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SUMMARY Neutrophif function studies have been carried out in a series of 44 patients with
primary myelodysplastic syndromes (MDS). In vitro tests of phagocytosis and killing of Candida
guilliermondii and Staphylococcus aureus identified 13 patients with abnormal neutrophil func-
tion at presentation and a further 10 who developed abnormalities during the course of their
disease. The incidence of defective function in the five disease categories in this series was:

refractory cytopenia (RC) 8/17; refractory cytopenia with sideroblastic change (RC + SC) 5/8;
acquired idiopathic sideroblastic anaemia (AISA) 2/4; refractory anaemia with excess blasts
(RAEB) 7/11; chronic myelomonocytic leukaemia (CMML) 1/4. Eleven of 23 patients with
defective neutrophil function experienced severe infective complications; in only three of these
patients were neutrophil counts < 1 x 109/l and susceptibility to infection was considered to
reflect, at least partially, qualitative neutrophil abnormalities. There was no correlation between
absolute neutrophil count and defective function. Abnormal overall neutrophil microbicidal
activity was equally associated with impaired and normal phagocytosis. Some patients with
intracellular killing defects had reduced myeloperoxidase (MPO) activities and one had reduced
hexose monophosphate shunt (HMPS) activity. In two patients, whose neutrophils showed mar-

kedly impaired candidacidal activity, levamisole corrected function when added in vitro at 10-7M
and also when administered in therapeutic dosage. It is suggested that deranged function, prob-
ably reflecting abnormalities in maturation of the granulocyte series, occurs across the myelodys-
plastic spectrum and that several microbicidal mechanisms may be defective.

Neutrophil abnormalities are recognised as one fea-
ture of "preleukaemia." Neutropenia is common
and hypogranularity and Pelger-Huet-like changes
are frequently observed in blood films.' 2 An
increased susceptibility to infection which is not
necessarily simply a reflection of neutropenia (if
present) has been noted and neutrophil dysfunction
suggested as an underlying cause.34 The data sub-
stantiating this are sparse but clear-cut bactericidal
and candidacidal defects have been described, not-
ably by Breton-Gorius et al.4' Although there are
other reports of clinically significant microbicidal
defects in such patients,5-8 the numbers investigated
have been small.

It is now apparent that there is a spectrum of
related disease states which include "preleukaemia"'
but which show considerable variation in the risk of
transformation to a blastic phase.910 The range of
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disorders have been collectively described as com-
prising the myelodysplastic syndromes (MDS). In
the French-American-British (FAB) Co-operative
Group classification'0 there are four basic
categories: (i) refractory anaemia (RA); (ii) RA
with ring sideroblasts (to include acquired sidero-
blastic anaemia (AISA); (iii) RA with excess blasts
(RAEB) and (iv) chronic myelomonocytic
leukaemia (CMML): a fifth category, RAEB in
transformation has also been recognised recently.'0
Evidence of dysgranulopoiesis is seen particularly in
RAEB but similar features may be found in the
other disorders. In RA, where the marrow is normo-
or hypercellular and shows dysmyelopoietic features
without excess of blast cells, anaemia is not invari-
able: neutropenia and/or thrombocytopenia may be
the dominant features and, for this reason, we have
preferred the term refractory cytopenia (RC) to
describe this group. We have also distinguished be-
tween RC with sideroblastic change and AISA
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without discernible abnormalities in granulopoiesis
or thrombopoiesis (as assessed by light microscopy).
The present study, of 44 patients, was initiated
because of the need for an investigation of the neu-
trophil function of a larger series of patients across
the MDS spectrum of disorders; the principal aims
were to assess the incidence of defective
phagocytosis and intracellular killing of bacteria and
fungi and to compare the findings in the definable
categories. The further investigation and treatment
of some of these patients also provided data relating
to possible underlying abnormal microbicidal
mechanisms.

