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Abstract: Lung cancer is a leading cause of cancer death worldwide. Some lung cancer patients correlate with a gas
of radon besides smoking. To search for common chromosomal aberrations in lung cancer cell lines established from
patients induced by different factors, a combined approach of chromosome sorting, forward and reverse chromosome
painting was used to characterize karyotypes of two lung adenocarcinoma cell lines: A549 and GLC-82 with the latter line
derived from a patient who has suffered long-term exposure to environmental radon gas pollution. The chromosome
painting results revealed that complex chromosomal rearrangements occurred in these two lung adenocarcinoma cell lines.
Thirteen and twenty-four abnormal chromosomes were identified in A549 and GLC-82 cell lines, respectively. Almost
half of abnormal chromosomes in these two cell lines were formed by non-reciprocal translocations, the others were
derived from deletions and duplication/or amplification in some chromosomal regions. Furthermore, two apparently
common breakpoints, HSA8q24 and 12q14 were found in these two lung cancer cell lines.
Key words: Lung adenocarcinoma cell lines; Chromosome sorting；Chromosome painting; Cytogenetic
characterization

利用相互染色体涂色技术分析两株人肺腺癌细胞系
（A549 和 GLC-82）的核型特征
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摘要：肺癌是全世界癌症死亡中的一个主要的原因。除吸烟外，一些肺癌患者的发病与氡气污染相关。该研
究采用包括染色体分选、正向和反向染色体涂色技术，分析了两株肺腺癌细胞系 A549 和 GLC-82 的核型特征。
A549 和 GLC-82 细胞系都属于非小细胞肺癌细胞系，但诱因不同，后者来源于一个长期生活在氡气污染环境肺癌
病人的癌组织。染色体涂色结果表明，这两株肺癌细胞系发生了复杂的染色体重排。在 A549 和 GLC-82 细胞系
中，除正常染色体拷贝数变化外，还分别存在 13 条和 24 条畸变染色体。约一半的畸变染色体是通过非相互易位
形成的，其余的畸变染色体则是通过一些正常染色体的片段缺失或重复而产生的。尽管这两株肺癌细胞系都没有
共同的畸变染色体, 但它们似共享两个染色体易位断裂点：HSA8q24 和 12q14。
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Lung cancer is among the most common cancers
and has resulted in the highest mortality rate in the world
(Greenlee et al, 2000; Park et al, 2001; Jemal et al, 2006).
Although the pathogenesis of lung cancer is not clear,
tobacco smoking is considered as the most important
cause of lung cancer, contributing approximately 80%
lung cancer cases (Minna et al, 2002; Zielinski et al,
2006). The other 20% lung cancer cases are induced by
radon gas pollution (10%) and other unknown causes
(Darby et al, 2005; Zielinski et al, 2006). Based on
histological character and clinical behavior, lung cancer
is divided into two main types: 80% are non-small-cell
lung carcinomas (NSCLC) and 20% are small-cell lung
carcinomas (SCLC). NSCLC is further divided into three
types: adenocarcinoma, large cell carcinoma and
squamous cell carcinoma. Like other solid tumors, both
NSCLC and SCLC displayed numerous numerical and
structure alterations in their chromosomes (Testa et al,
1997; Mitsuuchi & Testa, 2002; Tonon et al, 2005; Joshi
& Kucherlapati, 2006; Shen et al, 2008). Abnormal
chromosomes analysis has been a routine method for
studying tumor genetics and the search for tumor-related
gene. But it is often difficult to characterize the
rearranged chromosomes accurately using G-banding
analysis alone because of the complex nature of the
rearranged karyotypes of tumor cells.
The introduction of molecular cytogenetic methods
into cancer cytogenetics, especially the use of flow
sorting, forward and reverse-chromosome painting and
other molecular cytogenetic approaches has enabled us to
identify abnormal chromosomes in tumor cells
unambiguously (Hulten et al, 1991; Carter et al, 1992;
Ferguson-Smith et al, 1998). In conventional chromosome painting (forward chromosome painting), the
abnormal chromosomes in tumor cells can be identified
accurately, but the breakpoints and the origin of
segments involved in each rearranged chromosome often
remain undefined. This difficulty due to technical
limitation can be resolved by reverse painting, using
chromosome paints which made from abnormal
chromosomes to hybridize to normal human metaphases
(Carter et al, 1992). However, it was not a trivial task
to isolate the abnormal chromosomes by flow sorting
because of the complex karyotypes of most cancer cells.
Only two groups used aberrant chromosome paints to
characterize karyotypes of three breast carcinoma cell
lines and one lung cancer cell line (Morris et al, 1997,
Heppell-Parton et al, 1999).
So far, about 40 lung cancer cell lines, and many
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primary lung carcinoma samples have been analyzed by
fluorescence in situ hybridization (FISH) including
filter-based M-FISH and spectral karyotyping (SKY),
cross-species color banding (RxFISH), and comparative
genomic hybridization (CGH) (Dennis et al, 1999;
Heppell-Parton et al, 1999; Speicher et al, 2000;
Gunawan et al, 2001; Luk et al, 2001; Park et al, 2001;
Ashman et al, 2002; Roschke et al, 2003; Berrieman et al,
2004; Grigorova et al, 2005; Tonon et al, 2005; Kume et
al, 2007; Shen et al, 2008; Salido et al, 2009). However,
no karyotypes of lung carcinoma cell lines induced by
radon gas have been analyzed by these molecular
cytogenetic approaches.
Epidemiology survey indicated that the doseresponse relation between radon and lung cancer seemed
to be linear in Gejiu, Yunnan, where is a famous tin mine
in China (Xuan et al, 1993; Lubin et al, 1995; Qiao et al,
1997). GLC-82 is a lung adenocarcinoma cell line
established from the lung cancer tissue of a female
retired worker in Gejiu, (Liang et al, 1985). The
G-banding karyotype analysis of GLC-82 was performed
in 1987, but only 13 marker chromosomes were
identified (Fan & Li, 1987). Like GLC-82 cell line, A549
cell line also belongs to lung adenocarcinoma cell line,
and has been widely used in studies of cell cycle,
apoptosis and adhesion mechanisms in cancer cells
(Cottier et al, 2004). The karyotype of A549 cell line was
investigated by M-FISH and CGH (Park et al, 2001;
Isaka et al, 2003; Cottier et al, 2004; Shen et al, 2008).
But the flow-sorting of aberrant chromosomes in A549
has not been reported, nor has the reverse chromosome
painting. Here, using a combined approach of flow
sorting, forward and reverse-chromosome painting, we
investigated karyotypic characters of GLC-82 and
A549 cell lines, and compared their karyotypes including
the rearranged chromosomes and their breakpoints
among these different cause-induced lung adenocarcinoma cell lines.

