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Human Upper Epidermal Cytoplasmic Antibodies Are

Directed against Keratin Intermediate Filament Proteins

HELMUTHINTNER, PETER M. STEINERT, and THOMASJ. LAWLEY,
Dermatology Branch, National Cancer Institute, National Institutes of
Health, Bethesda, Maryland 20205

A B S T R A C T Upper cytoplasmic (U-Cyt) antibodies
are directed against cytoplasmic antigens found in
keratinocytes in the upper layers of the epidermis.
Until now, they have been defined by indirect im-
munofluorescence and are known to occur in the sera
of patients with cutaneous diseases such as bullous
dermatoses, basal cell carcinomas, and melanomas. An
increased incidence of U-Cyt antibodies has also been
reported in the sera of patients with noncutaneous
diseases, such as pulmonary neoplasms. They have
been found in addition in the sera of some normal
individuals. In this study we have identified keratin
intermediate filaments (KIF) as antigens U-Cyt anti-
bodies are directed against.

KIF proteins were prepared, separated by poly-
acrylamide gel electrophoresis, transblotted to nitro-
cellulose strips, and used as substrates for antibody
binding. Sera containing U-Cyt antibodies by indirect
immunofluorescence also had antibodies that were di-
rected against high molecular weight (65,000, 63,000,
61,500) KIF proteins. When KIF proteins were sepa-
rated according to their charge and their molecular
weight by two-dimensional gel electrophoresis and
transblotted, the anti-KIF protein antibodies bound to
virtually all charge isomers of the KIF proteins at the
respective molecular weight. The antibody titers mea-
sured using the transblotting technique were 10 to 160
times higher than those found by indirect immunoflu-
orescence. To determine whether U-Cyt antibodies
were directed against KIF, a series of absorption and
elution experiments were performed. Absorption of
test sera with purified KIF removed both U-Cyt an-
tibodies and anti-KIF protein antibodies. Absorption
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with another type of intermediate filament derived
from fibroblasts, vimentin, did not remove U-Cyt or
anti-KIF protein antibodies. Absorbed U-Cyt and anti-
KIF protein antibodies were both eluted from the same
KIF preparation and shown to bind to U-Cyt antigens
by indirect immunofluorescence and KIF proteins by
transblotting. Absorption of a serum containing U-Cyt
antibodies, anti-nuclear antibodies,and anti-basement
membrane zone antibodies with purified KIF resulted
in the removal of the U-Cyt antibodies but not the
other types of antibody. In addition, all test sera, even
those that lacked U-Cyt antibodies, were found to have
low-titer antibodies against KIF proteins by the trans-
blotting technique. These data indicate that KIF pro-
teins bear antigens to which U-Cyt antibodies are di-
rected and that low titer antibodies against KIF pro-
teins may be much more common than previously
appreciated.

INTRODUCTION

Antibodies directed against cytoplasmic antigens of
normal keratinocytes have been known for many years
to be present in some normal sera as well as in the sera
of patients with various cutaneous and noncutaneous
diseases (1-5). Using the technique of indirect im-
munofluorescence it has been shown that one type of
antigen(s) is present only in the cells of the upper layers
of the human epidermis. These have been termed up-
per cytoplasmic antigens. The skin disorders, in which
upper cytoplasmic (U-Cyt)' antibodies are described,
include blistering dermatoses such as pemphigus vul-

' Abbreviations used in this paper: DTT, dithiothreitol;
HRP, horseradish peroxidase; HMW,high molecular weight;
KIF, keratin intermediate filaments; PAGE, polyacrylamide
gel electrophoresis; TBS, Tris-buffered saline; U-Cyt, upper
cytoplasmic; WB, washing buffer.
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garis, bullous pemphigoid, and dermatitis herpetifor-
mis as well as basal cell carcinomas and melanomas
(1, 2, 4, 5). A high incidence of U-Cyt antibodies was
also found in the sera of patients undergoing bone
marrow transplants and patients with pulmonary and
gastrointestinal neoplasms (2, 3). The exact nature of
the antigens U-Cyt antibodies are directed against has
been unknown. A series of observations, however, sug-
gested the possibility that they may be differentiation
products of human keratinocytes: (a) The antigens are
present in the upper layers but not in the basal cell
layer of the epidermis (1-5); (b) their presence has
been noted in 45-65% of freshly isolated epidermal
cells but in only 5-10% of cells grown in long-term
primary culture or in secondary culture where epi-
dermal cells fail to differentiate completely (6); and
(c) they are also absent in tumors of the skin that lack
fully differentiated keratinocytes (4). The major dif-
ferentiation product of keratinocytes is keratin, and
Fuchs and Green (7) demonstrated that the distribu-
tion of keratin intermediate filament (KIF) proteins
is partially stratified in the epidermis on the basis of
molecular weight. The inner layers of the epidermis
contain only "small" (46-58,000) keratin proteins,
whereas the outer layers contain "large" (63-67,000)
keratins in addition to "small" keratins (7). These ob-
servations suggested the possibility that keratin pro-
teins might be antigens of U-Cyt antibodies.