Material and methods

Forty-four patients with myelodysplastic syndromes
(MDS) were investigated. Their ages ranged from
40 to 87 (mean 65) yr. The following categories
were distinguished on the basis of peripheral blood
and bone marrow films examined by light micros-
copy: refractory cytopenia (RC) (17 patients);
refractory cytopenia with sideroblastic change (RC
+ SC) (8 patients); acquired idiopathic sideroblastic
anaemia (AISA) (4 patients); refractory anaemia
with excess blasts (RAEB) (11 patients); chronic
myelomonocytic leukaemia (CMML) (4 patients)
(Table 1). Neutrophil function studies were in many
cases carried out longitudinally during the course of
the disease as well as at the time of diagnosis; the
period of follow-up, which in some cases was as long
as two years, averaged three months. Neutrophil
function tests were not carried out during episodes
of clinically or microbiologically diagnosed infection
because of the possibility of misleading results.
Neutrophils from patients were always tested in
parallel with neutrophils from normal control sub-
jects (chiefly laboratory staff volunteers). Control
data obtained over a period of three years was also
used in the statistical method for determining the
indices of function.

Table 1 Patient categories

Diagnosis Patients

RC AG, AM, ES, MS, FW, TD, EW, FL,
BR, PW, RW, GC, DK, KK, JW, KM, MG.

MG.
RC + SC ED, EL, MC, HTh, JH, DS, CS, HJ.
AISA RL, WS, HP, DB.
RAEB MF, HD, PF, AH, JM, SS, JB, MCh,

BB, IM, HT.
CMML JJ, JS, JSt, MM.

RC = refractory cytopenia.
RC + SC= refractory cytopenia with sideroblastic change.
AISA = acquired idiopathic sideroblastic anaemia.
RAEB = refractory anaemia with excess blasts.
CMML = chronic myelomonocytic leukaemia.

NEUTROPHIL PREPARATION
Heparinised blood samples were sedimented in
Dextran and the neutrophils separated from the
leucocyte-plasma by centrifugation over Ficoll-
Isopaque, SG 1-077.11 The neutrophils were washed
twice in Hank's balanced salt solution (HBSS) and
resuspended to 5 x 106 neutrophils/ml. The leuco-
cyte suspension was >90% neutrophils with viabil-
ity by trypan blue dye exclusion >95%.

SERUM
Pooled AB serum from healthy donors, stored in
liquid nitrogen (- 196°C), was used in all assays.

NEUTROPHIL FUNCTION STUDIES
All incubations were carried out at 37°C on an orbi-
tal shaker (170 rpm).

A microscopic candidacidal assay involved the
examination of smears prepared from a mixture of
Candida guilliermondii and neutrophils incubated
for 60 min at a ratio of 3:1 in HBSS + 10% AB
serum (HBSS-AB).'23' The smears were stained
with May-Grunwald-Giemsa and the number of
viable and non-viable candida within 100 neu-
trophils was counted.

A 5'chromium release candidacidal assay measured
neutrophil candidacidal activity by the release of
51chromium from labelled Cguilliermondii. 1415 Trip-
licate assays were set up comprising 5 x 105 neut-
rophils and 1-5 x 106 51Cr C guilliermondii in 0-5 ml
HBSS-AB. After 60 min incubation 0-1 ml sodium
deoxycholate (24 mg/ml) and 0.2 ml DNase
(0.1 mg/ml) were added for 15 min and the tubes
then centrifuged for 10 min at 2000 g: 0.2 ml of
each supernatant was removed for gamma counting.
The results were expressed by the following for-
mula:

% release = X S x 100
T-S

where X is the radioactivity released in the presence
of neutrophils, S is the spontaneous release after
incubation in medium, T is the total radioactivity in
0-2 ml of assay mixture.

Phagocytosis of candida
The technique of Yamamura et al'6 was adapted for
use with C guilliermondii whereby the uptake of
3H-uridine by non-ingested organisms was used as a
measure of phagocytosis.'7 Ingested candida were
unable to incorporate the uridine. Triplicate assays
comprised 5 x 105 neutrophils and 5 x 106 C guil-
liermondii in 0-5 ml HBSS-AB. Control assays con-
tained candida but no neutrophils. After 30 min
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incubation 1 mg phenylbutazone in 0-05 ml HBSS
was added to the assays to inhibit further
phagocytosis.'8 Duplicate 0 1 ml aliquots were then
removed and incubated in microtitre wells contain-
ing 5 ul 3H-uridine (0.5 ,Ci:5Ci/mmol). After
30 min at 37°C, 0-85% TRIS-NH4CI was added to
each well to lyse contaminating red cells. The
candida-associated radioactivity was collected on to
GF/C glass fibre filters using an automated cell har-
vester. The filters were washed in water and
methanol and placed into NE 233 scintillant for
liquid scintillation counting. Results were expressed
in terms of the neutrophil-induced inhibition of
uridine uptake into candida:

