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Because of the broad clinical interest which tissue polypeptide
antigen (TPA) has attracted as a tumor marker, human cell
lines and human tissues have been analyzed for TPA expres-
sion using immunofluorescence microscopy. Epithelial cell
lines including HeLa, MCF-7, and A-431 are recognized by
TPA antibodies whereas human lines of non-epithelial origin
are not. The positive staining patterns coincide with keratin-
type intermediate filaments of the cytoskeleton. On tissue sec-
tions a subset of epithelial cells including uterine epithelium,
bile duct cells in liver and tumor cells in breast carcinoma are
strongly positive; cells of the squamous epithelia of skin and
tongue as well as cells of non-epithelial origin are negative. In
immunoblots of human epidermis, human tongue mucosa,
human hair follicles, Detroit 562 cells, HeLa cells, MCF-7
and RT-4 cells, only keratins 8, 18 and 19 show TPA anti-
genicity. Conversely a TPA preparation is recognized by
various antibodies known to react with keratins, including o-
IFA, K¢ 8.13.2 and two antibodies which recognize keratins
18 (CK;) and 19, respectively. Our results thus relate TPA to
human keratins 8, 18 and 19 which are known cytoskeletal
components in both normal and malignant epithelial cells of
simple and non-squamous origin. We speculate that the
elevated levels of circulating TPA antigenicity present in the
sera of patients with carcinoma, which are often used to
monitor tumor progression, correspond to soluble proteolytic
fragments originating from this particular keratin subgroup.
Key words: cancer antigens/intermediate filaments/kera-
tins/radioimmunoassay/tissue polypeptide antigen/TPA

Introduction

Tissue polypeptide antigen (TPA) is a protein antigen iden-
tified immunologically by Bjérklund and Bjérklund (1957) in
tumors using horse sera raised originally against the insoluble
residues remaining after successive extractions of pooled
human tumors. TPA antibodies can be raised using material
from a single tumor, or from a mixture of different car-
cinomas, or using material from HeLa cells (Bjorklund et al.,
1973). TPA antigenicity can be identified in sera, in body
fluids and in tissue extracts using radioimmunoassay
(Wiklund et al., 1979), and kits are available commercially. In
the last decade TPA has been studied extensively in
serological testing as a general tumor-associated antigen
(Bjorklund et al., 1973; Bjérklund, 1981; Skryten et al., 1981;
Liitgens and Schlegel, 1983) even though the current literature
raises some questions as to the validity of this claim. Thus,
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for instance TPA can be isolated from normal human placen-
ta (Bjorklund er al., 1973), and using immunofluorescence
microscopy TPA has been clearly demonstrated in certain
epithelial cells in normal human tissues (Bjorklund et al.,
1982; Loning ef al., 1983).

Although the experiments just cited did not relate TPA
staining to the cytoskeleton, three indirect arguments point to
a possible relation to TPA and keratins. (i) HeLa cells con-
tain keratin-type intermediate filaments (Franke ef al., 1979)
in line with their derivation from a cervical carcinoma, and
these filaments remain insoluble in material similar to that
used as the original TPA antigen. (ii) The five subgroups of
intermediate filaments show a well characterized cell- and
tissue-specific expression pattern (Osborn ef al., 1982; Franke
et al., 1982; Holtzer et al., 1982) which is essentially kept after
malignant transformation (Moll et al., 1982b; Osborn and
Weber, 1983). Although keratins occur only in epithelial cells
the 19 currently known human keratin components segregate
in morphologically distinct epithelia (Moll et al., 1982b; Wu
et al., 1982) thus allowing a distinction to be made by
biochemical as well as by immunological criteria. (iii) A varie-
ty of properties of certain purified TPA preparations (Liining
et al., 1980; Redelius et al., 1980; Wiklund ef al., 1981), i.e.,
the high a-helix content, the rod-like morphology of the pro-
tein and the nature of the partial amino acid sequences are
reminiscent of intermediate filament proteins (Geisler and
Weber, 1982; Geisler e al., 1983; Hanukoglu and Fuchs,
1982) and have led to the recent speculation that TPA may be
related to the keratin IF family (Liining and Nilsson, 1983;
Weber and Geisler, 1984).

Here we prove the keratin nature of TPA by showing that
antibodies to TPA react with some human keratin compon-
ents, as well as by showing that a standard TPA preparation
can be recognized by a variety of polyclonal and monoclonal
antibodies that recognize particular keratins. Our results
show that TPA is related to keratins 8, 18 and 19 which are
typical of simple epithelia and are also found in certain car-
cinomas. The results exclude TPA as a marker found only in
tumor cells and suggest that currently available monoclonal
antibodies specific for certain keratins could substitute for
polyclonal TPA antibodies in certain applications.