In this study we present evidence that KIF represent
antigens towards which U-Cyt antibodies are directed.
Moreover, U-Cyt antibodies bind preferentially to
high molecular weight (HMW) proteins and to vir-
tually all charge isomers of the respective KIF proteins.

METHODS

Isolation of KIF proteins. Strips of normal human skin
(0.4 mmin thickness) were obtained from a surgical speci-
men by using a Castroviejo keratome (Storz Instrument Co.,
St. Louis, MO). The skin was cut into 5-mm squares and
incubated dermis side down in a 0.02 M EDTA (8) buffer
at 37°C for 3 h. The epidermis was separated from the der-
mis and washed twice with phosphate-buffered saline (PBS).
The epidermis was then minced into fine pieces and ex-
tracted in an 8 M urea solution (1 mi/cm2) containing 0.1
MTris-HCl (pH 9.0) and 0.1 M 2-mercaptoethanol for 4 h
at room temperature (9). After removing the cellular debris
by centrifugation at 15,000 rpm for 30 min at 4°C, the su-
pernatant was dialyzed at room temperature overnight
against a buffer containing 0.025 MTris-HCI (pH 8.3), 0.192
Mglycine, 0.1% sodium dodecyl sulfate (SDS), and 0.025 M
2-mercaptoethanol and processed for SDS-polyacrylamide
gel electrophoresis (PAGE).

Repolymerization of KIF from isolated KIF proteins.
A portion of the KIF protein solution was chromatographed
on a Sepharose CL-4B-200 (Sigma Chemical Co., St. Louis,
MO) column in a 0.025 MTris-HCl (pH 8.3), 0.192 M gly-
cine, 0.1% SDS, 0.001 MEDTA, and 0.001 Mdithiothreitol
(DTT) buffer. By this technique, the KIF proteins were sep-

arated from the HMWhistidine-rich proteins that are also
extracted from the epidermis. These proteins may interfere
with KIF reassembly in vitro (P. M. Steinert, unpublished
data). Subsequently, fractions containing exclusively KIF
proteins were freed of bound SDS as described previously
(10). The proteins were then redissolved in urea buffer (see
above) and dialyzed against 1,000 vol of 0.005 M Tris-HCI
buffer (pH 7.6) containing 0.001 MEDTAand 0.001 MDTT
to repolymerize the KIF in vitro (11). This was followed by
negative staining with 0.7% uranyl acetate for the electron
microscopic visualization. In one experiment, the washed
pellet of KIF was redissolved in SDS and the constituent
proteins were separated by SDS-PAGE.

SDS-PAGE. SDS-PAGEwas performed by the method
of Laemmli (12). 10-Al aliquots of the same KIF protein
solution (3.0 mg/ml) were used for SDS-PAGE throughout
all experiments.

Two-dimensional gel electrophoresis of KIF proteins.
Two-dimensional gel electrophoresis of KIF proteins was
performed according to O'Farrell (13). Ampholytes (Bio-Rad
Laboratories, Richmond, CA) with a pH range from 3 to 10
were used for tube gel isoelectric focusing; the second di-
mension was performed in a 7.5% continuous polyacryl-
amide gel.

