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Effects of coagulation temperature on measurements
of complement function in serum samples from
patients with systemic lupus erythematosus

G Baatrup, G Sturfelt, A Junker, S-E Svehag

Abstract
Blood samples from 15 patients with systemic
lupus erythematosus (SLE) and 15 healthy
blood donors were aliowed to coagulate for
one hour at room temperature, foilowed by
one hour at 4 or 37°C. The complement
activity of the serum samples was assessed by
three different functional assays. Serum
samples from patients with SLE obtained by
coagulation at 37°C had a lower complement
activity than serum samples from blood
coagulated at 4°C when the capacity of the
serum samples to solubilise precipitable
immune complexes and to support the attach-
ment of complement factors to solid phase
immune complexes was determined. Haemo-
lytic complement activity was not affected by
the coagulation temperature. The content of
Clq binding immune complexes in paired
serum samples obtained after coagulation at
4 and 37°C was similar and the size distribution
of the immune complexes, determined by
high performance gel permeation chromato-
graphy, was also similar.
This study shows that the results of func-

tional complement assays, applied to serum
samples from patients with SLE cannot
be compared unless the conditions for blood
coagulation and serum handling are defined
and are the same. The data also indicate that
assays measuring complement mediated
solubilisation of immune complexes and the
fixation of complement factors to solid phase
immune complexes are more sensitive indi-
cators of complement activity than the
haemolytic assay.

(Ann Rheum Dis 1992; 51: 892-897)

Hypercatabolism of complement factors in
systemic lupus erythematosus (SLE) has been
known to occur for many years. The continuous
activation of complement in serum samples
from patients with SLE is thought to be due to
the production of complement activating
immune complexes. -5 In earlier investigations,
complement activity or activation was deter-
mined by haemolytic assays or measurements
of native complement factors or their activation
products. Measurements of total complement
factor levels-for example, C3-provide limited
information about the functional state of the
complement system, however, which is deter-
mined by the relative concentrations and
complex interactions of complement factors and
complement regulator proteins. It has previously
been reported6 7 that neither C3 nor C4 concen-

trations correlate with the results of functional
complement assays. Thus functional assays
cannot be replaced by measurements of native
complement factors or their degradation
products.
The assay used in the routine clinical deter-

mination of complement function is still the
haemolytic complement (CH50) assay, either in
its original form, or with some modifications.
The CH50 assay is insensitive, but useful for
screening for homozygous complement defects.
An alternative functional assay measuring

complement mediated solubilisation of immune
complexes was introduced by Miller and
Nussenzweig in 1975.8 Although the sensitivity
of this assay has not been critically compared
with that of the haemolytic assay, it has been
suggested that the complement mediated solu-
bilisation assay is a more sensitive and relevant
indicator of complement function. The
complement mediated solubilisation assay is,
however, difficult to standardise, and it has not
replaced the haemolytic assay in routine clinical
work.
We have developed a functional complement

assay, the complement fixation enzyme linked
immunosorbent assay (ELISA).9 It determines
the capacity of a serum sample to support the
incorporation of the complement factors C3,
C4, and properdin into solid phase immune
complexes. Earlier work has indicated that this
assay has a satisfactory sensitivity, and that the
results obtained correlate with disease activity
and severity of clinical manifestations in SLE.9
The standardisation of this assay (e.g. the
influence of temperature), as well as the
mechanism of the reaction, has been reported
previously. 10

