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Summary

All five members of one generation in an Icelandic family
were affected by acute myeloid leukaemia or preleuk-
aemia. Two sibs died of acute myeloid leukaemia and
another of myelofibrosis associated with leukaemic
changes. The other two sibs are alive; one of them (the
propositus) has haematological features consistent with
preleukaemia; both ofthem have evidence ofan abnormal
cytogenetic clone in the bone marrow with 47 chromo-
somes, an extra chromosome in the C group. The finding
ofthe acquired Pelger-Huet anomalyinthe neutrophils of
the five affected sibs suggests that a specific genetic cell
defect has been transmitted with autosomal dominant
characteristics. The presence of immunological defici-
encies and an undue susceptibility to oncogenic viruses,
as suggested by warts affecting three family members,
may have played a part in the pathogenesis of the leuk-
aemic process.

Introduction

Current concepts of dhe pathogenesis of leukaemia suggest the
interaction of genetic, environmental, and immunological factors
(Gibson et al., 1968; Zuelzer and Cox, 1969; Gunz, 1970
Galton and Spiers, 1971). The demonstration of genetic factors
in human leukaemia relies on the study of familial clusters of the
disease, as genetic manipulations are possible only in animal
leukaemias. Many families have been described in which two
or more cases of leukaemia have accurred in the same or suc-
cessive generations (Videbaek, 1947; Hayhoe, 1960; Heath and
Moloney, 1965; McPhedran et al., 1969; Snyder et al., 1970).
In adults this has been adequately shown in chronic lympho-
cytic leukaemia (Fraumeni et al., 1969; Gunz and Veale, 1969)
but it is rare in acute myeloid leukaemia (Snyder et al., 1970).
We have studied an Icelandic family in which all five members
of a sibship were affected, two with acute myeloid leukaemia,
one with myelofibrosis and leukaemic changes, and two with
preleukaemia as evidenced by an abnormal bone marrow clone.
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Transmission of a genetic defect with autosomal dominant
characteristics was suggested by the findings of the acquired
form of Pelger-Huet anomaly in the neutrophils of all the
siblings and by the demonstration of aneuploidy of the C group
of chromosomes in the bone marrow of two sibs. In addition
immunological deficiencies and an increased susceptibility to
virus infection were present in this family. The family pedigree
is shown in Fig. 1.
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Case Reports

Suject H 2.-This patient, the propositus, was referred to Hammer-
smith Hospical for investigation in March 1971 at the age of 37. In
1959 he developed a chest infection affecting the left lower lobe. As
the lesion did not resolve completely despite treatment a thoracotomy
and decortication was performed five months later. Since that time
he had suffered from chronic oral moniliasis. In 1966 he developed
thrombophlebitis and in 1968 a perianal abscess. A necrotic granulo-
matous lesion developed subsequently which grew Candida albicans
and led to the collapse of the bridge of his nose. In February 1969 he
developed a right lower lobe pneumonia. The only physical signs at
presentation were multiple warts affecting hands, feet, and neck,
present for 15 years. The haemoglobin was 15.2 g/100 ml, the P.C.V.
45%, platelets were 81,000/mm', and the W.B.C. was 7,800/mm3.
Blood films showed a shift to the left with 1% of promyelocytes
(Fig. 2 A), 15% of myelocytes, and 52% of neutrophils. One-third
of the neutrophils were found to have only two nuclear segments and
some (including eosinophils) had a round nucleus (Pelger-Huet
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anomaly; Fig. 2 B). No monocytes were found. Bone marrow examina-
tion confirmed the pronounced shift to the left in the granulopoiesis
and showed slight megaloblastic changes. Serum folate was reduced
(2-5 ng/ml); serum vitamin B15 and other biochemical tests were
normal. The haematological abnormalities were regarded as consistent
with a preleukaemic state. One year later he remained well and no
further blood changes had occurred.

Suibject II 1.-At the age of 15 (in 1948) this patient developed
chronic elephantiasis of her left leg; this problem subsided after
operations in 1950 but recurred in 1952. In 1956 she started suffering
from febrile episodes with pulmonary infiltrates. In 1958 she was
found to be anaemic, with splenomegaly and pancytopenia. Blood
films showed severe anisocytosis and poikilocytosis and 10% of blast
cells, suggesting early leukaemic change. She died of pneumonia a
year later. Necropsy showed myelofibrosis with myeloid metaplasia
in the liver and spleen and chronic pneumonitis.

