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Abstract

The cytoskeleton is a complex network of proteins that main-
tain cell shape, mobility, and organelle function. Its compo-
nents can be divided into three distinct classes: microfilaments,
microtubules, and intermediate filaments. Fimbrins are micro-
filament proteins, a family of cytoplasmic phosphoproteins.
Expression of the L-fimbrin isoform is restricted to replicating
blood cells and expression of the T-fimbrin isoform to replicat-
ing cells of solid tissues. Sera from normals and from patients
with systemic lupus erythematosus (SLE), juvenile arthritis,
rheumatoid arthritis, Sjogren's syndrome, osteoarthritis, va-
sculitis, scleroderma, and mixed connective tissue disease were
tested for the presence of antibodies to T- and L-fimbrin by
ELISA, using purified recombinant fimbrin. The mean ODof
sera from SLE patients was significantly higher than in nor-
mals (T-fimbrin, P < 0.0001; L-fimbrin, P < 0.001). 48 of 98
SLE sera had antibodies to T-fimbrin; 32 had antibodies to
L-fimbrin; 20 had antibodies to both; 28 had only anti-T, and 12
had only anti-L-fimbrin. The mean ODfor sera of the other
rheumatic diseases was not significantly different from nor-
mals. The presence of either L- or T-fimbrin antibody was asso-
ciated with pleuropericarditis (P = 0.015), photosensitivity (P
= 0.011), and anti-Sm antibody (P = 0.010). Central nervous
system SLE was associated with the presence of the L-fimbrin
antibody alone (P = 0.016). There was a strong association
between DR7 (but not other MHCalleles) and anti-L-fimbrin
antibodies in SLE patients (chi square = 18; P < 0.00002). No
MHCassociation was observed with anti-T-fimbrin antibodies.
(J. Clin. Invest. 1992. 90:1037-1042.) Key words: enzyme-
linked immunosorbent assay - major histocompatibility com-
plex - systemic lupus erythrematosus

Introduction

rhe cytoskeleton is a complex network of protein filaments
that maintain cell shape, mobility, and organelle function ( 1,
2). Three distinct classes of cytoskeletal filaments are orga-
nized in the cytomatrix: (a) microfilaments that are actin-con-
taining fibers; (b) microtubules, hollow fibers composed pri-
marily of tubulin (3); and (c) intermediate filaments consist-
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ing of at least five biochemically and immunologically distinct
types; each filamentous protein is associated with a range of
accessory proteins that serve to stabilize filments, bridge adja-
cent filaments, and link filaments to organelles or to the plasma
membrane (4). The major protein subunit of microfilaments
is actin. Actin filaments are commonly organized in the cyto-
plasm into bundles or gels formed by separate classes of actin
cross-linking proteins (5).

The human L- and T-fimbrins are (70-72%) homologous
to chicken fimbrin, which is an f-actin bundling protein found
in intestinal microvilli, hair cell stereocilia, and fibroblast filo-
podia (6). L-fimbrin is expressed in the cytoplasm of leuko-
cytes (7); T-fimbrin is constitutively expressed in epithelial
and mesenchymal cells derived from solid tissues, but neoplas-
tic cells from these tissues express both fimbrin isoforms (6).
Fimbrin is composed of two structural domains, a headpiece
(amino terminus) and a core (carboxy terminus), linked by a
protease sensitive region. Sequence homologies with other ac-
tin- or calcium-binding proteins suggest that these domains
have separate functional roles: the headpiece binds calcium
and the core binds actin (6). The pattern of fimbrin isoform
expression mayalso be correlated with mobile or adhesive prop-
erties of the cell, because specific antibodies have detected fim-
brin in focal contact and adhesion sites on the ventral surface of
cultured cells, monocytes, and macrophages (8).

Cytoskeleton proteins have been shown to be a target for an
autoimmune reaction in systemic lupus erythematosus (SLE)'
(9-13). Sera from patients with SLE and related disorders were
tested for the presence of anti-L- and anti-T-fimbrin antibodies
using an ELISA and through chart analysis, which sought to
determine antibody clinical and laboratory correlates. Wealso
examined HLAphenotypes to determine if genetic factors, en-
coded within the MHC, were associated with the presence or
absence of antibodies to L- and T-fimbrin in the sera of SLE
patients.

