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PAPERS AND ORIGINALS

Two Populations of Rh Groups together with
Chromosomally Abnormal Cell Lines in the Bone Marrow

SHEILA T. CALLENDER, H. E. M. KAY, SYLVIA D. LAWLER, ROSEMARY E. MILLARD,
RUTH SANGER, PATRICIA A. TIPPETT

British Medical Journal, 1971, 1, 131-133

Summary

At the onset of his disease a man with polycythaemia vera
had chromosomally normal cells in the bone marrow and Rh
blood group CDe/cDE. Five years later he developed pan-
cytopenia with erythroid hyperplasia of the bone marrow.
This was associated with the presence of a major abnormal
clone, 45,XY,B-,C-,16+, a minor clone, 45,XY,2+,3-,C-,
and a few apparently normal cells. At the same time Rh
blood grouping showed two populations of red cells, one
CDe/cDE and one giving the reactions of CDe/CDe which
can be interpreted as CDe. If monosomic CDe be the correct
interpretation the case provides a strong hint that the Rh
complex locus is sited either on the long arm of a B-group
chromosome or, less probably, on an autosome of the C
group.

Introduction

Chromosome studies of bone marrow cells in a series of
patients with polycythaemia vera were initiated in 1964 and
follow-up studies have been continued (Kay et al., 1966;
Millard et al., 1968; Lawler et al., 1970). These studies
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showed that clones of cells with chromosomal abnormalities
may be acquired during the course of the disease or induced
by treatment, which was most commonly with radio-
phosphorus. Because of the possibility of associating the
chromosomally abnormal bone-marrow cells with a change in
phenotype, many of the patients had had their red cell groups
determined (Shatwell, 1967). During 1970 the red cell groups
were again tested in eight patients with chromosomal
abnormalities, four of whom still had the same bone marrow
chromosome constitution as when first tested and four in
whom the karyotype profile had changed. One of the patients
who had developed abnormal clones of cells also showed a
change in the rhesus blood group system.

Case Report
The patient was born in 1924. He was Case 7 of Kay et al. (1966).
Polycythaemia vera was first diagnosed in May 1965 at which time
the blood findings were Hb 21-4 g/100 ml, P.C.V. 63%, W.B.C.
6,900/mm3, platelets 721,000/mm3. The total blood volume
measured with 5'Cr was 8,000 ml (88 ml/kg) and the red cell
mass 4,200 ml (46 ml/kg). The chromosome findings of the bone
marrow have been reported (Kay et al., 1966), and may be sum-
marized as follows: of 36 cells analysed 26 were of normal male
karyotype (46,XY) and 10 were hypodiploid with random chromo-
some loss. The explanation for the high incidence of chromosome
loss was thought to be a technical artefact. At that time (May
1965) the blood groups were as follows: O,CDe/cDE.NsNs,
PI,K-,Lu(a-).
He was treated with radiophosphorus, a total of 23 mCi being

given during 1965 and 1966, but because of a poor response
treatment was changed to venesection later jn 1966 and again in
1967. Busulphan was given in a dose of 4 mg daily for three
months (October 1967 to January 1968) and later for one month
(May to June 1968). This also had little effect. Two further bone
marrow chromosomal analyses in November 1965 and February
1968 showed cells with a normal diploid mode, with 6 hypo-
diploid cells out of 40 cells in the latter analysis. Chromosome
loss was again random.

In January 1970 the P.C.V. had dropped spontaneously from
56% to 51% in two months, and by May 1970 it had decreased
further to 41 %/.. The haemoglobin was 13-8 g/100 ml, W.B.C.
2,900/mm3 with a neutropenia, and the platelets were reduced to
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96,000/mm3. The bone marrow aspirate showed a highly cellular
marrow, an extreme erythropoietic hyperplasia with morphological
abnormalities, and an excess of erythroblasts. The appearance was
suggestive of erythroleukaemia.
Chromosomal analysis in May 1970 showed abnormal clones of

cells. The details are given in Table I. There are a major hypo-

TABLE i-Chromosomes of Bone Marrow Cells of Patient in May 1970
No. of Cells

45,XY,B -,C -,16 +. 50
44,XY,B -,C ,16 +,G 1

Major clone 44,XY,B -,C ,16 +,D 1
43,XY,B -,C -2,16 +,G- 1
43,XY,B -,C -,16 +,17 -,F 1

