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Abstract
A major problem in lung cancer is the lack of clinically

useful tests for early diagnosis and screening of an asymp-
tomatic population by noninvasive diagnostic procedures.
Recent studies have demonstrated the possibility to detect
genetic alterations in plasma or serum DNA from patients
with various cancers. However, these data rely on small
series of aggressive tumors with advanced-stage disease. To
determine whether genetic changes in plasma are also de-
tectable in patients with limited disease and thereby poten-
tially useful for early detection, we looked for microsatellite
instability (allele shift) and loss of heterozygosity in plasma
DNA of 87 stage I-III non-small cell lung cancers and 14
controls. Combining two markers with a high rate of insta-
bility ( D21S1245) and loss of heterozygosity (FHIT locus), a
microsatellite alteration was observed in 49 of 87 (56%)
non-small cell lung cancer tumors and in 35 of 87 (40%)
plasma samples. Thirty of 49 (61%) of the cases showing
tumor alterations also displayed a change in plasma DNA; in
addition, 5 patients displayed alterations in plasma samples
only. None of the control individuals had genetic changes in
plasma. No association was found between the frequency of
microsatellite alterations in plasma and tumor stage or his-
tology. Of interest, plasma DNA abnormalities were detect-
able in 43% of pathological stage I cases and in 45% of
tumors up to 2 cm in maximum diameter. These findings
highlight new prospects for early tumor detection by non-
invasive screening procedures based on the analysis of ge-
netic changes in plasma.

Introduction
Lung cancer is a major cause of morbidity and mortality in

developed countries and a rapidly expanding epidemic world-
wide (1). Despite optimal use of therapeutic resources, the
improvement of cure rates has been modest during the last
decade, and overall survival of incident cases is only10–15%
(2). When lung cancer is detected in an early stage, surgical
resection can achieve a 60–80% 5-year survival, but the ma-
jority of cases are unresectable at the time of diagnosis and are
no longer curable. In the past, screening procedures with con-
ventional sputum cytology and chest radiography have been
unable to decrease lung cancer mortality. However, more sen-
sitive tools based on specific biological markers may provide
new opportunities for screening of early detection of this disease
(3).

Inactivation of tumor suppressor genesp53, FHIT, and
p16INK4/MST1; deregulated expression ofEGFR and HER2/
neu oncogenes and of proteins involved in apoptosis control
such as Bcl2; and point mutations inKRAS2represent the most
frequent alterations in NSCLC.3 In addition, LOH at multiple
chromosomal loci and microsatellite (DNA repeat sequences)
instability occur at various frequencies in NSCLC and may
serve as clonal markers for cancer detection (4, 5). The possi-
bility of using such genetic markers for early detection of lung
cancer has been suggested primarily in tissue biopsies (6–9) and
exfoliated cells in sputum and bronchoalveolar lavage (10–14).

Recent studies have demonstrated that genetic alterations
are detectable in circulating DNA in the plasma or serum of
patients with various malignancies such as SCLC and head and
neck, colon, and pancreatic cancer. However, these studies were
restricted to a small group of patients with extended disease
(15–18).

Here we investigated the frequency and the extent of mi-
crosatellite alterations (shift and LOH) in plasma DNA of
NSCLC patients with limited disease to gain insight into their
possible use for early detection of lung cancer. We selected a
group of 87 individuals with stage I-III NSCLC and 14 controls.
Markers were chosen to detect shifts or LOH as follows: (a) a
tetranucleotide repeat (D21S1245) recognized as being prone to
microsatellite instability in various cancer types (11); and (b)
dinucleotidesD3S1234, D3S1300, or D3S4103, according to
their informativeness, all located in introns of theFHIT gene, a
tumor suppressor that overlaps the common fragile siteFRA3B
and shows a high rate of LOH in lung cancer (19, 20), partic-
ularly in smokers (21).
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Materials and Methods
Samples Collection and DNA Isolation. Patients with a

confirmed diagnosis of NSCLC at the Royal Brompton Hospital
gave their informed consent to be included in the study. Tumor
specimens were surgically resected and immediately stored at
2140°C. Peripheral blood was extracted from each patient on
the day of admission and collected in lithium-heparin. Plasma
was separated from the cellular fraction by centrifugation at
3500 rpm for 10 min at 4°C. The resulting supernatant (plasma)
and pellet (cellular fraction) were frozen at280°C. DNA was
extracted from tissues, plasma, and blood cells samples by using
QIAamp tissue and blood kits (Qiagen) according to the tissue
protocol and the blood and body fluids protocol. Fifty ng of
tumor and lymphocytes DNA were used for the analysis. Plasma
(200–400ml) was purified on a column, and 5ml of the eluted
DNA were usually sufficient for PCR amplification.

