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Abstract

We measured the concentration of three immunoglobulin classes of rheumatoid factors (Ig-RFs),
C3d binding IgG immune complex (C3d-IC), Clq binding IgG immune complex (Clg-IC) and
C-reactive protein (CRP) in 74 samples of human sera with high levels of RF (24.0~2350.0 IU/ml).
In sera with high levels of C3d-IC (>15.0ug/ml), there was a positive correlation between the levels
of CRP and the IgG-RF, but there was no correlation between the levels of CRP and the immune
complexes (C3d-IC and Clg-IC). And then, there was a positive correlation between the levels of
CRP and IgG-RF or C3d-IC and IgG-RF when the levels of Clg-IC in patients sera were higher than
80.0 xg/ml. However, there was no correlation between the levels of CRP and Clq-IC in these
patients sera containing high levels of both C3d-IC and Clqg-IC. These results indicated that the
determination of C3d-IC, Clq-IC, IgG-RF and CRP in human sera containing RF denote different
implications as inflammatory indexes on progression of rheumatoid arthritis and other autoimmune
diseases.
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INTRODUCTION

Rheumatoid factors (RF) are autoantibodies
capable of binding to Fc region of denatured
IgG and a little number of native IgG, and are
present in the bloods and synovial fluids of the
most patients with rheumatoid arthritis and
other autoimmune diseases®. A number of
previous studies have noted an association
between immune complexes (IC) containing RF
and self-associating IgG in sera and synovial
fluids of rheumatoid arthritis patients and other
autoimmune diseases® .

Measurements of IC in sera and synovial
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fluids has been used as a marker for disease
activity of rheumatoids arthritis. There are
several methods to detect the circulating IC in
sera and synovial fluids. Although, testing for
circulating IC is regarded as useful laboratory
paramete} in the differential diagnosis and
management of IC-induced disorders, there is
still an uncertainty with regard to assay sys-
tems used for the demonstration of IC%”. This
is partly due to difficulties in the reproducibili-
ty and principle limitation of available test
systems for the assessment of soluble IC in

" body fluids. As a result, discrepant data were
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reported on the IC level of body fluids in RA
dependent on the method selection.

In this study, we measured the concentration
of Clq binding IgG immune complexes (C1q-IC)
and C3d binding IgG immune complexes (C3d-
IC) in human sera containing RF using sand-
wich enzyme linked immune sorbent assay
(ELISA) with specific monoclonal antibodies
for Clg or C3d, and tested stastically mutual
relation between the rheumatoid factors (total
RF, IgA-RF, IgM-RF, IgG-RF), Clq-IC, C3d-IC
and C-reactive protein in each human sera.

MATERIALS and METHODS

1. Human sera as materials

The 74 samples of human sera containing
RF with latex
immune agglutination method, Kyowa Medix :
24.0 ~ 2350.0 IU/ml) are selected for this study.
2. Assay of Immune complexes in human sera

The concentrations of Clg-IC and C3d-IC
were measured with ELISA method using anti-

rheumatoid factors (total

Clq monoclonal antibody or anti-C3d mono-
clonal antibody respectively (MBL Co. Ltd)
according to the method of Antes U et al®~'%,
3. Assay of Immunoglobulin classes of RF
The values of three immunoglobulin classes
of rheumatoid factors (Ig-RFs; IgA-RF, IgM-
RF and IgG-RF) in human sera were measured
with ELISA method (Immunoeriot - RF for

IgM-RF and IgG-RF, IgA-RF determination
reagent for IgA-RF ; Toyobo Co. Ltd).
4. CRP in human sera
The concentration of CRP was measured with
the immunoclogical turbidometric assay (Wako
pure chemicals Inc).
5. Statistical analysis

The data of concentration of total RF, Ig-
RFs, C3d-IC, Clg-IC and CRP in 74 patients
sera were analyzed statiscally by the analysis
of variance technics, and indicated the values of
correlation coefficients (r) and the statiscal
probability (p).

RESULTS

Distribution of data on total RF, Ig-RFs,
Clq-IC, C3d-IC and CRP were shown on Table
1. And then the results of statiscal analysis of
these data of r values and p values appeard on
Table 2. There were slight positive correlation
between the values of CRP and the C3d-IC (r=
0.505, p<0.001 ; Fig. 1), IgA-RF and C3d-IC (r=
0.493, p<0.001), IgG-RF and C3d-IC (r=0.367,
p<0.01) and high positive correlation between
C3d-IC and Clg-IC (r=0.675, p<0.001; Fig. 2)
was recognized. However, there were no corre-
lation between the values of total RF (T-RF)
and the CRP, T-RF and C3d-IC or T-RF and
Ciq-IC. And then there were positive
correlation between the levels of T-RF and the

Table 1. Mean and SD values of total RF, CRP, IgA-RF, IgM-RF, IgG-RF, Clg-IC and C3d-IC in all

patients sera.

