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Unstable Haemoglobin KoIn Disease in
Members of a Malay Family*
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B. G. WILTSHIRE,** and H. LEHMANN**

A group of unstable haemoglobins associated with
congenital nonspherocytic haemolytic anaemia has
recently been recognized. They are characterized
by the instability of the haemoglobin solutions and
by being heat labile. Contrary to most known ab-
normal haemoglobins reported to date, their pre-
sence in the blood is not always easy to demonstrate
by electrophoretic methods. In the red blood cells
they often lead to formation of the characteristic
inclusions or Heinz bodies that are usually seen after
splenectomy but sometimes also before. There-
fore, before recognition and demonstration of the
presence of these haemoglobins in the red blood
cells, the condition was often described as heredi-
tary or congenital Heinz body anaemia. More than
20 different abnormal unstable haemoglobins lead-
ing to the condition designated by Carrell and
Lehmann (1969) as unstable haemoglobin haemo-
lytic anaemia (UHHA) have been described up to
now.

In this paper we report this condition in 3 mem-
bers of a Malay family. The unstable haemoglobin
is structurally identical with Hb Koin first de-
scribed by Pribilla (1962). We also report the
results of enzyme studies of their red blood cells.

Methods
Haematological examinations were made by standard

methods. Haemolysates were prepared from washed
red blood cells by the addition of 1 vol water and 04 to
0 5 vol toluene. Haemoglobin electrophoresis was
carried out in starch gel with tris-EDTA boric acid
buffer atpH 8-0 and 8-6 and discontinuous tris-boric acid
buffer atpH 9-5; agar gel electrophoresis, with citric acid
buffer pH 6-2, and cellulose-acetate electrophoresis with
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tris-EDTA boric acid buffer pH 8-9. The presence of
thermolabile haemoglobin was demonstrated by the
method of Dacie et al (1964) and by a modified micro-
method in which we adjusted the method of Dacie et al
(1964) to that of Scott (1970) for the preparation of a
haemolysate in capillary tubes, but using phosphate
buffer pH 7*4. After centrifugation, the capillary tube
is incubated at 500 C in a waterbath for one hour with
normal controls. The degree of precipitation is best
evaluated by placing a needle behind the capillary tubes
and viewing the needle through the haemolysate. The
more turbid the haemolysate the less visible is the needle.
Structural studies of the globin were carried out as de-
scribed by Vaughan Jones et al (1967). Haptoglobin was
visualized in starch gel and stained with benzidine.

Glucose-6-phosphate-dehydrogenase and 6-phospho-
gluconate-dehydrogenase assays followed the method of
Zinkham, Lenhard, and Childs (1958), as recommended
by the World Health Organization (1967). Methaemo-
globin reductase was assayed by the method of Hegesh,
Calmanovici, and Avron (1968); glutathione peroxidase
activity, by the method of Paglia and Valentine (1967);
and pyruvate kinase activity, by the method of Valentine
and Tanaka (1966). Glutathione level was estimated by
the method of Beutler, Duron, and Kelly (1963);
glutathione reductase activity, by the method of Beutler
(1969).

Case Report
The propositus, a 21-year-old Malay man, was re-

ferred to us by the physician of the General Hospital,
Kuantan and was admitted to the General Hospital,
Kuala Lumpur, on 27 August 1971 because of recurrent
abdominal pain, slight jaundice, and enlarged spleen and
liver. He also reported that his urine was often dark.
Before hospital admission, he had a history of taking
Daraclor tablets weekly for the past year as prophylaxis
against malaria. Physical examination showed that he
was well nourished. His spleen and liver were felt 4
finger breadths below the costal margin. Lymph nodes
were not enlarged, and other physical findings were nor-
mal.

Laboratory Findings. Haematological findings for
the patient and his family are listed in Table I. The
patient's peripheral blood showed slight anisocytosis and
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Unstable Haemoglobin Koln Disease in Members of a Malay Family
TABLE I

HAEMATOLOGICAL FINDINGS IN A MALAY FAMILY WITH UNSTABLE HAEMOGLOBIN

Family Age I I 0 Hb Hb
members Sex (yr) Hb (g/l0O ml) RBC (mill/mm3) PCV (0o) MCV MCH MCHC reticulocytes thermo- electro-
examined labile test phoresis

Pro- (12 4 3-54 40-0 112 9 35-0 31 6 2 Positive Abnormal
Po * M 21 13 3 - 44-5 - - 29 9 6 5 Positive Abnormal

