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Summary Mutations in the K-ras gene are very common in lung tumours and are implicated in the development of lung cancer, but the timing
of their occurrence remains poorly understood. We investigated K-ras mutations in cell samples microdissected by laser capture microscopy
at multiple sites from lung tissue sections representing tumour tissue and matched histologically normal tissue obtained from 48 lung cancer
patients. K-ras mutations were detected in cell samples from 10 of 38 (26.3%) lung adenocarcinomas and in none of the histologically normal
or tumour cell samples taken from 10 lung squamous cell carcinomas. Of the K-ras mutation-positive adenocarcinomas, in 4 cases a mutation
was found in only the tumour tissue, in 1 case a mutation was found only in the histologically normal tissue, and in 5 cases mutations were
found in both the tumour tissue and histologically normal tissue. Among these 5 cases, 2 had identical mutations in both the tumour tissue and
histologically normal tissue, 2 had 1 mutation in the tumour tissue and 2 mutations in the histologically normal tissue, 1 of which was identical
to the mutation found in the tumour, and 1 case had 2 codon 12 mutations in tumour tissue and 2 mutations, in codons 9 and 11, in
histologically normal tissue. These results showed that K-ras mutations are frequent in histologically normal cells taken from outside lung
adenocarcinomas and suggest that some of these mutations may represent early events which could pave the way of lung carcinogenesis. ©
2001 Cancer Research Campaign http://www.bjcancer.com
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Lung cancer kills both men and women in the United States mor@acluding codons 12, 13 or 61, with codon 12 being mutated in
than any other type of cancers, causing an estimated 156 9@@re than 90% of Kas mutations identified in lung tumours
deaths in 2000 and accounting for 28% of all cancer deaths, i{Buzuki et al, 1990; Sugio et al, 1992; Rodenhuis and Slebos,
spite of improved therapy available and nationwide anti-smokind992; Husgafvel-Pursiainen et al, 1993; Rosell et al, 1996;
campaign (Cancer Facts and Figures — 2000, American Canckeohavong et al, 1996). These mutations induce structural
Society). Extensive studies have shown that the development changes within theas proteins leading to an ‘activated’ GTP-
lung cancer, like many other cancers, is a multistep process whidfound conformation.
takes several years and proceeds presumably through a series ofung cancer has been grouped into 4 major histologic types,
molecular events leading to an accumulation of genetic variatiomcluding adenocarcinoma, squamous cell carcinoma, large cell
including mutational, chromosomal and epigenetic changesarcinoma, and small cell lung carcinoma (SCLC). The first 3
(Harris, 1991; Sozzi et al, 1995; Stanley, 1995). In this paradigntypes are termed collectively non-small cell lung carcinoma
one major pathway to lung malignancy involves structural alter{NSCLC) and have different clinical features from SCLC (Minna
ations of cancer-related genes, including activation of dominangt al, 1989). Kras mutations occur in 15% to 50% of adenocarci-
oncogenes and inactivation of tumour suppressor genes (Barbacithma and large cell undifferentiated carcinoma of the lung.
1987; Bishop, 1991; Hollstein, 1991; Gazdar, 1994, Stanley, 1999 articularly, they have been more frequently found in tumours
The K+asoncogene has been frequently found in mutated fornfrom smokers (21-35%) than in those from nonsmokers (5-7%),
in lung tumours and cell lines; Kas mutations are often associ- suggesting their formation may be associated with tobacco smoke
ated with the development of lung cancer. This gene codes forexposure. They have also been found, but at a lower frequency, in
21-kd protein @as), which is related to the G proteins which bind other forms of pulmonary neoplasia, including squamous cell
guanine nucleotides with high affinity and are located at the innecarcinoma (Suzuki et al, 1990; Sugio et al, 1992; Rodenhuis and
surface of the cell membrane. These proteins have an importaBtebos 1992; Husgafvel-Pursiainen, 1993; Rosell et al, 1996;
role in the signal transduction pathway (Barbacid, 1987; BishopKeohavong et al, 1996, 1997a).
1991; Khosravi-Far and Der, 1994). Activation of tlhas genes Although K+as mutations have been frequently found in lung
occurs with specific point mutations at only a very few codongumours, the timing of their occurrence in the multistep process of
lung carcinogenesis remains poorly understood. Such studies usec
tissue specimens removed at biopsy or resection (Sugio et al,
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together, some of these studies suggest thaskautations occur  (PixCell Il LCM System, Arcturus Engineering, Mountain View,
relatively late in lung cancer development (Sugio et al, 1994CA). With the aid of this new technique, individual cells within
Yakubovskaya et al, 1995; Urban et al, 1996), while other studieareas of interest of a tissue section were isolated (Emmert-Buck
indicate that they could represent early events in this process (et al, 1996). Areas of tumour tissue and histologically normal
et al, 1994; Clements et al, 1995; Keohavong et al, 1997b; Urbaissue were prepared and microdissected separately to avoid
et al, 2000). any possible cross-contamination between tissues. Samples of
We have previously applied a sensitive method to analyse artD0-200 histologically normal cells or malignant cells were ‘laser-
compare Kras mutations in lung tumour and matched tumour- captured’ on separate ‘Caps’ built to fit a 0.5 ml microcentrifuge
adjacent histologically normal tissues (Keohavong et al, 1997)ube (Acturus Engineering, Mountain View, CA). Each cell sample
