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Background: Lung cancer has become the leading cause of death in many regions. Carcinogenesis is caused by the stepwise accumulation
of genetic and chromosomal changes. The aim of this study was to investigate the chromosome and gene alterations in the human lung
adenocarcinoma cell line OM.

Methods: We used Giemsa banding and multiplex fluorescence in situ hybridization focusing on the human lung adenocarcinoma cell line
OM to analyze its chromosome alterations. In addition, the gains and losses in the specific chromosome regions were identified by comparative
genomic hybridization (CGH) and the amplifications of cancer-related genes were also detected by polymerase chain reaction (PCR).
Results: We identified a large number of chromosomal numerical alterations on all chromosomes except chromosome X and 19.
Chromosome 10 is the most frequently involved in translocations with six different interchromosomal translocations. CGH revealed the
gains on chromosome regions of 3q25.3-28, 5p13, 12q22-23.24, and the losses on 3p25-26, 6p25, 6q26-27, 7q34-36, 8p22-23, 9p21-24,
10925-26.3, 12p13.31-13.33 and 17p13.1-13.3. And PCR showed the amplification of genes: Membrane metalloendopeptidase (MME),
sucrase-isomaltase (S7), butyrylcholinesterase (BCHE), and kininogen (KNG).

Conclusions: The lung adenocarcinoma cell line OM exhibited multiple complex karyotypes, and chromosome 10 was frequently involved in
chromosomal translocation, which may play key roles in tumorigenesis. We speculated that the oncogenes may be located at 3g25.3-28, 5p13,
12q22-23.24, while tumor suppressor genes may exist in 3p25-26, 6p25, 6q26-27, 7q34-36, 8p22-23, 9p21-24, 10q25-26.3, 12p13.31-13.33,
and 17p13.1-13.3. Moreover, at least four genes (MME, SI, BCHE, and KNG) may be involved in the human lung adenocarcinoma cell line OM.
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abnormalities detected in lung cancer cells and discussed
the possible implication of those alterations in the processes

INTRODUCTION

Approximately, 1.6 million new cases of lung cancer are

diagnosed each year throughout the world.!"? Both genetic and of tumorigenesis.
epigenetic changes contribute to the development of human

cancer.””! Since carcinogenesis is caused by the stepwise MetHobs
accumulation of genetic changes,™ it is very important Cell line

to understand the alterations of chromosome and gene in
cancer cells. The traditional Giemsa banding (G-banding)
technique is applied to detect cell sample with a higher
mitotic index, but lung cancer cells have a lower mitotic
index,™ which makes karyotypic analysis difficult. In
our study, combining with the latest molecular biology
techniques, we investigated the chromosomal and genetic
alterations in the human lung adenocarcinoma cell line
OM. Here, we summarized the chromosomal and genetic
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University, Japan. The cells in cell line OM were from human
lung adenocarcinoma tissues. After cultured and purified, these
cells developed into a special cell line for cancer research.

Chromosome preparation and Giemsa banding analysis
The cultures were harvested and G-banding of the
chromosomes was performed by hypo-osmolality, fixation,
trypsinization, and Giemsa (Invitrogen Corp., Carlsbad,
CA, USA) staining. The subsequent karyotype description
followed the recommendations of the ISCN (1995).

Multiplex fluorescence in situ hybridization

The slides after denaturation were dehydrated in graded
series of ethanol and air dried. The 24 XCyte mFISH
kit (Vysis Corp., USA) with five fluorophores were used
for hybridization. Samples were evaluated, and images
were captured using an Olympus BX60 fluorescence
microscope (Olympus, Tokyo, Japan) and analyzed with the
aid of image analysis software (CytoVision, Applied Imaging
Corp., Santa Clara, CA, USA).

Comparative genomic hybridization

DNA extraction was performed with
2-ProPanol (Sigma-Aldrich, Japan). After washing with
ethanol, dried, concentrated, and purified, the sample and
reference genomic DNAs were digested and random primed
labeled with Cyanine-5/Cyanine 3-dUTP (Vysis Corp.,
USA). Cohybridization of these DNAs to a comparative
genomic hybridization (CGH) arrays was performed
for 72 h at 37°C. After washing, the chromosomes were
counterstained with DAPI. Array CGH was scanned on
Olympus BX60 (OLYMPUS Corp., Japan) and data were
extracted and analyzed using Multiscan medical image
analysis system (SONY Corp.,Tokyo, Japan).

