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Different mode of circulating immune
complexes and anti-ssDNA antibodies in
sera of lepromatous leprosy and
systemic lupus erythematosus
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Summary Circulating immune complexes (CIC) and anti-ssDNA antibody were
detected in sera of the patients with lepromatous leprosy (LL) and systemic lupus
erythematosus (SLE). There was a markedly quantitative difference in the level of
CIC and anti-ssDNA antibody between LL and SLE. Quantitative correlation
study showed a lack of association between these 2 serological tests in LL but a
significant association in SLE. In addition, ssDNA was not demonstrable in CIC
of LL.
These findings suggest that the mode of the appearance of these serological
abnormalities in LL was completely different from that in autoimmune disease
like SLE and might be the result of polycIonal B cell activation, whose causative
factors seemed to be different from those of SLE.

Introduction

It is well known that circulating immune complexes (CIC) and some auto-antibo
dies are demonstrated in sera of patients with lepromatous leprosy (LL) . 1 , 2 These
serological abnormalities are also frequently found in systemic lupus erythema
tosus (SLE) and have diagnostic value. We have reported the presence ofCIC and
anti single-stranded (ss)DNA antibody in sera of patients with LL.3, 4 Of special
interest is whether or not LL belongs to the spectrum of autoimmune disease and
another interesting point is what kinds of antigen are involved in CIC of LL and
SLE.
t Correspondence: Fukumi Furukawa, Department of Pathology, Faculty of Medicine,
Kyoto University, Sakyo, Kyoto 606, Japan.
0305-75 1 8/84/05 529 1 + 09 SO 1 .00

© British Leprosy Review Association

29 1

-

292

F Furukawa et al .

In this report we designed the comparative analysis of mode of the appearance
of CIC and anti-ssDNA antibody in patients with LL and discussed the difference
of serological abnormalities in LL compared with SLE.

Material and method

Serum samples obtained from 53 patients with LL, which was diagnosed
according to the criteria of Ridley-J opling classification,5 were studied. Their age
ranged from 20 to 76 years. Clinical stage was divided into 2 groups, that is, active
stage and inactive stage according to the criteria of Japanese leprosy committee . 6
The patient number of each group was 2 1 and 32 respectively . All patients were
under the treatment of anti-leprosy agents but without corticosteroids. Patients
with systemic infectious disease, cancer, liver disease and autoimmune disease
were excluded from the protocol.
Serum sample was collected from 61 patients with SLE who visited the
Departments of Internal Medicine and Dermatology, Kyoto University Hospi
tal . These patients satisfied the diagnostic criteria of the American Rheumatism
Association for SLE.7 Their age ranged from 8 to 45 years. Activity of SLE was
judged by the presence of at least 2 of the following items: ( 1 ) facial erythema; (2)
arthralgia; (3) Raynaud' s phenomenon; (4) unexplained fever; (5) central nerve
abnormalities; (6) serositis; (7) onset of edema; (8) hypertension; (9) LE cells; ( 1 0)
leukopenia; and ( 1 1 ) proteinuria . Twenty-five serum samples as control were
obtained from healthy individuals whose age ranged from 25 to 79 years. All sera
were stored at - 80°C until use.
CIC were detected by C l q solid phase assay which was performed as a
modification of the method of Hay, Nineham & Roitt. 8 Briefly, removal
micro titer wells (Cooke, USA) were coated with 1 00 /11 of C l q solution at a
concentration of 1 0 /1g/ml at 4°C for 20 h, and further incubated with 1 %
BSA-PBS . Twenty /11 o f test sample was incubated with 80 /11 0 · 2M-EDTA-2Na
(pH 7 -4) at 37°C for 30 min . To these mixtures, 500 /11 of O'05%-Tween 20-PBS
was added; 1 00 /11 of this mixture was transferred to the C 1 q coated well in
duplicate, and incubated at 37°C for 1 h and 4°C for 30 min . After washing 3
times, each well was incubated with 1 00 /11 of 1 25I-protein A at 37°C for 2 h .
After washing 3 times, radioactivity was counted . According t o our previous
report,3 levels and cut-off point were determined and statistical analysis was
made.
When the effects of ssDNA on CIC were determined, 1 00 /11 of ssDNA
solution was added before incubation with 1 25I-protein A. The ssDNA was
prepared by heating calf thymus DNA (Worthington Diagnostics, USA) at
1 00°C for 1 0 min, then immediately cooling in an ice bath. The ssDNA was
diluted with 1 mM EDT A-PBS (pH 7 - 4) at varying concentrations ( 1 0
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I1g/ml- 1 mg/ml) . The results of inhibition were expressed as per cent inhibition of
C 1 q binding activity, calculated as follows :
.
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cpm ill the absence of ssDNA - background

