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Abstract

A cDNA clone was isolated by screening of a Agt11 endothelial
expression library with serum from a patient with myasthenia
gravis (MG). Rabbit antisera raised against the recombinant
protein and human MG sera reactive with the clone immuno-
blotted an M, ~ 250,000 polypeptide (gravin) present in endo-
thelial cells and several adherent cells. Gravin was not detected
in platelets, leukocytes, U937, or human erythroleukemic
(HEL) cell lines, but was expressed in HEL cells after induc-
tion with phorbol myristate acetate. Northern blot analysis
showed two transcripts of ~ 6.7 and 8.4 kb in endothelial cells
but not U937 or HEL cells. Indirect immunofluorescence of
permeabilized cells revealed a trabecular network of gravin
staining with a distinct linear component. Antibodies to gravin
were present in sera from 22:72 (31%) of MG patients. In
contrast 0:50 normal sera and 1:72 sera from patients with
other autoimmune diseases contained antigravin antibodies.
Gravin is not likely to be a nonerythroid spectrin, talin, myosin,
or actin-binding protein based on the lack of reactivity of anti-
gravin with these polypeptides in immunoblots. The nucleotide
sequence of the immunoreactive clone indicated that it encodes
a highly acidic polypeptide fragment that contains the carboxyl
terminus of the protein. Neither amino acid nor nucleotide se-
quences were present in Genbank, EMBL, or Swissprot data-
bases as of March, 1992. These data indicate that gravin is an
inducible, cell type—specific cytoplasmic protein and that auto-
antibodies to gravin may be highly specific for MG. (J. Clin.
Invest. 1992.90:992-999.) Key words: myasthenia gravis auto-
immunity  cell adhesion  molecular cloning ¢ gravin

Introduction

Myasthenia gravis (MG)' is a disease of neuromuscular trans-
mission generally believed to be due to autoantibodies to the
nicotinic acetylcholine receptor (1). In addition, myasthenics
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also frequently form antibodies which react with striational
muscle antigens (2-4), due to recognition of cytoskeletal ele-
ments such as alpha actinin, actin, filamin, and vinculin (5, 6).
Such cortical cytoskeletal elements localize ( 7) with acetylcho-
line receptors at motor endplates, and may be physically linked
to the receptors. Since many regions of the acetylcholine recep-
tor are antigenic targets for myasthenic sera (1), it is unlikely
that such antibodies arise by “molecular mimicry” (8), i.e.,
that a restricted antigenic site on the receptor cross-reacts with
an exogenous antigen. At present, the alternative hypothesis,
that the response to the receptor is “antigen driven”, is there-
fore favored (1). Thus, the autoantibodies present in myasth-
enic sera may serve to identify intracellular components that
may link to transmembrane proteins.

Isolation of cDNA clones through their expressed antigenic
sites (9—13) has been extensively used to isolate clones coding
for autoantigens. This approach also offers the possibility of
identifying and characterizing novel autoantigens that may be
of low abundance and restricted cellular distribution (14).
Such proteins may escape detection by more routine screening
tests such as immunofluorescence and immunoprecipitation.
We have used this approach to isolate cDNA clones that code
for an apparently novel cytoplasmic antigen recognized by sera
of some patients with MG. This antigen is present in a 250-kD
cytoplasmic protein whose cellular distribution suggests that it
is a component of the cortical cytoskeleton (15, 16). Finally,
the protein bearing this antigen and its mRNA are expressed in
a cell type-specific and regulatable fashion by cells in culture.

Methods

Screening of cDNA library and protein blotting. Recombinant phage
from a Agtl1 human umbilical vein endothelial cDNA library (17)
(generously provided by J. Evan Sadler, Washington University, St.
Louis, MO) were plated on Escherichia coli strain Y1090, overlaid
with nitrocellulose filters (Millipore Corp., Bedford, MA), saturated
with 10 mM isopropylthioglucose (IPTG) (Sigma Chemical Co., St.
Louis, MO), and screened as described ( 18) with serum from a patient
(1) with autoantibodies to both platelet glycoprotein Illa and to the
acetylcholine receptor (19). She isa 47-yr-old white woman with refrac-
tory idiopathic thrombocytopaenic purpura of 16 yr duration and
mild, generalized MG (Osserman class I1A) since 1981. Rheumatoid
factor, antinuclear antibodies, antiparietal cell, antithyroid and antia-
drenal antibodies have not been detected. Her serum has also been
negative for autoantibodies to dsSDNA, RNP, SM, Ro, and La.
Bacterial lysates prepared from E. coli strain Y1089 /phage lyso-
gens induced with IPTG as described ( 18) were resolved on SDS poly-
acrylamide gels (20) and reactivity of the beta-galactosidase-cDNA fu-
sion protein with human sera and rabbit antisera determined by immu-
noblotting nitrocellulose transfers (18). Human v and u chain-specific
biotinylated second antibodies were used to determine the immuno-
globulin class (Vector Laboratories, Inc., Burlingame, CA). Cells
(107-10%) were washed three times in 0.01 M phosphate buffered, 0.15