Methods

Patients. 98 sera were obtained from patients with established SLE
according to the ACRcriteria (14), 12 with RA, 12 with Sjogren's
syndrome (SS), 12 with scleroderma, 10 with systemic vasculitis (SV),
12 with juvenile rheumatoid arthritis (JRA), 13 with osteoarthritis
(OA), 3 with mixed connective tissue disease (MCTD), and 59 nor-
mals as described previously (15). Sera of patients with rheumatic
diseases included in this study were diagnosed according to established
criteria ( 15 ). All sera were stored at -80°C until used.

1. Abbreviations used in this paper: ANA, antinuclear antibodies; JRA,
juvenile rheumatoid arthritis; MCTD,mixed connective tissue disease;
OA, osteoarthritis; SS, Sjogren's syndrome; SV, systemic vasculitis.
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Antinuclear antibodies and genetic typing. Antinuclear antibodies
(ANA) were detected by immunofluorescence on mouse liver and
HEP-2 cells. All sera positive for ANAwere also examined by counter-
immunoelectrophoresis for antibodies to ssDNA, Sm, RNP, Ro, La,
SCL-70, and PCNA(16). Antibodies to dsDNA and cardiolipin were
detected by ELISA (15). HLA and complement allotyping of SLE
patients were performed as described previously ( 17).

ELISA. An ELISA for detection of antibodies to the T- and L-iso-
forms of fimbrin was developed based on methods previously described
( 15 ), with some modifications. Polystyrene microtiter plates (Costar,
Cambridge, MA)were coated overnight with 100 ,g ofhuman recombi-
nant T- or L-fimbrin (isolated to homogeneity as described previously
[6]) in 100 ,l of 50 mMcarbonate-bicarbonate buffer, pH 9.6. On the
following day, the excess fluid was removed and free sites were blocked
for 2 h at room temperature with 250 ,l of 5%skimmed milk in 10 mM
sodium phosphate, pH 7.2, 150 mMsodium chloride, 0.05% Tween 20
(PBS-Tween). The plates were then washed three times with PBS-
Tween. 100 ,lA of sera ( 1:100 diluted in 1% Carnation® skimmed milk
in PBS-Tween) were incubated in each coated well for 2 h at 37°C.
Each serum sample was tested in duplicate. Plates were washed three
times with PBS-Tween to remove the unbound material. 100 !1 of
alkaline phosphatase-conjugated goat anti-human IgG (Sigma Chemi-
cal Co., St. Louis, MO), diluted 1:1,000 in 1% skimmed milk in PBS-
Tween was added and incubated for 2 h at 37°C. The plates were
washed three times with PBS-Tween and 100 ,l of 1 mg/ml p-nitro-
phenyl phosphate added. Plates were read at 405 nmusing a multiscan
ELISA reader (Titertek, Elfab Oy, Finland) and the results were ex-
pressed as OD.

Inhibition assay. Four SLE sera positive for antibodies against T- or
L-fimbrin were diluted 1:100 and mixed with equal volumes of 100 ,ug
to 1 mgT- or L-fimbrin. The samples were incubated overnight at 4°C
before being assayed in the ELISA for antibodies to T- and L-fimbrin.

Western blots. Western blot analysis was performed as previously
described ( 18) with some modifications. 25 jig of purified T- or L-fim-
brin was subjected to electrophoresis on 10% SDS-polyacrylamide gel.
Proteins were electrophoretically transferred to nitrocellulose mem-
brane (Schleicher & Schuell, Keene, NH) by using the Trans-blot cell
apparatus (Bio-Rad Laboratories, Richmond, CA) overnight at 40C, at
a current of 200 mA, in Tris-glycine (25 mMTris, 192 mMglycine)
buffer containing 20% methanol. Proteins were used as molecular-
weight markers (Bio-Rad Laboratories). Protein blot strips were incu-
bated with 5% skimmed milk in PBS-Tween for 2 h at room tempera-
ture to block the unreacted membrane sites. The blot strips were subse-
quently incubated with sera diluted 1:100 in 1% skimmed milk with
PBS-Tween at room temperature. After 1 h, the blots were washed
three times with PBS-Tween and incubated for 1 h with alkaline phos-
phatase-conjugated goat anti-human IgG (Sigma Chemical Co.) di-
luted 1:1,000 in 1% skimmed milk in PBS-Tween at room tempera-
ture. The strips were again washed three times with PBS-Tween and
developed by using AP color reagent (Bio-Rad Laboratories) contain-
ing premixed nitrobluetetra-zolium and 5-bromo-4-chloro-3-indoxyl
phosphate. The reaction was stopped after 20 min by transferring the
strips to distilled water for 2 min.