When the complement fixation ELISA was
used in clinical investigations we noted that the
temperature of blood coagulation influenced the
test results. We therefore began a systematic
study of this phenomenon using three different
functional complement assays.
The aim of this work was to examine the

influence of the coagulation temperature on the
residual complement activity of serum samples
from patients with SLE, as measured in the
complement fixation ELISA, the complement
mediated solubilisation assay, and the CH50
assay. We also studied whether the size distri-
bution of the immune complexes differed in
serum samples from blood coagulated at 4 and
370C.
The discriminatory power of the three

functional complement assays in investigations
of serum samples from patients with SLE was
compared.
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Patients and methods
PATIENTS AND CONTROL SUBJECTS
The study included 15 patients (three men, 12
women, aged 23-57 years, mean 42 years) who
fulfilled at least four American Rheumatism
Association classification criteria for the
diagnosis of SLE." The patients were taking
part in a standardised control programme at
the department of rheumatology, University
Hospital of Lund. The serum samples were
obtained from five patients with only mild flares
of the disease requiring a prednisolone dose of
less than or equal to 20 mg/day, five patients
with major flares requiring admission to
hospital and prednisolone doses greater than 20
mg/day, but with no evidence of renal or central
nervous system disease, and five patients with
major flares including renal or central nervous
system disease, or both. Further details are
given by Baatrup et al.9 Fifteen apparently
healthy blood donors (seven men, eight women,
aged 20-66 years, mean 44 years) were included
as control subjects.

SERUM SAMPLES
Blood was collected into two tubes after vene-
puncture. Clotting was allowed to proceed for
one hour at room temperature, followed by
either one hour at 4°C or 37°C. The blood was
separated after centrifugation, and the serum
sample was frozen in small aliquots at -60°C.

ANTIBODY PREPARATIONS
Antibodies against bovine serum albumin were
prepared in rabbits. The IgG fraction was
isolated by ammonium sulphate precipitation
and ion exchange chromatography. The IgG
was passed through a human serum albumin
colunm to remove cross reacting antibodies.5
Rabbit antibodies to C3, C4, and human IgG
were from Dako (Glostrup, Denmark). Goat
antihuman IgG antibody was from Sigma (St
Louis, MO, USA).

REAGENTS
The following reagents were used: human
serum albumin, lyophilised (Behringwerke,
Marburg, Germany); normal rabbit IgG (Dako);
bovine serum albumin Cohn fraction V,
ethylenediaminetetraacetic acid (EDTA) as the
tetrasodium salt and free acid, ethyleneglycolbis
(13-aminoethyl ester) N,N'-tetraacetic acid
(EGTA), and triethylenetetraaminohexaacetic
acid (TTHA) from Sigma; MgCI2 (art. 5832),
avidine alkaline phosphatase, Tween 20 (art.
82218), diethanolamine (art. 803116) from
Merck (Darmstadt, Germany); 4-nitrophenyl-
phosphate, disodium salt, from Boehringer
Mannheim (Mannheim, Germany).

BUFFERS AND SOLUTIONS
The following buffers and solutions were used:
phosphate buffered saline (PBS) (8-9 mM
KH2PO4, 27-8 mM NaH2PO4, 111 mM NaCl,
pH 7-4); PBS2+ (PBS with 0 15 mM CaC12 and
0-5 mM MgCl2, pH 7-4); EDTA-PBS (PBS

with 10 mM buffered EDTA); diethanolamine
buffer (9-7% v/v diethanolamine, 3 mM NaN3,
pH 9-6); phosphate buffer (20 mM); (3 5 mM
KH2PO4, pH 8-0); veronal buffer (70 mM
TRIS, 24 mM 5,5-diethylbarbituric acid, 0-03
mM Ca2+, 0-1% NaN3, pH 8-6).

COMPLEMENT MEDIATED SOLUBILISATION OF
IMMUNE COMPLEXES
This assay'2 determines the capacity of serum
complement to solubilise preformed, preci-
pitable immune complexes. Briefly, radio-
labelled immune complexes of bovine serum
albumin and antibodies to bovine serum albumin
were prepared in PBS at the point of maximum
precipitation. Test serum samples were diluted
two fold in 0 5 mM Mg2" and 0 15 mM Ca2+
solutions containing PBS buffer, and 450 p1 was
incubated at 37°C for 90 minutes with 5-2 [ig
immune complexes. Samples of 200 l were
transferred to 2-8 ml PBS with 10 mM EDTA
on ice. The sample was centrifuged (3000 g for
10 minutes), and the percentage of radioactivity
(measured in counts/minute) released into the
supernatant was determined. All serum samples
were tested in duplicate. The coefficient of
variation was less than or equal to 11%.

