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Evidence of Post-translational Regulation of
P-Glycoprotein Associated with the Expression of
a Distinctive Multiple Drug-resistant Phenotype in

Chinese Hamster Ovary Cells

Siobhian McClean and Bridget T. Hill

Chinese hamster ovary (CHO) cells following exposure to fractionated X-irradiation in vitro dominantly expressed
adistinctive multiple drug-resistant phenotype, characterised by resistance to vinca alkaloids, epipodophyllotoxins
and colchicine, but not to anthracyclines, together with overexpression of P-glycoprotein (Pgp), but without any
concomitant elevation in Pgp mRNA (J Nat! Cancer Inst 1990, 82, 607-612; 1992, 85, 48-53). To investigate the
mechanism of this Pgp overexpression, Pgp stability was examined in an X-irradiation pretreated subline and
compared with that of two colchicine-selected drug-resistant CHO sublines. These studies revealed a slower
turnover of Pgp in the X-irradiated cells (T;,= 40 h) relative to the drug-selected sublines (T,,, = 17 h),
indicating that Pgp overexpression appears to be differently regulated in these independently-derived resistant
sublines. These data add support to our proposal that the development of drug resistance following X-irradiation

may arise by a mechanism distinct from that operating after drug selection.

Eur ¥ Cancer, Vol. 29A, No. 16, pp. 2243-2248, 1993.

INTRODUCTION
THE DEVELOPMENT of drug resistance in patients treated with
chemotherapy alone or combined with radiotherapy represents
a major obstacle to the successful treatment of cancer [1, 2]. In
vitro multidrug resistance (MDR) is characterised by resistance
to many functionally and structurally varied antitumour agents,
and overexpression of the 170 kDa membrane protein, P-glyco-
protein (Pgp) 3, 4). Pgp expression is considered to be regulated
by a number of mechanisms, including gene amplification
[S], transcriptional activation [6] and translational or post-
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translational modifications [7]. For example, Chinese hamster
ovary (CHO) cells, selected clonally with increasing concen-
trations of colchicine, exhibited an increase in Pgp gene copy
number, Pgp mRNA and protein, at every step in the selection
procedure [5, 8]. In contrast, Shen et al. [6] observed that in
colchicine-selected human KB leukaemia sublines, elevation in
Pgp mRNA could occur prior to mdr! gene amplification. In a
series of human ovarian SKOV-3 carcinoma cell lines, derived
by selection with increasing concentrations of vincristine or
vinblastine, initially Pgp mRNA and Pgp levels increased with-
out any amplification of the mdrl gene, but at higher levels of
selection, amplification of the DNA occurred, followed at a later
stage by increased overexpression of Pgp without any further
increase in Pgp mRNA {7].

Recently, we reported that the expression of a stable multiple
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drug resistance phenotype involving Pgp overexpression was
not exclusive to drug selection, since CHO cells exposed to
fractionated X-irradiation in vitro proved resistant to vinca
alkaloids, epidophyllotoxins and colchicine [9). However, these
X-irradiated sublines, designated DXR-10I and DXR-10II,
which dominantly expressed the multiple drug resistance pheno-
type [10], retained sensitivity to anthracyclines, and whilst
they stably overexpressed Pgp, this was not matched by any
significant concomitant elevation in Pgp mRNA [9]. These data
imply that either translational or post-translational modifications
of Pgp might be involved in overexpression of this protein
following X-ray exposure. Therefore, the turnover of Pgp in
the DXR-10II cells was examined to investigate whether any
differences could be identified, relative to two colchicine-selec-
ted resistant CHO cell lines, which showed increased Pgp levels
and concomitant elevations in Pgp mRNA [5]. Estimations of
the stability of Pgp in the drug-resistant CHO cells were carried
out by following the loss of **S-labelled Pgp with time, by
quantitative immunoprecipitation utilising the C219 or C494
Pgp-related monoclonal antibodies and subsequent analysis on
SDS-PAGE gels. ‘

MATERIALS AND METHODS
Chemicals and antitumour agents
Protease inhibitors were purchased from Sigma Chemical Co.
(Poole, Dorset, U.K.). [**S]Methionine (1000 Ci/mmole) was
purchased from Amersham International (Buckinghamshire,
U.K.).