PCR Amplification. The sequences of nucleotide mark-
ers for microsatellite analysis,D21S1245, D3S1300, D3S4103,
andD3S1234, are available through the Genome Database. PCR
amplification was carried out in a 50-ml final volume with 50 ng
of genomic DNA template; 100 ng of each unlabeled primer; 25
mM dGTP, dATP, and dTTP; 2.5mM dCTP; 1 mCi of
[a-32P]dCTP (Amersham); 1.5 mM MgCl2; 50 mM KCl; 10 mM

Tris-HCl (pH 8.4); and 2.5 units of Taq polymerase (Perkin-
Elmer). Samples are processed through 25–30 cycles, with each
cycle consisting of 30 s at 94°C, 30 s at an annealing temper-
ature of 57°C to 60°C, as appropriate for each primer, and 30 s
at 72°C.

Denatured PCR products are electrophoresed on 6% urea-
polyacrylamide gels at room temperature in a vertical Bio-Rad
apparatus. The gels are dried and exposed to autoradiography.

For informative cases, allelic loss is scored if the autora-

diographic signal of one allele is reduced approximately 30% in
the tumor and sputum DNA compared with the corresponding
normal allele by visual inspection of independent observers. The
loci displaying microsatellite instability (shift) are not scored for
allelic loss. All of the DNA samples with microsatellite alter-
ations were amplified twice to rule out PCR artifacts or sample
contamination.

Results
Molecular Analysis of Tumor and Plasma DNA. Table

1 records the molecular findings and clinicopathological fea-
tures of the 87 NSCLC patients and 14 control individuals
carrying infectious or inflammatory lesions, carcinoids, or other
benign tumors. The median age was 63 years (range, 41–82
years) for cases and 51 years (range, 29–73 years) for controls.
In the latter group, 10 (71%) were males, and 10 individuals
were smokers.

We found that 56% (49 of 87) of NSCLC tumors exhibited
microsatellite alterations (shift or LOH) in at least one locus
[34% with markerD21S1245and 47% using markers within
FHIT (Table 2)]. In cancer patients, microsatellite alterations in
paired plasma and tumor DNA samples were compared with the
corresponding repeat sequences in normal lymphocytes. Shifts
were recognized as the appearance of a new allele(s) in tumor
DNA that was absent in normal DNA, and LOH was scored if
the allele signal was reduced to less than 30% of normal inten-
sity. Thirty of 49 (61%) of the patients with microsatellite
alterations in tumor DNA also showed changes in plasma DNA.
These alterations matched in all cases, except for six patients in
whom the alterations found in tumor and plasma were of dif-
ferent types (i.e., loss of a different allele, or LOH in one sample
and a shift in the other one). This phenomenon may be related
to differential shedding of DNA in the plasma from malignant
cells and suggests either the presence of heterogeneous clones in
the tumor or the presence of other occult lesions in these
patients. In addition, five patients displayed microsatellite
changes in plasma DNA that were not detectable in the corre-
sponding tumors. This could reflect the implication of several
clones in some tumors or the presence of a mixture of normal
stromal and inflammatory cells in the tumor specimen that, in
the absence of microdissection procedures, could have pre-
cluded the identification of the clonal genetic change. As re-
ported previously (15–18), plasma samples show selective en-
richment of tumor DNA, demonstrated here by the possibility to
see clear LOH in most plasma specimens (Fig. 1).

Correlation with Patient’s Clinicopathological Fea-
tures. In tumor samples, microsatellite alterations were re-
vealed to be more frequent in male patients (P 5 0.013) and in

Table 1 Frequency of microsatellite alterations (shift and LOH) in
tumor and plasma samples according to main clinicopathological

features

n

Microsatellite alterations

Tumor P Plasma P

Patients 87 49 (56%) 35 (40%) 0.03
Age (yr)

40–59 30 15 (50%) 0.44 9 (30%) 0.35
60–69 34 22 (65%) 15 (44%)
701 23 12 (52%) 11 (48%)

Sex
Male 55 37 (67%) 0.013 21 (38%) 0.65
Female 32 12 (36%) 14 (44%)

Type
SQC 45 30 (67%) 0.40a 16 (36%) 0.12
ADC 32 13 (41%) 12 (37%)
Other 11 6 (55%) 7 (64%)

Stage
I 40 24 (60%) 0.52 17 (43%) 0.64
II 25 11 (44%) 8 (32%)
IIIA 19 12 (63%) 8 (42%)
IIIB–IV 3 2 (67%) 2 (67%)

Controlsb 14 1 (7%) 0
a Overall value; SQCversusADC 5 0.02.
b Patients with infectious or inflammatory lesions, carcinoids, or

other benign tumors.