Results

TPA antibodies specifically decorate the keratin IFs of HelLa
and other epithelial cells in culture

The TPA antibodies used in this study are well characterized
and have been shown to react with TPA:B, by a variety of
immunochemical methods (see Materials and methods).
HeLa was selected for the initial study since TPA is known to
be present in this cervical carcinoma cell line (e.g., Bjérklund
et al., 1973). When rabbit antibodies against TPA were used
in indirect immunofluorescence microscopy extensive
filamentous networks were visualized (Figure 1a). These are
essentially identical to those seen using a broad specificity
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Fig. 1. Comparison of profiles of hurnan and rat kangaroo cell lines (PtK2) by immunofluorescence microscopy using either TPA antibodies, TPA pre-serum,
a broad specificity keratin antibody made in guinea pigs (kergp) or a monoclonal keratin antibody recognizing keratin 18 (CK,). (a) Human HeLa, TPA,

(b) HeLa, kergp, (c) human MCF-7, TPA, (d) MCF-7, CK,, (e) rat kangaroo PtK2, TPA, (f) PtK2, kergp, (g) human A-431, TPA, (h) A431, CK,,

(i) PtK2, TPA pre-serum, (§) human RD cells, TPA. Note the strong staining by the TPA antibodies and by keratin antibodies of all the epithelial lines
tested, i.e., HeLa, MCF-7, PtK2 and A-431 and that the TPA antibodies do not stain the non-epithelial rhabdomyosarcoma line RD. Note also that both
TPA and the keratin antibodies reveal typical keratin profiles in the epithelial cell lines selected for study (x 400).
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keratin antibody (e.g., Figure 1b and Franke et al., 1979).
The keratin IFs can be distinguished by their staining patterns
from vimentin IFs which are also found in HeLa cells. Other
cultured epithelial cell lines were also tested. Very strong
staining was also found in the human MCF-7 line, a breast
carcinoma derivative which does not express vimentin (Figure
Ic). Again the profiles seen with TPA antibodies were in-
distinguishable from those obtained with a broad specificity
keratin antibody (Figure 1d), and were clearly of the keratin
IF type (compare Figure 1c and d). In addition we tested dog
kidney MDCK cells as well as rat kangaroo PtK2 cells,
because these are epithelial cell lines in which keratin IFs have
been extensively characterized. Here again the TPA profiles
were similar to those obtained with conventional broad
specificity keratin antibodies (compare Figure le and f). The
human epidermoid A-431 cell line showed extensive keratin
filaments (Figure 1g and h) when tested with both the TPA
antibody and a broad specificity keratin antibody. In each
case the TPA antibodies and the pre-sera were tested in
parallel at the same dilution. Although in PtK2 cells the pre-
serum reveals a very faint staining of keratin filaments
(Figure 1i) in line with previous results using a variety of ‘nor-
mal’ rabbit sera (Osborn ef al., 1977), the keratin staining
demonstrated here is clearly very strongly increased when the
TPA antibodies are used (compare Figure le and i). Staining
patterns such as those shown in Figure 1 for HeLa cells were
not seen if cells were fixed with formaldehyde, a characteristic
that has also been reported for several keratin antibodies
(e.g., Osborn et al., 1977).

In contrast to the results with cultured epithelial cells TPA
antibodies did not stain IFs in non-epithelial cells of human
origin. Thus no cytoplasmic filamentous staining was seen
with the rhabdomyosarcoma line RD, which co-expresses
vimentin and desmin IFs (Figure 1j), or with the fibroblast
line IMR-90 which expresses only vimentin IFs. In the latter
case the particular TPA antibody we have available generates
a weak fibronectin-like pattern (data not shown). These
results suggest strongly that TPA is related to keratin(s) or to
keratin-associated protein(s).

TPA antibodies decorate a subset of epithelial cells of normal
human tissues and of carcinomas

A variety of normal human tissues was re-examined using the
TPA antiserum and the pre-serum in parallel at the same dilu-
tion. Some representative results are shown in Figure 2. When
human uterus was used, the glandular epithelium was stained
strongly by the TPA antibody, but not by the pre-serum
(compare Figure 2a and i). The profile obtained with the TPA
serum is indistinguishable from that seen with a broad
specificity keratin antibody (Figure 2b). Hepatocytes in
human liver appeared weakly positive (Figure 2c¢). In both rat
and human liver, epithelial cells of the hepatic ducts were
strongly stained (Figure 2c), a feature also seen with the ker,q
antibody, an antibody reported as specific for ker,, (Wu er
al., 1982) (Figure 2d). Rat and human intestinal epithelium
were stained by the TPA antibodies and not by the pre-serum
(data not shown). Two normal squamous epithelia were
tested, i.e., monkey tongue (Figure 2¢) and human skin
(Figure 2f, g and h). When tongue was used no staining of
stratified squamous epithelium was seen, although occasional
groups of epithelial cells which stained strongly were detected.
These cells may correspond to the taste-bud cells (Figure 2¢)
(cf. Lane, 1982). When skin was used the stratified squamous
epithelium was not stained either by the TPA antibody or by
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the pre-serum (Figure 2f and h). However, both stratified
squamous epithelia could be stained by the broad specificity
keratin antibody (e.g., Figure 2g).

In none of the tissues that we examined were cell types
other than epithelial cells stained by the TPA antibodies.
Thus the TPA antibodies appear not to recognize non-
epithelial cell types such as fibroblasts, skeletal and smooth
muscle cells, and neurones. We also examined the staining
patterns of the TPA antibodies on certain tumors, and in par-
ticular on three cases of breast carcinoma. In the latter cases
the tumor cells were positive with the TPA antibody but not
with the pre-serum (Figure 2j and k), and the profiles
resembled those obtained with the broad specificity kergp
antibody (Altmannsberger et al., 1981).

