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Increased interleukin 6 concentrations in the
absence and presence of HIV-1 infection in
haemophilia

R Madhok, A Cruickshank, A J Gracie, A Shenkin, G D 0 Lowe

Abstract
Aims: To measure IL-6 concentrations in
asymptomatic HIV-1 antibody positive
and negative haemophilic patients and to
correlate these with IgG concentrations
and CD4 positive cell numbers.
Methods: IL-6 concentrations were meas-
ured by bioassay in stored serum from
a prospective cohort of haemophilic
patients in whom immunoglobulins andT
cell subsets had been determined. Values
of IL-6 and immunoglobulins were also
correlated with severity of liver disease.
Results: IL-6 concentrations were raised
in haemophilic patients independent of
HIV-1 antibody status. In HIV-1 antibody
positive patients there was no correlation
between IL-6 concentrations and CD4
positive cell numbers, but there was a
correlation with IgG (r = 0-4; p = 0.05).
In HIV-1 antibody negative patients there
were no significant correlations.
Conclusions: Haemophilic patients have
increased IL-6 concentrations; in HIV-1
positive patients this is independent ofthe
decline in CD4 cell count. The raised
concentrations do not correlate with the
clinical severity of liver disease.
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Haemophilic patients with human immuno-
deficiency virus-1 (HIV-1) infection have
increased numbers of partially and fully acti-
vated B cells.'-' In HIV-1 antibody negative
patients most have normal proportions of
resting, activated, and fully differentiated B
cells.' 2 However, in some patients with liver
disease there is a greater proportion of partially
activated compared with resting B cells.2"

B cell growth and differentiation is regulated
by a number of soluble factors. Functional
studies using recombinant factors indicate that
individual cytokines activate resting B cells,5
induce proliferation of activated B cells,6
regulate isotype expression7 or induce
immunoglobulin secretion.' The terminal
differentiation of B cells is mediated by inter-
leukin-6 (IL-6).8

IL-6 was first identified in the culture
supernatant fluid of phytohaemagglutinin
stimulated peripheral blood mononuclear
cells.9 Although initially isolated from a trans-
formed T cell line, IL-6 is also secreted from
other cell types.' Within the hamatopoietic
system monocytes seem to be the principal
source. 11

Although initially thought to be a B cell
restricted cytokine, it has become apparent

that IL-6 has effects both on haematopoietic
and non-haematopoietic cells. These include:
weak anti-viral activity1; granulocyte macro-
phage colony stimulating activity"2; cytotoxicT
cell differentiation'3; and induction of acute
phase protein synthesis.'4
We measured serum IL-6 concentrations in

haemophilic patients treated with clotting fac-
tor concentrates. The effects ofHIV-1 infection
and liver disease were considered indepen-
dently. Serum IL-6 concentrations were also
correlated with serum immunglobulin concen-
trations, T-helper/inducer (CD4 + ) andT sup-
pressor/cytotoxic (CD8 +) cell numbers.

Methods
Sixty adult haemophilic patients who formed
part of a prospective cohort of 133 patients,
treated with a blood product since 1980 from
one centre, were studied. Nineteen of the 22
patients known to be antibody positive for
HIV-1 infection by western blotting were also
included. The case notes were reviewed and
the following additional information sought:
(1) the mean annual dose of clotting factor
concentrate used over the previous six years;
(2) grade of liver disease based on the algo-
rithm shown in fig 1. Heterosexual males with
no risk factors for HIV-1 infection matched for
age were used as controls.

Peripheral blood mononuclear cells were
separated from anticoagulated venous blood
over a sodium metriazide density gradient.
Peripheral blood mononuclear cells were
stained with OK-T4 and OK-T8 monoclonal
antibodies (Ortho Pharmaceuticals, Raritan,
New Jersey, USA) and counted on a fluor-
esence activated cell sorter (Becton Dickinson,
Sunnyvale, California, USA).
Serum from the same blood sample was

tested for IgG, IgM and IgA concentrations by
immunoturbidmetry and an aliquot stored at
-700C.
7TD1 hybridoma cells were used.'5 The

cells were maintaind in DMEM supplemented
with 10% heat inactivated fetal calf serum,
1-5 mM L-glutamine, 024 mM L-asparagine,
0.55 mM L-arginine and hybridoma growth
factor in a 8% C02/air humidified atmosphere
at 37°C.
The assay was carried out in 96 well flat-