M saline, pH 7.4 (PBS), and lysed at ambient temperature in 1% Tri-
ton X-100 containing EDTA (10 mM) benzamidine (10 pg/ml) and
Trasylol (100 U/ml). After centrifugation ( 16,000 g, 30 min) superna-
tants were mixed with an equal volume of reducing sample buffer be-
fore resolution on SDS polyacrylamide gels (10), electrophoretic
transfer to nitrocellulose paper, and immunoblotting (18).

Immunofluorescence. GM 1380 or MG63 cells grown on fibronec-
tin (10 ug/ml)-coated glass slides were fixed with 2% formaldehyde or
fixed and permeabilized with 0.005% digitonin in 2% formaldehyde for
5 min at room temperature. The cells were incubated for 20 min with a
1:100 dilution of rabbit anti- A15 or anti- A15 absorbed with A15 fusion
protein and stained for 30 min with fluorescein-conjugated goat anti—
rabbit IgG (Cappel Laboratories, Cochranville, PA). Cells were viewed
and photographed with a Nikon Optiphot microscope.

DNA sequencing and sequence analysis. Recombinant phage from
clone A15 were subcloned into Bluescript KS M13+ (Stratagene Inc.,
San Diego, CA). Nested deletions were constructed using Bal 31 exonu-
clease (21) and the sequence of single-stranded DNA determined by
the method of Sanger et al. (22) using modified T, DNA polymerase
(23). DNA sequences and amino acid sequences were analyzed with
‘the University of Wisconsin Genetics Computer Group Sequence Anal-
ysis Software Package (24).

Rabbit polyclonal antibodies. The 180-kD B-galactosidase-cDNA
fusion protein from clone A15 was electroeluted from a 7% preparative
polyacrylamide gel and used to immunize New Zealand White rabbits.
The animals were immunized biweekly with 20 ug of the fusion poly-
peptide emulsified in CFA for the first dose and incomplete adjuvant in
succeeding immunizations. Reactivity with the g-galactosidase moiety
was removed by absorption with wild type Agtl1 as described below.
Sera from the rabbit with the highest antibody titre (1/12,800 on nitro-
cellulose phage plaque lifts of 15) was used. Anti- A15 was affinity
purified using fusion polypeptides bound to nitrocellulose as described
(25). Reactivity against the A15 fusion polypeptide was removed by
absorbing antisera with nitrocellulose plaque lifts plated at a density of
50,000 plaque forming units A15/cm plate. Antisera absorbed with
wild type Agt11 plaque lifts retained reactivity with A15 fusion protein.

Materials. Restriction enzymes and T4 DNA ligase were purchased
from Bethesda Research Laboratories (Gaithersburg, MD) or New En-
gland Biolabs (Beverly, MA). Polyclonal antibodies against human
platelet actin-binding protein and chicken fodrin were generously pro-
vided by Joan Fox (Gladstone Foundation, San Francisco, CA) and J.
Glenney (Salk Institute, La Jolla, CA), respectively. Sera from normal
blood donors and a variety of autoimmune sera were generously pro-
vided by E. Tan, R. McPherson, and E. Tucker of this institution and
from the Rheumatology Unit, Flinders Medical Centre. Myasthenic
sera were generously provided by M. Seybold (Scripps Clinic, La
Jolla, CA).

Cell isolation and cell lines. Human platelets were isolated from
acid citrate dextrose anticoagulated human blood by differential centrif-
ugation followed by gel filtration (26 ). Neutrophils were collected from
freshly drawn venous blood by the method of Henson and Oades (27).
PBMC were isolated from heparinized blood by centrifugation through
Ficoll Hypaque (28). Primary culture human umbilical vein endothe-
lial cells (HUVE) were isolated and grown to confluence on 75-cm?
tissue culture flasks (29) and human promyeloid leukemic cell line
U936 were cultured as described (30). 4B-Phorbol 12-myristate 13-ace-
tate (PMA) at 100 nM was used to stimulate human erythroleukemic
(HEL) cells. Cultured human smooth muscle cells were generously
provided by Dr. Walter Laug ( University of Southern California Medi-
cal Center, Los Angeles), and human osteosarcoma (MG-63) cells
were a gift from M. Pierschbacher (La Jolla Cancer Research Founda-
tion).