Minor clone{45XY :2+3-.C-. 6
Other 44,XY,B -,16 17 -2 1

46,XY. 2
Normal 45,XY,3.1

45,XY,F .1

Total 66

diploid clone (chromosome constitution 45,XY,B-,C-,16+) and
a minor clone (45,XY,2+ ,3-,C-) as well as a few apparently
normal cells. A karyotype of the major cell line is illustrated
(see Fig.). The interpretation we favour is that the long arm of a
B-group chromosome was deleted in a line of cells that had already
lost a C-group chromosome. The deleted B-group chromosome
resembles morphologically a No. 16. The minor clone could also
be derived from the postulated 45,XY,C- line.
The patient had never received a blood transfusion. When his

red cells, CDe/cDE in 1965, were tested in May 1970 two popu-
lations were found, one CDe/cDE and one giving the reactions
of CDe/CDe; this finding was confirmed in two subsequent
samples taken in July and August 1970, when about 60% of the
cells failed to agglutinate with anti-c or with anti-E sera. The
separated c-E- cells were like the original sample and the un-
treated cells. O,NsNs,PiLu(a-),K-Le(a-b + ),Fy(a +),Xg(a+).
Both old and young cells, separated by centrifugation at 17,000
r.p.m. for two hours, showed two populations in tests with anti-c
and anti-E.
The results of testing several plasma (Hp,Tf,Pial antitrypsin)

and red cell (acid phosphatase, PGM, AK, peptidases A.B,C,D,
ADA, diaphorase) isozyme systems in a blood sample taken in
July 1970 were unremarkable.
The patient has not received any specific therapy since May

1970, and his general condition has remained unchanged. There
has been no further deterioration in his blood count, which in Sep-
tember 1970 showed a haemoglobin of 13-8 g/ 100 ml, P.C.V. 440%,
W.B.C. 4,500/mm3 with a normal differential but five normo-
blasts per hundred white cells, platelets 196,000/mm3. The morph-
ology of the red cells was abnormal; they showed macrocytosis,
elliptocytosis, and some fragmentation.
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Discussion

It is tempting to interpret the new Rh cell line of the patient
as reflecting the action not of the traditional genotype
CDe/CDe but of the monosomic genotype CDe. (By
serological methods it would not be easy to distinguish the
effects of the normal CDe/CDe from the hypothetical effects
of monosomic CDe.) Since the major dividing population
in the bone marrow has the karyotypic formula
45,XY,B-,C-,16+, it might be assumed that the Rh locus is
located on the missing C-group chromosome or on the long
arm of a B-group chromosome. We are not able to determine
which C-group chromosome is lacking, but we know that the
X chromosome is present because both populations of cells
are Xg(a+). The proportion of cells of the major and minor
clones in relation to the proportion of CDe and CDe/cDE
red cells favours the deleted segment of the B-group
chromosome rather than the C-group chromosome as the site
of the Rh locus. This correlation may be biased by the
inclusion of myelopoietic and ineffective erythropoietic cells
in the chromosomal analysis.

This presumptive location of the Rh locus is an attractive
hypothesis and the most straightforward explanation of the
facts. It must be considered in relation to the other cases
with a mixed population of cells in the Rh system that have
been described. These are listed in Table II.

TABLE iI-Cases with Red Cells of Mixed Rh Groups
Sex Age Ascertainment Rh Groups Reference

F. 80 + Fracture cDE/cde A cdelcde Vogt and Hartmann
(1962)*. Vogt (1960,
1964)

F. 26 Pregnancy CDe/cde + cdelcde Cameron (1963)*
F. 43 Gastric ulcer cDe/cde + cde!cde Broman and Nilsson

(1964)*
F. 33 Pregnancy CDe/cde + cde/cde Broman and Nilaaon
F. 79 Melaena CDe/cde + cde/cde Broman and Nilsaon

(1964)*
M. CDelcde~ldecd enin nd MaaM. 39 Blood donor _C_d+cdelcde Jenkins and Marsh{Fy(a±+) -'IFy(a -) (1965)

M. 62 Polycythaemiavera cDE/cde+cde/cde Ievan et al. (1964)
M. ? Myelofibrosis CDe/cde +cdel--- Mannoni et al. (1970)

*Personal communications cited by Race and Sanger (1968).

Tests on the female propositae in Table II and on four of
their families ruled out the possibility of twin chimerism,
dispermy, disease, an Rh allele with unusual expression, and
somatic crossing-over as a common factor in the cause of the
two populations of Rh groups (Race and Sanger, 1968). Theo-
retically these cases could all be explained by clones of
monosomic bone marrow cells. The case of Jenkins and
Marsh (1965) is remarkable because the mosaicism involved
both Duffy and Rh systems; the authors favoured the expla-
nation that somatic mutation had "modified a common gene
involved at some stage in the development of both blood
group antigens."

