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ABSTRACT:

 

COLO320DM and COLO320HSR are cell lines derived from a human malignant neuroen-
docrine colon carcinoma. Both lines have a 30–40-fold amplification of a large DNA domain containing
the MYC oncogene. By using fluorescence in situ hybridization techniques with a MYC probe, we could
demonstrate that MYC amplicons are contained in a large marker chromosome in COLO320HSR cells,
in double minutes (dmin) of COLO320DM cells, and in the interstitial regions of 3–4 additional chromo-
somes in both cell lines. Amplicons in homogeneous staining regions (HSRs) comprise normal MYC
genes, while dmin chromosomes contain PVT/MYC chimeras. Although both cell lines showed similar
levels of telomerase activity, the telomere length and telomere distribution in chromosomal termini
were considerably lower in COLO320DM than in COLO320HSR cells. This indicates that the average
telomere length in cancer cells is regulated no only by the rates of telomerase activity but also by some
other non-enzymatic mechanisms. © 2000 Elsevier Science Inc. All rights reserved.

 

INTRODUCTION

 

COLO320DM and COLO320HSR are cell lines derived
from a human malignant neuroendocrine colon carcinoma
[1]. Both lines have a 30–40-fold amplification of a large
DNA domain containing the 

 

MYC

 

 (

 

C-MYC

 

) oncogene [2].
In 1983, Alitalo et al. [2] studied the chromosomal loca-
tion of amplified 

 

MYC

 

 sequences by G-banding and isoto-
pic in situ hybridization. In COLO320HSR cells, the am-
plified 

 

MYC

 

 oncogene was found exclusively in an
extended homogeneous staining region (HSR) in a large
marker chromosome. On the other hand, due to the limita-
tions of the method, Alitalo et al. [2] suggested, but did
not prove, that 

 

MYC

 

 amplicons were located in double
minutes (dmin) of COLO320DM cells.

Normal somatic cells from adult individuals undergo a
progressive shortening of telomeres due to the lack of te-
lomerase activity. On the other hand, most cancer and im-
mortal cells have telomerase activity, suggesting that the
reactivation of this enzyme and the maintenance of telo-
mere lengths above a certain threshold is an essential step
in the process of cell transformation [3–5].

In the present report, we analyze the distribution of

 

MYC

 

 amplicons, the telomere structure, and the level of
telomerase activity in COLO320HSR and dmin cells, to
detect similarities and differences between the two cell
lines.

 

MATERIALS AND METHODS

 

COLO320HSR and COLO320DM cells were grown in
RPMI-1640 medium supplemented with 1% glutamine,
20% fetal calf serum, and antibiotics. Colchicine treat-
ments lasted 3 hours, harvesting and chromosome prepa-
rations were performed as usual.

Digoxigenin-labeled probes (

 

MYC

 

- and telomere-spe-
cific) were obtained from Oncor (Gaithersburg, MD, USA).
Fluorescence in situ hybridization (FISH) was performed
according to the instructions provided by the supplier.
The bound probes were detected by rhodamine-labeled
anti-digoxigenin. Metaphases were counterstained with
DAPI and photographed using a fluorescence microscope
(Carl Zeiss) equipped with a filter set suitable for the si-
multaneous viewing of DAPI and rhodamine signals
(Chroma Technology, USA). Photographs were digitally
processed with the Adobe Photoshop 4.0 software

 

TM

 

.
Telomere length was measured by detecting the length

of telomere restriction fragments (TRF) by Southern blot
as reported elsewhere [6]. Five micrograms of genomic
DNA from each cell line were digested with 

 

Hinf

 

I (2 U/

 

m

 

g
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DNA), electrophoresed in 0.8% agarose gels, capillary
blotted to nylon membranes (Zetaprobe, Bio-Rad) and hy-
bridized with a 5

 

9

 

 

 

32

 

P-labeled (TTAGGG)

 

n

 

, oligonucleotide
probe generated by PCR [7]. Hybridization was carried out
in 5 

 

3

 

 SSC, 5 

 

3

 

 Denhart’s solution, and 0.1% sodium
duodecyl sulfate (SDS), at 56

 

8

 

C for 16 hours. The hybrid-
ized membranes were washed twice with 4 

 

3

 

 SSC/0.1%
SDS at 56

 

8

 

C for 20 minutes. Autoradiograms were exposed
for 16 hours at 

 

2

 

70

 

8

 

C with intensifying screens. The max-
imum peak of absorbance in each of the autoradiogram
lanes was determined by densitometry. The position of
peaks of maximal absorbance was determined by compari-
son with a suitable size marker.

