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Globin chain synthesis in myelodysplastic
syndromes

G Chalevelakis, S Karaoulis, A G Yalouris, Th Economopoulos, N Tountas, S Raptis

Abstract
Globin chain synthesis was studied in the
reticulocytes of 30 patients with various
myelodysplastic syndromes (MDS) to
determine the ca:f globin chain synthetic
ratio and its probable prognostic value.
The mean (SD) value of the total az:#
ratio was 0l82 (0 45) ranging from 0 05 to
1-73. The same ratio in 10 normal con-

trols was 1 01 (0 04). This difference was

significant. Furthermore, the %:P ratios
were lower than normal in 14 patients (ac-
thalassaemia-like) (group I), almost
within normal limits in 11 (group II),
and higher than normal in five (fi-
thalassaemia-like) (group III). In each
group almost all the FAB subtypes were

represented. The addition of exogenous
haem in several of the test samples
resulted in a slight to pronounced
increase in the m:f ratios, particularly in
group I. In 92% of the high risk cases

(refractory anaemia with excess blasts
(RAEB), chronic myelomonocytic leuk-
aemia (CMML)) or 87-5% of patients
who finally developed acute non-lyphoid
leukaemia (ANLL) low or normal a:f
ratios were found. No significant
correlation was noticed between a:f

ratios and various haematological vari-
ables or survival.

It is concluded that in MDS the z:f

ratio varied enormously across the
entire population of patients, as well as
within each FAB subtype, thereby re-

stricting its prognostic value. Although
haem deficiency may be implicated in
some cases of MDS, why this should be
remains unclear.

Second Department of
Internal Medicine,
University ofAthens,
Evangelismos
Hospital, Athens,
Greece
G Chalevelakis
S Karaoulis
A G Yalouris
T Economopoulos
N Tountas
S Raptis
Correspondence to:
G Chalevelakis, Second
Department of Internal
Medicine, Evangelismos
Hospital, Ipsilandou 45-49,
GR 115 10 Athens, Greece
Accepted for publication
19 September 1990

Myelodysplastic syndromes (MDS) are clonal
disorders of the bone marrow, characterised
by refractory peripheral cytopenias, despite an

adequate bone marrow cellularity, and by a

high incidence (20-60%) of progression to
acute non-lymphoid leukaemia (ANLL).'-5
The morphological abnormalities of erythroid
cells in both bone marrow (erythroid hyper-
plasia, megaloblasts, sideroblasts, multi-
nuclearity) and peripheral blood (anisopoik-
ilocytosis, hypochromia),' similar to those
observed in thalassaemic syndromes, suggest
disordered globin chain synthesis. Previous
biosynthetic studies of selected patients, par-

ticularly those with primary sideroblastic
anaemia, refractory anaemia with excess of
blasts, or acute leukaemia, have produced

conflicting results, ranging from a normal to a
strongly imbalanced (lower or higher than
unity) a:,B ratio."3 Regarding sideroblastic
anaemia, a recent report of normal a:: ratios
which had not been affected by exogenous
haem,'2 contrasted with the widely accepted
notion of an imbalance in a and # globin chain
synthesis (diminished a:,B ratio) and its correc-
tion by exogenous haem.Y
We therefore decided (a) to determine the

a:: ratio, relating it to various haematological
variables, (b) to test whether it was affected by
the addition of haem, and (c) to evaluate its
possible prognostic value in a large series of
unselected patients with MDS.

Methods
Thirty patients with MDS, 20 male and 10
female aged 61-84 (mean 73) years par-
ticipated in the study. According to the FAB
(French-American-British group) clas-
sification'12 these patients were classified as
follows: refractory anaemia two patients;
refractory anaemia with ring sideroblasts
(RAS) five; refractory anaemia with excess of
blasts (RAEB) nine; RAEB in transformation
(RAEB-T) six; and chronic myelomonocytic
leukaemia (CMML) eight. All patients were
transfusion dependent and the last transfusion
had been given not less than three weeks
previously. No patient had been treated with
cytotoxic drugs. Ten haematologically and
clinically normal subjects, aged 55-80 (mean
72) years, served as controls for peripheral
blood studies and globin chain synthesis.
Patients with HbA2 above 3A4%, or an abnor-
mal osmotic fragility test, were not included
so as to minimise the possibility of studying
cases of heterozygous thalassaemia. The stan-
dard haematological determinations were per-
formed as described by Dacie and Lewis.'4

