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Detection of large molecular weight cytokeratin 8 as
carrier protein of CA19Ð9 in non-small-cell lung cancer
cell lines

J Fujita 1, N Dobashi 1, Y Ohtsuki 2, Y Ueda1, S Bandoh 1, I Yamadori 3 and J Takahara 1

1First Department of Internal Medicine, Kagawa Medical University, 1750-1, Miki-cho, Kita-gun, Kagawa, 761-0793, Japan; 2Department of Pathology,
Kochi Medical School, Kochi, Japan; 3Department of Pathology, Okayama University Medical School, Okayama, Japan

Summary It has been reported that cytokeratin 8 (CK8) is expressed in all non-small-cell lung cancers (NSCLC). We hypothesized that
antigenic changes of CK8 may occur in some NSCLC cell lines. To prove this, Western immunoblot analysis using anti-human CK8
monoclonal antibodies as well as immunohistological staining of CK8 were performed in NSCLC cell lines. As a result, CK8 which had a
higher molecular weight than recombinant CK8 was demonstrated in two of eight NSCLC cell lines. In addition, this CK8 contained antigenic
epitopes of CA19–9. This CK8 with higher molecular weight, may have played a role in the process of invasion or metastasis of NSCLC.
© 1999 Cancer Research Campaign
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Cytokeratin 8 (CK8) is one of at least 21 related cytokeratins
form intermediate filaments in various epithelial cells and ca
noma cells (Moll et al, 1982). Numerous studies have shown
high levels of CK8 exist in malignant cells. It has been repo
that CK8 can be expressed at the surface of mammary carci
cells but not in normal mammary epithelial cells (Donald et
1991; Godfroid et al, 1991; Hembrough et al, 1995, 19
Similarly, it has been shown that all non-small-cell lung can
(NSCLC) express CK8 (Blobel et al, 1984; Broers et al, 19
Pendleton et al, 1992, 1994).

It has also been reported that the expression of CK8 has
correlated with increased invasiveness in vitro and in vivo
malignant melanoma, in vitro invasiveness has been dir
correlated with cellular expression of intermediate filame
(Hendrix et al, 1996). In transitional cell carcinoma and squam
cell carcinoma, CK8 has been detected at increased leve
immunohistochemistry at the tumour invasion front (Schaafsm
al, 1991, 1993). In addition, the most tumorigenic clones of 
613-S cells express the highest levels of CK8 mRNA (Modjta
et al, 1992). Furthermore, mouse L fibroblasts, which lack C
and 18, show increased motility and penetration of Matrige
vitro after transfection of CK8 DNA (Chu et al, 1993).

CK8 or CK8 fragments have also been detected in conditio
culture medium (Chan et al, 1986) and in the serum and 
fluids of patients with a variety of cancer types (Bjorklund a
Bjorklund, 1983; Pendleton et al, 1994). One study has dem
strated the presence of elevated levels of CK8 and degraded
ments of this polypeptide in patients with colonic and pancre
tumours (Sundstrom et al, 1990). In addition, Pendleton e
(1994) have demonstrated that undegraded CK8 is found i
e B
ri-
lot
sitive
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serum of a subgroup of patients with NSCLC. Furthermore, a
antibodies to intermediate filaments have been found in pat
with lung cancer (Hinter et al, 1983).

Under this background, we hypothesized that some antig
changes of CK8 may occur in human NSCLC. To prove th
Western immunoblot analysis and immunohistochemistry of C
was performed in NSCLC cell lines.

MATERIALS AND METHODS

Cell lines (Table 1)

We used cell lines as follows: A549, PC3, PC9, RERF-LC-
LC2/AD (derived from adenocarcinoma of the lung), EBC
VMRC-LCD and LC1/SQ (derived from squamous cell carcino
of the lung). All cell lines were cultured in RPMI-1640 with 10
fetal calf serum.

