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Abstract
Objectives-To assess the diagnostic value
for rheumatoid arthritis (RA), of an

immunoblotting assay based on the rat
oesophagus epithelium antigens recog-

nised by the so-called 'antikeratin anti-
bodies' ('AKA'), antigens that have been
identified as three non-cytokeratin pro-

teins (referred to as A, B and C proteins).
Methods-After polyacrylamide gel electro-
phoresis in non-denaturing conditions and
electrotransfer ofan epithelial extract, the
immunoreactivities to the A, B and C
proteins ofa series ofserum samples from
88 patients with RA and 100 patients with
non-rheumatoid rheumatic diseases, were
semiquantitatively evaluated.
Results-A total of 81.8% of RA serum

samples recognised the three proteins,
while 91% of non-RA serum samples only
weakly recognised the A and B proteins
but not the C protein. Only in the group
ofRA patients, were the titres of the anti-
bodies to the A, B and C proteins found
to be significantly correlated with each
other and with the titres of 'AKA' detected
by the standard indirect immunofluor-
escence (IIF) method. For a diagnostic
specificity of 99%, the diagnostic sensi-
tivities of the detection of the A and B
proteins were 50%/ and 43.2%, respect-
ively, when those ofthe detection of 'AKA'
by IIF and of IgM-rheumatoid factor
by enzyme-linked immunosorbent assay
were 42% and 54%, respectively. In
contrast, at a same specificity of 99%, the
diagnostic sensitivity of the detection of
the C protein was significantly higher with
a value of 70.5%.
Conclusion-This immunoblotting assay
which is the first immunochemical
method proposed for the detection of
'AKA', should be validated on larger
series of patients but can already be
considered as a very powerful test for the
serological diagnosis ofRA.

(Ann Rheum Dis 1994; 53: 735-742)

A wide variety of circulating autoantibodies are

found in most patients with rheumatoid
arthritis (RA). 1-15 Among these antibodies, the
rheumatoid factor (RF), mainly of the M
isotype, is considered to be characteristic of

the disease. Thus it is currently used in the
diagnosis of RA' "' and constitutes one of
the classification criteria proposed by the
American Rheumatism Association."6 How-
ever, based on the methods commonly used for
its detection (latex and Waaler-Rose tests) and
the threshold titres generally considered as
significant, this autoantibody shows a low
diagnostic specificity. It is found in patients
with various other autoimmune rheumatic
diseases, and even in a noticeable proportion
of normal healthy subjects.'7

Since the first study by Young et al,'8
numerous authors9-32 have described in RA,
serum IgG antibodies labelling the stratum
comeum of rat oesophagus epithelium. It is
now largely accepted that their presence
constitutes the most specific serological
criterion for the diagnosis of RA.'9 21 22 24-33 By
the standard indirect immunofluorescence
(IIF) method associated with an original semi-
quantitative estimation of their titres, we
established that, using a convenient threshold,
these antibodies allow 4322% of RA to be
diagnosed with a specificity of 99%.31
Moreover, these antibodies have been linked to
the severity and/or the activity of RA but not
to disease duration.2' 24 25 30 31 Lastly, they
were found recently to occur early,34 indeed
even to precede35 the clinical manifestations of
RA.

In the absence of any biochemical character-
isation of the antigen(s) they recognised, these
antibodies were called 'antikeratin antibodies'
('AKA'), probably because the cytokeratins
constitute the major protein component of the
stratum comeum of cornified epithelia.
Previous results,29 obtained by the simul-
taneous IIF assay of a series of RA serum
samples both on rat oesophagus epithelium
and on human epidermis, suggested that
'AKA' are genuine autoantibodies since the
antigen(s) they recognise is also present in the
stratum comeum of human epidermis. Using
an enzyme-linked immunosorbent assay
(ELISA) specific for the detection of anti-
bodies to human epidermal cytokeratins,36 we
also showed that 'AKA' differ from the natural
autoantibodies to these proteins.32 Moreover,
the antigenic proteins from rat oesophagus
epithelium and from human epidermis
recognised by the 'AKA' were recently bio-
chemically characterised in our laboratory.
The rat oesophagus antigens correspond to
three non-cytokeratin late differentiation
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proteins which had not been previously
described and could be related to (pro)-
filaggrin.7 The human epidermis antigens
were identified as basic filaggrin and as a new

neutral/acidic isoform of this protein.38
For a few years, the development of

immunoblotting assays has been expanding in
various diagnostic fields such as virology and
autoimmunity. Such a technique was for
example, recently developed for the screening
of serum autoantibodies specific for systemic
sclerosis (anti-Scl-70) and for polymyositis
(anti-Jol).39 Because of its high diagnostic
specificity, immunoblotting is also often used
as a confirming test after antibody detection by
screening test such as ELISA40 or IIF. To date,
the only method described to detect 'AKA' was