Genomic DNA polymerase chain reaction

Extracted DNA from a normal human was used as the
internal control. All the primers were provided by the
Invitrogen Corp., (Invitrogen Corp., Carlsbad, CA, USA).
The amplified samples were analyzed by electrophoresis at
100 V on 1.5% agarose gels stained with ethidium bromide.
The visual of the bands of amplified DNA were captured by
a camera in the device.

Statistical analysis

SAS 9.3 (SAS Institute Inc., Cary, NC, USA) is useful
statistical software to analyze this kind of data. An exact 95%
confidence interval (C7) using the Clopper—Pearson method
was given for the positive rate of abnormal chromosomes
and genes. Qualitative data were expressed as a frequency.
The CI value of reference standard was 0.3%.

ResuLts

Karyotype analysis

Characterizations of complex chromosomal abnormalities in
the human lung adenocarcinoma cell line OM were showed by
G-banding analysis, and the wrong number of chromosomes
was present in almost all cells. Either aneuploid or polyploid
karyotype was observed which displayed chromosome

instability in the human lung adenocarcinoma cell line
OM. G-banding showed chromosomal aberrations on all
chromosomes except chromosome X (95% CI: 0-64%) and
19 (95% CI. 0-64%) [Figure 1].

Multiplex fluorescence in situ hybridization analysis
The structurally abnormal chromosomes were analyzed
by multiplex fluorescence in sifu hybridization (M-FISH).
As was illustrated in Figure 2, chromosome 10 is the most
frequently (95% CI: 29-100%) involved in translocations
with six different interchromosomal translocations, and
its frequency was 4—6 times in each sample. The other
chromosomes involved in translocation were chromosomes
1,2,3,5,6,7,8,9,11, 16, and 18, and the 95% CI minimum
value of each statistical datum was more than 9%.

Comparative genomic hybridization analysis

CGH revealed that the gains in the region of chromosome
bands 3q25.3-28, 5p13, 12q22-23.24, and the losses in that
of 3p25-26, 6p25, 6q26-27, 7q34-36, 8p22-23, 9p21-24,
10925-26.3, 12p13.31-13.33, and 17p13.1-13.3 [Figure 3].
The 95% CI minimum value of each statistical datum was
more than 15%.

Polymerase chain reaction analysis of genomic DNA

According to the results obtained by CGH, gene analysis
was performed in the 3q24-28 region. The results of the
polymerase chain reaction (PCR) experiments showed that
the genes membrane metalloendopeptidase (MME) (95%
CI: 1-88%), sucrase-isomaltase (S7) (95% CI: 54—100%),
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Figure 1: Giemsa-banding analysis revealed chromosomal aberrations
on all chromosomes except, 4, 8, 14, 15, 17, and 19. The wrong
number of chromosomes was present in almost all cells. Either
aneuploid or polyploid karyotype was observed.
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butyrylcholinesterase (BCHE) (95% CI: 16—-100%), and
kininogen (KNG) (95% CI: 1-72%) were amplified in this
region. However, the amplification of genes Histidine-rich
glycoprotein (HRG, 95% CI: 0-60%) and Mucin (95% CI:
0-52%) were not observed [Figure 4].

Discussion

Lung cancer remains the leading cause of cancer-related
morbidity and mortality worldwide.™ Unlike in leukemia
research, lung cancer cell has a lower cell mitotic index,®

Figure 2: Multiple numerical and structural aberrations were observed in
the majority of cells from multiplex fluorescence in situ hybridization image.
Chromosome 10 is the most frequently involved in translocations with
four different interchromosomal translocations. The other chromosomes
involved in translocation were chromosomes 2, 5, 9, 11, 18 and 3, 21.

which makes karyotypic analysis difficult. Using modern
genetic technologies, we investigated the chromosome and
gene alterations in human lung adenocarcinoma of cell line
OM. The goal of our study is to identify the alterations of
chromosome and gene in human lung adenocarcinoma
cell line OM, which may provide new insights into the
mechanisms of tumorigenesis.