Northern blot analysis. Total cellular RNA was extracted from en-
dothelial, HEL, and U937 cells by the guanidine isothiocyanate-ce-
sium chloride method, electrophoresed on 1% agarose formaldehyde
gels, and transferred to nylon membrane (Biotrans; ICN Biochemicals,
Cleveland, OH) (31). Blots were hybridized with a radiolabeled RNA
probe constructed with T3 RNA polymerase after subcloning the

A15cDNA insert into bluescript M13 and linearizing with BamHI.
Final wash was in 0.1 X standard saline citrate (SSC) at 65°C.
Recombinant antigen ELISA for detection of antigravin antibodies.
The 15 insert was subcloned into the pQE-10 vector (Qiagen, Chats-
worth, CA) and expressed as an in-frame fusion protein with six histi-
dines at the NH, terminus. Recombinant protein was purified under
nondenaturing conditions by nickel chelate affinity chromatography
using a pH 8-5 gradient (32). Microwell ELISA plates (Nunc, Ros-
kilde, Denmark ) were coated with 150 ul of purified recombinant pro-
tein at a concentration of 5 ug/ml in 0.03 M sodium carbonate, pH 9.6
at 4°C overnight, followed by blocking for 2 h with 3% BSA in PBS.
The wells were then incubated for 90 min at 37°C with 0.1 ml duplicate
serum samples diluted 1:250 which were preabsorbed with E. coli ex-
tract (Promega Corp., Madison, WI) to reduce background, washed
four times with PBS-0.05% Tween 20, and incubated with 0.1 ml of a
1:1,000 anti-human IgG (Sigma Chemical Co., St. Louis, MO) for 2 h
at 37°C. After four washes with PBS-Tween 0.1 ml of substrate (diso-
dium p-nitrophenyl phosphate, Sigma Chemical Co.) dissolved in
diethanolamine buffer (pH 9.8 ) was added to each well and the OD at
405 nm monitored using an ELISA plate reader (MR 600; Dynatech
Laboratories, Inc., Chantilly, VA). The rabbit anti- A15 antiserum was
used as a positive control in each experiment and the plates read when a
1:2,000 dilution reached an OD of ~ 1.8. OD values greater than the
mean +3 SD from 50 normal controls were considered positive.

Results

Isolation of cDNA clones coding for epitopes recognized by an
MG serum. We isolated initial clones by screening a Agtl1 ex-
pression library constructed with cDNA complementary to
mRNA isolated from cultured HUVE (17) with serum from
patient 1. Initial screening of 500,000 recombinants yielded 10
immunoreactive clones. These clones did not react with poly-
clonal anti-GPIIb-Illa antisera (30), rabbit polyclonal anti-
body to the acetylcholine receptor, or with a panel of 25 sera
from patients with chronic idiopathic thrombocytopaenic pur-
pura. In addition, reactivity of the patient’s serum with the
fusion polypeptides remained after absorption with whole plate-
lets, platelet membranes, and purified GPIIb-Illa (not shown).
This suggested that these cDNAs did not encode epitopes
shared with platelet membrane proteins or the acetylcholine
receptor. Antibodies affinity-purified from the patient’s serum
using the protein (25) from one clone containing a 2.0-kb in-
sert, designated 15, cross-reacted with 5:9 of the remaining
c¢DNA clones. None of the cross-reactive clones reacted with
pooled human IgG nor did 2:4 of the non-cross-reactive
clones. The two clones reactive with pooled normal human
IgG were not evaluated further. Sera obtained on three occa-
sions between 1985 and 1987 from patient 1 were reactive with
the A\15 fusion protein on immunoblots as were multiple serum
samples from a second patient with MG (2). A 32P-labeled
RNA probe constructed with T3 RNA polymerase from the
A15cDNA after subcloning into Bluescript M 13 cross-hybrid-
ized only with the immunologically related clones, indicating
that the six clones shared overlapping cDNA sequence. On
Western blotting, a single polypeptide of apparent M,
= 180,000 present in extracts of E. coli Y 1089 infected (9) with
phage bearing the A15 insert, but not wild type phage, reacted
with the patient’s serum (Fig. 1). This polypeptide reacted with
anti-B-galactosidase antibodies and was induced with IPTG
(not shown), indicating that the A15 cDNA contained a long
open reading frame in frame with the lacZ reading frame; the
predicted size of the insert-coded polypeptide was thus 60 kD.
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Figure 1. Characteriza-
tion of the A 15 fusion
protein. E. coli Y1089
infected with either wild
type Agtl1 (lanes 7 and
3)or AlS (lanes 2 and
4) were induced with
isopropylthioglucose
and analyzed by 7.5%
SDS-PAGE under re-
ducing conditions. The
resultant gels were
stained with Coomassie
blue (lanes / and 2) or
electrophoretically
transferred and probed
with a patient serum
(lanes 3 and 4). Note
the presence of 3-galac-
tosidase at M, 116,000
in lane 1 which is not
reactive with patient
serum, lane 3. In lane 2,
note the absence of §-
galactosidase and ap-
pearance of a novel
band at M, 180,000
which is reactive with
patient serum.