We have reported that histologically normal tissues taken fromvas considered to be 100% ‘homogeneously’ normal-appearing or
outside Kras-mutated lung tumours contained a low fraction of malignant, as determined by a careful microscopic visualization of
the mutational genotype identical to those found in the correthe cells captured on each Cap.
sponding tumour in 4 of 8 lung cancer patients. However, the fact
that such a study used tissue samples that each contained se\./%rﬁlA extraction and K-
hundreds cells, there were some concerns that the low fraction
mutations detected in the histologically normal tissues might havéhe captured cells were lysed by adding directly on each Cap 20
originated from a contamination with very few tumour cells orpl of lysis solution (40 mM Tris-HCI, pH 8.0, 1 mM EDTA, 0.5%
mutated DNA diffusing from necrotic tumour cells in surrounding Tween-20, and 0.fig pl~* proteinase K) (Sugio et al, 1994). The
tissues, although we took all precautions to avoid or at least minap was enclosed into a 0.5 ml microcentrifuge tube (in an upside-
mize such a possibility (Keohavong et al, 1997b). In this study, welown position) and incubated at room temperature for 48 hours
applied a laser capture microdissection technique to histopathologdth occasional gentle shaking. The resulting cell lysate was
ically review and precisely sample, under direct microscope visurecovered in the tube by a quick and gentle spinning in a micro-
alization, a few cells from various areas of paraffin-embeddedentrifuge then heated at ‘@5 for 5 minutes to inactivate the
lung tissue sections, including histologically normal tissue angroteinase K. Half (1) of each cell lysate was used as template
matched tumour tissue, obtained from 48 cases of lung cancésr a first round of PCR to amplify a 75-bp genomic fragment
patients. We analysed kas mutations in each cell sample using containing the 5Shalf of exon 1 of the Kas gene and adjacent
polymerase chain reaction and denaturing gradient gel eledlanking intron sequence. PCR was carried out in a finghl50
trophoresis. The results demonstrate thata&-mutations are reaction mixture containing 10 mM Tris-HCI, pH 8.3, 1.5 mM
present in histologically normal tissue surrounding lung tumour irMgCl,, 50 mM KCI, 100uM each dNTP, 0.5M each primer and
about 15.8% (6 of 38) of patients with lung adenocarcinoma. We.5 units of Gold AmpliTag DNA polymerase (Perkin Elmer, CT).
compared these results with those reported previously by us arfithe mixture was heated at°@for 9 minutes then subjected to 15
others and discussed them in relation to the role cimuta-  cycles (94C/1 minute, 53C/1 minute, 72C/1 minute), using the
tions in lung carcinogenesis and as potential surrogate biomarkepsimers Kl1-1 (sense)! 5TATTATAAGGCCTGCTGAAA-3 and
for lung cancer. PKB (antisense):'5 AGGCACTCTTGCCTACGGCA-3 For the
second round of PCR, |2 of the PCR products from the first
round were diluted into a final 28 reaction mixture containing
the same buffer composition as above except that|0.86[a-
32P]-dATP (3000 Ci/mmol, New England Nuclear, Boston, MA)
was added and primer Kl1-1 was replaced by primer PKGC: 5
Pulmonary lobectomy specimens were obtained from 48 patientSsCCGCCTGCAGCCCGCGCCCCCCGTGCCCCCGCCCCGe-
with lung cancer, including 38 adenocarcinoma and 10 squamoBGCCGGCCCGGCGCCTATAAGGCCTGCTGAAAATG:3
cell carcinoma. The demographic and clinical information isThe mixture was heated at°@for 9 minutes then subjected to 35
shown in Table 1. These specimens were formalin-fixed andCR cycles (94C/1 minute, 60C/1 minute, 72C/1 minute). The
paraffin- embedded and stored at the University of Pittsburghesulting PCR products were separated by gel electrophoresis and
Medical Center between 1990 and 1999. The diagnosis of lungutoradiographed. Band containing the expected-size 126-bp frag-
adenocarcinoma and squamous cell carcinoma was confirmemhent was excised from the gel. DNA was eluted from the gel slice
using established morphologic criteria. For DNA analysigm5 and analysed by DGGE (Bio-Rad, CA) under the conditions
histologic sections were prepared from multiple paraffin blocksdescribed previously (Keohavong et al, 1997b). Mutant alleles
representative of tumour and those representative of matchedere isolated from the denaturing gradient gel and further charac-
histologically normal lung tissues (located between 2.0 cm and 5.@rized by sequencing. This method allows us to clearly detect a K-
cm from the tumour edge). These normal tissues corresponded itas mutant allele present at a mutant fraction of 5% (1 mutant
either bronchial or bronchiolar pseudostratified columnar epitheallele among 20 wild-type alleles) (Keohavong et al, 1997b). This
lial tissues that matched tumours (adenocarcinoma or squamolevel of sensitivity should be sufficient to identifyrs mutations
cell carcinoma) of a bronchial origin, or alveolar walls thatin DNA samples from an equivalent 50-100 original cells. In the
matched tumors (adenocarcinoma or bronchoalveolar type) of arases where mutant alleles appeared ambiguous by using the
alveolar origin. All tissue sections were individually deparaf-above PCR+DGGE method, a more sensitive version of this
finized in xylene and then in ethanol, rinsed with water, and airmethod which has a detection limit of- 300 (one mutant allele
dried. All slides were stained with hematoxylin and eosin andn 1010 wild-type allele) was used. This method requires an
reviewed to confirm the presence of histologically normal tissueadditional step for mutant allele enrichment involving a prior treat-
and/or tumour. The microdissection was performed by a trainethent of the 126-bp amplified fragment with Ban | restriction
pathologist using a laser capture microdissection microscopenzyme which cleaves fragments with a non-mutateds¢¢odon