bottomed well microtitre plates. Each well
contained 2000 7TD1 cells and serial two-fold
dilutions of test serum which had been heat
inactivated at 56°C for 30 minutes. Each
dilution was tested in triplicate. Proliferation
was assessed after 48 hours by a colorometric
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Figure 1 Serum alanine aminotransferase (ALT)
activities over the previous five years were retrieved. All
patients had 2 two estimations a year.
1 Patients were divided into those with normal and raised
ALT values (> 75 IUlml).
2 Case notes of 16 patients with normalALT were further
reviewed and divided into those with biochemical (a rise
in serum ALT above twice the upper limit of normal on at
least two occasions, at least two weeks apart, in the
absence of any other cause) or clinical (biochemical
NANB associated with clinical jaundice or systemic
symptoms) evidence ofNANB infection prior to the five
years reviewed (grade 2) or those without previous
NANB, as defined above (grade 1).
3 Forty four patients had 2 one ALT estimation of 75
IUIml. In four this was due to NANB infection, as

defined above, during the five years reviewed. PriorALT
results confirmed this (grade 3).
4 All remaining patients were classified as having chronic
liver disease (grade 4).

method.'6 Test sample IL-6 concentrations
were calculated in units/ml calculated from a

standard curve using recombinant IL-6 (gift of
Dr L Aarden, Leuven, the Netherlands).
The medians and interquartile range were

reported. To analyse data between two
independent groups the Mann Whitney U test
was used. Associations between two con-

tinuous variables were calculated by Spear-
mann rank correlations. Stepwise logistic
regression was used to examine correlations
between two independent variables (either
dichotomous or continuous).'7

Results
Forty nine patients had factor VIIIC defi-
ciency and 11 had factor IX deficiency. Fifty
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Figure 2 Haemophilic patients, both HIV-1 antibody
positive and negative, had significantly higher IL-6
concentrations median = 20-5 Unitslml (IQR: 15 5-29)
than controls, median = 10-5 Unitslml (IQR: 9-13 5);
p = 0-0006. There was no difference in IL-6 between
HIV-1 antibody positive, median = 24 Unitslml (IQR:
16-33) and negative, median = 19 Unitslml (IQR:
15-24) haemophilic patients

one patients had factor less than 5 IU/dl, eight
between 5-10 IU/dl, and one more than
10 IU/dl. The median age of the whole group
was 28 years (interquartile range (IQR):
22 5-38).
Nineteen patients were HIV-1 antibody

positive by enzyme linked immunosorbent
assay (EUISA) and western blotting. At the
time studied serum was stored the median
duration of infection was 53 months (IQR:
43-60) and none of the patients had clinical
manifestations of HIV-1 infection. The table
compares HIV-1 antibody positive and neg-
ative patients.

Forty four patients had abnormal liver func-
tion tests (fig 1). In HIV-1 antibody positive
patients 14 had grade 4 liver disease; and one

Comparison of HIV-1 antibody positive and negative patients

HIV-1 status

AU Positive Negatie p Value

Number of patients 60 19 41
Age (years) 28 (22-5-35) 22 (18-35) 29 (22-35) 0-02
Mean annual dose clotting factor (units/annum) 37 738 (13 344-65 112) 78 698 (41 564-88 371) 21 878 (8557-42 224) 0 001
Liver disease grade 3 (2-5) 3 (2-4) 3 (2-5) 0-8
CD4 + cells (cells/mm3) 571 (434-740) 526 (375-648) 588 (456-789) 0-18
CD-8 + cells (cells/mm3) 447 (318-741) 640 (470-883) 355 (242-540) 0 001
IgG (g/1) 13-9 (12-3-18-2) 19 (14-23-3) 13-4 (12-15-6) 0-007
IgA (g/l) 1-8 (1-3-2-4) 1 9 (1-7-2-4) 1-8 (1-5-2-5) 0 5
IgM (g/l) 1-9 (1-1-2 6) 2-5 (1-9-3-2) 1-5 (1-2 3) 0-008
IL-6 (Units/ml) 20-5 (15-5-29) 24 (16-33) 19 (15-24) 0 09