T-RE CRP IgA-RF IgM-RF IgG-RF Clg-1C C3d-IC
1U/ml pg/ml 1U/ml 1U/ml 1U/ml rg/ml xg/mi
(n=74) (n=74) (n=74) (n=74) (n=74) (n=71) (n=50)
mlf_/f‘“ 151.87 11.27 22.67 159.49 62.55 35.59 0.92
M 66.35 2.03 4.56 49.85 18.54 12.48 0.03
i —~ ~ —~ o~ —_— —~ ~
SD 347.58 62.68 112.62 510.30 573.64 101.49 34.09
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Table 2. The values of coefficients correlation (r) and the significant probability (p) in all patients sera.

T-RF CRP Clg-IC C3d-1C IgA-RF IgM-RF IgG-RF
T r 0.090 0.067 0.207 0.608 0.565 0.612
RF
D N. S N. S N. S <0.001 <0.001 <0.001
Clr 0.090 0.139 0.505 0.404 0.373 0.293
R -
P|p N. S N. S <0.001 <0.001 <0.001 <0.01
Cl|r 0.067 0.139 0.675 0.184 0.043 0.186
q
IC|p N.S " N.S <0.001 N. S N. S N.S
G| r 0.207 0.505 0.675 0.493 0.278 0.367
d
IC| p N. S <0.001 <0.001 <{.001 <0.05 <0.01
Ig | r 0.608 0.404 0.184 0.493 0.713 0.644
A
RF| p <0.001 <0.001 N. S <0.001 <0.001 <0.001
Ig | r 0.565 0.373 0.043 0.278 0.713 0.662
M -
RF| p <0.001 <0.001 N. S N. S <0.001 <0.001
Ig | r 0.612 0.293 0.186 0.367 0.644 0.662
G
RF| p <0.001 <0.01 N. S <0.01 <0.001 <0.001
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Fig. 1. Significant correlation between the concentra- Fig. 2. Significant correlation between the concentar-
tion of C3d-IC and the CRP in patients sera. tion of C3d-IC and the Clg-IC in patients sera.
Y=0.26X+2.17, r=0505, p<0.001, n=50. Y=0.16X+3.94, r=0.675, p<0.001, n=50.
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Ig-RFs (T-RF:IgA-RF, r=0.608, p<0.001.
T-RF : IgM-RF, r=0.565, p<0.001. T-RF : IgG-
RF, r=0.612, p<0.001).

When the concentration of C3d-IC was higher
than 15.0ug/ml (n=20), there was positive cor-
relation between CRP and IgG-RF (r=0.630,
p<0.001; Fig. 3). And also, when the concentra-
tion of Clg-IC was higher than 80.0 xg/ml (n=
16), there were positive correlation between the
levels of CRP and the IgG-RF (r=0.606, p <

CRP(logy pg/ml)
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Fig. 3. Significant correlation between the concentra-
tion of CRP and the IgG-RF in patients sera
containing high levels of C3d-IC. (C3d-IC; >15.
Oug/ml, n=20)

Y =0.51X+0.81, r=0.598, p<0.005.
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Fig. 4. Significant correlation between the concentra-
tion of CRP and the IgG-RF in patients sera
containing high levels of Clg-IC. (Clq-IC; >80.
Oug/ml, n=16)

Y =0.74X—0.47, r=0.607, P<0.01.
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Fig. 5. Significant correlation between the concentra-
tion of C3d-IC and the IgG-RF in patients sera
containing high levels of Clg-IC. (Clq-IC; >80.
Opg/ml, n=16)

Y=0.55X+0.52, r=0.655, P<0.005.

0.01; Fig.4), and between C3d-IC and IgG-RF
(r=0.655, p<0.005 ; Fig.5). However, there was
no correlation between the levels of CRP and
the Clqg-IC in these patients sera containing
high levels of both C3d-IC and the Clg-IC.

DISCUSSION
The pathogenic mechanisms in rheumatoid
arthritis (RA) include humoral and cellular
immunity. The humoral immunity participates
in the pathogenesis of RA through formation of
In patients with RA,
immune complexes have been demonstrated in

immune complexes.

circulation, synovial fluids, synovial tissue,
phagocytic cells in the synovial lining and
RFs

are abundantly formed in the antigen-antibody

superficial layers of articular cartilage.

complexes at these locations, indicating their
participation in the inflammatory lesions of
RA.

IgG-RF was initially recognized as constitu-
ents of the intermediate complexes in the serum
of patients with RA.
complexes by self-association, a unique process

IgG-RF forms immune

that allows immune complex formation without
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the presence of antigen molecules. The interac-
tion of two IgG-RF molecules is stabilized by
the formation of two antigen-antibody bonds
between them, leaving free antibody combining
sites and free antigenic determinants.