TPA antibodies react only with certain cytokeratins

The immunofluorescence microscopical data taken together
with the known distribution of the different keratins in
human epithelia (Moll et al., 1982b) indicated that TPA
recognizes only a limited number of the 19 human cytokera-
tins. These were identified by immunoblotting experiments.
In one-dimensional blots of MCF-7 the TPA serum reacted
with all three keratins (components 8, 18 and 19) present in
this cell type whereas the pre-serum showed no reaction (slots
3, 4, Figure 3b). The positions of keratins 8, 18 and 19 were
identified by immunoblots using three keratin antibodies for
which the specificities are known. Thus ker,q identifies com-
ponent 19 (slot 5, Figure 3b), the K8.13.2 monoclonal
recognizes only 8 and 18 of the keratins present in MCF-7
(slot 6) and CK, monoclonal recognizes only component 18
(slot 7). One-dimensional blots were also performed using
material purified from mammary epidermis, from human
tongue mucosa and from human hair follicles, as well as from
Detroit 562 cells (for cytoskeletal composition see Moll et al.,
1983) and from HelLa cells. The left part of Figure 3c iden-
tifies the keratin polypeptides seen on a Coomassie blue-
stained gel for material purified from each of these sources,
and on the right the corresponding immunoblots are shown.
Inspection of Figure 3¢ shows that the TPA antibody does
not recognize any of the keratin polypeptides present in mam-
mary epidermis, in the tongue mucosa or in hair follicles, but
does recognize keratins present in Detroit 562 cells and in
HeLa cells. A careful comparison of the two portions of
Figure 3c shows that the TPA antibody does not recognize
keratins 1, 2, 4, 5, 6, 10, 11, 13, 14, 15, 16 or 17; in contrast it
reacts strongly with keratins 8, 18 and 19. To exclude a possi-
ble reaction of this TPA antibody with keratin 7 a two-
dimensional immunoblot was made using a cytoskeletal
preparation from RT-4 cells. As shown in Figure 3d although
keratins 8, 18 and 19 again react with the TPA antibody,
keratins 7 and 17 do not. Thus we conclude that the TPA
antibody is specific for keratins 8, 18 and 19. Note also that
the TPA antibody does not cross-react with the vimentin
polypeptide present in HeLa cells (slot 5, Figure 3c).

Characterization of TPA protein by keratin antibodies

As a further control we studied the reactivity of TPA purified
from pooled carcinomas with various keratin antibodies
whose component specificity is known (Figure 3a). In the dot
blot test TPA reacted strongly with the murine monoclonal
antibody 8.13.2 which recognizes components 1, 5, 6, 7, 8,
10, 11 and 18 (Gigi et al., 1982). The murine monoclonal anti-
body CK, which recognizes only component 18 (Debus et al.,
1982, 1984) was also strongly positive on TPA, and so was a
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Fig. 2. Comparison of staining patterns on human (all except e) and monkey tissues (¢) by immunofluorescence microscopy using either TPA antibodies,
TPA pre-serum, a broad specificity keratin antibody made in guinea pig (kergp), or a keratin antibody made in rabbits specific for component 19 (ker,,).

(a) Uterine tissue, TPA, (b) uterine tissue, kergp, (¢) liver, TPA, (d) liver, ker,, (e) tongue, TPA, (f) skin, TPA, (g) skin, kergp (h) skin, TPA pre-serum,

(i) uterus, TPA pre-serum, (j) mammary carcinoma, TPA, (k) mammary carcinoma, kergp. Asterisks in e, f and h indicate the position of the unstained
squamous epithelia. Note that TPA antibodies and kergp antibodies give equivalent staining patterns on uterine epithelium (a,b) and on mammary carcinoma
(§,k), but that TPA antibodies do not stain the squamous epithelia of skin (f) or of tongue (e) while the kergp antibodies do (g). The groups of cells stained
in e probably correspond to taste-bud cells. TPA antibodies stain hepatocytes and also stain very strongly cells of the bile ducts (arrows in ¢). In contrast the
ker,, antibody (d) appears to stain only the bile duct cells (x 160).
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Fig. 3. (a) Dot blots of purified TPA fractions tested against a variety of antibodies previously shown to recognize keratins. Amounts spotted are from left
800, 160, 32, 6.4, 1.5 and 0.26 ng. Antibodies tested are (1) TPA pre-serum, 1+ 100; (2) TPA serum, 1 +100; (3) kg8.13.2, a broad specificity monoclonal
antibody, supernatant 1+ 20; (4) CK,, a monoclonal antibody directed against keratin 18, supernatant 1+ 20; (5) ker,y, a rabbit antibody directed against
keratin 19, 1+ 100; and (6) IFA, a monoclonal antibody which recognizes all intermediate filament proteins so far tested, ascites 1 + 100. Note that the TPA
antigen reacts not only as expected with the TPA antibody but also with the keratin antibodies k8.13.2, CK,, ker,q and with the IFA antibody.

