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Chromosome 8 copy numbers and the c-myc gene
amplification in non-small cell lung cancer

Analysis by interphase cytogenetics
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Abstract

Amplification of the c-myc gene has been reported in non-small cell lung cancer (NSCLC).
We performed dual color fluorescence in situ hybridization (FISH) to detect amplifications of the
c-myc gene on chromosome 8 to evaluate the relationship between these possible abnormalities
and pathological stage. Tumor tissue samples were obtained from 29 patients of NSCLC in Stage
I (n=15) and III (n=14) who underwent lobectomy at Saitama Cancer Center. Samples were ana-
lyzed for chromosome 8 centromere and c-myc gene by dual color FISH. The numerical aberra-
tion rate of chromosome 8 was 36.8 = 20.3% in Stage I and 40.6 = 24.8% in Stage III. The amplifica-
tion rate of c-myc gene was 48.3 = 15.2% in Stage I and 57.4 = 17.0% in Stage III. There was a sig-
nificant difference in the numerical aberration rate of chromosome 8 between patients who sur-
vived for 5 years or more (288=17.5%) and those who survived less than 5 years (44.7+23.1%).
The amplification rate of c-myc gene was not different between patients who survived more and
less than 5 years survival, and who survived more and less than 3 years. The 5 year-survival rate
in patients who showed 40% or more of chromosome 8 aberrations (n=13) was 154%, which re-
vealed significantly less than that of patients who showed less than 40% of aberrations (n=16)
(56.3%) . There was no difference between the 5 year-survival rate in patients whose amplifica-
tion rates of c-myc gene were equal or more than 50% (n=16) and less than 50% (n=13) (25.0
% and 53.9%). The rate of chromosome 8 aberrations and the c-myc gene amplification rate
were not correlated with pathological stage. However, the rate of chromosome 8 aberration
showed correlation in terms of longevity of survival rate, therefore we considered the rate of
chromosome 8 aberration to be an additional prognostic factor of patient with NSCLC. (J Nippon
Med Sch 1999 ; 66 : 107—112)

Key words : non-small cell lung cancer, dual color FISH, chromosome 8 copy number, the c-myc

gene amplification

cell lung cancer (NSCLC)'"®.The c-myc gene, localized

Introduction to 8q24, may play an important role in cell prolifera-

tion and differentiation and may induce apoptosis of

Various genetic alterations and chromosomal aber- cells under certain condition ’. Amplification of c-myc

rations have been observed in patient with non-small- gene might be related to metastasis of lung cancer ®.
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Table 1 Clinicopathological findings and results

Case Sex Age Type Stage TNM ’18“1111;\(;12]13[1) Outcome aber(r::tri'oi (%) ampli%gst]icon (%)

1 F 53 Ad IA 100 38 Death 51 56
2 F 69 Ad 1A 100 78 Alive 26 47
3 M 72 Ad 1A 100 92 Alive 55 60
4 M 68 Ad B 200 4 Death 70 41
5 F 69 Ad B 200 79 Alive 8 84
6 M 61 Ad B 200 96 Alive 23 46
7 M 47 Ad B 200 93 Alive 65 59
8 M 63 Sq B 200 100 Alive 12 25
9 M 62 Sq B 200 98 Alive 13 27
10 F 60 Sq B 200 104 Alive 24 45
11 M 64 Sq B 200 9 Death 60 66
12 M 66 Sq B 200 102 Alive 30 51
13 M 72 La B 200 17 Death 49 35
14 F 81 La B 200 7 Death 41 41
15 F 44 La B 200 95 Death 26 42
16 F 67 Ad MA 220 54 Death 24 63
17 M 76 Ad MA 220 42 Death 34 52
18 F 47 Ad MA 320 14 Death 40 66
19 F 59 Ad MA 220 64 Death 35 47
20 F 41 Ad MA 320 49 Death 31 58
21 F 68 Ad MA 220 10 Death 92 87
22 F 58 Ad MA 220 22 Death 17 53
23 M 68 Sq MA 320 7 Death 81 34
24 M 68 Sq MA 310 4 Death 14 34
25 F 70 La MA 320 24 Death 63 54
26 M 69 Ad 1B 420 9 Death 61 88
27 M 45 Ad B 420 7 Death 16 72
28 M 67 Sq B 400 37 Death 42 39
29 M 80 Sq B 230 2 Death 19 56

Ad : adenocarcinoma Sq : squamous cell carcinoma La : large cell carcinoma

While many studies concerning the c-myc gene ampli-
fication in various solid tumors have been evaluated
using Southern blotting or polymerase chain reaction
(PCR)™**® by means of development of fluorescence
in situ hybridization (FISH) has facilitated direct ex-
amination of cell nuclei for chromosomal aberrations
under a fluorescence microscope. In addition, dual
color FISH method allows measurement and compari-
son of gene deletions and gene amplifications, and
chromosomal aberration rates™ .