Cell-type-specific expression of gravin and gravin mRNA.
Rabbit polyclonal antibodies against the A15 fusion polypep-
tide were prepared and used to characterize the cDNA-encoded
protein. Rabbit polyclonal anti- A15 immunoblotted an appar-
ent M, 250,000 protein (designated gravin) in extracts of sev-
eral preparations of primary cultures of HUVE on reduced and
nonreduced SDS gels. Faint bands of lower molecular weight
were seen on some blots and were presumed to be proteolytic
fragments. Reactivity with the 250-kD band was blocked by
absorption of polyclonal serum with the A 15 fusion protein and
not observed with preimmune rabbit serum (Fig. 2). Gravin
was not detected in the spent culture media (not shown). Both
prototype myasthenic sera (#1 and #2) also reacted with the
250-kD endothelial protein on immunoblots, confirming that
the reactivity of patient sera with the insert-coded polypeptide
was associated with reactivity with an endothelial cell protein
which shared epitopes with the polypeptide encoded by A15
(Fig. 2). The A15 insert hybridized with two mRNA species
from HUVE on Northern blots (Fig. 3). The size of these spe-
cies (~ 6.7 and 8.4 kb) could encode a polypeptide of the size
of gravin. No mRNA hybridizing with A15 was detected in
blots from two cell lines which grow in suspension, HEL and
U937, suggesting that expression of this protein might be cell-
type-specific. To explore this possibility, Western blots of a
variety of cultured cell extracts were probed with the anti- 15
(Fig. 4).

Anti- A5 reacted with the 250-kD protein in extracts
of several adherent cultured cells including fibroblasts
(GM1380), osteosarcoma cells (MG63), smooth muscle cells,
as well as HUVE. In contrast, a variety of nonadherent cul-
tured cells and peripheral blood cells did not react with this
antibody. Most notably, the two cell lines that did not express
mRNA hybridizing with the A15 probe did not express gravin.
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Figure 2. Reactivity of patient serum and polyclonal rabbit anti- A15
antibodies with endothelial cells and fusion protein. Western transfers
of endothelial cells or E. coli Y1089 infected with X15 were separated
by 6 or 7.5% SDS-PAGE, respectively, and probed with the indicated
antibodies. Note in the endothelial cell the reactivity of anti- A15 with
a 250-kD band which is also recognized by sera from myasthenic
patients (#1, #2). Note the absence of reactivity with anti- A15
preabsorbed with the insert-coded polypeptide and lack of reactivity
with normal rabbit serum (NRS) and normal human serum (NHS).
Note the similar patterns of reactivity with the A15 insert-coded
polypeptide.

This result, coupled with the fact that the 8.4-kb mRNA could
readily accommodate the coding sequence for gravin, indicates
that the A15 insert encodes a fragment of gravin. Finally, cul-

HUVE
HEL
U937

Figure 3. Northern blot analysis. 10 ug
of total RNA from human umbilical
vein endothelial cells, human erythro-
leukemia cells, or U937 cells were sepa-
rated and probed with the A15 insert.
Note that two species, 8.4 and 6.7 kb,
hybridize with this insert. Below are
shown the signals obtained with each of
the blots when they were reacted with
an actin probe.
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Figure 4. Western blotting detection of gravin in a variety of cells.
Extracts of cultured endothelial cells, GM 1380 (fibroblasts), MG63
(osteosarcoma cells), smooth muscle cells, U937, and human er-
ythroleukemia cells (HEL) were separated by 7.5% SDS-PAGE, and
Western transfers were probed with a polyclonal antibody to A15.
Note the prominent band at M, ~ 250,000 in the endothelial cells,
GM1380, MG63, and smooth muscle cells. Note the absence of
staining in all cells isolated from peripheral blood and in the U937
and HEL cells. Note the presence of staining in HEL cells cultured
in the presence of phorbol myristate acetate.

ture of the HEL cells in the presence of phorbol myristate ace-
tate for 48 h was associated with expression of gravin. These
cells also adhered to the culture dish, consistent with the devel-
opment of a macrophage phenotype (33). We also used the
antibody to the insert-coded polypeptide to evaluate the intra-
cellular distribution of gravin.