Protein transblotting to nitrocellulose sheets. Transfer
of the proteins from SDSgels to nitrocellulose sheets (Trans-
Blot TMTransfer Medium, Bio-Rad Laboratories) was per-
formed as described by Towbin et al. (14). After a trans-
blotting time of >15 h at 4°C (60 V, 0.22 A, transfer buffer
0.025 MTris-HCl (pH 8.3), 0.192 Mglycine, 20% methanol)
the nitrocellulose sheets were cut into individual lanes that
contained either HMWstandard proteins (Bio-Rad Labo-
ratories) or the KIF polypeptides. The lanes were then pro-
cessed for various immunological procedures. In every trans-
blotting experiment two of the appropriate lanes were
stained with amido black to demonstrate the transfer of all
proteins. Also, after transblotting, the polyacrylamide gels
were stained with Coomassie Blue to detect nontransferred
proteins.

Test sera. The sera of 12 normal laboratory personnel
(sera Nos. 1 to 12) and of seven patients with dermatological
disorders (two patients with dermatitis herpetiformis, sera
Nos. 13 and 14, two with cicatricial pemphigoid, sera Nos.
15 and 16, one with bullous pemphigoid, serum No. 17, and
two with pemphigus vulgaris, sera Nos. 18 and 19) were
studied for the presence of U-Cyt or anti-KIF protein an-
tibodies. All sera were either freshly drawn or had been
stored at -70°C.

Demonstration of antibody binding to transblotted KIF
proteins. Individual lanes of nitrocellulose membranes to
which KIF proteins had been previously transblotted were
washed with Tris-buffered saline (TBS; 0.15 M NaCI, 0.01
M Tris-HCl, pH 7.4) containing 3% (wt/vol) bovine serum
albumin (BSA) for 2 h and were then incubated for 2 h with
2.5 ml of various dilutions of the test sera. To exclude a
prozone phenomenon and to detect changes in staining pat-
terns, a series of dilutions of test sera ranging from 50 to
5,000 and, if necessary higher, was utilized. After six washes
with washing buffer (WB; 0.3 MNaCl, 0.01 MTris-HCl, pH
7.4, 0.5% Nonidet P-40, Sigma Chemical Co.) for 5 min, the
nitrocellulose strips were incubated with 2.5 ml of horse-
radish peroxidase-conjugated staphylococcal Protein A (HRP-
Protein A, Kirkegaard and Perry Lab, Gaithersburg, MD)
at a 1:200 dilution for 2 h. This was followed by five more
washes with WBand two with TBS. The binding of HRP-
Protein A was then visualized by incubation of the nitro-
cellulose strips with diaminobenzidine medium (15) for 30

Antigens of Upper Epidermal Cytoplasmic Antibodies 1345



min and the reaction stopped by three 10-min washes with
TBS. Test sera and the HRP-Protein A were diluted with
WBcontaining 3% BSA, all incubations were performed at
room temperature. For control purposes, the test serum was
substituted by WBcontaining 3% BSA. In a series of exper-
iments, the KIF proteins were transblotted from the two-
dimensional gels to nitrocellulose sheets and autoantibody
binding on them was demonstrated as described above.

Indirect immunofluorescence of upper cytoplasmic an-
tibodies. The demonstration of circulating antibodies di-
rected against U-Cyt antigens by indirect immunofluores-
cence was performed as previously described (16).

Absorption and elution studies. 0.5 ml of sera Nos. 1 and
2 were each mixed with 0.5 ml of suspension of purified KIF
(1.5 mg/ml) and tumbled at room temperature for 1 h. After
centrifugation at 15,000 rpm for 1 h, 0.5 ml of the super-
natant was then mixed with 0.5 ml of the KIF suspension
and the absorption procedure was repeated. The final su-
pernatants were then processed for the demonstration of the
remaining U-Cyt antibodies by indirect immunofluores-
cence or antibodies against KIF proteins by the transblotting
technique as described above. In one experiment, the ab-
sorbed antibodies were eluted from the KIF by incubating
the washed KIF pellet with 1 ml of 0.1 Mglycine-HCl buffer
pH 3.0 for 15 min at room temperature. After neutralization
with 0.1 N NaOHand centrifugation at 5,000 rpm for 10
min, the supernatant was dialyzed against PBS overnight
and then checked for U-Cyt antibodies by indirect immu-
nofluorescence and for antibodies to transblotted KIF pro-
teins. Controls included substitution of the KIF suspension
by 0.5 ml of the reconstitution dialysis buffer (see above) or
by an equal amount of vimentin extracted from mouse 3T3
cells or human fibroblasts (17). 3T3 cells and human fibro-
blasts were grown under routine culture conditions and the
intermediate filaments extracted by the method described
by Steinert et al. (9). To demonstrate the specificity of U-
Cyt antibody absorption by KIF, a serum containing bullous
pemphigoid anti-basement membrane zone antibodies and
anti-nuclear antibodies as well as U-Cyt antibodies was ab-
sorbed by a suspension of purified KIF and examined for
remaining reactivity of the respective antibodies as already
described. Since the titer of the basement membrane zone
antibodies (original titer 1:1,280) exceeded the titer of anti-
nuclear (1:80) and U-Cyt antibodies (1:40) markedly, an
additional absorption experiment was performed in which
the test serum was diluted so that basement membrane zone
antibodies were in a concentration range comparable to the
U-Cyt antibody titer.

