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Stage I non-small cell carcinoma (NSCLC) of the
lung is typically treated with surgery alone, but with
a 30 to 40% recurrence rate. Prognostic factors to
stratify these patients into high- and low-risk
groups would be of significant clinical value, but
published data are conflicting. We studied 39 Stage
I NSCLC treated with resection alone, followed for a
minimum of 5 years, and divided into recurrent
(RC) and non-recurrent (NRC) groups (n = 12 and
27, respectively). Allelic imbalance (loss of heterozy-
gosity, LOH) involving genomic regions containing
L-myc (1p32), hOGG1 (3p26), APC/MCC (5q21),
c-fms (5q33.3), p53 (17p13), and DCC (18q21), and
point mutational change in K-ras-2 (12p12) were
studied by PCR-based microsatellite analysis and
DNA sequencing. Mutations in k-ras-2 were seen in
25% and 19% of RC and NRC tumors, respectively,
most frequently in adenocarcinomas. LOH in the
RC and NRC respectively were 50% and 37% for
L-myc, 60% and 33% for hOGG1, 60% and 50% for
APC, 38% and 35% for c-fms, 78% and 75% for p53,
and 17% and 45% for DCC. No statistical signifi-
cance was seen comparing any of the allelic alter-
ations with recurrence. LOH for hOGG1 and L-myc
were more commonly seen in squamous cell carci-
nomas. Stage I NSCLC are genetically heteroge-
neous with respect to mutation acquisition. The ap-
proach of investigating a panel of genes for
alterations can be applied to any given tumor type,
and provides information on patterns of mutations/
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LOH that can help us better understand the molec-
ular biology of tumorigenesis.
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lung carcinoma, Prognosis.
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Carcinoma of the lung is the second most frequent
malignancy in men and women and the most fre-
quent cause of cancer-related death in both sexes
(31% and 25%, respectively) (1). Therapeutic inter-
vention is based on a number of factors including
the predicted outcome of the patient. The medical
literature thus abounds with factors that affect
prognosis, and one of the most important is stage of
disease (2).

Stage I lung cancer includes the TNM-based
TINOMO and T2NOMO tumors (3) and is typically
treated with surgical resection alone. However, ap-
proximately 50% of clinical Stage I and 30-40% of
pathologic Stage I patients have disease recurrence
and die after surgical resection (4, 5). These data
suggest that a significant number of patients may
benefit from adjuvant therapy at the time of diag-
nosis. Several studies have therefore focused atten-
tion on patients with Stage I disease in an attempt
to identify prognostic factors that will stratify these
patients into high- and low-risk groups for recur-
rence, with variable results. The various clinical and
pathological factors identified include patient per-
formance status, tumor size, histological subtype,
mitotic rate, proliferative index, tumor angiogene-
sis, DNA ploidy studies, and blood group expres-
sion (4, 6-38).

Overexpression of p53 and c-erb by immunohis-
tochemistry has been determined to be an indicator
of poorer outcome (7). The issue of prognosis has
also been addressed using molecular techniques
aimed at identifying mutations, loss of heterozygos-
ity (LOH), microsatellite instability, or gain of func-



tion in various genes, again with conflicting results
(9-19).

We examined the paraffin-embedded tissue of 39
pathologic Stage I non-small cell lung cancers
(NSCLQC), all followed for a minimum of 5 years,
divided into recurrent (RC) and nonrecurrent
(NRC) groups. A PCR-based technique was used to
identify mutations in k-ras-2 and LOH using eight
intragenic sites in six genes, namely 1p32 (L-myc),
3p26 (hOGGI), 5921 (MCC/APC), 5q33.3 (c-fms),
17p13 (p53), and 1821 (DCC). We employed this
panel approach to construct a typical molecular
profile for Stage I NSCLC by identifying genes that
are frequently affected in this disease. We then
compared this profile with the histopathologic fea-
tures of the tumors and analyzed the prognostic
significance of our findings.