Intracellular localization of gravin. The anti-A15 did not
stain intact cells or their matrix (staining with antifibronectin
confirmed the presence of the matrix [not shown]), suggesting
that the polypeptide segment encoded by A15 was not accessi-
ble on the cell surface. In contrast, permeabilized cells were
brightly stained with the antibody, but not by preimmune
serum or absorbed anti- A15 (Fig. 5). The staining pattern was
that of a meshwork throughout the cytosol, and extending right
to the edge of the cell, and into ruffles and filopodia. In some
cells the staining had a linear component orientated along the
long axis of the cell. There was no staining of the nucleus, nor
of microtubules or of focal contacts (the presence of the latter
two was confirmed by staining for tubulin and talin, respec-
tively). This meshwork staining of the cortical cytoplasm sug-
gested that gravin might be a spectrin or a filamin, two proteins
of similar size which yield similar staining patterns (34, 35).
This possibility was evaluated by comparison of the proteins
recognized by antibodies against each of these species with
those recognized by anti- A15 (see below).

Detection of antigravin antibodies in patients with MG and
other autoimmune diseases by recombinant antigen ELISA.
IgG autoantibodies to the recombinant gravin fragment were
identified in 22:72 (31%) of MG sera and in 1:17 patients with
rheumatoid arthritis (> mean + 3 SD of 50 normal sera = 0.26
OD units). No reactivity was observed with normals or with
sera from patients with systemic lupus erythematosus, progres-
sive systemic sclerosis, chronic active hepatitis, and polymyosi-
tis (Fig. 6). Within this group were patients with known reactiv-
ities to the Ro, La, RNP, Sm, centromere, Scl-70, dsDNA,
histone, and proliferating cell nuclear antigens. Prototype

_Dg

+Dg
Absorbed

Figure 5. Immunofluorescent localization of gravin. Affinity-purified
anti- A\15 antibody was used to stain detergent permeabilized cells
(A) or intact cells (B). C shows staining of permeabilized cells with
anti- A15 which had been preabsorbed with the insert coded polypep-
tide (see Fig. 2). In the permeable cells note the meshwork staining
which extends all the way to the cell periphery and into ruffles and
filopodia. Note the absence of staining of microtubules, and absence
of staining of focal contacts. Note the absence of staining in intact
cells suggesting that the polypeptide segment recognized by this anti-
body is not accessible on the cell surface.

myasthenic sera #1 and #2 gave positive ELISA values of 0.48
and 1.60 OD units, respectively. Levels of antigravin antibod-
ies did not correlate with serum anti-acetylcholine receptor
antibody titers (data not shown). Data from this survey demon-
strate that antigravin antibodies may be relatively specific
for MG.

Lack of immunological identity of gravin with fodrin or ac-
tin-binding protein. As previously noted, anti- A15 reacted with
gravin in endothelial cells but did not react with platelets. In
contrast, an antibody to actin-binding protein reacted with an
apparent M, 250 polypeptide from platelets and HUVE (Fig.
7). The lack of reactivity of anti- A15 with platelets is also
noteworthy since these cells are rich in myosin, alpha actinin,
actin-binding protein, vinculin (36), and contain a spectrin
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Figure 6. Reactivity of human sera with \15 fusion protein by ELISA.
Serum samples were tested in duplicate at a 1:250 dilution and OD

read at 405 nm. Values above the horizontal line (mean + 3 SD from
50 normal subjects) were considered positive. MG, myasthenia gravis;
SLE, systemic lupus erythematosus; R4, rheumatoid arthritis; PSS,
progressive systemic sclerosis; CAH, chronic active hepatitis; PM, poly-
myositis.

and band 4.1-related species (37) and talin (38). In addition,
an anti-chicken Fodrin common subunit reacted with a 235-
kD species from brain cortex and HUVE, whereas anti- A15
reacted with neither. Finally, neither the anti-Fodrin, nor the
anti-actin-binding protein reacted with the expressed insert
coded polypeptide in Western blots (not shown). Thus we con-
clude that A15 does not encode epitopes recognized by these
antibodies against either Fodrin or actin-binding protein.