Charts from the 98 patients with SLE were reviewed for clinical and
laboratory features. These included a history of arthritis, arthralgias,
discoid and butterfly rashes, photosensitivity, mouth ulcers, pleuroperi-
carditis, miscarriage, central nervous system signs and symptoms (sei-
zures, psychiatric disturbances, strokes), renal disease, Raynaud's phe-
nomenon, pulmonary disease (restrictive or interstitial lung disease),
or livedo reticularis (Table I). Laboratory features were abstracted
from the patient's charts on the serum sample date as well as over the
patient's recorded history. These features were defined as follows:
thrombocytopenia (a platelet count < 150,000) proteinuria (1 + or
more on dipstick examination), and leukopenia (white blood cell
count < 3,500/mm3). Absolute values for the lowest values of total
complement (CH50), lowest hematocrit, and highest creatinine were
abstracted as well. Charts were also reviewed for the presence of ANAs

Table I. Clinical Features in 8] Patients with Antibodies
to L- and/or T-Fimbrin*

Fimbrin (L or T) L-fimbrin T-fimbrin
Signs and symptoms

Arthritis (n = 80)
Arthralgias (n = 80)
Butterfly rash
Discoid rash (n = 77)
Photosensitivity (n = 80)
Mouth ulcers (n = 80)
Miscarriage history (n = 76)
Livedo reticularis (n = 65)
Pulmonary disease (n = 77)
Renal disease (n = 74)
Central nervous system

manifestations (n = 79)
Psychiatric disease (n = 76)
Raynaud's (n = 78)
Pleuropericarditis (n = 79)

(n = 49) (n = 24) (n = 42)

22 36
22 39
22 38

6 11
24§ 40"

4 7
2 3
3 5
1 5

14 22

10' 12
6 7

15 31
12 20

42
45
44
12
47t

8
3
7
S

25

14
8

35
24**

* n = 81 unless otherwise noted. * P = 0.01 1 versus no antifimbrin.
§ P = 0.030 versus no anti-L-fimbrin. P = 0.040 versus no anti-T-
fimbrin. ' P = 0.0 16 versus no anti-L-fimbrin. ** P = 0.015 versus
no antifimbrin.

and other autoantibodies (Table II). Patients were classified as having
a diagnosis of SLE if they met > 4 of the 1 1 criteria for the disease ( 14).

Statistical methods. The history of clinical laboratory and autoanti-
body features was recorded as dichotomous variables and analyzed
with the SASstatistical package ( 19). Tests of association among vari-
ables were done with a chi-square statistic or Fisher's Exact Test. Uni-
variate analysis between continuous variables was done with a t test

Table II. Laboratory Features in 81 Patients with Antibodies
to L- and/or T-Fimbrin*

Antifimbrin
(L or T) Anti-L-fimbrin Anti-T-fimbrin

Feature (n = 49) (n = 24) (n = 42)

Thrombocytopenia
(n = 71)

Leukopenia (n = 73)
Proteinuria (n = 69)
Lowest CH50 mean (SD)
Lowest hematocrit mean

(SD)
Highest creatinine mean

(SD)
Anti-dsDNA (n = 72)
Anti-ssDNA (n = 71)
Anti-RNP (n = 7 1)
Anticardiolipin (n = 34)
Anti-Ro (n = 65)
Anti-La (n = 65)
Anti-Sm (n = 72)

4
12
18

192.3 (72.6)

2
6
8

183.8 (70.7)

3
9

15
196.8 (74.8)

37.5 (4.8) 37.8 (4.4) 37 (4.9)

1.3 (0.9)
32t

22
23
12
19
10
23§

1.3 (1.9)
18
13
11

S
9
6

13

1.4 (0.9)
26
18
19
10
15

8
20"

* n = 81 unless otherwise noted. * P = 0.040 versus no antifimbrin.
§ P = 0.010 versus no antifimbrin. P = 0.025 versus no anti-T-fim-
brin.
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statistic. A significance level of 0.05 was used for each test. No adjust-
ments were made for multiple testing.