With high-resolution G-banding techniques, both the
numerical and structural chromosomal abnormalities were
observed. G-banding analysis revealed that the changes in
chromosome number were present in most cells, and either
aneuploidy or polyploidy was identified within them. In
OM cell line, certain chromosomes frequently participated
the structural rearrangement, prominent among them being
chromosome 3, 6, 7,9, 10, 11, 18, and Y.

Although G-banding is a fundamental technique for
cytogenetic study, it has limited utility in instances of cryptic
or very complex rearrangements.”” M-FISH is a powerful
technique that can be used for identifying uniquely all 24
chromosome types of the human genome.® The M-FISH
image showed that the highest frequency of translocation
was in chromosome 10. In genetics, a chromosome
translocation is caused by rearrangement of parts between
nonhomologous chromosomes, and the distinct classes of
chromosomal rearrangements create proto-oncogenes.”’ Loci
on chromosome 10 include microseminoprotein beta, which
encodes beta-microseminoprotein, a primary constituent
of semen and a proposed prostate cancer biomarker.l'”
Moreover, multiple tumor-suppressive genes are located in
chromosome 10,/ and the translocations of chromosome
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Figure 3: Array comparative genomic hybridization analysis showed partial deletion of in 3p24.1-26, 6p25, 6¢25.2-27, 7q32-36, 8p22-23,
9p21-24, 10¢25-26.3, 12p13.31-13.33, and 17p131-13.3 together with duplication at 3q24-28, 5p13, and 12(q22-23.24.
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Figure 4: Agarose gel electrophoresis of polymerase chain reaction
amplification products from the human lung adenocarcinoma
cell line OM. N: Negative control (normal human lung cell
line); OM: Human lung adenocarcinoma cell line OM. MME:
Membrane metalloendopeptidase; S/: Sucrase-isomaltase; BCHE:
Butyrylcholinesterase; KNG: Kininogen; HRG: Histidine-rich
glycoprotein; MUC: Mucin.

10 may lead to damage of these tumor-suppressive genes.
Therefore, frequent translocations of chromosome 10 in
cell line OM may be catastrophic genomic events and play
key roles in tumorigenesis.

In general, regional gains on chromosome indicate that
oncogenes may exist in this region, while the chromosome
losses have been interpreted as an evidence that the region
has affected a certain tumor suppressor genes.l'”? CGH
analysis revealed that gain regions were observed on
chromosomes 3q25.3-28, 5p13, and 12q22-23.24, which
indicated that there may exist oncogenes that were activated
in the gain regions. While loss regions were detected in
chromosome 3p25-26, 6p25, 6q26-27, 7q34-36, 8p22-23,
9p21-24, 10q25-26.3, 12p13.31-13.33, and 17p13.1-13.3,
which indicated that some tumor suppressor genes may
be located in these regions. It is well-known that tumor
suppressor genes p16 and p53 were located in chromosome
9p21 and 17p13, respectively.!'*]

Based on the above results, we detected amplification
of genes at chromosome band 3q24-28 by PCR in the
cell lines. The genes BCHE, MME, KNG, and SI were
amplified in the chromosomal region. The BCHE gene
provides instructions for making the pseudocholinesterase
enzyme,!'¥ which has a variety of physiological effects
such as the metabolism of the cocaine and heroin!'*! and

the breakdown of organophosphorus esters.['* Recent
studies indicated that BCHE gene was amplified in the
cells of lung carcinomas,!'® which were consistent with
our results. Brass e al.l'l observed the amplification of
genes BCHE and SLC2A2 at 3q26 in squamous cell lung
carcinomas, whereas no amplification has been found in
genes MME and KNG. MME gene is expressed in both
normal and neoplastic cells as a common acute leukemia
antigen.!'¥ In squamous cell lung carcinoma, the high
MME gene expression was significantly associated with
poor overall survival.l'”]