IIF on cryosections of rat oesophagus. In spite
of its high diagnostic value, this detection was

only performed in a few hospital laboratories
essentially because of the specific equipment
required and of the difficulties of
standardisation inherent in such a method.

In the present work, we developed an

immunoblotting assay for the detection of
'AKA' using the three protein antigens from rat
oesophagus epithelium separated by non-

denaturing polyacrylamide gel electrophoresis
(PAGE). We assessed the diagnostic sensitivity
and specificity of the assay with a series of
patients including 88 RA and 100 patients with
other non-rheumatoid rheumatic diseases and
compared its performance with that of the
standard IIF detection of 'AKA' and of the
ELISA detection of IgM-RF.

Materials and methods
SERUM SAMPLES

The serum samples used in this study were

obtained from 88 patients with RA following
the criteria of the American Rheumatism
Association'6 and from 100 patients with non-

RA rheumatic diseases (control serum

samples) including 35 patients with various
inflammatory rheumatic diseases (six systemic
lupus erythematosus, eight psoriatic arthritis,
nine ankylosing spondylitis, five gout, and
seven miscellaneous connective tissue diseases)
and 65 patients with non-inflammatory
rheumatic diseases (14 Paget's disease, eight
Sudeck's atrophy, four benign gammapathy,
five multiple myeloma, 11 various bone
diseases, and 23 arthrosis or compressive
neuralgia). This sample of patients was

representative, in terms of 'AKA' titre
distribution, of a larger previously published
group of 528 patients with perfectly
characterised rheumatic diseases, including
178 patients with RA, 135 patients with non-

RA inflammatory rheumatic diseases and 215
patients with non-inflammatory rheumatic
diseases.3' The serum samples were aliquoted
and stored at -80°C until assayed.

INDIRECT IMMUNOFLUORESCENCE

For each serum sample, the titre of IgG 'AKA'
was determined by a previously described
semiquantitative IIF method.29 31 Briefly, the

fluorescence intensity of the stratum comeum
of rat oesophagus epithelium was evaluated on
an arbitrary semiquantitative scale from 0 to 4
(0-25 unit steps) by two readers uninformed of
the clinical context. The results were summed
to obtain a titre-like value ranging from 0 to 8.
We previously showed 31 that a threshold oftwo
on this scale, allowed a diagnostic sensitivity of
43-2% and a specificity of 99% to be reached.
This threshold was considered as significant for
the presence of IgG 'AKA'.

POLYACRYLAMIDE GEL ELECT'ROPHORESIS
(PAGE) AND IMMUNOBLOTTFING
Proteins were extracted from rat oesophagus
epithelium as previously described.37

Electrophoresis
One dimensional sodium dodecyl sulphate
(SDS)-PAGE or non-denaturing (native)-
PAGE and two dimensional isoelectrofocusing
(IEF)/SDS-PAGE or IEF/native-PAGE were
performed as previously described37 with a
PhastSysteMTM (Pharmacia-LKB, Uppsala,
Sweden) using 7 5% homogeneous or 8-25%
gradient PhastGels for SDS-PAGE, 8-25%
gradient PhastGels for native-PAGE and
PhastGels with ampholytes generating a 5-8
pH gradient for IEF. Rat oesophagus
epithelium extracts were concentrated by
precipitation with 10% trichloroacetic acid for
15 minutes at 0°C. For SDS-PAGE, the
precipitate was dissolved in 10 mmol/l Tris-
HC1, pH 7 4, 2% SDS, 0-01% bromophenol
blue and 1% 2-mercaptoethanol, and boiled
for five minutes. For native-PAGE and IEF,
the precipitate was dissolved in distilled water
with 0-01% bromophenol blue. For native-
PAGE the following proteins (Pharmacia-
LKB) were used as markers: horse spleen
ferritin (440 kDa), beef liver catalase (232
kDa), beef heart lactate dehydrogenase (140
kDa) and bovine serum albumin (67 kDa).

