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SUMMARY A nephelometric assay of concanavalin-A binding of serum acute phase proteins
(con-A binding) has been used in cross-sectional and sequential studies of disease activity in
rheumatoid arthritis (RA). Con-A binding correlated well with blood viscosity, C-reactive protein,
and other individual acute phase reactants in patients with active RA. Twenty-four patients were
treated for 6 months with D-penicillamine and assessed clinically and seriologically. Clinical
improvement was accompanied by significant falls in both C-reactive protein and con-A binding,
although the serological changes did not always occur in parallel in individual patients. The
advantages of this simple, cheap assay of acute phase proteins are discussed.

Concanavalin-A (con-A) is a plant lectin isolated
from the jack bean (Concanavalus species). It binds
specifically a-D-glucosyl, a-D-mannosyl, and steri-
cally related structures. Polysaccharides containing
these residues in the terminal position will cross-react
with con-A forming large complexes of low solubility.
Binding is specific and of high affinity, and can be
measured by any technique applicable to antigen-
antibody interactions.' The majority of serum acute
phase reactant proteins are glycoproteins containing
residues which will bind to, and be precipitated by,
con-A. It has recently been shown that con-A binding
can therefore be used as a means of measuring acute
phase proteins in the blood of both man and animals.2
Serum acute phase proteins are widely used to

assess the activity and prognosis of rheumatoid arth-
ritis.3 The sequential changes in serum levels have
also been used as a means of assessing treatment
responses to second line drugs such as gold and
penicillamine.4 C-reactive protein (CRP) has been
most widely used in this context, though the addi-
tion of other acute phase protein measurements
might provide a fuller picture of an inflammatory
disease. Con-A binding appears to reflect changes in
the majority of serum acute phase reactants,
although CRP probably makes no contribution to the
measurement owing to the fact that it is not a glyco-
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protein. CRP and con-A have therefore been
measured alongside conventional clinical and
serological assessments of disease activity in patients
with rheumatoid arthritis (RA) and during treatment
of RA with D-penicillamine.

Materials and methods

Patients with classical or definite rheumatoid arthritis
(ARA criteria 19655) were studied. Con-A binding
was measured with a Hyland laser"nephelometer.'
Acute phase proteins were measured by the rocket
technique of Laurell6 using antisera obtained from
Seward Laboratories, London. Cross-sectional and
sequential studies were carried out.

CROSS-SECTIONAL STUDY
Fifty consecutive patients with RA attending an out-
patient clinic had blood taken for estimation of blood
viscosity, CRP, and con-A binding irrespective of
disease activity or current therapy. The results were
analysed to assess their value as measurements of
disease activity.

SEQUENTIAL STUDIES
Ten patients with active rheumatoid disease had
weekly measurements of blood viscosity, con-A bind-
ing, CRP, haptoglobin, orosomucoid, a,-antitrypsin
and antichymotrypsin for 6 weeks. Results were
graphed individually for each patient to provide an
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estimate of the changes in each parameter and the
correlation between them over a 6-week time period.
Twenty-four patients with active rheumatoid dis-

ease on a stable antiinflammatory regimen started
treatment with D-penicillamine in an initial dose of
125 mg daily, increasing to a maintenance dose of
between 250 mg and 500 mg daily (mean 386 mg per
day) for 6 months. Clinical assessment included pain
(visual analogue scale), Ritchie index, duration of
early morning stiffness, and patient/physician
opinion of response to therapy. Serological meas-
urements included haemoglobin, blood viscosity,
latex titre, IgG and IgM, CRP, and con-A binding.
Clinical and serological measurements were made
immediately before starting therapy, and 2, 4, 6, and
8 months thereafter. Changes in individual meas-
urements before and during therapy were compared
by Student's t test, and correlations between different
measurements were made by the correlation coeffi-
cient.

Results

CROSS-SECTIONAL STUDIES
Table 1 shows the con-A binding recorded in 100
healthy blood donors compared with that of the 50
patients with rheumatoid arthritis. Con-A binding
was significantly higher in patients with rheumatoid
arthritis, although the groups were not age or sex
matched. The Table also shows the correlations be-
tween CRP, con-A, and blood viscosity in
rheumatoid arthritis, all of which were statistically
significant.