COMPLEMENT FIXATION ELISA
The assay9 measures the capacity of serum
samples to incorporate the complement factors
C3, C4, and properdin into solid phase com-
plexes of bovine serum albumin and antibodies
to bovine serum albumin.

Polystyrene microplates (Nunc Immunoplates
II, 96F, Nunc, Kamstrup, Denmark) were
coated with heat aggregated bovine serum
albumin, washed, incubated with rabbit anti-
bodies to bovine serum albumin, and washed
again. The test was performed at 37°C with
prewarmed reagents. Serum was added at
dilutions of 1:128 for C3 and C4 measurements
and 1:32 for properdin measurements in Mg2+
and Ca2+ solutions containing PBS for 20
minutes. The reaction was stopped by the
addition of ice cold PBS with 10 mM EDTA.
The plate was washed and incubated with biotin
labelled F(ab)2 fragments of antibodies to C3,
C4, or properdin at appropriate dilutions. The
wells were washed and avidin alkaline phos-
phatase was added at 25 ng/ml. After incubation,
the wells were washed and p-nitrophenyl
phosphate was added in 10 mg/ml diethanol-
amine buffer. The plate was incubated in the
dark at 37°C and the absorbance was recorded at
405 nm. A standard curve was obtained in each
test run from a dilution series of a reference
serum sample kept at -60°C in small aliquots.
The results are given as the mean of duplicates.
The coefficient of variation was 3-1% for C3,
<3-2% for C4, and -4-8% for properdin.

HAEMOLYTIC COMPLEMENT ASSAY
The haemolytic activity of serum complement
was determined as described by Mayer. 3 Sheep
erythrocytes were washed and sensitised with
Ambozeptor 6000 (Behringwerke). Diluted test
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serum samples were added in duplicate and the
samples incubated at 37°C for 30 minutes.
Reference serum samples were included in the
dilution series. The absorbance at 545 nm was
recorded and the values were converted to
absorbance units by reference to a standard
curve obtained from the reference dilution
series.

IMMUNE COMPLEX ASSAY
A modification of the Clq protein A binding
assay,'4 using a biotin-avidin system instead of
alkaline phosphatase labelled protein A, was
used to estimate the amount of immune com-
plexes in the serum samples. Test serum samples,
standards, and control samples (200 1d) were
added to microwells coated with human Clq
(2 ,tl/ml) and the wells were incubated for two
hours at 22°C. The plates were further incubated
with biotin labelled protein A and developed
with avidin-alkaline phosphatase and p-nitro-
phenyl phosphate. The coefficient of variation
was -7-5%.

HIGH PERFORMANCE GEL PERMEATION
CHROMATOGRAPHY
Serum samples were centrifuged at 1 x 104 g for
five minutes and 20 1d was injected into the
sample loop. The sample was pumped through
a precolumn (7 5 x 75 mm) and a size separation
column (7 5x300 mm; TSK 4000 SW, Toyo
Soda, Japan) at a rate of 1 ml/min. The fractions
(250 tl) were collected in microplates coated
with antihuman y chain antibody. Standard
dilutions of human IgG were applied to the last
two rows of the plate. After incubation and
washing, the plates were developed with biotin
labelled goat antihuman IgG antibody, avidin-
alkaline phosphatase, and p-nitrophenyl
phosphate.

STATISTICAL ANALYSIS
Differences in results obtained with serum
coagulated at 37 and 4°C were analysed with the
Wilcoxon matched pairs signed rank test.