Immunoblotting
After electrophoretic separation, the epi-
thelium extracts were electrotransferred onto
0-2 ,um pore size nitrocellulose membranes
(Bio-Rad laboratories, Richmond, CA) for one
hour at 60 V in 25 mmol/l Tris-base, 192
mmol/l glycine pH 8-3 containing 20% (v/v)
methanol. The membranes were cut into
vertical strips and blocked for 30 minutes at
room temperature with 8-5 mmol/I KH2/
K2HPO4, 150 mmolI NaCl, pH 7-4,
containing 0 05% Tween-20 (working buffer).
Then the strips were incubated for one hour at
37°C plus over night at 4°C with serum
samples diluted to 1: 10 in working buffer. After
three washing steps in working buffer, the
strips were treated for 90 minutes at room
temperature with peroxidase-conjugated goat
antibodies to human heavy chain G immuno-
globulins (Southern Biotech Inc, Birmingham,
AL) diluted to 1:400 in working buffer. After
three washes in working buffer and two washes
in 10 mmol/l Tris-HCl, 500 mmol/ NaCl, pH
7 5, the colour reaction was developed by
incubation with peroxidase substrates: 0 5 mg/
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ml 4-chloro-1-naphthol (Bio-Rad), 0-025%
(v/v) hydrogen peroxide, 17% methanol (v/v)
in the latter Tris buffer. A negative control,
using working buffer without serum, was
always included.

Similar to the fluorescence intensity in IIF,
the intensity of labelling of each immuno-
reactive band was estimated by two readers
uninformed of the clinical context, according
to a semiquantitative scale ranging from 0 to
4, and the results of the two readers were
summed. In previous experiments, such semi-
quantitative data were found to be strongly
correlated (r = 097) to quantitative esti-
mations obtained with the use of a densi-
tometer (model GS-670, Bio-Rad labora-
tories). To correct inter-assay variations, which
arose mainly from the use of series of antigen-
coated nitrocellulose membranes, a pool of
highly positive RA serum samples was diluted
to 1:400 and to 1:3200 and tested with two
strips of each membrane. For each membrane,
the estimated values of the labelling intensities
of the A, B and C proteins obtained with the
two dilutions of the pool were summed. A
correction coefficient was then computed for
each membrane according to the formula:
average of the sums obtained with the whole
series of membranes/sum obtained for the
given membrane. The correction coefficients
ranged between 0-72 and 1-63. All the semi-
quantitative evaluations performed after assay
of the serum samples on the other strips of each
membrane were then corrected by the related
coefficient. All the serum samples were tested
in duplicate on strips from different
membranes and the results presented here
correspond to the average values of the two
assays, which we call titre-like values.
The semiquantitative evaluation of the

reactivity to each of the three bands having
been performed using three independent
scales, the titre-like values of the antibodies to
each protein could not be compared in a given
serum sample, but allowed the reactivity to a
given protein to be compared between the
various serum samples.

RHEUMATOID FACTOR

IgM-RF was determined by ELISA using the
AutostatTM IgM Rheumatoid Factor kit,
as described by Cogent Diagnostics Ltd
(Edinburgh, United Kingdom).
RF was absorbed from sera on IgG-agarose

prepared using highly purified human IgGs
(Sigma Chemical Co, St Louis, MO). Each RA
serum (100-150 ,ul) was diluted in three
volumes of PBS and run three times through
a 200 pd packed-resin column. The exact
volume of the pooled flow-through fractions
(600-800 [ul) was measured to correct the
dilution factor in the subsequent immuno-
blotting experiments. IgM-RF was determined
before and after absorption, as described above.
To affinity-purify RF, the resin from

different columns was packed. After extensive
washing, RF was eluted with 0-2 mol/l glycine-
HCI, pH 2-5 and immediately neutralised by the
addition of 0 05 volumes of 2 mol/l Tris base.

To test the effect of RF (about 400 IU/ml)
on the 'AKA' reactivity, 50 RI of various sera
were diluted to 1:10 in 200 [LI of the affinity-
purified RF solution (or neutralised elution
buffer) and 250 RI of working buffer, and
analysed by immunoblotting as described
above.