% inhibition =
cpm candida - cpm (candida + neutrophils)

cpm candia

Bactericidal assay
Duplicate assays comprised 106 neutrophils and 107
Staphylococcus aureus NCTC 6571 in 0-5 ml.
HBSS-AB. After 20 min incubation the tubes were
put on ice and 4.5 ml sterile distilled water added.
Duplicate 0 1 ml aliquots were taken for serial dilu-
tion and viable counting to determine the percen-
tage of bacteria killed'8 at 20 min.

Phagocytosis of bacteria
The assay mixture comprised 106 neutrophils and
107 3H-thymidine labelled S aureus in 0-5 ml
HBSS-AB.'719 Tubes were set up in duplicate to
determine:
(a) the total radioactivity in the assay;
(b) percentage phagocytosis of bacteria by neu-
trophils.
After 20 min incubation 2 ml phosphate-buffered
saline (PBS) were added to tubes (a) which were

then centrifuged for 10 min at 1500g to collect all
neutrophil and bacteria-associated radioactivity in
the cell pellet. Lysostaphin (5 /Lg) and 1 mg phenyl-
butazone in 0-1 ml HBSS were added to tubes (b)
and incubated for 20 min at 37°C to lyse non-
ingested bacteria. After washing twice in PBS for
5 min at 200 g the neutrophils and ingested bacteria
were resuspended in 0-85% TRIS-NH4Cl and
harvested on to GF/C fibre filters for liquid
scintillation counting.

I
neutrophil-associated cpm% phagocytosis = x 100

Martin, Baldock, Ghoneim, Child
BIOCHEMICAL STUDIES
Neutrophil hexose monophosphate shunt activity was
measured by the oxidation of glucose-1-'4C to
14CO2* 17 20 The assay was set up in duplicate in 25 ml
Warburg flasks with 0 2 ml 15% TCA in the
sidearm. The assay mixture comprised 2 x 106 neu-
trophils and 2 x 107 heat-killed C guilliermondii in
2-0 ml Call-free Kreb's Ringer phosphate +
10% AB serum and 0-05 ml glucose-1-'4C
(1 ,Ci:61 mCi/mmol). Control flasks contained
neutrophils or candida alone. The flasks were tightly
closed with stoppers from which a piece of filter
paper, soaked in 0.1 M hyamine hydroxide, was
suspended inside each flask. After 30 min incuba-
tion the TCA was tipped into the flasks to stop the
reaction and drive the '4CO2 out of the solution on
to the filters. These were then dropped into NE 233
scintillant for liquid scintillation counting. The
post-phagocytic increase in counts-per-minute
(cpm) generated by the neutrophils was expressed:
log increase in cpm =

log,0 (cpm from phagocytosing neutrophils) -
log,0 (cpm from resting neutrophils)

Assay of neutrophil myeloperoxidase content: neu-
trophil preparations were freed from erythrocyte
contamination by lysis with 0-85% TRIS-NH4Cl.
After washing twice, the neutrophils were resus-
pended in PBS to 106/ ml. The neutrophils in 5 ml of
this suspension were lysed by sonication, cellular
debris removed by centrifugation at 1200g for 7
min and the supernatant assayed spectrophotomet-
rically for peroxidase activity according to the
method of Klebanoff.2'
The rate of reaction was expressed as absorbance

change at 460 nm/min. Serial dilutions of horserad-
ish peroxidase were also assayed to give a standard
curve for absorbance change/min v enzyme units/ml.
The myeloperoxidase concentration in neutrophil
sonicates could thus be determined.