RESULTS

Separation of KIF proteins by PAGEand reassem-
bly into filaments. Analytical SDS-PAGE of the
freshly isolated KIF proteins or KIF proteins redis-
solved from reconstituted KIF demonstrated the
presence of low (51,000, 54,000, 55,000, 58,000, and
60,000) and high (61,500, 63,000, and 65,000) molec-
ular weight proteins in a pattern similar to that de-
scribed by others (7, 18) (Fig. 1, A-C). Dialysis of these
KIF proteins into reconstitution buffer as described
(11) led to the in vitro formation of curvilinear, un-
branched filaments that were - 10 nm in diameter and
several micrometers long, and often formed clusters
of multiple KIF.
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FIGURE 1 (Lane A) PAGE of KIF proteins stained with
Coomassie Blue: KIF proteins exhibit a molecular weight
range from 51,000 to 65,000. (Lane B) PAGEof molecular
weight standards including: 1, ,B-galactosidase, 116,250; 2,
phosphorylase B, 92,500; 3, BSA, 66,000; 4, ovalbumin,
45,000, stained with Coomassie Blue. (Lane C) The distri-
bution pattern of KIF proteins after transblotting to nitro-
cellulose sheets and staining with amido black. Lanes E-J
represent individual nitrocellulose strips, transblotted with
KIF proteins, incubated with various test sera, and stained
with HRP-Protein A. Note strong staining of the 61,500 and
63,000 KIF protein band in lanes E (serum No. 2, 1:100),
F (serum No. 1, 1:50), and I (serum No. 17, 1:400); the 65,000
band in lane G (serum No. 4, 1:100), the 55,000 band in lane
J (serum No. 13, 1:200); and faint staining of low molecular
weight KIF proteins in lanes F and G, of HMWKIF proteins
in J, as well as of high and low molecular weight KIF proteins
in H (serum No. 8, 1:100). (Lane D) Substitution of the test
serum by 3% BSA WBfollowed by HRP-Protein A did not
result in any staining.

Transfer of KIF proteins to nitrocellulose. Trans-
blotting of the KIF proteins from the polyacrylamide
gels to nitrocellulose sheets revealed an identical pat-
tern of distribution of the protein bands when the ni-
trocellulose strips, stained with amido black (Fig. 1 C)
were compared with the Coomassie Blue-stained poly-
acrylamide gels (Fig. 1 A). Examination of the poly-
acrylamide gels after transblotting revealed generally
complete transfer of the proteins.

Detection of U-Cyt antibodies and their antigens.
12 normal human sera and seven sera of patients with
skin diseases were examined for the presence of U-Cyt
antibodies first using the traditional method of indirect
immunofluorescence and then by HRP-Protein A stain-
ing of KIF proteins transblotted to nitrocellulose strips
that had been preincubated with serial dilutions of the
same 19 sera. Indirect immunofluorescence demon-
strated that five of 12 normal human sera and all seven
patient sera possessed U-Cyt antibodies (Fig. 2). The
titers ranged from 1:5 to 1:320 (Table I). When the
test sera were examined for antibodies to KIF proteins,
all 12 normal and all seven patient sera had antibodies
against one or more of the KIF protein bands (Table
I; Fig. 1, E-J). Whenthe titers of the anti-KIF protein
antibodies and the pattern of the specific KIF proteins
stained were examined, several points became evident.
The transblotting method is from 10 to 160 times more
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FIGURE 2 Indirect immunofluorescence of normal human skin with a 1:5 dilution of serum
No. 1 and fluorescein isothiocyanate-conjugated goat anti-human IgG at 1:40 shows bright
cytoplasmic staining of upper keratinocytes. Basal keratinocytes, in contrast, remain unstained.
X 250.

