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Serum immunoglobulins to endotoxin core

glycolipid: acute leukaemia and other cancers

S K Jackson, J Parton, G Shortland, J M Stark, E N Thompson

Abstract
Circulating antibody to endotoxin core glyco-
lipid and total serum immunoglobulin concen-
trations were measured in 86 children with
cancer (54 with acute lymphoblastic leukaemia,
four with acute myeloid leukaemia, and 28
with various solid tumours). Measurements
were made before treatment in the group with
acute lymphoblastic leukaemia as weli as
when patients were both on and off chemo-
therapy. In the other two groups measure-
ments were made when patients were both on
and off treatment. Significant reductions in
endotoxin antibody and serum immunoglobulin
concentrations were found only in patients
with acute lymphoblastic leukaemia. In
addition, there was a significant correlation
between febrile episodes and the concentration
of antibody to core glycolipid in the children
with acute lymphoblastic leukaemia. These
findings suggest that the use of prophylactic
high titre endotoxin antibody may be of
benefit to children with life threatening Gram
negative infections who are receiving cyto-
toxic chemotherapy.
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Infective complications during optimum treat-
ment of childhood cancer have become- in-
creasingly common, contributing appreciably
to morbidity and mortality. Haematological
cancers are associated with a higher incidence of
infection than solid tumours, partly as a conse-

quence of the intensity of treatment with
subsequent granulocytopenia.' Although Gram
positive organisms are important pathogens in
these patients, Gram negative organisms are

usually responsible for the life threatening
infections that carry such a high mortality.2'
Fulminating Gram negative infections often
develop despite adequate antibiotic and suppor-
tive care.5 Though antibiotic resistance and the
underlying clinical condition may contribute to
the severity of the infective episode, other
variables such as the presence of bacterial
endotoxin and protective naturally occurring
endotoxin antibody may be important. High
titres of normal antibody to endotoxin core
glycolipid have been associated with enhanced
survival from Gram negative septicaemia in
surgical,6 gynaecological, and obstetric patients.7
In addition, recent trials of purified immuno-
globulins containing antilipopolysaccharide
antibody in patients suffering from septic shock
have shown them to be beneficial.8 Passive
immunotherapy in these critically ill patients
may therefore be helpful.
The present study was designed to document

naturally occurring circulating antibody to
endotoxin core glycolipid in children with acute
leukaemia and other cancers, in stable and
febrile phases, both on and off treatment. The
aim was to determine if prophylactic high titre
antiendotoxin immunoglobulin treatment might
have a place in the treatment of fulminating
infection in high risk patients receiving cytotoxic
chemotherapy.

Patients and methods
Eighty six children with cancer (acute lympho-
blastic leukaemia, n=54; acute myeloid
leukaemia, n=4, solid tumours, n=28) were
studied. Fifty three of them were tested more
than once, both during treatment and up to
two years after all chemotherapy had been
discontinued. Fourteen children with acute
lymphoblastic leukaemia were tested before
treatment was started, 17 were tested in the first
12 weeks of treatment, 26 were tested later
during the two years of maintenance chemo-
therapy, and 23 were tested after all chemo-
therapy had been discontinued (3-24 months
off treatment). All children were in remission
except the 14 in the group tested before
treatment. Children with acute myeloid
leukaemia and solid tumours were tested after
treatment had been started.
Twenty six febrile episodes were documented

during this study period. Blood was obtained at
the time of bacteriological investigation for
antiendotoxin core glycolipid concentrations.

Control serum samples were obtained from
94 children aged 6 months to 16 years (mean age
6-2 years). These children were either siblings
of the leukaemic children, attenders at hospital
for non-infective problems, or being admitted
for elective operations. No child had samples
taken specifically for this study, but blood
obtained at the time other investigations were
being done was used. Full parental consent was
obtained.