ras codon 12 mutation analysis

MATERIALS AND METHODS

Patients and tissue specimens
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12. The digestion-resistant fragment was gel-purified and analysezhptured cell sample was compared to the matched tissue sectior
by DGGE as described previously (Keohavong et al, 1997b). prior to and after microdissection to confirm the accuracy of target
selection (see Figure 1A-D). Using this approach, we prepared 38
cell samples from histologically normal tissue and 38 cell samples
from matched malignant tissue from paraffin-embedded lung
tissue sections selected from 38 patients with lung adenocarci-
noma. We also prepared cell samples from histologically normal
Figure 1 shows a representative example of a target-site samplitigsue, matched metaplasia and tumour tissue from paraffin-
from a case of lung adenocarcinoma. The use of a laser captueebedded tissue sections obtained from 10 patients with lung
microscopy allowed an accurate morphologic analysis and precisguamous cell carcinoma.

sampling of cells from areas of interest in paraffin-embedded

tissue sections. Histologically normal cells were individually
resected by laser capture from the tissue area located between 2
and 5 cm from the edge of the tumour area. Between 100 and 20olecular analysis of the above cell samples using the
cells were captured on each Cap after a careful histologic examPCR+DGGE method yielded 10 lung cancer cases showiras K-
nation and determination of their benign morphology. All cellsmutant alleles in tumour cells and/or paired histologically normal
appeared homogeneously normal-looking and there were neells, all of which corresponded to lung adenocarcinoma (26.3% or
tumour cells present. Paraffin-embedded tissue blocks represented of 38 cases). Figure 2 shows an example of DGGE separation
tive of tumour tissue were topographically sampled in a similaiof K-ras mutant alleles from the wild-type allele for 6 of the 10
manner. The cells captured from the tumour tissue also aK-ras mutant-positive cases. The mutant alleles were isolated
appeared malignant histologically. After microdissection, eacHrom the gel and the nature of the mutations was determined by