Telomerase activity was detected by using the TRA-
Peze

 

TM

 

 telomerase detection kit from Oncor following the
instructions of the supplier. At the end of the reaction, 25

 

m

 

l of the polymerase chain reaction (PCR) products were
electrophoresed on a 12.5% nondenaturing polyacryla-
mide gel and visualized by staining with SYBR-Green
(1%) (Molecular Probes, USA).

 

RESULTS

Chromosome Distribution of Amplified 

 

MYC

 

 Domains

 

In COLO320DM, FISH techniques with a MYC probe
showed intense fluorescence signals in all dmin and also
in the interstitial regions of 3–4 chromosomes (Fig. 1a, 1b).
Moreover, in COLO320HSR, we observed 

 

MYC

 

 amplifica-
tion in both arms of a large marker chromosome, similar to
that reported by Quinn et al. [1] and Alitalo et al. [2], and
also in 3–4 additional medium-sized chromosomes similar
to those found in COLO320DM cells (Fig. 1c, 1d).

 

Telomere Identification

 

When we used FISH with a telomere-specific probe, even
after six rounds of signal amplification, no more than 25–
30% of COLO320DM chromosomal ends showed weak
fluorescence; moreover, no telomeric-specific signals
were found in dmin (Fig. 2a, 2b). Conversely, after four
rounds of signal amplification, most chromosomal termini
of COLO320HSR cells showed clear fluorescence signals
(Fig. 2c, 2d). Furthermore, no interstitial telomeres were
detected in the HSR regions of either of the two cell lines
(Fig. 2b, 2d).

 

Average Size of Telomeric Repeats

 

Southern blotting with a telomere-specific probe produced
smears in both cell lines, with a peak of absorbance at
6.5- and 4-kb positions for COLO320HSR and COLO320DM
cell lines, respectively (Fig. 3). This finding agrees with
the data obtained with FISH, in showing that the average
number of telomere repeats is considerably lower in
COLO320DM than in COLO320HSR chromosomes.

 

Telomerase Activity

 

The results of the Telomerase Repeat Amplification Proto-
col (TRAP) assay in COLO320HSR and COLO320DM cell
lines showed similar levels of telomerase activity in both
cell lines (Fig. 4).

 

DISCUSSION

Chromosomal Location of Amplified 

 

MYC

 

 Domains

 

Previous studies using G-banding reported that genome
amplified regions in the COLO320HSR cell line are com-
prised in an extended G-band-negative segment located in
a rearranged X chromosome. On the other hand, because
no HSR region was detected with G-banding in the
COLO320DM, genome amplification in this cell line was
assumed to occur only as dmin [1, 2]. Our results using an
MYC probe and FISH techniques are coincident with pre-
vious results, in showing 

 

MYC

 

 amplicons in a large
marker chromosome in COLO320HSR cells and in show-
ing a strong 

 

MYC

 

 signal in all dmin elements of the
COLO320DM line. However, the high sensitivity of FISH
in comparison to G-banding techniques allowed us to
identify, in both cell lines, the presence of 3–4 additional
chromosomes showing interstitial regions containing

 

MYC

 

 amplicons.
Alitalo et al. [2] found that 95–99% of amplified 

 

MYC

 

copies in COLO320HSR cells are normal and expressed.
Conversely, in COLO320DM cells, approximately half of
the amplified 

 

MYC

 

 oncogenes are normal and half are

 

PVT/MYC

 

 chimeric genes, in which exon 1 and most of
intron 1 of the 

 

MYC

 

 gene have been replaced by the first
exon of the 

 

PVT

 

 gene that normally lies 50 kb downstream
of 

 

MYC

 

 oncogenes. The cytogenetic study of COLO cells
reported by Alitalo et al. [2] seems to indicate that normal