Cell lines

The parental AuxB1 cell line, the X-ray pretreated subline,
DXR-10II [9] and two colchicine-selected sublines CHRA3 and
CHRCS [8] were maintained continuously in o minimal essential
medium (e MEM) plus 10% fetal calf serum (FCS) (both pur-
chased from Gibco Life Technologies, Perth, U.K.), as pre-
viously described [9].

Maetabolic labelling of Pgp in vitro

Logarithmically growing cells (2 X 107) were preincubated in
methionine-free (met-) «cMEM plus 10% dialysed FCS. Cells
were labelled for 18 h with [33S]methionine (20 pCi/ml) and
washed four times with phosphate buffered saline (PBS), before
replacing with a MEM plus 10% FCS. For the “zero time”, cells
were harvested immediately after washing, while the remaining
flasks were incubated at 37°C for periods up to 40 h.

Immunoprecipitation of Pgp from CHO sublines

The immunoprecipitation procedure was based on that of
Anderson and Blobel [11]. Briefly, cells were harvested, washed
with PBS and lysed in 200 pl lysis buffer (1% SDS, 0.05 mol/
1 Tris-HCl, pH 7.4) containing protease inhibitors (4 pg/ml
pepstatin A, 30 pmol/l leupeptin and 1 pg/ml aprotinin) by
sonification (three X 3 s pulses at S50 W. Labsonic 1510,FT.
Scientific Instruments Ltd, Camberly, Surrey, U.K.). Cells
lysates were diluted to 1 ml with 1.25% Triton X-100 (TX-100),
190 mmol/l NaCl in 0.05 mol/l Tris-HCl pH 7.4. Following
centrifugation, the lysates were incubated with C219 (Centocor,
CIS U.K. L., High Wycombe, U.K.) or C494 (kindly donated
by Dr V. Ling, Ontario Cancer Institute, Toronto, Canada)
antibodies (10 pug/ml) overnight at 4°C. Following recentrifug-
ation, the supernatants were incubated with preconditioned
protein A sepharose beads (Pharmacia LKB Biosystems, Milton
Keynes, U.K.) for 15 min at room temperature and then for
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105 min at 4°C. The immunoprecipitates were washed four
times with 0.03% SDS, 0.1% TX-100, 150 mmoVl/1 NaCl, 5 mg/
ml bovine serum albumin in 0.05 mol/l Tris~HCIl, containing
protease inhibitors, before a final wash in 150 mmol/l NaCl/
0.05 mmol/l Tris—-HCI. The immunoprecipitated proteins were
eluted from the protein A sepharose beads with 10 ! of sample
buffer (4% SDS, 20% glycerol, 10% 2-mercaptoethanol in
0.05 mol/l Tris-HCl, pH 7.0) and analysed by SDS-PAGE
according to the method of Fairbanks [12]. A volume equivalent
to 10 000 cpm in the zero control was loaded on gels for each
time point, thus standardising the counts loaded. The gels were
fixed, dried under a vacuum and the 35S-labelled proteins
monitored by fluorography. In order to enhance visualisation
of immunoprecipitated Pgp from DXR-10II cells, non-
radioactivity labelled CHRCS cells were added immediately prior
to the cell lysis step to act as a Pgp carrier, and to reduce non-
specific binding of other cellular proteins to the monoclonal
antibodies and to protein A sepharose. This significantly
improved the resultant autoradiographs permitting their analysis
by densitometry. For the purpose of comparison, addition of
unlabelled CHRCS cells was also incorporated during immunop-
recipitation of Pgp from CHRA3 and CHRCS cells, and this
procedure did not affect the observed half-life.

