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Immunoglobulin MAutoantibody to Vimentin

Intermediate Filaments

J. L. SENECAL, N. F. ROTHFIELD, and J. M. OLIVER, Division of Rheumatic
Diseases, Department of Medicine, Department of Physiology, University of
Connecticut Health Center, Farmington, Connecticut 06032

A B S T R A C T Serum from a patient with the CREST
Syndrome and systemic lupus erythematosus con-
tained an IgM antibody that reacted at dilutions up
to 1:800 with a fibrous cytoplasmic network in several
epithelioid and fibroblastic cell lines. The antibody was
shown by immunofluorescence microscopy to label a
specific subset of cytoskeletal polymers, the interme-
diate filaments. The reactive antigen from this bio-
chemically heterogeneous group of filaments was es-
tablished as the 58,000-mol wt protein, vimentin: (a)
the patient's serum reacts with a range of cell lines
that contain intermediate filaments composed of vi-
mentin, but not with cells whose intermediate fila-
ments are composed of different protein subunits; (b)
in PTK2 epithelioid cells the serum reacts with the
class of filaments that coils around the nucleus after
colchicine treatment (vimentin) and not with the fil-
aments that remain dispersed after colchicine (pre-
keratin); and (c) the component of reactive cells that
combines with the serum is shown by immunoelectro-
phoresis to be a 58,000-mol wt protein antigen. A sim-
ilar antibody that binds intermediate filaments of
PTK2 cells was encountered at lower titer in some sera
from other patients with connective tissue diseases and
in control sera. Previous routine antinuclear antibody
assays using mouse liver or commercially prepared
HEp-2 cells have failed to reveal anticytoskeletal an-
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tibodies in patient sera, perhaps due to inadequate
presentation or preservation of cytoplasmic antigens.

INTRODUCTION

The cytoskeleton of vertebrate cells consists of three
principal elements: microtubules, which are 24-nm
Diam hollow fibers composed primarily of tubulin,
microfilaments that are actin-containing fibers -6 nm
in Diam and intermediate filaments (INFIL),' fibers
of - 10 nm Diam that consist of at least five biochem-
ically and immunologically distinct types (1-6). INFIL
composed primarily of vimentin (mol wt -58,000) are
most characteristic of mesenchymal cells; cytokeratins
(a class of proteins of mol wt 42-65,000) are the major
INFIL proteins of epidermal cells and are also found
in some cell lines derived from nonkeratinizing epi-
thelia; desmin (mol wt 50,000) is the predominant IN-
FIL protein of muscle cells; and neurofilament proteins
(a triplet of mol wt 210,000, 160,000, and 68,000) and
glial fibrillary acidic protein (subunit mol wt 50,000)
characterize the INFIL of neuronal and glial cells,
respectively. Various accessory proteins, for example,
synemin (mol wt 230,000) and a class of cation proteins
called filaggrins (7) interact with INFIL. Individual
cells may contain different amounts and more than
one type of INFIL.

Wereport here the presence of a high titer antibody
to INFIL in serum from a patient with a connective

I Abbreviations used in this paper: ANA, antinuclear an-
tibodies; BSA, bovine serum albumin; INFIL, intermediate
filaments; PBS, phosphate-buffered saline.
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tissue disease. The class of INFIL recognized by this
antibody is inferred from analysis of the range of im-
munoreactive cells and of the characteristic pattern
of filament distribution within individual cells. The
identity of the primary antigen is confirmed by im-
munoelectrophoresis.

METHODS
Patient. M.S., a 43-yr-old white woman with a 20-yr

history of Raynaud's phenomenon, developed calcinosis,
esophageal motility disorder, sclerodactyly, and telangiec-
tasis (CREST syndrome) in 1976. In December 1980, she was
hospitalized with recent alopecia and mononeuritis multi-
plex, and a nonhemolytic anemia. A lupus erythematosus
(LE) preparation was positive. The serum C3 was 62.4 mg/
100 ml (normal > 64 mg/100 ml). The native DNAbinding
was 68.4% (normal < 40%, Farr assay) and the Crithidia
Luciliae test for antibodies to DNAwas positive in a titer
of 1:640. Anti-smooth muscle antibodies were absent. An-
tinuclear antibodies (ANA) were detected with a titer of
1:512 using mouse liver and to a titer of 1:2,560 using HEp-
2 cells supplied by Antibodies Inc., Davis, Calif.

