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ABSTRACT: The objective of the present study was to reveal antitumour antibodies in
sera of patients with small cell lung cancer (SCLC).
The antibodies in sera of patients with SCLC and other tumours were detected by

immunoblotting with whole extracts of SCLC cells as the antigen source. Sera of
patients with various pulmonological disorders, irradiated during the liquidation of
consequences of the Chernobyl nuclear power plant incident (a high-risk group in lung
cancer), were also analysed.
The present authors9 found that SCLC sera contain a set (pattern) of antitumour

antibodies which are rarely detected in sera of patients with cancers different from
SCLC and very rarely, if ever, present in sera of healthy individuals. The sensitivity and
the specificity of the pattern are equal to 80% and 91%, correspondingly. In the high-
risk group in lung cancer, the frequencies of the antibodies are somewhat lower than the
corresponding values in SCLC sera, but significantly larger than those in healthy sera.
The findings of the present study create a basis for clinical application of the

antitumour antibodies described.
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Serum antibodies against tumour antigens are con-
sidered to be a promising tool for early diagnostics of
cancer. Thus, cancer-associated neurological syndromes,
which are believed to be evoked by antibodies against
paraneoplastic antigens expressed in tumours, often
appear months or even years before the diagnosis of
cancer, sometimes when the tumour is too small to be
detected by usual diagnostic techniques [1].

To date, a number of studies demonstrate that anti-
gens present in normal tissues or tumours can be visua-
lised by the sera of patients with various disorders,
including cancer. The first examples are the works pub-
lished in the 1980s that used the sera of patients with
retinopathy [2–4] or paraneoplastic dorsal root gang-
lionopathy [5], associated with small cell lung cancer
(SCLC), to detect antigens shared between SCLC and
neurones of retina or cerebral cortex, respectively. A
much used method of the serological identification of
antigens by recombinant expression cloning also employs
sera antibodies to identify tumour antigens [6].

In a series of studies, another approach was suggested

to detect corresponding antibodies in the sera of
patients with cancer. For example, antibodies against
paraneoplastic antigens, Hu [7, 8], Yo and Ri [9], and
recoverin [10], were detected by the corresponding
antigens in sera of patients with cancers. In this study,
serum antitumour antibodies (ATA) of SCLC patients
have been revealed by a whole extract of SCLC cells,
instead of the known specific antigens used in these
previous studies [7–10]. Using this extract, the present
authors9 have also screened the sera of patients with
cancers different from SCLC and of those with various
pulmonological disorders, irradiated during liquida-
tion of consequences of the Chernobyl nuclear power
plant incident.

Materials and methods

Sera

Sera of patients with various cancers were collected
in the clinics of the N.N. Blokhin Cancer Research
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Centre and the Pulmonology Research Institute in
Moscow during 1999–2001. Patients with the follow-
ing cancers were investigated before treatment: SCLC
(52 male and eight female), nonsmall cell lung cancer
(30 male and seven female), colon cancer (15 male and
10 female), thyroid cancer (25 female), breast cancer
(30 female), endometrial cancer (25 female), cervical
cancer (25 female), and ovarian cancer (25 female). None
of the patients with cancers showed signs of para-
neoplastic syndromes according to physical examina-
tion and the case histories of the patients. Sera of 36
patients (male) with various pulmonological disorders,
irradiated during liquidation of the consequences of
the Chernobyl nuclear power plant accident, were col-
lected in the Pulmonology Research Institute, Moscow.
Patients of the latter group worked in the Chernobyl
area after the nuclear power plant accident for 2–4
months in 1986–1987. None of the patients had any
chronic respiratory diseases before the work at
Chernobyl. Sera of 115 healthy individuals (male
and female) were used as a negative control. Sera were
prepared from whole blood and stored at -70uC.

Cancer cell lines

The cells: SCLC cells of National Cancer Institute
(NCI)-N417, NCI-H69 and NCI-H82 originally
received from American Type Culture Collection; and
Sp 20 (murine myeloma), H33 (human hepatoma) and
K562 (human leukaemia) cells, a gift from G.I. Abelev9s
laboratory, Institute of Carcinogenesis, N.N. Blokhin
Cancer Research Centre, Moscow, were cultivated
in Roswell Park Memorial Institute 1640 medium
(Paneko, Moscow, Russia) supplemented with 10%
foetal calf serum at 37uC in the atmosphere of
7.5% carbon dioxide. The cells were collected, washed
three times with 20 mM potassium-phosphate buffer
(pH 7.4) and centrifugated (30,0006g, 15 min). The
pellet obtained was extracted with 10 mM Tris-HCl
(pH 7.2), containing 1 mM dithiotreitol and protei-
nase inhibitors. The cells were subcultured twice a
week.