P values calculated for differences in medians between HIV-1 positive and negative haemophilic patients.
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patient had acquired non-A, non-B (NANB)
infection in the previous five years (grade 3).
Three patients had grade 2 and one grade 1
liver disease. Two patients were hepatitis B
surface antigen carriers, both were HIV- 1
antibody positive.
HIV-1 antibody positive patients had used

significantly more clotting factor concentrate
per annum compared with HIV-1 antibody
negative patients (p = 0-0001). There was no
correlation between grade or liver disease and
mean annual dose of clotting factor concen-
trate used (r = 0-3, p = 0-009).
Serum immunoglobulin concentrations are

shown in the table. Serum IgG and IgM
concentrations were significantly higher in
HIV-1 antibody positive patients. There were
no correlations between IgG (r = 0-3;
p = 0-003), IgA (r = 0-05; p = 0-7), IgM
(r = 04; p = 0-004) and liver disease in the
patients studied. The correlations with liver
disease in HIV-1 antibody positive patients
were: IgG, r = 0 3 (p = 0-3); IgA; r = 0 4
(p = 0-1), and IgM, r = 0-07 (p = 0-8). In
HIV-1 antibody negative patients the correla-
tions obtained with liver disease were IgG,
r = 0-3 (p = 0-05), IgA, r = 0-01 (p = 0-5),
and IgM,r= 0-06 (p = 0-7).
To determine the relative contributions of

HIV-1 infection and liver disease a stepwise
logistic regression equation was constructed in
which IgG was the dependent variable and
HIV- 1 infection and severity of liver disease the
independent variables. On both forward and
backward selection, only HIV-1 infection was
retained within the equation (r2 = 0-33), coef-
ficient for HIV-1 = 7, t = 5-8, p = 0-0002.

Haemophilic patients had higher IL-6 con-
centrations than controls. This was indepen-
dent of HIV-1 status (fig 2), although values
did not differ between HIV-1 antibody positive
and negative patients. In HIV-1 antibody
positive patients serum IL-6 concentrations
showed a correlation with serum IgG (r = 0-4;
p = 0-05), but no correlation with serum IgA
(r = 0-02; p = 0-9), IgM (r = 0-1, p = 0-7),
or severity of liver disease (r = 0-3, p = 0-3).
There was no correlation with the CD4 + cell
count in HIV-1 antibody positive patients. In
HIV-1 antibody negative patients no correla-
tions were seen with either immunoglobulin
concentrations, CD4 + cell count, or severity
of liver disease.

Discussion
The results of this study show that haemophilic
patients have increased serum IL-6 concen-
trations; this was independent of HIV-1 status.
The difference between HIV- 1 positive and
negative patients just failed to reach sig-
nificance. This may have been due to the small
numbers of HIV-1 positive patients in this
cohort, or, alternatively, may reflect the rela-
tively short duration of HIV-1 infection at the
time the samples were obtained.

Others have also reported raised concentra-
tions of IL-6 in HIV-1 infection."8 Monocytes
have been shown to be the principal cells
producing IL-6 in peripheral blood.'9 Raised

concentrations, therefore, could be due to
HIV-1 infection of monocytes or the result of
direct stimulation.'8 The raised concentra-
tions of IL-6 explain the shift in the circulating
B cell population in HIV-1 infection to greater
proportions of partially activated and fully
differentiated B cells in HIV-1 infection.20 In
keeping with this we noted a correlation
between IL-6 and serum IgG concentrations.
The finding of raised concentrations in HIV-

1 antibody negative haemophilic patients is in
keeping with previous findings of raised immu-
noglobulin concentrations in haemophilia.
Raised IgG concentrations are indicative of
progressive liver disease,2' but we could not
show a correlation between liver disease and
serum IL-6 concentrations. A better correla-
tion may have been observed if IL-6 had been
measured in the supernatant fluid of cultured
mononuclear cells. In the absence of these
values and histological proof of the severity of
liver disease, no firm conclusions can be
drawn.

In conclusion, the results of this study have
shown that haemophiliacs have increased IL-6
concentrations. This was also the case in both
HIV-1 antibody positive and negative patients,
and there was no difference between these two
groups. One consequence of raised IL-6 con-
centrations in HIV-1 positive patients may be
that acute phase proteins such as C-reactive
protein may be poor indicators of infections.
Furthermore, we noted a correlation between
serum IL-6 and IgG concentrations, but only
in HIV-1 antibody positive patients. The raised
concentrations in HIV-1 antibody negative
patients cannot be entirely explained but may
indicate the presence of underlying chronic
liver disease.

RM is an Arthritis and Rheumatism Council (UK) lec-
turer.This study was supported in part by the Scottish Hospital
Endowments Research Trust.
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