1
1.1

Materials and Methods

Cell culture, metaphase preparation and Gbanding
The normal human cell line (KCB98005) was
provided by Kunming Cell Bank of the Chinese
Academy of Sciences, Kunming, Yunnan, P. R. China.
The lung carcinoma cell line GLC-82 was obtained from
Tumor Institute of Yunnan Province, and it was
established from the lung cancer tissue of a female
retired worker in Yunnan Tin Company Group Ltd
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(Liang et al, 1985). A549 was originally obtained from
the American Type Culture Collection. The accurate
passage numbers of these two cell lines were unknown,
but they had been subcultured in our laboratory
approximately 10 times before flow sorting. The cell
lines were cultured in RPMI 1640 medium supplemented
with 15% fetal calf serum at 37℃. Metaphase spreads
were prepared according to standard protocols.
G-banding followed conventional procedure.
1.2 Flow sorting and chromosome-specific painting
probes preparation
The chromosomes of a normal human cell line and
two lung cancer cell lines were sorted by a dual-laser cell
sorter (FACSVantage, Becton Dickinson) in Kunming
Institute of Zoology, the Chinese Academy of Sciences
(Kunming, Yunnan, P. R. China). Flow-sorted
chromosomes of human chromosomes 9 − 12 that are
impossible to separate from normal human culture were
obtained from the laboratory of Professor MA
Ferguson-Smith of Cambridge University. Chromosomespecific paints from normal human and lung cancer cell
lines were generated by DOP-PCR amplification of
flow-sorted chromosomes and labeled with biotin-16dUTP or FITC-12-dUTP (Roche), Cy3-dUTP (GE Healthcare) by a secondary PCR amplification.
1.3 Fluorescence in situ hybridization (FISH)
Both forward and reverse-chromosome paintings
were performed in this study following the procedures
described by Morris et al (1997) with minor modified.
Images were captured using the Genus System (Applied
Imaging) with a CCD camera mounted on a Zeiss
Axioplan 2 microscope. Hybridization signals were
assigned to specific chromosomes or chromosome
regions defined by enhanced DAPI-banding or G-banding patterns.