RESULTS

Lung tissue sampling and microdissection

Mutation analysis
cm

Figure 1  An example of tissue site sampling from a formalin-fixed and paraffin-embedded tissue section from one case of lung adenocarcinoma (see patient 4
in Table 1) by using a laser capture microdissection microscope (magnification x 100). The figure shows a tissue section obtained from a block representative of
a histologically normal lung tissue pre- (A) and post- (B) topographic microdissection of normal-appearing cells from an area of interest of the tissue section.
The cells were ‘captured’ on a Cap (C) and reviewed further for cell population homogeneity and then treated with proteinase K. (D) shows the same cell
sample after treatment with proteinase K, with the cellular content being totally lysed. Under the lysis conditions shown in Materials and Methods, between 95%
and 100% of the captured cells were completely lysed
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PatientNo. = 1 2

Figure 2 DGGE analysis of K-ras mutations, K-ras gene exon 1 is amplified
from cellular DNA isolated from each cell sample microdissected from
histologically normal (N) and tumour (T) areas of a selected lung tissue
section as shown in Figure 1. The amplified DNA is analysed by DGGE to
separate any K-ras mutant allele that may be present in each cell sample
from the wild type allele. The figure shows sequence patterns of K-ras mutant
alleles for 6 of 10 lung adenocarcinoma that were found to be positive for K-
ras mutation in the tumour tissue and/or the histologically normal tissue. The
wild-type allele was present in excess over mutant allele(s) in each DNA
sample, except for the tumour DNA sample in patient 5, and was detected as
a homoduplex fragment (wt). The presence of a mutant allele was detected
as 3 additional fragments, including a mutant homoduplex and the 2
respective mutant/wild-type heteroduplexes that separated from the wild-type
fragment in lower denaturant concentrations from the bottom to the top of the
gel, respectively. In patient 1, the histologically normal DNA sample showed
4 mutant/wild-type heteroduplexes that corresponded to the presence of 2
different mutant alleles (see patient 1 in Table 1). Lanes C show the
sequence patterns of negative control DNA samples corresponding to a
known K-ras mutation-negative benign lung tissue (C1) and infant normal
intestine tissue (C2). The histologically normal tissue sample (N) in patient 6
contained several faint heteroduplex bands. Further experiments showed that
only the 2 heteroduplexes identical to those appearing in the matched tumour
sample (T) were repeatedly detected. Therefore, the presence of the other
heteroduplexes in the histologically normal tissue sample (N) was
presumably due to experimental variation

the other allele of the Kasgene has not been reported previously.

It may be that the deletion of the wild-type allele occurred as a
secondary event that accumulated during the progression of cells
with already a Kras mutated gene in one allele into tumour.
Patients 2, 4 and 6 each harboured a genotypically identical muta-
tion in both the tumour tissue and the paired histologically normal
tissue, corresponding to a GGT to TTT, a GGT to GTT, and GGT
to TGT, respectively. Patient 1 showed 4 mutant/wild-type
heteroduplexes in the histologically normal tissue (N), which were
found to correspond to 2 different mutations, a GTT to ATT in
codon 9, and a GCT to ACT in codon 11, of theas-gene. This
patient also showed two mutant/wild-type heteroduplexes in the
matched tumour tissue (T), which corresponded to a GGT to GAT
mutation in codon 12 of the Kasgene.

Multiple site analysis of K- ras mutations

In order to investigate in more detail the topographic distribution
of mutations in each lung tumour tissue and histologically normal
tissue, all 10 Kras mutation-positive adenocarcinomas as well as

3 K-ras mutation-negative adenocarcinomas were re-examined
further for Kras mutations. Toward this end, between 3 and 5
additional successive tissue sections were prepared from original
tissue blocks representing tumour-surrounding histologically
normal tissue as well as those representing tumour tissue for each
cancer case. Table 1 summarizes the final results raSkauta-

tions identified at multiple sites in both the histologically normal
tissue and the matched tumour tissue for the 10 casesras K-
mutation-positive lung adenocarcinomas. The cell samples
obtained from the tumour tissue and histologically normal tissue
for the 3 selected Kas mutation-negative patients were all found

