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Abstract To find whether the plasma fibronectin (FN)
molecular status can be useful to differentiate between
rheumatoid arthritis (RA) and systemic lupus erythemato-
sus (SLE). The expression of plasma FN domains was
determined by ELISA using monoclonal domain-specific
antibodies. FN molecular forms were revealed by immuno-
blotting and analyzed by densitometry. The following find-
ings were found: (1) Mean values of Fibrin-HeparingN
concentration were lower in SLE and RA patients than in
normal plasmas. The cut off points at 31 mg/l in SLE and at
45 mg/l in RA showed a sensitivity and specificity of 54, 55
and 75%, respectively. (2) Mean values of concentrations
of “®PFN and ©“FN were lower in SLE than those in normal
and RA plasmas. Quantified data showed the cut off points
of “®PEN and “'FN at 200 mg/1 (58% of sensitivity, 56% of
specificity) and 350 mg/l (58% of sensitivity, 58% of speci-
ficity) in SLE, as well as at 295 mg/l (52% of sensitivity,
51% of specificity) and 460 mg/l in RA (70% of sensitivity,
73% of specificity). (3) The plasma FN immunopatterns,
characterized by the presence of high-molecular (260-
310 kDa) and/or low-molecular (158-209 kDa) FN bands,
were specific only for SLE samples. The analysis of
plasma FN status revealed by its Fibrin-Heparin-, CBD- and
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Introduction

Rheumatoid arthritis (RA) and systemic lupus erythemato-
sus (SLE) belong to the group of inflammatory rheumatic
diseases. Diagnosing of RA and SLE is a clinically driven
process using different biomarkers which could be informa-
tive to prescribe disease susceptibility, diagnosis and activ-
ity [1]. Among potential SLE biomarkers are: anti-dsDNA
and anti-nucleosome autoantibodies, complement, acute
phase proteins, cytokines and soluble cytokine receptors
[2]. In RA, inflammatory markers, autoantibodies and bone
markers potentially prognose radiological damage [3, 4].
Fibronectin (FN) is a multidomain and multifunctional
glycoprotein engaged in processes associated with cell-
matrix interactions. It is reported to play an important role
in extracellular matrix (ECM) remodeling, adhesion,
migration, proliferation, transformation, tissue repair,
wound healing and hemostasis [5]. FN found in the ECM
originates from various cells (e.g., fibroblasts, chondro-
cytes), is trapped into insoluble multimeric fibrills, while
that present in plasma derives from liver hepatocyte synthe-
sizes, and is a soluble, compact globular dimer [6]. Plasma
FN is believed to be biologically inactive. Although in the
presence of endothelial injury and during the repair pro-
cesses, the plasma FN can enter the extravascular space,
changes the conformation from globular to fibrillar, forms
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multimers and aggregates to form a provisional matrix [7].
FN is able to bind, via its multiple domains, a number of
macromolecules, including fibrin, fibrinogen, heparin, col-
lagen, C-reactive protein, rtheumatoid factor and comple-
ment components [8].

Our previous results indicate profound degradation of
synovial FN in RA occurs only locally in joint tissues, the
primary site of the pathology. In the RA blood plasma, FN
did not undergo fragmentation, and some of its domain
expressions, although higher than those of normal plasma
FN, were not associated with RA progression [9]. In the pres-
ent work, we were focused whether the plasma FN concen-
tration and FN molecular status revealed by immunoblotting
in other than RA arthritis disease, namely SLE, can be
related to the disease and may help to state the differential
diagnosis. FN concentration was determined by ELISA with
a set of specific monoclonal antibodies able to react with epi-
topes of structurally and functionally independent FN
domains: the cell- (“BPEN), collagen- (“°!*¢"FN), fibrin-
(FInEN), fibrin-heparin-binding (FiPrin-HeparingN) “and to
carboxy-terminal (“FN) region. However, it should be
underline that the FN level determination by a domain-specific
monoclonal antibody reflects not only the FN concentration
but also the presence of FN molecule in a dynamic form,
engaged, or not, in biological reactions of its domains.