BLOOD SAMPLES
Routine blood samples for serum antibody
measurements were taken where possible before
treatment, and on three other occasions (during
the first 12 weeks, during maintenance, and at
least three months after treatment had been
discontinued).

Anti core glycolipid antibody was measured
by an enzyme linked immunoadsorbent assay
(ELISA),9 and total IgG, IgM, and IgA were
determined by radial immunodiffusion.
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Table I Immunoglobulin concentrations in children with acute myeloid leukaemia and solid tumours compared with normal
controls without malignant disease. Results are given as mean (2 SD) of logged values

Control Acute Solid tumour
(n= 94) myeloid leukaemia (n=28)

(n=4)

Anticore glycolipid IgG (%) 1-103 (0-775) 1-142 (0 65) 1-108 (0 73)
Anticore glycolipid IgM (%) 1-879 (0 85) 1-586 (1-05)' 1-705 (0 73)'
Total IgG (g/l) 1-050 (0 53) 1-278 (0 38)* 1-218 (0 40)'*
Total IgA (g/l) 0-100 (0 74) 0-297 (0-43)** 0 208 (0 43) '
Total IgM (g/l) 0-042 (0 64) -0-002 (0-46) -0 044 (0 55)

rp<0-05, and -kp<0-005 compared with controls.

Table 2 Changes in antiendotoxin core glycolipid IgG and total serum immunoglobulin with treatment in children
with acute lymphoblastic leukaemia. Results are expressed as mean (2 SD) of logged values. Subjects were studied more than
once as they moved among treatment groups

Stage of treatment No of Anticore 7otal immunoglobulins (gll)
subjects glycolipid IgG

IgG IgA IgM

Controls 94 1-103 (0 77) 1-050 (0-53) 0-100 (0 74) 0-042 (0 64)
Before treatment 14 0 938 (0 60) 1-031 (0 44) -0 95 (0 64) -0 114 (0 94)
Induction 17 0-942 (0 70) 0-972 (0 47) -0 110 (0 72)' -0-392 (0-84)'
Maintenance 26 0-855 (0 50):* 0-917 (0-47)* -0-266 (0-74)* -0 300 (0-84)
No treatment 23 1-144 (0-52) 1-253 (0-29) 0 235 (0 38)'I 0-090 (0 44)

*p<005 and 'p<0005, compared with controls.

Results
Results of the total immunoglobulin concen-
trations together with specific antiendotoxin
core glycolipid immunoglobulin in patients with
acute myeloid leukaemia and solid tumours are
shown in table 1. The results for children with
acute lymphoblastic leukaemia at different
stages of treatment are shown in table 2. All
data are presented as means (2 SD) of log10
antibody titres. Table 1 shows that in patients
with acute myeloid leukaemia and solid
tumours there is a significant reduction only in
titres of anti core glycolipid IgM antibody when
compared with age matched controls.

Table 2 shows that concentrations of all
immunoglobulins tested in patients with acute
lymphoblastic leukaemia were lower than those
of the age matched controls. This decrease was
significant during maintenance treatment.
The effect of stage in treatment of acute

lymphoblastic leukaemia is also shown in table
2. The mean age of the groups increased slightly
as treatment progressed but this did not signifi-
cantly affect any differences in immunoglobulin
measurements among the groups.9 The differ-
ence in mean anti core glycolipid titre between
the measurements before treatment and those
in the control group was appreciable, but not
significant. A significant fall in anti core glyco-
lipid occurred during maintenance treatment,
with restoration to normal once the child was off
treatment.

Concentration of total immunoglobulins
varied with the stage of treatment; serum IgA
was significantly lower before treatment. Dur-
ing induction treatment serum IgA and IgM
concentrations were reduced, with a significant
reduction in all three antibody classes in the
maintenance phase. As with the anti core glyco-
lipid antibody, immunoglobulin concentrations
returned to normal when chemotherapy had
stopped.