Densitometric analysis

Autoradiographs were analysed using an LKB laser densi-
tometer with LKB software. The quantity of protein was
calculated as a percentage of control (time zero). At least two
autoradiographs of different exposure times were examined for
each independent experiment to ensure linearity of the readings,
and the results were expressed as the mean of three independent
experiments. Half-life was calculated at the time taken for the
Pgp to be reduced to 50% of the quantity recorded at time zero,
and again was expressed as the mean of three
experiments + S.E.M.

Cytotoxicity studies

The relative resistance of CHRA3 cells was determined by
colony forming assay. Logarithmically growing cells were
exposed to a range of concentrations of vincristine, etoposide,
doxorubicin or colchicine for 24 h before being plated out into
0.17% agarose in « MEM plus 10% FCS. Colonies were counted
1014 days later, as described previously [9].

RESULTS

Turnover of Pgp in drug-resistant CHO cells determined using the
C219 antibody

Significant turnover of Pgp in CHRCS cells over the 40-h
period of study was clearly identified and, by densitometry of
autoradiographs of three invididual experiments, the half-life of
Pgp expressed in CHRCS cells was determined as 17 h = 3 h
(Fig. 1.). However, SDS-PAGE gel electrophoresis provided
evidence of a slower rate of turnover of Pgp in the DXR-10I1
cells (Fig. 2) and by densitometry of autoradiographs, the half-
life was determined to be = 40 h. Immunoprecipitation of Pgp
from DXR-10II cells proved more difficult than that from other
cell lines examined (compare Fig. 2 with Figs 1 and 3) since
considerably less Pgp (20- to 50-fold) was detected in these
irradiated cells [9, 10]. Therefore, autoradiography required
longer exposure times which increased the background. An
attempt was made to measure the half-life of Pgp in the AuxB1
parental cells, however, the ‘baseline’ Pgp level in these cells,
although just detectable by western blotting [10], proved to be
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too low to permit detection by this method of immunoprecipit-
ation, with no 170 kDa band identifiable. Therefore, although
the half-life of Pgp in these DXR-10II cells could not be
compared directly with that in the wild type AuxB1 cell line, it
appears that the overexpression of Pgp identified in the DXR-
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half-life relative to that detected in the classic MDR CHRCS
cells.

It is, however, also possible that these dissimilar turnover
rates of Pgp might be associated with the markedly different
levels of drug resistance expressed by the DXR-10II and CHRCS
cells (i.e. 8- and 120-fold resistant to vincristine, respectively
19]. To overcome this, we chose the CHRA3 cell line for further
studies, which was selected in a single step from AuxB1 with
100 ng/ml colchicine [13], and amplified the Pgp gene 10- to 20-
fold on Southern blots [5]. By a comparison of ICs, values (the
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Fig. 2. Turnover of P-gp in DXR-1011 cells as determined by immun-
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over a 40-h period. (a, b) Sample autoradiographs; (¢) plot of turnover
of Pgp with time as determined by densitometry derived from three
individual experiments, error bars represent S.E. M.

drug concentration required to reduce cell survival to 50% of
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these CHRA3 cells proved 6-fold resistant to colchicine, consist-
ent with earlier reports [8], and 3.4-fold resistant to vincristine,
4.4-fold resistant to etoposide and 2.5-fold resistant to doxorub-
icin. These cells, therefore, provided a useful control for moni-
toring Pgp stability, in terms of relative drug resistance levels
similar to those expressed by the DXR-10II cells. Turnover of
Pgp in these CHFA3 cells was found to be rapid (16 = 1 h for
Pgp levels to reach 50% of controls, Fig. 3) and certainly more
comparable with that identified in the CHRCS cells, rather than
the much longer half-life observed in the DXR-10I1 cells.
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Fig. 3. Turnover of Pgpin CH®A3 cells as described by immunoprec-

ipitation of 35S-labelled Pgp with C219 monoclonal antibody over a

40-h period. (a) Sample autoradiograph; (b) piot of mean densitometry

readings against time derived from two individual experiments. Error
bars represent S.E.M.