STATISTICAL ANALYSES

Median differences were tested with the Mann-
Whitney U-test, correlations were sought by
computing Spearman's rank correlation
coefficient and the x2 test was used to compare
percentages. The diagnostic value of 'AKA'
detection by immunoblotting was assessed by
computing the diagnostic sensitivity = TP/
(TP + FN) and specificity = TN/(TN + FP),
in which true positives (TP) were RA patients
with a positive test, false positives (FP) were
controls with a positive test, true negatives
(TN) were controls with a negative test and
false negatives (FN) were RA patients with a
negative test. Both the diagnostic indexes are
given as percentages with 5% confidence
interval.

Results
ELECTROPHORETIC SEPARATION OF THE RAT

OESOPHAGUS EPITHELIUM PROTEINS DETECTED

BY 'AKA'
After separation of the epithelial extracts by
SDS-PAGE (fig IA), the specific immuno-
blotting reactivity of RA serum samples was
resolved into two proteinase K-sensitive
antigens: a rather sharp band of 210 kDa and
a 130-90 kDa smear (spreading down to 60
kDa with the highly reactive serum samples).
After native-PAGE separation of the extract
(fig IB), the RA serum samples reacted with
three clearly resolved proteins: a sharp band
migrating like a 440 kDa marker, a broader
band migrating like a 232 kDa marker and a
more diffuse band migrating between a 140
kDa and a 67 kDa marker, respectively referred
to as A, B and C proteins. As shown in previous
work wherein native/SDS two dimensional
electrophoresis was used,37 the antigenic
system is actually composed of three distinct
proteins: a 210 kDa protein with a pI ranging
from 6 to 7 2 (5-8 to 8 5 with high titred serum
samples)-the A protein; a second protein of
90-120 kDa with a similar range of pI-the B
protein; and a third comma-shaped protein
with a pI ranging from 4 5 to 7 2 while its
apparent molecular mass ranged from 130 to
60 kDa-the C protein. These proteins can be
separated by IEF/SDS (fig 1C) or IEF/native
(fig ID) two dimensional gel electrophoreses.
Because of their partially overlapping apparent
molecular mass ranges, B and C proteins were
not separated by monodimensional SDS-
PAGE. Native-PAGE was thus the only one
dimensional electrophoresis method allowing
the reactivities towards the three antigenic
proteins to be independently assessed. This
method was therefore chosen to evaluate the
immunoblotting reactivities of 88 RA and 100
control serum samples.
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Figure 1 Immunoblotting performed with RA serum
samples on rat oesophagus epithelium extract. Proteins
separated by SDS-PAGE (A) or native-PAGE (B) were

electrotransferred onto nitrocellulose membranes then
immunodetected with three RA serum samples showing
increasing titre-like values for 'AKA' (1-3). Whatever the
electrophoretic conditions, the immunoreactive protein bands
were individualised when the serum samples had a low titre-
like value for 'AKA' (1, 2), whereas the immunoreactivity
extended to the others when the titre-like value for 'AKA'
was greater (3). After SDS-PAGE, two bands are
identified, whereas after native-PAGE three bands are seen
to be immunoreactive. After IEF/SDS-PAGE (C) or IEFI
native-PAGE (D) two dimensional electrophoreses, the
proteins were electrotransferred and immunodetected with
an 'AKA '-positive RA serum sample. In both cases, three
proteins are visible. After IEF/SDS-PAGE, afirst protein
of210 kDa with a pI rangingfrom 6 to 7-2 (A protein), a
second protein of 90-120 kDa with a similar range ofpI (B
protein), and a third comma-shaped protein with pI
rangingfrom 4*5 to 7-2 while its apparent molecular mass
rangesfrom 130 to 60 kDa (C protein), can be seen.
Migration ofprotein markers is shown on the left
(kDa x 10-) and ofpI markers at the top ofeach two-
dimensional electrophoresis.

ELISA DETERMINATION OF RF

The values of IgM-RF in the RA serum

samples ranged from 0Ol to 2159 IU/ml
(median value equal to 199-5 IU/ml) whereas
those of the control group ranged from 0 to 192
IU/ml (median value equal to 4 IU/ml).
Seventy seven of the 88 RA serum samples
(87-5%) and 17 of the 100 control serum

samples (1/7%) presented IgM-RF values :40

IU/ml, the positivity threshold recommended
by the manufacturer.