 

MYC

 

 genes are specific of amplicons in the HSR chromo-
somes of COLO320HSR cells. Furthermore, because no
HSR chromosomes were detected by these authors [2] in
COLO320DM cells, it should be assumed that dmin ele-
ments were formed by amplicons having normal and rear-
ranged 

 

MYC

 

 genes in a 1/1 ratio.
Our findings in both cell lines of 3–4 chromosomes car-

rying amplicon clusters compatible with HSRs seem to in-
dicate that: (1) normal 

 

MYC

 

 genes are specific of ampli-
cons in HSR segments of both cell lines; (2) dmin very
likely contain only 

 

PVT/MYC

 

 rearranged genes.

 

Mechanism of Maintenance of Appropriate Levels of 
Terminal Telomere Repeats in COLO320 Cells

 

The presence of telomerase activity is considered essen-
tial in maintaining the average number of telomere repeats
above a given threshold that assures persistent cell divi-
sion during early embryogenesis and in cancer trans-
formed cells [8, 9].

The analysis of chromosome ends in malignant human
tumors revealed that different tumors have distinct levels
of hexamer repeats, producing telomeres ranging from 1 to
20 kb in length [10]. In this report, we demonstrate that
the telomere length in COLO320HSR and dmin cells is 6.5
and 4 kb, respectively. Because the level of telomerase ac-
tivity was similar for the two cell lines, differences in te-
lomere length do not depend on telomerase rates. Previ-
ous reports show that in some cases, telomere elongation
occurs through a mechanism not involving telomerase ac-
tivity [11, 12]. Accordingly, our results can be one more
example of the above phenomena.
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Figure 1 Fluorescence in situ hybridization using a digoxigenin-labeled MYC probe. (a) COLO320DM chromo-
somes stained with DAPI. (b) The same metaphase visualized with a filter set suitable for the simultaneous viewing
of DAPI and rhodamine signals show the location of MYC amplicons in all dmin and in several medium-sized
chromosomes. (c) COLO320HSR chromosomes counterstained with DAPI. (d) The same metaphase viewed with a
filter set for DAPI and rhodamine show MYC amplicons in a large marker chromosome and in several medium-
sized chromosomes.
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Lack of Telomeric Sequences in HSR and 
DM Chromosomes

 

Information about the DNA structure within the amplified
domains is scarce. In 1991, Bianchi et al. [13], based on
the finding of DNA discontinuities in the amplified seg-
ment of COLO320HSR cells, proposed the existence of te-
lomeric sequences at both ends of amplicons with the sub-
sequent formation of hairpins or Hoogsteen structures
connecting individual amplicons to give rise to HSR. Sev-
eral reports have demonstrated the presence of interstitial
telomere-like sequences in several cell lines [14–16]. In
this report, the use of FISH with a telomere probe pro-
duced no fluorescence in COLO320HSRs. Therefore, we
could not confirm the existence of telomere repeats at the
amplicons ends. Moreover, the lack of telomere signals in
DM chromosomes support previous data, indicating that
these elements comprise circularized DNA [17].

 

This work was supported by grants from CONICET and CIC of
Argentina. We wish to thank Lic. Miguel A. Reigosa and Prof.
César Horgan for technical assistance.

 

REFERENCES

 

1. Quinn LA, Moore GE, Morgan TR, Woods LK (1979): Cell
lines from human colon carcinoma with unusual cell prod-
ucts, double minutes, and homogeneously staining regions.
Cancer Res 39:4914–4924.

2. Alitalo K, Schwab M, Lin CC, Varmus HE, Bishop JM (1983):
Homogeneously staining chromosomal regions contain
amplified copies of an abundantly expressed cellular onco-
gene (c-myc) in malignant neuroendocrine cells from a
human colon carcinoma. Proc Natl Acad Sci USA 80:1707–
1711.

3. Shore D (1997): Telomerase aid telomere-binding proteins:
controlling the endgame. TIPS 22:233–235.

4. Kojima H, Yokosuka O, Imazeki F, Saisho H, Omata M (1997):

Figure 3 Southern blot autoradiograms obtained by hybridiza-
tion of a 32P-labeled telomere-specific probe (TTAGGG)n with
HinfI-restricted DNA (5 mg) from COLO320HSR (lane 1) and
COLO320DM (lane 2) cells. Arrows indicate the peaks of maxi-
mal absorbance.

