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Human non-small-cell lung cancers (NSCLCs) of 48 patients were analyzed immunohistochemically to detect P21 and

P33 proteins expression. The relationship between P21™*

and P53 proteins expression and clinicopathologic findings was

also assessed. DAKO EnVision™ detection system was employed in the study. The P21"* and P53 proteins expression was
shown in 75% (36/48) and 33.3% (16/48) studied NSCLCs, respectively. In both cases the difference was significant when
compared with adequate negative control. Simultaneous expression of both studied proteins was observed in all cases in
which P53 expression was noticed. No significant association of P21™° and P53 expression was found with age, histologic
type, histologic grade, tumor size or lymph node metastasis of the studied NSCLCs. Therefore, our study suggests that
P21 and P53 protein play a role in the pathogenesis of NSCLCs but they have no value as a prognostic markers in the case

of lung cancers.
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Lung cancer is one of the leading causes of cancer death
in most developed countries [30]. Less than a quarter of new
cases of lung cancer diagnosed every year are amenable to
curative surgery, and with the best therapeutic approach,
less than 10% survive 5 years [27]. The events leading to the
development and progression of the malignant phenotype
are complex and interactive. The knowledge of the events
can direct the action to prevent and inhibit the development
of cancer. It was detected that mutations of different proto-
onogenes and inactivation of tumor suppressor genes are
involved in the development and progression of human
cancers arising in a variety of tissues [10, 18, 35]. Available
data [1, 10, 20, 36] indicate that genetic changes in proto-
oncogenes: Ras, Rafl, Jun, ErbB-2(Neu), Fur, Myb, Myc,
Src, Sis, Fes and tumor suppressor genes: P53, P16, Rb are
implicated in the pathogenesis of lung cancers. There are

" This work was performed as a part of the grant No. IMP 1.8 supported by
The Nofer Institute of Occupational Medicine.

evidences that some of the activated protooncogenes and
tumor supressor genes are more selectively expressed or
absent in small-cell lung cancers (SCLCs) (Myc, Myb, Src,
Rb gene) or non-small-cell lung cancers (NSCLCs) (ErbB-
2, Sis, Fes) [1]. For example, alterations in the P53, Rb and
P16 suppressor genes, and Myc amplification appear in both
SCLCs and NSCLCs with the frequencies higher in SCLCs
[1, 20, 36], while the Ras family genes mutations have been
detected only in NSCLCs [36]. Among the NSCLCs sub-
types, adenocarcinomas generally show higher frequency of
Ras genes mutation than squamous-cell carcinomas, ran-
ging from 15 to 60% (2, 5, 13, 22, 28). Approximately in
one third of resected lung adenocarcinomas mutations of
K-Ras gene have been observed and the most of these mu-
tations have been detected in codon 12, less frequently in
codon 13 and 61 [2]. N-Ras and H-Ras mutations have sel-
dom been stated in lung cancers [32].

The Ras gene family genes (H-, K- and N-Ras), each
located on a different chromosome, code similar highly con-
served 21 kiloDalton (kD) proteins (P21%) that bind and
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hydrolyze GTP [21]. The P21 proteins play a role in the
transduction of mitogenic signals from activated growth-
factor receptors, leading to cell-cycle entry [21]. In conse-
quence of the single base substitution the Ras genes code
mutated P21 proteins which are defective in hydrolysing
GTP and constitutively “switched on*.

P53 gene mutations belong to the most frequent genetic
alterrations in human tumors [3, 4, 9, 12, 23]. They appear in
70-100% of SCLCs and 40-60% of NSCLCs [16, 23]. The
normal allele of the P53 tumor suppressor gene codes a nu-
clear phosphoprotein called P53, of 53 kD molecular
weight, involved in the cell cycle regulation, DNA repair,
senescence and apoptosis. Loss of its function leads to de-
fective DNA-repair, genomic instability, abnormal cell pro-
liferation [7, 19]. As a consequence of the mutation in the
P53 gene, the half-life of the P53 protein increases. This
event leads to an overexpression of the P53 protein. Activa-
tion P21™* and P53 proteins have not been found in normal
tissues and therefore their detection in neoplastic and pre-
neoplastic lesions may have clinical utility.

The aim of this study was to investigate the expression of
the P21 and P53 proteins in human lung cancers and to
find out the relationship between positive staining for both
proteins with clinicopathologic features.