Materials and methods
Patients and samples

Patients (n =41) who were attending the Rheumatology
Clinic of the Wroclaw Medical University were included in
the study after their informed consent had been given.
Twenty-two samples were derived from RA patients and
nineteen samples derived from patients with SLE patients
(Table 1). The study was approved by the local ethics com-
mittee (approval no 453/2007). All patients were evaluated
from the results of clinical examination, plain X-rays find-
ings and routine laboratory blood plasma parameters.
Patients who had traumatic, septic, or microcrystalline
arthritis, previous joint surgery, or isotopic synovectomy
within the 12 months before the study were excluded.
Blood was drawn from patients into plastic syringes and
placed directly into tubes containing 1 mM phenylmethyl-
sulfonyl fluoride (PMSF, Sigma Chemical Co, St Louis,
MO, USA). The samples were centrifuged, and blood plas-
mas were stored in small aliquots at —78°C until used.

RA was diagnosed according to ACR (American Col-
lege of Rheumatology) classification criteria from 1987
[10]. All patients suffered more than 2 years, and with
respect to the radiographic outcome by scoring the X-rays
of the patients’ hands, the RA blood plasma samples were
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Table 1 Characteristics of RA and SLE patients

Patients
RA SLE
n=22 n=19
Demographics
Age (years) 60 + 11 46 £ 153
Gender
Male 13 6
Female 9 13
Disease duration (months) 150 £ 74 78 £44.2
ESR (mm/h) 23+ 14 37+ 23
CRP (mg/l) 87 154 £15.2
Therapy
Steroid therapy 18 15
Methotrexat 7
NSAIDs 4
Sulphasalazin 1
Cyclophosphamid 3
Azathioprini
No therapy 2

NSAIDs nonsteroidal anti-inflammatory drugs, ESR erythrocyte sedi-
mentation rate, CRP C-reactive protein

classified as a late RA [11]. SLE was diagnosed based on
modified 1997 classification criteria for SLE [12].

All patients had active disease according to DAS28
[DAS—Disease Activity Score] for RA patients and SLE-
DAI [Systemic Lupus Erythematosus Disease Activity
Index] for SLE patients, and some inflammatory markers
such as ESR or/and CRP .

A normal group was formed by the blood plasma col-
lected from 22 healthy individuals, 18-73 years old, mean
age, 46 + 17; median age, 44 years.

FN concentration based on the reactivity with the domain-
specific monoclonal antibodies

FN concentration was determined based on the immunore-
activity of conformationally accessible epitopes on the
cell- (°BPEN), collagen- (C°1%€°"EN), second fibrin- (FP"FN),
N-terminal heparin and fibrin- (FiPrin-HeparingN)  binding
domains and on sequences located at the carboxy-terminal
part of FN (“FN) (Fig. 1) with the five well-defined mono-
clonal antibodies (TaKaRa, Shuzo Co., Shiga, Japan), anti-
CBDEN (EN 30-8; M010), anti-*°"%"EN (FNC4-4; M114),
anti-F""EN (EN 8-12; M001), anti-Fbrin-HeparingN (EN9-1;
MO009) and anti-“FN (EN 1-1; M013) using five indepen-
dent sandwich-type solid-phase enzyme-linked immunoas-
says (ELISA) according to a procedure described earlier [9].
The respective monoclonal antibody (diluted 10,000-times)
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Fig. 1 The schematic illustration of the FN domain arrangement. The
domains of FN: /—fibrin-heparin-binding; 2—collagen-binding;
3—second heparin-binding; 4—cell-binding (CBD); 5—heparin-binding;
6—variable IIICS; 7—second fibrin-binding; 8—region containing

was used as coating agents in the wells of a microtiter plate
(Nalge Nunc International, Naperville, USA) to bind FN
from the sample in the next step. The amount of FN bound
by the monoclonal antibody was quantified by rabbit poly-
clonal anti-FN antibodies (diluted 5,000-times) and subse-
quent reaction with the secondary antibodies, that is,
peroxidase-conjugated goat anti-rabbit immunoglobulins
(diluted 10,000-times). The amount of FN was assayed by a
colorimetric reaction using o-phenylenediamine dihydro-
chloride/H,0, as the enzyme substrate and measured in
Stat Fax 2100 Microplate Reader (Awareness Technology
INC, USA) at 450 nm with 630 nm as a reference filter. All
ELISA immunobinding and washing steps were carried
out in TBS containing 0.1% Tween 20, pH 7.3. A human
plasma FN preparation (Sigma, St. Louis, MO, USA, from
10 to 50 ng/well) was used as a standard. Results were
given in mg/l.