MATERIALS AND METHODS

The medical records archival system at the Uni-
versity of Pittsburgh Medical Center was searched
for cases of completely resected NSCLC staged as
pathologic Stage 1. The clinical and histopathologic
features of all cases were reviewed with respect to
tumor size, histologic type (squamous cell carci-
noma, large cell carcinoma, and adenocarcinoma),
and presence or absence of pleural and angiolym-
phatic invasion. The pathologic stage of each tumor
was determined as IA or IB according to the criteria
of the American Joint Committee on Cancer (20).
The patients were divided into RC and NRC groups
based on a minimum of 5 years of clinical, radio-
logic, and when necessary, pathologic follow-up.

Four-micrometer-thick recut unstained histo-
logic sections were microdissected under stereo-
scopic observation with the approval of the Univer-
sity of Pittsburgh Institutional Review Board. In
each case a corresponding microdissected sample
of normal lung was taken to be no larger in size
than that of the corresponding tumor sample. Nor-
mal tissue samples were taken to establish informa-
tiveness status for intragenic microsatellites and/or
single-nucleotide polymorphisms (SNP). Genotyp-
ing of microdissected normal tissue was also used
to control for allelic imbalance in that all normal
tissue samples at informative loci were expected to
show balanced allelic content.

Microdissected tissue samples were treated with
50 uL of Proteinase K (10 mg/mL) for 2 hours and
boiled for 5 minutes to remove enzyme activity.
Aliquots of each microdissected sample were PCR
amplified in individual reactions for each polymor-
phic site using genomic-based oligonucleotide
primers. In the case of microsatellite analysis, loss
of heterozygosity (LOH) determination used elec-
trophoresis in 6% polyacrylamide of PCR products

labeled by radionucleotide incorporation (d-ATP).
For SNP analysis of LOH, dideoxy chain termina-
tion sequencing was carried out according to man-
ufacturer’s instructions (Sequenase, United States
Biochemical Corp, Cleveland, OH), and the inten-
sity relationship of the polymorphic band was used
to determine allelic balance. Genotyping results
were read from overnight exposed polyacrylamide
gels.

The fractional allelic loss (FAL) in each tumor was
defined as the total number of chromosomal loci
with LOH divided by total number of informative
loci examined (21).

The data were analyzed for statistical significance
with SPSS 10.0.0 (Chicago, IL). The RC and the NRC
were compared with one another using the y* test
along with the Fisher’s exact test. The continuous
numeric data were evaluated using the ¢ test for
independent samples.

RESULTS

Thirty-nine patients were identified and divided
into recurrent (n = 12) and nonrecurrent (n = 27)
groups with mean ages of 68.8 and 64.8 years, and
mean tumor sizes of 3.5 and 3.2 cm, respectively
(Table 1). The male-to-female ratios were 7:5 and
17:10 in the respective groups. Histopathologic fea-
tures of the NRC and RC Stage I NSCLC, with asso-
ciated FAL, are summarized in Table 1. Of the 27
NRC tumors, 7 were squamous cell carcinoma, 18
were adenocarcinomas, and 2 were large cell undif-
ferentiated carcinoma. Pleural invasion was present
in 2 cases, and angiolymphatic invasion was seen in

TABLE 1. Clinical and Histopathologic Features with
Associated Fractional Allelic Loss (FAL) in Nonrecurrent
(NRC) and Recurrent (RC) Stage | NSCLC

Parameter NRC RC
(n=27) (n=12)

Age (y)

Mean 64.8 68.8
Gender, % (n)

Male 63 (17) 58 (7)

Female 37 (10) 42 (5)
Stage, % (FAL)

1A 67 (0.43) 33 (0.61)

1B 33 (0.52) 67 (0.48)
Histologic type, % (FAL)

SCC 26 (0.56) 42 (0.67)

ADC 67 (0.39) 50 (0.36)

LC 7 (0.59) 8 (0.75)
Pleural invasion, % (FAL)

Present 7 (0.50) 25 (0.50)

Absent 93 (0.46) 75 (0.58)
Angiolymphatic invasion,

% (FAL)
Present 11 (0.58) 33 (0.41)
Absent 89 (0.44) 67 (0.57)

NRC, nonrecurrent; RC, recurrent; SCC, squamous cell carcinoma;
ADC, adenocarcinoma; LC, large cell undifferentiated carcinoma; FAL,
fractional allelic loss.
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3 cases. Of 12 RC tumors, 5 were squamous cell
carcinomas, 6 were adenocarcinoma, and 1 was a
large cell undifferentiated carcinoma. Angiolym-
phatic invasion was present in 4 cases, and pleural
invasion was seen in 3 cases. There was no signifi-
cant difference between recurrent and nonrecur-
rent groups when analyzed against each of the his-
topathologic features studied, with only stage of
disease approaching statistical significance (P =
.053; x* test). There was no statistically significant
difference in FAL between RC and NRC in respect
to histologic type or pleural or angiolymphatic in-
vasion (Table 1).