2
2.1

Results

Forward chromosome painting of GLC-82 and
A549 cell lines
To analyse how many copies of normal chromosomes and what type of rearrangements occurred in
GLC-82 and A549 cell lines, paints made from all of
human normal chromosomes were hybridized to
mataphases from these two lung cancer cell lines.
Hybridization examples were shown in Fig. 1.
The chromosomal number of GLC-82 varied from
60 to 64. Representative G-banded karyotype was shown
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in Fig. 2. There were 40 normal chromosomes and 24
derived chromosomes to be identified in this karyotype.
Among the normal chromosomes, chromosomes 2, 5, 10,
14, 20, 21 and 22 were monosomic. Chromosomes 4, 6,
8, 9, 11, 12, 13, 15, 17, 18, 19 and X were disomic.
Chromosomes 1, 7 and 16 were trisomic. Normal
chromosome 3 was absent in this kayrotype. Fourteen of
24 derived chromosomes (G1 − G4, G7, G12, G13, G15,
G16, G18 − G22) each was derived from 2 to 5 different
chromosomal segments by translocation. The most
rearranged chromosome is G16, which was composed of
five fragments from four different chromosomes (3, 5, 10
and 12). Six aberrant chromosomes (G5, G6, G11, G14,
G17 and G24) each was formed by different deletion or
amplification of one normal chromosome respectively.
Four isochromosomes (one chromosome 20q and three
copies of chromosome 5p) were also found in the
karyotype of GLC-82.
The chromosomal number of A549 varied from 62
to 66. Representative G-banded karyotype was shown in
Fig. 3. There were 53 normal chromosomes and 13
derived chromosomes to be identified in this karyotype.
Among 53 normal chromosomes, three chromosomes (1,
4, 12) were monosomic. Fourteen chromosomes (3, 6, 9,
10, 11, 13, 15, 18 − 22, X and Y) were disomic. Six
chromosomes (2, 5, 7, 8, 14 and 16) were trisomic. One
chromosome (17) was tetrasomic. Among 13 abnormal
chromosomes, six (A4、A6、A7、A9、A10 and A13) were
formed by translocations, the other seven (A1 − A3、A5、
A8、A11 and A12) were derived by different deletion or
amplification of one normal chromosome respectively.
The most rearranged abnormal chromosome is A4, which
comprised four fragments from two different chromosomes (3 and 20). No isochromosome was found.
2.2 Flow sorting and reverse painting of GLC-82
and A549 cell lines
To obtain paints from abnornal chromsomes,
Hoechst 33258- and chromomycin A3-stained chromosome suspensions from these two lung cancer cell lines
(GLC-82 and A549) were sorted on the basis of base pair
composition and chromosome size. All the clearly
resolved peaks in each flow karyotype were sorted. The
chromosome content of each flow peak was identified by
hybridizing paints derived from flow-sorted chromosomes of each cell line onto metaphases from the same lung
cancer cell line and from normal human cells, followed
by enhanced DAPI-banding analysis.
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Examples of chromosome painting

(A) Probes from human chromosomes 3 (red) and 10 (green) hybridized onto chromosomes from GLC-82 cell line; (B) G1 probe from one
abnormal chromosome of GLC-82 cell line hybridized onto normal human chromosomes; (C) Six human chromosomal probes (HSA2, 3, 5,
9, 10 and 20) hybridized simutaneously onto chromosomes from A549 cell lines; (D) The probe containing normal chromosome 7 and A7
which is one abnormal chromosome from A549 cell line hybridized onto normal human chromosomes. Scale bar = 10 µm.

Fig. 2

The G-banded karyotype of GLC-82 cell line

The number of normal chromosomes is indicated under the chromosomes. The number of abnormal chromosomes is shown above the
chromosomes by G followed by a number. The constitute of abnormal chromosomes is on the left or right of each abnormal
chromosomes.
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Fig. 3
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The G-banded karyotype of A549 cell line

The number of normal chromosomes is indicated under the chromosomes. The number of abnormal chromosomes is denoted by A
following a number. The constitute of abnormal chromosomes is on the left or right of each abnormal chromosomes.