Immunoblotting for FN molecular form determination

Plasma FN (300 ng), determined by “BPEN-ELISA as
described previously, was subjected to SDS polyacrylamide
gel electrophoresis (SDS-PAGE) in a 7.5% gel under
reducing conditions. After electrophoresis, the separated
proteins were blotted onto nitrocellulose (Serva Electroph-
oesis GmbH, Heidelberg, Germany) as described earlier
[9]. The blots were developed with mouse monoclonal anti-
body anti-“BPEN (FN 30-8, code M010, TaKaRa, Japan),
diluted 1:10,000 in 5% casein in TBS, and then with rabbit
anti-mouse immunoglobulins conjugated to horseradish
peroxidase (Sigma, 1:10,000 dilution in 5% casein in TBS).
The color reaction was developed with diaminobenzidine.
Then, the blots were dried and analyzed. The molecular
weights of the FN bands were determined using BioRad
molecular-weight protein standards and intact human FN
(MW 230 kDa; Sigma, St. Louis, MO, USA).

The relative amounts of the particular FN isoforms
were expressed as the percentage of the total number of
pixels in a lane. For this purpose, the blots were scanned
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disulfide bonds. The arrows indicate the FN domains recognized by
monoclonal antibodies (TaKaRa, Shuzo Co., Shiga, Japan), which
were used in presented work

and analyzed by densitometric GelScan v. 6.0 (Serva
Electrophoresis).

Statistics

Data are presented as means = standard deviations (SD).
The data were not normally distributed as calculated
according to the Shapiro—Wilk W test; therefore, the non-
parametric Mann—Whitney U test was used to determine
differences between groups. The P values lower than 0.05
were regarded as significant. Correlations between ana-
lyzed parameters and ESR as well as CRP were determined
by the Spearman test. The diagnostic precision of the ana-
lyzed parameters was assessed using the receiver operating
characteristic (ROC) curves. The area under the curve
(AUC) quantified the diagnostic precision.

Results
FN domain concentration

The plasma FN domain concentrations showed no differ-
ences in relation to the patient’s gender. Additionally, the
FN domain concentrations showed no correlations with
ESR and CRP levels (the range of r coefficients, 0.01-0.2).

Table 2 gives the mean values of the FN domain con-
centration and the statistical differences between two
groups, that is, between the SLE group in comparison with
the normal group and RA group. The mean values of three
analyzed parameters in SLE group (“®PEN: 190 + 58 mg/I,
P < 0.000001; “/FN: 285 4 72 mg/l, P < 0.03; and Fitrin-
HeparingN: 24 + 12 mg/l, P < 0.000003, respectively) and
only Fibrin-HeparingN (36 4 22 mg/l, P <0.00002) in RA
group were significantly lower than those in normal group
(“BPEN: 297 + 82 mg/l; “FN: 363 + 141 mg/l; and
Fib-HepEN: 61 + 18 mg/l, respectively). In contrast, the
mean values of 1 EN (307 + 155 mg/l, P < 0.04), FPi"EN
(304 + 170 mg/l, P<0.03) and “FN (621 % 273 mg/l,
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P <0.001) were significantly higher in RA than those in
normal group (“°lAMEN: 226 4 62 mg/l; FP"EN:
206 + 80 mg/l). In relation to RA group, all analyzed
parameters in the SLE were significantly lower than those
in RA group.

Using the ROC curves, the optimal cut off points of
CBDEN at 295 mg/l with 52% of sensitivity and 51% of
specificity (AUC 0.58), ©'FN at 460 mg/I with 70% of sen-
sitivity and 73% of specificity (AUC 0.81) and Fierin-Hepa-
TMEN at 45 mg/l with 75% of sensitivity and specificity
(AUC 0.85) were determined in predicting RA (Fig. 2a, c,
e). On the other hand, the cut off points of “BPEN at
200 mg/l with 58% of sensitivity and 56% of specificity
(AUC 0.6), “FN at 350 mg/l with 58% of sensitivity and
58% of specificity (AUC 0.65) and FrinHepaingN at 31 mg/1
with 54% of sensitivity and 55% of specificity (AUC 0.54)
were found in predicting SLE (Fig. 2b, d, f).
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Plasma FN molecular forms

Representative immunoblot patterns of plasma FN are pre-
sented in the Fig. 3, and the mean values of the relative
amounts of particular FN bands are given in Table 3. The
immunoblotting with anti-°®B®FN monoclonal antibody
revealed three types (A, B, C) of FN immunopatterns. The
FN immunopattern A (Fig. 3, lanes 1-2) consisting from
230 to 240 kDa FN bands corresponding to not so well-sep-
arated native polypeptides was observed in 37% of SLE
group (7/19 samples) and in 100% of samples of RA and
normal groups.

