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ularly in countries where a significant proportion of HH
patients carry a wild type HFE gene (such as Italy and
Greece), and for further characterizion of HH cases carry-
ing only one mutated HFE allele.
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Red Cell Disorders

Hb Gun Hill: a further de novo observation

Here we report the third observation (the second de
novo) of unstable Hb Gun Hill or [βb91(F7)-95(FG2)Leu-
His-Cys-Asp-Lys→Æ0]. The two-year old male carrier
showed low mean corpuscular hemoglobin (MCH) and
mean hemoglobim concentration (MCHC), 8.5% fetal
hemoglobin and ≈ª30% variant hemoglobin. Mild
hemolytic symptoms were detected seven years later. DNA
sequencing and functional studies of  mRNA and globin
chains were performed.
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Hb Gun Hill [β91(F7)-95(FG2)Leu-His-Cys-Asp-Lys→0] has
been described at the protein level in a North-European fam-
ily1 and as a de novo mutation in a black American female.2
The variant is due to the deletion of five amino acids from the
final three residues of F-helix to the first two residues of the
FG corner.1 Because of the duplication of Leu-His at codons
91-92 and 96-97 the deletion breakpoints remain ambiguous.
The five-residue deletion causes a profound rearrangement of
the heme pocket, which impairs heme binding1 and leads to
molecular instability. The variant hemoglobin (Hb) shows low-
er absorption in visible wavelengths, and consequently a low-
er total Hb value,1-3 because there are only two heme groups
per molecule (linked to the α-chains). Moreover, the alter-
ation of the molecular structure causes functional alterations
such as increased oxygen affinity, decreased cooperativity
and absence of the Bohr effect.

A two-year old boy from Catania, Sicily, was found to have
a low MCH and MCHC associated with slight anisocytosis,
slight reticulocytosis but without microcytosis (Table 1).
Hematologic and metabolic parameters were normal.  Cation-
exchange high performance liquid chromatography (HPLC)
(Diamat, Bio-Rad, Richmond, CA, USA) revealed increased
levels of Hb F (8.5%) and the presence of an abnormal Hb
absent in the parents, which was eluted after the Hb A2 and
constituted about 11% of the total Hb (Figure 1A and Table

1). On cellulose acetate electrophoresis at pH 8.4 the Hb vari-
ant was slightly slower than Hb A2 (Figure 1B). Indeed,
reverse-phase HPLC4 and detection at 220 nm showed that
the βvar accounted for about 30% of total β-chains. Heat and
isopropanol tests were positive. A high number of inclusion
bodies in the erythrocytes were detected after 24 hrs of expo-
sure to brilliant cresyl blue at 37°C, but were absent after two
hours of incubation. These findings suggested the hypothe-
sis of an unstable Hb.

DNA sequencing of the β-globin gene revealed heterozy-
gosis for Hb Gun Hill due to a deletion of 15 nucleotides (Fig-
ure 1C) resulting in a β-globin chain variant with the deletion
of five amino acids. To evaluate the possible role of mRNA
defects in the reduction of Hb variant (30% vs. 50%), β-glo-
bin mRNA was analyzed with semi-quantitative reverse tran-
scription polymerase chain reaction (RT-PCR). The cDNA
labeled with (α-32P)dCTP was separated by polyacrylamide gel
electrophoresis; normal or mutated homodimers and two het-
erodimers were obtained. The radioactivity of the mutated
and wild type homodimer bands was comparable (Figure 1D).

In vitro biosynthesis of the globin chains with 3H-leucine4

was carried out at 30, 60, 90 and 120 minutes. The β and α
chain biosynthetic ratio was balanced, (cpm βA+ βvar/mg βA+
βvar)/(cpm α/mg α)= 1.06±0.11, but the specific activity of βGun

Hill was about 2.3 times that of βA. This finding was explainable
only by instability of the variant and its rapid breakdown, as
reported for several unstable β-chain variants.5,6

At the age of nine years the propositus presented with
moderate hemolysis (very low haptoglobin) and reticulocy-
tosis. The Hb variant with cation-exchange HPLC was about
16%, Hb F was 5.5% and the bilirubin level was normal.
The patient showed reticulocytosis, high levels of lactate
dehydrogenase and low levels of haptoglobin but had no
jaundice, splenomegaly or hepatomegaly (Table 1). These
symptoms were milder than those described in the two oth-
er patients with Hb Gun Hill3 who had hemolytic anemia
with increased indirect bilirubin and one also had scleral
jaundice and splenomegaly  (Table 1). This difference could
be because our patient is younger than the other two. The
mutation in our patient was de novo. Paternity was con-
firmed by analysis of blood groups and RFLP haplotypes7 in
the β-globin gene cluster (Table 1). Two duplicated

                                                                                                          



sequences at codons 90/92 and 95/97 (5’-AGCTGCAC-TGT-
GACA-AGCTGCAC-3’) can mediate a slipped-mispairing,6,8,9

or less probably an unequal crossing over leading to the
deletion. Moreover, semi-palindromic sequences such as
that of 6 nucleotides with 1 mismatch at codons 92/98 (5’-
CAC(T)GTG-ACAAGCTG-CACGTG-3’) could favor the forma-
tion of an intrastrand stem-loop structure, followed by the
synthesis of anomalous sequences.10