Results
COMPLEMENT ACTIVITY IN SERUM SAMPLES FROM
PATIENTS WITH SLE AFTER COAGULATION AT
4 AND 370C
Serum samples from 15 patients with SLE
obtained by coagulation of the blood at 4 and
37°C (see under Methods) were investigated for
complement activity in three different functional
assays.

COMPLEMENT MEDIATED SOLUBILISATION ASSAY
The solubilisation capacity of serum samples
obtained by coagulation of the blood at 4°C
exceeded that of serum samples from blood
coagulated at 37°C (p=0007) (fig IA). The
mean value for all measurements in serum
samples obtained by coagulation at 4°C was
67%, and for serum samples coagulated at 370C,
56%. The mean difference between values

obtained from the same blood sample but
coagulated at 4 and 37°C was 9-2%.

Blood samples from 15 blood donors were
collected under identical conditions, coagulated
at 4 and 37°C, and investigated for complement
mediated solubilisation capacity. The mean
difference between paired samples was 6-4%. In
six serum samples, the higher values were
obtained in serum samples obtained by coagu-
lation at 37°C, in seven donor serum samples
from blood coagulated at 4°C, and in two
samples there was no difference. Comparing all
paired serum samples, the difference was not
significant. The reference range for the comple-
ment mediated solubilisation capacity of serum
samples obtained by coagulation at 4°C was
72-91% counts/min release.

COMPLEMENT FIXATION ELISA
In the complement fixation ELISA, the amount
of C3 attached to the solid phase immune
complexes was clearly reduced when the blood
was coagulated at 37°C compared with 4°C (fig
iB). The difference was most pronounced in
serum samples from patients with a high C3
fixing capacity of the 4°C sample. The mean
value for all serum samples from patients with
SLE coagulated at 4°C was 67%, and 33% at
37°C. The mean difference in the C3 fixation
ELISA for the paired samples was 34-5%
(p=0007). Samples coagulated at 4°C from
seven patients with SLE were within the
reference range, whereas six of these gave values
below the reference range when the blood was
coagulated at 37°C. Serum samples from 15
blood donors showed no significant difference
between samples obtained by coagulation of the
blood at 4 and 37°C respectively. The mean
difference was 6x2%.

Testing of the paired samples in the C4
fixation ELISA also showed the higher capacity
of serum samples from blood coagulated at 4°C
(fig IC). The difference was greatest for the
serum samples showing high C4 binding in the
4°C samples. The mean C4 binding to solid
phase immune complexes in serum samples
from blood coagulated at 4 and 37°C was 67 and
53% respectively. The mean difference between
paired samples was 17-6% (p=00054).
Serum samples from blood donors, prepared

and tested as just described, showed no signi-
ficant difference between those obtained by
coagulation at 4 and 37°C.
The capacity to incorporate properdin into

solid phase immune complexes was also reduced
in serum samples from patients with SLE
obtained by coagulation of the blood at 370C,
compared with coagulation at 4°C, especially for
serum samples with high activity in the 4°C
samples (fig ID). The mean values were 53% at
4°C and 31% at 37°C. The mean difference
between paired samples was 22% (p=0-0021).
Normal donor serum samples obtained by

coagulation at 4 and 37°C showed no significant
difference in properdin binding to solid phase
immune complexes.