LEVAMISOLE STUDIES
Preservative-free crystalline levamisole hydro-
chloride (Janssen-Pharmaceutica Ltd) was dissolved
in HBSS and added to the test system to give a final
concentration of 10-7M. This approximates to the
blood levels achieved by administration of usual
doses of the drug.22 In two cases levamisole was
given by mouth at a dose of 50 mg twice daily, two
days/week.

STATISTICAL ANALYSIS
The results from each assay, for all control neu-
trophils tested over a period of three years, were
accumulated and found to fit a normal distribution
pattern.'7 The numbers of controls for the individual
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Defective neutrophil function and microbicidal mechanisms in the myelodysplastic disorders

tests ranged from a minimum of 51 to 101. The
mean (i) standard deviation (SD), tolerance factor
(TF) at the 5% level of significance and the toler-
ance limits (TL) were determined for each control
population.23

TL = x + (SD x TF)
When the results of function tests fell outside the
appropriate tolerance limits, the patient was consi-
dered to have a defect in that particular in vitro
function. Following the approach of Hoffman and
Bullock24 the results were expressed as indices:
LCI = leucocyte candidacidal index
LBI = leucocyte bactericidal index
LRI= leucocyte (chromium) release index
PCI = phagocytic (candida) index
PBI = phagocytic (bacteria) index
where index =

% killing or phagocytosis (patients) -
mean % killing or phagocytosis (controls)

SD x TF
An index <-1*0 indicates significant impairment of
neutrophil function.

Results

Overall, 23 of the 44 patients investigated showed
defects in neutrophil microbicidal activity. The inci-
dence of abnormalities in the diagnostic categories
was: RC 8/17, RC + SC 5/8, AISA 2/4, RAEB 7/11
and CMML 1/4. Of these patients, 13 had abnormal
tests at the time of presentation and 10 developed
abnormalities subsequently. One of the patients
with AISA (with normal tests of neutrophil func-
tion) has since developed RC and therefore moved
to the RC + SC category. The distribution of values
for the various indices of function at presentation is
shown in Fig. 1: the incidence of abnormalities in
each test was PCI 6/30, LCI 3/13, LRI 7/40, PBI
2/24, LBI 8/40.
Reduced microbicidal activity was associated with

impaired phagocytosis in seven patients but normal
phagocytosis in eight patients. In a further six patients
showing impaired microbicidal activity, phagocytosis
was not tested. In two patients, although neutrophils
showed reduced phagocytic ability, the overall
microbicidal activity was within the normal range.
The incidence of abnormal tests in the 23 patients

showing impaired neutrophil function at some time
during the study is shown in Table 2, together with
an indication as to the occurrence of infective prob-
lems: 11 of these patients had one or more severe
infections. All three patients who died of infection
had RAEB. This may be contrasted with the
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Fig. 1 Neutrophil phagocytic and microbicidal function in
myelodysplastic syndromes.
LCI = leucocyte candidacidal index
LRI = leucocyte (chromium) release index
LBI = leucocyte bactericidal index
PCI = phagocytic (candida) index
PBI = phagocytic (bacteria) index
The results are from 44 patients on the first occasion they
were investigated. An index of <-1-0 indicates abnormal
neutrophil function. 0: results ofsubsequent assays were
abnormal.

absence of severe infective problems in the 21
patients who showed no abnormalities of neutrophil
function.

RELATIONS BETWEEN NEUTROPHIL FUNCTION,
ABSOLUTE COUNT AND INCIDENCE OF
INFECTIONS
The possibility that neutrophil function as tested
in vitro might show a correlation with the absolute
neutrophil count (PMN) was investigated for LCI,
LRI and LBI. The correlation coefficients were as
follows:
PMN v LCI (46 values): r2 = 0-048
PMN v LRI (81 values): r2 = 0-078
PMN v LBI (89 values): r2 = 0-022
The observed differences in neutrophil function in
the groups studied could not, therefore, be attri-
buted to differences in neutrophil count. An abso-
lute count <1 X 109/l was recorded in 7/33 patients
who had no severe infective complications and in
3/11 patients who developed severe infections. The
occurrence of serious infection did not, therefore,
simply reflect neutropenia.
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Table 2 Defective neutrophil function in myelodysplastic syndromes