Suject II 3.-In 1959 at the age of 23 this man presented with
cellulitis of the left arm and was found to be anaemic and leucopenic.
He was treated with antibiotics and blood transfusions. A month later
he was admitted with fever and multiple ecchymoses. The findings on
bone marrow and peripheral blood emination were consistent with
acute myeloid leukaemia of myeloblastic type (Fig. 2 C). He later
developed an abscess in the left arm which required surgical drainage,
after which he developed profuse bleeding. He died shortly afterwards.

and repeated perianal infections. Clinical examination showed nothing
abnormal apart from multiple warts on the hands and feet, present
for six years. At the time of writing he had a moderate degree of
pancytopenia and a hypolastic bone marrow. Blood films showed the
Pelger-Huet anomaly in a proportion of his neutrophils. Because of
this and the chromosome findings (see below) he was thought to be
in a preleukaemic state.

Subject I 1.-The father became ill at the age of 58 (in 1961). He
gradually developed multiple infected skin ulcers. He was pancyto-
penic and required several blood transfusions. D6hle bodies were
present in his neutrophils and the bone marrow showed hypoplasia.
The skin ulcers became more widespread and his condition deterior-
ated. He died of pneumonia 17 months later.

Subject I 2.-The mother was alive and well at the age of 67. She
had, however, a single wart on one of her fingers. Blood and bone
marrow examination showed nothing abnormal but low concentrations
of serum IgA were found (see below).

Summary of Clinical Findings

(1) Haematological disorders were found in six members (Fig. 1)
-hypoplastic anaemia (I 1), myelosclerosis with leukaemic
changes (II 1), acute myeloid leukaemia (II 3 and II 5), and
preleukaemia (II 2 and possibly II 4). Four of them had died
within a relatively short period of time (1960-6), and the blood
changes were discovered in subjects II 1, 2, 3, and 5 between
the ages of 16 and 25 years.

(2) Recurrent infections were associated with haematological
changes in all members of the sibship.

(3) Two living sibs (II 2 and II 4) had generalized verrucosis,
and the mother (I 2) had a single wart (Fig. 3). Histologically
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FIG. 2- Peripheral blood films (x 1,600) A and B from propositus (II 2)

showing two promyelocytes (A) and two neutrophils withi Pelger-Hudt
anomay (B); Cfrom case II 3 showing myeloblast and two Pedger neutro-
phils.

Subject II 5.-At the age of 16 (in 1966) this patient developed a
perianal abscess. Because of the family history a blood count was

performed and he was found to be leucopenic. He later developed
leucocytosis with circulating myeloblasts. A diagnosis of acute
myeloid leukaemia (myeloblastic-promyelocytic) was established after
bone marrow examination. He died shortly afterwards of cerebral
haemorrhage, and the necropsy findings were consistent with actute
myeloid leukaemia.

Subject II 4.-This man aged 28 (in 1971) was in good health. The
only past history of note was an operation for a perforated appendix

the lesions were similar in each case and were consistent with
the diagnosis of verruca vulgaris.

(4) The parents (I 1 and II 2) were not related, neither were
the grandparents. There was no history of exposure to radiation
or to chemicals. The family had lived in the same house i
Reykjavik from 1932 to 1965.

Laboratory Investigations
PELGER-HUET NUCLEAR ANOMALY

Blood films from all the members of generations I, II, and III
(except I 1) were examined for the presence of this leucocyte
abnormality. It was found in variable proportions of the neutro-
phils (Fig. 2 B, C) and eosinophils in all the members of genera-
tion II (Fig. 1). It was more prominent in the two living sibs
(II 2 and II 4), affecting 30 to 40% of their neutrophils, predomi-
nantly in its bisegmented form (Sandoz, 1952).
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Retrospective study of the 1959 blood films from the proposi-
tus (II 2) showed theabnormalityinl5to2O% ofhisneutrophils.
The anomaly was present, affecting 5 to 10% of the neutrophils,
in the sibs who died of acute myeloid leukaemia or myelofibrosis.
It was absent in blood films from member 115 seven years before
he developed acute myeloid leukaemia. The proportion of
neutrophils affected, the absence of the anomaly in generation
III, and the progressive characteristics in sibs II 2 and II 5
strongly suggest that the Pelger-Huet anomaly in this family
corresponded to the acquired form of the abnormality (Sandoz,
1952; Shanbrom et al., 1960; Hayhoe et al., 1964; Wintrobe,
1968).

LEUCOCYTE FUNCTION OF PROPOSrTUS

The following studies were carried out in the hope of elucidat-
ing the factors contributing to the frequent infections.