Material and methods

Human NSCLCs specimens from 48 patients (39 men
and 9 women) were obtained during surgical procedures
at M. Copernicus Provincial Specialistic Hospital in Lodz,
Poland. The median age of the patients was 57 years, with
a range of 38-75 years. No chemo-, or radiotherapy was
performed prior to surgery. Tumors were diagnosed histo-
pathologically according to the WHO International Histo-
logical Classification [34] and included 33 squamous cell
carcinomas, 10 adenocarcinomas and 5 other cell type
NSCLCs (adenosquamous and large-cell carcinomas).
The above mentioned classification was also used to assess-
ment of histologic grade of the studied NSCLCs. The clin-
ical stage was determined according to TNM classification
given by FRANKLIN [8].

The tissue sections were fixed in 10% formalin overnight
and embedded in paraffin. The 4-um paraffin sections were
adhered to slides pretreated with poly-L-lysine. Immuno-
histochemical analysis was performed using DAKO EnVi-
sion™ method. Briefly, sections were heated to 65 °C and
deparaffinized in three changes of xylene. This was followed
by three rinses in gradient alcohols. Sections were than trea-
ted with blocking serum to block nonspecific reactions. For
P21 immunostaining the monoclonal mouse anti-human
p21™ antibody (clone NCC-RAS-001; DAKO, Denmark)
was applied for 30 min. The concentration of antibody used
in the study was 1:200. For P53 immunostaining the mono-

Table 1. Expression of the P21 and P53 proteins in correlation with clin-
icopathologic findings in human lung cancers

Case Age/ Histologic Histologic TNM clinical Immunohistoche-

sex type® grade® classification® mical expression

P21"% P53
1 66/F  SQ G3 pTaN; M, + 4+
2 66/M  SQ Gl pTiNM, - -
3 68/M  SQ G2 pTaNM +++ +++
4 54/M  SQ G2 pTaN1M, +++ -
5 46/M  SQ G3 pT.N{M, + -
6 68M SQ G2 pT.N{M, +++ -
7 52/M SQ G2 pT-NM, +++ -
8 59M  SQ G2 pT.NM, - -
9 54/M SQ G2 pTiN.M, +++ 4+
10 71I/M SQ G3 pToN M, - -
1 49/M  SQ G2 pTiN; M, - -
12 69/F SQ G1 pTiN M, +++ +
13 62/M  SQ G3 pTsNM, +++ ++
14 75/ SQ G3 pTsNM, + +
15 68/M  SQ G2 pT1N M, 4+ -
16 60/F SQ G2 pTsN; M, 4+ -
17 61/M  SQ G3 pT3N.M, - -
18 72/F  SQ G2 pTN M ++ -
19 46/M  SQ G1 pTNoM, - -
20 54/M  SQ G2 pToNM, + -
21 47/M  SQ G3 pToNM, 4+ -
22 54/M  SQ G2 pTiNM, +++ +++
23 66/M  SQ G3 pTNoM, ++ +++
24 57M  SQ G2 pTsN-M, 4+ -
25 67/M  SQ G3 pTsNM, ++ ++
(atque tbc
productive)

26 38/F  SQ G3 pTsNM +++ -
27 56/M  SQ G3 pT3N My +++ -
28 55M  SQ G2 pTaNM, +++ +++
29 61/M  SQ G3 pTN My - -
30 51/F  SQ G2 pTiNM +++ +++
31 46/M  SQ G1 pT2NoM, +++ -
32 57M  SQ G3 pTiNM, +++ -
33 39/F  SQ G3 pTaN My - -
34 51/F  AD G2 pTN My +++ ++
35 71/M  AD G3 pTsNoM, +++ -
36 54M AD G3 pT2N My +++ -
37 69M AD G2 pT2NM, - -
38 56/M AD G3 pTiN>M - -
39 68M AD G4 pTsNM, + -
40 68M AD G2 pT2NM, + +
41 59M AD G2 PT-NLM, - -
42 61/M AD Gl1 pToN; M +++ +++
43 65M  AD G3 pT2N My - -
44 66/M  AS G3 pTiN.M, +++ -
45 58/M AS nd pTiN; M ++ -
46 66/M  AS nd pToNoM, ++ +
47 65/F L G1 pT2NM, +++ +++
48 66/M L G4 pToNoM, +++ -

2 _ according to the WHO International Histological Classification [34], © -
according to TNM classification given by Franklin [8], M — male, F — female,
SQ - squamous cell carcinoma, AD — adenocarcinoma, AS — adenosqua-
mous cell carcinoma, L — large cell carcinoma, nd — no data, — — no positive
cells, +—<10% positive cells, ++—11-40% positive cells, +++—->40% positive
cells.
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Figure 1. Expression of P21" protein in non-small-cell lung cancer (DAKO
EnVision™ system; P21** antibody).