SDS-PAGE electrophoresis and Western blotting

Sodium dodecyl sulphate polyacrylamide gel electrophor
(SDS-PAGE) was performed according to Laemmli’s met
(Laemmli, 1970) with a slight modification. Whole cell lysates
cell lines were mixed with SDS (2.0%) and heated (100°C, 5 min).
The samples were then applied to a 10/20% SDS polyacryla
gel, electrophoresed (60 mA, 120 min), fixed in 50% metha
10% acetic acid and stained with Coomassie Blue. Standard 
cular weight markers purchased from Daiichi-Kagaku (Tok
Japan) were comprised of egg lysozyme (MW 14 400), try
inhibitor (MW 20 100), carbonic anhydrase (MW 30 000) aldol
(MW 42 400) bovine albumin (MW 66 000) and phosphorylas
from rabbit muscle (MW 97 400). Commercially available pu
fied recombinant human CK8 (Progen Biotechnik GMBH, 
503209, Heiderberg, Germany) was also used as the po
control.
769
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Table 1 Lung cancer cell lines evaluated

Cell lines Histology Western Immunohistochemistry
immunoblot

A549 Adenocarcinoma + +
PC3 Adenocarcinoma + +
PC9 Adenocarcinoma + +
RERF-LC-OK Adenocarcinoma +a –b

LC2/AD Adenocarcinoma + +
EBC1 Squamous cell carcinoma + +
VMRC-LCD Squamous cell carcinoma ± +
LC1/SQ Squamous cell carcinoma +a –b

aCytokeratin 8 which had a higher molecular weight. bClone 35βH11 was used as anti-cytokeratin 8 antibody.

1 2 3 4 5 6 7 8
66267

42400

***

Figure 1 Western immunoblot analysis using anti-cytokeratin 8 monoclonal
antibody (clone Ks 8.7) against lysates of several NSCLC cell lines. Lane 1;
A549, lane 2; PC3, lane 3; PC9, lane 4; RERF-LC-OK, lane 5; LC2/AD, lane
6; EBC1, lane 7; VMRC-LCD, lane 8; LC1/SQ. Although 54 kDa cytokeratin 8
is demonstrated in A549, PC3, PC9, LC2/AD (arrow *), another band which
has a higher molecular weight than usual is demonstrated in RERF-LC-OK
and LC1/SQ (arrow **)
Proteins were electrophoretically transferred onto nitrocellu
membrane by the method of Towbin et al (1983). Proteins 
detected by immunoblotting, using five clones of anti-CK8 mo
clonal antibodies (clones Ks 8.7, Ks 8.10, Ks 8.17.2, and 
were purchased from Progen Biotechnik GMBH, Heidelb
Germany; clone C-51 was purchased from YLEM S. r. 1., Ro
Italy), peroxidase-conjugated goat anti-mouse IgG antib
(Sigma ImmunoChemicals, lot 094H-4810, St Louis, MO, US
and stained with 4CN PLUS for chromogenic detection of ho
radish peroxidase (NEMTM Life Science Products, Boston, M
USA). Western immunoblots for CA19–9 were also perform
using three clones of anti-CA19–9 monoclonal antibodies (c
C241:5:1:4 was purchased from YLEM S. r. 1., Roma, Italy; c
ZY-CO9 was purchased from Zymed Laboratories, Inc., 
Francisco, CA, USA; clone 1116–NS–19–9 was purchased 
Centocor Co., Malvern, PA, USA), and peroxidase-conjug
goat anti-mouse IgG antibody IgG antibody, and stained with 
PLUS.

Immunohistochemistry of lung cancer cells by several
anti-CK8 antibodies

To evaluate the expression of CK8 in several NSCLC cell l
immunohistochemical staining by anti-human monoclonal a
body against CK8 was performed. Cells were immunohistoch
cally stained, employing the avidin–biotin peroxidase com
method (Dako LSAB kit-peroxidase, DAKO Corp., Kyoto, Jap
using mouse monoclonal antibodies against CK8 (clone 35βH11,
Enzo Diagnostics, Inc., New York, NY, USA, 1:5000 dilution).
order to retrieve and increase the immunoreactivities, preinc
tion with 0.1% pronase at 37°C for 20 min was performed.