)

x
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The background represents the cpm of the wells without C 1 q solution.
Modified Farr assay9 was employed for the detection of anti-ssDNA antibody
in sera, which was described recently.4 Briefly, the reaction mixture (200 Ill)
contained 5 111 of heat-inactivated test serum and 5 ng of heat-denatured
1 25 1-ssDNA (calf thymus) in borate buffer. The mixture was incubated at 37°C for
1 h and then at 4°C for 1 6 h . Precipitation was made by saturated ammonium
sulfate. The amount of anti-ssDNA titers higher than 2 standard deviation values
from the mean level of healthy subjects were regarded as positive ( > 1 5%) .
Statistically, student's t-test, Chi-square test and Spearman rank correlation
analysis were used in this study . A P value of more than 0·05 was considered not
significant.

Results

Table 1 shows the incidence and mean level of CIC in patients with LL and SLE.
CIC were demonstrated in 14 patients (66, 7%) with active LL, in 12 patients
(3 8 ' 7%) with inactive LL, in 26 patients (8 3 , 9%) with active SLE and in 1 0
patients (33 ' 3%) with inactive SLE. The mean level o f crc is 1 1 · 2 I1g/ml, 6-4
I1g/ml, 62 ' l l1g/ml and 1 4' 6 I1g/ml respectively. Mean level of active SLE and LL is
significantly high, compared with the control values described in Table 1 . There is
a significant difference between active LL and inactive LL (0'02 < P < 0'05).
Active SLE has significantly high level of CIC, compared with the level in active
LL (P < 0'00 1 ). However, statistical analysis shows no difference between inactive
LL and inactive SLE.
Table 1 .

Patients
LL

CIC in patients with LL and S L E

Stage
Active
Inactive
Active
Inactive

SLE
Control

N o . No. positive Mean level (SD)*
case
(%)
of CIC (J.lg/ml)
21
31
31
30
25

14
12
26
10

(66' 7)
(38,7)
(83·9)
(33,3)
I (4,0)

1 1 ·2
6·4
62· 1
1 4· 6
4·6

(8'3)
(6, 1 )
(60·8)
(26 ,9)
(2-6)

P valuet
P < O ' OO I

not significant

P < O ' OO I

not significant

* SD means standard deviation.
t Results of student's t-test, compared with the CIC level of control.
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Table 2 shows the incidence and mean level of anti-ssDNA antibody in
patients with LL and SLE. Anti-ssDNA antibody was demonstrated in 4 patients
( 1 9 ,0%) with active LL, in 7 patients (20, 6%) with inactive LL, in 30 patients
( 1 00%) with active SLE and in 22 patients (73 , 3%) with inactive SLE. The mean
binding activity is 1 l ·8%, 1 2 ' 2%, 69 ' 2% and 29 · 5% respectively. As shown in
Table 2, there is no significant difference between active LL and control but
significantly high activity of binding is demonstrated in inactive LL, active SLE
and inactive SLE. In both active and inactive stage, SLE has significantly high
activity of binding compared with LL (P < 0 · 00 I ) .
We examined whether the amount o f CIC was correlated with the levels of
anti-ssDNA antibodies in sera with positive CIC. As shown in Figure 1 , there is
Table 2.

Patients

Anti-ssDNA antibody in LL and SLE

No. No. positive Mean level (SD)*
of ssDNA Ab (%)
(%)
case

Stage
Active
Inactive
Active
Inactive

LL
SLE
Control

4
7
30
22
4

21
32
30
30
25

( 1 9'9)
(20,6)
( 1 00'0)
(73 - 3)
( 1 6-0)

1 1 ·8
1 2· 2
69 - 2
29- 5
9- \

(7-6)
(6-4)
( 1 2 - 6)
( 1 9 - 9)
(2-9)

P valuet

not significant
0·02 < P < 0·05

P < O-OO \

P < O - OO I

* SD means standard deviation.
t Results of student's t-test, compared with the normal control.
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A lack of quantitative association between crc and anti-ssDNA antibody in patients with
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no significant association between these two serological abnormalities in LL by
Spearman rank correlation analysis (rs = - 0'023, P: not significant) .
However, the significant association was found between them in SLE (rs = 0 ' 56,
P < O'O I ) (Fig. 2) .
For the next step, we examined the effects of ssDNA on the levels of C 1 q
binding activity. Preliminary, the pooled sera were obtained from LL, SLE and
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Figure 2.

normal healthy (NHS) control and the inhibition tests were made. Fig. 3 showed
that the reduction of C l q binding activity was demonstrated by addition of
ssDNA solution . In healthy control, per cent inhibition at any concentration of
ssDNA solution showed similar ratio but, in SLE and LL, it increased with the
concentration and reached the maximum at the concentration of 1 00 jlg/ml.
Therefore, 1 00 jlg/ml was the optimal dose for this inhibition assay. We selected 8
serum samples from LL who showed positive level of CIC and also selected
randomly 1 0 and 20 serum samples from SLE and healthy controls, respectively.
The results of inhibition tests were shown in Fig. 4 . Inhibition ratio was similarly
low in LL and healthy controls (0·2 < P < 0 · 3 ; not significant) but inhibition ratio
of SLE was significantly high compared with the results of LL (P < 0 , 00 1 ) .
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Figure 3.

