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Abstract

The so-called antikeratin antibodies (AKA) and the anti-
perinuclear factor (APF) are the most specific serological
markers of RA. Using indirect immunofluorescence, AKA
label the stratum corneum of various cornified epithelia and
APF the keratohyalin granules of human buccal mucosa
epithelium. Werecently demonstrated that AKArecognize
human epidermal filaggrin.

Here, we report the identification of the major APFanti-
gen as a diffuse protein band of 200-400 kD. This protein is
seen to be closely related to human epidermal (pro)f laggrin
since it was recognized by four antifilaggrin mAbs specific
for different epitopes, and since the APF titers of RA sera
were found to be correlated to their AKAtiters and to their
immunoblotting reactivities to filaggrin. Immunoabsorption
of RA sera on purified epidermal filaggrin abolished their
reactivities to the granules of buccal epithelial cells and to
the 200-400-kD antigen. Moreover, antifilaggrin autoanti-
bodies, i.e., AKA, affinity purified from RA sera, were
shown to immunodetect the 200-400-kD antigen and to
stain these granules.

These results indicate that AKA and APF are largely
the same autoantibodies. They recognize human epidermal
filaggrin and (pro)filaggrin-related proteins of buccal epi-
thelial cells. Identification of the epitopes recognized by
these autoantibodies, which we propose to name antifilag-
grin autoantibodies, will certainly open new paths of re-
search into the pathophysiology of RA. (J. Clin. Invest. 1995.
95:2672-2679.) Key words: autoimmunity * autoantigen .
keratohyalin granules * profilaggrin * antifilaggrin autoanti-
bodies

Introduction

The hallmark of B cell involvement in the autoimmune patho-
physiology of RA is the presence of various antibodies directed
to self antigens in the sera of patients. Among them, rheumatoid
factors have been the most extensively studied (reviewed in
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reference 1), but numerous other autoantibodies such as anticol-
lagen (2), antinuclear (3, 4), and anticytoskeletal (5) antibod-
ies have been described. A lot of work has also been performed
on the antiperinuclear factor (APF)' (6-22) and on the antiker-
atin antibodies (AKA) (9, 21-37). Both these antibodies have
been demonstrated to be highly specific serological markers of
the disease and therefore are increasingly used for the diagnosis
of RA (reviewed in reference 38).

AKAwere identified by indirect immunofluorescence (IIF)
in the serum of RA patients in 1979 by Young et al. (23).
They label the stratum comeum, i.e., the cornified layer, of rat
esophagus epithelium. Despite the lack of biochemical charac-
terization of their target, the antibodies were called antikeratin,
probably because cytokeratins constitute the major protein com-
ponent of the stratum corneum. However, the IIF pattern of
labeling produced by these antibodies was found to be unmodi-
fied by preabsorption of the RA sera with human cytokeratins
(24) and we demonstrated that AKA differ from the naturally
occurring autoantibodies to human epidermal cytokeratins (33).
Recently, we identified the rat esophagus epithelium antigens
defined by AKA as three noncytokeratin late differentiation
proteins of 210, 90-120, and 60-130 kD which had not been
previously described (36). We also demonstrated that AKA
label the stratum corneum of human epidermis and specifically
recognize the 37-kD basic epidermal filaggrin and its 40-kD
neutral/acidic isoform, and therefore are genuine autoantibodies
(37). Filaggrin is an intermediate filament-associated protein
involved in the aggregation of cytokeratin filaments during the
cornification of the epidermis. It is synthesized in the stratum
granulosum as a large and heavily phosphorylated precursor,
profilaggrin, which is accumulated in keratinocyte-specific cyto-
plasmic organelles, the keratohyalin granules. During the late
stages of epidermal keratinocyte differentiation, profilaggrin
molecules are dephosphorylated and cleaved, to release func-
tional filaggrin units (reviewed in reference 39).

Described in 1964 by Nienhuis and Mandema, APF corre-
sponds to autoantibodies which, analyzed by IIF, label 0.5-7-
ktm-sized perinuclear granules in the superficial cells of human
buccal mucosa epithelium (6). The APF-defined antigen has
not been identified yet. However, the ultrastructural and histo-
chemical properties of the granules (8, 17) and the sensitivity
of APFassay to various enzymatic or chemical treatments of the
cells ( 19) indicate that the granules correspond to keratohyalin
granules and that the antigen is not composed of nucleic acids,
but is rather a protein component sensitive to fixatives such as
acetone and methanol and to freeze-thawing cycles.