The FN immunopattern B and C was found only in 21
and 42% of SLE samples (4/19 and 8/19 samples, respec-
tively). The pattern B (Fig. 3, lanes 3-4) showed apart
the presence of native FN bands (230 and 240 kDa), the
high-molecular (260-310 kDa) as well as low-molecular
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Table 2 Plasma FN concentration in autoimmune rheumatic diseases

FN domain Plasma FN concentration (mg/1)
Groups SLE RA Normal
n=19 n=22 n=22
CBDEN 190 + 58; P < 0.0003* 3104+ 148 297 + 82
P < 0.000001°
Collagenpzy 214 + 42; P < 0.004* 307 £ 155 226+ 62
P <0.04°
Fibring 170 &+ 28; P <0.0007* 304+ 170 206 + 80
P <0.03"
CEN 285 + 72; P < 0.000001* 621 +273 363 + 141
P <0.03° P <0.001°
Fibrin-HeparingN - 24 + 12; P < 0.003° 36 &+ 22 61+ 18
P < 0.000003" P < 0.00002°

The FN domain concentrations were determined by ELISA [9] using
monoclonal antibodies specific to respective human cell- (“BPEN),
collagen- (“°""EN), fibrin- (FI°"FN), carboxy-terminal (“FN) and
fibrin-heparin (Fn-HePai"EN) binding domains of FN, respectively.
The mean value & SD is given. For details, see “Materials and
methods”

Significantly different from *RA group and ®normal group as calcu-
lated by Mann—Whitney U test

(158-209 kDa) FN bands. The immunopattern C (Fig. 3,
lanes 5—6) was characterized by the presence of native FN
(bands of M,, 230 and 240 kDa) as well as high-molecular
FN bands (M,, from 260 up to 310 kDa). The percentage
(from 0.7 to 14.5%) of their appearance is shown in
Table 3.

41
kDa 1 2 3 4 5 6

290 310
270 250

260 = e :
L T e P R — Y ——,
209 199
182

158

A B 8

Fig. 3 Representative immunoblot patterns of plasma FN. SDS—
PAGE in 7.5% gel was done under reducing conditions. The immuno-
blots were developed with monoclonal antibody anti-“BPEN. A, B and
C pattern types (quantitatively characterized in Table 3) represent
immunoblotting of plasma samples: /—normal, 2—RA, 3-6—SLE

Discussion

Our findings indicate that plasma FN concentration was
significantly lower in SLE than in RA patients and normal
individuals (Table 2). Moreover, the low value of FN con-
centration was more frequently associated with the unusual
FN immunoblotting patterns characterized by the presence
of FN fragments and/or the high-molecular weight band
series which appeared in immunoblotting of the most SLE,
but in none of the RA and normal plasmas (Table 3, Fig. 3).

However, previous reports indicated elevated plasma FN
level in SLE patients is [13] significantly higher in patients

Table 3 Quantitative analysis of plasma FN molecular forms in SLE and RA patient groups

No M,, of FN bands (kDa) Relative amounts (%) of plasma FN bands showing A—C types of patterns

In groups A B C

Normal 100% 0% 0%

RA 100% 0% 0%

SLE 37% 21% 42%
1 310£3 l.6£1.1
2 291 +2 0.7+0.5
3 279 £2 26+1.1 19+13
4 270 £ 4 7.7+6.9 43+£35
5 260 £3 145+99 13.1 £9.7
6 240 £ 1 63+£7.6 414 +£7.7 525+ 11.1
7 230+ 1 37+7.6 314 £9 326 £64
8 209 £5 75+54
9 190 £3 35+£19
10 182 £ 4 41+£15
11 158+ 6 14£0.1

FN immunoblotting (Fig. 3) of SLE, RA and normal plasmas which revealed A, B and C pattern types was scanned and analyzed by densitometry
Gel Scan 6.0 1D Analysis Software (Serva Electrophoresis). Relative amounts of particular FN bands were expressed in the percentage of the total

number of pixels in a lane
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with active SLE than with nonactive disease [14]. It should
be underlined that our results of FN determination by the
set of domain-specific monoclonal antibodies do not corre-
spond to total FN level measured by polyclonal antibodies
used in previous studies. It may be because the FN domain
epitopes can be masked by interfering with antibodies,
other molecules, the FN ligands, such as respective cellular
integrins, collagen and its fragments, fibrin or glucosamino-
glycans [15]. Additionally, the degradation of FN molecule
by endogenous metalloproteinases, active during inflamma-
tory diseases, can lead to damage of domain epitopes and/
or to exposition of cryptic functional sites. Moreover, a
conformational alteration in one domain could have an
effect on conformation and stabilization of the nearest
neighbor sites [16].