sensitive than indirect immunofluorescence of human
skin in the detection of U-Cyt antibodies. As a group,
the 12 individuals (five normal subjects, seven pa-

tients), who were positive for U-Cyt antibodies by in-
direct immunofluorescence had higher titers of anti
KIF protein antibodies by the transblotting technique

TABLE I
Profile and Titer of Anti-KIF Protein Antibodies

Immunoblot Indirect immunofluorescence

Molecular weights of KIF proteins U-Cyt antibody titer

Serum 65,000 63,000 61,500 58,000 55,000 51,000
1 e 200t 5,000 5,000 - 100 100 1:40
20 100 1,000 1,000 100 1:40
30 800 800 800 - - 400 1:10
40 800 200 - 200 200 1:5
50 100 400 400 - 400 1:5
6 - 100 -

7 100 - 200
8 100 200 200 200 200 200
9 100 100 100 200 100

10 - - 100 100 -

11 - - - 200 100
12 - 50 50 - 50 -
130 200 200 400 - 12,800 1:320
14 400 800 800 - 800 - 1:10
150 50 400 400 - 200 1:40
16° 800 800 800 - 800 1:80
17 100 6,400 3,200 100 1:40
18 400 800 1,600 100 1:40
190 800 400 400 100 1:20

e Sera of individuals positive for U-Cyt by indirect immunofluorescence.
t Titer of anti-KIF protein antibodies.

Antigens of Upper Epidermal Cytoplasmic Antibodies 1:347



than the seven who were negative by indirect im-
munofluorescence. In addition, the pattern of KIF pro-
tein staining, a function of the molecular weights of
the various proteins, was quite different between the
U-Cyt positive and U-Cyt negative individuals (Table
I). In the group positive for U-Cyt antibodies by in-
direct immunofluorescence, all individuals possessed
high titer (>4O0) antibodies directed against one or
several of the HMW(65,000, 63,000, and 61,500) KIF
proteins (Fig. 1, E-G, I). In three of the patient sera
high titer (>400) antibodies against the 55,000-mol wt
KIF protein were also detectable (Fig. 1 J). In contrast,
none of the seven individuals who were negative for
U-Cyt antibodies by indirect immunofluorescence pos-
sessed high titer antibodies by the transblotting tech-
nique against any of the KIF proteins; however, they
did stain some KIF protein bands (Fig. 1 H). The major
portion of the anti-KIF protein antibodies in the U-
Cyt antibody negative sera was directed against low
molecular weight KIF proteins.

Absorption and elution studies. To examine the
specificity of U-Cyt antibodies, a series of absorption
studies was performed using purified reconstituted
KIF as the substrate and a nonkeratinocyte interme-
diate filament protein, vimentin (17), as a control.
Absorption of two normal sera with high titer anti-KIF
protein antibodies with purified KIF resulted in com-
plete abolition of U-Cyt antibody staining by indirect
immunofluorescence (Fig. 3, A and B). In addition,
there was no reactivity of one of the absorbed sera
(No. 2) with KIF proteins (Fig. 3, C and D) and only
a faint hue of residual staining with the second ab-
sorbed serum (No. 1) after transblotting. The antibod-
ies absorbed by the KIF were eluted with an acid gly-
cine buffer and neutralized. The eluted antibodies
demonstrated U-Cyt antibody staining in indirect im-
munofluorescence. In addition, they reacted with the
same respective HMWKIF proteins that were stained
by the unabsorbed serum. Control absorptions, includ-
ing the substitution of the KIF by vimentin interme-
diate filaments extracted from mouse 3T3 cells or from
human fibroblasts, showed no significant change in the
binding of U-Cyt antibodies by indirect immunoflu-
orescence or anti-KIF protein antibodies by transblot-
ting. Absorption of an appropriately diluted bullous
pemphigoid patient serum that contained anti-base-
ment membrane zone antibodies, anti-nuclear anti-
bodies, and U-Cyt antibodies, with KIF, resulted in
removal of U-Cyt antibodies but no change in binding
of the antibodies against basement membrane zone or
nuclear antigens.