An exhaustive survey of the literature allowed us to establish
that APF and AKAshare numerous features. AKA are clearly

1. Abbreviations used in this paper: AKA, antikeratin antibodies; APF,
antiperinuclear factor; IIF, indirect immunofluorescence; p200-400,
diffuse protein band with a mol wt of 200,000-400,000.
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of IgG isotype (32) and APFhas also been shown to be mainly
of IgG isotype (9, 11). Both antibodies are very specific for
RA: they occur with diagnostic sensitivities of 33-80 and 48-
87% and diagnostic specificities of 87-100 and 73-100%, re-
spectively (AKA: 9, 11, 22, 25-30; APF: 6-15, 17-19, 22).
Their occurrence is independent of the age and sex of the pa-
tients (6, 16, 30, 31). Their presence and/or titers have been
found to be correlated to each other (9, 19, 21, 22, 38), to the
presence of rheumatoid factors (6, 7, 16, 30), and to the severity
and activity of the disease (22, 25-28, 30, 35). Furthermore,
APF and AKA are both independent of the disease duration
(15, 16, 18, 29, 30), appear early, and may even precede the
clinical manifestations of RA (10, 21, 34, 35). Lastly, both
autoantibodies are detected in synovial fluid of RApatients (6,
17, 18, 24, 28, 31 ). Regarding this series of indirect arguments,
it is tempting to speculate that APF and AKA are the same
autoantibodies. Consistent with this hypothesis, the APFantigen
could be related to filaggrin, the epidermal antigen recognized
by AKA, because (a) both antigens are expressed in epithelia
of the same histologic type (rat esophagus epithelium, human
epidermis, as well as human buccal epithelium are stratified
squamous epithelia with similar programs of terminal differ-
entiation) and (b) the APF antigen has been reported (19) to
colocalize with molecules reactive with AKH1, a (pro)filag-
grin-specific mAb.

The goals of the present study were to immunologically and
biochemically characterize the antigen recognized by APF in
human buccal epithelial cells, and to provide direct immunologi-
cal evidence of the identity between AKAand APF.

Methods

Human sera. RA sera were selected from a previously published series
of 229 patients with classical or definite RA (33), according to the
criteria of the American College of Rheumatology (40). In the series,
AKAtiters had been determined by HFon cryosections of rat esophagus
using a previously described and largely validated semiquantitative
method (30, 33). 21 RA sera, chosen with increasing AKA titer-like
values ranging regularly along the semiquantitative scale (0-8, step
0.25) from 0.25 to 5.75, were used in this study. Four non-RA human
sera were used as negative controls.

Murine monoclonal antibodies. AKH1, an IgGl murine mAb spe-
cific for human epidermal filaggrin and profilaggrin (41 ) was purchased
from Biomedical Technologies Inc. (Stoughton, MA), as an ascitic
fluid. AHF1, AHF2, AHF3, and AHF7, IgGl murine mAbs directed to
four different epitopes borne by filaggrin and/or not, profilaggrin (Si-
mon, M., M. Sebbag, M. Haftek, C. Vincent, E. Girbal, J. Rakotoari-
vony, G. Somme, and G. Serre, manuscript submitted for publication),
were produced, characterized, and purified in our laboratory. 6B10, an
IgGI mAb directed to human cytokeratin No. 4 (42), was purchased
from Sigma Chemical Co. (St. Louis, MO), as an ascitic fluid.

Indirect immunofluorescence on human buccal epithelial cells. Hu-
man buccal epithelial cells were obtained by scraping the inner side of
the cheeks of three previously selected APF granule-positive donors.
After four washes in ice-cold PBS, the cells were prepared by cytocentri-
fugation (4 x I03 cells/slide) with a Cytospin (Shandon Inc., Runcorn,
United Kingdom), air-dried for 15 min, and stored at 4°C for a maximum
of 24 h. After a 15-min rehydration in PBS, the slides were incubated
in a moist chamber for 90 min at 20°C with the human sera (diluted to
1:5 in PBS), AKH1 (1:100), AHF1 (10 jg/ml), or 6B10 (1:100).
After two washes in PBS containing 0.05% Tween 20 and one wash in
PBS alone, the slides were incubated for 30 min at room temperature
with FITC-labeled goat Fab fragments to human y heavy chains of
IgG (Biosys, Compiegne, France) or goat Ig to mouse IgG (Southern
Biotechnology Associates, Birmingham, AL), both diluted to 1:50 in
PBS. After washing as above, the slides were mounted with Fluoprep

medium (Bio-MWrieux, Lyon, France) and observed with a BH2 micro-
scope (Olympus Corp., Tokyo, Japan) with ultraviolet epiillumination.
The method generally used for analysis of APF, subjectively evaluates
the test as positive or negative, according to the presence of fluorescent
granules in at least one cell. This is done either at one dilution or on a
series of dilutions of the serum to allow a titration. It has been proposed
to optimize this evaluation by assessing the percentage of cells labeled
by the serum and considering as positive only the sera labeling > 10%of
cells (18). Nevertheless, because of the large intra- and interindividual
variations in the percentage of buccal cells that contain potentially im-
munoreactive perinuclear granules (7, 9, 13, 18, 19), and to minimize
the effects of this variability on the titration of sera, we used an original
semiquantitative method for the evaluation of the APF titer. For each
serum, 100 buccal cells were counted and the fluorescence intensity of
each positive cell was scored on a scale from 0 to 5 (with 1-U steps).
The mean fluorescence intensity of the positive cells gave a titer-like
value that we considered as the APF titer. It is noteworthy that the APF
titers we obtained were related for each donor to the percentage of
positive cells.