Western blotting

The Western blot analysis of extracts of various
cancer cells (see preceding section) as a source of
antigens was performed at room temperature after
sodium dodecylsulphate polyacrylamide gel electro-
phoresis in 12% gel; 0.05 mg of a total protein were
applied per track. The gel slabs were electrotrans-
ferred to Hybond-C Extra nitrocellulose membranes
(Amersham Pharmacia Biotech, Uppsala, Sweden) in
Tris-glycine-methanol buffer, pH 8.3. The membranes
were first incubated (1.5 h, room temperature) with
10% (w/v) of delipidated dry milk in 20 mM Tris-HCl
buffer (pH 7.4), containing 500 mM NaCl, 0.05%
TWEEN-20 and 1 mM CaCl2 (buffer A), to saturate
the sites of nonspecific binding. Then the membranes
were incubated at room temperature with sera (the
dilution of 1:20 in buffer A) for 12 h, rinsed three
times (for 10 min each) with buffer A, incubated with

sheep antihuman immunoglobulin G peroxidase con-
jugate (Amersham Pharmacia Biotech) at a dilution of
1:500 in buffer A for 1.5 h, rinsed again with 50 mM
Tris-HCl (pH 7.6) and finally incubated in the same
buffer containing 10 mM 3,39-diaminobenzidine (as a
substrate) and 0.01% hydrogen peroxide.

Statistical analysis

Comparison between groups was made by Chi-
squared test. A p-value of v0.05 was considered sig-
nificant. Sensitivity and specificity were expressed using
the following equations:

Sensitivity~100|no: true-positive=

(no: true-positivezno: false-negative) ð1Þ
Specificity~100|no: true-negative=

(no: true-negativezno: false-positive) ð2Þ

Results

Figure 1 shows that a whole extract of SCLC cells
(line NCI-N417) contains a number of proteins (track
E). Some of the proteins cross-react with sera of
SCLC patients and visualise 15 typical patterns of
bands (fig. 1, tracks 3–17). The extract does not
typically cross-react with sera of healthy individuals
(for example, track 1), although in some instances, the
bands with an apparent molecular weight (Mr) above
45 kD can be present (track 2). The cross-reaction is
not found in the absence of SCLC sera (not shown).
One can also see that anti-p40–p42, the most frequent
ATA, are mainly detected in nine different contexts
(see fig. 1, tracks 3–11). Anti-p26 and anti-p30 are
usually revealed in seven (tracks 5, 7, and 12–16) and
five (tracks 4, 7, 9, 14, and 17) different contexts. In
addition, anti-p36 (tracks 6, 11, 13, 14 and 15), anti-
p28 (tracks 7, 8, 9, 11 and 16) and anti-p14 (tracks 8,
10, 15 and 16) are present in the SCLC sera analysed.
In some cases, the extract visualises relatively high-
molecular bands with Mr w45 kD (for example, see
tracks 3, 4, 7, 11, 13 and 15), which can be considered
as unspecific since they are also detected occasionally
not only in SCLC sera, but also in sera of healthy
individuals (track 2). Whole extracts of two other
SCLC lines, NCI-H69 and NCI-H82, were also used
to visualise ATA in sera of patients with SCLC. When
employing these cells, patterns of ATA were similar to
those for NCI-N417 cells with the main difference that
anti-p36 and anti-p28 were not detected by NCI-H69
extracts at all (data not shown). The frequencies obtained
with the SCLC lines used are presented in table 1. In
contrast to SCLC sera, sera of healthy individuals
contain only anti-p40–p42 and anti-p30 with the cor-
responding frequencies of 6% and 3%, respectively
(table 1); in both cases, the differences between SCLC
sera and that of healthy individuals are statistically
significant (pv0.0001 and pv0.001 by Chi-squared
test, respectively).

The next step of the work aimed to determine
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whether extracts of SCLC cells cross-react with sera of
patients with cancers other than SCLC (for this pur-
pose, only one line NCI-N417 was used). From table 2
it can be seen that the frequencies of ATA determined
in sera of patients with these cancers are significantly
lower than in SCLC sera (pv0.05) with the exception
of anti-p30 and anti-p14 for which the differences are
nonsignificant (p=0.6 and 0.07, respectively).