Table 1 Concanavalin-A binding and CRP levels in
healthy blood donors and patients with rheumatoid arthritis.
Concanavalin-A binding is expressed as a percentage of a
reference serum pool containing high levels ofglycoproteins

Con-A CRP Correlation
binding coefficient

100 Normal healthy Range: Range:
blood donors 29-63% 0-001 g/l
(age 18-65) (mean 48% +

6 7%)
50 active sero- Range: Range: r = 0-68

positive rheumatoid 44-118% 0-0060-248 g/l p= <0-01
arthritis patients (Mean 71 % + (Mean 0-073 +

16-8%) 0-06)

In the 10 patients who had weekly estimations
con-A binding was shown to correlate well with a
variety of acute phase proteins. In most cases there
was very little variation in the measurements over the
6-week period. One individual example is shown in
Fig. 1. In this case there was a considerable change in
disease activity during the test period, as reflected by
the acute phase protein response, all measurements
including con-A binding showing a similar type and
degree of change.
The 24 patients started on D-penicillamine

therapy had a mean age of 56-2 years (range 42-68)
and a mean disease duration of 7-5 years (range 1-25
years). There were 15 women and 9 men. Four
patients were withdrawn during the 8-month study
because of side effects (2 rash, 1 thrombocytopenia, 1
proteinuria). Data were inadequate on 2 other
patients. The full results were therefore analysed on a
total of 18 subjects. Details of the clinical response

A-CHY CON A
g/L %

2-25 110

2-0 100

1-75 90

1-5 80

1-25 70

1-0 60

0 75 50

Sequential changes in acute phase
proteins without treatment

Fig. 1 Acute phase protein
0*20 7 changes in I patient with

rheumatoid arthritis followed up
weekly for 6 weeks during an

0-16 6 exacerbation of the disease.
(A-CHY- antichymotrypsin;
con-Ae concanavalin-A binding;

0-12 5 CRP- C-reactive protein; HAPT=
haptoglobin).

CRP HAPT
g/L g/L
0-28 9

0-24 8

0-80 4

1 2 3 4 5 6

Weeks
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Table 2 Clinical, haematological, and serological changes
in 18 patients treated for 6 months with D-penicillamine:
mean ± SD

Months

0 6

Pain (10 cm VAS) 5-31 t 2-6 4 06 + 2-9*
Ritchie articular index 14-3 ± 7 9 7 90 + 8-3**
Haemoglobin (g/dl) 10-63 + 1-90 12-09 1-75**
Viscosity (cp) 1-92 + 0-24 1-76 + 0-17***
CRP (g/l) 0-059 + 0-06 0-032 + 0 03**
Con-A(%) 73-4 t 18-3 57-9 + 14-8***
DAT 1 in 240 1 in 80*
IgM 1-50 ± 0-72 1-02 ± 0-50**

DAT = differential agglutination titre of rheumatoid factor.
p = 0 05. "p = <0-02. ***p = <0-005.

Table 3 Correlation coefficients (r) between CRP, plasma
viscosity, and concanavalin-A binding before and after 6
months' treatment with D-penicillamine (18 patients)

Months

0 6

Visc: con-A 0-52 0-64
p = <0-01 p = <0-01

Visc: CRP 0 59 0-69
p = <0-01 p = <0.01

Con-A: CRP 0-62 0-31
p = <0-01 NS

NS = not significant.

Sequential acute phase prteins

CON A

100

90

80

70

60

50

0 1 2 3 4 5 6

Months

Fig. 2 Sequential changes in concanavalin-A binding and
CRP levels in 1 patient on D-penicillamine treatment.

are shown in Table 2. There was a significant
improvement in pain score, Ritchie index, and early
morning stiffness, indicating an overall satisfactory
response to therapy. The changes in laboratory
measurements are also shown in Table 2 and Fig. 2.
There was a statistically significant increase in
haemoglobin and a fall in blood viscosity. After 6
months there was also a significant fall in IgG and
IgM levels and in rheumatoid factor titre, indicating
that the change in disease status expected with
penicillamine was achieved in this group of patients.
There was also a significant fall in both con-A binding
and CRP during the duration of the study (Fig. 2).
However, as shown in Table 3 the correlation be-
tween con-A, CRP, and blood viscosity altered dur-
ing the treatment period. In several patients con-A
binding and CRP changed in different directions; this
is reflected by the decreased correlation coefficient
between the 2 measurements after 6 months' penicil-
lamine therapy.