GLOBIN CHAIN SYNTHESIS
Peripheral blood (10 ml) was immediately
transferred to tubes containing heparin. The
leucocytes were removed using the method of
Beuter et al."5 Then after washing three times
in reticulocyte saline (NaCl 130 mmol/l,
MgCl27-4 mmol/l, KC1 5 mmol/l) at 4'C,
0-6 ml of cells were removed from the top
layer and resuspended in reticulocyte saline at
4°C. Two samples of 0 3 ml cells were
obtained. These cells were suspended in three
volumes of incubation mixture.'"" The sam-
ples had been preincubated for 15 minutes as
follows. Sample A was the control; sample B
(used only in 16 cases) (table 1) contained
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haemin (Sigma Chemical Co), dissolved (by
shaking it in boiling hot water for five min-
utes) in Na2CO3 (100 mmol/l) buffer (pH 8) at
a final concentration of 0 4 mmol/l. Leucine
(5-32 GBq/l) (148 x 10-3 Ci/l) (3H) (Radio-
chemical Centre, Amersham) specific activity
2TBq mmol/'l or 50 Ci/mmol was added in
both samples. The incubation was stopped
two hours later by adding a large volume of
ice cold reticulocyte saline in which the cells
were washed four times at 4°C.

DETERMINATION OF RADIOACTIVITY
Globin preparation, globin chain separation,
and the determination of radioactivity incor-
porated in the globin chains were done accor-

ding to previously described protocols.'7 18
Briefly, whole cell globin was prepared by the
acid acetone method and the globin chains
were separated using carboxylmethyl cellulose
(CM23-cellulose in 8M urea, 50 mmol/l mer-

captoethanol with a linear Na2HPO4 (starting
buffer 5 mmol/l, strong buffer 40 mmol/l)
gradient at pH 6-8. Aliquots of 0-2 ml for each
fraction were mixed with 1 ml water and
10 ml of Bray's scintillation fluid'9 and
counted for 10 minutes. The results were

expressed as total counts incorporated into
each chain per minute per ml (cpm/ml). For
the determination of the specific activity the
contents of the peak tube of each globin chain
were dialysed against 12 hourly changes of
5 litres of 0 5% formic acid. The absorbency
was then measured at 280 nm and 0 5 ml
samples were mixed with 10 ml Bray's solu-
tion for the determination of radioactivity. All
samples were counted in duplicate to a min-
imum of 20 000 accumulated counts.20
For statistical analysis Student's paired t

test and Pearson's regression analysis were

used when our data followed normal distribu-
tion; otherwise, we used the respective non-

parametric tests (Wilcoxon's rank sum test,
Spearman's correlation coefficient). Survival
scores were estimated according to the
Kaplan-Meier method.2'

Results
The results are given in tables 1, 2, and 3.

GLOBIN CHAIN SYNTHESIS

Ten controls had oa:# ratios close to unity (range
0 94 to 1 07, mean value 1 01 (0-04). These
ratios were within the reported range for nor-

mal numbers of reticulocytes."''822 The mean
value of the a:fI ratio in the patients with MDS
was 0 82 (0G45). The difference was significant
(p < 0-01). The specific activity ratio was

measured in 15 cases and it was repeatedly close
to the total count ratio. Fourteen (46%)
patients (group I) had low ratios ranging from
0-05 to 0 75 (ax-thalassaemia-like). Four were

classified as CMML, four as RAEB-T, three as

RAEB, two as RAS, and one as refractory
anaemia. Eleven (37%) patients (group II) had
o:fl ratios almost within normal limits, ranging
from 0 80 to 1 11 (RAEB five, CMML four,
RAEB-T one and RAS one). The rest of the
patients (17%) (group III) had slightly to
noticeably raised a:j3 ratios, ranging from 1 26
to 173 (/3-thalassaemia-like) refractory
anaemia one, RAS two, RAEB one and
RAEB-T one (table 2). There was no evidence
of thalassaemia in family members, siblings,
and children. Six patients with increased Hb F
concentrations ranging from 2-8 to 10 (5 71
(2 75)) were equally distributed in groups I and
II (RAS one, RAEB-T one, refractory anaemia
one, RAEB two, CMML one). HbA2 was