CH50 ASSAY
Complement activity was also measured by the
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conventional haemolytic complement assay,
CH50. Figure IE shows the results obtained
with serum samples from the 15 patients. The
difference in haemolytic capacity of serum
samples obtained by coagulation of the blood at
4 and 37°C was not significant. The mean values
were 0 70 for the 4°C samples and 0-72 for the
37°C samples.
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C1Q BINDING IMMUNE COMPLEXES IN SERUM
SAMPLES FROM PATIENTS WITH SLE FROM BLOOD
COAGULATED AT 4 AND 370C
The serum samples from patients with SLE
obtained from blood coagulated at 4 and 37°C
were investigated for their content of Clq
binding immune complexes (fig 2). The serum
samples were applied to wells coated with Clq
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Figure I Complement measurements in 15 serum samples from patients with systemic lupus ervthematosus obtained by
coagulation ofthe blood at 4 and 37°C, by threefunctional assays. (A) Complement mediated solubilisation ofimmune
complexes. The capacity of the serum samples to solubilise precipitable immune complexes ofbovine serum albumin and
antibodies to bovine serum albumin labelled with iodine-125 was examined. Incubation with immune complexes was at 37°C
for 90 minutes and the complement mediated solubilisation was determined as the percentage radioactivity (as countslmmn)
released to the supernatant after centrifugation. The results given in this and the jollowing figures are the means ofduplicate
determinations. (B, C, and D) Complement fixation to solid phase immune complexes. Microplates were coated with heat
aggregated bovine serum albumin and incubated with rabbit antibodies to bovine serum albumin. Serum samples diluted 1:128
for C3 and C4 and 1:32 for properdin determinations in Mg ' and Ca'2 solutions containing phosphate buffered saline were
added to the wells. After incubation for 20 minutes the plate was developed with biotin labelled F(ab)2 fragments ofantibodies
to C3 (B), C4 (C), or properdin (D), followed by avidin-alkaline phosphatase and p-nitrophenvl phosphate. (E) Haemolvtic
activity (CH5,). Washed sheep erythrocytes sensitised with ambozeptor were incubated with the test serum samples diluted in
veronal buffer at 37°C. The haemolysis was quantitated by reference to a standard curie obtainedfrom a dilution series of
standard serum samples. AU=absorbance units.
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Figure 2 Measurement ofClq binding immune complexes
in serum samplesfrom patients with systemic lupus
erythematosus obtained by coagulation ofthe blood at 4 and
37°C. Serum samples diluted in EDTA containing NaCl-
Tween-human serum albumin solution, and added to
microwells coated with human Clq. Bound immune
complexes were detected by biotin labelled protein A,
avidin-alkaline phosphatase, and p-nitrophenyl phosphate.
Standard serum samples containing various amounts
ofpreformed immune complexes were included.
A U=absorbance units.

and the plates (after incubation and washing)
were developed with labelled protein A (see
under Methods). The mean value obtained with
4°C serum samples was 59 absorbance units and
with 37°C serum samples 56 absorbance units.

SIZE DISTRIBUTION OF IMMUNE COMPLEXES
IN SERUM SAMPLES FROM PATIENTS WITH SLE
FROM BLOOD COAGULATED AT 4 AND 37 C

Paired serum samples from six patients with
SLE were investigated by high performance gel
permeation chromatography. The presence of
high molecular weight IgG was evident in all
12 serum samples investigated. There was,

however, no clear difference in the distribution
pattern of the high molecular weight IgG
between the serum samples obtained by coagu-
lation of blood at 4 and 370C. Figure 3B shows
typical results obtained with the paired serum

samples from one patient with SLE. Serum
samples obtained by coagulation of donor blood
at 4 and 37°C contained almost no high mole-
cular weight IgG, and no difference between
the size distribution of the IgG in the 4 and the
37°C samples was seen (fig 3A).

Discussion
The handling of blood and serum samples
during sampling procedures may influence
complement measurements in vitro. This in-
vestigation shows that the complement activity
measured in serum samples is clearly influenced
by the temperature used when the blood is
coagulated. The activity measured in the
complement mediated solubilisation assay and
the complement fixation ELISA was markedly
reduced for serum samples obtained by coagu-

IgG

6 8 10

Elution volume (ml)