(b) Coomassie blue-stained gel (slot 2) and immunoblots (slots 3—6) of MCF-7 cytoskeletons after transfer to nitrocellulose paper. Slot 1, mol. wt. standards
(Coomassie blue); slot 2, MCF-7 cytoskeletons (Coomassie blue); slots 3— 6, immunoblots with slet 3 TPA pre-serum, 1+ 100; slot 4, TPA serum, 1+ 100;
slot 5, ker,, antibody, 1 +300; slot 6, k8.13.2 supernatant, 1+ 10; and slot 7, CK,, 1+ 100. The arrows on slots 2 and 6 show from the top the positions of
kerg, kerys and ker;,. Note that TPA antibodies but not the pre-serum react with the keratin components 8, 18, 19. K8.13.2 reacts with 8, 18, ker, with
ker,, only, and CK, with ker;. (¢) One-dimensional Coomassie blue-stained gels (left) and corresponding immunoblots (right) of cytoskeletal proteins from
different sources. Slot 1 shows the keratins of human epidermis; slot 2 keratins of human tongue mucosa; slot 3 keratins of human hair follicles; slot 4
keratins from Detroit 562 cells; slot 5 vimentin and keratins of HeLa cells. After transfer the blot has been reacted with TPA antibodies. Note the reaction of
the TPA antibodies with keratins 8, 18, 19 in Detroit 562 cells, and 8 and 18 in HeLa cells. Note that the TPA antibodies do not react with vimentin (V,
slot 5) or with the keratin components present in epidermis, tongue mucosa, and human hair follicle which are indicated by numbers on the left hand gel,
i.e., keratins 1, 2, 4, 5, 6, 7, 10, 11, 13, 14, 15, 16, 17. (d) Two-dimensional Coomassie blue-stained gel (left) and corresponding immunoblot (right) of
keratins from the bladder carcinoma line RT-4. Note the reaction of the TPA antibodies with keratins 8, 18 and 19 but not with 7 and 17.
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rabbit antibody directed against component 19. In addition,
the monoclonal antibody a-IFA (Pruss et al., 1981), which
recognizes an epitope situated at the carboxyl end of the rod
domain in all IF proteins (Geisler ef al., 1983), reacted strong-
ly with TPA.

Discussion

We have shown that TPA widely referred to as a tumor
marker is immunologically related to a subset of three
keratins chracteristic of simple internal epithelia and also pre-
sent in carcinomas derived from these epithelia. Immuno-
fluorescence microscopy on human HeLa cells, a source
known to contain the original antigen (Bjérklund er al.,
1973), shows strong decoration of the well-known system of
keratin intermediate filaments but not of the vimentin
filaments present in the same cell line. TPA antibodies
recognize the keratin filaments present in a variety of other
epithelial cell lines but do not recognize intermediate
filaments containing desmin and vimentin present in the
human RD cell line or the vimentin IFs of the IMR-90 line.
Studies on tissue sections show that the TPA antibodies
recognize some but not all epithelial cells. Thus, TPA
reacitivity is not a feature of all human epithelial cells, since
epidermis as well as other stratified squamous epithelia re-
main undecorated. Other non-epithelial cell types including
fibroblasts and cells of muscle or neuronal origin are not
stained. Immunoblotting experiments on cytoskeletal
preparations of human MCF-7, human HeLa cells and
human Detroit 562 cells, as well as on extracts of human
mammary epidermis, human tongue mucosa and human hair
follicles confirm and extend the immunofluorescence micro-
scopical data. TPA antibodies decorate all three keratins pre-
sent in MCF-7 cells, i.e., components 8, 18 and 19 in the
catalogue of human keratins (Moll et al., 1982b). Of the four
HeLa keratins (components 7, 8, 17 and 18) only polypep-
tides 8 and 18 were decorated. Note however that in certain
HeLa sublines keratin 19 may also be expressed (Moll et al.,
1983). Of the epidermal keratins present in mammary epi-
dermis, in tongue mucosa and in hair follicles none are
decorated in the immune blot. These data also explain the
lack of staining of epidermis and of tongue epithelium by
TPA antibodies. Components 8, 18 and 19 are not present in
epidermis which instead shows components 1, (2), 5, 10, 11,
14 and possibly 15 (Moll et al., 1982b). Similarly, com-
ponents 8, 18 and 19 are absent from tongue mucosa which
reveals components 4, 5, 6, 13, 14, 16 and possibly 15 and 17
(Moll et al., 1982b). Thus the majority of the keratins present
outside simple epithelia are not reactive with TPA antibodies,
and the TPA antigenicity appears directed against (an) anti-
genic determinant(s) present on three of those keratins
typically found in various simple epithelia (.., 8, 18 and 19).
Interestingly these same three keratins are typical of adeno-
carcinomas, and are also present in certain other carcinomas
(Moll et al., 1982b, 1983; Debus et al., 1984).

TPA protein reacts strongly with the monoclonal antibody
a-IFA which recognizes all intermediate filament proteins so
far tested because of an epitope residing in a consensus
sequence at the carboxyl end of the a-helical domain (Geisler
et al., 1983). It also reacts strongly with a broad specificity
monoclonal antibody ks8.13.2 which reacts with a variety of
keratins including 8 and 18 (Gigi er al., 1982). TPA also
reacts with the monoclonal antibody CK, specific for keratin
18 (Debus et al., 1982) and with a polyclonal antibody

2712

specific for component 19 (Wu et al., 1982). The antibodies
used to identify TPA clearly recognize different keratin
epitopes and are immunologically well characterized, and
thus their use clearly demonstrates a relation between TPA
and keratins 8, 18 and 19. The results of these experiments
agree fully with the immunofluorescence experiments using
TPA antibody, as well as with the fact that the carcinomas
used as starting material for the TPA preparation contain
large amounts of keratins 8, 18 and 19 (cf. Moll et al., 1982b).
They further argue that the original TPA preparations con-
tain antigenic determinants unique to each of the three
keratin components 8, 18 and 19.