We performed dual color FISH to evaluate the rela-
tionship between the c-myc gene amplification and
pathological stage. We also investigated whether
these abnormalities could provide an additional prog-

nostic factor.

Materials and Methods

Tumor tissue samples were obtained from 29 pa-

tients with NSCLC in stages I and III who underwent
lobectomy at Saitama Cancer Center, Saitama, Japan,
between 1988 to 1990. Following patients were ex-
cluded in this study, i. e., died of other diseases, un-
known cause of death, and no mediastinal lymph node
dissection. The pathological stage was determined ac-
cording to the TMN classification of the International
Union Against Cancer.

The patients consisted of 16 men and 13 women,
ranging in age from 41 to 80 years (mean 63.2 years).
A histological study revealed that 16 had adenocarci-
noma (Ad) (stage I-7, stage I11-9) , 9 had squamous cell
carcinoma (Sq) (stage I-5, stage I11-4) , and 4 had large
cell carcinoma (La) (stage I-3, stage III-1) (Table 1) .

(1) Sample preparation
Each specimen was minced and put into phosphate
buffer saline (PBS) . The solution was filtered through

a gauze mesh, and centrifuged (1,000 rpm, 5 min.).



The resulting sediment was suspended in 0.75 M KCl
solution, and the suspension was centrifuged. The
sediment was finally suspended in Carnoy's solution
(methanol : acetate = 3:1) and stored at —20C until
hybridization.

(2) Fluorescence in situ hybridization

Before hybridization, a drop of the suspension was
placed onto an ethanol-cleaned glass slide. Each slide
preparation was denatured in 70% formamide plus 4
X SSC (1 xSSC:015M NaCl, 15 mM sodium cit-
rate) at 75C for 2 min. After this denaturing, the slide
preparation was dehydrated in the ethanol series (70,
80 and 100%) at room temperature for 2 min each. A
probe mixture containing of 10 ul of hybridization
buffer (dextran sulfate, 70% formamide, 2 x SSC, pH
7.0), 1 ul of 8 alpha satellite repeat DNA probe (la-
beled with Spectrum Green to 8 alpha satellite cen-
tromere [Vysis, Inc., Chicago, IL]), and 1 pl of the c-
myc gene cosmid probe (labeled with Spectrum Or-
ange to 8 q 24.2 — q 24.3 region [Vysis, Inc. |) was dena-
tured at 75C for 5 min and immediately denatured at
40C for 5 min. And then a probe mixture was applied
to the target area of the preparation. The target area
was covered with an 18 X 18-mm glass coverslip.

All slide preparations were incubated in a wet
chamber overnight at 40C. On completion of hybridi-
zation, each slide was washed three times in a 50%
formamide plus 4 X SSC (pH 7.0) at 40C for 5 min, and
three times in a 4 X SSC (pH 7.0) at 40C for 3 min, and
washing followed in a 4 X SSC plus 1% Triton X solu-
tion at 40C at 5 min, finally washing in distributed
water.

The nuclei were counterstained with 125 ug/ml of

DAPI (diamidino-phenylndole, Vysis, Inc.) solution.

(3) Detection of signals

Using a Zeiss fluorescence microscope ( Ger-
many) with a three-band pass filter, 100 nuclei on each
slide was scored for number of signals from the chro-
mosome & centromere (centromere 8) and the 8 q 24
locus. The copy number category ( monosomic,
disomic, trisomic, and above) for each given prepara-
tion was determined according to the number of 8 al-
pha centromeres, as described by Waldman et al.”.
We defined two signals of Spectrum Green in a nuclei
as a normal copy number of centromere 8, and the

others (monosomic, trisomic, and above) were defined
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Fig.1 Photographs of the nucleus in the same pa-
tient (Case 21, X400). A : Four signals (green
spot) can be seen from hybridized chromo-
some 8 alpha centromeric probe in the nu-
cleus. B : More than 10 signals (red spot) can
be seen from hybridized 8 q 24 cosmid probe
distributed diffusely in the nucleus.

as a numerical aberration. The c-myc gene amplifica-
tion was defined as more c-myc signals than cen-
tromere 8 signals.