within normal limits, ranging from 2 9 to 3 4
(2 7 (0 48)), and none of the patients had
inclusions of Hb H.
Within each of the five RAB subtypes a great

variation in c:,B ratios was observed; the dif-
ferences in their mean values were not sig-
nificant. A high proportion (66%) of patients
with RAEB had normal ratios, whereas the
patients with RAS and CMML had equally
low and high, or low and within the normal
range ratios, respectively (table 3). Eight (27%)
patients finally progressed to ANLL (RAEB
four, RAEB-T one, and CMML three). Four
(RAEB one, RAEB-T one, CMML two) fell
into group I (a:,B ratio 0 29-060), three (RAEB
two, CMML one) to group II (a:/3 ratio 0 80-
1-08), and one (RAEB) into group III (a:# ratio
1 70). Ninety two percent (13/14) of patients
with RAEB-T and CMML and 87-5% (seven
of eight) of those who eventualy developed
ANLL had low or normal :f:# ratios. The mean
value of the cf:# ratio in this subgroup of
patients was 0 79 (0 48). The difference from
the entire population of patients was not sig-
nificant.

HAEMATOLOGICAL DATA AND THEIR

CORRELATION WITH THE a:/3 RATIO
The observed differences in the mean values of
the haematological findings among the three
principal groups were not significant, except

Table 1 Effect of haemin (0 4 mmol/l) on a:fl globin synthetic ratio in 16 patients with various subtypes ofMDS

Case No

1 2 10 11 12 13 15 16 18 19 24 25 26 27 28 30

FAB subtype Mean
(SD)

CMML RAEB RAS RAEB CMML RAEB-TRAEB RAEB-TRAEB RAEB CMML RAEB RAS RAEB-TRAEB RA value

Without 0-58 0-38 005 0-06 0 75 0-62 1-00 0-92 1-08 1 11 1-00 1-05 1-34 1-60 1-70 1-26 0-91 (048)
haemin (A)
With haemin 079 0-80 009 0-87 0-82 0-72 1-05 093 1-13 1-23 1-28 1-85 1-43 1-62 1-70 1-43 1 11(049)
(B)
Percentage +36 +105 +80 +1350 +9 +16 +5 +1 +5 +11 +28 +76 +7 +1 0 +13
change
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Table 2 Haematological variables and a:, globin chain synthetic ratio (mean (SD) and range) in patients, their subgroups (I, II, III), and
controls

Per- Sex Bone
centage Age ratio Reticulo- White cells Platelets S-Fe HbA, marrow Lx:j ratio

Group of total (years) M:F PVC 00 cytes % (1091/) (109/l) (p.mOI/l) % blasts % (cpm/ml)

Total number of 100 73 (9) 18:12 29 (4) 1*27 (154) 12 (11-5) 180 (104) 21(12) 2-7 (0 48) 10-2 (9-4) 0-82 (0 45)
patients (n = 30) (60-94) (22-35) (04-6) (1-2-38) (25-400) (54-44-5) (1-93-4) (2-35) (0-05-1-73)

Group I 46 73 (9) 11:3 29 (3-3) 0-84 (0-61) 15-3 (12-5) 183 (96) 22 (11) 2-72 (0 5) 10-8 (9 5) 0-46 (0 20)
(n = 14) (61-90) (23-37) (04-26) (2-9-45) (45-400) (64-403) (2-1-3-3) (2-28) (005-075)

Group II 37 71 (7) 6:5 30 (4 8) 2-2 (2-1) 11 (10) 190 (120) 18 (11) 2-76 (0 43) 9-5 (9-6) 1-00 (0 09)
(n = 11) (61-94) (22-36) (05-6) (13-38) (25-400) (4 5-35) (2-1-3-4) (3-35) (0-80-111)

Group III 17 75 (11) 3:2 28 (5) 0 54 (0 15) 4-4 (3-7) 146 (113) 28 (15) 2 86 (0 43) 10-4 (11-3) 1-52 (0-21)
(n = 5) (60-87) (22-35) (0-4-0 8) (24-11) (70-330) (35-44 5) (2-1-3-2) (3-30) (1-261-73)