The TPA:B, preparation contains multiple polypeptides in
the 40 —44 K mol. wt. range (Liining ef al., 1980). Although
keratin 19 (40 K) is included in this range the TPA:B,
polypeptides are smaller in mol. wt. than keratin 8 (52.5 K)
and keratin 18 (45 K). Thus, we propose that the material
identified as TPA:B,, which is isolated from autopsy
material, probably contains 38—43 K fragments of these
keratins. Similar fragments have been isolated from desmin,
from GFAP and from various keratins including keratin 8.
These fragments cover the o-helical rod domain of in-
termediate filament proteins and are known to be relatively
stable against further proteolysis (Geisler ef al., 1982; Geisler
and Weber, 1982; Steinert ef al., 1983; Schiller and Franke,
1983). In addition they would be expected to be soluble under
conditions where TPA is soluble but where intact keratins
would be insoluble. This would also be consistent with the
fact that TPA antigenicity can occur in blood and in body
fluids. Although we interpret the current TPA preparation as
being derived from members of both type I (i.e., 18, 19) and
type II (i.e., 8) keratin families, partial sequence studies of
cyanogen bromide fragments (Redelius et al., 1980) of an
earlier preparation of TPA:B, show a high homology with
the type II sequences of Hanukoglu and Fuchs (1982) (Liining
and Nilsson, 1983; Weber and Geisler, 1984). The higher mol.
wt. of the type II sequences reflected in their longer non-
helical termini may render them more susceptible to pro-
teolysis and may also expain why the soluble TPA material
used for the sequence studies appears enriched in type II se-
quences. Given current progress in the protein seqence of
TPA as well as in DNA keratin cloning, unambiguous iden-
tification of TPA component(s) in terms of the human
keratin catalogue should soon be possible.

The immunochemical identification of TPA as being deriv-
ed from a subset of keratins appears consistent with most but
not all the existing literature on TPA. Relatively few
immunofluorescence micrographs of TPA antibody staining
of normal or tumor tissues have been published, but those of
cervical mucosa (Loning et al., 1983) and the trophoblastic
layer of placenta (Bjorklund, 1981) as well as of breast car-
cinomas (Bjorklund et al., 1982) are consistent with our inter-
pretation, particularly if it is remembered that the profiles ob-
tained with conventional keratin antibodies depend both on
the keratin antibody selected and on the method of fixation
of the tissue. We do not, however, understand why such pro-
files and other data have been interpreted by some authors as
showing: plasma membrane staining (e.g., Bjorklund et al.,
1982) or staining of the endoplasmic reticulum. In retrospect
it is astounding that an antigen first described in 1954, and
shown in 1973 to be present in HeLa cells, was not located for
10 years in immunofluorescence microscopy on Hela.
Micrographs of TPA antibodies on cultured cells appear res-
tricted to the report of perinuclear staining on HeLa cells



which the authors interpret as of microtubular origin (Kirsch
et al., 1983). A comparison of their profiles with previously
published pictures of microtubules in HeLa cells (e.g., Figure
9 in Osborn and Weber, 1977) excludes this interpretation.
Most TPA identification has been by means of radio-
immunoassays on sera or on body fluids, or on tissue or
tumor extracts. Interestingly, by this assay the epithelial cell
types HeLa, Hep2 and Detroit 6 (the latter two cells lines have
been shown to share characteristics peculiar to HeLa cells)
have been reported as TPA-positive while the human fibro-
blast line WI-38 which contains no keratin filaments is TPA-
negative (Bjorklund et al., 1973). These data are therefore
consistent with our finding by immunofluorescence micro-
scopy that epithelial cell lines are TPA-positive while other
cell lines are not. Perhaps the biggest difficulty, however, is in
understanding the data derived from serological analyses of
tumor patients, and again perhaps it is important to
distinguish between the fluorescence microscopical results
and the results obtained by direct assay of patient sera. Thus,
taking into account the published catalogues of human
cytokeratins (Moll et al., 1982b; Wu et al., 1982) most car-
cinomas, with the exception of certain tumors derived from
stratified epithelial cells (such as basal cell epithelioma and
squamous cell carcinoma of the skin and tongue), might be
expected to be positive for TPA when assayed directly on
frozen sections. Correspondingly, from our results with nor-
mal tissues we would expect non-epithelial tumors such as
lymphoma, solid leukemia, non-muscle sarcoma, muscle sar-
comas and tumors of the glial and sympathetic nervous
system to be negative for TPA when assayed on frozen sec-
tions. Unfortunately very few such data exist, although the
finding that 32 breast carcinomas were TPA-positive while
the one case of neurofibroma of the breast was TPA-negative
(Bjorklund et al., 1982) is in line with our interpretation. The
major clinical interest in TPA has been as a tumor marker,
and therefore levels in serum, or in urine or other body fluids
have usually been assayed. Here we can only note that the
percentage of patients showing elevated TPA levels is highest
for carcinomas of different sites usually ranging between 60
and 100% (e.g., Bjorklund ef al., 1973; Skryten et al., 1981;
Liitgens and Schlegel, 1983; Oehr ef al., 1981), depending on
the tumor site and on the study. For example 92% of those
with urinary bladder carcinoma show elevated levels of TPA
in a radioimmunoassay of plasma (Oehr et al., 1981) while in
65 —95% of the cases elevated levels of TPA can be detected
in the urine (Oehr ef al. 1981; Kumar et al., 1981). When
malignant disease other than carcinoma is considered, the
data are unfortunately more confusing. In a series of 1483
persons, 23 individuals with malignant disease other than car-
cinoma were studied. The percentage of individuals showing
elevated TPA levels is listed as 9% (Bjorklund ef al., 1973) or
26% (Bjorklund, 1978) which are in the same studies not too
far different from values obtained for individuals not known
to have cancer. Another study has concluded that TPA is not
a valid marker for lymphoma (Rasmusson et a/., 1983) which
is confirmed by recent data showing that in a series of 200
lymphomas < 10% showed elevated TPA levels (personal
communication Dr. A. Silen, AB Sangtec Medical, Sweden).
Two further studies find much higher percentages of elevated
TPA for non-carcinomas and cite, for instance, numbers of
70—85% for sarcoma, melanoma and lymphoma (Liitgens
and Schlegel, 1983; Menendez-Botet et al., 1978). How to
reconcile the latter reports is currently not clear; nor is it clear
how to interpret individual assays which have detected up to
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ten times the ‘normal limit’ of 70 U in normal sera (Rasmus-
son et al., 1983). We note, however, that although we would
expect all TPA antibody preparations to react with the
epitope(s) present on keratins 8, 18 and 19, it is at least
theoretically possible, in view of the fact that keratins and
other IF types share related but not identical sequences
(Geisler and Weber, 1982; Hanukoglu and Fuchs, 1982;
Steinert ef al., 1983), that one or other TPA antibody (but not
those used here) could show cross-reactivity with one or more
non-keratin IF proteins (cf., the a-IFA antibody described by
Pruss et al., 1981).

