	Ht (L/L)
	0.47
	0.39
	0.49
	0.44
	0.43
	M: 0.40-0.50
F: 0.35-0.45

	MCV (fL) 
	87
	94
	82
	88
	98
	80-96

	MCH (pg)
	26.9
	30.9
	25.4
	27.0
	29.4
	27.4-32.2

	ZPP (µmol/mol)
	41
	55
	56
	55
	35
	<100

	Haptoglobin (g/L)
	1.10
	1.78
	1.27
	0.936
	3.67
	0.50-1.80

	A – HPLC
	86.7
	82.2
	86.4
	87.6
	81.2
	

	A2 –HPLC
	2.5
	2.9
	2.8
	2.7
	2.6
	

	F – HPLC
	0.2
	0.4
	0.2
	0.1
	1.3
	

	A – CE
	89.1
	96.1
	89.3
	97.7
	85.2
	

	A2 – CE
	3.3
	3
	3.4
	2.3
	3.8
	

	F – CE
	-
	-
	-
	-
	0.8
	

	X – CE 
	7.6
	-
	7.3
	-
	9.0
	

	
	
	
	
	
	
	

	HBA1 and HBA2 sequencing
	HBA1:c.344C>T (Hb Nouakchott)
	Nor-mal
	HBA1:c.344C>T(Hb Nouakchott)
	Nor-mal
	HBA1:c.344C>T(Hb Nouakchott)
	




 
image1.png
Time (min.)




image2.png
: 8 Date : 09/11/15

Rack: SEBIA Pos.

NAAM :

40

Sample num.:

M.15.15832

ID:

Geboortedatum:

N
e
N ] -4
& 2|
N
N
B
5
N |
N T
g \\\\\
T S ———CU S
e
3 B <
o T TTTTTTTTTTTTTTTTTTTTTTTTIITTTTTTT 3
N |
,
. ,
3 i
e
g
R
NI

20 12401 260 280 130

160 1180 1200

1120 1 14D

100

HEMOGLOBINE ELEKTROFORESE

% Ref. %

Fracties

7.3

Hb X

89,3

Hb A

3.4

Hb A2