The frequencies of LOH in NRC and RC at indi-
vidual chromosomal loci and noninformative rates
in the different histologic tumor types and Stages
1A and 1B are shown in Tables 2 and 3. The infor-
mativeness of the various markers varied from 36%

TABLE 2. Frequencies of LOH (%) at Individual
Chromosomal Loci and K-Ras-2 Mutation in the Different
Histologic Tumor Types in the Nonrecurrent (NRC) and
Recurrent (RC) Stage | NSCLS

Chromosomal

TABLE 3. Frequencies of LOH (%) at Individual

Chromosomal Loci and K-Ras-2 Mutation in the
Recurrent (RC) and Nonrecurrent (NRC) Stage | NSCLC

Chromosomal Stage NRC RC
Locus/Gene Marker (n=27) (n=12)
1p32/L-myc 33 50
1A (NI =0) (NI = 0)
44 50
1B (NI =0) (NI = 0)
3p26/hOGG1 50 100
1A (NI = 78) (NI = 75)
20 50
1B (NI = 44) (NI = 50)
5q21/MCC/APC 33 100
Al (NI = 50) (NI = 75)
80 50
1B (NI = 44) (NI = 50)
5q33.3/c-fms 33 67
1A (NI =17) (NI = 75)
40 20
1B (NI = 44) (NI = 63)
17p13/p53 69 100
1A (NI = 28) (NI = 50)
71 71
1B (NI = 22) (NI = 13)
18g21/DCC 50 0
1A (NI = 67) (NI = 50)
40 25
1B (NI = 44) (NI = 50)
12p12/K-ras-2 1A 22 0
1B 11 38

NI, noninformative.

Locus/Gene Histologic NRC RC
Marker Type (N = 27) (N =12)
1p32/L-myc SCC 57 60
(NI =0) (NI =0)
ADC 28 17
(NI =0) (NI =0)
LC 50 100
(NI =0) (NI =0)
3p26/h0GG1 SCC 100 100
(NI = 86) (NI = 80)
ADC 40 50
(NI = 72) (NI = 33)
LC NA NA
(NI = 100)
5g21/MCC/ SCC 67 100
APC (NI = 57) (NI = 60)
ADC 40 0
(NI = 44) (NI = 67)
LC 100 100
(NI = 50) (NI =0)
5q33.3/c-fms SCC 33 33
(NI = 14) (NI = 40)
ADC 31 50
(NI = 28) (NI = 33)
LC 0 0
(NI = 50) (NI =0)
17p13/p53 SCC 83 76
(NI = 14) (NI = 20)
ADC 75 75
(NI = 33) (NI = 33)
LC 100 100
(NI = 50) (NI =0)
18q21/DCC SCC 67 50
(NI = 57) (NI = 60)
ADC 17 24
(NI = 67) (NI = 33)
LC 100 NA
(NI =0)
12p12/K-ras-2 SCC 0 20
ADC 28 33
LC 0 0

SCC, squamous cell carcinoma; ADC, adenocarcinoma; LC, large cell
undifferentiated carcinoma; NI, noninformative.
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(hOGG1) to 100% (L-myc). There was no statistical
difference in the LOH profile between NRC and RC
based on tumor histologic type. p53 was the most
frequently affected gene in NRC (79%) and RC
(78%) and in all histologic types (Fig. 1).