Patient No. of abnormal tests Severe infective

Candida Candida Bacteria Bacteria probkm
phagocytosis killing phagocytosis killing

EW 1/3 3/6 1/1 1/2 +
IM 2/3 1/3 0/3 0/3 +
DS 1/1 1/1 0/1 0/1 -
HD 1/1 1/1 NT NT -
MS 0/1 0/1 1/2 1/2 +
RL 1/1 NT NT 1/2 -
KM 2/3 5/8 NT 1/3 +
CS 1/3 1/3 0/6 3/6 +
JS 1/6 7/12 0/8 6/13 +
MC 0/1 0/3 0/2 1/3 -
GC 0/1 1/1 0/1 Oi1 +
MG 0/2 2/2 0/2 1/2 +
ED 0/2 0/4 0/4 1/8 -
AM 0/2 0/5 0/2 1/6 -
ES 0/4 1/3 0/3 0/3 -
MF NT 1/1 NT 0/1 +*

MCh NT 3/6 NT 2/2 + *

BB NT 1/2 NT 2/2 +*

JW NT 1/4 NT 2/4 -
AH NT 0/1 NT 1/1 -
JH NT 1/1 NT NT -
HT 0/1 0/2 1/2 0/1 -
DB 1/1 0/1 0/1 0/1 -

*Patient had infective death.
NT = not tested.

RELATION BETWEEN NEUTROPHIL FUNCTION
AND PERIPHERAL BLOOD MORPHOLOGY
All 44 patients showed some morphological abnor-
malities of the granulocyte series. In many cases

there were degrees of cytoplasmic hypogranularity
and sometimes apparent agranularity. Evidence of
dysplasia with abnormal nuclear configuration was

also common with pseudo-Pelger-Huet appear-

ances, "cottage-loaf' nuclei and usually a marked
left shift overall. There was no correlation between
the degree of morphological abnormality as assessed
by light microscopy and the incidence of defective
function: of the 23 patients who showed functional
defects, nine had marked morphological abnor-
malities and of 21 patients with normal function,
seven had marked abnormalities in the blood film.

MODULATION OF FUNCTION BY LEVAMISOLE
In the two patients investigated in detail for the
effects of levamisole, the addition of 10-'M
levamisole to the assay system corrected defective
candidacidal activity but had no effect on control
neutrophil function or on candida viability per se

(Fig. 2). This was a reproducible phenomenon.
In vitro neutrophil function was also monitored

before and during the oral administration of
levamisole in "therapeutic" dosage. The changes in
candidacidal activity for patient MCh, who had
RAEB, are shown in Fig. 3. The LCI improved
markedly after four weeks' treatment with

levamisole, 100 mg, two days per week; this
improvement was maintained when the dose was
halved to 100 mg, one day per week. When the drug
was withdrawn, function deteriorated. The
enhancement of function occurred despite con-
comitant decrease in absolute neutrophil counts.
The other patient, BB, who also had RAEB,
received levamisole, 100 mg, two days per week, for
a period of only four weeks after which candidacidal
function, as tested by LCI, was restored to normal
(from -1.97 to -0. 39). Again function deteriorated
when the drug was withdrawn.

BIOCHEMICAL ASSAYS
Six of the eight patients with normal phagocytosis
but defective intracellular killing of microorganisms
were investigated for their neutrophil MPO content
and/or HMPS activity.

In four of six cases (ED, AM, ES, CS) tested for
MPO content there were fluctuations in both neu-
trophil microbicidal ability and MPO levels. The
assays were repeated in parallel on several occasions
and, in each instance, when function was abnormal
MPO levels were reduced (Table 3). Two had RC
and two RC + SC.