Table 2 Frequency of microsatellite alterations (shift and LOH) in
tumor and plasma samples for each microsatellite marker studied

Markers
LOH
tumor

Shift
tumor

LOH
plasma

Shift
plasma

D21S1245 26/76a (34%) 4/87 (5%) 15/76 (20%) 9/87 (10%)
FHITb 38/80 (47%) 2/87 (2%) 14/76 (18%) 1/85 (1%)

a Number of evaluable and informative samples.
b One of three microsatellites (D3S1234, D3S1300, or D3S4103)

was analyzed in each patient according to its informative status.
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SQCs (P 5 0.02), a finding likely related to the prevalent
occurrence in this series of the squamous histotype in men (58%
SQCversus39% ADC). However, the frequency of such alter-
ations in tumors was evenly distributed among the various
stages (Table 1).

On the contrary, the occurrence of microsatellite alterations
in plasma was not associated with sex, tumor type, or stage
(Table 1). As a matter of fact, plasma DNA abnormalities were
detectable in 43% (17 of 40) of pathological stage I tumors and
in 45% (9 of 20) of tumors up to 2 cm in maximum diameter.

Within the subset of cases with abnormal tumors, the

frequency of microsatellite changes in plasma DNA was some-
what higher for ADC compared with the SQC (69%versus
50%).

After a median observation time of 11 months, cancer
recurrence was detected in 15 cases. The frequency of relapses
was the same in patients with and without microsatellite alter-
ations in the tumor (16%versus18%, respectively) or in the
plasma (17% in each group). Although these subgroups are
small, and the follow-up is limited, it is unlikely that significant
differences may become evident in the future, given the present
distribution.

Discussion
This study shows that the occurrence of allele shift and

LOH in plasma DNA is a frequent and relatively early event that
is not related to the tumor burden (size or pathological stage) or
predictive of a higher risk of recurrence. These findings are in
keeping with our previous observation, based on the analysis of
515 cases of stage I NSCLC, that higher microvessel density (or
neoangiogenesis) is not associated with the risk of tumor pro-
gression and occurs independently of tumor size (22, 23).

Previous studies have used microsatellite analysis at vari-
ous loci to detect genetic alterations in plasma or serum in a
small number of patients with SCLC (15) and head and neck
cancer (16). Altered microsatellite plasma DNA was found in 15
of 21 (71%) SCLC patients without a significant difference
between patients with limited or extended disease. Six of 21
(29%) head and neck cancer patients, all of whom had advanced
disease and poor clinical outcome, were reported to have mic-
rosatellite changes in serum DNA.

In the present study, 61% of the NSCLC patients showing
allele shift and LOH in tumor samples also displayed a micro-
satellite change in plasma, irrespective of tumor size and stage,
thus suggesting that circulating tumor DNA is associated with
the early phases of lung tumor development. Moreover, shift
and LOH were already detectable in plasma but were not yet
detectable in the corresponding tumor in a small additional
group of patients, suggesting selective enrichment of circulating
tumor DNA.

These findings have important clinical implications. In
fact, given the high prevalence of plasma DNA alterations in
stage I and stage II NSCLC (a potentially curable disease) and
the large amount of tumor DNA released from these tumors,
genetic analysis of plasma DNA could be used for diagnostic
purposes and could form the basis for lung cancer screening.
The sensitivity of the plasma test could be further increased by
the simultaneous search for other, distinctly different genetic
alterations within the same specimen. In fact, we have demon-
strated by immunohistochemical studies that loss of function of
FHIT andp53genes are independent events, and 83% of early-
stage NSCLCs show at least one of these two abnormalities
(24). KRASmutations have been reported in plasma DNA from
patients with colorectal and pancreatic cancer (17, 18), indicat-
ing that a wide range of genetic changes could be found in
plasma DNA. The analysis of mutations inp53andKRASgenes,
as well an extended analysis of LOH ofFHIT and other loci on
the short arm of chromosome 3, characterizing most, if not all,
lung cancer patients, could increase the diagnostic range of