Among analyzed FN domains, the most helpful seems to
be the determination of Fibrin-Heparinpny = CBDEN and C'EN
levels. The low expression of FPrin-HePainEN (Table 2) was
found to be a common characteristic parameter for SLE and
RA. Moreover, the low “BPEN and “FN can help to differ-
entiate SLE with RA. However, we rather recommend the
CEN determination. Using it seems to be more universal
than “BPFN determination, because on the one hand, the
low “FN expressions can help to differentiate SLE from
RA and normal samples, and on the other hand, the high
level RA from the normal individuals. According to the
ROC analysis, the “FN concentration lower than 350 mg/l
in SLE and higher than 460 mg/l in RA can predict the dis-
eases with quite good sensitivity (58 and 70%, respec-
tively) as well as specificity (58 and 73%, respectively). As
the previous report indicates, the low FN concentration
and the concomitant presence of FN fragments have been
observed by us in synovial fluid of RA patients [9]. The FN
fragments were also reported in the plasma of patients with
active SLE [17]. Here, we have also shown that about 60%
of analyzed SLE samples showed besides the 230 and 240-
kDa FN bands corresponding to native FN, the presence of
normally absent four FN fragments (having molecular
weight from 158 to 209 kDa) and three to five high-molecu-
lar weight FN forms (from 260 to 310 kDa). They formed,
respectively, about 16 and 24% of all FN forms reactive
with anti-FN monoclonal antibody (immunopatterns B and
C in Fig. 3 and Table 3). In contrast, in RA, the plasma FN
was untouched (Fig. 3—Ilane 2), and its significantly higher
level resulted probably from the increased total FN produc-
tion by hepatic cells in a response to systemic inflamma-
tion. It could not be excluded that the plasma FN molecules
in autoimmune patients can represent apart the FN derived
from hepatic cells, the significant part of the FN of nonhe-
patic origins, that is, epithelial and/or endothelial cell pro-
ductions. They could be synthesized by highly active
immunological cells and/or epithelial and/or endothelial
cells as native, intact molecules, and/or additionally they
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can appear as fragments derived from degraded extracellu-
lar matrix of blood vessel cells in SLE. The tissue erosive
process happens exclusively in joints and around the joints
of RA patients, where many extracellular components,
among them synovial, but not plasma FN, undergo degra-
dation [18, 19]. The findings are important because SLE
and RA differentiation may be sometimes difficult, particu-
larly at the beginning of SLE when patients have joint pain
without any systemic indicators [20].

The FN fragments are thought to have many diverse
activities [21-23] and among them an ability to form cross-
linking complexes with FN, various extracellular matrix
components and some blood plasma components such as
fibrin and fibrinogen [24, 25]. A formation of multimeric
cross-linking polymers lies on the base of repair processes at
which FN takes a main role [26]. In 60% SLE patient
plasma samples, we observed the presence of FN forms hav-
ing molecular weight from 260 to 310 kDa (Fig. 3, Table 3).
The high-molecular FN forms may partly result from the
expression of alternatively spliced (ED-A, ED-B and IIICS)
segments, either are highly glycosylated glycoforms, or may
be formed by an FN linkage with some blood plasma, extra-
cellular matrix components, or their fragments [27, 28], or
even smaller molecules such as homocysteine [29].

In conclusion, the data presented here pointed out that
the analysis of FN level based on its domain epitope
expression and of FN molecular status revealed by immu-
noblotting can be helpful to differentiate SLE in respect to
RA and healthy individuals. The observed FN molecular
pattern can be related to the general molecular processes by
which the plasma FN is used for tissue needs.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution Noncommercial License which permits any
noncommercial use, distribution, and reproduction in any medium,
provided the original author(s) and source are credited.
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