To conclude, of the three known cases of the unstable Hb
Gun Hill this is the second due to a de novo mutation. The high
frequency of de novo events leads us to define the mutation
as recurrent and indicates that the mutation occurs in a
region definable as a deletion hot spot. It is likely that the Hb
Gun Hill as well as other variants which impair binding with
the heme group should be hypothesized in all patients show-
ing a low MCH and MCHC (due to decreased absorption of the
Hb variant) associated with a normal mean corpuscular vol-
ume (MCV) and mild hemolytic symptoms.
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Table 1. Hematological data of the family under study and of the patients reported in literature.2,3 

Father Mother Son Patient2 Father3 Daughter3

(proband)

Age (years) 52 47 2 9 25 41 10
RBC (×1012/L) 5.06 4.64 5.36 5.18 5.30 5.68 4.44
Hb  (g/L) 154 127 116 (136a) 117 114 (137a) 135 (162a) 126 (151a)
MCV (fL) 91 85 81 82 76 85 101
MCH (pg) 30 27 22 (26a) 22 nr 24 (28a) 29 (34a)
MCHC (g/L) 333 322 267 (314a) 270 nr 280 (340a) 280 (340a)
Hb A2 (%) 2.2 2.2 3.0 4.3 nr nr nr
Hb F (%) 0.3 0.8 8.5 5.5 2.8 2.4 2.4
Hb Gun Hill (%) − − 11 (30b) 16 22-25 (31-35a) 21 (30a) 20 (29a)
Retic. (×109/L) 81 130 260 518 nr 227-341 311-444
Iron (µg/dL) 100 46 78 75 nr nr nr
Ferritin (µg/L) 193 4.1 25 32 nr nr nr
Transferrin (mg/dL) 373 504 300 290 nr nr nr
LDH (IU/L) 159 177 180 729 nr nr nr
Bil. ind. (mg/dL) 0.92 0.85 0.30 0.76 nr 2.7 2.0
Bil. total (mg/dL) 0.98 0.94 0.55 0.94 nr 2.8 2.3
Haptogl. (mg/dL) 323 88 57 <5.8 nr 24 nr
F.E.P. (µg/g Hb) 1.4 2.8 1.8 1.2 nr nr nr
S. T. R. (µg/mL) 1.5 3.1 3.3 nd nr nr nr
Heinz body − − nd +c + + nr
Urinary pigments nd nd − − nr − nr
Blood group 0 Rh+ A Rh + A Rh+
Haplotypesd I/I III/Re I/III
Spleen nor nor nor nor nr 3 cmf nor 
Scleral icterus − − − − nr + -

aAt 540 nm, the Hb Gun Hill had an extinction coefficient about half that of the Hb A because of the lack of the heme groups. The numbers in parentheses indicate approxi-
mate Hb values after correction  for the variant Gun Hill percentage. bThis value was obtained with reverse-phase HPLC and detection at 220 nm.cIn the sample but not in
one control Heinz bodies were detected in large numbers after 24 hrs of exposure to brilliant cresyl blue at 37ºC, but were absent after two hours of incubation. dThe RFLP
analyzed in the β-globin gene cluster are Hind III/Gγ, Hind III/Aγ, Hinc II/ψβ and 3’ ψβ, Ava II/β and Bam HI/3’β. Haplotypes were determined through family linkage
analysis and classified according to Orkin et al.7 eThe haplotype indicated with R was (+ - - - /+ +). fBelow the costal margin Bil.: bilirubin; Bil. Ind.: indirect biluribin;
Haptogl.: haptoglobin; F.E.P.:free erythrocyte protoporphyrin; L.D.H.: lactate dehydrogenase; S.T.R.: soluble transferrin receptor;  nd: not done; nr : not reported;
nor: normal; -: absent; +: present.
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Figure 1. A) Cation exchange HPLC of the hemoglobins in the proband. B) Cellulose acetate gel electrophoresis: 1: father;
2: patient; 3: Hb C carrier; 4: Hb S carrier. C) Sequence analysis of the coding strand of the βb-globin gene of the patient.
The wild type (wt) and mutated (GH) DNA sequences are indicated. An arrow indicates the first nucleotide in heterozygo-
sis.  D) Semi-quantitative analysis of the mRNA by radioactive RT-PCR. Total RNA was isolated from reticulocyte-enriched
peripheral blood cells with Triazol (Life Technologies, NY, USA). The cDNA was synthesized from the RNA using Moloney Murine
Leukemia Virus Reverse Transcriptase and an Oligo d(T) primer (GeneAmp, Perkin Elmer, and Foster City, CA, USA). cDNA
was amplified with 20 PCR cycles using (αa-32P)dCTP and the following primers: GTGCCTTTAGTGATGGCCTG and CTTTGC-
CAAAGTGATGGGCCAGC (+390/+409 and +1394/+1372 relative to the βb-globin cap site). The cDNA samples were run on
a 7.5% polyacrylamide gel at 150 V for 1.5 hours. Four bands were obtained and identified by sequencing as normal (156
bp) or mutated (141 bp) homodimer or heterodimer bands. The ratio between radioactive mutated/wild type (wt) homod-
imer bands was quantified using a phospho-imager with ImageQuant software (Molecular Dynamics, Sunnyvale, CA, USA).
A 50bp ladder is shown. 1: normal control; 2: patient.
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