Results

SDS-PAGEand Western blot
The purity and homogenity of the recombinant T- and L-fim-
brin preparation was confirmed by SDS-PAGE. 25,ulg of T- or
L-fimbrin subjected to SDS-PAGEwere transblotted onto ni-
trocellulose sheets and probed with human sera containing
anti-T- or L-fimbrin-specific antibodies. Major species identi-
fied for T- and L-fimbrin were 70 and 68 kD, respectively, in
SDS-PAGE (Fig. 1 A) as well as in Western blot analysis
(Fig. 1 B).

Detection of anti-T- or anti-L-fimbrin antibodies by ELISA
T-fimbrin. 59 normal human sera were tested for presence of
anti-T-fimbrin antibodies; the mean ODwas 0.201±0.132 (1
SD). An ODof 0.597 (mean±3 SD) was assigned as the upper
limit of normality. Henceforth any sera with an ODover the
upper limit of normal was considered as "positive;" sera with
ODwithin the normal range were considered as "negative." 1
of 59 (1.7%) normal sera and 48 of 98 SLE sera (49%) had
anti-T-fimbrin antibodies. One of 12 (8.3%) SS sera and 1 of 10
(10%) SV sera were also positive. Sera of patients with RA,
JRA, OA, scleroderma, and MCTDwere all negative (Fig. 2).
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Figure 1. (A) Analysis
of purified recombinant
L-fimbrin (lane 2) and
T-fimbrin (lane 3) by
SDS-PAGE. Lane I has
molecular weight
markers (BSA, 66.2 kD;
ovalbumin, 42.7 kD;
carbonic anhydrase, 31
kD; and trypsin inhibi-
tor, 21.5 kD). Electro-
phoresis was performed
as indicated in Methods.
(B) Western blot analy-
sis of L-fimbrin and T-
fimbrin using human
antisera against L-fim-
brin (lane 1) and T-
fimbrin (lane 2) as de-
scribed in Methods. The
molecular weight of the
antigens recognized by
the antisera is marked.
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Figure 2. Anti-T-fimbrin antibody profile in normal human sera
(NHS) and sera of patients with various connective tissue diseases.
Antibody detection was carried out by ELISA as described in Meth-
ods. Someof the NHSgave identical ODand their circles are super-
imposed on each other.

The mean ODof sera from SLE patients, 0.613±0.369 (1 SD),
was significantly higher than the mean ODof normal sera (t
= -8.26; P < 0.0001). The mean ODfor sera of patients with
other rheumatic diseases was not significantly different from
the mean ODfor normal sera.

L-fimbrin. The mean ODof 55 normal human sera was
0.138±0.055 (1 SD). An ODofO.303 (mean±3 SD) was taken
as the upper limit of normal (Fig. 3). By this criterion, 32 of 98
(32.6%) SLE sera tested were positive. Sera from normals and
patients with MCTDand SV were negative. 1 of 12 JRA
(8.3%), 1 of 12 RA (8.3%), 1 of 12 OA (8.3%), 3 of 12 SS
(25%), and 1 of 12 scleroderma sera (8.3%) were also positive.
SLE patients had a mean ODof 0.280±0.055 (1 SD), which
was significantly higher than ODof normal sera( t = -4.221; P
<0.001).

Inhibition by T- and L-Fimbrin
Approximately 50 ug/ml of L- or T-fimbrin was sufficient to
give 50% antigen specific inhibition of respective antibodies.

Figure 3. Anti-L-fimbrin antibody profile in normal human sera

(NHS) and sera of patients with various connective tissue diseases.
Antibodies were detected by ELISA as described in Methods.
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Upon incubation of anti-L-fimbrin-positive antisera with 100
ng of T-fimbrin, only 20% inhibition was observed. 100 ng of
L-fimbrin inhibited anti-T-fimbrin antibodies by only 13%
(Fig. 4).
Coexistence of anti-T- and anti-L-fimbrin antibodies
48 of 98 SLE sera had antibodies to T-fimbrin; 32 had antibod-
ies to L-fimbrin; 20 of 48 sera positive for anti-T-fimbrin had
antibodies to L-fimbrin also. 20 of 32 sera positive for L-fim-
brin had antibodies to T-fimbrin also.