Discussion

The ability of con-A to give intense precipitation
reactions with human serum proteins has been shown
by Nakamura et al.7 using the Ouchterlony plate
technique and by Harris and Robson8 using immuno-
electrophoresis. More recent work has shown that
con-A binds and precipitates serum glycoproteins,
including haptoglobin, orosomucoid, a,-antitrypsin,
a2-macroglobulin, transferrin, Cl esterase inhibitor,
C3, C4, antichymotrypsin, and caeruloplasmin.9l0
The interaction is similar to that of an antigen-
antibody reaction and therefore can be measured by
any precipitin technique."' As most of the glyco-
proteins mentioned are acute phase proteins, con-A
binding provides a means of assessing acute phase
protein responses. It is a simple, cheap, and easy
measurement that can be carried out in a variety of
ways on fresh and stored blood. The nephelometric
estimation of con-A binding proteins has been previ-
ously shown to correlate well with changes in other
acute phase proteins in a variety of diseases.' 212 The
present study was designed to investigate con-A bind-
ing as a measurement of acute phase reactants in
rheumatoid arthritis, both as an index of disease
activity at a single time point and as an assessment of
response to drug therapy in a trial of D-penicillamine.
McConkey et al.3 studied the use of serum acute

phase proteins in a measurement of disease activity in
RA. These authors have suggested that these pro-
teins, and CRP in particular, are not only an impor-
tant and useful index of inflammatory activity but
also aid the prognosis of progressive destructive dis-
ease. Levels did not change on treatment with non-

steroidal anti-inflammatory drugs'3 but are lowered
during treatment with second line drug therapy,

D - PENICILLAMINE
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including gold, penicillamine, dapsone, and sulphin-
pyrazone.4 1 Changes in acute phase reactants may
therefore be a useful measurement of drug responses
in rheumatoid disease.
The results of the present study showed that con-A

binding is significantly higher in patients with
rheumatoid arthritis than in normal persons, and
there was a significant correlation between CRP and
con-A binding in a cross-sectional study. This result
was expected in view of the known ability of con-A to
react with many of the acute phase reactants. Previ-
ous studies have also shown good correlations be-
tween con-A binding and other acute phase proteins
in inflamnmatory diseases in man, including RA.1212
Sequential studies of a range of acute phase proteins
and of con-A binding were carried out to assess varia-
tion from week to week in the absence of alterations
in treatment. These studies showed a good correla-
tion between all measurements, and in a majority of
the patients similar levels were recorded on each of
the 6-week estimations, suggesting that con-A bind-
ing is providing a simple and reproducible measure-
ment of the serum acute phase response in patients
with RA.
The change in clinical and laboratory indices of

disease activity in the 18 patients treated for 8
months with D-penicillamine showed the expected
response with 'second line' drugs. The improvement
in pain, joint tenderness, and morning stiffness was
accompanied by improvement in haemoglobin, a
drop in viscosity, and decrease in immunoglobulin
and rheumatoid factor titres, as has been described
previously with D-penicillamine. The clinical
improvement was accompanied by significant
decreases in con-A binding. The fall in CRP levels
was similar to that reported by McConkey et al. on
penicillamine therapy.4 However, changes in con-A
binding and CRP did not always move in parallel;
some patients showed improvement in CRP levels
and not con-A, and vice-versa. This was reflected by a
marked drop in the correlation coefficient between
the 2 measurements after treatment with
D7penicillamine. The numbers of patients in the
study do not permit meaningful comparisons of indi-
vidual subgroups of patients, and do not suggest that
one estimation can be considered to be better than
another. However, the results do suggest that the
response to drugs such as D-penicillamine may be
reflected by different changes in disease activity in
different patients, and this might reflect a different
final outcome of inflammation, joint damage, or
extra-articular features of the disease. Long term
follow-up studies of large numbers of patients are
under way to investigate this further.
Con-A binding was shown to be an effective,

reproducible measurement of the acute phase reac-

tion in rheumatoid arthritis. It has the advantage of
being a simple, cheap, and easy measurement that
can be carried out on fresh and stored blood by a
number of highly reproducible techniques, including
nephelometry. The fact that changes in con-A do not
always parallel those in CRP during treatment with
penicillamine suggests that it may be a useful addi-
tional measurement to assess treatment responses
and disease outcome in rheumatoid arthritis. Long
term follow-up studies with con-A binding and CRP
are recommended in the assessment of this disease,
particularly in view of the possible correlation be-
tween acute phase responses and radiological
progression.15
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