Fig. 1 Representative microsatellite analysis of plasma (P), tumor (T),
and lymphocyte (N) of NSCLC patients. Patient number and microsat-
ellites markers are indicated above each block. Loss of an allele is
designated by anarrowhead, and allele shifts are indicated by an
asterisk. A, examples of microsatellite alterations occurring in tumor and
plasma DNA.P114, loss of the lower allele in tumor and plasma (Š);
P49, loss of the upper allele in tumor and plasma (Š); P8, shift of the
upper allele in tumor and plasma (p); P17, shift (presence of new top
allele;p). B, different types of microsatellite alterations in plasmaversus
tumor DNA. P82, loss of the lower allele in tumor (�) and loss of the
upper allele in plasma (Š); P106, loss of the lower allele in tumor (�)
and shift in plasma (presence of new alleles;p). C, microsatellite
alterations in plasma DNA only (P49, P26, andP110) or tumor DNA
only (P40). P49, loss of the upper allele in plasma (Š); P40, loss at
lower allele in tumor (Š); P26, shift of the lower allele in plasma (p);
P110, shift in plasma (presence of new alleles;p).
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plasma DNA analysis and thus increase the clinical usefulness
of this noninvasive test.

Acknowledgments
We thank Cristina Mazzadi for editing the manuscript and Mario

Azzini for artwork preparation.

References
1. Peto, R., Lopez, A. D., Boreham, J., Thun, M., Heath, C. W., Jr., and
Doll, R. Mortality from smoking worldwide. Br. Med. Bull.,52: 12–21,
1996.
2. Landis, S. H., Murray, T., Bolden, S., and Wingo, P. A. Cancer
statistics, 1998. CA Cancer J. Clin.,48: 6–29, 1998.
3. Fontana, R. S., Sanderson, D. R., Woolner, L. B., Taylor, W. F.,
Miller, W. E., Muhm, J. R., Bernatz, P. E., Payne, W. S., Pairolero,
P. C., and Bergstralh, E. J. Screening for lung cancer: a critique of the
Mayo Lung Project. Cancer (Phila.),67: 1155–1164, 1991.
4. Minna, J. D., Sekido, Y., Fong, K. M., and Gazdar, A. F. Cancer of
the lung.In: V. T. J. DeVita, S. Hellman, and S. A. Rosenberg (eds.),
Cancer: Principles & Practice of Oncology, pp. 849–857. Philadelphia:
Lippincott-Raven Publishers, 1997.
5. Sozzi, G., and Carney, D. Molecular biology of lung cancer. Curr.
Opin. Pulm. Med.,4: 207–212, 1998.
6. Sundaresan, V., Ganly, P., Haselton, P., Rudd, R., Sinha, G., Blee-
hen, N. M., and Rabbits, P. p53 and chromosome 3 abnormalities,
characteristic of malignant lung tumours, are detectable in preinvasive
lesions of the bronchus. Oncogene,7: 1989–1997, 1992.
7. Sozzi, G., Miozzo, M., Donghi, R., Pilotti, S., Cariani, C. T., Pas-
torino, U., Della Porta, G., and Pierotti, M. A. Deletions of 17p and p53
mutations in preneoplastic lesions of the lung. Cancer Res.,52: 6079–
6082, 1992.
8. Hung, J., Kishimoto, Y., Sugio, K., Virmani, A., McIntire, D. D.,
Minna, J. D., and Gazdar, A. F. Allele-specific chromosome 3p dele-
tions occur at an early stage in the pathogenesis of lung carcinoma.
J. Am. Med. Assoc.,273: 558–563, 1995.
9. Thiberville, L., Payne, P., Vielkinds, J., LeRiche, J., Horsman, D.,
Nouvet, G., Palcic, B., and Lam, S. Evidence of cumulative gene losses
with progression of premalignant epithelial lesions to carcinoma of the
bronchus. Cancer Res.,55: 5133–5139, 1995.
10. Mao, L., Hruban, R. H., Boyle, J. O., Tockman, M., and Sidransky,
D. Detection of oncogene mutations in sputum precedes diagnosis of
lung cancer. Cancer Res.,54: 1634–1637, 1994.
11. Mao, L., Lee, D. J., Tockman, M. S., Erozan, Y. S., Askin, F., and
Sidransky, D. Microsatellite alterations as clonal markers for the detec-
tion of human cancer. Proc. Natl. Acad. Sci. USA,91: 9871–9875,
1994.
12. Miozzo, M., Sozzi, G., Musso, K., Pilotti, S., Incarbone, M., Pas-
torino, U., and Pierotti, M. A. Microsatellite alterations in bronchial and
sputum specimens of lung cancer patients. Cancer Res.,56: 2285–2288,
1996.
13. Mills, N. E., Fishman, C. L., Scholes, J., Anderson, S. E., Rom,
W. N., and Jacobson, D. R. Detection ofK-ras oncogene mutations in

bronchoalveolar lavage fluid for lung cancer diagnosis. J. Natl. Cancer
Inst., 87: 1056–1060, 1995.