Figure 4 TRAP assay of COLO320DM and COLO320HSR cell
lines. Lane 1: COLO320DM cells (2 ml of extract from 5 3 105 cells).
Lane 2: COLO320HSR cells (2 ml of extract from 5 3 105 cells).
Lane 3: heat inactivated extract from COLO320DM cells. Lane 4:
heat inactivated extract from COLO320HSR cells. Lane 5: primer-
dimer control. Lane 6: telomerase quantification control tem-
plate. The number of bands in the ladder represents the level of
telomerase activity.

 

Figure 2

 

Fluorescence in situ hybridization with the digoxigenin-labeled telomeric probe on metaphase chro-
mosomes of COLO320HSR and COLO320DM cells. (a) COLO320DM metaphase chromosomes stained with DAPI.
(b) The same metaphase visualized with a filter set suitable for the simultaneous viewing of DAPI and rhodamine
signals show weak telomere signals in the terminal regions of several chromosomes. Note the lack of telomeric-spe-
cific signals in dmin. (c) COLO320HSR metaphase chromosomes counterstained with DAPI. (d) The same
metaphase viewed with a filter set for DAPI and rhodamine to show the telomeric signals in the terminal regions of
most chromosomes.



 

170 

 

A. D. Bolzán

 

Telomerase activity and telomere length in hepatocellular carci-
noma and chronic liver disease. Gastroenterology 112:493–500.

5. Burger AM, Bibby MC, Double JA (1997): Telomerase activity
in normal and malignant mammalian tissues: feasibility of
telomerase as a target for cancer chemotherapy. Br J Cancer
75:516–522.

6. Kunkel LM, Smith KD, Boyer SH, Borgaonkar DS, Wachtel
SS, Miller OJ, Breg WR, Jones HW, Ray JM (1977): Analysis
of human Y-chromosome-specific reiterated DNA in chromo-
some variants. Proc Natl Acad Sci USA 74:1245–1249.

7. Ijdo JW, Wells RA, Baldini A, Reeders ST (1991): Improved
telomere detection using a telomere repeat probe (TTAGGG)n
generated by PCR. Nucleic Acids Res 19:4780.

8. Zakian V (1995): Telomeres: beginning to understand the
end. Science 270:1601–1607.

9. Lingner J, Cech TR (1998): Telomerase and chromosome end
maintenance. Curr Opin Genet Dev 8:226–232.

10. Schmitt H, Nicolaus B, Zankl H, Scherthan H (1994): Telom-
ere length variation in normal and malignant human tissues.
Genes Chromosom Cancer 11:171–177.

11. Greider CW (1994): Mammalian telomere dynamics: healing,

fragmentation shortening and stabilization. Curr Opin Genet
Dev 4:203–211.

12. Colgin LM, Reddel RR (1999): Telomere maintenance mecha-
nisms and cellular immortalization. Curr Opin Genet Dev
9:97–103.

13. Bianchi NO, Bianchi MS, Kere J (1991): DNA discontinuities
in the domain of amplified human myc oncogenes. Genes
Chromosom Cancer 3:136–141.

14. Vermeesch JR, Petit P, Speleman F, Devriendt K, Fryns JP,
Marynen P (1997): Interstitial telomeric sequences at the
junction site of a jumping translocation. Hum Genet 99:735–
737.

15. Yen CH, Pazic J, Zhang Y, Ellit RW (1997): An interstitial
telomere array proximal to the distal telomere of mouse chro-
mosome 13. Mamm Genome 8:411–417.

16. Slijipcevic P, Xiao Y, Natarajan AT, Bryan PE (1997): Insta-
bility of CHO chromosomes containing interstitial telomeric
sequences originating from Chinese hamster chromosome 10.
Cytogenet Cell Genet 76:58–60.

17. Hahn PJ (1993): Molecular biology of double-minute chromo-
somes. Bioessays 15:477–484.