Nucleotide and predicted peptide sequence of the \15 insert.
The determined nucleotide and predicted peptide sequence of
the A15 insert appear in Fig. 8. The insert contains 1,993 bases
terminating with the polyadenylation signal followed 15 bases
downstream by 12 adenines, indicating that the insert is com-
plementary to the 3’ end of the mRNA. A long open reading
frame, in frame with the linkers used in library construction
(17), coded for a 306 residue peptide which terminated with a
TAA stop condon at nucleotide 920 and contained no pre-
dicted sites for Asn-linked oligosaccharides. The predicted mo-
lecular mass for this peptide was 33,056 D and it was moder-
ately hydrophilic and strongly acidic, with a predicted net
charge of —48. The predominant (39) predicted secondary
structure within the peptide was alpha helix and numerous
continuous antigenic sites were predicted by the algorithm of
Jameson and Wolf (40). Searches of Genbank and EMBL nu-
cleic acid databases and NBRF protein databases (as of March,
1992) with the Wordsearch program did not reveal significant
sequence identities. There was a weak similarity at the protein
level to the carboxy terminus of the pig neurofilament triplet L
protein (41), and the similarity was judged significant using
the Relate (42) program (segment length = 17, segment com-
parison score = 4.4, SD units).

Based on the measured apparent M, of the fusion protein
we had anticipated an insert-coded polypeptide of M, 60,000,
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Figure 7. Inmunochemical comparison of gravin with actin binding
protein (4BP) and Fodrin. Extracts of endothelial cells, platelets, or
brain were analyzed by 7.5% SDS polyacrylamide gel electrophoresis
and Western transfers were probed with polyclonal antibodies to A15,
polyclonal antibodies to ABP, or an anti-chicken Fodrin common
subunit antibody. In the first pair of lanes note the reactivity of gravin
with anti- A15 in endothelial cells and the absence of reactivity in
platelets. In the companion lane note the reactivity of ABP in platelets
with anti-ABP. In the next two sets of lanes note the reactivity of the
anti-Fodrin antibody with an M, ~ 235,000 species in endothelial
cells and brain cortex and the absence of such reactivity in the case
of anti- A15.

rather than the actual predicted size of 33 kD. It should be
noted that following nucleotide 920 there were multiple stop
codons in all three reading frames. Moreover, previous work
has drawn attention to the aberrant migration of highly acidic
fusion proteins ( 10) in SDS-PAGE, suggesting this as an alter-
native explanation for this finding. To test this possibility we
deleted 917 bases of the predicted 3’ untranslated region start-
ing at the Xbal site at nucleotide 1070 and verified the extent of
deletion by sequence analysis. The intact insert and the 1076
nucleotide deletion fragment were then both expressed in Blue-
script M13 under control of the lac promoter. Both inserts
coded for polypeptides of identical apparent M, 65,000 (Fig.
9), indicating that translation terminates within 150 bp of nu-
cleotide 920 to produce a fusion protein that migrates
aberrantly on SDS-PAGE.

Discussion

In this work, serum from a patient with MG was used to isolate
acDNA clone encoding epitopes present on a cytoplasmic poly-
peptide of apparent M, 250,000 (gravin). This reactivity was
observed in 31% of MG patients, and apart from a single pa-
tient with rheumatoid arthritis, was not detected in sera from
patients with several other autoimmune diseases. Gravin was
localized to the cytoplasmic cortical regions of cultured cells in
a trabecular pattern, suggesting it may be part of the cortical
cytoskeleton. Moreover, gravin was expressed by several adher-
ent cultured cells, but not by cells of the peripheral blood or by
nonadherent U937 or HEL cells. In the latter case, PMA-sti-
mulated differentiation was associated with increased cellular