Epithelial extracts. The antigens recognized by AKA, i.e., the three
rat esophagus epithelium proteins and the 40 kD neutral/acidic isoform
of human epidermal filaggrin, were extracted and concentrated as pre-
viously described (36, 37). Briefly, rat esophagus epithelium was ho-
mogenized in 150 mMNaCl, 40 mMTris-HCI, pH 7.4, and the extracted
proteins were precipitated in trichloroacetic acid and redissolved in
distilled water. Human breast epidermis was lysed in the same buffer
containing 0.5% NP-40 and the extracted proteins were precipitated in
ethanol and redissolved in distilled water. As previously reported (37),
this method gives rise to an extract enriched in the neutral/acidic isoform
of filaggrin, a molecule with largely the same amino-acid composition
and antigenicity as the basic filaggrmn, but with a more acidic pl.

Human buccal epithelial cells were sequentially homogenized by
vigorous agitation for 5 min with 200 Ml per 106 cells of the following
ice-cold buffers (three times in each buffer): 40 mMTris-HCI, pH 7.4,
containing 150 mMNaCl, 10 mMEDTA, 0.5% NP-40, 0.01% sodium
azide, 2 ug/ml aprotinin and 1 mMphenylmethylsulfonyl fluoride; then
20 mMTris-HCI, pH 7.4, containing 8 Murea, 2 Mg/ml aprotinin and 1
mMPMSF; lastly, the same buffer containing 0.1 Mfl-mercaptoethanol.
After each extraction, the cell lysate was centrifuged for 10 min at
25,000 g and the supernatant removed. The three supernatants corre-
sponding to the same buffer were pooled and the pools identified as
NP-40, urea, and urea-,/-mercaptoethanol extract, respectively.

Gel electrophoresis. The rat esophagus epithelium extracts were
separated by nondenaturing PAGEas previously described (43). Buccal
epithelial cell proteins were precipitated with 4 vol of ethanol (NP-40
extract) or acetone (urea and urea-/3-mercaptoethanol extracts), and the
precipitates were redissolved in 6 M urea, 0.1 M/B-mercaptoethanol,
4%SDS, 0.05% bromophenol blue, and 20 mMTris-HCl, pH 6.8 (con-
centrated 10-fold for the NP-40 extract or 5-fold for the urea and urea-
,B-mercaptoethanol extracts). Human epidermal and buccal epithelial
extracts were separated by SDS-PAGEon 8-25 and 4-15% polyacryl-
amide gradient gels, respectively, using the PhastSystemrnT (Pharmacia
LKB Biotechnology, Uppsala, Sweden), as described by the manufac-
turer. The molecular weight calibration kits were from Bio-Rad Labora-
tories (Richmond, CA) or Pharmacia LKB Biotechnology.

Immunoblotting. After electrophoresis, the rat esophagus or human
buccal epithelial extracts were electrotransferred on nitrocellulose mem-
branes (Bio-Rad Laboratories) and probed with human sera diluted to
1:10 or 1:50, respectively, as previously described (43). Humanepider-
mal extracts were electrotransferred to reinforced nitrocellulose mem-
branes (Schleicher & Schuell, Inc., Dassel, Germany) and probed for
1 h at 20°C with human sera diluted to 1:30 in Tris-HCI, pH 8, containing
2 MNaCI and 0.05% Tween 20. The blots were also probed with AKH1
(1:100) and the four AHF mAbs (10 Mg/ml). Complexed IgG were
visualized with peroxidase-labeled goat Fab fragments to human y
heavy chains of IgG (Southern Biotechnology Associates) or sheep Fab
fragments to mouse IgG (Biosys).

Purification of the neutral/acidic human epidernal filaggrin and
immunoabsorption experiments. The neutral/acidic isoform of filaggrin
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was purified to homogeneity from the enriched human epidermal extract
by affinity chromatography on a 2-ml affinity column (CarboLinktm;
Pierce Chemical Co., Rockford, IL). 2 mg of periodate-oxidized anti-
(pro)filaggrin mAbs were bound to the column, as described by the
manufacturer, in the following proportions: AHF1 (9.8%), AHF2
(28.4%), AHF3 (48.1%), and AHF7 (13.7%). The enriched human
epidermal extract (200 Ag of proteins) was lyophilized, dissolved in
PBS, and loaded onto the column. After incubation for 3 h at room
temperature or overnight at 40C, the column was washed with 3 vol of
1 MNaCl, 10 mMphosphate buffer, pH 7.4. Bound filaggrin was eluted
with 0.2 Mglycine-HCl, pH 2.5, and immediately neutralized by the
addition of 0.05 vol of 2 MTris base. About 100 jig of pure filaggrin,
as measured using the Coomassie Plus protein assay (Pierce Chemical
Co.), were eluted from the column whereas no proteins were eluted
from a control matrix prepared by binding 3.4 mg of IgG purified from
a pool of normal mouse sera (Sigma Chemical Co.). Eluted fractions
were dialyzed against water and lyophilized.

For immunoabsorption, 1 A1 of undiluted RAserum or 2 1l of mAb
(ascitic fluid for AKH1 and 1 mg/ml solution of mAbs for the purified
AHF) were incubated for 2 h at 4°C with 6 Ag of affinity-purified
neutral/acidic filaggrin or BSA (Sigma Chemical Co.). They were then
tested by IIF and immunoblotting as described above.