_ A

B IMMUNOFLUORESCENCE ON RAT OESOPHAGUS

CRYOSECTIONS
_~ C Eighty seven of the 88 RA serum samples

(98/9%) and 90 of the 100 control serum
samples contained antibodies labelling the
stratum comeum of the rat oesophagus
epithelium by IIF. The titre-like value of the
RA serum samples ranged from 0 00 to 7-25
and that of the control serum samples, from
0 00 to 2'25. Thirty seven of the 88 RA serum
samples (42%) and only one of the 100 control

_i serum samples showed significant titre-like
values of 'AKA' (-2).

IMMUNOBLOTTING ON THE RAT OESOPHAGUS
SDS- PAGE EPITHELIUM PROTEINS SEPARATED BY NATIVE-

PAGE

Patterns of labelling and semiquantitative titre-
like values
Antibodies against at least one of the three rat
oesophagus proteins were found in 185 of the
188 (98A4%) serum samples. Eighty six
(97-7%), 88 (100%) and 72 (81.8%) of the 88
RA serum samples were found to be reactive

E F to the A, B and C proteins, respectively.
Conversely, 67, 96 and only six of the 100
control serum samples were found to be
reactive to the same proteins, respectively.
Figure 2 illustrates the reactivity of a

r.Af'r- representative subset of serum samples.
NatIve-PALiE

4 44-_ ,. _ ,v i
M, A w a 0 A A i I --II

- ~ ~ ~ ~ ~~~F. b

T @ ,2 , _i ; 24 .'-

Figure 2 Patterns of reactivity ofRA and control serum
samples assayed by immunoblotting on rat oesophagus
epithelium extract. After native-PAGE separation and
electrotransfer of the extract, the strips of nitrocellulose
membrane were incubated without serum (0) or with serum
samples (1-31). Fifteen RA (1-15) and 16 control
(16-31) serum samples, representative of the groups ofRA
and controls, respectively, are illustrated. The serum

samples are classified according to the increasing
immunoreactivity to the B protein. Among the 15 RA
serum samples, only one reacts with the B protein alone (1),
two ofthem are positive with only the A and B proteins (2,
4) whereas the others react with the three proteins A, B and
C (3, 5-15). The serum samples with high titre-like values
of 'AKA react with the three proteins according to a
continuous pattern which extendsfrom theA to the C
protein (14, 15). With the control serum samples, no
reactivity (16), reactivity to the B protein alone (17-20) or
reactivity to theA and B proteins (21-30) isfound. Only
one control serum sample is positive with the A, B and C
proteins (31). Migration ofprotein markers is shown on the
left (x 1 0-) and the positions of the three proteins, referred
to as A, B and C, is noted.

A

C
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Patterns of immunoblotting labelling* produced by the RA
and the control serum samples on the rat oesophagus
epithelium antigens (A, B and C proteins) separated by
native-PAGE

A B C 88 RA 100 controls

--- 0 3
x 0 0

x 2 (2.3%) 29
x - - 0 1
x x 14 (15/9%) 61
x - x 0 0
- x X 0 1
x x x 72 (81-8%) 5

*The serum samples were grouped according to the protein(s)
they labelled, whatever the intensity of labelling. The labelling
of each protein was noted with an 'X' in the relevant column
and was taken as positive when it had been considered to be
present by each of the two readers in each of the two assays.

Among the eight different patterns of
labelling that could theoretically be defined
combining the presence or absence of labelling
of each band, six were actually observed,
among which three were produced by 97-3%
of the serum samples, that is, the labelling of
A + B + C, of A + B or of B alone. The whole
analysis is presented in the table. A large
majority (81-8%) of the RA serum samples
simultaneously recognised the three proteins.
All but one of the RA serum samples that
presented significant IIF titre-like values of
'AKA' showed this pattern. In contrast, the
three proteins were simultaneously labelled by
only five of the 100 control serum samples
which mainly labelled both A and B proteins
(6 1%) or B protein alone (29%).

After semiquantitative evaluation of their
reactivity to the three proteins, the RA serum
samples ranged all along the titre-like value
scale, whatever the considered protein, with
median titre-like values of 4-22, 5 05 and 4-80,
for the A, B and C proteins, respectively (fig 3).
On the other hand, the titre-like values of
antibodies in the control serum samples were
restricted to the lower part of the scale, since
the maximum titre-like values were 4 74, 5-76
and 2-32 and the median values were 0-51,
1 16 and 0 00, for the A, B and C proteins,
respectively.