Neutrophil Function.-Phagocytosis and candidacidal activity
(Lehrer and Cline, 1969) were moderately reduced; Pelger
neutrophils phagocytosed as well as fully segmented neutrophils.
The nitroblue-tetrazolium reduction test (Park et al., 1968)
performed in the resting state and after in-vitro stimulation
with Escherichia coli endotoxin gave a normal result; the
activity in the neutrophil granules of alkaline phosphatase and
myeloperoxidase was also normal.

Leucocyte Mobilizauon.-This was studied by means of
Rebuck's skin window technique (Rebuck and Crowley, 1955).
The initial response was both delayed and inadequate; by 12
hours there were moderate numbers of neutrophils (normal and
Pelger) and hardly any mononuclear cells. The most stiking
feature in the later hours was the near absence of the mono-
nuclear component (Fig. 4).
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FIG. 4-Proportions of mononuclear cells in inflammatory exudate in
propositus (II 2) and a normal control.

Lymphocyte Function.-Immunological studies on this family
will be reported in detail elsewhere (Valdimarsson, 1972). The
lymphocytes of the propositus responded normally in vitro to
phytohaemagglutinin and foreign lymphocytes but failed to
transform after activation with candida antigens and purified
protein derivative. There was no delayed skin hypersensitivity
to these antigens and sensitization with dinitrochlorobenzene
also failed. These findings are consistent with the lack of
circulating monocytes shown in the propositus.

SERUM IMMUNOGLOBULINS

These were estimated in nine members of the family. They
were within the normal range in subjects II 2, II 4, III 1,
III 5, and III 7. Low concentrations of IgA were found in the
mother (I 2) and two of her sisters (I 3 and I 4)-90, 100, and
76 mg/100 ml respectively (normal range for their ages 125-
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425 mg/100 ml). Six other siblings of the mother were- not
investigated and are thus excluded from Fig. 1 (broken line).
The 7-year-old daughter of the propositus (III 3) was found to
have IgA levels of 45 mg/100 ml (normal for her age 73-250 mg/
100 ml). Family members with low concentrations of IgA are
shown in Fig. 1.

CYTOGENETIC STUDIES

These were performed in the propositus and in six apparently
healthy family members, involving parental, filial, and sib
generations (Fig. 1). Chromosome preparations were made by
direct processing of bone marrow without phytohaemagglutinin
(Tjio and Whang, 1962) and from peripheral blood lymphocytes
after 72 hours of incubation with phytohaemagglutinin (Moor-
head et al., 1960). The results are shown in the Table. Normal

Cytogenetic Studies

No. of Cells Analysed
Family
Members Sample Chromosome No. Total

<43 44 45 46 47

112.. .. B.M. 1 1 2 6 30 40
P.B. 1 2 1 36 40

114 .. .. B.M. 1 1 15 13 30
P.B. 1 1 38 40

1 2 .. .. B.M. 1 1 28 30
P.B. 1 1 1 27 30

III1 .. .. B.M. 1 1 28 30
P.B. 1 1 28 30

1113 .. .. B.M. 1 1 1 27 30
P.B. 1 1 28 30

1114 .. B.M. Not performed
P.B. 1 1 1 27 30

III 7 . . B.M.. 2 1 27 30
P.B. 1 1 28 30

B.M. = Bone marrow (direct preparation). P.B. = Peripheral blood (72 hours'
culture with phytohaemagglutinin).

karotypes were observed in the bone marrow and peripheral
blood preparations from five family members of generations I
and III. On the other hand, the propositus and his brother
(II 4) showed dichotomy of the chromosome findings in peri-
pheral blood and bone marrow preparations. Both had an abnor-
mal clone of cells with 47 chromosomes in the bone marrow,
characterized by an extra chromosome in group C (Figs. 5 and
-6), while the chromosomal findings in their blood lymphocytes
were normal. In the propositus 75% of the cells in the bone
marrow constituted an abnormal clone, while in his brother
(II 4) 43% of the cells were abnormal. In the propositus only
15% of the cells in the bone marrow showed a normal diploid
pattern compared with 50% in his "unaffected" brother (II 4).

FIG. Karyotype of cel with 47 chromosomes from bone marrow of
propositus (I 2) showing exa chromosome in C group.



BRITISH MEDICAL JOURNAL 11 NOVEMBER 1972

PIG. 6-Karyotype of cell with 47 chromosomes from bone marrow of case
II 4 showing extra chromosome in C group.