1 CGACTGTCAGGCAAAATCGACACCAGTGATAGTATCTGCTACTACCAAGAAAGGCTTAAG 60
b ¢ Q A K S TPV I V S A TTT K K G L S
61 TTCCGACCTGGAAGGAGAGAAAACCACATCACTGAAGTGGAAGTCAGATGAAGTCGATGA 120
s DL E G E K TT S L KW K S D E V D E
121 GCAGGTTGCTTGCCAGGAGGTCAAAGTGAGTGTAGCAATTGAGGAGGATTTAGAGCCTGA 180
Q vaAaA C O EV KV S V A I E E DL E P E
181 AAATGGGATTTTGGAACTTGAGACCAAAAGCAGTAAACTTGTCCAAAACATCATCCAGAC 240
N G I L E L E T K S S K L vV Q N I I Q T
241 AGCCGTTGACCAGTTTGTACGTACAGAAGAAACAGCCACCGAAATGTTGACGTCTGAGTT 300
AV D Q F VRTEE TA AT EMT LT S E L
301 ACAGACACAAGCTCACATGATAAAAGCTGACAGCCAGGACGCTGGACAGGAAACGGAGAA 360
Q T Q A H M I K A D S Q DA G Q E T E K
361 AGAAGGAGAGGAACCTCAGGCCTCTGCACAGGATGAAACACCAATTACTTCAGCCAAAGA 420
E G E E P Q A S A QD ETU©P I T S A K E
421 GGAGTCAGAGTCAACCGCAGTGGGACAAGCACATTCTGATATTTCCAAAGACATGAGTGA 480
E S E S T A V G Q A H S D I 8 K D M S E
481 AGCCTCAGAAAAGACCATGACTGTTGAGGTAGAAGGTTCCACTGTAAATGATCAGCAGCT 540
A S E K TM TV E V E G S T V N D Q Q L
541 GGAAGAGGTCGTCCTCCCATCTGAGGAAGAGGGAGGTGGAGCTGGAACAAAGTCTGTGCC 600
E EV v L P S E E E G G G A G T K S VvV P
601 AGAAGATGATGGTCATGCCTTGTTAGCAGAAAGAATAGAGAAGTCACTAGTTGAACCGAA 660
E D DG HAULULAEI RTIEI K S L V E P K
661 AGAAGATGAAAAAGGTGATGATGTTGATGACCCTGAARAACCAGAACTCAGCCCTGGCTGA 720
E D E K G D D V DD P E N ON S A L A D
721 TACTGATGCCTCAGGAGGCTTAACCAAAGAGTCCCCAGATACAAATGGACCAAAACAAAA 780
T DA S GG L T K E S P DTNG P K Q K
781 AGAGAAGGAGGATGCCCAGGAAGTAGAATTGCAGGAAGGAAAAGTGCACAGTGAATCAGA 840
E K E DA Q E V EL Q E G K V H S E S D
841 TAAAGCGATCACACCCCAAGCACAGGAGGAGTTACAGAAACAAGAGAGAGAATCTGCAAA 900
K A I TP Q A O E E L Q K Q E R E S A K
901 GTCAGAACTTACAGAATCTTAAAACATCATGCAGTTAAACTCATTGTCTGTTTGGAAGAC 960
S E L T E S
961 CAGAATGTGAAGACAAGTAGTAGAAGAAAATGAATGCTGCTGCTGAGACTGAAGACCAGT 1020
1021 ATTTCAGAACTTTGAGAATTGGAGAGCAGGCACATCAACTGATCTCATTTCTAGAGAGCC 1080
1081 CCTGACAATCCTGAGGCTTCATCAGGAGCTAGAGCCATTTAACATTTCCTCTTTCCAAGA 1140
1141 CCAACCTACAATTTTCCCTTGATAACCATATAAATTCTGATTTAAGGTCCTAAATTCTTA 1200
1201 ACCTGGAACTGGAGTTGGCAATACCTAGTTCTGCTTCTGAAACTGGAGTATCATTCTTTA 1260
1261 CATATTTATATGTATGTTTTAAGTAGTCCTCCTGTATCTATTGTATATTTTTTTCTTAAT 1320
1321 GTTTAAGGAAATGTGCAGGATACTACATGCTTTTTGTATCACACAGTATATGATGGGGCA 1380
1381 TGTGCCATAGTGCAGGCTTGGGGAGCTTTAAGCCTCAGTTATATAACCCACAAAAAACAG 1440
1441 AGCCTCCTAGATGTAACATTCCTGATCAAGGTACAATTCTTTAAAATTCACTAATGATTG 1500
1501 AGGTCCATATTTAGTGGTACTCTGAAATTGGTCACTTTCCTATTACACGGAGTGTGCCAA 1560
1561 AACTAAAAAGCATTTTGAAACATACAGAATGTTCTATTGTCATTGGGAAATTTTGCTTTC 1620
1621 TAACCCAGTGGAGGTTAGAAAGAAGTTATATTCTGGTAGCAAATTAACTTTACATCCTTT 1680
1681 TTCCTACTTGTTATGGTTGTTTGGACCGATAAGTGTGCTTAATCCTGAGGCAAAGTAGTG 1740
1741 AATATGTTTTATATGTTATGAAGAAAAGAATTGTTGTAAGTTTTTGATTCTACTCTTATA 1800
1801 TGCTGGACTGCATTCACACATGGCATGAAATAAGTCAGGTTCTTTACAAATGGTATTTTG 1860
1861 ATAGATACTGGATTGTGTTTGTGCCATATTTGTGCCATTCCTTTAAGAACAATGTTGCAA 1920
1921 CACATTCATTTGGATAAGTTGTGATTTGACGACTGATTTAAATAAAATATTTGCTTCACT 1980
1981 TAAAAAAAAAAAA 1993