to be negative for Kas mutations (data not shown), confirming
the results of the first experiment. 4 of the 1Qa$-mutation-
positive cases (Patients 3, 5, 7 and 8) contained each a mutation
(a GGT to TGT) in only the tumour tissue. This mutation was
present in all malignant cell samples taken from 3 different areas
of the tumour tissue from each of these patients. Patients 2 and 6

sequencing. No mutants were identified in any of the cell samplesach contained a genotypically identical mutation (a GGT to TTT
corresponding to tumour tissue or paired histologically normabnd GGT to TGT, respectively) in both the tumour tissue and
tissue obtained from the 10 cases of squamous cell carcinonmatched histologically normal tissue. These mutations were
(data not shown). These results are in line with previous studigzresent in all cell samples taken from 3 different tissue blocks
showing that Kras mutations were frequently identified in lung representative of the normal-appearing tissue and those represen-
adenocarcinoma but were rarely so in lung squamous cell cardiative of the matched tumour tissue obtained from these patients,
noma (Rodenhuis and Slebos, 1992; Husgafvel-Pursiainen et ah agreement with the results of the first experiment shown in
1993; Keohavong et al, 1996). As shown in Figure 2, the 2 contrd¥igure 2 for these patients. Likewise, multiple site analysis helped
samples of known normal tissues (C1 and C2) revealed only theonfirm that Patient 4 contained a genotypically identical muta-
K-ras codon 12 wild-type homoduplex (wt). Compared with thetion, a GGT to GTT, in both the tumour tissue and histologically
controls, patients 3 and 5 showed each a mutant pattern in tmermal tissue. In addition, as shown in Figure 3, a second muta-
tumour tissue but not in the paired histologically normal tissuetion, a GGT to AGT, was detected in the histologically normal
These patients harboured each a GGT to TGT mutation in thefissue. However, while the GGT to GTT mutation was found in all

lung tumour tissue. In addition, in patient 5, the wild-type alleletissue blocks representative of the histologically tissue (see lanes
appeared only as a small fraction of the mutant allele in thifN1, N2 and N3 and n1 n2, and n3), as well as those representative
tumour sample (T). This observation may indicate that somef the tumour tissue (see T1, T2 and T3), the GGT to AGT muta-
tumour cell in this sample may have lost 1 allele ofakgene  tion was found in only cell samples taken from one specific area of
while containing a mutation in the remaining allele. This loss ofthe histologically normal tissue (see lanes N1 and nl). This tissue
the wild-type allele appeared to occur at a specific area of tharea was defined at the margin of resection located 5 cm from the
tumour tissue because further analysis of tumour cells taken froedge of the tumour. In the remaining 3 patients (Patients 1, 9 and
2 separate sites of tumour tissue from this patient showed not only0; Table 1), the mutations were identified at a low fraction as
the TGT mutation but also the wild-type allele at a fraction higheshown by the fact they were identified only in 1 or 2 of the total 6
than the TGT mutant allele in both samples (data not showngell samples taken from the histologically normal tissue and/or the
Nevertheless, the presence of a loss of 1 allele and a mutationtimmour tissue and by only using a more sensitive version of the
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Table 1 Summary of K-ras mutations in lung tissue sections from 10 cases of lung adenocarcinoma?

Mutations
Patient no. Gender Age Normal tissue Tumour tissue Amino acid change
1 M 62 cod.9 (GTT to ATT) Val to lle
cod.11 (GCT to ACT) Ala to Thr
GAT Asp
AGT Ser
2 F 48 TTT TTT Phe
3 M 66 none TGT Cys
M 53 GTT GTT Val
AGT Ser
5 M 60 none TGT Cys
6 M 74 TGT TGT Cys
7 M 53 none TGT Cys
8 M 72 none TGT Cys
9 M 66 GAT Asp
AGT AGT Ser
10 F 72 AGT none Ser

agxcept for the 2 mutations found in histologically normal tissues in patient 1, all mutations shown involved codon 12
of the K-ras gene.