Purification of the human antifilaggrin autoantibodies. Antifilaggrin
autoantibodies were purified from a pool of four RAsera with high titers
of AKA, by affinity chromatography on an N-hydroxysuccinimide-
activated affinity column (HiTrap'; Pharmacia LKB Biotechnology)
(1 ml) coupled, as described by the manufacturer, with 500 Ag of the
affinity-purified neutral/acidic human epidermal filaggrin. The column
was loaded with 1 ml of the pool diluted in 3 vol of PBS. Washing and
elution of bound antibodies were performed as described above. Affin-
ity-purified antibodies were stored at -20°C after the addition of BSA
(final concentration equal to 0.1 mg/ml). The IgG activity of the eluted
fractions was tested by HF and immunoblotting, as described above.
Two control experiments were performed. In the first, the same pool of
RA sera was purified on a HiTrap' affinity column coupled with 4
mgof BSA. In the second, a pool of two normal human sera was affinity
purified on the column coupled with the neutral/acidic filaggrin.

Statistical analyses. Correlations were sought by computing Spear-
man's rank correlation coefficients.

Results

APFand AKA titers are strongly correlated. The HF reactivity
of the 21 selected RA sera and of 2 control sera was analyzed
on human buccal epithelial cells from three different donors. All
the RAsera labeled cytoplasmic, mainly perinuclear, granules in
a subpopulation of the buccal cells from the three donors
whereas the control sera did not show any staining (Fig. 1 A).
The APF titers, semiquantitatively estimated, were similar and
ranged identically whatever the donor was. The APF titers of
the RA sera were found to be strongly correlated with their
AKAtiters previously determined by IIF on rat esophagus cryo-
sections (30, 33). Fig. 1 B illustrates the APF titers determined
with one of the donors (range 1-4.5) and their highly signifi-
cant correlation with the AKA titers of the sera (r = 0.86, P
< 10-6).

The reactivities of RA sera to buccal keratohyalin granules
and to the various AKA antigens are related. To compare the
reactivities of RA sera to buccal keratohyalin granules and to
the AKA antigens, the 2 control sera and 12 out of the 21 RA
sera, chosen with APF titers ranging from low to high titer ( 1-
4.5) and thus corresponding to the whole range of APF activi-
ties we determined above, were analyzed by immunoblotting
on the neutral/acidic filaggrirl enriched from a human epidermis
extract and on proteins extracted from rat esophagus epithelium.
The neutral/acidic filaggrin (Fig. 2 A), specifically detected by
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Figure 1. IF pattern of labeling of APF and correlation of the APF and
AKAtiters in a series of 21 RA sera. (A) Typical immunofluorescence

staining pattern produced by an APF-positive RAserum on buccal cells.
Human buccal epithelial cells were collected by scraping the cheek of
a positive donor, washed, spun down on microscope slides, and immuno-

detected with RA and control (Co) sera. The RA serum labels cyto-
plasmic perinuclear granules, whereas the control serum shows no stain-

ing. (B) Correlation between the titer-like values of APF and AKA,
assessed as described in Methods. APF titer-like values correspond to

one representative measurement out of three performed with cells from

different donors. r, Spearman rank correlation coefficient; n, nucleus;
scale bar = 50 Mm.

the anti-(pro)filaggrin mAbs AKH1 and AHF1, as previously
published (37), was recognized by the nine RA sera with the

highest APF titers. The three RA sera with the lowest APF

titers and the two control sera did not stain the neutral/acidic

filaggrin. Moreover, the immunoblotting reactivities of the sera

towards human filaggrin were found to be correlated to their

APFtiters (r = 0.84, P < 10-3). In the rat esophagus epithelium
extract (Fig. 2 B), containing the A, B, and C protein antigens
defined by AKA, all the tested sera reacted with the B protein.
The higher staining intensities were observed with the nine RA

sera showing the highest APF titers. Consistent with our previ-
ous results (43), A and C proteins were only detected by these
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Figure 2. Immunoblotting detection of the AKA-specific antigens in
human epidermal and rat esophagus epithelium extracts, by a series of
12 RA sera. The partially purified neutral/acidic isoform of human
filaggrin (A) and proteins from a low ionic-strength extract of rat
esophagus epithelium (B) were separated by SDS-PAGEor nondenatur-
ing PAGE, respectively, on 8-25% gradient gels and electrotransferred
onto nitrocellulose membranes. Immunodetection was performed as fol-
lows: lanes 1 and 16, control strips only incubated with peroxidase-
labeled anti-human and anti-murine IgG, respectively; lanes 2-13,
RA sera in decreasing order of APF titers; lanes 14 and 15, control
sera; lanes 17 and 18, anti-(pro)filaggrin mAbs AKH1 and AHF1.
Arrowheads show the neutral/acidic variant of human epidermal filag-
grin (F), and the A, B, and C antigenic proteins of rat esophagus
epithelium. Filaggrin is detected strongly by the eight RA sera with the
highest APF titers (lanes 2-9), weakly by one RA serum (lane 10),
but not by the RA sera with the lowest APF titers or by the control sera

(lanes 11-15). In the same way, the A and C proteins are only detected
by the nine RA sera with the highest APF titers (lanes 2-10). The
mAbs label human filaggrin but not the rat esophagus proteins. Note
that the pattern of immunoblotting reactivity is more diffuse when the
intensity of reactivity is higher. Migration of protein markers (X I0-3
D) is indicated on the left.

nine RA sera. Furthermore, the APF titers of the sera were

found to be correlated to their immunoblotting reactivities to
the A (r = 0.74, P < 0.003), B (r = 0.75, P < 0.002),
and C (r = 0.76, P < 0.002) proteins. The mAbs to human
(pro)filaggrin did not stain the A, B, or C proteins.