Figure 3 High performance gel permeation chromatography
ofthe size distribution ofimmune complexes in serum samples
from patients with systemic lupus erythematosus (SLE)
obtained by coagulation ofblood at 4 and 37°C. Serum
samples centrifugedforfive minutes at lo" g were passed
through a size separation column (7 5x300 mm) at I mllmin
andfractions of250 Il were collected in microplate wells
coated with antibodies to IgG. Standard dilutions ofIgG
were applied to the last two rows ofthe plate. The plate was
developed with biotinylated antibodies to IgG, avidin-
alkaline phosphatase and p-nitrophenyl phosphate. (A)
Results obtained with normal donor serum (NHS) after
coagulation at 4°C (0), and 37°C ([), and (B) with serum

from patients with SLE after coagulation at 4°C (0) and
37-C (L).

lation of the blood for one hour at room

temperature followed by one hour at 37°C
compared with one hour at room temperature
followed by one hour at 4°C. This was especi-
ally true for the serum samples from patients
with SLE which showed a high functional
complement activity when obtained from blood
coagulated at 4°C. The coagulation temperature
influenced the function of the classical (C4
fixation) and the alternative pathway (properdin
fixation and complement mediated solubili-
sation) of complement. The results of the
haemolytic complement assay were not affected
by the coagulation temperature, either because
other factors are limiting in this assay, which
also involves C5-9, or due to the lower sensitivity
of the assay. The latter is supported by the
finding that in the serum samples from patients

10

E
0
c

(9
cm
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with SLE coagulated at 4°C as many as 13 of 15
patients had CH50 values within the normal
range. In the complement mediated solubi-
lisation assay nine of 15 patients had values
within the normal range, and for the complement
fixation ELISA the results were seven (C3),
seven (C4), and one (properdin) of 15, indicating
the higher discriminative power of the comple-
ment fixation assay. The reduced complement
activity in the complement mediated solubi-
lisation and the complement fixation assays

using serum samples from patients with SLE
from blood coagulated at 37°C may be due to
complement activation and consumption by
immune complexes in the serum samples. Also,
coagulation of blood at 40C might lead to
cryoprecipitation of some of the immune
complexes. This latter explanation is less likely,
however, as the paired serum samples from
blood coagulated at the two different tempera-
tures showed no significant difference in the
content or size distribution of immune com-

plexes.
It has been indicated earlier that serum

samples from patients with SLE with a high
content of immune complexes and a low
complement function, contained immune
complexes which could be reduced in size
(solubilised) by incubation of the serum sample
with a donor serum sample with normal
complement activity.5 From this study, it
appears that the endogenous immune complexes
of serum samples from patients with SLE were

not further solubilised by endogenous comple-
ment simply by coagulating the blood at 370C.
This may be due to reduced concentrations of
one or more limiting factors within the comple-
ment system of serum samples from patients
with SLE, which also explains the presence of
incompletely solubilised immune complexes in
these serum samples. The presence in serum

samples from patients with SLE of complement
inhibitors different from immune complexes
has also been described.'5 The observed
solubilisation of immune complexes in serum

samples from patients with SLE by the addition
of normal serum may be due to the dilution of
such inhibitors or restitution of the complement
function, or both.
Our knowledge of factors influencing the

activation of complement in whole blood is
incomplete, and this activation may, forexample,
be due to cell associated regulator proteins,
differing in certain aspects from complement
activation in serum samples. The most likely
explanation for the reduced serum complement
activity observed in the two functional in vitro

complement assays following coagulation of
blood from patients with SLE at 37°C would
seem to be immune complex induced comple-
ment activation and consumption ofcomplement
factors, which are critical for the incorporation
of C3, C4, and properdin into precipitable or
solid phase immune complexes. Complement
function can only be evaluated by the use of
functional complement assays, and not by
measuring theproducts ofcomplement activation
in serum or plasma. These results emphasise the
importance of standardising the handling of
patient serum samples used in functional
complement assays.

The sheep antiproperdin antibody was kindly provided by Dr
R B Sim, MRC Immunochemistry Unit, Department of
Biochemistry, Oxford University, Oxford, United Kingdom.
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