Controls 100 72 (28) 6:4 45 (3) 0-7 (0-3) 6-4 (1-3) 220 (53) 17 (5-5) 2-5 (0 6) - 101 (0-04)
(n = 10) (55-80) (38-47) (02-2) (5-8) (160-300) (11-28) (1-63-4) - (0-941-07)

those ofwhite cells in group I which were much
higher compared with group III values
(p < 0 005). The mean values of reticulocytes
in group II were also significantly greater than
those of group I (p < 0-05) and group III
(p = 0 01). Furthermore, among the total
number of patients and in the subgroups I, II,
and III there was no significant correlation
between a:/l ratios and various haematological
variables, including ring sideroblasts and
myeloblasts in bone marrow (table 2).

EFFECT OF HAEMIN ON THE OCf: RATIO

The addition of exogenous haem (0 4 mmol/l)
to the incubation mixture in reticulocytes in 16
cases with MDS (table 1) resulted in a sig-
nificant (p < 0 01) increase in the mean value
of the a:fl ratio from 0-91 (0 48) (sample A) to
11 (0 44) (sample B). The observed positive
haem effect was more evident in group I
compared with groups II and III (p = 0 01)
and was not associated with serum iron concen-
tration or with bone marrow iron storage. In
case 10 (group I) with sideroblastic anaemia the
addition of exogenous haem was unable to
correct substantially the initially extremely low
oc:fl ratio (sample A: 0 05, sample B: 0-09). In
cases 13, 15, and 28 with subnormal serum iron
(3 5-6 4 mmol/l) haemin had a minimal or a

negligible effect. In contrast, in case 25
(RAEB) (group II) the initially normal (105)
x:/) ratio was increased to ,B-thalassaemic level
(185) after the addition of exogenous haem.
The serum iron concentration in this last case

was normal (21 4 [umol/l).

CORRELATION BETWEEN oc:, RATIO AND SURVIVAL

Twenty two patients have died to date (group I
n = 10, group II n = 8, group III n = 4).
Four patients were lost to follow up and four
are still alive. There was no significant correla-
tion between a:,B ratios and survival. There was
also no significant difference in survival among
groups I, II, and III.

Discussion
Several studies on a:j3 globin chain synthesis
ratios in MDS have shown conflicting results.
In primary sideroblastic anaemia (FAB-RAS)
and various subtypes ofMDS the reported a::
ratios ranged from much less than normal to
normal.7 11-12 23 High a:/3 ratios have been
found mainly in cases of ANLL or in cases of
MDS progressing to ANLL (RAEB-T,
CMML).8 10 13 24-27
Most of the above investigators studied sin-

gle cases or less than 15 selected patients,
particularly patients with RAS, RAEB-T,
CMML or ANNL. Our work, using a larger
series of unselected patients including all the
FAB subtypes, showed that a:,B ratios may be
either balanced (37%) or more often strongly
imbalanced (63%), resembling an o- or /3-

thalassaemic disorder (table 2). In contrast to
other investigators,10 13 who reported increased
:c:# ratios particularly in patients with MDS,
considered to be at high risk of developing
acute leukaemia (RAEB-T) (CMML), we

found that most (92% 13/14) of these cases had
low or normal a:# ratios. Similarly, seven out of
eight patients who finally developed ANLL
had low or normal a:#J ratios. Furthermore, all
three cases of CMML with the worst prog-

nosis, as predicted by a high modified
"Bournemouth" score (white cell counts 19-
45 x 109/l, neutrophils > 16 x 109/l, mono-

cytes > 26 x 109/l, haemaglobin concentra-
tion < 10 g/dl, platelets < 100 x 109/1 bone
marrow blasts > 5%)5 28 fell into the low a:,B
ratio (group I). This fact also explains the
higher mean value of white cell counts in group
I compared with those of groups II and III.
The mechanism of the increased ratio of
reticulocytes in group II is difficult to inter-
pret. It may reflect more efficient bone marrow
function in patients with normal as opposed to
imbalanced globin chain synthesis. By con-

trast, Lofter et al suggested a delayed
reticulocyte maturation to explain reticulo-
cytosis in one preleukaemic patient.9 No

Table 3 a:#globin chain synthetic ratio (mean (SD) and range) in patients with various subtypes ofMDS