Cell lines. HEp-2, derived from a human laryngeal epi-
dermoid carcinoma; PTK2, derived from rat kangaroo kid-
ney epithelium; CHO, from Chinese hamster ovary epithe-
lium; and 3T3 mouse fibroblasts were from the American
Type Culture Collection, Camden, N. J. (ATCC). B77 Rat
1 fibroblasts were generously provided by Dr. R. 0. Hynes,
Massachusetts Institute of Technology, and human primary
skin fibroblasts were gifts of Drs. H. Malech, Department
of Medicine, Yale Medical School. BN1010 rat neuronal cells
were a gift of Dr. S. Pfeiffer, Department of Microbiology,
University of Connecticut Health Center. Mouse primary
enamel epithelium cultures were the generous gift of Dr. E.
Kollar, Department of Oral Biology, University of Con-
necticut Health Center (8). Dr. Kollar also provided primary
(2-4 d) cultures of embryonic mouse dermis containing col-
onies of keratinocytes surrounded by skin fibroblasts. Cells
were grown on 13-mm glass coverslips in 35-mm tissue cul-
ture dishes using RPMI medium with 10 or 20% fetal calf
serum.

Antibodies. Antitubulin and antiactin antibodies were
described elsewhere (9). Dr. R. 0. Hynes kindly provided
rabbit antirat fibroblast 58,000-mol wt protein (vimentin)
antibody (10). Fluorescein-conjugated second antibodies
were from N. L. Cappel Laboratories, Downingtown, Pa.

Indirect immunofluorescence labeling. Cell monolayers
were permeabilized for 1 min. at 37°C with 0.5% Triton X-
100 in phosphate-buffered saline (PBS) and fixed in meth-
anol at -10° for 5 min. They were rinsed in PBS with 1%
bovine serum albumin (PBS-BSA), incubated for 30 min at
37°C with various dilutions of patient sera or anticytoskeletal
antibodies, rinsed again, and further incubated (30 min at
37°C) with appropriate fluorescein conjugated immuno-
globulins. Cells were mounted in 50% glycerol and observed
by epi-illumination in a Zeiss fluorescence microscope (Carl
Zeiss, Inc., New York). The distribution of fluorescence was
recorded by photography on Kodak Tri-X-Pan or high speed
Ektachrome film (Eastman-Kodak, Co., Rochester, N. Y.).

Immunoelectrophoresis. Triton extracts of PTK2 or CHO
cells (11) were solubilized with SDSand constituent proteins
separated by polyacrylamide gel electrophoresis using Lae-
mmli gels (12). The proteins were transferred onto nitro-
cellulose sheets by the electrophoretic procedure (electro-

blot) of Towbin et al. (13) and reacted sequentially with M.S.
serum (1:25 dilution in PBS-BSA; 1 h), three changes of
buffer (30 min each); and either fluorescein anti-human IgM
(1:20; 1 h) or anti-human IgM (1:20, 1 h) and 1251 protein
A (1 h). After extensive washing, fluorescent gels were ob-
served under a Zeiss fluorescence microscope using a 2X
objective. Protein A-conjugated gels were exposed to x-ray
film for 5 h-3 d. Fluorescence or autoradiographic patterns
were compared with parallel Coomassie Blue-stained gels.

RESULTS

Observation and immunological characterization
of an antibody to INFIL. HEp-2 cells provided in
ANA assay kits by Antibodies, Inc. showed indistinct
cytoplasmic fluorescence and striking nuclear and cen-
tromere fluorescence after incubation with M.S. serum
(1:20) and fluorescein anti-human immunoglobulins
(Fig. 1A). At dilutions of M.S. serum >1:160, cyto-
plasmic fluorescence was absent and the centromere
pattern was prominant (Fig. IB). In contrast, freshly
grown HEp-2 and PTK2 cells treated with M.S. serum
and fluorescein anti-human Igs revealed an intricate,
wavy, three-dimensional filamentous network that
showed an increased density around the nucleus and
spread throughout the cytoplasm (Fig. 1C). These fil-
aments formed a cage or basket around the chromo-
somes of mitotic cells. Mitotic spindles were unstained.
Nuclear fluorescence was typically diffuse or periph-
eral.