Only two of the previously described cases of Rh
mosaicism were associated with haematological disorders, and
chromosome studies of cells of bone marrow origin were
made in but a single case. This was a patient with
polycythaemia vera who had been treated with Ip and radio-
therapy (Levan et al., 1964). At the time of the chromosomal
analysis he had developed a haemolytic anaemia. Though the
major population was hyperdiploid with additional C-group
chromosomes, it is interesting that the authors state: "How-
ever, some difficulty was often experienced in distinguishing
the smallest chromosomes of the X,6-12 group from 16, which
may indicate that more structural rearrangements had
occurred than were readily apparent." Thus there could have
been a loss of genetic information involving the Rh locus in
this case.
The case of Mannoni et al. (1970) is interesting because

their serological findings led them to conclude that one part

~l
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of the erythrocyte population was cde/---. In our view this
could also be due to monosomy.
There may be other causes of changes in the Rh groups

besides straightforward loss of genetic information by
chromosomal monosomy or deletion. This is particularly
likely to apply in the haematological disorders. For example,
Tovey et al. (1961) reported the case of a female patient with
chronic myeloid leukaemia whose red cells showed alteration
in the expression of both the ABO and Rh groups. The Rh
genotype of this patient was cDE/cde, but at certain times her
red cells were not agglutinated with anti-D and weakly agglu-
tinated by anti-E; nevertheless, absorption tests showed that
the antigens were still present. The authors suggested that
the D and E antigens had been modified as a consequence of
the leukaemic state.
We hope that by reporting this example of a population

of cells apparently monosomic for Rh associated with
chromosomally abnormal cell lines in the bone marrow we
may encourage anyone who encounters a case with popula-
tions of cells of mixed Rh groups to persuade the donor to
submit to a bone marrow aspiration.

We thank Dr. E. B. Robson for the plasma and red cell isozyme
tests and Miss F. Hyde for help with the chromosome studies.

Requests for reprints should be sent to Dr. Sylvia D. Lawler,
Department of Clinical Research, Institute of Cancer Research and
Royal Marsden Hospital, London, S.W.3.
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Controlled Trial of Amitriptyline in General Practice

T. G. BLASHKI, ROBERT MOWBRAY, BRIAN DAVIES

British Medical Journal, 1971, 1, 133-138

Summary

A controlled double-blind trial of amitriptyline at two dosage
levels (75 and 150 mg/day), amylobarbitone (150 mg/day),
and an inert substance for a period of four weeks was con-
ducted on four matched groups of women attending their
general practitioners and suffering from a depressive illness.
Improvement at 7 and 28 days was noted on several measures
of depression and anxiety in all treatment groups. Of these
treatments amitriptyline 150 mg/day was the most consistent
in relieving depression and anxiety. Troublesome side effects
were equally distributed among the four treatments.

Introduction

Studies in general practice have shown that depressive symp-
toms are a frequent and important problem (Fry, 1961; Watts,
1966; Shepherd et al., 1966). During the 32 months of a sur-
vey about 1 in 13 women in a practice in Surrey attended at
least once on account of a depressive illness (Porter, 1970).
Few of the patients who present to their general practitioner
with depressive symptoms are referred to psychiatric out-
patient clinics, and fewer still are admitted to hospital. Thus
there are likely to be differences between general practice
populations and hospital populations of depressives.
To date, two controlled trials of antidepressants have been

reported from general practice (Porter, 1970; Rickels et al.,
1970). In the British study (Porter, 1970) the finding was
that imipramine was not superior to placebo; in the American
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study (Rickels et al., 1970) amitriptyline was more effective
than placebo. Most trials have been conducted on hospital
populations and, in general, they have yielded conflicting
results (Klerman and Cole, 1963; Leyburn, 1967). In a review
of the conflicting reports on the efficacy of antidepressants
(Davies, 1968) it was pointed out that psychiatric opinions
about the value of these drugs range from the optimistic view
that "antidepressant drugs have revolutionized the treatment
of depressed patients" to the cynical attitude that
"antidepressants are only complex placebos for doctors."
Notwithstanding the conflicting evidence for their efficacy,

the prescribing of antidepressants has steadily increased to
the extent that between 1964 and 1966 the cost of antidepres-
sants to the National Health Service rose from £2-37 to £3-13
million (Lancet, 1967). As the bulk of these prescriptions
were from general practitioners it would seem to be impor-
tant to test the efficacy of antidepressants on depressed
patients as they present in general practice.
The main practical problems that face the investigator in

general practice are the establishment of an operational defini-
tion of "depression," the use of reliable measures of change,
ensuring that patients included in the trial have taken the
prescribed tablets, and the detection of side effects. In addi-
tion, different doses of the active drug should be studied and
the drug should be given for a sufficient period of time.

Amitriptyline was selected because it is a frequently used
antidepressant in general practice. A period of four weeks
was chosen because of the reports that antidepressant effects
may not be seen for three weeks. The aim was to use a prac-
tical but rigorous methodology to compare the value of ami-
triptyline at two dosage levels-the "general practice" level of
75 mg/day and the "hospital level" of 150 mg/day. To take into
account the placebo effect, comparison with an inert sub-
stance was introduced, and other patients received amylobar-
bitone 150 mg/day. The design required four matched groups
of patients attending their family doctors for treatment of
their depressive illnesses. Particular attention was paid to
socioeconomic factors-a decision which was subsequently
justified by the finding that these factors interacted signifi-
cantly with treatment effects (Rickels et al., 1970).
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