Confirmation of enkanced s stability of Pgp i
the C494 monoclonal antibody

In order to achieve appropriate resolution of Pgp in 38-
labelled DXR-10II cells, exposures of autoradiographs were
required which were longer (up to 10 days) than the 3-day
exposures with the CHRCS cells. This had the effect of increasing
the resolution of various background proteins, which were
expressed in the DXR-10II cells at a higher level than Pgp and
were unavoidably immunoprecipitated on the autoradiographs
(compare Figs 1 and 2). The monoclonal antibody C494 which
recognises a different epitope on Pgp from the C219 monoclonal
antibody [14] was used to confirm that the protein which was
resolved at 170 kDa in the DXR-10II cells, with a half-life
= 40 h, was indeed Pgp. Pgp overexpression has been observed
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monoclonal antibody [15].
Using C494 for immunoprecipitation of Pgp, it was confirmed

that the Pgp expressed in these DXR-101I celis had a haif life of
= 40 h (Fig. 4a). Indeed, the clarity of the 170 kDa band

indicated that the C494 monoclonal nnnhndv proved to be a
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more suitable antibody for immunoprecipitation than C219 in
these experiments. As a ‘positive’ control, turnover of Pgp in
CHRCS cells was also estimated using C494 antibody, and again
found to be of the order of 17 h (Fig. 4b).

DISCUSSION

One of the maost dictinctive charactarietice af tha NYR_10NTT
WTAAY Vi ALY AAIUDL WUULIUIVUY Y LUALAVLWVIIOUILVY VUl LW ASLAMNINTLAVRL

cells was the lack of elevation of Pgp mRNA associated with
their Pgp overexpression [9]. These present results demonstrate
that this was due, at least in part, to an increased stability of the
protein. It has been shown that while the half-life of Pgp was of
the order of 10-17 h in drug-selected resistant CHO cells,
irrespective of their levels of drug-resistance, Pgp in X-ray-

pretreated DXR-101I cells had a half-life of at least 40 h. Since

the DXR-10II cells have been found to stably express their
distinctive MDR phenotype, in terms of drug resistance levels,
Pgp expression and lack of Pgp mRNA elevation, this alteration
in Pgp half-life is likely to be a stable change. In agreement with
our data, Muller and Ling [16], who examined Pgp half-life in
several exponentially growing cell lines using the C219antibody,
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and SKVCR 2.0, found that the half-life of Pgp ranged from 12
to 20 h. Recently, we have also estimated the half-life of Pgp in
the SKVCR 0.25 cells to be 16 h (unpublished data). The half-
life of Pgp in two vinblastine-selected resistant murine sublines
has been reported as 16.8 = 0.5 and 17.4 + 0.5 h in J7.V1-1
and J7.V3-1 cells, respectively {14], which again correlates well

with the nnamgs in the dr ug-selected CHO subiines examined

in this study. In contrast, Pgp turnover has been reported to be
slow in MDR human KB cell lines [17, 18] with half-lives of
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> 24 and 68 h, respectively. However, the extremely high
quantity of [3S]methionine used in these latter studies
(i.e. 250-300 wCi/ml) may have arrested cell proliferation to a
certain extent and influenced turnover. Indeed, Muller and Ling
in their preliminary report [16] stated that the haii-life of Pgp
was very dependent on the growth conditions of the cells under

studv. and could increase un to 72 h when CHO celle were
StuQy, and CowuG ucrease up ¢ /2 &t wiaen LR CCls were

deprived of serum and growth arrested. In the experiments
outlined here, care was taken to ensure that all the cells were in
logarithmic growth throughout the 40 h period of the study, and
it should be emphasised that the population doubling times of
all three cell lines examined in this study were comparable, i.e.
18 = 2 h.