The results were described as mean * standard de-
viation (1 SD). Student's t-test was used for statistical
analysis. Actuarial survival curves were calculated by
the Kaplan-Meier method and log-rank test was used.

A P-value less than 0.05 was considered significant.
Results

The signals for centromere 8 and c-myc gene were
recognized clearly seen in the NSCLC cells subjected
to dual color FISH (Fig.1). The 29 patients were fol-
lowed up until May 1998 at our outpatient clinic, 1. e.,
19 died of cancer (5in stage I and 14 in stage III), and
the mean survival time was 46.8 = 38.3 months (rang-
ing from 2 to 104 months) (Table 1). Actual 3-year
and 5-year survival rates were 66.7%, 66.7%, respec-
tively in stage I, 35.7%, 17.1%, respectively in stage III,
and 55.2%, 38.0%, respectively in all cases.

The numerical aberration rate of chromosome 8
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Fig.2 Abnormalities and pathological stage. Left :
The numerical aberration rate of chromosome
8 was 36.9% in stage I, 40.6% in stage III and
38.7% in overall. Right : The amplification rate
of c-myc gene was 48.3% in stage I, 56.3% in
stage III and 52.7% in overall. The rate of
chromosome 8 aberrations and the c-myc
gene amplification rate were not correlated
with pathological stage.

was 36.8 = 20.3% in stage I and 40.6 = 24.8% in stage III
(p=NS). The amplification rate of c-myc gene was
483 +15.2% in stage I and 57.4 +17.0% in stage III (p
=NS) (Fig. 2).

Eleven patients survived for 5 years or more (10 in
stage I, 1 in stage III). Sixteen patients survived for 3
years or more (11 in stage I, 5 in stage III). The nu-
merical aberration rate of chromosome 8 was 28.8 £
17.5% in patients who survived 5 years, significantly
less than those who died within 5 years (44.7+23.1% ;
p=0.046) . In the numerical aberration rate of chromo-
some 8, there was no significant difference between
patients who survived more and less than 3 years
(312%15.7% and 47.9 £ 26.0% ; p=NS) (Fig. 3 A). The
amplification rates of c-myc gene in patients who sur-
vived 5 years or more and who died within 5 years
were 485+ 16.1% and 55.3 = 16.6%, respectively (p=
NS). And those who survived 3 years or more and
who died within 3 years were 50.1 = 14.1% and 55.9 =
19.0%, respectively (p=NS) (Fig.3 B).

We also evaluated the relationship between these
abnormalities and the patient outcome using the
Kaplan-Meier method and log-rank analysis. The
mean chromosome 8 aberration rate was 38.7 + 22.2%
and the mean c-myc gene amplification rate was 52.7
+16.4%. The 5 year-survival rate was 154% in pa-
tients whose chromosome 8 aberrations were 40% or
more (n=13), which showed significantly less than
56.3% in patients whose aberrations less than 40% (n
=16) (p=0.024) (Fig. 4 A). The 5 year-survival rate in
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Fig.3 A Survival time and Chr. 8 aberration. Left :
The mean chromosome 8 aberrations was
28.8% in patients who survived 5 years (n=
11), significantly less than those who died
within 5 years (n=18, 44.7%, p=0.046) .
Right : There was no significant difference
between patients who survived more and
less than 3 years (31.2% and 47.9% ; p=
0.056).

Fig.3B Survival time and c-myc amplification. Left :
There was no significant difference be-
tween patients who survived more and less
than 5 years in the amplification rates of c-
myc gene (485% and 55.3% ; p=0.285).
Right : There was also no significant differ-
ence between patients who survived more
and less than 3 years (50.1% and 55.9% ; p=
0.365).

patients whose amplification rates of c-myc gene were
50% or more (n=16) and less than 50% (n=13) were
25.0% and 53.9%, respectively (p=NS) (Fig.4B).