Binding of anti-KIF protein antibodies to KIF pro-
teins separated by two-dimensional gel electropho-
resis. When KIF proteins from normal human epi-
dermis were separated by two-dimensional gel elec-

FIGURE 3 (A) A biopsy of normal human skin showing U-
Cyt antibody staining after incubation with a 1:5 dilution
of serum No. 2 followed by fluorescein isothiocyanate-con-
jugated goat anti-human IgG. Bright cytoplasmic immuno-
fluorescence of the upper keratinocytes contrasts the lack of
reactivity of basal keratinocytes. (B) No specific staining is
detectable when serum No. 2 was absorbed on KIF before
the performance of the indirect immunofluorescence pro-
cedure described in A. (C and D) Nitrocellulose strips, con-
taining KIF proteins, were incubated first with serum No.
2 in a dilution of 1:100 (C) or serum No. 2 absorbed on KIF,
also diluted 1:100 (D), followed by HRP-Protein A in a di-
lution of 1:200. Distinct staining of the 61,500 and the 63,000
mol wt KIF protein bands is seen in C, whereas a complete
lack of reactivity is demonstrated in D. A and B, X 835.

trophoresis according to their pl values and their
molecular weights, a distribution pattern of individual
KIF polypeptides was obtained similar to the one de-
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scribed by Bladon et al. (19) and Moll et al. (20). HMW
KIF proteins were distributed over a wide range from
pH 6.0 to 8.0. Low molecular weight KIF proteins
were mainly found in a neutral region (pH 6.3) and
in an acidic region (pH 5.0) (Fig. 4 A). Antibodies to
KIF proteins bound to virtually all charge isomers of
individual KIF proteins at a given molecular weight
(Fig. 4 B, serum No. 4, and C, serum No. 2). The
staining with the anti-KIF antibodies proved to be a
very sensitive technique in the detection of KIF pro-
teins since some of them have been more heavily
stained by the HRP reaction product than they were
by Coomassie Blue (Fig. 4 A) or amido black staining
of the same protein preparation.

DISCUSSION

Since proteins can be transferred from analytical SDS
gels to nitrocellulose sheets (14, 21) and can then be
used as substrates for immunological reactions, it was
possible to determine which, if any, of the KIF proteins
extracted from human epidermal cells are reactive
with U-Cyt antibodies. Our results demonstrated that
individuals who possess U-Cyt antibodies also have
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FIGURE 4 Binding of anti-KIF antibodies on KIF proteins
that have been separated by two-dimensional polyacryl-
amide gel electrophoresis and transblotted to nitrocellulose
sheets. Virtually all KIF proteins in the respective molecular
weight are distinctively stained (B: serum No. 4, C: serum
No. 2); binding is shown by the use of HRP-conjugated pro-
tein A. The distribution of HMWKIF proteins over the pH
range from 6.0 to 8.0 and of low molecular weight KIF
proteins, which focus in a neutral region of pH 6.3 and in
an acidic region of pH 5.0 is depicted on a gel stained with
Coomassie Blue (A). Straight arrow, 65,000 KIF proteins;
arrow head: 63,000 KIF proteins; flag arrow: 61,500 KIF
proteins.

high titer antibodies directed against HMWand in
some instances the 55,000-mol wt KIF protein. The
binding of antibodies to individual KIF proteins varied
somewhat from serum to serum as indicated by dif-
ferences in binding patterns and antibody titers. For
instance, high titer anti-KIF protein antibodies in sera
Nos. 1, 2, and 17 bound strongly to the 63,000- and
61,500-mol wt (Fig. 1 E, F, and I), in serum No. 4 to
the 65,000-mol wt (Fig. 1 G) and in serum No. 13 to
the 55,000-mol wt KIF protein (Fig. 1 J). The pref-
erential binding of antibodies to individual KIF pro-
teins or KIF protein groups has been also observed by
Woodcock-Mitchell et al. (18) who used several dif-
ferent monoclonal antibodies for the demonstration of
a distinct distribution pattern of KIF proteins within
the human epidermis. The finding of variation in KIF
proteins stained in immunblot can be reconciled with
the finding of monotonous U-Cyt staining by indirect
immunofluorescence by the fact that all of the heavily
stained KIF proteins (65,000, 63,000, 61,500, and
55,000) are present mainly in the upper layers of the
epidermis (7, 18). This finding suggests that these KIF
proteins represent antigens which U-Cyt antibodies
are directed against.