Thamaane huvwhisrh Y iteeadiatinn cane aq incvrancad avnracsinn
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of Pgp is uncertain and requires further investigation. However,
the finding that irradiation of cells can alter the stability of a
protein has precedence. It has been reported that normal p53,
the tumour supressor gene product [19], accumulated when
non-transformed mouse cells were irradiated with either ultra-
violet (uv) or with gamma irradiation [20, 21}. Following uv

eemn Alosin shin an~rismirlasinm e £mrnemd 19
ifraqiation, tnis accumulation was found to be mediated b‘y’ a

post-translational stabilisation, with the half-life increasing from
35 to more than 150 min [20]. It was suggested that the
post-translational stabilisation in these 3T3 cells was due to
protein—protein interactions between p53 and another nuclear
protein, since earlier studies had demonstrated that stabilisation

of p53 in SV40 transformed cells was due to a close association
af n82 with SVAO _ancndad laroa mimaonr antigan 1221

of pS3 with SV40-encoded large tumour antigen [22].
It is also possible that the rate of synthesis of Pgp may be
altered in these DXR-10 cells, relative to the AuxB1 or CHRCS
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cells, although current techniques are not sufficiently sensitive
to examine rates of Pgp synthesis in these cells. The specificity
of this effects in terms of any other proteins which may show
altered regulation in the DXR-10II cells, is unknown. However,
future studies will aim to address this point. Although gluta-
thione-S-transferase activities have been found to increase by 2-
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examined to date, including protein kinase A, protein kinase C
(unpublished data) and sorcin [15], have not shown any alter-
ations in expression which would be indicative of a change in
regulation. In addition, the finding that an enhancement of Pgp
stability is observed in cells which do not show doxorubicin
resistance may suggest that these two characteristics are not
linked. One possibility is that Pgp expressed by the DXR-10
cells is mutated in some way. The observed increase ability to

unanrecinitate Pon with 404 fram thaca calle whils na
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increase in clarity of immunoprecipitates from CHRCS cells was
obtained with this antibody (Fig. 4) may reflect this point.
Alternatively, other cellular proteins may interact with Pgpin the
DXR-101I cells, stabilising Pgp and obscuring the doxorubicin
binding site. Both of these possibilities will be examined in
future experiments Meanwhile, the observed increase in Pgp
stability found in the DXR-10I1 cells provides a substantial
explanation for Pgp overexpression in the absence of any elev-
ation in mRNA in X-ray prerreated CHO cells. Regulation of
Pgp expression is clearly complex, being mediated via at least
four different levels involving gene amplification, mRNA over-
expression and translational or post-translational modifications
[7]. To our knowledge, these findings are the first detailed
demonstration of Pgp reguiation at the level of post-transiational
stability. In addition, this report provides further evidence that

at least one of the mechanisms ku which multinle drug resistance
the mechanisms uch muitip Ug resistance

develops in tumour cells, followmg exposure to X-irradiation in
vitro, is distinctive from that operating after drug selection.

1. Moscow JA, Cowan KH. Multidrug resistance. ¥ Natl Cancer Inst
1988, 80, 14-20.

2. Hill BT, Interactions between antitumour agents

an
L. NUIAMOUT agenis a Q1aiion an

the expression of resistance. Cancer Treat Rev 1991, 18, 149-190.

3. Gros P, Shustik C. Muitidrug resistance: a novel class of membrane-
associated transport proteins is identified. Cancer Invest 1991, 9,
563~569.

4. Biedler JL. Genetic aspects of multidrug resistance. Cancer 1992,
70, 1799-1809.

5. Riordan JR, Deuchars K, Kartner N, Alon N, Trent J, Ling
V. Amplification of P-glycoprotein genes in multi-drug resistant
mammalian cell lines. Narure 1985, 316, 817-819.