Lectin blotting

SDS-PAGE and protein transfer onto nitrocellulose memb
was performed as described above. Ten kinds of horser
peroxidase-labelled lectins, purchased from EY Laboratories
(San Mateo, CA, USA), were used for lectin blotting. Prot
were detected by ten kinds of peroxidase-labelled lectins (1
dilutions, following manufacturer’s instruction), and stained w
4CN PLUS. Lectins used were as follows; Maclura pomifera
lectin (MPA), Aracjis hypogacalectin (PNA), Glycine maxlectin
(SBA), Griffonia simplicifolia lectin (GS-II), Griffonia simplici-
folia lectin (GS-I), Ulex europaeuslectin (UAE-I), Triticum
vulgarelectin (WGA), Dolichos bifloruslectin (DBA), Canavalia
ensiformislectin (Con A) and Bauhinia purpurealectin (BPA).
British Journal of Cancer (1999) 81(5), 769–773
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RESULTS

Western immunoblot analysis using anti-CK8 antibody (clone
8.7) against lysates of several NSCLC cell lines is shown in F
1. Although a molecular weight of 54 kDa, which is the sam
recombinant CK8, was detected in PC3, PC9, LC2/AD and EB
a positive band which had a higher molecular weight was det
in RERF-LC-OK and LC1/SQ cells. In A549 cell lines, two typ
of CK8 were observed.

Western immunoblot analysis using several monoclonal 
CK8 antibodies demonstrated that the higher molecular w
protein was stained by five clones of anti-CK8 antibodies 
varying intensities (Figure 2). Although CK8 with a higher mol
ular weight was weakly stained by monoclonal antibodies; cl
Ks 8.7, Ks 8.10 and M20, it was strongly stained by monocl
anti-CK8 antibodies; clone Ks 8.17.2 and clone C-51.

Western immunoblot analysis using several monoclonal 
human CA19–9 antibodies also demonstrated that the h
molecular weight protein was stained by three clones of 
human CA19–9 antibodies (Figure 3). Recombinant CK8 was
weakly stained by anti-human CA19–9 antibodies.

Immunohistochemical staining of several lung cancer cells 
anti-CK8 monoclonal antibody was restricted to the cytopla
and the cell membranes were completely negative (Figure 4)
two cell lines containing CK8 with a higher molecular wei
(RERF-LC-OK and LC1/SQ) were not stained by anti-CK8 a
body; clone 35βH11. Table 1 summarizes the results of immu
histochemical staining of several NSCLC cell lines.

Results of lectin blotting using ten kinds of peroxidase-labe
lectins are summarized in Table 2. The higher molecular w
CK8 was stained stronger than usual CK8 by MPA, GS-II, UE
DBA and BPA lectins.
© 1999 Cancer Research Campaign
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Table 2 Summary of results of lectin blotting

Lectins Carbohydrate specificity CK8 Large CK8

MPA N-Acetylgalactosamine ± ++
PNA Terminal-β-Galactose – ±
SBA α and β N-Acetylgalactosamine – –
GS-II N-Acetylglucosamine – ++
GS-I Melibiose, α-D-Galactose – +
UEA-I α-L-Fucose ± ++
WGA (GlcNAc-β-(1,4)-GlcNAc) 1–4 + +
DBA Methyl-2-acetamido-2-deoxy-D-galactose + ++
Con A α-D-Mannose, α-D-Glucose, Branched mannose – –
BPA N-Acetylgalactosamine – ++

1 2 3 4 5 6
66267

42400

***

1 2 3 4 5 6
66267

42400

***

1 2 3 4 5 6

***

66267

42400

***

66267

42400

1 2 3 4 5 6

1 2 3 4 5 6
66267

42400

***

B

C

D

E

A
1 2 3 4 5 6

66267

42400

***

66267

42400

***

***

66267

42400

B

C

A

1 2 3 4 5 6

1 2 3 4 5 6

Figure 2 Western immunoblot analysis using the five clones of anti-human
cytokeratin 8 monoclonal antibodies. (A) clone Ks 8.7, (B) clone Ks 8.10,
(C) clone Ks 8.17.2, (D) clone C-51, (E) clone M20. Lane 1 and 6:
recombinant cytokeratin 8, lane 2: A549, lane 3: PC9, lane 4: RERF-LC-OK,
lane 5: LC1/SQ. Although 54 kDa cytokeratin 8 is demonstrated in A549,
PC3, PC9, LC2/AD (arrow *), another band which has a higher than usual
molecular weight is demonstrated in RERF-LC-OK and LC1/SQ (arrow **).
The intensity of staining for CK8 with a higher than usual molecular weight
differs according to clones of antibodies