To demonstrate that the differences in the
predominant labelling patterns produced by
the RA serum samples (A + B + C) and by the
control serum samples (A + B) did not result
from the lower titre-like values of antibodies in
the controls, we analysed the labelling patterns
in two subgroups of 30 RA and 30 control
serum samples, paired for the titre-like value of
antibodies to the B protein. In these
subgroups, 17 (56-7%) of the RA serum
samples and only one (3-3%) of the control
serum samples produced the pattern
A + B + C, while 10 (33/3%) of the RA serum
samples and 26 (86-7%) of the control serum
samples produced the pattern A + B
(p < 0 00 1). The remaining serum samples
(three in each subgroup) showed the pattern B
alone.

In the control serum samples, the titre-like
values for antibodies labelling the B protein
alone (median = 0 56) were significantly
lower than the titre-like values for antibodies
labelling B protein in the A + B pattern
subgroup (median titre-like value 1-50)
(p < 0.0001). The very strong correlation we
found between the titres of antibodies
labelling the A protein and those of the
antibodies labelling the B protein being taken
into account (see below), it was seen that the
shift from the pattern B alone to the pattern
A+ B only depended on the increase of the
antibody titre.

Diagnostic indexes
The diagnostic sensitivity and specificity were
computed from the distribution of the RA and
the control serum samples at each step of the
semiquantitative scale separately for each
protein. The resulting curves (fig 3) showed
that the detection of antibodies to the A and
B proteins presented comparable sensitivity
and specificity for the diagnosis of RA.
However, at a threshold corresponding to the
first step of the semiquantitative scale (0 25),
the specificity of the detection of antibodies to
the C protein reached 94% (89.30/o-98.7%)
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Figure 3 Distribution of immunoblotting titre-like values (A) and diagnostic indexes (B) of antibodies to the A, B and C
proteins. (A) The distributions are shown for RA and non-RA patients for each level of the semi-quantitative scale of
immunoblotting titre-like values. (B) The diagnostic sensitivity (Se) and specificity (Sp) for RA of the detection of the
antibodies to the three proteins were computedfrom the distributions above. Vertical lines show the thresholds oflabelling
intensity which correspond to a diagnostic specificity of 99% (0 99).
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while the specificities were only 32%
(2280/o-41/2%) and 4% (0-1/o-7-9%) for the
detection of antibodies to the A and B proteins,
respectively. At a chosen specificity of99%, the
diagnostic sensitivities of the detection of
antibodies to the A and to the B proteins were
50% (39 60/6-604%) and 43T2 (32.80/o-
53.6%), respectively. These sensitivities did
not significantly differ from .-ach other or from
the diagnostic sensitivity of the detection of
'AKA' by IIF which was 42% (31 60/o-52.4%).
In contrast, the diagnostic sensitivity of the
detection of antibodies to the C protein was
70.5% (60.90/o-80d1%) and was found to be
significantly higher than all the above cited
sensitivities (p < 001). Moreover, the latter
diagnostic sensitivity was also found to be
significantly higher than the diagnostic
sensitivity of the detection of IgM-RF by
ELISA that was 54*5% (43.90/-65-1/), at a
threshold of 191 IU/ml chosen to get the same
specificity of 99% (p = 0 04).

STATISTICAL AND IMMUNOCHEMICAL

RELATIONSHIPS BETWEEN THE VARIOUS

ANTIBODIES STUDIED

The relationships between the IgM-RF
determined by ELISA, the titres of antibodies
to the stratum corneum of rat oesophagus
epithelium detected by IIF and those of the
antibodies to the A, B and C proteins detected
by immunoblotting, were sought separately in
the RA and in the control serum samples.

In the group of RA patients, the titres of
antibodies to the A and to the B proteins,
to the B and to the C proteins, and to the A
and to the C proteins were found to be
strictly correlated (r = 097, 0-83 and 0-79,
respectively, with p < 0-0001). In the group of
control patients, the antibodies to the A and to
the B proteins were also found to be strongly
correlated (r = 0-96, p < 0.0001) but varied
independently of the antibodies to the C
protein.

In the group of RA patients, the antibodies
to the A, B and C proteins were found to be
correlated with the titres of 'AKA' detected
by IIF (r = 0 53, 0 53 and 0-56, respectively,
with p < 0 0001), while, in the group of
control patients, the IIF titres were found to be
independent of the antibody titres to the three
proteins.