Group (No/%) a ratio
Percentage Age mean Sex ratio mean (SD)

FAB subtype of total (SD) (range) M:F I II III (range)

Refractory anaemia 7 74-5 (6) 2:0 1 (50) 1 (50) 0-78 (0 68) (0-301-26)
(n = 2)

RAS (n = 5) 17 74 (10) (60-87) 3:2 2 (40) 1 (20) 2 (40) 0 90 (0 70) (0-34-173)
RAEB(n = 9) 30 71 (11)(61-78) 5:4 3(33) 5(56) 1(11) 0-90(0-45)(0-291-70)
RAEB-T (n = 6) 20 76 (9) (61-84) 2:4 4 (66) 1 (17) 1 (17) 0-80 (0 43) (0-391-60)
CMML (n = 8) 26 75 (9) (61-90) 8:0 4 (50) 4 (50) 0-72 (0 28) (0-241-05)
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significant correlation was found, however,
between a:,B ratios and survival or various
haematological variables either in the total
population of patients or in each FAB subtype.

In sideroblastic anaemia the activity of 6-
aminolaevulinic acid synthetase, which is the
first and rate limiting enzyme in the haem
synthetic pathway, is often depressed, resulting
in a depletion of intracellular haem.29 The
addition of exogenous haem in the incubation
mixture stimulates considerably the synthesis
of both globin chains and particuarly that ofthe
a chain by preventing the synthesis of a trans-
lational inhibitor that is accummulated in haem
deficiency states,'3'" such as iron deficiency
and sideroblastic anaemia. This leads to a rise
in the initially diminished a:,B ratio.67 Similar
results were reported in human reticulocytes
after specific inhibition of haem synthesis with
Isonidzid.2 33 By contrast, Peters et al observed
no important stimulatory effect of exogenous
haem on globin chain synthesis in sideroblastic
anaemia.1'
Our study clearly shows that, as in other

FAB subtypes of MDS, even in sideroblastic
anaemia, the a:: ratio varied widely (0-34-1-73)
with no evidence of a stronger haem effect
(table 1). The presence of HbH inclusions in
those cases with very low a:# ratios is to be
expected. The absence, therefore, is probably
related to an enhanced proteolytic degradation
of free ,B chain in erythroid cells in MDS. The
finding that a strongly positive haem effect was
noticed, not only in group I with low ratios but
even in cases 24 and 25 with normal initial
values in group II (table 1), indicates that
depletion of intracellular haem may contribute
to or obscure the imbalance of a and ,B globin
chain synthesis in MDS. It was also claimed by
Peters et al that the pattern of globin chain
synthesis in MDS may be affected by the
presence of non-haem proteins with a charge
similar to that of one of the globin chains,13 in
spite of adequate removal ofwhite cells, or even
by changes in proteolytic degradation of globin
chain. We agree with the authors' view that the
very low reticulocyte counts in these patients
do not permit studies of this kind. It is essen-
tial, however (a) to remove the white cells,
which, in disorders like MDS, may be suf-
ficiently increased to create problems even in
reticulocyte studies,'9 and (b) to rely only on
samples with good chromatographic separation
and high incorporation of labelled amino acids.
Apart from these possible technical or

metabolic reasons and the aforementioned
effect of intracellular haem (not associated with
iron deficiency) the great variation of the a:fB
ratios, which we found, must be mainly
attributed to the heterogeneity (even within
each FAB subtype) derived from the genetic
and clonal instability of these disorders.5"13
These features of MDS may explain the major
controversy over globin synthesis and its rela-
tion with haem in primary sideroblastic
anaemia. The basic molecular defect(s) in
MDS remain(s) unknown, but it is probably
associated with the leukaemic process and it
influences the various mechanisms of molec-
ular regulation occurring at the level of trans-

cription or processing of globin mRNA, as has
been suggested in acquired haemoglobin H dis-
ease.3538

In conclusion, although the wide variation of
a:# globin chain synthetic ratio reduced its
value as a prognostic factor in MDS, including
sideroblastic anaemia, further studies at globin
gene level using erythroid cells from all FAB
subtypes ofMDS may give important informa-
tion on the molecular regulation of globin gene
expression or even the leukaemic process in
these poorly defined disorders.
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