PCR + DGGE method (see Materials and Methods). Patient dormal tissue. In Patient 9, 2 mutations (a GGT to GAT and GGT
contained 2 mutations in codon 12 (a GGT to GAT and GGT tdo AGT) were found in histologically normal tissue and 1 mutation
AGT) in tumour tissue and 2 mutations, 1 in codon 9 (a GTT tda GGT to AGT) was found in tumour tissue. In Patient 10, 1 mutation
ATT) and 1 in codon 11 (a GCT to ACT), in histologically normal (a GGT to AGT) was found in 2 of 6 samples taken from the histo-
tissue. These mutations were identified each in only 1 or 2 of the®gically normal tissue and in none of 6 malignant cell samples.
samples taken from either the tumour tissue or the histologically

DISCUSSION

Pafent4 C1 C2 Ti Tz Ts Ni Nz Na — m nz na cicz Although K+as mutations have been frequently found in lung
= 3 ; tumours and tumour cell lines and implicated in the development
of lung cancer, the timing of these mutations in lung carcinogen-
esis remains poorly understood. There have been several bul
conflicting reports on whether or notiés mutations are present
in non-neoplastic or normal-appearing lung tissues, which, in the
affirmative, would indicate that they occur early during lung
cancer development and can provide an early lung cancer detec:
tion marker.

We applied a laser capture microdissection microscope to
morphologically review and sample cells at multiple sites from
both lung tumour tissue and histologically normal tissue adjacent
to as well as those distant from the tumour. Our results, based on
independent experiments using successive lung tissue section:s
from multiple tissue blocks, demonstrated thatalk-mutations
were present in histologically normal tissue in 6 of 10 (60% -
mutation-positive lung adenocarcinomas, or 6 of all 38 (15.8%)

Figure 3 An example of DGGE analysis of K-ras mutations at multiple sites

of lung tissue sections for patient 4 shown in Table 1. The figure shows the lung adenocarcinomas examined. Thereforeta¥-mutations

GGT to GTT mutant sequence pattern in cells sampled at 3 regions of the ; ; B ; i

tumour tissue (T1, T2, T3) and 3 regions of the histologically normal tissue are rela’gvely fr_equent ,m hls,mlOglcally normal, lung tissue

(N1, N2, N3) corresponding to patient 4. The histologically normal cells were surrounding malignant tissue in lung adenocarcinomas. These

iampleglat 5d622(N1 and I\LZ)D?\IT 2_chm (N3) from éhi edge of the tumour. mutations can be grouped into high fraction mutations and low
anes C1 an containe with non-mutated K-ras gene N . ) . . .

corresponding to benign lung tissue and infant intestinal tissue, respectively. fraction mUtatlons n tumour and/or hIStOIOQICa"y normal tISSU_e.

Shown in lanes n1, n2, n3, and c1 and c2, are the same DNA from N1, N2, Low fraction Kyas mutations have been previously reported in

N3, and C1 and C2, that had been first subjected to Banl restriction enzyme Iung tumour DNA by us and others (MiIIS et al, 1995; Keohavong

digestion to eliminate any non-K-ras codon 12 mutant allele, including the . ip . .
wild-type allele (wt), and thereby to enrich for K-ras codon 12 mutant alleles, et al, 1997a). They were frequently identified in tumour tissue

then analysed by DGGE (Keohavong et al, 1997). The positions of the mutant as well as in histologically normal tissue and metastasis

homoduplexes (second fragment from wt) and the 2 respective mutant/wild- _
type heteroduplexes (third and fourth fragments from wt) were indicated by (_YakuF)OVSk{_iya etal, 1995)' Our present StUdy _Showed that muta
arrows for the GGT to GTT mutation in lanes T1-T3, and by arrowheads for tions in patients 1, 9 and 10 were detected in only some cell
the GGT to AGT mutation in lanes N1-N3 and n1. After mutant allele- samples taken from malignant tissue and/or matched histologically

enrichment by Banl digestion, the GGT to AGT mutant pattern in lane N1 . . L
appeared more clearly visible in lane n1. As expected, control DNA shown in normal tissue, suggesting that they were not initiating or early events