In the group of RA patients, the titres of
'AKA' detected by IIF were found to be
correlated with the IgM-RF detected by
ELISA (r = 0-31, with p < 0 01), as generally
observed. In this group, the antibodies to the
A, B and C proteins were also found to be
correlated with the IgM-RF (r = 0 34, 0 37 and
0-36, respectively, with p < 0 001). In the
group of control patients, the IgM-RF values
were found to be independent of the other
detected antibodies.

In the subset of RA patients with titre-like
values of antibodies to the C protein <1-75,
350/o (9/26) were RF-positive at the specificity
threshold of 99%/o (- 191 IU/ml). In particular,
two of the latter sera did not react with the C
protein at all. Similarly, in the subset of RA

1 2 3 4 -
_ + _ + _ + _ + .. 4+.
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Figure 4 Reactivity ofRF-absorbed RA serum samples
assayed by immunoblotting on rat oesophagus epithelium
extract. An RA serum sample (1) with a low value ofRF
(3 IU/ml) andfourRA serum samples (2-5) with high
values ofRF (1089, 840, 1478 and 1061 IU/ml,
respectively) were absorbed onto IgG-agarose columns.
Percentages ofabsorbed IgM-RF (abs RF) were determined
by ELISA. RA serum samples were analysed by
immunoblotting as infig 2 before (-) and after (+)
absorption. Reactivities to the A, B and C proteins were not
modified.

patients with titre-like values of antibodies to
the C protein ¢1-75, 37% (23/62) were RF-
negative (<191 IU/ml). In particular, two sera
with RF s 3 IU/ml reacted with the C protein
with high titre-like values >5. In the subset of
RF-negative patients, 35% (14/40) were
'AKA'-positive and 58% (23/40) presented a
titre-like value of antibodies to the C protein

P1-75. These data clearly indicate that anti-
bodies to the C protein and RF are distinct
from each other.
We further evaluated the immunological

relationship between RF (all isotypes) and
antibodies to the C protein, in particular
an eventual cross-reaction of RF with the
protein and an eventual RF-induced amplifi-
cation of immunoblotting reactivity. With this
aim, four serum samples with a high value of
RF (>839 IU/ml) were run through columns
of human IgG coupled to agarose. By this
means, up to 91% and at least 37% ofIgM-RF
was absorbed. When the absorbed and
unabsorbed serum samples were compared by
immunoblotting analysis, no modification of
reactivity was seen (fig 4). In addition, RF
eluted from the columns, were added in two
control and one RA serum samples with low
titre-like values of antibody to the C protein.
As expected if RF does not interfere with the
immunoblotting assay, the low reactivities to
the C protein were not modified (data not
shown).

Discussion
The immunoblotting assay we present here is
the first immunochemical method proposed to
date for the detection of 'AKA'.
The aim of the study was to obtain a test

presenting diagnostic performances equal to or
better than those of the standard IIF method.
This was achieved because, although all 88 RA
serum samples and also 97 of the 100 control
serum samples were found to be reactive to at
least one of the three protein antigens, the
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reactivity was found to be different in terms of
labelling pattern as well as in terms of titre-like
values, allowing RA to be diagnosed with a
high specificity. We have shown in previous IIF
studies29 31 that, because of the probable
presence of low titred non-disease-specific
antibodies which label the stratum corneum of
rat oesophagus epithelium, the presence of
'AKA' can only be asserted with sufficient
specificity when their titre-like value reaches a
threshold of 1-5 (95% specificity) or 2-0 (99%
specificity). The immunoblotting detection of
'AKA' followed the same rule since the
detection of antibodies to the A and to the B
protein required the choice of a convenient
threshold (4.25 and 5 50, respectively), to
reach a specificity of 99% for RA. At these
thresholds, the sensitivity was similar to that of
IIF 'AKA' detection (near 45%). The
detection of the antibodies to the C protein
allowed the same specificity to be obtained at
a threshold of 1-75. At this threshold, the
diagnostic sensitivity of the detection of anti-
bodies to the C protein (70/5%) was
significantly higher than those of the antibodies
to the A and B proteins as well as that of the
detection of 'AKA' by IIF. For diagnostic
purposes therefore the antibodies to the C
protein could be considered alone, whatever
the labelling of the other protein antigens. The
mere presence of these antibodies, whatever
their titre-like value, allowed 81-8% (-+/8%) of
RA to be diagnosed with a specificity of 94%
(±+233%).
The analysis of the labelling patterns showed