There were many studies on the expression of MME
gene in lung cancer cells; however, these results were
quite conflicting. Many factors may be responsible for
the difference among the results, such as experimental
conditions, experimental methods,"”? and pathological
types of lung cancer. The KNG gene, which is one of the
members of a cystatin-like superfamily, has potential roles
in angiogenesis and (or) tumor development.?! Kinins that
derived from KNG involved in cell proliferation, leukocyte
activation, cell migration, endothelial cell activation,
and nociception.?!! Kashuba et al.??! thought that KNG
may be a novel therapeutic target in chronic lymphocytic
leukemia and the possible association with prognosis. There
are few reports on the expression of KNG gene in lung
cancer cell. We observed that KNG gene was amplified in
lung adenocarcinoma cell line OM, which suggested that
KNG gene was likely to be involved in tumorigenesis of
lung cancer cells. S gene encodes an SI enzyme that is
expressed in the intestinal brush border.®! Although there
are numerous studies elucidating the role of S7 gene in the
digestion of dietary carbohydrates,?* there are limited data
indicating a specific involvement of S/ gene in the genesis
of human cancers. Our experiments demonstrated that S7
gene was amplified on chromosome band 3q24-28. Since
cancer is attributed to multi-genetic alterations accumulated
in the cells, we speculated S/ gene may be involved in
tumorigenesis.In summary, our findings suggested that
most of those examined cells exhibited multiple complex
karyotypes in human lung adenocarcinoma cell line OM.
Chromosome 10 was frequently involved in chromosomal
translocation, which may be catastrophic genomic events
and play key roles in tumorigenesis. According to the
results of CGH, we speculated that the oncogenes may be
located at 3q25.3-28, 5p13, and 12q22-23.24, while tumor
suppressor genes may exist in 3p25-26, 6p25, 6q26-27,
7q34-36, 8p22-23, 9p21-24, 10q25-26.3, 12p13.31-13.33,
and 17p13.1-13.3. In human lung adenocarcinoma cell line
OM, at least four genes (MME, SI, BCHE, and KNG) were
involved in carcinogenesis. It may be helpful to deeply
understand the tumorigenesis of lung cancer.

Acknowledgment

The authors thank Professor Shiro Sasaguli and Lecturer
Hiroshi Taguchi Yet (the Second Department of Biology
Kochi Medical School, Kochi University, Japan) for kindly
providing help and guidance.

Chinese Medical Journal | February 20,2016 | Volume 129 | Issue 4 -




Fin

ancial support and sponsorship

Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1.

10.

11.

12.

.Chinese Medical Journal | February 20,2016 | Volume 129 | Issue 4

Ramalingam SS, Owonikoko TK, Khuri FR. Lung cancer: New
biological insights and recent therapeutic advances. CA Cancer J Clin
2011;61:91-112. doi: 10.3322/caac.20102.

Sadikovic B, Al-Romaih K, Squire JA, Zielenska M. Cause and
consequences of genetic and epigenetic alterations in human cancer.
Curr Genomics 2008;9:394-408. doi: 10.2174/138920208785699580.
Hahn WC, Weinberg RA. Rules for making human tumor cells.
N Engl J Med 2002;347:1593-603. doi: 10.1056/NEJMra021902.
Mitsuuchi Y, Testa JR. Cytogenetics and molecular genetics of lung
cancer. Am J Med Genet 2002;115:183-8. doi: 10.1002/ajmg.10692.
Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ. Cancer statistics,
2009. CA Cancer J Clin 2009;59:38-42. doi: 10.3322/caac.20006.
Testa JR, Liu Z, Feder M, Bell DW, Balsara B, Cheng JQ, et al.
Advances in the analysis of chromosome alterations in human lung
carcinomas. Cancer Genet Cytogenet 1997;95:20-32. doi: 10.1038/
sj.ejhg.5200659.

Varella-Garcia M. Chromosomal and genomic changes in lung
cancer. Cell Adh Migr 2010;4:100-6. doi: 10.4161/cam.4.1.10884.
Li J, Lin D, Cao H, Wang YP. An improved sparse representation
model with structural information for multicolour fluorescence
in-situ hybridization (M-FISH) image classification. BMC Syst Biol
2013;7 Suppl 4:S5. doi: 10.1186/1752-0509-7-S4-S5.
Bishop JM. The molecular genetics of cancer.
1987;235:305-11. doi: 10.1126/science.3541204.