6. Shen DW, Fojo A, Chin JE et al. Human multidrug resistant cell
lines: increased mdrl expression can precede gene amplification.
Science 1986, 232, 643645,

7. Bradley G, Naik M, Ling V. P-glycoprotein expression in multidrug
resistant human ovarian carcinoma cell lines. Cancer Res 1989, 49,

’)'I(l/\ 170L
TU—Lf 70,

8. Kartner N, Everden-Porelle D, Bradley G, Ling V. Detection of P-
glycoprotein in multidrug-resistant cell lines by monoclonal anti-
bodies. Nature 1985, 316, 820-823.

9. Hill BT, Deuchars K, Hosking LK, Ling V, Whelan RDH.
Overexpression of P-glycoprotein in mammalian tumor cell lines
after fractioned X-irradiation in vitro. ¥ Nail Cancer Inst 1990, 82,
607-612.

10. McClean S, Hosking LK, Hill BT. Dorminant expression of
multiple drug resistance after in vitro X-irradiation exposure in

intraspecific Chinese hamster ovary hybrid cells. ¥ Natl Cancer Inst
1993, 85, 48-53.

11. Anderson DJ, Blobel G. Immunoprecipitation of proteins from a
cell-free translation. Methods Enzymol 1983, 96, 111-120.

12. Fairbanks G, Steck TL, Wallach DFH. Electrophoreiic analysis
of the major polypeptides of the human erythrocyte membrane.
Biochemistry 1971, 10, 2606-2617.

13. Ling V, Thompson LH. Reduced permeability in CHO cells as a
mechanism of resistance to colchine. § Cell Physiol 1974, 83,
103-116.

14. Cohen D, Yang C-HP, Horwitz SB. The products of the mdr 1a and

mdrlb genes from multidrug resistant murine cells have similar
degradation rates. Life Sc1 1990 48 489..405

egradation rates. Life Sct 1990, 46, 489

15. McClean S. Whelan RDH Hosking LK ez al. Charcterisation of the
P-glycoprotein overexpressing drug resistance phenotype exhibited
by Chinese hamster ovary celis foliowing their in 2itro exposure
to fractionated X-irradiation. Biochim Biophys Acta 1993, 1177,
117-126.

16. Muller C, Ling V. P-glycoprotein is affected by serum deprivation
and high cell density in multidrug resistant cells. Proc Am Assoc
Cancer Res 1992, 33, 452.

17. Yoshimura A, Kuwazuru Y, Sumizuwa T, et al. Biosynthesis,
processing and half-life of P-glycoprotein in a human multidrug
resistant KB cell, Biochem Biophys Acta 1989, 992, 307314,

18. Richert ND, Aldwin L, Nitecki D, Gottesman, MM, Pastan 1.



2248 S. McClean and B.T. Hill

Stability and covalent modification of P-glycoprotein in multidrug
resistant KB cells. Biochemistry 1988, 27, 7607-7613.

19. Levine AJ. The p53 tumour supressor gene and product. In Levine
AJ, ed. Cancer Surveys 12: Tumour Supressor Genes, the Cell Cycle
and Cancer. New York, Cold Spring Harbour Press, 1992, 59-78.

20. Maltzman W, Czyzyk L. UV irradiation stimulates levels of p53
tumor antigen in nontransformed mouse cells. Molec Cell Biol 1984,
4, 1689-1694.

21. Kastan MB, Onyekwere O, Sidaransky D, Vogelstein B, Craig RW.

Participation of p33 protein in the cellular response to DNA damage.
Cancer Res 1991, 51, 6304-6311.

22. Oren M, Maltzman W, Levine A]J. Post-translational regulation of
the 54k cellular tumour antigen in normal and transformed cells.
Molec Cell Biol 1981, 1, 101-110.

Ackno_wledgements——We thank Victor Ling for helpful discussions
regarding immunoprecipitation procedures and are grateful to Mary
Wallace for her skilled secretarial assistance.