14. Somers, V. A., Pietersen, A. M., Theunissen, P. H., and Thunnissen,
F. B. Detection ofK-ras point mutations in sputum from patients with
adenocarcinoma of the lung by point-EXACCT. J. Clin. Oncol.,16:
3061–3068, 1998.

15. Chen, X. Q., Stroun, M., Magnenat, J. L., Nicod, L. P., Kurt, A. M.,
Lyautey, J., Lederrey, C., and Anker, P. Microsatellite alterations in
plasma DNA of small cell lung cancer patients. Nat. Med.,2: 1033–
1034, 1996.

16. Nawroz, H., Koch, W., Anker, P., Stroun, M., and Sidransky, D.
Microsatellite alterations in serum DNA of head and neck cancer pa-
tients. Nat. Med.,2: 1035–1037, 1996.

17. Anker, P., Lefort, F., Vasioukhin, V., Lyautey, J., Ederrey, C., Hen,
X. Q., Stroun, M., Mulcahy, H. E., and Farthing, M. J.K-ras mutations
are found in DNA extracted from the plasma of patients with colorectal
cancer. Gastroenterology,112: 1114–1120, 1997.

18. Yamada, T., Nakamori, S., Ohzato, H., Oshima, S., Aoki, T.,
Higaki, N., Sugimoto, K., Akagi, K., Fujiwara, Y., Nishisho, I., Sakon,
M., Gotoh, M., and Monden, M. Detection ofK-ras gene mutations in
plasma DNA of patients with pancreatic adenocarcinoma: correlation
with clinicopathological features. Clin. Cancer Res.,4: 1527–1532,
1998.

19. Sozzi, G., Veronese, M. L., Negrini, M., Baffa, R., Cotticelli, M. G.,
Inoue, H., Tornielli, S., Pilotti, S., De Gregorio, L., Pastorino, U.,
Pierotti, M. A., Otha, M., Huebner, K., and Croce, C. M. TheFHIT gene
at 3p14.2 is abnormal in lung cancer. Cell,85: 17–26, 1996.

20. Fong, K. M., Biesterveld, E. J., Virmani, A., Wistuba, I., Sekido, Y.,
Bader, S. A., Ahmadian, M., Ong, S. T., Rassool, F. V., Zimmerman,
P. V., Giaccone, G., Gazdar, A. F., and Minna, J. D.FHIT andFRA3B
3p14.2 allele loss are common in lung cancer and preneoplastic bron-
chial lesions and are associated with cancer-relatedFHIT cDNA splic-
ing aberrations. Cancer Res.,57: 2256–2267, 1997.

21. Sozzi, G., Sard, L., De Gregorio, L., Marchetti, A., Musso, K.,
Buttitta, F., Tornielli, S., Pellegrini, S., Veronese, M. L., Manenti, G.,
Incarbone, M., Chella, A., Angeletti, C. A., Pastorino, U., Huebner, K.,
Bevilaqua, G., Pilotti, S., Croce, C. M., and Pierotti, M. A. Association
between cigarette smoking andFHIT gene alterations in lung cancer.
Cancer Res.,57: 2121–2123, 1997.

22. Pastorino, U., Andreola, S., Tagliabue, E., Pezzella, F., Incarbone,
M., Sozzi, G., Buyse, M., Menard, S., Pierotti, M. A., and Rilke, F.
Immunocytochemical markers in stage I lung cancer: relevance to
prognosis. J. Clin. Oncol.,15: 2858–2865, 1997.

23. Pezzella, F., Pastorino, U., Tagliabue, E., Andreola, S., Sozzi, G.,
Gasparini, G., Menard, S., Gatter, K. C., Harris, A. L., Fox, S., Buyse,
M., Pilotti, S., Pierotti, M. A., and Rilke, F. Non-small-cell lung carci-
noma tumor growth without morphological evidence of neo-angiogen-
esis. Am. J. Pathol.,151: 1417–1423, 1997.

24. Sozzi, G., Pastorino, U., Moiraghi, L., Tagliabue, E., Pezzella, F.,
Ghirelli, C., Tornielli, S., Sard, L., Huebner, K., Pierotti, M. A., Croce,
C. M., and Pilotti, S. Loss ofFHIT function in lung cancer and
preinvasive bronchial lesions. Cancer Res.,58: 5032–5037, 1998.

2692Microsatellite Changes in Plasma of Lung Cancer Patients