Interaction of IgM-RF with monomeric or
polymeric IgG may lead to formation of
immune complexes of varying sizes in sera and
synovial fluids of patients with RA. The nature
of the immune complexes formed between IgA-
RF and monomeric IgG was not examined.
Thus, IgM-RF and IgG-RF in immune complex-
es can contribute to inflammation by activating
the complement system.

The appearance of CRP in the serum is a
nonspecfic response to inflammation, infection,
and tissue damage. CRP which is one of the
“acute phase protein” which of the concentra-
tion are rised in acute phase sera and synovial
fluids of patients with RA. CRP can also bind
to a variety of ligands of autogenous orgin
including phospholipids, nonphospholipids,
polyanion and polycations. A major function of
CRP may be to recognize such autogenous
materials in the plasma following tissue dam-
age and to detoxify them for their rapid clear-
ance. Because of the ability of aggregated or
complexed human CRP to activate the classical
complement pathway, it was also raised as a
possibility that CRP could enhance inflamma-
tion and tissue damage. Complexed human
CRP activated the first component of human
complement to bind the N-terminal of Clg
molecules!?,

Our previous studies demonstrated the high
correlation between the levels of total RF (mea-
sured with RAPA) and Ig-RFs (ELISA) in
human sera (r=0.90)!>'®. In this study, we
confirmed high correlation between the levels
of total RF (Latex Immuno turbidometric

assay) and the IgG-RF (r=0.612). There was

some positive correlation between the levels of
IgG-RF and the C3d-IC (data not shown), but
not between the [gG-RF and Clq-IC for 74
samples. However there was no correlation
between the levels of C3d-IC and the IgG-RF in
patients sera containing high levels of C3d-IC,
on the contrary, there was positive correlation
between the levels of C3d-IC and the IgG-RF in
the patients sera containing high levels of Clg-
IC. In addition, there was positive correlation
between the levels of C3d-IC and the CRP for 74
samples, but no correlation between the C3d-IC
and the CRP in the patients sera containing
high levels of C3d-IC and Clq-IC (data not
shown). Thes_e results indicated that the deter-
mination of C3d-IC, Clq-IC, IgG-RF and CRP in
human sera shows different implications as
inflammatory indexes on progression of
rheumatoid arthritis**—'®. The results indicate
if when we detect the high levels of C3d-IC and
the Clq-IC in patients sera, caution should be
exercised to evaluate the concentration of CRP
in such cases. The above date are conformed
well to the study of Watanabe et al'”, that
support the usefulness of C3d-IC and IgG-RF
measurements for the prediction of progressive
disorder in RA. These observations suggest the
necessity of measuring the levels of C3d-IC,
Clq-IC, IgG-RF and CRP at the same time in
patients sera and synovial fluids of RA.
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VeFHRTFEEE PLEROGRE I w7 )G 7 IR TeFRTE
B AR & 82 CRP & o kEEg M

ETEF —Aer BRUEF FR Fh PHEOR =B

= #
— I BB ) e F BRI b N EEME 8 L L C, HERERE ClRBRELEFNY
2 FHTFOUENEHBEN TN D,
ATl RE BAEKESA D, BRFEE (24.0~2350.01U/ml) %55 L 72 B3 mE74R&kIC D v
T, B 7 ) 752 REELZHIET S & & LIicHE IgG & ik nfBEHEAK (IC) TH 5 Cl
q-IgG-IC (Clg-IC), C3d-IgG-IC (C3d-IC) % & wric CRPEZHEIEL, %1 & DRIEMEHEOFEEN:
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IOV THEHANRE 2175 72, C3d-ICfE4515.0pug/ml Ll LB % /R B & MiE Tid, CRPfE &
IgG 75 A0 RF (IgG-RE)EMIic DWW TR EDHBEER» L N2, 72, Clg-IC fEA80.0ug/ml Bl
B4z b CRPE L 1gG-RF {5 & v C3d-IC & & IgG-RF il Ti3 EOMEIRE R A5 S L7z,
LA L, C3d-IC % & tfic Clg-IC & b iz o B miE+H > CRP {# & Clg-IC I 134 & 7% HHEd
BRI NL -z, UEo#FERLID, BHEmsmY) veFnBaEL2HET S LT, kLR E~—
H—& LT CRPEXFAIN T 35, MFEFICHREHEAERIFEL ~NVICRIBE NS BEicDOW T,
FIEDIEEE L LT CRP LSMz & Clg-IC % C3d-IC & 8 IgG-RF & % 1 2 7248 &ty 2 KM s b BT
HbIENTREINSG,

F—7—-F ! HCIgGHE®E) v=FHTF, Clgkid IgC RBEAE, C3dH#HE IgG RMBHELR,
CHIitHES <2748 (CRP)
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