Discussion

Cancer may progress with the accumulation of vari-
ety of genetic abnormalities in a multistep process of
carcinogenesis”. The mechanism of multistep carcino-
genesis well characterized in colorectal cancer (adeno-
) 2(%21.

ma-carcinoma sequence

On the other hand, difficulties in early diagnosis
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Fig.4 A Survival rate and Chr. 8 aberration. The 5
year-survival rate was 154% in patients
whose chromosome 8 aberrations were 40%
or more (n=13) , which showed significantly
less than 56.3% in patients whose aberra-
tions less than was 40% (n=16, p=0.024).
The numerical aberration of chromosome 8
was associated with a longer survival.

Fig. 4B Survival rate and c-myc amplification. The 5
year-survival rate in patients whose amplifi-
cation rates of c-myc gene were 50% or
more (n=16) and less than 50% (n=13) were
25.0% and 53.9%, respectively (p=0.377).
There was no significant correlation be-
tween the rate of c-myc gene amplification
and patient clinical outcome.

have meant that the developmental mechanism of
lung cancer has not been elucidated. However, in re-
cent years, a number of abnormalities in genes such
as K-ras, p 53, RB, and c-myc, have been reported to
cause dysplasia and atypical adenomatous hyperpla-
sia in normal lung epithelium. The characteristics and
the process of multiple carcinogenetic stages are now
being studied assuming precancerous lesions of
squamous cell carcinoma or adenocarcinoma.

In multistep carcinogenesis, the amplification of
c-myc gene is supposed to be associated with metasta-
sis. But there was no significant correlation between
the c-myc amplification and pathological stage of
NSCLC in our study by means of FISH analysis.

A previous report has shown that the incidence of
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c-myc gene amplification is 13~23% in small-cell lung
cancer (SCLC), and 5~12% in NSCLC by the tradi-
tional molecular biochemical procedure'. However, in
our study, the amplification of c-myc gene was de-
tected in all specimens, in 25% to 88%. It is possible
that low-level amplification of c-myc gene, which can
be detected of all cells only by the very sensitive
FISH method, may take place at a very early stage or
even in the precancerous stage.

We also could not find any correlation between the
rate of the c-myc gene amplification and clinical out-
come. However, the numerical chromosome 8 aberra-
tions were significantly lower in patients who sur-
vived for 5 years or more. In patients who survived
for 3 years, an apparent difference was shown (p=
0.056) . A similar result was observed between the
survival period and the aberration ratio using Kaplan-
Meier method evaluated by log-rank analysis (p=
0.024).

We previously reported a complicated relationship
between various oncogenes and tumor suppressor
genes in a carcinogenesis mechanism. Although it was
difficult to make a comprehensive prognosis from an
abnormality in one gene, our finding of a relationship
between the numerical chromosome 8 aberrations
and clinical outcome may be applicable in future treat-
ment planning based on further investigation of vari-
ous chromosomal abnormalities.

In conclusion, we have found that amplification of
c-myc gene was detected at a higher rate with FISH
analysis than that with Southern blotting or that with
PCR. Furthermore, the numerical chromosome 8 ab-
erration and the c-myc gene amplification have no
correlation with pathological stage. This result sug-
gests that the low-level amplification of c-myc gene
was not only evident at the onset of lung cancer, but
also the amplification ratio showed no correlation with
lymph metastasis. In fact, the c-myc gene alteration
was recognized only at the onset of carcinogenesis.

Therefore, although there was no significant corre-
lation between the rate of c-myc gene amplification
and patient clinical outcome, the numerical aberration
of chromosome 8 was considered to be a factor ex-

pected longevity of survival rate.

Acknowledgments : We thank Dr. Y. Kaneko, Dr. Y.Ko-
bayashi and other staff in the laboratory of Saitama Can-

cer Center. Special thanks are also due to Dr. T.Tenjin of



— 30 — (112)

Nippon Medical School.

10.

11.

References

. Shiraishi M, Noguchi M, Shimamoto Y, Sekiya T : Am-

plification of proto-oncogene in surgical specimens of
human lung carcinomas. Cancer Res 1989 ; 49 : 6474—
6479.

Testa JR, Siegfried JM . Chromosome abnormalities
in human non-small cell lung cancer. Cancer Res 1992 ;
52 (9 Suppl) : 2702 s-2706 s.

Johnson BE, Kelley M] . Overview of genetic and mo-
lecular events in the pathogenesis of lung cancer.
Chest 1993 ;103 (1 Suppl) :1s-3s.