The INFIL pattern observed in PTK2 cells labeled
with rabbit anti-rat 58,000-mol wt (vimentin) antibody
was closely similar to the cytoplasmic pattern due to
M.S. serum. Entirely different patterns were obtained
in PTK2 labeled with goat anti-bovine brain tubulin
(where interphase cells contained microtubules fo-
cused upon centrioles and mitotic cells showed in-
tensely fluorescent mitotic spindles) and with human
anti-actin (where parallel microfilament bundles were
labeled).

INFIL labeling of PTK2 cells with M.S. serum was
readily observed to a serum dilution of 1:800. It re-
quired the presence of anti-human IgM: INFIL were
not observed when specific fluorescein anti-IgG or
anti-IgA were used as second antibody or when serum
was treated with 1% mercaptoethanol to dissociate
pentameric 1gM. The same high titer IgM anti-INFIL
antibody was present in four other M.S. sera collected
between 1976-1981.

The range of immunoreactive cells. Table I is a
summary of the major INFIL proteins of a range of
different cell types and the reactivity of M.S. serum
toward these cells. Vimentin INFIL have been de-
scribed in all the immunoreactive cell lines (2, 4, 14-
16). In contrast, vimentin is not a major INFIL protein
of any of the cells that did not react with M.S. serum
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FIGURE 1 Identification of the anti-INFIL antibody by immunofluorescence microscopy. A,
fluorescence pattern due to M.S. serum (1:20) and fluorescein anti-human immunoglobulins in
commercially prepared HEp-2 cells, showing prominent nuclear labeling and indistinct cen-
tromere (kinetochore) and cytoplasmic fluorescence. B, fluorescence pattern due to M.S. serum
(1:160) in commercial HEp-2, selected to emphasize the antibody to centomeres in a mitotic
(metaphase) cell. C, freshly grown and fixed PTK2 cells labeled with M.S. serum (1:50) and
anti-human immunoglobulins showing intense staining of a meshwork of cytoplasmic filaments
and diffuse nuclear fluorescence. D, fluorescence due to M.S. serum (1:50) staining of a mixed
culture of primary mouse skin fibroblasts (single cells with cytoplasmic fluorescence) and pri-
mary mouse keratinocytes (epithelial clumps with immunoreactive nuclei and unreactive cy-
toplasm). E, the coiling of M.S. serum-labeled INFIL around the nucleus and their total absence
from the cell margin in a PTK2 cell treated with colchicine (1 uM; 12 h). M X1250 (D X625).

(2, 3, 6, 8). In the case of primary mouse skin cultures fibroblasts (primarily vimentin INFIL). All cells ex-
(Fig. 1D) unreactive keratinocytes (reported to contain amined bound M.S. antibodies to nuclear antigens, in-
only prekeratin INFIL) were surrounded by reactive dicating adequate antibody penetration.
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TABLE I
Reaction of M.S. Serum with the Intermediate Filaments of Various Cell Lines

Reaction with
Cass Cells tested Major INFIL protein Ref. M.S. serum

Fibroblastic 3T3 Vimentin 14 +
B77 Rat 1 Vimentin e +
Primary human skin Vimentin -, +
Primary mouse skin Vimentin 2 +

Epithelioid CHO Vimentin 15 +
PTK2 Vimentin, prekeratin 4, 16 +
HEp-2 Vimentin, prekeratin -t +
Primary mouse keratinocytes Prekeratin 2 -

Primary mouse enamel
epithelium Prekeratin 8 -

Smooth Muscle Mouse stomach Desmin 3 -

Neuronal BN1010 Neurofilament protein 6§ -

Based on INFIL labeling with rabbit-anti 58,000-mol wt (vimentin) antibody (this report).
t INFIL are labeled with rabbit anti-58,000-mol wt (vimentin) antibody (this report). The presence of
prekeratin INFIL in HEp-2 is assumed from the epidermal origin of this cell line.
§ The presence of neurofilament protein in BN1010 is assumed by analogy with other neuronal cells.

Antibody adsorption. M.S. serum (0.5 ml of 1:25
dilution) was adsorbed at 4°C overnight against 0.1
ml of packed CHOcell extract. The CHO-adsorbed
serum was unreactive towards INFIL of PTK2 cells.
Because CHOcontain only vimentin INFIL (15), elim-
ination of reactivity in PTK2 by CHOadsorbtion is
consistent with a specific antivimentin antibody in
M.S. serum.