The flow karyotype of GLC-82 consists of
thirty-three peaks (Fig.4). Twenty-three peaks each
contained one type of chromosomes, five peaks each
contained two types of chromosomes and the rest five
peaks each contained three different types of chromosomes that could not be resolved into separate peaks.
Aberrant chromosomes G15 and G24 were not sorted.
The flow karyotype of A549 is different from that of

Fig. 4 Flow karyotype of chromosomes from GLC-82
cell line

GLC-82 cell line. It consists of thirty-four peaks (Fig. 5).
Most peaks each contained one type of chromosome,
only five peaks each contained two types of chromosomes. Chromosomes 9 and 10, 10 and 11, 7 and A7，
A12 and 21，A9 and A10, were each sorted in one peak,
respectively. Chromosome17 was sorted in two different
peaks. All thirteen aberrant chromosomes in A549
karyotype were sorted.

Fig. 5 Flow karyotype of chromosomes from A549
cell line
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Summary of results of reverse chromosome painting using the abnormal chromosome probes of the two
cell lines (GLC-82 and A549) to hybridize normal human chromosomes

Ideograms of human chromosomes 1 to 22 and X and Y are shown. To the right of each ideogram are lines representing the segments that
constitute abnormal chromosomes in each of the cell lines and their approximate breakpoints. Abnormal chromosomes are denoted by G
and a number in GLC-82 cell line, and by A and a number in A549 cell line.

The reverse painting using GLC-82 and A549
abnormal chromosome-specific probes to hybridize
normal human metaphases allowed us to identify the
breakpoints and the origin of segments involved in each
rearranged chromosome. Examples of the reverse
painting were shown in Fig.1. The results were summed
in Fig.6. Segments from chromosome 8 in A10 and G21,
and from chromosome 12 in A7 and G16 appeared to
share the same breakpoint 8q24 and 12q14 respectively.
The other breakpoints in GLC-82 and A549 translocation
abnormal chromosomes were different. Combination of
G-banding and chromosome painting results, the
complex karyotypes of GLC-82 and A549 cell lines were
identified.

3
3.1

Discussion

Karyotype comparison between A549 and GLC82
The karyotypes of A549 and GLC-82 cell lines are
near triploidy. There are many unbalanced rearrangemen-