Clinical and serological associations
81 charts were available and were reviewed for clinical corre-
lates of the L- and T-fimbrin antibodies. 80 patients were Cau-
casian, 4 were male and 77 were female. No male patient had
the L-fimbrin, only one had an antibody to T-fimbrin. Of the
77 female SLE patients, 7 had only anti-L-, 24 had only anti-
T-, and 17 had both anti-T- and anti-L-fimbrin antibodies.

There was a positive association between the presence of
the antifimbrin antibody and a history of pleuropericarditis
(ch,i-square = 5.939, P = 0.0 15) and a history of photosensiti-
vity (Fisher's Exact Test; P = 0.01 1 ) (Table I). Patients with
the antifimbrin antibody were more likely to have a history of
anti-Sm antibody (chi-square = 6.72, P = 0.010) (Table II).

There were no differences in the frequency of thrombocyto-
penia, leukopenia, or proteinuria in those with or without the
antifimbrin antibody. Nor were there any differences in the
absolute values of the CH50, hematocrit, creatinine, or the
presence of other autoantibodies over time between groups.

Whenour analysis for clinical and laboratory correlates was
stratified by L- and T-isoforms of the antifimbrin antibody, a
history of central nervous system SLE (exclusive of psychiatric
disorders) was found more frequently in those with the L-fim-
brin antibody (chi-square = 5.857, P = 0.016). Psychiatric
disorders appeared more frequently in those with the L-fimbrin
antibody than in those without, 25 versus 9%; however, this

400 600 80
ANTIGEN(ng)

Figure 4. Inhibition assay of anti-T- and anti-L-fimbrin antibodies.
ELISA plates were coated with L-fimbrin and anti-L serum was incu-
bated with T-fimbrin (--- A ---) and L-fimbrin (- o -). Simi-
larly, plates were coated with T-fimbrin and anti-T serum was incu-
bated with L-fimbrin (- A-) and T-fimbrin (- o -). The sera
incubated with antigen were used to perform ELISA as described.
Sera used in this assay had either anti-T- or anti-L-fimbrin antibodies,
but not both.

difference did not reach significance (chi-square = 3.59, P
= 0.058). Smantibody was found more frequently in those
with the L-fimbrin antibody (55%) versus those without L-fim-
brin antibody (32%) (P = NS); T-fimbrin antibody was posi-
tively associated with Sm antibody (chi-square = 5.04, P
= 0.025). No other clinical, laboratory, or autoantibody fea-
tures were found to be associated with the L or T isoforms of
the antifimbrin antibody.
Association with MHCantigens
57 SLE patients were typed for HLA-A,B,DR, and C4A and
C4B alleles ( 17). No association with HLA-A, HLA-B, C4A,
or C4B alleles was observed with presence or absence of anti-
fimbrin antibodies (data not shown). A strong association be-
tween DR7and the presence of anti-L-fimbrin antibodies was
observed (Table III) (chi-square = 18.0; P < 0.00002). No
HLA-DR association was demonstrated with anti-T-fimbrin
antibodies.

Discussion

Several reports of anticytoskeletal antibodies in sera from nor-
mals ( 13) and from patients with connective tissue diseases
(20-24) and infections (25-27) have appeared in the literature
over the past decade. Antibodies to smooth muscle, now
known to bind actin and desmin, have been found in sera from
patients with chronic active hepatitis (28). Antibodies to a mi-
totic spindle occur occasionally in patients with connective tis-
sue diseases (29). Antibodies to microfilament anchorage sites
were reported in patients with early systemic sclerosis (22).
Antibodies to neurofilaments occur in Jakob-Creuzfeldt and
Kuru disease and SLE ( 12). Vimentin has been shown to be a
target for an autoimmune reaction in parasitic (25) and viral
infections (30), but also in rheumatic diseases, especially SLE
(31, 32).