Dissociation of CIC in pooled sera by ssDNA solution. (_) systemic lupus erythematosus,

(D) lepromatous leprosy, (0) normal human serum (NHS).

Discussion

Patients with LL show abnormalities of humoral immunity and cellular
immunity. 1 0 The disturbance of humoral immunity in LL is characterized by the
appearance of CIC," autoantibodies ' 2 and variations in the levels of serum
immunoglobulins. ' 3 Recently we investigated the incidence ofCIC and anti-DNA
antibodies in sera of patients with LL and demonstrated the presence of CIC and
anti-ssDNA antibody and relative absence of anti double-stranded DNA
antibody.4 Similar immunological disorders are also found in sera of patients with
SLE.
Of special interest is whether or not the serological mode of the appearance of
CIC and autoantibodies in LL has the similarity to those found in SLE. In 1 98 1
Nuti et al. ' examined CIC and autoantibodies in sera of patients with LL and
found the significant correlations between CIC level and the appearance of
autoantibodies. H owever, Malaviya et al. ' 4 studied the immunoglobulin levels,
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Figure 4 .

autoantibodies, hepatitis-associated antigens and C-reactive protein in sera of
patients with LL and concluded that the presence of autoantibodies in leprosy
was only a paraphenomenon, suggesting that leprosy is not an autoimmune
disease.
crc in LL and SLE are well known to correlate significantly with clinical
features. 1 5, 1 6 Although anti-ssDNA antibody in SLE is one of clinical indicators,
this antibody in LL does not reflect the clinical features because the incidence and
the mean level of anti-ssDNA antibody were higher in inactive stage than active
stage. H owever, the statistical analysis revealed that the appearance of anti
ssDNA antibody in LL had the significance and, therefore, we evaluated the
anti-ssDNA antibody as a parameter of polyclonal B cell activation . Taking
account of these findings, we selected 2 serological tests, crc and anti-ssDNA
antibody, in order to verify the values and the mode of serological abnormalities
in LL.
The incidence ofCIC in each stage of LL was almost similar to that ofSLE but
CIC level in active SLE was significantly high compared with active LL. The
incidence of anti-ssDNA antibody in LL was lower than in SLE and there was a
significant difference in the amount of this antibody between LL and SLE in each
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stage. A markedly quantitative difference was present in the appearance of eIe
and anti-ssDNA antibody between LL and SLE. Quantitative correlation studies
revealed that there was a significant association between eIe and anti-ssDNA
antibodies in SLE but not in LL. This result in SLE was compatible with other
reports. 1 5 . 1 6 Based on these results, we could clearly discriminate the mode ofeIe
and anti-ssDNA antibody in LL from that in SLE.
A few important questions raised by these data are as follows: ( 1 ) the
identification of antigen involved in eIe of LL and SLE; and (2) the mechanisms
of abnormal production of eIe and anti-ss DNA antibody.
Firstly, inhibition study suggested that eIe in LL did not contain the ssDNA
as antigen but eIe in SLE had in part ssDNA or related substances. Similar
inhibition studies were tried using phenolic glycolipid-I but in vain because this
was not soluble in the medium or buffer solution used in this study. However, we
have already showed the significant association between eIe and bacteriological
index, which suggested the possibility that eIe contained M. /eprae related
substances as antigen . 3
Secondly, the mechanism of abnormal production of eIe and anti-ssDNA
antibody could result from polyclonal B cell activation . The causative factors
responsible for polyclonal B cell activation are still unknown .
Regardless of the cause of polyclonal B cell activation, special attention
should be given to the fact that the mode of serological abnormalities or
polyclonal B cell activation in LL was different from that in SLE. In a few recent
publications from our laboratory, it was reported that natural thymocytotoxic
autoantibodies (NTA) and anti-DNA antibodies in New Zealand mice did not
correlate with anti-dinitrophenyl (DNP) IgM antibodies, which was one of the
parameters of polyclonal B cell activation. 1 7. 1 8 The same results were demon
strated in sera of SLE. 1 9 However, there were significant associations among
NTA, anti-DNA antibodies and eIe in SLE. In contrast, such significant
relationships were not found in LL. Polyclonal B cell activation is not considered
to appear in the same pattern . It is imp o r t an t to clarify the poJyclonaJ B cell
activator, disease by disease. The animal studies using the administration of
phenolic glycolipid-I are now under investigation.
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