In the Table cells with 43, 44, and 45 chromosomes probably
represent random losses owing to technique.

Discussion

This family illustrates various related aspects of the aetiology of
leukaeia in man-namely, (1) genetic factors, as suggested by
the high incidence of haematological malignancy or pre-
malignancy m one generation; (2) the development of an abnor-
mal bone marrow clone, as shown by the chromosome abnormali-

ties and the acquired Pelger anomaly; (3) immunological factors
implied by the history of infections in the affected generation

and by the presence of low IgA concentrations in various other
members of the family; and (4) susceptibility to oncogenic vwrus,
as suggested by the finding of generalized verrucosis in the two
sibs with an abnormal bone marrow clone.

Genetic factors seem to play a part in at least some cases of
leukaemia, as first suggested by Videbaek (1947) and reviewed
by others (Zuelzer and Cox, 1969; Gunz, 1970). Genetic
susceptibility has been shown in experimental animals, in studies
of identical twins, and in groups with a hi incidence of
leukaemia, Fanconi's anaea, and Down's syndrome (Zuelzer
and Cox, 1969; Gunz, 1970; Galton and Spiers, 1971, Sutnick
et al., 1971; Swift, 1971). Family studies have not shown,
however, any definite pattern of inheritance (Zuelzer and Cox,
1969), although a dominant inheritance has been suggested in
some families with several affected sibs. The predisposition to
leukaemia in the present family probably resulted from the
action of a mutant gene of large effect (Carter, 1969) rather than
from constitutional abnormalities, since no chromosomal
abnormalities in the lymphocytes were found. Possibly a mutant
gene present in the father (I 1), expressed by hypoplastic anae-
mia associated with skin ulcers, was transmitted by dominant
inheritance to all members of the sibship. The fact that a marker
of an abnormal marrow clone-that is, the acquired Pelger-
Huet anomaly-was present in all the members of generation II

supports this. The inherited factor may be a very specific defect
resuldng in non-disjunction affecting the group C chromosomes,
rendering the bone marrow more susceptible to the development
of preleukaemia and leukaemia. We were able to show this
specific chromosome abnormality in only two members of the
sibship, as the rest were already dead at the time of study.
Other family members investigated had normal bone marrow
karyotypes and no Pelger anomaly in their neutrophils.
Few cases of familial leukaemia have been associated with

chromosome abnormalities (Fitzgerald et al., 1966; Snyder et al.,
1970; Bottomley et al., 1971). In the present family, as in most
reported cases, no constitutional chromosomal abnormalities
were found. We have, however, shown the development of an
abnormal bone marrow clone with 47 chromosomes co-existing

with a normal one in two members of the sibship (11 2 and II 4)
during the preleukaemic phase. The propositus (II 2) had
already developed haematological changes compatible with pre-
leukaemia, while his brother (II 4) had moderate pancytopenia,
and the Pelger-Huet anomaly was present in his neutrophils.
The anomaly in this family corresponded to the acquired form,
which is not uncommon in the acute and chronic myeloid
leukaemias (Sandoz, 1952; Shanbrom et al., 1960; Hayhoe et al.,
1964; Wintrobe, 1968) and in preleukaemic conditions, includ-
ing some refractory anaemias and Fanconi's anaemia (Blair et al.,
1966; Wintrobe, 1968; Catovsky et al., 1971). Another type of
granulocyte abnormality, D6hle bodies, was associated with
familial acute myeloid leukaemia reported on by Goudsmit et
al., (1971), and, interestingly, Dohle bodies were reported in
blood films from the father (I 1) of the present sibship, although
in his case they could have been due to infection.
As with the acquired Pelger anomaly, aneuploidy of the C

group of chromosomes has often been associated with acute
leukaemia, especially acute myeloid leukaemia (Sandberg et al.,
1964a; Jensen, 1971), and with preleukaemic myeloprolifera-
tive conditions including myelofibrosis (Sandberg et al., 1964b;
Leeksma et il., 1965; Rowley et ai., 1966; Jensen, 1968;
Humbert et al., 1971; Nowell, 1971). Abnormal bone marrow
clones with 47 chromosomes have been reported (Sandberg
et ai., 1964a; Sandberg et ail., 1964b; Leeksma et i. 1965;
Rowley et al., 1966; Jensen, 1968; Jensen, 1971), and it was
suggested that genes of the C group of chromosomes may be
responsible for the homoeostatic control of haemopoisis (Row-
ley et al.., 1966). Preleukaemic conditions with a marrow
chromosome abnormality carry a greater risk of subsequently
developing overt leukaemia (Nowell, 1971) but, surprisingly,
if this does not occur within a few months of diagnosis the
subsequent risk is no greater than in similar patients without
detectable chromosomal abnormality (Nowell, 1971). This
could have been the case in the propositus; however, we should
point out that some slow haematological progression had
occurred since 1959; the left shift in granulopoiesis and the ex-
tent of the Pelger anomaly were greater. The relation between
the chromosome abnormality and the Pelger anomaly on
the one hand and the transformation to leukaemia
on the other is not clear, but they are well known to precede
leukaemia (Jensen, 1968; Catovsky et al., 1971; Nowell, 1971)
and may perhaps be accepted as indicators of an underlying
defect which increases the susceptibility of the cell to malignant
transformation-for example, by an oncogenic virus.
An unusual haematological feature of the propositus was