It is known that the various KIF proteins, as defined
by their molecular weight on one-dimensional PAGE
actually represent groups or "families" of KIF proteins
with the same molecular weight but different charge
characteristics (19, 20). Therefore, in order to further
define the KIF antigens, we separated KIF proteins
according to their charge and molecular weight by
two-dimensional gel electrophoresis, transblotted them
to nitrocellulose sheets, and reacted them with two of
our test sera. Anti-KIF antibodies reacted with virtu-
ally all individual KIF proteins of a particular molec-
ular weight over a wide pI range (Fig. 4). This indi-
cates that these proteins retain common antigenic de-
terminants despite significant differences in individual
charges, which are thought to be the result of their
degree of phosphorylation (22).

To further elucidate the relation of KIF proteins to
U-Cyt antibodies, we performed a series of absorption
and elution experiments with purified preparations of
KIF and sera containing U-Cyt antibodies. Absorption
of sera with KIF abolished the staining of U-Cyt an-
tigens by indirect immunofluorescence and of KIF
proteins after transblotting (Fig. 3). The fact that U-
Cyt antibodies and anti-KIF protein antibodies could
be absorbed by purified KIF but not by preparations
of another type of intermediate filament, vimentin, is
evidence that KIF proteins bear antigens against which
U-Cyt antibodies are directed. The ability to elute
these antibodies from KIF after their absorption to
KIF and to demonstrate their staining of U-Cyt anti-
gens on indirect immunofluorescence and of KIF pro-
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teins after transblotting further buttresses this finding.
Finally, the observation that purified KIF preparations
did not absorb other unrelated antibodies such as the
anti-basement membrane zone antibodies of bullous
pemphigoid or anti-nuclear antibodies, but did absorb
the U-Cyt antibodies in the same serum, also attests
to the immunological specificity of the binding of the
U-Cyt antibodies to the KIF.

It was also of interest that besides the 12 test sera,
which exhibited U-Cyt antibodies by indirect immu-
nofluorescence, and high titer anti-KIF antibodies by
transblot, the seven other test sera that did not contain
U-Cyt antibody activity by indirect immunofluores-
cence did demonstrate a faint staining of various KIF
proteins. This finding suggests that all of these indi-
viduals possess antibodies directed against KIF pro-
teins and raises the intriguing possibility that all in-
dividuals may possess antibodies against keratin. In
fact there has been a recent series of reports docu-
menting the existence of antibodies against various
types of intermediate filaments such as desmin, vi-
mentin, keratin, and neurofilaments in the sera of pa-
tients with diseases such as measles, infectious mono-
nucleosis, hepatitis B, Waldenstrom's macroglobulin-
emia, rheumatoid arthritis, and systemic lupus
erythematosus (23-29). However, the pathophysio-
logic significance of these antibodies is unclear and
there is no compelling evidence that they play a sig-
nificant role in the pathophysiology of any of these
diseases. Our observation of anti-KIF antibodies in 12
of 12 normal sera combined with the finding of Senecal
et al. (24) that 50% of normal individuals studied with
indirect immunofluorescence have IgM antibodies
against the intermediate filament vimentin, suggests
that such antibodies may be very common and not
limited to disease states. That they have been detected
more readily in disease states in the past may be a
function of higher titers of antibodies in individuals
undergoing tissue damage (25). In addition, since
transblotting is from 10 to 160 times more sensitive
than indirect immunofluorescence, use of this tech-
nique on a wider scale may result in the detection of
intermediate filament antibodies in the majority or
perhaps all human sera. This would parallel the ob-
servation of Osborn et al. (30) who found naturally
occurring antibodies against intermediate filaments in
28 of 30 normal, nonimmunized rabbits.

The presence of antibodies to KIF proteins in all
normal sera that were studied makes it unlikely that
they play a role in a specific disease process. Rather
it seems reasonable that such a system of antibodies
may be formed in response to the liberation of antigens
after epithelial cell injury or death. These antibodies
may play a role in maintaining homeostasis by aiding
in the removal or opsonization of such insoluble pro-

teins from damaged tissue or in wound healing or other
mechanisms of tissue repair.
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