lanes c1 and c2 did not contain any K-ras codon 12 mutant allele in lung carcinogenesis but rather secondary events accumulating i
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subclones during tumour progression or as a result of continuedutations are relatively late events in the pathogenesis of lung
exposure to tobacco smoke (Mills et al, 1995; Yakubovskaya et at:ancer. Likewise, Urban et al (1996) did not detect amax-
1995; Keohavong et al, 1997a). The GTT to ATT mutation (codormmutation in non-neoplastic peripheral bronchial or parenchymal
9) and GCT to ACT mutation (codon 11) found in patient 1 hadissues associated with lung tumours. Finally, Yakubovskaya et al
not been reported previously and their biological significance in(1995) detected Kas mutations in 60% of normal-appearing lung
lung carcinogenesis is not known. Among the lung adenocarctissue samples, 63% of tissue samples from tumour tissue, and
nomas with high fraction mutations, 2 observations can be mad&80% of samples of metastasis obtained from patients with non-
First, these mutations can be found in only the tumour tissue argmall cell lung cancer. However, the fact these mutations were
not in the matched histologically normal tissue (Patients 3, 5, Ppresent at a low fraction suggests that they did not contribute to the
and 8). The fact that they were detected at multiple sites in lundevelopment of lung cancer. On the other hand, the results of these
tumour tissue suggests that they may represent events occurrisidies are not in agreement with other published studies. For
early in small precursor lesions before tumour progressioninstance, Kras mutations were identified in atypical alveolar
Secondly, some Kas mutations are found not only in the tumour hyperplasia (AAH), a potential precursor from which lung adeno-
tissue but also, at a mutant fraction generally lower than thatarcinoma arises (Westra et al, 1996). In another study, Clements
detected in the tumour tissue, in histologically normal tissues adjat al (1995) analysed bronchoscopy specimens obtained from lung
cent to as well as those distant from the tumour (Patients 2, 4 awdncer patients and showed thatas-mutations were found in
6). These results confirmed our previous study showing that gendoth malignant and nonmalignant tissues in 22.7% (5 of 22) of
typically identical Kras mutations were detected in both the the patients and in only nonmalignant tissue in 9.1% (2 of 22) of the
tumour tissue and, at a lower mutant fraction, in tumour-adjacergatients. Finally, a recent study by Urban et al (2000) showed that
normal-appearing tissue in 4 of 8 cases of lung adenocarcinont&ras mutations were detected in both lung tumour and bronchial
(Keohavong et al, 1997). These mutations may represent earbarina tissue in 21% (4 of 19) of the patients, while being present
events, perhaps initiating events, in the development of thesanly in the bronchial carina but not in the tumour in 11% (2 of 19)
tumours. Furthermore, Patient 4 provides an intriguing examplef the patients. These latter studies and our present study showed
since only 1 mutation, a GGT to GTT, is present in the tumouthat K+as mutations can be frequently found in non-neoplastic
tissue, but 2 mutations, a GGT to GTT and GGT to AGT, ardung tissues, including histologically normal tissues.
present in the matched histologically normal tissue. In addition, Questions remain about the usefulness oa&mutations as an
while the GTT mutation was detected in all samples taken from @arly detection markers for lung cancer. Mutation in thea&-
different sites of the histologically normal tissue, the GGT to AGTgene is a well-established example of the association between
mutation was detected in only cell samples taken from a defineenvironmental exposure (chiefly tobacco smoke) and human lung
area of the normal-appearing tissue distant from the tumour. Thisancer, since mutations in thers gene are found almost exclu-
observation is compatible with the existence of 2 overlappingively in lung tumours from smokers, while being rare in lung
fields with each a different mutatedriés gene, and the field with  tumours from non-smokers (Rodenhius and Slebos, 1992; Sugio
the GTT mutation may contribute to the development of thiset al, 1992; Suzuki et al, 1990; Husgafvel-Pursianen et al, 1993;
tumour (Slaughter et al, 1953; Strong et al, 1984). It is, howeveKeohavong et al, 1996; Rosell et al, 1996). In theory, these muta-
unclear why a field with a specific mutation would have a highettions should be useful markers of exposure to carcinogens in
ability to develop into a tumour than one with another mutatiortobacco smoke, and their detection in high-risk individuals
type. Some studies suggested that the substitution of the wild-typeithout cancer would be an indication of damaged airway epithe-
codon 12 amino acid (glycine) with certain amino acids, includindium. The presence of these mutations in airways of ex-smokers
valine and arginine, in the Hs gene may give rise to gene prod- might also be an indication of persistence of genetic damage in
ucts with a more potent transforming ability than the wild-type orcondemned epithelium’. The technique of laser capture microdis-
other amino acids (Seeburgh et al, 1984; Der et al, 1986). It wikection as described here could be applied to mucosal biopsies
require an expanded study involving a larger number of lungaken by either white light or fluorescent bronchoscopy to deter-
cancer patients to determine whether our explanation for thmine if K-ras mutations are present in preneoplastic or histologi-
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