Even though squamous cell carcinoma and large
cell undifferentiated carcinomas, but not adenocar-
cinomas, of NRC and RC groups showed tendency
of frequent allelic losses in the region of APC/MCC
gene located on the chromosome 5g21, a very high
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FIGURE 1. Detection of LOH at 17p13 using a microsatellite in intron
1 of the p53 gene. Normal (N) and corresponding tumors (T) are
shown. LOH indicated by arrowhead in Lane Pairs 1 and 2; 7 and 8;
and 9 and 10. Lanes 3 and 4 and 5 and 6 show noninformative
patients.



noninformative rate precluded definitive conclu-
sions. Additional studies are needed to further elu-
cidate the potential significance of this locus in the
tumorigenesis of Stage I NSCLC and its potential
prognostic value.

LOH in the DCC gene was more prevalent in the
NRC group (45%) compared with the RC (17%),
though this was not statistically significant (P = .23,
X test). Similar to APC, the gene also showed LOH
in both informative LC carcinomas. The degree of
informativeness was lowest for hOGG1 (36%), mak-
ing interpretation of results less reliable. There was,
however, LOH in both (100%) of the informative
squamous cell carcinomas as compared with 4 of 10
(40%) adenocarcinomas and 0 of 2 (0%) LC carci-
nomas (Fig. 2).

L-myc showed LOH in 37% and 42% of NRC and
RC, tumors respectively. It was more common in
squamous cell carcinoma (57% and 60%) and LC
carcinoma (50% and 100%) than in adenocarci-
noma (28% and 17%). However, this was not statis-
tically significant.

K-ras-2 mutations were all present in exon 1,
codon 12 slightly more frequently in the RC (25%)
than in NRC (19%) tumors; however, that difference
was not statistically significant. Of RC tumors, 2
were adenocarcinoma, and 1 was squamous cell
carcinoma showing a glycine to cysteine (GGT to
TGT) mutation. All 5 cases of NRC tumors with
K-ras mutation were adenocarcinoma. Three cases
showed a glycine to cysteine (GGT to TGT); one
case, a glycine to alanine (GGT to GCT); and one
case, a glycine to serine (GGT to AGT) mutation.

In summary, our study did not demonstrate a
significant difference between the RC and NRC

FIGURE 2. Detection of LOH using a single nucleotide polymorphism
in exon 7 of the hOGG1 gene (3p26). Tumors (T) and normal (N)
control tissue are shown. Lane 1, noninformative patient; Lanes 2 and
3, informative patient with LOH (arrowhead); Lane 4, informative
patient with no LOH (not shown); Lanes 5 and 6, LOH; Lanes 7 and 8,
no LOH.

Stage I NSCLC in respect to their histologic features,
analyzed chromosomal loci, or fractional allelic
loss.

DISCUSSION

Stage I NSCLC has a 5-year survival rate of 60—
70% when treated with surgical resection alone.
Prognostic factors to stratify Stage I patients into
favorable and poor prognostic groups can poten-
tially identify a group of patients that may be
treated with surgery only, while improving survival
with adjuvant therapy for patients with higher risk
of recurrence.

We sought to address this issue by looking for
alterations in a panel of genes aimed at recurrent
and nonrecurrent Stage I NSCLC patients. We
found that tumors in both the RC and NRC groups
showed a degree and pattern of mutational change
and LOH essentially similar to each other as high-
lighted by the FAL, calculated to be 0.52 and 0.46 in
the two groups, respectively.

Specifically examining the various histopatho-
logic features such as histologic type and pleural
and angiolymphatic invasion, we found not a single
feature that would distinguish the RC from NRC
group. Similarly, none of the analyzed chromo-
somal loci could differentiate between RC and NRC.
The lack of prognostic significance in this study
may be due to the relatively small number of cases
studied, but many other, often larger series also
showed similar results (12, 23-26). However the
approach of a single gene being of prognostic sig-
nificance is probably too simplistic, and the inter-
play of different mutations at critical sites in
known, and as yet undiscovered genes is likely to be
more significant. We believe that using a panel ap-
proach will show a pattern of mutational change
relatively specific to tumors of different sites and
types that will be of value in better understanding
of their pathways to carcinogenesis. It is with this
concept in mind that we investigated for LOH/
mutations using a combination of well and not-so-
well studied genes in Stage I NSCLC. This panel can
be expanded comprehensively to include other
genes.