In one of five cases (GC, who had RC) tested for
HMPS activity, reduced candida killing ability was
associated with abnormally low post-phagocytic
HMPS activity (LRI = -1.18; log increase in cpm:

Martin, Baldock, Ghoneim, Child1124

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.36.10.1120 on 1 O

ctober 1983. D
ow

nloaded from
 

http://jcp.bmj.com/


Defective neutrophil function and microbicidal mechanisms in the myelodysplastic disorders
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Fig. 2 Correction of the defective candidacidal function of neutrophils from two
patients by levamisole. Normal control neutrophil function was not affected by
levamisole. 2-5 X 106 neutrop/zils were incubated with 7*S X 106 C guilliermondii in
HBSS-AB for 60 min ± 10 M levamisoke. Candida killing was assessed by
microscopic evaluation ofstained smears.
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Fig. 3 Effect oforal levamisole on peripheral neutrophil
count and in vitro neutrophil fnction
MCh was on oral levamisole 50 mg bd 2 days0weekfrom
August until December and then 50 mg bd I daylweekuntil
January. 2-5 x 106 neutrophils were incubated with 7-5 x
106 C guifliermondii in HBSS-AB for 60 min and candida
killing assessed by microscopic evaluation ofstained
smears.

GC = 0-57; control range = 0-641-65, mean =
1-12).

In one case impaired microbicidal ability could
not be explained by abnormalities in either MPO or
HMPS activity, which were both normal.

Thirteen of the 21 patients with normal neu-
trophil function were tested for their MPO levels. In
12 of these 13 cases, neutrophil MPO levels were
normal; one patient (WS), investigated on six occa-
sions, was unusual in having normal tests of function
but consistently low MPO levels (mean = 04
enzyme units/106 PMN). He had AISA but has since
developed RC + SC.

Discussion

The results of the present investigations suggest that
defects in neutrophil function, as tested in vitro, are
common in patients with the myelodysplastic syn-
dromes: 23 of 44 patients had one or more neu-
trophil functional abnormalities when tested
in vitro. In seven patients there was reduced microb-
icidal activity associated with impaired
phagocytosis; in eight patients phagocytosis was
normal but intracellular killing impaired; in six
patients the overall microbicidal activity was
impaired but phagocytosis was not measured; and in
two patients only phagocytosis was impaired.
The broadly similar incidence of abnormalities in

the main disease categories-RC, RC + SC and
RAEB would suggest that such qualitative defects
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Table 3 Changes in neutrophil function and myeloperoxidase content

Patient Interval LBI LRI MPO
Enzyme units/106 PMN

ED -1-01 NT 0-4
6 wk -0-49 NT 2.7

AM T -1-13 NT 0-8
18 wk +0-37 NT 2-6

ES T NT +0-43 1-2
13wk NT -1-3 0-7

CS T -1-25 0-4
59 wk -1-42 0-3

10 wk -1-21 0-5

i wk -0-11 -0-49 2-1

LBI = leucocyte bactericidal index.
LRI = leucocyte (chromium) release index.
MPO = myeloperoxidase (normal range 0-7-3-7: mean 1-7 enzyme units/106 PMN).
PMN = neutrophils.
NT = not tested.

reflect the dysgranulopoiesis which may occur in all
these disorders, whether relatively "benign" or
more obviously preleukaemic. The variability of the
abnormalities is consistent with data on the expres-
sion of Fc-IgG and C3b receptors by maturing
granulocytes, presumably reflecting the
heterogeneity of the MDS and variation in the de-
gree of dysgranulopoiesis.25 The demonstration of
the platelet dysfunction in these patients26 is consis-
tent with the concept of an underlying stem cell dis-
order which may be variably expressed in one or
more cell lines. The occurrence of abnormalities in
AISA supports its inclusion in the MDS "spec-
trum", though further studies, especially longitudi-
nal, of patients in this category are required.

Increased susceptibility to infection is recognised
as a feature of MDS and, although this may chiefly
reflect neutropenia, it has been pointed out that fre-
quent and severe infections occur in patients with
normal neutrophil counts.34 This fact, and the often
strikingly abnormal morphology in blood and mar-
row films, have encouraged the view that clinically
significant qualitative abnormalities occur in these
disorders although relatively few patients have been
investigated. In the previous largest series of 17
patients, a tendency towards reduced neutrophil
phagocytic and bactericidal activity was reported but
the difference between patients and simultaneously
tested controls was not striking in any of these cases,
consistent with a low incidence of infective problems
in this particular group.7 In the present study,
patients who at some stage had severe infections
also tended to show functional defects in the in vitro
tests and this could not be attributed to infections as
the coincidence of active infection and critical test-
ing was avoided. Approximately half of those