Figure 3 Western immunoblot analysis using the three clones of anti-
human CA19-9 monoclonal antibodies. (A) clone C 241:5:1:4, (B) clone
ZY-C09, (C) clone 1116-NS-19-9. Lane 1 and 6: recombinant cytokeratin 8,
lane 2: A549, lane 3: PC9, lane 4: RERF-LC-OK, lane 5: LC1/SQ. Although
54 kDa cytokeratin 8 (arrow **) in NSCLC cell lines is not stained by
anti-CA19-9 monoclonal antibodies, cytokeratin 8 which has a higher than
usual molecular weight (arrow*) is clearly stained by all anti-CA19-9
monoclonal antibodies. Recombinant cytokeratin 8 is also weakly stained by
anti-CA19-9 monoclonal antibodies
DISCUSSION

In our present study, we confirmed the expression of CK8 i
NSCLC cell lines. In addition, we first demonstrated CK8 wi
higher molecular weight than usual in two of eight NSCLC 
lines, and it contained antigenic epitopes of CA19–9.

It has been reported that CK8 extends from the nucleus t
plasma membrane where it has extensive interactions wit
internal leaflet and with various membrane-associated struc
including desmosomes and hemidesmosomes (Owaribe 
1991; Garrod, 1993). Although the sequence of CK8 does
© 1999 Cancer Research Campaign
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include a transmembrane domain, it has been proposed that C
also present on the external surfaces of epithelial cells (Dona
al, 1991; Godfroid et al, 1991; Hembrough et al, 1995, 1996).

Recently, it has been suggested that CK8 has a function in
tion to as an intermediate filament. Schaafsma et al (1991, 1
have suggested that expression of CK8 correlates with incre
invasiveness in vitro and in vivo in many cancers. In addit
Hembrough et al (1995, 1996) reported that CK8 at the cell su
of hepatocytes, HepG2 cells and breast carcinoma cell lines 
tion as a plasminogen receptor. Since plasmin which is activ
by the proteolytic conversion of single-chain plasminogen
important for tumour invasion and cellular migration, CK8, wh
by binding plasminogen, supports or accelerates cellular migr
and invasion (Hembrough et al, 1995, 1996).

This is the first study to report CK8 with a higher than us
molecular weight in two NSCLC cell lines (RERF-LC-OK a
British Journal of Cancer (1999) 81(5), 769–773
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Figure 4 Immunohistochemical staining of lung cancer cells (PC9 cells)
with anti-cytokeratin 8 monoclonal antibody. Positive staining is restricted to
the cytoplasm (arrows), and the cell membranes are completely negative.
Clone 35βH11 is used as an anti-cytokeratin 8 monoclonal antibody and
haematoxylin stain is also performed to stain the nuclei
LC1/SQ). In addition, although it has been reported that CK
glycosylated at multiple sites with a single O-linked N-ace
glucosamine (Chou et al, 1992), we demonstrate for the first
that CK8 with a higher than usual molecular weight conta
antigenic epitopes of CA19–9. In addition, using lectin blott
we also demonstrated that N-acetylgalactosamine (detecte
MPA lectin), N-acetylglucosamine (detected by GS-II lectin), 
α-L-fucose (detected by UEA-I lectin), these carbohydrates
constituents of antigenic epitopes of CA19–9, were increase
higher molecular weight CK8. Furthermore, this CK8 was o
weakly stained by some clones of anti-CK8 monoclonal 
bodies, and cell lines which expressed CK8 with a higher 
usual molecular weight were not stained by anti-CK8 monoc
antibody; clone 35βH11, immunohistochemically. Interesting
CK8 was stained only in the cytoplasm in lung cancer cell 
which expressed CK8 with a usual molecular weight. In cont
the two cell lines containing CK8 with a higher molecular we
(RERF-LC-OK and LC1/SQ) were not stained by anti-CK8 a
body; clone 35βH11. This evidence suggests that antige
changes of CK8 occurred in both of these NSCLC cell lines. T
antigenic changes may explain previous observations of 
cytokeratin antibodies in sera of patients with lung cancer (H
et al, 1983).