Thomas G, Jacobs KB, Yeager M, Kraft P, Wacholder S, Orr N,
et al. Multiple loci identified in a genome-wide association study of
prostate cancer. Nat Genet 2008;40:310-5. doi: 10.1038/ng.91.
Kwong LN, Chin L. Chromosome 10, frequently lost in human
melanoma, encodes multiple tumor-suppressive functions. Cancer
Res 2014;74:1814-21. doi: 10.1158/0008-5472.CAN-13-1446.
Marsit CJ, Wiencke JK, Nelson HH, Kim DH, Hinds PW,
Aldape K, et al. Alterations of 9p in squamous cell carcinoma and
adenocarcinoma of the lung: Association with smoking, TP53, and
survival. Cancer Genet Cytogenet 2000;162:115-21. doi: 10.1016/j.
cancergencyto.2005.04.001.

Science

. Yoo WIJ, Cho SH, Lee YS, Park GS, Kim MS, Kim BK, et al.

Loss of heterozygosity on chromosomes 3p, 8p, 9p and 17p in the

20.

21.

22.

23.

24.

progression of squamous cell carcinoma of the larynx. J Korean Med
Sci 2004;19:345-51. doi: 10.3346/jkms.2004.19.3.345.

. Lockridge O. Review of human butyrylcholinesterase structure,

function, genetic variants, history of use in the clinic, and potential
therapeutic uses. Pharmacol Ther 2015;148:34-46. doi: 10.1016/j.
pharmthera.2014.11.011.

. Munshaw S, Hwang HS, Torbenson M, Quinn J, Hansen KD,

Astemborski J, et al. Laser captured hepatocytes show association of
butyrylcholinesterase gene loss and fibrosis progression in hepatitis
C-infected drug users. Hepatology 2012;56:544-54. doi: 10.1002/
hep.25655.

. RaczA,Brass N, Heckel D, Pahl S, Remberger K, Meese E. Expression

analysis of genes at 3q26-q27 involved in frequent amplification in
squamous cell lung carcinoma. Eur J Cancer 1999;35:641-6. doi:
10.1016/S0959-8049(98)00419-5.

. Brass N, Racz A, Heckel D, Remberger K, Sybrecht GW, Meese EU.

Amplification of the genes BCHE and SLC2A2 in 40% of squamous
cell carcinoma of the lung. Cancer Res 1997;57:2290-4.

. Gurel D, Kargi A, Karaman I, Onen A, Unli M. CDI0

expression in epithelial and stromal cells of non-small cell lung
carcinoma (NSCLC): A clinic and pathologic correlation. Pathol
Oncol Res 2012;18:153-60. doi: 10.1007/s12253-011-9421-8.

. Leithner K, Wohlkoenig C, Stacher E, Lindenmann J, Hofmann NA,

Gallé B, et al. Hypoxia increases membrane metallo-endopeptidase
expression in a novel lung cancer ex vivo model — Role of tumor stroma
cells. BMC Cancer 2014;14:40. doi: 10.1186/1471-2407-14-40.

Hsu SJ, Nagase H, Balmain A. Identification of fetuin-B as a
member of a cystatin-like gene family on mouse chromosome
16 with tumor suppressor activity. Genome 2004;47:931-46. doi:
10.1139/g04-043.

da Costa PL, Sirois P, Tannock IF, Chammas R. The role of kinin
receptors in cancer and therapeutic opportunities. Cancer Lett
2014;345:27-38. doi: 10.1016/j.canlet.2013.12.009.

Kashuba E, Eagle GL, Bailey J, Evans P, Welham KIJ, Allsup D,
et al. Proteomic analysis of B-cell receptor signaling in chronic
lymphocytic leukaemia reveals a possible role for kininogen.
J Proteomics 2013;91:478-85. doi: 10.1016/j.jprot.2013.08.002.
Nichols BL, Avery S, Sen P, Swallow DM, Hahn D, Sterchi E. The
maltase-glucoamylase gene: Common ancestry to sucrase-isomaltase
with complementary starch digestion activities. Proc Natl Acad Sci U
S A 2003;100:1432-7. doi: 10.1073/pnas.0237170100.
Diaz-Sotomayor M, Quezada-Calvillo R, Avery SE, Chacko SK,
Yan LK, Lin AH, et al Maltase-glucoamylase modulates
gluconeogenesis and sucrase-isomaltase dominates starch digestion
glucogenesis. J Pediatr Gastroenterol Nutr 2013;57:704-12. doi:
10.1097/MPG.0b013e3182a27438.

409