that a large majority of the RA serum samples
labelled the three proteins (A + B + C) simul-
taneously. In the RA serum samples, the titres
of the antibodies that labelled the three pro-
teins were found to be strongly correlated with
each other and also correlated with the titres
of 'AKA', detected by IIF. The values of the
correlation coefficients favour the hypothesis
that the antibodies detected on the three
proteins are largely the same and that the
epitopes recognised by 'AKA' on the stratum
corneum of rat oesophagus epithelium are
shared by the three protein antigens detected
by immunoblotting.
Of the reactive control serum samples, 95%

labelled either the A and B proteins or the B
protein alone. The idea that the antibodies
which label the A and the B protein in the
control serum samples are identical, was
supported by the close correlation we found
between their titre-like values, the labelling of
the B protein alone not being a pattern distinct
from A + B, but only resulting from the low
titre of the antibodies. In addition, we showed
that the near-absence of labelling of the C
protein by the control serum samples did not
result from their lower median titre-like value
with regard to the RA serum samples, but
indicated the actual absence of antibodies to
the C protein. As a whole, these results showed
the presence, in the serum samples from
patients with non-RA rheumatic diseases, of
non-disease-specific antibodies recognising
epitopes shared by the A and B proteins but
absent from the C protein.

The existence of at least two independent
antibody families distinguishable by their
labelling pattern (A + B + C: specific for RA;
A + B: non-disease specific) can be used as a
criterion for immunoblotting interpretation.
Indeed, the classification of the serum samples
according to their labelling pattern allowed
RA to be diagnosed with a specificity of 95%
(only five false positives) and a sensitivity of
81-8% (table), these diagnostic indexes being
similar to those of the detection of antibodies
to the C protein at a threshold of 0-25.
The association between RF and 'AKA',

detected by IIF or by the immunoblotting
assay we developed, is closed. However, it
seems unlikely that a cross-reaction exists
between RF and 'AKA' for the following
reasons: (1) Whereas RA-specific 'AKA' are
exclusively IgG, RF are mainly of the M
isotype. (2) It is well known that 'AKA' occur
in RF-negative RA. In the same way, we also
detected immunoblotting activities to the C
protein in IgM-RF-negative RA. Moreover,
some 'AKA'-positive serum samples have been
described as completely negative for IgG-RF35.
(3) Absorption of 'AKA'-positive serum
samples with aggregated human IgG, to
remove RF, did not abolish 'AKA' activity.18
Similarly, absorption of the samples on
agarose-coupled IgG did not modify their
immunoblotting activity toward the three
proteins of rat oesophagus epithelium. (4) The
addition of affinity-purified RF to RA sera did
not modify their immunoblotting reactivity.

Besides 'AKA', another powerful diagnosis
marker antibody, the antiperinuclear factor,
has been described in RA serum samples.33
Since 'AKA' react with filaggrin in the
comified cells of human epidermis38 and the
antiperinuclear factor reacts with superficial
cells of human buccal epithelium (two
squamous epithelia), the two antibodies could
possibly be related. The antigen recognised by
the antiperinuclear factor needs to be purified
and characterised to highlight the exact
relationship between both the RA-specific
antibodies.

In conclusion, the previous isolation and
characterisation of the rat oesophagus epi-
thelium antigens recognised by the so-called
'AKA', allowed us to develop an original
immunoblotting assay for the diagnosis of RA.
The analysis of the immunoblotting labelling
patterns showed that the RA-specific anti-
bodies recognised epitope(s) shared by the
three protein antigens, while non-RA-specific
antibodies found in control patients reacted
with epitope(s) shared by only two of the three
proteins. Even if determined on a sample of
188 patients representative of a larger sample
of 528 patients, the diagnostic performances of
the immunoblotting assay should be validated
on larger series of patients, particularly patients
with systemic lupus erythematosus, systemic
sclerosis and other connective tissue diseases,
but also other types of chronic arthritides.
However the performances already seem to be
clearly better than those of the IIF detection of
'AKA'. Moreover, if a commercially marketed
kit is developed on the basis of these results,
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it will be easier to use by clinical laboratories
than IIF, because of its limited technical
requirements.

This immunoblotting assay should rapidly
be confirmed as the most effective method for
the serological diagnosis of RA.
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