Eur ¥ Cancer, Vol. 294, No. 16, pp. 2248-2250, 1993.
Printed in Great Britain

0959-8049/93 $6.00 + 0.00
© 1993 Pergamon Press Lid

Inability of Serum Neuron-specific Enolase to
Predict Disease Extent in Small Cell Lung Cancer

Elisabeth Quoix, Anne Charloux, Elisabeth Popin and Gabrielle Pauli

Serum neuron-specific enolase (NSE) levels were measured before treatment in 112 patients diagnosed as having
small cell lung cancer in our department. All these patients underwent exhaustive staging procedures: 53 had
limited disease (LD) and 59 extensive disease (ED). Serum NSE was elevated in 83% of the patients (i.e. 71% of
the patients with LD and 93% of the patients with ED). Mean values of NSE differed significantly according to
disease extent. A receiver-operating characteristic curve was constructed with different cut-off levels of serum
NSE in order to determine the accuracy of NSE for identifying ED. There was no level of NSE capable of
predicting with sufficient accuracy the presence of ED. The best compromise was given by a threshold of 35 pg/
1: 60% of the ED patients had a serum NSE above 35 pg/l but 30% of the LD patients also had a serum NSE above

35 pgil.
Eur ¥ Cancer, Vol. 29A, No. 16, pp. 2248-2250, 1993.

INTRODUCTION
ProGNoOSsIS IN small cell lung cancer (SCLC) with respect to
response rate and survival is strongly related to the extent of
disease [1].

The current two-category staging system (limited disease and
extensive disease) requires complex initial staging procedures
which are time consuming and unpleasant for these patients.
Although some authors [2, 3] have found that the disease stage
could be replaced by a more simple prognostic index based on
laboratory parameters and performance status, Rawson and Peto
[1] could not find a model omitting disease stage that could
act as a useful substitute. Moreover, mediastinal irradiation
combined with chemotherapy improves local control and overall
survival outcome in limited stage disease [4]. Therefore, selec-
tion of appropriate therapy requires staging of the patients.

Serum neuron-specific enolase (NSE) is an established useful
diagnostic marker for all tumours originating from neuroendo-
crine cells such as SCLC. Elevated serum levels of NSE have
been found in SCLC [5-9] with a sensitivity between 65 and
79%. Specificity is high, since 82-86% of non-small cell lung
cancer (NSCLC) have serum NSE levels within normal limits
[5, 6).

Consistently higher levels of serum NSE have been found in
patients with extensive disease (ED) compared to those with
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limited disease (LLD) [5-10]. As could be expected, survival also
correlated with the initial level of NSE [6, 11].

The aim of our study was to determine if the initial serum
NSE level could predict the disease stage (LD versus ED) with
sufficient accuracy.

PATIENTS AND METHODS

During a 4.5-year period (15 October 1987-15 April 1992),
157 patients were diagnosed as SCLC in our department.
Among these, a pretherapeutic measurement of serum NSE was
performed in 112 (100 males, 12 females). The average age was
58 years (range 37-84).

Initia] staging procedures performed in all patients were
physical examination, chest X-ray, computerised tomographic
(CT) scan of the thorax, bronchoscopy, abdominal ultrasound
and/or CT scan, radionuclide imaging study of the bones and/or
unilateral bone marrow biopsy, and CT scan of the brain.

All patients were staged according to the standardised classifi-
cation. LD stage was defined as a disease limited to one
hemithorax, including the mediastinal nodes, ipsi- and/or con-
tralateral supraclavicular nodes, and ipsilateral pleurai effusion.
ED stage was defined as disease beyond that described above. In
addition to this classification, tumour size (T) and mediastinal
node involvement (N) were assessed.

Determination of serum NSE was done by radioimmunoassay
(Pharmacia, Uppsala, Sweden). According to the manufacturer,
normal values are below 12.5 g/l in 96% of the controls.

Serum samples were obtained prior to any treatment.