Although the assay of serum CA19–9 has been widely use
the diagnosis and monitoring patients with several kinds of ca
less is known about the protein(s) on which CA19–9 is expre
Koprowski et al (1979) have revealed that monoclonal antibo
for the CA19–9 antigen precipitates the molecules with mole
weight of 36 kDa and more than 180 kDa from colon carcin
cell extract. On the other hand, the CA19–9 immunoreact
detected in the sera of patients (Magnani et al, 1983), norma
neoplastic mucosa (Fezi et al, 1984), normal seminal pl
(Hanisch et al, 1984), normal milk (Hanisch et al, 1985) 
pancreatic juice (Kalthoff et al, 1986), has been reported to h
much higher molecular weight probably due to complex forma
with other components such as mucin-like glycoproteins. In a
tion, Klug et al (1988) purified a glycoprotein (an apparent mo
ular mass of 210 kDa) with the CA19–9 activity from the cul
supernatant of human colonic cell line SW1116 by using
British Journal of Cancer (1999) 81(5), 769–773
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immunoaffinity chromatography. Furthermore, Haga et al (1
have partially purified the CA19–9 antigen from the ascitic f
of a pancreatic cancer patient, and determined the mole
weight to be 210 kDa by Western blotting analysis. These obs
tions suggest that the CA19–9 epitopes of the cancer cell sur
not expressed by a single glycoprotein but, rather, by mu
glycoproteins. In the present study, we first demonstrate the p
bility of CK8 as a carrier protein of CA19–9 in some NSCLC 
lines. The result of lectin blotting clearly demonstrated incre
of carbohydrate epitopes in CK8 with a higher molecular we
However, since the recombinant CK8 was also stained by
CA19–9 antibodies, the possibility of cross-reactivity of a
carbohydrate antibodies to the specific amino acid sequen
recombinant CK8 should also be considered.

The biological significance of CA19–9 should be discus
Basu et al (1987) reported that a significant portion (20–80%
protein-associated CA19–9 of human cancer cell membran
intrinsic to a 170 kDa epidermal growth factor (EGF) recep
However, Klug et al (1988) reported that the amino acid com
tion of the glycoprotein which contains the CA19–9 antige
different from that of the EGF receptor. Recent studies 
provide evidence that CA19–9 can serve as a ligand fo
endothelial cell leucocyte adhesion molecule-1 (ELAM-1, 
called E-selectin) (Takada et al, 1991, 1993). ELAM-1 med
the cell–cell interaction of platelets and endothelial cells 
neutrophils, monocytes and also cancer cells. Thus, when c
cells express CA19–9, they appear to play an important role 
process of haematogenous metastasis (Takada et al, 1991,
Several immunohistochemical studies have demonstrated
expression of CA19–9 is correlated with a high risk of dis
metastasis and poor outcome in lung cancer patients (Sugiya
al, 1992, Ogawa et al, 1994). This evidence suggests strong
CA19–9 also plays a role in metastatic processes, in vivo.

As stated previously, CK8 has several functions including
invasion of cancer cells. In addition, CA19–9 plays a role 
ligand of E-selectin which is closely related to metastasis. 
evidence suggests that CK8 which contained antigenic epitop
CA19–9 played an important role in invasion as well as meta
of NSCLC cells. The existence of this abnormal CK8 in clin
samples should be evaluated in future studies. In additio
clarify the function of this modified CK8, the differences of C
between primary and metastatic tumours should be evalua
future studies.

In summary, this is the first report of CK8 with a higher t
usual molecular weight, possibly due to the attachment of 
genic epitopes of CA19–9, in two of eight NSCLC cell lines. T
CK8 may have functions in the process of invasion or haem
geneous metastasis in NSCLC.
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