The serum ATA sensitivity and specificity in SCLC

patients compared with healthy individuals are sum-
marised in table 3. All ATA have a specificity higher
than 90%. The maximum sensitivity of 59% is estimated
for p40–p42 and it isv22% for other ATA. However,
the diagnostic value of the combined ATA is signifi-
cantly better than that of the individual antibodies: the
sensitivity rose to 80% on retention of a high value of
the specificity equal to 91%.

It was of interest to know whether whole extracts of

Table 1. – Antitumour antibodies (ATA) revealed in sera of patients with small-cell lung cancer (SCLC) by whole extracts of
SCLC cells of lines National Cancer Institute (NCI)-N417, NCI-H69 and NCI-H82

Screening by
extract of

Type
of sera

Total
cases# n

Samples containing ATA against

p40–p42 p36 p30 p28 p26 p14

NCI-N417 cells SCLC 60 35 (59) 8 (13) 8 (14) 6 (10) 13 (22) 5 (8)
Healthy 115 7 (6) 0 (0) 3 (3) 0 (0) 0 (0) 0 (0)

NCI-H69 cells SCLC 40 23 (58) 0 (0) 3 (7.5) 0 (0) 10 (25) 1 (2.5)
Healthy 60 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

NCI-H82 cells SCLC 40 28 (70) 1 (2.5) 7 (18) 4 (10) 13 (33) 1 (2.5)
Healthy 60 2 (5) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Data are presented as n (%) unless otherwise stated. #: total amount of individuals investigated are taken as 100%.

Table 2. – Antitumour antibodies (ATA) revealed, by whole extracts of National Cancer Institute (NCI)-N417 cells in sera of
patients with cancers other than and with nonmalignant pulmonological disorders

Type of sera Total
cases# n

Sera samples containing ATA against

p40–p42 p36 p30 p28 p26 p14

NSCLC 37 10 (28) 3 (8) 6 (16) 0 (0) 3 (8) 6 (16)
Breast cancer 30 7 (23) 0 (0) 0 (0) 0 (0) 5 (17) 0 (0)
Endometrial cancer 25 6 (24) 0 (0) 5 (20) 0 (0) 0 (0) 0 (0)
Cervical cancer 25 5 (20) 0 (0) 3 (12) 0 (0) 1 (4) 0 (0)
Ovarian cancer 25 7 (28) 0 (0) 1 (4) 0 (0) 2 (8) 3 (12)
Thyroid cancer 25 4 (16) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Colon cancer 25 4 (16) 0 (0) 3 (12) 0 (0) 0 (0) 0 (0)
Pulmonological disorders} 36 13 (36) 3 (8) 3 (8) 0 (0) 6 (17) 0 (0)
Healthy individualsz 115 7 (6) 0 (0) 3 (3) 0 (0) 0 (0) 0 (0)

Data are presented as n (%) unless otherwise stated. #: total amount of individuals investigated are taken as 100%; }: patients
were irradiated during liquidation of consequences of the Chernobyl nuclear power plant incident; z: the data for healthy
individuals, taken from table 1 (screening by NCI-N417 cells,) are presented for comparison. NSCLC: nonsmall cell lung
cancer.

Fig. 1. – Patterns of auto-antibodies visualised in sera of patients with small cell lung cancer (SCLC) by whole extracts of SCLC cells
National Cancer Institute (NCI)-N417. Tracks S (molecular weight standard proteins) and E (extracts of NCI-N417 cells) represent blots
stained with Panceau S. Tracks 1–17 show blots of extracts of NCI-N417 cells immunostained with sera of healthy individuals (1, 2) or
with sera of 15 different patients with SCLC (3–17). Arrows show the positions of the corresponding proteins present in tracks 3–17.
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cancer cell lines different from SCLC could cross-react
with SCLC sera. To answer this question the cell lines
sp 20 (murine myeloma), H33 (human hepatoma) and
K562 (human leukaemia) were used. Using the same
conditions as were used with extracts of SCLC cells,
none of the extracts of these lines visualised any ATA
in sera taken from SCLC patients (data not shown).