Effects of colchicine on INFIL distribution. We-
ber and co-workers (4, 16) have shown that colchicine
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FIGURE 2 Identification of the anti-INFIL antibody by
immunoelectrophoresis. Left panel, Coomassie Blue-stained
gel patterns of CHOcell extract, PTK2 extract and molecular
weight markers. The arrow indicates the position of the
58,000-mol wt (vimentin) band. Right panel, autoradio-
graphic pattern of the electroblot of a parallel gel after re-
action with MSserum and s251-protein A. The 58,000-mol
wt protein is specifically labeled.

treatment (1 ,uM; 12 h) causes the vimentin INFIL of
PTK2 cells to coil around the nucleus, whereas the
prekeratin INFIL remain dispersed in the cytoplasm.
The filaments recognized by M.S. serum were coiled
into a juxtanuclear mass after colchicine treatment
(Fig. 1E).

Immunoelectrophoresis. SDS-gel electrophoreto-
grams of PTK2 and CHOcells were examined for pro-
teins that bound M.S. serum and could be visualized
with fluorescein anti-IgM or anti-IgM '251-protein A.
M.S. serum recognized a single protein in Triton ex-
tracts of both PTK2 and CHOcells. This band was
coincident with vimentin, the major 58,000-mol wt
protein of CHOextracts and one of several major pro-
teins in PTK2 extracts (Fig. 2).

Other sera. Antibodies to INFIL have been noted
in sera from 6 of 12 normal individuals in titers of 1:50
or greater. Sera from 12 of'24 patients with connective
tissue diseases revealed anti-INFIL in titers of 1:50 or
greater.

DISCUSSION

Sporadic reports of anticytoskeletal antibodies in hu-
man sera have appeared in the literature over the past
decade. For example, antibodies to smooth muscle,
now known to bind actin and desmin, have been found
in serum from patients with chronic active hepatitis
(17) and cancer (18). Antimitotic spindle antibodies
occur in occasional patients with connective tissue dis-
eases (19) and antitubulin has been reported as a tran-
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sient serum component during infectious mononu-
cleosis (20). IgG antibodies to neurofilaments occur in
Creutzfeld-Jakob disease and Kuru (21). Most signif-
icantly, IgM anti-INFIL (probably antidesmin) anti-
bodies may be present during acute viral illnesses (22);
IgM anti-INFIL antibodies thought to be directed
against keratin have been observed in infectious
mononucleosis (23) and rheumatoid arthritis (24); and
a possible anti-vimentin antibody has been inferred in
rheumatoid arthritis (25).

Wedescribe here a persistent high titer IgM anti-
body to INFIL in a patient with serologic and clinical
features of both the CRESTsyndrome and systemic
lupus erythematosus. We did not detect anti-INFIL
reaction during previous routine ANA assay of M.S.
or other sera using mouse liver sections or commer-
cially prepared HEp-2 cells. Inappropriate fixation or
storage of these ANA substrates may have obscured
the existence of anticytoskeletal antibodies in patient
sera.

The specific protein of the INFIL complex recog-
nized by M.S. serum was determined by its reactivity
to specific cell types, by the intracellular distribution
of antigen, and by immunoelectrophoretic analyses.
M.S. serum interacts with vimentin INFIL based on:
(a) reaction with a range of epithelioid and fibroblastic
cells that contain 58,000-mol wt (vimentin) INFIL but
not with cells whose INFIL are composed primarily
of prekeratin (primary epithelium), desmin (smooth
muscle) or neurofilament protein (neuronal cells); (b)
reaction in PTK2 cells of M.S. antibody with the class
of INFIL (vimentin) that coils around the nucleus fol-
lowing colchicine treatment and not with the class that
remains dispersed after colchicine (prekeratin); and
(c) reaction of M.S. antibody with a 58,000-mol wt
protein (vimentin) on SDSgels of both PTK2 and CHO
cell extracts.

It remains to be determined if antibodies to INFIL
proteins contribute to the loss of cell functions or other
aspects of the pathogenesis of connective tissue disease.
Whether or not such antibodies are of clinical impor-
tance, they are useful tools to probe the structure and
function of the mammalian cytoskeleton.
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