Levels of TPA antibodies rather than the TPA antigen
have also been assayed in a set of 957 sera (Bjorklund et al.,
1973). These data are of interest because they show that 50%
of healthy adults have circulating TPA antibodies with the
percentages for cancer patients being decreased. Whether in
the future any relation can be demonstrated between these
TPA antibodies and keratin auto-antibodies present in some
normal human serum (Kurki et al., 1983; M. Osborn, un-
published data) or in rabbit sera (Osborn e? al., 1977) remains
to be demonstrated.

The relation of TPA to a subset of keratins raises several
interesting questions concerning the future use of TPA and of
monoclonal antibodies to keratins in human tumor diagnosis.
First, as argued above, TPA cannot be considered as a
tumor-specific antigen, since TPA reactivity coincides with
the presence of keratins 8, 18 and 19 characteristic of the
various simple and non-squamous epithelia of normal and
malignant human tissues. However, TPA antibodies would
be expected to be a marker of histogenetic origin, identifying
tumors which originate from epithelia containing keratins 8,
18 and 19, in a manner analogous to that shown previously
for intermediate filaments in general, and for keratins or
subsets of keratins in particular. Second, if our interpretation
of the nature of TPA is correct, TPA antibodies, because of
their high biological specificity, can complement the emerging
bank of monoclonal antibodies to different keratins. Thus,
for instance monoclonal antibodies specific for component 18
have been raised in several laboratories (Debus et al., 1982;
Lane, 1982), and their use in differential carcinoma diagnosis
is documented (Debus ef al., 1984). Polyclonal antibodies
specific for keratin 19 (Wu ef al., 1982), as well as different
monoclonal antibodies recognizing well-characterized subsets
of different keratins (Tseng et al., 1982) or with wide
specificity (Gigi et al., 1982) have been reported. However,
given the cumbersome purification schemes used for TPA in
the literature, the use of well-defined mono- and polyclonal
antibodies to the different keratins in serological analyses
should be explored. Third, clearly it would be of interest to
investigate further the staining patterns in immunofluores-
cence microscopy of the different human tumor groups and
of carcinomas with TPA antibodies. Conversely it would be
interesting to know what the levels of cytokeratins 8, 18 and 9
are in sera from cancer patients and from controls.

In summary, TPA cannot be considered as a tumor-
specific antigen but is identified as being derived from
keratins 8, 18 and 19 which are restricted to simple and non-
squamous epithelia. TPA is therefore a component of the
cytoskeleton of certain normal and malignant epithelial cells.
It remains to be seen whether other tumor markers for which
the titre is increased in patient sera arise by a similar
mechanism, i.e., they are not restricted to tumor cells and
their increased presence in the circulation reflects cell destruc-
tion, shedding, etc.
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Materials and methods

TPA and antibodies to TPA

TPA:B, was purified from pooled human carcinomas (from colon, pancreas,
lung, rectum, mammary tissue, and liver) obtained at autopsy and stored at
—24°C, using the procedure described in Bjérklund ef a/., 1973 and Liining et
al., 1980. Antibodies to TPA:B, were raised in rabbits (Wiklund ef al., 1981).
The specificity of rabbit antibodies has been shown by (i) double diffusion
analysis against TPA:B, (Wiklund et al., 1981); (ii) anti-TPA:B, agglutinates
TPA-labelled sheep red blood cells in a hemagglutination assay where TPA:B,
completely inhibits the reaction as a dose response; (iii) anti-TPA:B, shows up
to 85—90% bound/total with 1?5[-labelled TPA:B, in a double antibody
radiommunoassay where TPA:B, completely inhibits the reaction as a dose
response. Kits to measure TPA are available commercially (AB Sangtec
Medical, Bromma, Sweden).