12 7 3-76 42-0 111-7 33 8 30-2 - Positive Abnormal

Father M 60 14-8 4-81 46 0 95-6 30-8 32-2 0 4 Negative Normal

Sister 1 F 22 10 6 3|45 35 0 101 4 30 7 30 3 10 4 Positive Abnormal

Sister 2 F 16 11-7 4-17 41-0 98 3 28-1 28 5 5-2 Positive Abnormal

Sister 3 F 14 13 7 4-79 42 5 88 7 28 6 32-2 0 6 Negative Normal

Sister 4 F 10 13 2 - 45 0 - 330 29 3 12 Negative Normal

* Examined on 3 different occasions.

poiklocytosis with several target cells. Sickling test was
negative. Direct staining with methyl violet revealed a
few Heinz bodies in the red blood cells; these inclusion
bodies increased in number after incubation of the blood
at 370 C for 48 hours. However, on re-examination just
before patient left hospital no Heinz bodies could be
demonstrated in his unincubated red cells. Methaemo-
globin reduction and autohaemolysis tests with and with-
out glucose were abnormal. Saline osmotic fragility on
fresh and on a specimen incubatedfor 24hours was within
normal limits. Serum bilirubin was direct 0-61 mg/
100 ml and indirect 5-82 mg/100 ml. No haptoglobin
was visible on starch gel electrophoresis. Coomb's
test was direct and indirect negative. Urobilin and
urobilinogen were increased in the urine, but no bil-
rubin was detected. Table II shows erythocyte enzyme
levels for the patient shortly after his admission to hospi-
tal and at time of his discharge. Levels for his family
are also shown.

Haemoglobin Studies. The heat stability test on
the haemoglobin was positive by the usual method of
Dacie et al (1964) as well as by the micromethod on
repeated occasions with blood obtained from fingerpricks.
(Fig. 1). On starch gel electrophoresis at pH 8-0, 8-6,
and 9-5 a fresh haemolysate of the patient clearly showed
a haemoglobin component between Hb A and Hb A2
(Fig. 2) with mobility similar to that of Hb S and
resembling Hb K6ln as described by Pribilla (1962) and
Hutchinson et al (1964). Older haemolysates showed a
broader and more diffuse abnormal band. Separation
of the abnormal haemoglobin in agar gel and cellulose
acetate was not successful. No clear separation of the
abnormal component could be obtained with these
methods. The levels of Hb A2 and alkali resistant
haemoglobin were within normal limits.
The structural studies of globin, prepared from the

purified abnormal slow fraction of the patient's haemo-
globin, were carried out on amino-ethylated whole
globin. Tryptic digestion followed by fingerprinting,
gave a peptide pattem identical with that of haemo-

Sister I

Propositus

Sister 2

Sister 3

Sister 4

FIG. 1. Thermolabile test for unstable haemoglobin in capillary
tubes (see Methods). The propositus and sisters 1 and 2 are posi-
tive, the father and sisters 3 and 4 are negative for unstable haemo-
globin.
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FIG. 2. Starch gel alectrophoresis with tris-EDTA boric acid buffer,
pH 86. The haemolysate of the propositus ahowig the abnormal
haemoglobin component (unstained). Two of his sisters had exactly
the same haemoglobin pattern (not shown).
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TABLE II
ACTIVITY OF SEVERAL ENZYMES AND LEVELS OF GLUTATHIONE IN ERYTHROCYTES OF A PATIENT

WITH UNSTABLE HAEMOGLOBIN KOLN AND IN THOSE OF HIS RELATIVES

Family G6PD 6PGD PK Glutathione GR GP DiaphorasemembersHb UmHbexamined (U/g Hb) (U/g Hb) :(U/10'RBC) (mg/l00mlRBC)( U/g Hb With FAD (U/gHb) (U/mg )

Prpsiu* 5-02 32 6-34 6b9 8-08 3-7Propositust {ll120 1000 746 54 557 669 799 36

Father 5-23 4-74 1-80 69 2-61 3 39 3 49 2 45
Sister lt 6-23 6-61 6-93 59 6-53 6-78 5-34 3-28
Sister 2t 8-82 7-26 6 50 61 6-07 8-44 7 90 2-91
Sister 3 7-00 8 30 2-63 69 2-68 4-57 3 50 2-49
Sister 4 8-50 6-25 2-88 97 3-58 5-53 3-74 2-91
Normal values 6-56 6-18 1-80 60-08 3 50 5-95 3-34SD 180 143 036 1282 1 12 1|10 063