ts occurred in these two cell lines besides the change of
chromosomal copy number. A549 cell line carries more
normal chromosomes and fewer abnormal chromosomes
than GLC-82. In A549, only 13 unbalanced abnormal
chromosomes have been detected. Among them, seven
unbalanced abnormal chromosomes (A1 − 3, A5, A8,
A11 and A12) are derived from the normal chromosome
deletion or amplification. The other six aberrant
chromosomes: A4[t(20;3)], A6 [t(12;4)], A7[t(10;12)],
A9[t(12;10)], A10[t(8;11)] and A13[t(19:15)] are formed
by translocation.
The karyotype of GLC-82 appears to be more
extensively rearranged than that of A549. Twenty-four
rearranged chromosomes are found in the karyotype of
GLC-82, only chromosomes 4 and 18 have not involved
in chromosome rearrangement. Changes related to
chromosome 5 are the most frequent rearrangements
found in GLC-82. There are seven abnormal
chromosomes related to chromosome 5. Three copies of
isochromosome of 5p, three translocation chromosomes
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involving chromosome 5 and one amplification
chromosome 5 have been found in GLC-82.
In this study, we have sorted all 13 aberrant
chromosomes in A549 cell line and 22 of 24 aberrant
chromosomes in GLC-82 cell line, and prepared probes
from these aberrant chromosomes. After hybridizing
these aberrant chromosome probes onto normal human
metaphases, the origin and breakpoints of aberrant
chromosomes in these two lung cancer cell lines are
defined (Fig. 6). Although there are not any common
abnormal chromosomes between A549 and GLC-82 cell
lines, two common breakpoints: 8q24 and 12q14 are
found in these two lung cancer cell lines after comparing
the breakpoints of the abnormal chromosomes (A10 and
G21, A7 and G16). Unbalanced structural rearrangements at the chromosomal level may affect the expression of
some genes at the molecular level. If the breakpoint at
the molecular level is identical for these two cell lines,
this could suggest that some oncogenes or tumor
suppressor genes in these areas had been altered by
translocation. Further high-resolution investigations need
to be done to confirm if these genes are oncogenes or
supressor genes that relate to the pathogenesis of lung
cancer.
3.2 Comparison with previously published A549
and GLC-82 karyotypes
A549 is widely used for cancer research in the
world. The karyotype of A549 cell line had been
analyzed by M-FISH (Park et al, 2001; Isaka et al, 2003;
Cottier et al, 2004; Shen et al, 2008). Compared previous
reported A549 karyotype, some differences were found.
In previous reported A549 karyotype, only four (Shen et
al, 2008), five (Park et al, 2001) or six (Cottier et al,
2004) abnormal chromosomes were identified. But
thirteen abnormal chromosomes (A1 − A13) are found in
this study. Except four abnormal chromosomes [del(2),
del(11), t(15;19) and t(3;20)] are found in common, the
other ten derived chromosomes: A1[del(1q)],
A2[del(1p)], A5[del(4)], A6[t(4,12)], A7[t(10;12)],
A8[t(8;10)], A9[t(10;12)], A10[t(8;11)] and A12[del(12)]
appeared in present study are not found in previous A549
karyotype. As shown previously, many cancer cells could
quickly change their karyotypes during the process of
culturing in vitro (Dano et al, 2001; Nicholson &
Duesberg, 2009). The differences between A549
karyotypes previously published and presented here may
be due to different passages of subculturing.
In contrast, the karyotype of GLC-82 appears to be
stable in vitro. The modal number of cells of GLC-82 at
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passage 12 was 63 − 65, the same as that of cells of
GLC-82 at passage 72 (Liang et al, 1985). Fan & Li
(1987) compared the karyotypes of cells of GLC-82 at
passage 15 and 245. Except for one or two chromosomes
that were involved in new rearrangements, there were no
obvious changes in chromosomal number and structure
between the early passage and the later one. More than
20 aberrant chromosomes were observed in GLC-82
cells at these two different passages, but only 13 aberrant
chromosomes were identified by G-banding technique.
In this study, we have characterized unambigously
twenty-four derivative chromosomes in GLC-82 cells.
Among these derivative chromosomes, 11 aberrant
chromosomes (corresponding to G2, G3, G5, G6, G11,
G12, G14, G16, G19, G21 and G22) had been identified
in previous study, indicating that the karyotype of
GLC-82 was stable after long-term in vitro culture.
3.3 Karyotype comparison between GLC-82 and
other lung cancer cell lines
Up to now, the karyotypes of more than 30 NSCLC
and SCLC cell lines have been analyzed by molecular
cytogenetic techniques. Grigorova et al (2005) compared
the patterns of karyotype change in NSCLC and SCLC
cell lines. Most of SCLC cell lines showed the
monosomic pattern, and had few structural aberrations;
most examined NSCLC cell lines exhibited more
complex karyotypes than those of SCLC cell lines, and
had 16 or more rearranged chromosomes.
GLC-82 cell line also shows the similar pattern of
karyotype change with other NSCLC cell lines.
Twenty-four rearranged chromosomes are found in the
karyotype of GLC-82. When comparing the translocation
chromosomes detected by forward painting between
GLC-82 and other lung carcinoma cell lines, it seems
that only GLC-82 and the small cell lung carcinoma cell
line U2020 (Heppell-Parton et al, 1999) share two
common translocation chromosome or chromosomal
segments (t[3;5] and t[3;5;10]). However, the reverse
painting results indicate that the involved chromosomal
segments of the two common translocation chromosomes
in GLC-82 and U2020 are derived from different parts of
chromosomes 3, 5 and 10. Although the translocation
chromosomes found in the karyotype of GLC-82 are in
general different from those of other lung cancer cell
lines, some common aberrant chromosomes do exist in
their karyotypes. For example, the most frequent
rearrangements, 5p gains, often with i (5p), occurred in
many lung cancer cell lines (Heppell-Parton et al, 1999;
Speicher et al, 2000; Ashman et al, 2002; Grigorova et al,
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2005), are also found in the karyotype of GLC-82.
Chromosome 5 segments are involved in seven aberrant
chromosomes in GLC-82 cell line. Although no common
translocation chromosomes are found when comparing
the karyotype of GLC-82 with those of the other lung
cancer cell lines, segments from human chromosomes 1,
3, 5, 6, 8, 9 − 15, 17 are found frequently involving in
aberrant chromosomes in most lung cancer cell lines.
Nevertheless the breakpoints of these segments needs to
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be further verified by reverse painting or arrary-CGH
based resolution analysis.
Acknowledgements: We are grateful to Professor
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