The use of intragenic microsatellites (MS) and
single nucleotide polymorphisms (SNP) in all cases
provided the advantage of examining the specific
genes themselves, and not flanking regions of the
chromosomes. Although LOH in any given gene
does not provide direct evidence that it is critical to
carcinogenesis in any given tumor type, it can still
be useful as a marker for that chromosomal site,
possibly for a nearby significant, hitherto unrecog-
nized gene.

Turning our attention to the specific genes stud-
ied, p53 was the most commonly altered gene in
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both RC and NRC group, and indeed it is consid-
ered to be the most frequently mutated gene in
human cancer overall (27). It functions as a critical
gatekeeper by causing cell cycle arrest late in the G1
phase. This allows for repair of damaged DNA; or
alternatively if repair mechanisms fail, p53 induces
apoptosis (27). Mutation in one allele (assumed),
and deletion in the other (seen as LOH), would thus
result in the failure of an important mechanism to
prevent proliferation of abnormal cells. Mutations
in p53 are thought to occur early in the develop-
ment of lung cancer and have been found in squa-
mous dysplasia and atypical adenomatous hyper-
plasia associated with NSCLC (28, 29). Point
mutations and LOH are also present in 40 to 80% of
invasive NSCLC (11, 12, 30, 31) and are found to be
more frequent in tumors of squamous histology in
one study (11), but with no relationship to his-
topathologic features in others (12). The relation-
ship between p53 abnormalities and patient’s prog-
nosis is still controversial. Studies have found a
statistically significant association between p53
mutations/LOH and poor prognosis in patients
with Stage I NSCLC (12, 31), whereas others (11)
have found p53 to be a prognostic factor in ad-
vanced (Stage III/IV) disease but not in earlier
stages. Our study confirmed the previously pub-
lished data (32), which showed that p53 cannot be
used as a marker that would predict a high-risk for
distant relapse in resected Stage I NSCLC. Our
study shows LOH for p53 to be widespread in Stage
I RC and NRC tumors, supporting the theory that
p53 alterations may be an early event and alone
may not be sufficient for carcinogenesis but create
genetic instability and pave the way for other criti-
cal mutations to develop (11, 12, 33).

The second most frequently altered gene/chro-
mosomal locus in RC and NRC in our study was an
L-myc situated on chromosome 1p32. The L-myc
oncogene has been reported in 27-38% of NSCLC
and has been significantly associated with ad-
vanced disease and nodal metastases, though not
with overall survival (34, 35). We were able to obtain
a 100% informative rate for the L-myc gene using
two intragenic markers—one MS and one SNP—
with 41% LOH, but there was no statistically signif-
icant difference between RC and NRC. The frequent
deletion of this site in these Stage I cancers suggests
that it contains a significant tumor suppressor
gene, involved not only in the progression of dis-
ease in advanced tumors, as suggested by others
(34, 35), but also in the early stages of development
of NSCLC. We found LOH in L-myc to be more
frequent in squamous cell carcinomas and large
cell undifferentiated carcinomas, similar to the
findings of others (34, 35).

LOH in the APC gene or 5g21 region has been
seen in 20 to 70% of NSCLC overall (22-24), and
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variably in 13 to 80% of Stage I/1I patients (22-24).
It has been more frequently found in squamous cell
carcinoma as compared with adenocarcinoma (23,
24), which our study supports (80% versus 50%),
whereas we additionally identified LOH in both of
our large cell carcinomas informative for this gene.
LOH in 5g21 has been associated with advanced
disease and decreased survival (22, 24, 30, 36) in
some studies. A very high noninformative rate pre-
cluded any significant conclusion about potential
use of this marker in predicting the tumor recur-
rence. In addition, relatively small numbers of stud-
ied cases precluded meaningful statistical analyses
of these subgroups, and larger series would be
necessary.