* Examined twice, on 22 September and on 23 November 1971. All the others were examined on 23 November 1971.
t With abnormal Hb Koln.

globin A. However, a specific colour test of the finger-
print showed a positive divalent sulphur reaction for the
peptide f TpXI (residues 94-106 of the 146 composing
the f-chain) of the abnormal globin. Amino-acid analy-
sis after purification of the peptide by electrophoresis at
pH 3 5 showed the presence of methionine, which had
replaced a corresponding amount of valine at position 98.
We therefore concluded that the haemoglobin was
CtAf98Val2 -Iet which is identical with the Hb Koin
originally described by Pribilla (1962) and later identi-
fied by Carrell, Lehmann, and Hutchison (1966) as
Hb 0p98va-PMet

Family Studies
The father of the patient and 2 of his 4 sisters were

healthy and did not have abnormal haemoglobin; his
mother was dead. The other 2 sisters each had symp-
toms similar to those of the patient: slight jaundice, an
enlarged spleen, and liver. They had the same abnormal
unstable haemoglobin as their brother demonstrable by
starch gel electrophoresis and shown by the macro as
well as the micromethod to be thermolabile (see Fig. 1).
The level of Hb A2 and alkali resistant haemoglobin
were normal. We found no Heinz bodies in their red
blood cells. Their serum bilirubin was increased and
haptoglobin could not be demonstrated in their serum.
Methaemoglobin was not increased in unincubated blood.
Table I shows haematological findings for the family, and
Table II results ofenzyme studies.

Discussion
The clinical and haematological picture with

signs of chronic haemolytic condition in the pro-
positus and his 2 sisters with the abnormal un-
stable haemoglobin Koin corresponds to that
usually seen in unstable haemoglobin Koin disease.
The haemoglobin level in the patient was normal or
sometimes only slightly subnormal during his

hospital stay, although his serum bilirubin level was
elevated every time it was estimated. Apparently,
the continuous haemolysis that took place was some-
what compensated. Also, in the 2 sisters with the
abnormal haemoglobin, anaemia was mild, as is fre-
quent in Hb Koln haemolytic anaemia. In all
three the unstable haemoglobin could be shown to
be thermolabile with the macro method of Dacie as
well as with the modified micromethod. This
modification is especially useful when only small
amounts of blood are available for study.

In 1967 Vaughan Jones et al reported a low gluta-
thione level similar to that found in our patient
shortly after admission. However, the level was
normal in our patient just before he left hospital.
The level of erythrocyte glutathione in the two
sisters with Hb Koin was normal. Increased
glutathione reductase activity, as reported by
Hutchison et al (1964) and Jackson, Way, and
Woodliff (1967), was also found in our patient and
his 2 sisters. A lower level of glutathione along
with increased glutathione reductase activity were
thought to be due to an increased utilization of re-
duced glutathione. The elevated activity of
erythrocyte pyruvate kinase, G6PD and 6PGD in
the patient may be due to the young red cell popu-
lation. Increase of G6PD, 6PGD, and pyruvate-
kinase activities were recently also reported by
Miller et al (1971). Diaphorase and peroxidase
activities were within normal limits. We did not
find an increase of methaemoglobin in non-
incubated blood of the patient or his 2 abnormal
sisters.
Although Hb Koln has been reported many

times, it has always been reported in non-Asians.
Its occurrence in Malays is therefore important. It
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Unstable Haemoglobin Koln Disease in Members of a Malay Family

indicates that this abnormal haemoglobin probably
arose as an independent mutation in different areas
of the world.

Summary
An unstable haemoglobin was found to be the

cause of mild haemolytic anaemia in a young Malay
adult man and 2 of his 4 sisters. Structural studies
of the purified abnormal haemoglobin showed it to
be ce2f98 Val-Met, identical with Hb Koin. Studies
of several erythrocyte enzymes showed the gluta-
thone level to be low normal in the patient while
glutathione reductase, G6PD, 6PGD, and pyruvate
kinase activities were elevated. Glutathione per-
oxidase and diaphorase activities were within normal
limits. This haemoglobin has not been described
before in Asians; it probably arose as an independent
new mutation in this population group.
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