Identification of the APFantigen in human buccal epithelial
cell extracts. To identify the antigens recognized by APF, buccal
epithelial cells from the three donors were sequentially extracted
with Tris-HCl buffers containing NP-40, urea, and finally urea

and ,B-mercaptoethanol. After concentration, the extracted pro-
teins were separated by SDS-PAGE, electrotransferred onto ni-
trocellulose, and immunodetected with the 2 control sera and
the 12 selected RA sera.

In the NP-40 extract (Fig. 3), a diffuse protein band with
an apparent mol wt of 200,000-400,000 (p200-400), even

spreading on down to 150,000 with the highly reactive sera,
was specifically stained by 9 out of the 12 RAsera but was not
detected by the control sera. Interestingly, the three RA sera

1 2 3 4 5 6 7 8 9 10 11 U 13 14 15 16 17 18 19 20

Figure 3. Immunoblotting detection of the APF antigen in a human
buccal epithelial cell extract, by a series of 12 RA sera. Human buccal
epithelial cells were lysed in Nonidet P-40 containing Tris buffer, and
proteins were concentrated by ethanol precipitation, separated by SDS-
PAGEon 4-15% gradient gel, and electrotransferred onto nitrocellulose
membranes. Immunodetection was performed as follows: lanes I and
16, control strips only incubated with peroxidase-labeled anti-human
or anti-murine IgG, respectively; lanes 2-13, RA sera in decreasing
order of APF titers; lanes 14 and 15, control sera; lanes 17-20, anti-
(pro)filaggrin mAbs AKH1, AHF1, AHF2, and AHF7. A diffuse pro-
tein band with apparent mol wt of 200,000-400,000 (even spreading
on down to 150,000 with the highly reactive sera) is specifically detected
by the nine RAsera showing the highest APF titers, with a strong (lanes
2-9) or a weak (lane 10) reactivity. A similar diffuse band is also
recognized by the four anti-(pro)filaggrin mAbs. Note that all the sera,

including the controls, detect additional bands unrecognized by the
mAbs. This result corresponds to one representative experiment out of
three, performed with cell extracts from different donors.

which did not detect p200-400 had the lowest APF titer
(= 1.0). The nine RA sera, reactive to p200-400 in NP-40
extracts, also labeled a poorly resolved band with the same

relative mobility in the urea-p-mercaptoethanol extract, but not
in the urea extract (not shown). Furthermore, the staining inten-
sities of p200-400 by the RA sera were found to be correlated
to their APF titers (r = 0.79, P < 10-s). The data suggest that
p200-400 is the major antigen recognized by RA sera in the
perinuclear granules of buccal epithelial cells.

It should be noted that all the sera, including the two con-

trols, detected additional sharp polypeptide bands, including
contaminant human IgG heavy chains also detected by the sec-

ondary antibody, in the NP-40 extract (Fig. 3). Additional pro-
teins were also nonspecifically detected in urea and urea-fl-
mercaptoethanol extracts (not shown).

To test whether p200-400 was related to filaggrin and/or
its precursor, the buccal epithelial cell proteins were immunode-
tected with various (pro)filaggrin-specific mAbs. The four
mAbs, AKH1, AHF1, AHF2, and AHF7 also recognized a dif-
fuse protein band of 200-400 kD in the NP-40 extract (Fig.
3) and in the urea-,6-mercaptoethanol extract, but did not recog-
nize any protein in the urea extract (not shown). AHF7, which
does not recognize epidermal profilaggrin, presented the same

labeling pattern as the other mAbs.
Immunoabsorption ofAPF with the neutral/acidicfilaggrin.

The correlations between APF and AKA titers and the immu-
noblotting data suggested that APF and AKA might have the
same specificity. To further investigate the relationship between
the two autoantibodies, four RA sera with high titers of AKA
and APFwere absorbed on the neutral/acidic isoform of human
filaggrin, affinity purified to homogeneity as judged by Coomas-
sie blue staining and immunoblotting analysis (data not shown).
The inhibition of the AKA reactivity was checked by testing
the absorbed RAsera using HIF on cryosections of rat esophagus
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Figure 4. IIF pattern of labeling produced on human buccal epithelial
cells by RA sera and mAbs immunoabsorbed on purified neutral/acidic
epidermal filaggrin. One RA serum with a high APF titer (a-c) and
the mAbs AKHl directed to human (pro)filaggrin (d-f ) and 6Bl0
directed to human cytokeratin No. 4 (g-i) were analyzed by IIF on

human buccal epithelial cells, before (a, d, and g; -) and after immu-
noabsorption with BSA(b, e, and h) or with the affinity-purified neutral/
acidic filaggrin (c, f and i; FIL). With or without incubation with BSA,
the serum and AKH1 show a typical intense labeling of the perinuclear
granules, whereas 6B 10 shows a diffuse cytoplasmic labeling. Immu-
noabsorption with purified filaggrin induces an extinction of the granule
labeling produced by the RAserum and by AKHl, but does not modify
the staining produced by 6Bl0. Identical inhibitions were obtained with
three other RA sera and with the mAbAHFl. Scale bar = 50 ,m (a-
f ) or 100 um (g-i); n, nucleus.