patients who had abnormal tests experienced such
infective problems. This susceptibility to infection
was probably not simply a reflection of neutropenia:
low neutrophil counts were observed in patients
with and without a history of recurrent infections.
The possibility that qualitative and quantitative

abnormalities were directly related required consid-
eration, though previous studies argued against this:
no correlation between indices of function and abso-
lute neutrophil count was found. In view of the
complexity of the mechanisms involved it is hardly
surprising that there was no correlation between
morphological appearances as assessed in blood
films and tests of function. Hypogranularity and in
particular, myeloperoxidase (MPO) deficiency, has
been put forward as the explanation for impaired
microbicidal activity.34527 Of the eight patients
showing defective neutrophil intracellular killing
ability, six were investigated for neutrophil MPO
content: four showed reduced levels at some time
and coincidence with microbicidal dysfunction was
observed. The findings in one other patient who had
consistently normal neutrophil function and yet
abnormally low MPO levels may appear to add con-
fusion but support the concept that "back-up" kil-
ling mechanisms exist, whereby non-enzymatic mi-
crobicidal activity is increased to "compensate" for
MPO deficiency. In this study the MPO estimations
represented the net level of enzyme and did not dis-
tinguish subpopulations of neutrophils with differing
MPO content as described by Breton-Gorius et
al,427 who suggested that in addition to an absolute
deficiency of MPO in some neutrophils, the
azurophil granules could show considerable varia-
tion in MPO content and that degranulation could
also be defective. Whatever the mechanisms, a lack
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Defective neutrophil function and microbicidal mechanisms in the myelodysplastic disorders

of MPO in the phagocytic vacuole may result in
impaired microbicidal activity and variably impaired
maturation in the granulocyte series28 would explain
abnormalities seen in the MDS. In tests of function
which assess the overall competence of neutrophil
populations it is the net effect of any deficiency
which will determine the result.

Although MPO deficiency may be one likely
cause of dysfunction it is clear that other mechan-
isms concerned with phagocytosis and intracellular
killing of microorganisms may also be deranged. Of
five patients showing normal phagocytosis but defec-
tive intracellular killing ability who were investi-
gated for HMPS activity, one had reduced activity.
The metabolic burst, as measured by HMPS activity
is triggered by perturbation of the plasma mem-
brane during phagocytosis. It is typically defective in
chronic granulomatous disease (CGD)29 associated
with NADPH oxidase deficiency30 or absence of
membrane-associated cytochrome b.3' Our results
imply a similar defect in our patient, as yet un-
defined.
We have demonstrated that levamisole, whether

simply added to the test system in vitro or adminis-
tered to patients in therapeutic dosage, can enhance
previously depressed neutrophil function. Although
the mechanism of action of levamisole is still ob-
scure,13 one possibility is that it may have an effect
on cyclic nucleotide levels and therefore on degranu-
lation.32 The possible link between cyclic nucleotide
levels and degranulation in patients with these dis-
orders requires further study.
The microbicidal defects found in our investiga-

tion were, in some instances, severe and approached
the degree of change seen in chronic granulomatous
disease. In other cases the indices of function were
either mildly abnormal or at the lower end of the
normal range. While it is difficult to assess the clini-
cal significance of in vitro tests, particularly in the
"grey area" of mild abnormality, there was a strik-
ing correlation between the findings of clear-cut
neutrophil defects and the liability to severe infec-
tions. It has been suggested that even mild func-
tional defects may assume importance at low neu-
trophil counts.33 Furthermore, micro-organisms
which are not killed following ingestion may be
readily disseminated.34 Impaired neutrophil function
is probably an important factor underlying life-
threatening infections in this category of patient. It
would seem worthwhile to monitor neutrophil func-
tion in the MDS in order to identify patients who
may be particularly at risk. Although improved
methodology makes the simultaneous investigation
of several aspects of function feasible it can be
difficult, and is sometimes impossible, to carry out a
complete range of tests in patients who are also

severely neutropenic; close monitoring of such
patients will require further technical advances.
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