The data described above show that anti-p40–p42
are most frequent in patients with SCLC and are very
rarely present in healthy individuals (table 1). There-
fore, it was of particular interest to determine whether
ATA could be found in sera of individuals from a
high-risk group for lung cancer. For this purpose,
extracts of SCLC cells (line NCI-N417) were used to
screen sera of 36 patients irradiated during the liquida-
tion of the consequences of the Chernobyl nuclear power
plant incident. These patients had various pulmonary
disorders such as chronic obstructive or nonobstruc-
tive bronchitis and bronchial asthma. According to
histological investigation, most of the patients had
either mild-to-severe bronchial epithelium dysplasia
or focal or diffuse pulmonary fibrosis. As is evident
from table 2, the presence of anti-p40–p42 is particu-
larly striking: these ATA occur with a frequency of
36%, six-times higher than that in normal sera. Thus,
the anti-p40–p42 frequency holds an intermediate
position between sera of SCLC patients (p=0.04) and
healthy individuals (pv0.0001).

Discussion

SCLC is known to express an array of neu-
roendocrine cell markers. In particular, several para-
neoplastic antigens are described to be associated with
SCLC that can cause early development of the cor-
responding neurological syndromes mediated by anti-
bodies against these antigens [1]. There are data that
neurological syndromes may appear months or even
years before the cancer becomes evident [4, 11–13].
Although the detection of both the antigens and the
corresponding antibodies in sera can be indicative of
the presence of SCLC in patients, it should be remem-
bered that, as a rule, no individual marker appears to
be of major clinical importance that calls for the use of
panels of markers [14].

The current study used whole extracts of SCLC
cells, containing a great number of protein antigens, to
visualise as far as possible the amount of corresponding
antibodies present in sera of patients with SCLC. It
turned out that whole extracts of SCLC cells of lines
NCI-N417, NCI-H69 and NCI-H82 revealed, in sera
of patients with SCLC, antibodies against several
proteins with an apparent Mr of 40–42, 36, 30, 28,

26 and 14 kD. The most frequently encountered
antibodies were those against antigens in the zone
40–42 kD, which occurred in SCLC sera with the
frequency of 58–70%, whereas these ATA were very
rarely, if ever, present in sera of healthy individuals
(table 1). The ATA described above were not abso-
lutely specific for SCLC as they could also be detected
in sera of patients with cancers other than SCLC. In
addition, extracts of other cancer cell lines, such as sp
20 (murine myeloma), H33 (human hepatoma) and
K562 (human leukaemia), did not cross-react with
SCLC sera, i.e. these cancer cells do not contain the
antigens corresponding to the above-mentioned ATA.

To evaluate the clinical value of serum ATA, the
sensitivity and specificity of the whole pattern of serum
ATA found may be compared with those of estab-
lished tumour markers. Whereas the specificities of all
individual ATA is above 90%, their sensitivities are
below 22% with the exception of anti-p40–p42 for
which the sensitivity is estimated as 59%. However, in
the case of the pattern, i.e. the combination of antibodies
against p40–42 kD, p36, p30, p28, p26, and p14, the
sensitivity and specificity are equal to 80% and 91%,
respectively (table 3). These values are comparable with
the corresponding characteristics of such established
tumour markers as neurone-specific enolase (74% and
83%, respectively) [15] and progastrin-releasing pep-
tide (47% and 95%) [16]. Thus, it may be concluded
that the described method using the ATA pattern is
about as powerful as the use of the established tumour
markers previously mentioned.

It was of particular interest to know whether the
ATA pattern was present in sera of patients with
various pulmonary disorders, irradiated during the
liquidation of the consequences of the Chernobyl
nuclear power plant accident (a high-risk group in
lung cancer). It turned out that antibodies against
p40–p42 in these patients had the frequencies which
held an intermediate position between sera of SCLC
patients and healthy individuals. This group of
patients continue to be under careful medical observa-
tion, in particular the dynamics of the ATA pattern
are measured, to answer the question as to whether
the pattern can predict the consequent development
of lung cancer.

In connection with the results obtained in the current
study, a question remains, "What is the nature of the
antigens corresponding to the above-mentioned anti-
tumour antibodies?". The present work creates a founda-
tion for further identification of the nature of the
antigens revealed and their clinical application. The
use of two-dimensional electrophoresis, possibly with
additional procedures of purification, in combination
with the matrix-assisted laser desorption method, could
help to identify these antigens.
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Table 3. – Sensitivity and specificity of antitumour antibodies
(ATA) in small cell lung cancer

p40–42 p36 p30 p28 p26 p14 Pattern
of ATA

Sensitivity 59 14 14 10 22 8.4 80
Specificity 91 100 97 100 100 100 91

Data are presented as %.
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