Figure 2. Expression of P53 in non-small-cell lung cancer (Dako EnVision™
system; P53 antibody).

clonal mouse anti-human P53 antibody (clone DO-7) was
used for 30 min. The staining of P53 was optimal when the
concentration of antibody was 1:50.

In the next step, the slides were incubated in Dextran
(DAKO) and than Fast Red (DAKO) as a chromogen
was used. The sections were lightly counterstained with he-
matoxilin. Each step was followed by two washing cycles
and bathing in a 0.05SM TRIS- buffered saline (pH 7.6) for
3 min each. Negative control sections were incubated with
mouse immunoglobulin IG1 instead of the primary anti-
body to assess nonspecific staining. As a positive control,
sections of human squamous-cell carcinoma showing strong
immunostaining of P21 and P53 treated with mouse anti-
human p21™° antibody or 53 antibody, were used. Staining
of sections was evaluated under light microscope at objec-
tive of x20, x40. All positive cells were counted, regardless
of the intensity of staining. The expression of P21 was
assessed by the percentage of positively labeled cytoplasm

Figure 3. Negative control for P21™ (section of the P21"* and P53 positive
squamous cell carcinoma; DAKO EnVision™ system; P21"* antibody).

Figure 4. Positive control for P53 (section of the P21"* and P53 positive
squamous cell carcinoma; DAKO EnVision™ system; P53 antibody).

of the tumor cells in the case of P21 and positively labeled

tumor cell nuclei in the case of P53 of the three fields (500-
700 cells in each field). The intensity of staining was graded
subjectively using four categories as follows: —, indicates
negative; +, less than 10% of tumor cells are positive
(weakly positive); ++, 11% to 40% of tumor cells are posi-
tive (moderately positive) and +++, over 40% of tumor cells
are positive (strongly positive).

Evaluation of the frequency of P21 and P53 expression
in total studied lung cancers was analyzed on the base of
95% confidence interval in binomial distribution to com-
pare with adequate frequency at negative control. The as-
sociation of P21™ and P53 expression with tumor age,
tumor grade, tumor stage and nodal metastasis was made
by Fisher’s exact test. All p values were calculated as two
sides and if a p value was 0<0.05, comparing frequencies
were considered significant.
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Table 2. Relationship between P21 and P53 proteins expression and clinicopathological findings
No. of No. of cases p No. of cases p
cases with P21 with P53
expression (%) expression (%)
Age
<60 yr 21 16 (76.1) 0.88" 10 (47.6) 0.19"
60-69 yr 23 17 (73.9) 5(21.7)
>70 yr 4 3(75.0) 1(25.0)
Histologic type®
Squamous-cell carcinoma 33 25(75.77) 0.29" 11 (33.3) 0.84"
Adenocarcinoma 10 6 (60.0) 3(30.0)
Other cell types® 5 5 (100.0) 2 (40.0)
Total 48 36 (75.0) (60.4+86.4)" 16 (33.3) (20.4+48.4)
Histologic grade™®
Gl 6 4 (66.6) 0.73" 3 (50.0) 0.56"
G2 19 15 (78.9) 7 (36.8)
G3 19 13 (68.4) 5(26.3)
G4 2 2 (100.0) 0(0.0)
Tumor size"
Tl 11 8 (72.7) 0.82" 4 (36.4) 0.54"
T2 25 18 (72.0) 8(32.0)
T3 11 9 (81.8) 3(27.3)
T4 1 1 (100.0) 1 (100.0)
Lymph node metastasis®
N, 22 22 (75.9) 0.54" 12 (41.4) 0.34"
N, 9 7(77.8) 2(222)
N, 7 4(57.1) 1(14.3)
Ny 3 3(100.0) 1(33.3)

_according to the WHO International Histological Classification [34], - large cell carcinoma and adenosquamous cell carcinoma, ©—we have data for 46 non-
small-cell cancers, - according to TNM Staining System for Lung Carcinoma [8], “ — value for Fischer’s exact test, ** — the frequency is significantly greater than

0 on the base of 95% confidence interval, of frequency in binomial distribution.