Wehave identified autoantibodies in sera from SLE pa-
tients that are directed against the microfilament proteins L-
and T-fimbrin. Anti-L and T-fimbrin autoantibodies were
found predominantly in sera of SLE patients and only occa-
sionally in sera from patients with other rheumatic diseases and
normals. SLE patients can be divided into four groups based on
the presence of autoantibodies for the two fimbrin isoforms:
patients who have antibodies against L-fimbrin only, those
who have antibodies against T-fimbrin only, those who have
antibodies to both, and those who have neither. Autoantibod-
ies appear to be specific against either L- and T-fimbrin. Inhibi-

Table III. HLA-DR Association ofAntifimbrin Antibodies
in 5 7 Systemic Lupus Erythematosus Patients*

Anti-L-fimbrin Anti-T-fimbrin
antibodies antibodies

Positivet Negative Positive Negative

DR7 patients
(n = 23) 17 6 15 8

Non-DR7 patients
(n = 34) 6 28 17 17

* HLAdata for remaining patients were not available. * Chi-square;
18.0; P > 0.00002.
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tion assays demonstrated only minor cross-reactivity between
L- and T-fimbrin.

The heterogeneity of the L- and T-fimbrin antigen and its
autoimmune response may operate in a similar way to the Ro/
SSA antigen, which has (at least) four antigenically distinct
isoforms (33). It is clear that there are antigenic differences
between the 70 kD T-fimbrin and 68 kD L-fimbrin, as some
SLE sera reacted with only one form, although in inhibition
studies there was also some cross-reactivity. Final definition of
these antigenic differences at the structural level will depend on
characterizing the epitopes of each isoform.

A significant association between antivimentin antibodies,
anticardiolipin, and anti-DNA antibodies has been reported in
SLE patients (10, 34, 35). High titers of antineurofilament
antibodies have occurred in SLE patients with neuropsychiat-
ric manifestations as demonstrated by different studies
(12, 13).

Our study set out to determine the clinical, laboratory, and
autoantibody features associated with the antifimbrin antibody
by chart review in 81 SLE patients. Few clinical differences
were found between those with and without the antifimbrin
antibody, exclusive of pleuropericarditis and photosensitivity
and central nervous system SLE in patients with the L-isoform
alone. It is of interest that our analysis demonstrated the pres-
ence of the antifimbrin antibody more frequently in those with
the anti-Sm antibody. This phenomenon may be genetically
influenced by the more commonHLA-DR7 in this subset of
SLE patients.

Specific autoantibodies have been demonstrated to be asso-
ciated with a number of HLA antigens in SLE patients. DNA
autoantibodies have been associated with DR3 (36), DR7
(37), and DR2 (38); antibodies to Smhave been associated
with DR7 (39); antibodies to La (SS-B) have been associated
with DR3 (40); and antibodies to Ro(SS-A) with the haplo-
type B8, DR3, SCO1 (unpublished data), DR3(38), and DR2
especially with deficiency of the second complement compo-
nent (41 ).

No MHCassociations with anticytoskeletal autoantibodies
have been reported previously. Wehave found a strong associa-
tion between DR7 (but no other MHCalleles) and anti-L-fim-
brin autoantibodies in SLE patients. No MHCassociation was
observed with anti-T-fimbrin antibodies. Further elucidation
of the relationship between anti-L- and anti-T-fimbrin autoan-
tibodies production and these genetic factors needs to be con-
ducted.

SLE is a pleomorphic disease. Certain antibody systems
found in SLE coincide with clinical features. Such laboratory
clinical correlations permit the classification of the patients
into subsets based upon serum antibodies ( 34, 41 ).

The description of autoantibodies against fimbrins in SLE
patients raises speculations about the possible role ofthese auto-
antibodies in the pathogenesis of lupus. As previously sug-
gested for antibodies against vimentin and cytokeratin (18),
the stimulus for production of L- and T-fimbrin autoantibod-
ies may be derived from the destruction of fimbrin-containing
cells, such as replicating white blood cells ( L-fimbrin) or epithe-
lial and mesenchymal surfaces (T-fimbrin). It remains to be
determined if antibodies for L- and T-fimbrins contribute to
the loss of cell function or other aspects of lupus. Further, these
antibodies may provide an important tool to understand the
structural and functional aspects of fimbrin molecules.
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