Whang-Peng J, Knustsen T, Gazdar A, Steisberg SM,
Oie H, Linnoila I : Nonrandom structural and numeri-
cal chromosome changes in non-small cell lung cancer.
Genes Chromosomes Cancer 1991 ;3 (3) : 168-188.
Bergh JC : Gene amplification in human lung can-
cer . The myc family genes and other proto-
oncogenes and growth factor genes. Am Rev Respir
Dis 1990 ; 142 : S 20-S 26.

Feder M, Siegfried JM, Balshem A, Litwin S, Keller
SM, Liu Z, Testa JR : Clinical relevance of chromo-
some abnormalities in non-small cell lung cancer. Can-
cer Genet Cytogenet 1998;102 (1) : 25-31.

Evan GI, Wyllie AH, Gilbert CS : Induction of apopto-
sis in fibroblasts by c-myc protein. Cell 1992 ; 69 : 119—
128.

Volm M, Drings P, Wodrich W, Kaick von G : Expres-
sion of oncoprotein in primary human non-small cell
lung cancer and incidence of metastasis. Clin Exp Me-
tastasis 1993 ;11 (4) : 325-329.

Feo S, Liegro C, Jones T, Read M, Fried M : The DNA
region around the c-myc gene and its amplification in
human tumor cell lines. Oncogene 1994 ;9 (3) : 955—
961.

Seifter EJ, Sausvolle EA, Battey J : Comparison of am-
plified and unamplified c-myc gene structured and ex-
pression in human small cell lung carcinoma cell lines.
Cancer Res 1986 ; 46 : 2050—2055.

Schenk T, Ackermann J, Brunner C, Schenk P, Zojer
N, Roka S, Drach ] : Detection of chromosomal aneu-
ploidy by interphase fluorescence in situ hybridization
in bronchoscopically gained cells from lung cancer pa-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

tients. Chest 1997 ; 111 : 1691-1696.

Hashimoto N, Ichikawa D, Arakawa Y, Date K, Ueda
S, Nakagawa Y, Horii A, Nakamura Y, Abe T, Ina-
zawa ] : Frequent deletions of material from chromo-
some arm 1p in oligodendrogial tumors revealed by
double-target fluorescence in situ hybridization and
microsatellite analysis. Genes Chromosomes Cancer
1995 ; 14 : 295-300.

Matsumura K, Kallioniemi O, Kallioniemi A, Chen L,
Smith HS, Waldmann FM : Deletion of chromosome
17p loci in breast cancer cells detected by fluores-
cence in situ hybridization. Cancer Res 1992 ; 52 :
3474-3477.

Kallioniemi O, Kallioniemi A, Kurisu W : ERBB 2 am-
plification in breast cancer analyzed by fluorescence
in situ hybridization. Proc Natl Acad Sci USA 1992 ;
89 :5321-5325.

Sauter G, Carroll P, Moch H : c-myc copy number
gains in bladder cancer detected by fluorescence in
situ hybridization. Am J Pathol 1995 ; 146 : 1131-1139.
Suzuki S, Tenjin T, Watanabe H, Matsusima S, Sibuya
T, Tanaka S : Low level c-myc gene amplification in
gastric cancer detected by dual color fluorescence in
situ hybridization analysis. J Surg Oncol 1997 ; 66 :
173-178.

Visscher DW, Wallis T, Awussah S, Mohamed A,
Crissman JD : Evaluation of myc and chromosome 8
copy number in breast carcinoma by interphase cyto-
genetics. Genes Chromosom Cancer 1997 ; 18 : 1-7.
Waldman FM, Carrol PR, Kerschmann R, Cohen MB,
Field FG, Mayall BH : Centromeric copy number of
chromosome 7 is strongly correlated with tumor
grade and labeling index in human bladder cancer.
Cancer Res 1991 ; 51 : 3807-3813.

Sugimura T : Multistep carcinogenesis : A 1992 per-
spective. Science 1992 ; 258 : 603-607.

Fearon ER, Jones PA : Progressing toward a molecu-
lar description of colorectal cancer development.
FASEB J 1992 ; 6 : 2783-2790.

Moolgavkar SH, Luebeck EG : Multistage carcino-
genesis . Population-based model for colon cancer. ]
Natl Cancer Inst 1992 ; 84 : 610-618.

(Received, November 24, 1998)
(Accepted for Publication, December 24, 1998)