Results

The clinicopathologic characteristics determined at the
time of surgery, including age of the patients, histologic
type, histologic grade, TNM stage classification of the stu-
died NSCLCs and also the results of P21 and P53 proteins
expression are presented in Table 1. The relationship be-
tween P21 and P53 proteins expression, and clinicopatho-
logical findings is summarized in Table 2. An example of
P21 protein and P53 expression in examined NSCLCs is
given in Figure 1.

The frequency of P21 expression was found in 75%
(36/48) while P53 expression in 33.3% (16/48) NSCLCs
(Tab. 1). The strong positive P21"™ immunostaining (+++)
was observed in 52.08% (25/48), moderate (++) in 10.41%
(5/48) and weak (+) in 12.5% (6/48) NSCLCs. The strong
positive P53 immunostaining (+++) was revealed in 18.75%
(9/48), moderate (++) in 6.25% (3/48) and weak (+) in 8.33
(4.48) studied NSCLCs. Interestingly, the study showed
that all of P53 positive NSCLCs exhibited P21 expression.

As presented in Table 2 the frequency of P21 and P53
proteins expression in the studied NSCLCs was significant
(p=60.4+86.4; p=20.4 - 48.4, respectively), when compa-
red with adequate frequency at negative control on the base
of 95% confidence interval in binomial distribution. How-
ever, no significant differences in P21™ protein (p=0.29)
and P53 protein (p=0.84) expression has been noticed be-
tween squamous-cell carcinomas, adenocarcinomas and
other cell type NSCLCs. Besides, the study detected no
association between the P21 protein (p=0.73) or P53 pro-
tein (p=0.56) expression in a well differentiated (G1), mod-
erately differentiated (G2), poorly differentiated (G3) and
undifferentiated (G4) NSCLCs. No significant association
of P21" and P53 protein expression was either found with
tumor size (p=0.82 and p=0.54) and nodal lymph metastasis
(p=0.54 and p=0.34, respectively). There was also no rela-
tionship between P21 (p=0.88) and P53 (p=0.19) proteins
expression and age of the patients.

Epidemiological studies leave no doubt that most human
lung cancers are caused by exposure to tobacco smoke [14].
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We have data concerning tobacco smoke for 26 of 50 studied
patients. It is worth mentioning that all of them without one
were smokers or former smokers. The mean number of
cigarettes per day was equal to 30 and the median smoking
time 39 years (range 20-57).

Twelve of twenty seven (44.44% ) patients for whom we
have survival data passed away within one year after surgi-
cal procedure.

Discussion

The results of the numerous reports show that the P21

and P53 proteins are involved in the development of lung
cancers. Miyamorto et al [26] obtained positive immunoreac-
tion with P21 protein in 56% (24/43) squamous cell carci-
nomas and 68% (27/40) adenocarcinomas. VoLu et al [37]
detected that 79% of the studied adenocarcinomas were
positive for all three Ras proteins. According to HArRADA
etal[11]63% of the NSCLCs were positive for Ras proteins.
K et al [17] detected P21 protein expression in 54.68%
studied NSCLCs. Our results concerning P21 expression
in NSCLCs are similar to these obtained by the others. We
found P21 protein expression in 75% (36/48) analyzed
NSCLCs.

Jassewm et al[15] stated that positive staining for P53 pro-
tein was present in 46% (44/94) patients with NSCLC. Kim
et al [17] detected P53 protein expression in 18.1% exam-
ined NSCLCs. In our study we observed the P53 protein
expression in 33.3% (16/48) studied NSCLCs. The results
of our study confirmed the results obtained by the others
suggesting that the both studied proteins play a role in the
pathogenesis of NSCLCs.

The Mivamoro et al [26] study demonstrated that P21
expression was associated with the stage of the disease and
that higher level of P21 expression is significantly corre-
lated with a shorter survival time for patients with NSCLCs.
According to Mrvamoro et al [26] P21 expression and the
stage of the disease considered together may improve prog-
nostic evaluation of lung cancer. However, prognostic sig-
nificance both P21 and P53 proteins is still controversial.
In our study no association between P21"° protein and P53
protein expression and tumor size, tumor grade or lymph
node metastasis was detected.