Figure 8. Sequence of the A15 insert. The 1993-bp insert which in the second reading frame is in frame with the linkers used in library con-
struction is shown with the translated 306 residue predicted protein sequence below. The polyadenylation signal is underlined.

content of gravin. Endothelial cell mRNAs of 6.7 and 8.4 kb
hybridized with cDNA clone, but were not detected in two cells
that fail to express the protein. The sequence of the clone indi-
cated that it coded for a highly acidic region containing the
carboxyl terminus of the polypeptide and that neither protein
nor nucleotide sequences had been entered into standard data-

bases as of March, 1992. Thus, an apparently novel component
of the cytoplasm has been identified as an additional antigenic
target in certain patients with MG. It is unclear at the present
time why autoantibodies to gravin should develop in MG, but
these patients often form antibodies to cytoskeletal proteins
such as alpha actinin (5), vinculin, and filamin (6), and a
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Figure 9. Expression of A15 in the plasmid Bluescript vector. The A15
insert was cloned into the EcoRI(E) site of Bluescript KS ( Vector
Laboratories) in frame with the initiation codon of B-galactosidase
which is 104 bp upstream from the EcoRlI site (construct /). The
same insert was also cloned in the reverse orientation (construct 2).
Deletion of the 917-bp end of construct 1 was achieved by restriction
at the indicated Xbal (X) site (construct 3). 2-ml cultures of E. coli
DHS5 bearing each of these plasmids were grown in the presence of
IPTG and lysed as suggested by the supplier (Stratagene Inc.) and
the lysates analyzed by immunoblotting as described in Fig. 1.

recent study has described reactivity with a 320-kD sarcoplas-
mic reticulum protein (43 ). Antibodies to filamin and vinculin
have been reported to occur in 97% and 30% of myasthenics,
respectively (6). Like gravin, titers of these antibodies do not
correlate with anti—acetylcholine receptor antibody levels (6).
Detailed clinical studies will be necessary to determine the rela-
tionship, if any, of antigravin antibodies with the clinical fea-
tures, thymic pathology, and course of MG.

It seems likely that gravin is encoded by the cDNAs isolated
here. First, polyclonal antibodies raised against recombinant
fusion protein in two rabbits and antibodies affinity-purified
on the fusion protein reacted with gravin on crude cell extracts,
while reactivity was blocked by absorption of rabbit antisera
with fusion protein. Second, serum from patients with myasthe-
nia gravis reacted with both the insert-coded polypeptide and
native 250-kD protein. Third, the mRNA species identified by
Northern blotting with the cDNA is sufficient to encode a poly-
peptide the size of gravin. Fourth, the mRNa encoding the
putative protein showed the same cell type-specific expression
as gravin on Northern blots.

The meshwork staining of the cytoplasm and its peripheral
extensions observed for gravin suggests that it is present in the
cell cortex. It is noteworthy that several of the cytoskeletal pro-
teins recognized by MG sera are components of the cortical
cytoskeleton. Nevertheless, immunologic analysis indicates
that gravin is distinct from actin binding protein (filamin) and
nonerythroid spectrin (fodrin) which also localize to this re-
gion (34, 35). Since MG does not, in most cases ( 1), appear to
be due to molecular mimicry, it has been suggested that the
response is driven by antigens contained in the acetylcholine
receptor and its associated cytoskeletal anchor. The site at
which immunization occurs has not been definitely estab-
lished, although the thymus (44) has been implicated. In view
of the cell type-specific expression of gravin, it may be of value
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to investigate its tissue localization in vivo in relation to the
acetylcholine receptor.

Gravin was expressed in a cell type-specific and regulatable
manner and appears to be a component of the cell cortex. It
was particularly noteworthy that the cells which adhered well
in culture and form stress fibers possessed this protein. Since
the distribution of stress fibers in endothelial cells is modulated
by fluid shear (45-47) and cytokines (48), it will be of interest
to examine the effects of these factors on gravin biosynthesis
and distribution in endothelium.
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