The oncogene c-fms is located on chromosome
5@33.3 and belongs to the tyrosine kinase receptor
family that straddle the cell membrane and trans-
duce proliferation signals to the nucleus (37). Most
studies looking at 5q deletions in lung cancer have
concentrated on the APC/MCC cluster at 521, and
little is known about the role of c-fms oncogene in
lung carcinoma. In our study, 50% of RC adenocar-
cinoma and 31% of NRC adenocarcinoma manifest
5g33.3 LOH using a single highly informative (77%)
microsatellite marker. There was no difference be-
tween squamous cell carcinoma, and none of large
cell undifferentiated carcinomas show LOH at this
locus. Even though this was not statistically signif-
icant, this trend suggests that this chromosomal
locus might play a potential role in predicting a
recurrence in a subset of Stage I NSCLC. LOH at this
site may be coincident with deletion of a nearby
tumor suppressor gene, or alternatively, the c-fms
oncogene may be the critical one at this site, as
gene amplification has been known to give false-
positive LOH (38).

Deletion of chromosome 3p has been found in
25-100% of NSCLC (12, 15, 18, 28, 30, 39) and is
considered an early event present also in preneo-
plastic lesions (28, 30). It has been more frequently
identified in squamous cell carcinoma than adeno-
carcinomas (12, 15, 28, 30). The prognostic signifi-
cance of this locus is somewhat controversial. It has
not been significantly associated with shorter sur-
vival in some studies (12, 25) but was a poor prog-
nostic factor in adenocarcinomas in one (15). The
gene hOGG] located on 3p25-26 is responsible for
repair of oxidative DNA damage produced by reac-
tive oxygen species (40), and the latter is thought to
play a role in lung carcinoma development. Muta-
tions in this gene have been found in small cell lung
cancer (41), and our laboratory has identified LOH
for it in 61% of head and neck squamous cell car-
cinoma. In our study, squamous cell carcinomas
showed more frequent LOH for this gene than other
histological types, but there was no difference be-
tween RC and NRC groups. However, a very high



noninformative rate reduced the number of cases
available for interpretation and therefore limited
our conclusions.

The ras oncogene codes for signal-transducing
proteins present on the inner plasma membrane,
and mutation results in continuous mitogenic stim-
ulation of the cell. Mutations of K-ras-2 oncogene
have been extensively studied in lung tumors and
found to be associated with adenocarcinomas in
our study and others (9, 10, 26). The commonest
mutation is TGT (cys), and although mutations in
the ras gene overall have been found to be a poor
prognostic factor for adenocarcinomas in some
studies (9, 10), others have found specific muta-
tions to be significant (GAT/asp and GTT/val) but
not TGT (26). We found no association with tumor
recurrence, possibly because most of the mutations
identified were TGT.

LOH for the DCC gene located at 18qg21 is com-
mon in colorectal cancer, and it has been recently
described in lung cancer (42). In NSCLC, LOH at
18g21 has ranged from 14 to 48%, associated with
advanced disease in some studies (43, 44) but not
others (24). Although the noninformative rate was
relatively high, we noticed that the microsatellite
marker at this chromosomal locus showed the low-
est frequency of LOH in both RC and NRC groups
without significant difference between the two
groups. It is possible as suggested by the other
authors that not DCC, but another putative tumor
suppressor gene in this region, is important in lung
carcinogenesis (45).

In summary, Stage I NSCLC show a high degree
of mutational change similar to that of more ad-
vanced tumors and do not appear to represent bi-
ologically indolent tumors, but merely tumors that
are fortuitously identified earlier in their develop-
ment. However, our study did not show statistically
significant correlation between genetic alterations
and tumor recurrence. The pattern of mutational
change for different histological subtypes varied,
with squamous cell carcinoma showing an in-
creased frequency of LOH for hOGG1 and L-myc,
LC carcinomas for APC and DCC; and adenocarci-
nomas increased k-ras-2 mutations. The tumor
suppressor gene hOGG1 on 3p25-26 shows fre-
quent LOH (43%) and may be a critical gene in the
pathogenesis of NSCLC. A subset of adenocarcino-
mas present in both RC and NRC groups, including
well, moderately, and poorly differentiated tumors,
showed no mutations/LOH for any of the genes
studied, and may represent a distinct group from a
molecular biology standpoint. Finally, we have
found that the panel approach to investigating mo-
lecular alterations in tumors can yield significant
patterns of mutational change and can be univer-
sally applied to various tumor types. The eventual
goal is the recognition of one or, more likely, a

combination of genes that are significant in the
development of any given malignancy.
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