Some studies have demonstrated that the P53 mutation in
NSCLC:s is associated with poor prognosis [24, 25, 31, 33]
but the others have reported no significant effect [15, 29].
According to Jassem et al [15] there is no significant differ-
ence between survival in the group with and without P53
protein expression. The works of Dworakowska et al [6]
and Passrick et al [29] support these findings suggesting
the lack of prognostic relevance of P53 expression in surgi-
cally treated NSCLC:s patients.

In conclusion, this study confirmed suggestion of the

others that P21™ and P53 proteins are involved in the
pathogenesis of NSCLCs. However, no significant associa-
tion between P21™°ras or P53 proteins expression and clin-
icopathological findings was observed. Promising tumor
markers still need to be evaluated.

References

[1] Bergh JCS. Gene amplification in human lung cancer. The
myc family genes and other proto-oncogenes and growth
factor genes. Am Rev Respir Dis 1990; 142: S20-S26.

[2]  BosJL. Ras oncogenes in human cancer: A review. Cancer
Res 1989; 49: 4682-4689.

[3] BromeiLa E, Gazzeri S, Moro D, Caron peE Fromentar C,
Gouyer V, Jacrror M, BromsiLLa C. Immunohistochemical
study of p53 in human lung carcinomas. Am J Pathol 1993;
199-210.

[4] Caron pE FromenteL C, Sousst T. TP53 tumor suppressor
gene: a model for investigating human mutagenesis. Genes
Chromosomes Cancer 1992; 4: 1-15.

[5] Crements NC, NeLson Jr, WymeR JA, Savace C, AQuIrRre M,
GarewaL H. Analysis of K-RAS gene mutations in malignant
and nonmalignant endobronchial tissue obtained by fiber-
optic bronchoscopy. Am J Respir Crit Care Med 1995; 152:
137-1378.

[6] Dworakowska D, Gozpz S, Jassem E, Bapzio A, Kosierska G,
Ursanek A, Skokowskr J, Dawmps I, Jassem J. Prognostic rele-
vance of proliferating cell antigen and P53 expression in
non-small cell lung cancer. Lung Cancer 2002; 35(1): 35-41.

[7]  Frearon ER, Voceisten B. A genetic model for colorectal
tumorigenesis 1990; 61: 759-767.

[8]  Frankuin WA. Diagnosis of Lung Cancer. Chest 2000; 117:
80S-89S.

[9] GRreenBLAT MS, BEnneT WP, HoLstenM, Harris C. Mutation
in p53 tumor supressor gene: clues to cancer etiology and
molecular pathogenesis. Cancer Res 1994; 54: 4855-4878.

[10] Hamaur P, Hernanoez T, Rosinson A, Robricez-Tome P,
Frores T, Horisten H, Harris CC, Montesano R. IARC
Database of P53 gene mutations in human tumors and cell
lines: updated new visualisation tools. Nucleic Acid Res
1998; 26: 205-213.

[11] Harapa M, Akira HD, Mivamoto H. Prognostic significance
of expression of ras oncogene product in non-small cell lung
cancer. Cancer 1992; 69: 72-77.

[12] Horisten M, Sibransky D, Vocerstein B, Harris CC. p53
Mutations in human cancers. Science 1991; 253: 49-53.

[13] HuscarveL-Pursiainen K, Hackman P, Ripanpai M, ANtTica S,
KaRriALAINEN A, PArRTANEN T, Takina-Ano O, HekkiLa L, Var-
nio H. K-RAS mutations in humam adenocarcinoma of the
lung: Association with smoking and occupational exposure
to asbestos. Int J Cancer 1993; 53; 250-256.

[14] TIARC (1986) IARC Monographs on the Evaluation of the
Car cinogenic Risk of Chemicals to Humans. Tobacco
Smoking, Vol. 38, International Agency for Research on
Cancer, Lyon.

[15] Jassem E, Gozpz S, Bapzio A, Kosierska G, Skokowski J,
Dawes I, Ursaniak A, JassemJ. Prognostic value of P53 pro-



IMMUNOHISTOCHEMICAL EVALUATION OF P21R4S AND P53 PROTEINS

203

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

(25]

[26]

tein in cell of non-small cell lung cancer. Pneumol Alergol
Pol 2000; 68(7-8): 327-335.

Kave FJ, Kiv YW, Orrerson GA. Molecular biology of lung
cancer. In: Cowell JK, editor. Molecular Genetics of Cancer.
BIOS Scientific: Oxford, 1995: 179-204.