and using immunoblotting on human epidermal and rat esopha-
gus epithelial extracts. As previously published (37), significant
inhibition of the fluorescence intensity on the stratum corneum
of the rat esophagus epithelium, and of the immunoblotting
reactivity to the neutral/acidic isoform of epidermal filaggrin
was observed. In addition, inhibition of the immunoblotting
reactivity to the three rat epithelial proteins was also observed.
In a control test, no decrease in the staining intensities occurred
after absorption of the RA sera on BSA.

The four immunoabsorbed sera were then assayed by IIF
on buccal epithelial cells (Fig. 4, a-c) and by immunoblotting
on the NP-40 and urea-/3-mercaptoethanol extracts of buccal
epithelial cells (Fig. 5, A and B). After absorption on the puri-
fied neutral/acidic human filaggrin, the immunofluorescence
reactivity of the sera to the buccal granules was either drastically
decreased (two sera) or abolished. Likewise, the immunoblot-
ting reactivity of the four immunoabsorbed sera to p200-400
was completely abolished. The inhibition by the neutral/acidic
filaggrin of both the reactivities was specific because it was

not reproduced by immunoabsorption on BSA and because the
nonspecific immunoblotting reactivity of the sera toward addi-
tional bands was unchanged after the immunoabsorption on

1 2 3 4 5 6 7 8 9 10 11 12

Figure 5. Immunoblotting detection of human buccal epithelial cell
extracts by RA sera and mAbs immunoabsorbed on purified neutral/
acidic epidermal filaggrin. Proteins of the NP-40 (A) and urea-f3-mer-

captoethanol (B) extracts of human buccal epithelial cells were sepa-

rated by SDS-PAGEon 4-15% gradient gels and electrotransferred
onto nitrocellulose membranes. Immunoblotting analysis was performed
with two RA sera with high APF titers (lanes 1-3 and 4-6, respec-

tively), and the two mAbs to human (pro)filaggrin AKH1 (lanes 7-9)
and AHF1 (lanes 10-12), which had been previously incubated alone
(lanes 1, 4, 7, and 10), with BSA (lanes 2, 5, 8, and 11), or with
affinity-purified neutral/acidic filaggrin (lanes 3, 6, 9, and 12). Preincu-
bation with filaggrin inhibits the immunoreactivity of the sera and of
the mAbs towards p200-400, whereas preincubation with BSA does
not. Note that preincubation with filaggrin does not modify the immuno-
reactivity of the sera toward the additional bands.

filaggrin. Similarly, the HF and immunoblotting reactivities of
the anti-(pro)filaggrin mAbs AKH1 and AHF1 were com-

pletely and specifically inhibited after immunoabsorption on the
neutral/acidic filaggrin (Fig. 4, d-f and Fig. 5, A and B). In a

control test, filaggrin did not inhibit the binding of the filaggrin-
unreactive mAb6B 10 which is directed against cytokeratin No.
4, a protein specific of noncornified squamous epithelia (Fig.
4, g-i).

Affinity purification of APFon the neutral/acidic filaggrin.
To confirm the large identity of APF and AKA, antifilaggrin
autoantibodies were affinity purified from a pool of four RA
sera with high titers of APF and AKA, by chromatography on

a column of immobilized neutral/acidic filaggrin. The specific-
ity of the binding to human epidermal filaggrin and to rat esoph-
agus antigens by the purified autoantibodies was checked by
immunoblotting on crude epidermal extracts of human epider-
mis and rat esophagus epithelium (not shown). Analyzed by
IIF on cryosections of rat esophagus and human skin, the auto-
antibodies exclusively stained the stratum corneum of the rat

esophagus epithelium and human epidermis. Moreover, the anti-
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Figure 6. IIF and immunoblotting analysis of affinity-purified antifilag-
grin autoantibodies. A pool of four RA sera and a pool of two normal
sera were affinity purified on the purified neutral/acidic epidermal fi-
laggrin or on BSA and the eluates were tested by IIF on human buccal
epithelial cells (A-C) and by immunoblotting on the NP40 extract of
these cells (D). (A) The pool of RA sera, diluted to 1:5, produces the
typical intense labeling of the perinuclear granules. (B} Antifilaggrin
autoantibodies, affinity purified from this pool of RA sera and used
diluted to 1:2, produce the same labeling of the buccal cells. (C) Anti-
bodies, affinity purified from the same pool of RA sera on BSA and
used undiluted, show no labeling of the buccal cells. (D) The pool of
RA sera immunodetects p200-400 and additional epithelial proteins
(lane 1) whereas the antifilaggrin autoantibodies exclusively immunode-
tect p200-400 (lane 2). The anti-BSA antibodies (lane 3) and autoanti-
bodies affinity purified on filaggrin from the pool of control sera (lane
4) do not immunodetect any protein. Scale bar = 50 Om; n, nucleus.

bodies affinity purified from the same pool of RAsera on BSA,
and the antibodies affinity purified from a pool of two control
sera on human filaggrin, did not show any reactivity to the
tissues, confirming that AKA reactivity is confined in antifilag-
grin autoantibodies (44).