Other antibodies

The broad specificity keratin antibody, kergp, was raised in guinea pigs
against keratin purified from cow snout (Osborn ef al., 1982). The rabbit anti-
body ker,, reported to be specific for the 40 kd keratin, i.e., keratin 19 (Wu et
al., 1982), was very kindly provided by Dr. J. Rheinwald (Harvard Medical
School, Boston, MA, USA). K;8.13.2, a mouse monoclonal antibody
recognizing a wide variety of keratins (Gigi ef al., 1982) was provided by Dr.
B. Geiger, The Weizmann Institute. The CK monoclonal antibodies recogniz-
ing cytokeratin 18 have been described (Debus et al., 1982). CK;, was used in
this study. The o-IFA antibody which recognizes all IF proteins has been
described (Pruss et al., 1981). Martin Raff, University College, London, kind-
ly provided this hybridoma line.

Immunofluorescence studies

Cell lines were obtained from the American Type Culture Collection. Cells on
12 mm glass coverslips were fixed in methanol for 6 min. The first antibody
was then applied for 45 min at 37°C, the cells washed with phosphate-
buffered saline (PBS) and then the second antibody, FITC goat anti-rabbit
1gG was applied again for 45 min at 37°C. After washing with PBS, cells were
mounted in Mowiol 4-88.

Sections of rat and human tissue were from material frozen in isopentane
or liquid nitrogen and stored at — 70°C until use. Sections nominally 5 um in
thickness were cut on a cryostat, and dried for 30 min before being fixed in
acetone at — 10°C for 10 min. Standard immunofluorescence procedures (see
above) were then used.

Immunoblots

In the dot blot, TPA antigen was spotted onto nitrocellulose paper at the con-
centrations indicated in Figure 3a. The blots were blocked by incubation with
a buffer containing 4% bovine serum albumin, and then reacted with the
appropriate first antibody. The second antibody was 20 nm gold-labelled goat
anti-rabbit, or goat anti-mouse antibody (Janssen Pharmaceutica, Beerse,
Belgium).

For the immunoblotting experiments on gels shown in Figure 3b cyto-
skeletons of MCF-7 cells were prepared using Triton X-100 (e.g. Osborn et
al., 1982). After separation of the polypeptides by SDS gel electrophoresis the
bands were blotted by diffusion onto nitrocellulose paper. Reaction of the
transferred polypeptides with antibodies was as described above for the dot
blots.

For the one-dimensional immunoblotting experiments shown in Figure 3c
epidermis was prepared from non-mammilar breast epidermis by taking thin
slices parallel to the surface (Moll ef al., 1982a). Tongue epithelium was
prepared in the same manner. Hair follicles were prepared from plucked scalp
hairs (Moll et al., 1982a). Cytoskeletal residues from Detroit 562 cells and
from HeLa cells were prepared using Triton X-100 (Franke et al., 1982). One-
dimensional SDS gel electrophoresis was on 12% polyacrylamide gels and
polypeptides were electrophoretically transferred onto nitrocellulose paper ac-
cording to Towbin et a/. (1979). Inmunoblotting experiments were performed
with a 1:600 dilution of the TPA serum. For the two-dimensional electro-
phoresis shown in Figure 3d NEPHG electrophoresis was used in the first
dimension followed by SDS gel electrophoresis in the second dimension. After
electrophoresis the gel was incubated for 2 h in 4 M urea, 10 mM Tris-HCl,
pH 7.5, 2 mM EDTA, 1 mM dithiothreitol, to re-nature the polypeptides.
They were then electrophoretically transferred and reacted with a 1:600 dilu-
tion of the TPA antibody in 0.1% BSA in PBS. The position of reactive
keratin polypeptides was revealed using ['?I]protein A.

References

Altmannsberger,M., Osborn,M., Holscher,A., Schauer,A. and Weber K.
(1981) Virchows Arch., Abt. B, 37, 277-284.

Bjorklund,B. (1978) in Schonfeld,H. (ed.), Laboratory Testing for Cancer,
Antibiotics, Chemotherapy, Vol. 22, Karger, Basle pp. 16-31.

2714

Bjorklund,B. (1981) Tumordiagnostik, 1, 9-20.

Bjorklund,B. and Bjoérklund,V. (1957) Int. Arch. Allergy Appl. Immunol.,
10, 153-183.

Bjorklund,B., Bjorklund,V., Wiklund,B., Lundstrém,R., Ekdahl,L.,
Hagbard,P.H., Kaijser,K., Edklund,G. and Liining,B. (1973) The Folk-
som Symposium, Bonniers, Stockholm, p. 134,

Bjorklund,V., Bjérklund,B., Wittekind,C. and von Kleist,S. (1982) Acta
Pathol. Microbiol. Scand. Ser. A, 90, 471-476.

Debus,E., Moll,R., Franke,W.W., Weber,K. and Osborn,M. (1984) Am. J.
Pathol., 114, 121-130.

Debus,E., Weber K. and Osborn,M. (1982) EMBO J., 1, 1641-1647.