Kim YC, Park KO, KernJ A, Park CS, Lim SC, Janc AS, Janc
JB. The interactive effect of Ras, HER2, P53 and Bcl-2 ex-
pression in predicting the survival of non-small cell lung
cancer patients. Lung Cancer 22(3), 1998: 181-190.

Kiew G. The aproacling era of tumor suppressor genes.
Science 1987; 238: 1539-1530.

Lane D. P53, guardian of the genome. Nature 1992; 358: 15—
16.

Lenman TA, Repper R, Preirer AMA, SpiLLare E, Kaicaam
ME, Weston A, GerwiN BI, Harris CC. Oncogenes and tu-
mor suppressor genes. Environ Health Perspect. 1991; 93:
133-144.

Lowy DR, WiLumsen BN. Function and regulation of ras.
Annu Rev Biochem 1993; 62: 851-891.

Miics NE, Fisuman CL, Rom WN, Dusin N, Jacosson DR.
Increased prevalence of K-RAS oncogene mutations in lung
adenocarcinoma. Cancer Res 1995; 55: 1444-1447.

Mmwa JD. The molecular biology of lung cancer pathogen-
esis. Chest 1993; 103: 449-456.

Mitsubomi T, Ovama T, Kusano T, Osaki T. Mutations of the
pS3 gene as a predictor of poor prognosis in patients with
non-small cell lung cancer. J Natl Cancer Inst 1993; 85:2018-
2023.

Mirsubomt T, SteingerG SM, Nau MM, Carsone D, D’ Amico
D, Bopner S, Oie HK, Linvoia RI, Muwsaine JL, Minna JD,
Gazpar AF. p53 gene mutations in non-small cell lung can-
cer cell lines and their correlation with the presence of ras
mutations and clinical features. Oncogene 1992; 7: 171-180.
Mivamoro H, Harapa M, Isose H, Axira HD, Hanepa H,
Yamacuchr E, Kuzumakr N, Kawakamr Y. Prognostic value
of nuclear DNA content and expression of the ras oncogene
product in lung cancer. Cancer Res 1991; 51: 6346-6350.

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

3]

36]

(37]

Muisuine JL. Lung cancer: current progress, future promise.
Primary Care Cancer 1998; 18: 9-12.

NeviLLe EM, ELLisoN G, Kiaris H, STEwarp M, Spanpipos DA,
Fox JC, FieLp JK. Detection of K-ras mutations in non-small
cell lung carcinoma. Int J Oncol 1996; 7: 511-514.

Passuick B, Izsicki JR, Haussinger T, Tuerrer O, Panter K.
Immunohistochemical detection of p53 protein is not asso-
ciated with a poor prognosis in non-small cell lung cancer. J
Thorac Cardiovasc Surg 1995; 109: 1205-1211.

Parkin DM. Trends in lung-cancer incidence worldwide.
Chest 1989; 96: 5-8.

Qumneano DC, Davibson AG, Summers CL, Warpen HE,
Dosur HM. Accumulation of p53 protein correlates with
a poor prognosis in human lung cancer. Cancer Res 1992;
52:4828-4831.

Ropennuss S, vanpe WETERING ML, Moot W], Evers SG, van
Zanpwik N, Bos JL. Mutational activation of the K-ras on-
cogene. A possible pathogenetic factor in adenocarcinoma
of the lung. N Engl J Med 1987; 317: 929-935.

Takuyama Y, Mitsubomi T, Sucio K, Isuiba T, Akazawa K,
Sucimachr K. K-ras and p53 mutations are an independent
unfavourable prognostic indicator in patients with non-
small cell lung cancer. Br J Cancer 1997; 75: 1125-1130.
Travis WD et al. WHO International Histological Classifi-
cation of Tumors. Histological Typing of Lung and Pleural
Tumors. 3rd ed. Springer. Berlin 1999.

WemserG RA. Oncogenes, antioncogenes, and the molecu-
lar bases of multistep carcinogenesis. Cancer Res 1989; 49:
3713-3721.

Viacerr J, Minna JD. Dominant oncogenes and tumor su-
pressor genes in the pathogenesis of lung cancer. Am J Resp
Cell Mol Biol 1990; 2: 225-232.

Vorm M, Vocr-Movkorr I, Wobrica W. ¢c-K-ras and c-N-ras
proteins are important and stage-independent prognostic
indicators in adenocarcinomas of the lung. The Cancer J
1993; 6: 37-42.