The antifilaggrin autoantibodies, affinity purified from the
pool of RA sera, were then tested for their APF activity. They
produced an intense staining of the perinuclear granules of hu-
man buccal epithelial cells, similar to that produced by the pool.
Conversely, the antibodies affinity purified from the same pool
of RA sera on BSA, and the antibodies affinity purified from
the pool of control sera on human filaggrin did not label the
perinuclear granules (Fig. 6, A-C). When tested by immu-
noblotting, the purified antifilaggrin autoantibodies labeled a
diffuse protein band of 200-400 kD that largely comigrated
with p200-400 in the NP40 extract of human buccal epithelial
cells. No staining of additional bands was observed. The control
eluates of the same pool of RA sera purified on BSA and of
the normal sera purified on neutral/acidic filaggrin did not show

any reactivity (Fig. 6 D). These results provide further convinc-
ing evidence that APF and AKApresent the same antifilaggrin
specificity.

Discussion

30 yr after the initial report of Nienhuis and Mandema (6), our
study provides the first biochemical characterization of the ma-
jor antigen recognized by APF in the perinuclear keratohyalin
granules of human buccal epithelial cells. On immunoblots, RA
sera reproducibly recognized a diffuse protein band with an
apparent mol wt of 200,000-400,000 (p200-400) extracted
from cells of three different donors. This protein was detected
neither by non-RA sera nor by RA sera with the lowest APF
activity. In addition, the staining intensities of p200-400 by
the RA sera were found to be correlated to their APF titers
detected by IIF. These data strongly suggest that p200-400 is
the antigen recognized by APF in the perinuclear granules of
human buccal epithelial cells. This is confirmed by immunoab-
sorption experiments, since both the reactivities to the perinu-
clear granules and to p200-400 were specifically inhibited after
immunoabsorption of APF-positive RA sera on purified epider-
mal filaggrin. The uncomplete absorption of the APFreactivities
observed with some RA sera either suggests the existence of
other minor APF-recognized antigens or more likely indicates
that discontinuous or conformational epitopes present in situ on
p200-400 are absent on the purified filaggrin.

Moreover, p200-400 was also recognized by four mAbs
specific for different epitopes of human epidermal (pro)filag-
grin. This close immunological relationship with (pro)filaggrin
suggests a close biochemical relationship. Consistent with this,
is the previous observation by IIF that (pro)filaggrin colocalizes
on the buccal cell keratohyalin granules with the antigen recog-
nized by APF (19). In the same way, all the seven AHFmAbs
we have produced against human epidermal (pro)filaggrin, la-
bel the perinuclear granules of human buccal epithelial cells
(Sebbag, M., M. Simon, C. Vincent, C. Masson-Bessiere, E.
Girbal, J.-J. Durieux, and G. Serre, unpublished observations).
These data, together with the absence of detectable 37-kD basic,
as well as neutral/acidic, isoforms of filaggrin in buccal epithe-
lial cells (reference 45 and our results), suggest that p200-400,
because of its high molecular weight, is the filaggrin precursor,
profilaggrin. In agreement, epidermal profilaggrin usually mi-
grates on SDS-gel as a diffuse band (39). However, p200-400
differs from epidermis profilaggrin in some respects. First, after
sequential extraction of proteins from buccal epithelial cells,
p200-400 was detected in NP-40 and urea-,/-mercaptoethanol,
but not in the urea extracts. Conversely, profilaggrin is known
to be present in urea but not in NP-40 sequential extracts of
human epidermis. Secondly, RA sera, analyzed by IIF and im-
munoelectron microscopy on human skin, do not label the pro-
filaggrin-containing keratohyalin granules of the epidermis and,
in immunoblotting, do not recognize human epidermal pro-
filaggrin (44). Similarly, the filaggrin-specific mAbAHF7does
not label the keratohyalin granules of human epidermis and
does not detect profilaggrin on immunoblots (Simon, M., M.
Sebbag, M. Haftek, C. Vincent, E. Girbal, J. Rakotoarivony, G.
Somme, and G. Serre, manuscript submitted for publication).
In contrast, both the RA sera and AHF7 labeled perinuclear
granules in buccal epithelial cells and recognized p200-400 on
immunoblots. This p200-400 antigen may consist of processed
filaggrin covalently linked with other cellular proteins. This is
unlikely because (a) such a complex resistant to urea, SDS,
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and 63-mercaptoethanol has never been described in epidermal
cells, and (b) mature filaggrin is not expressed in buccal cells.
More likely, these differences between epidermal profilaggrin
and p200-400 may be due to a differential processing of the
filaggrin precursor in cornified and noncornified squamous epi-
thelia. p200-400 may correspond to partially dephosphorylated
profilaggrin and partial or complete dephosphorylation of profi-
laggrin, associated or not to its cleavage into filaggrin units,
may be necessary for its recognition by RAsera in the filaggrin-
containing matrix of corneocytes in the stratum corneum of
human epidermis, as well as in the perinuclear granules of hu-
man buccal epithelial cells. This later hypothesis also may ex-
plain how the expression of profilaggrin can be induced by
exposure of cultured human buccal epithelial cells to 12-0-
tetradecanoylphorbol-13-acetate while the expression of the an-
tigen recognized by APF cannot (20). Moreover, intra- and
interindividual variations in the partial processing of profilag-
grin in buccal cells, perhaps related to fine variations in the
expression of the differentiation program of the buccal epithe-
lium, could explain the large intra- and interindividual variations
in the expression of the APF antigen (7, 9, 13, 19).