ASSOCIATION OF FEBRILE EPISODES WITH
ANTI CORE GLYCOLIPID TITRE
Febrile episodes (temperature >38°C on more
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Association of initial anti core glycolipid IgG titre with
number ofepisodes offever experienced during treatment.

than two consecutive occasions) were docu-
mented for all children undergoing treatment
for acute lymphoblastic leukaemia. The figure
shows the association between the number of
febrile episodes and the initial anti core glyco-
lipid antibody titre: there was a significant
inverse correlation (r=-0 44; p<005). Five
children had proved Gram negative infections
and two had Gram positive infections during the
study. One patient developed fatal Escherichia
coli meningitis, and one patient developed
shock after septicaemia from anE coli strain and
survived. Most (80%) of the febrile episodes did
not correlate with positive blood cultures.

Discussion
In recent years aggressive treatment has greatly
improved the prognosis for children suffering
from most of the childhood cancers.'0 Intensi-
fication of treatment has, however, been
associated with a pronounced increase in life
threatening infections. Although granulocyto-
penia remains the single most important risk
factor in patients on chemotherapy, other
mechanisms in immune defence may be
important. 1 1
The results of this study have shown that

children with acute lymphoblastic leukaemia on
chemotherapy have reduced titres of specific
anti core glycolipid antibody compared with
normal age matched controls. This deficit in
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specific anti core glycolipid antibody was not
present in children suffering from acute myeloid
leukaemia or solid tumours. Furthermore, total
IgG concentrations were not significantly
reduced in children with acute lymphoblastic
leukaemia, suggesting that the reduction in
specific antibody was not a reflection of the total
immunoglobulin concentrations.

Children with acute lymphoblastic leukaemia
are more at risk from infection when they are in
remission, independent of the degree of granu-
locytopenia, in contrast to children with acute
myeloid leukaemia and other cancers.'2 13 This,
combined with the knowledge that children
with acute lymphoblastic leukaemia have
reduced titres of anti core glycolipid antibodies,
suggests a possibly beneficial role for passive
immunisation with antisera to core glycolipid.

Children with acute lymphoblastic leukaemia
had reduced anti core glycolipid antibody titres
before the start of treatment. The titres of this
antibody fell further during treatment, but
recovered to normal values when treatment was
discontinued. The underlying disease might
cause a decrease in antibody production by bone
marrow infiltration,'4 while cytotoxic treatment
would produce defects in the cell mediated
immune response.'5 Our results suggest that
these children have an impaired antibody
response and were not less exposed to infection
in view of the age of the children and the
positive titres to lipopolysaccharide core
glycolipid found in normal children over the age
of 2 years.9 16
Low initial anti core glycolipid antibody titres

correlated with an increased incidence in febrile
episodes. This supports the view that fever in
the presence of negative bacteriological culture
in these patients may be due to systemic
endotoxins,17 and that specific antiendotoxin
(core glycolipid) antibodies might reduce the
effects of such endotoxaemias.
The results of our study support the concept

of the prophylactic use of specific anti core
glycolipid antisera in leukaemia patients, par-
ticularly those with acute lymphoblastic
leukaemia. Trials using passive immunisation of
patients with this type of antisera have been
carried out in other groups of patients. 8
Although it is too early to reach a definite
conclusion from their results, it seems that such
treatment can reduce the mortality from Gram
negative infections. Recent evidence suggests
that purified immunoglobulin G prepared from
normal blood donors with high concentrations

of antilipopolysaccharide IgG reduces mortality
from septic shock.'9 The efficiency of such
preparations indicates that it is not obligatory
to develop antilipopolysaccharide monoclonal
antibodies.
Our results suggest that children with acute

lymphoblastic leukaemia-because of their lack
of specific anti core glycolipid antibodies-may
be more at risk from Gram negative infective
complications than children with other leu-
kaemias, or other cancers. This study has
shown that immune treatment with specific
high titre antisera may be of particular value in
this group of patients.
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