Franke,W.W., Schmid,E., Weber,K. and Osborn,M. (1979) Exp. Cell Res.,
118, 95-109.

Franke,W.W., Schmid,E., Schiller,D.L., Winter,S., Jarasch,E.D., MolL,R.,
Denk,H., Jackson,B.W. and lllmensee K. (1982) Cold Spring Harbor
Symp. Quant. Biol., 46, 413-430.

Geisler,N. and Weber,K. (1982) EMBO J., 1, 1649-1656.

Geisler,N., Kaufmann,E., Fischer,S., Plessmann,U. and Weber,K. (1983)
EMBO J., 2, 1295-1302.

Geisler,N., Kaufman,E. and Weber K. (1982) Cell, 30, 277-286.

Gigi,O., Geiger,B., Eskhar,Z., Moll,R., Schmid,E., Winter,S., Schiller,D.L.
and Franke,W.W. (1982) EMBO J., 1, 1429-1437.

Hanukoglu,l. and Fuchs,E. (1982) Cell, 31, 243-252.

Holtzer,H., Bennett,G.S., Tapscott,S.J., Croop,J.M. and Toyama,Y.(1982)
Cold Spring Harbor Symp. Quant. Biol., 46, 317-330.

Kirsch,J., Oehr,P. and Winkler,C. (1983) Tumordiagnostik, 4, 222-224.

Kumar,S., Costello,C.B., Glashan,R.W. and Bjorklund,B. (1981) Br. J.
Cancer, 53, 578-581.

Kurki,P. Helve,T. and Virtanen,l. (1983) J. Rheumatol., 10, 558.

Lane,B. (1982) J. Cell Biol., 92, 665-673.

Loning,T., Kiihler,C., Caselitz,J. and Stegner,H.E. (1983) Int. J. Gynecol.
Pathol., 2, 105-112.

Liining,B. and Nilsson,U. (1983) Acta Chem. Scand., Ser. B, 37, 731-733.

Liining,B., Wiklund,B., Redelius,P. and Bjérklund,B. (1980) Biochim. Bio-
phys. Acta, 624, 90-101.

Liitgens,M. and Schlegel,G. (1983) Cancer Detect. Prev., 6, 51-59.

Menendez-Botet,C.J., Vettgen,H.F., Pinsky,C.M. and Schwartz,M.K. (1978)
Clin. Chem., 24, 868-872.

Moll,R., Franke,W.W., Volc-Platzer,B. and Krepler,R. (1982a) J. Cell Biol.,
95, 285-295.

Moll,R., Franke, W.W., Schiller,D.L., Geiger,B. and Krepler,R. (1982b) Cel/,
31, 11-24,

Moll,R., Krepler,R. and Franke,W.W. (1983) Differentiation, 23, 256- 269.

Oehr,P., Derigs,G. and Altmann,R. (1981) Tumordiagnostik, 2, 283-290.

Osborn,M. and Weber, K. (1977) Cell, 12, 561-571.

Osborn,M. and Weber,K. (1983) Lab. Invest., 48, 372-394.

Osborn,M., Franke, W.W. and Weber K. (1977) Proc. Natl. Acad. Sci. USA,
74, 2490-2494.

Osborn,M., Geisler,N., Shaw,G., Sharp,G. and Weber K. (1982) Cold Spring
Harbor Symp. Quant. Biol., 46, 413-429.

Pruss,R.M., Mirsky,R., Raff,M.C., Thorpe,R., Dowding,K.J. and Ander-
ton,B.H. (1981) Cell, 27, 419-428.

Rasmusson, T., Bjork,G.R., Dauber,L., Holm,S.E,. Jacobsson,L., Jeppsson,
A., Littbrand,B., Stigbrand,T. and Westman,G. (1983) Recent Results
Cancer Res., 84, 331-343.

Redelius,P., Liining,B. and Bjorklund,B. (1980) Acta Chem. Scand. Ser. B,
34, 265-273.

Schiller,D.L. and Franke,W.W. (1983) Cell Biol. Int. Rep., 1, 3.

Skryten,A., Unsgaard,B., Bj6rklund,B. and Eklund,G. (1981) Tumor-
diagnostik, 3, 117-120.

Steinert,P.M., Rice,R.H., Roop,D.R., Trus,B.L. and Steven,A.C. (1983)
Nature, 302, 794-800.

Towbin,H., Staehelin,T. and Gordon,J. (1979) Proc. Natl. Acad. Sci. USA,
76, 4350-4354.

Tseng,S.C.G., Jarvinen,M.J., Nelson,W.G., Huang,J.-W., Woodcock-
Mitchell,J. and Sun,T.T. (1982) Celi, 30, 361-372,

Weber,K. and Geisler,N. (1984) in Cancer Cells 1. The Transformed Pheno-
type, Cold Spring Harbor Laboratory Press, pp. 153-159.

Wiklund,B., Kallin,E., Anderson,K. and Bjorklund,B. (1979) Protides Biol.
Fluids, 27, 243-246.

Wiklund,B., Liining,B. and Bjorklund,B. (1981) Acta Chem. Scand. Ser. B,
35, 325-336.

Wu,Y.-J., Parker,L.M., Binder,N.E., Beckett,M.A., Sinard,J.H., Griffiths,
L.T. and Rheinwald,J.G. (1982) Cell, 31, 693-703.

Received on 9 July 1984, revised on 25 July 1984