Hoet and co-workers recently failed to identify any protein
from buccal epithelial cells that was immunoreactive with APF-
positive RA sera (19). This discrepancy with our results may
simply reflect differences in sensitivity of the immunoblotting
assays. Alternatively, p200-400 could have been extracted by
washings of the buccal cells in the presence of detergent as
performed by these authors before immunoblotting analysis.
To elucidate this discrepancy, we prepared and analyzed by
immunoblotting, protein extracts of buccal epithelial cells from
two different donors, according to Hoet et al. (19). Consistent
with the first assumption and with the results described above,
the sera with high APF titers and the anti-(pro)filaggrin mAbs
reacted with a diffuse band of 200-400 kD in these extracts.
In addition, these reactivities were found to be inhibited by a
preincubation of the sera with affinity-purified neutral/acidic
epidermal filaggrin (data not shown).

The close relationship between p200-400 (the APF anti-
gen) and filaggrin (the AKA antigen), suggests that APF and
AKAare the same autoantibodies, as has been previously sup-
posed (21, 38). The strong correlation between the APF and
AKA titers that we observed and the series of indirect bioclini-
cal arguments already reviewed (see Introduction) are in
agreement with this hypothesis. Furthermore, when we tested
the RA sera by immunoblotting on the various known AKA
antigens, i.e., the A, B, and C rat esophagus epithelial proteins
and human epidermal filaggrin, the intensities of labeling of
these proteins were found to be correlated to the APF titers of
the sera, suggesting that the intensity of the immune responses
parallel each other. To ensure that APF and AKAhad the same
specificity, some RA sera with a high APF titer were incubated
with the affinity-purified neutral/acidic epidermal filaggrin. The
immunoabsorbed RA sera showed a large decrease in their
AKAactivity and lost their reactivity to the perinuclear granules
of buccal epithelial cells and to p200-400. This absorption,
specifically produced by filaggrin and not by the control protein
BSA, strongly suggests that APF recognizes filaggrin as AKA
do. Alternatively, the loss of APF activity may be due to hin-
drance of the epitopes on the APF antigen or to an alteration
of the autoantibody by filaggrin. To rule out these possibilities,
antifilaggrin autoantibodies were affinity purified from a pool
of RA sera. The purified autoantibodies maintained both the
APF and AKA specificities of the whole serum pool when

tested by HF as well as by immunoblotting. Taken together,
these data demonstrate that AKAand APFcorrespond to identi-
cal or at least largely overlapping populations of autoantibodies
which we propose to name antifilaggrin autoantibodies, abbrevi-
ated AFA. Whether the epitopes recognized by APF on the
perinuclear granules of human buccal epithelial cells are all
borne by the stratum corneum of human epidermis and rat
esophagus epithelium remains to be explored in a larger series
of RA sera.

Both APF and AKAhave been shown to be the most spe-
cific serological markers of RA (6-15, 17-19, 22, 25-30), to
correlate with the severity and activity of the disease (22, 25-
28, 30, 35), and to appear early, even before the clinical mani-
festations of RA (10, 21, 34, 35). They have therefore been
proposed, and are increasingly used, as serological markers for
the diagnosis of RA (30). The use of a sensitive and reliable
immunoblotting test for their detection, as the one we recently
developed (43), should facilitate the early diagnosis of RA
and minimize the time spent between symptom onset and the
prescription of an accurate therapy (46).

The demonstration made here, that APF and AKAare the
same autoantibodies, gathers two fields of research about RA,
investigated by more than 15 groups since 1964 and considered
as independent until now.

The nature of the antigen that drives the antifilaggrin re-
sponse is not yet known. It could be involved in the onset and/
or the pathophysiology of RA, since APF and AKA appear
before its clinical manifestations. In keeping with our results,
it would be tempting to speculate that filaggrin is this antigen.
However, filaggrin is not considered to be expressed by synovi-
ocytes or chondrocytes. Alternatively, the AFA-inducing anti-
gen may be a cross-reactive molecule expressed by these cells.
Therefore, we are now searching for such an autoantigen in
synovial joints of RA patients. Characterization of the epitopes
defined by AFA on filaggrin and on a hypothetical articular
autoantigen might help to elucidate RA etiology and open the
way toward preventive and/or specific immunosupressive thera-
peutics.
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