monocytopenia, confirmed by the near absence of the mono-
nuclear component in his inflammatory exudate. Monocytosis
is known to be associated with preleukaemia (Blair et al., 1966;
Catovsky et al., 1971) but we have not found reports of mono-
cytopenia as a feature of haematological malignancy (Wintrobe,
1968). Monocytopenia may explain some of the immunological
deficiencies present in the propositus, shown in vitro by a poor
response of his lymphocytes to specific antigens and in vivo by
his acute and chronic infections. This finding provided a unique
opportunity to study the interaction between monocytes and
lymphocytes (Valdimarsson, 1972).
Another feature ofthis family was the development ofcommon

warts in three members, including the rare dissnated form
(generalized verrucosis) (Rook et al., 1969) in the two sibs with
an abnormal bone marrow clone. This lesion is known to be
produced by human papilloma virus (Rook et al., 1969; Allen
and Cole, 1972; Butel, 1972), a small DNA virus member of
the papova group, which is the only virus currently known to
produce tumours in man (Butel, 1972). As this oncogenic virus
does not grow in culture it is difficult to demonstrate increased
susceptibility to viral transformation in vitro (Allen and Cole,
1972). Interestingly, another member of the papova group,
SV40, has been shown to increase the rate of transformation in
vitro of skin fibroblasts from patients at high risk of developing
leukaemia such as those with Fanconi's anaemia and Down's
syndrome (Todaro and Martin, 1967; Dosik et al., 1970) and in
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members of a family with a high incidence of acute myeloid
leukaemia (Snyder et al., 1970). Perhaps there is a similar
increased susceptibility to malignant transformation by viruses
in this family also. Other factors might have had a contributory
effect-for example, the propositus appeared to be deficient in
monocytes and macrophages, which are important in the
defence against viral pathogens (Silverstein, 1970).
The possible role of immunodeficiency in the pathogenesis of

leukaemia has already been mentioned (Galton and Spiers, 1971),
and in this context it is interesting that low concentrations of
IgA were present in several members of the family (Fig. 1) as in
another, rather similar familial acute myeloid leukaemia (Snyder
et al., 1970). In the present family it appears that the IgA
deficiency was inherited from the mother (I 2) and was not a
simple dominant characteristic. That this association between
inherited leukaemogenic factors and immunodeficiencies might
not be fortuitous is suggested by the work of Sutton et al. (1969),
who found lower concentrations of IgA in siblings of leukaemic
children. Further evidence is provided by the numerous reported
cases of the association of lymphoreticular malignancy and
cellular and humoral immunodeficiency (Freeman et al., 1970;
Galton and Spiers, 1971; Potolsky et al., 1971).
Although genetic predisposition seems the most likely

explanation of our findings, the possibility of "vertical" trans-
mission, as in the virus-induced murine leukaemias (Huebner
and Todaro, 1969) and as suggested for familial leukaemia in
man by Heath and Moloney (1965), must also be considered.
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Summary

A country patient on home haemodialysis suffered acute
nausea, vomiting, and fever during dialyses when she
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used water stored in a galvanized tank. She subsequently
was found to have severe anaemia with raised plasma and
erythrocyte zinc concentrations. Intercurrent hospital
haemodialyses and subsequent home dialyses with
deionized water were symptom-free.
Experimental haemodialyses of dogs against small

concentrations of zinc showed a disproportionate rise in
plasma zinc and possible uptake of zinc by the liver.

Introduction

The possibility that metallic poisoning might occur in dialysed
patients as a result of transfer of metals present in low con-
centrations in dialysis solution has been shown (Maher et al.,
1964; Maher et al., 1965) but only copper poisoning has been


