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Chromosomal Insertion and Amplification of Human Papillomavirus 16 DNA
Sequences in a Cell Line of Argyrophil Small Cell Carcinoma of the Uterine Cervix
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The chromosomal location of human papillomavirus (HPV) 16 DNA sequences integrated in a cell
line derived from argyrophil small cell carcinoma of the uterine cervix was determined by means of
fluorescence in situ hybridization (FISH). The HPV 16 DNA sequences were integrated near a fragile
site and the location of the c-myc oncogene at 8q24.1. Amplification of the integrated viral sequences
resulted in an abnormally banded region. The amplified HPV 16 DNA sequences were also detected

in every interphase nucleus by FISH.
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Recent investigations have implied a close association
of certain types of human papillomavirus (HPV), in
particular HHPV 16 and 18, and cervical carcinoma."? It
has been suggested that genomic insertion of HPV DNA
sequences may play a key role in the etiology of cervical
carcinoma.”® However, the mechanism by which
genomic insertion of HPV might facilitate malignant
transformation of the cells is not clear. Several studies
have indicated that there are no specific sites for viral
integration but the possibility of integration into a spe-
cific chromosomal domain could not be excluded.”™
Argyophil small cell carcinoma of uterine cervix
(ASCC)'™ is a rare form of cervical carcinoma which is
characterized clinically by rapid metastasis and poor
prognosis.'” It has been demonstrated in ASCC that
HPV 16 DNA sequences were integrated in a multiple-
copy form in original tumor tissue and an ASCC tumor
cell line (YIK-1) in nude mice, as well as in an in vitro
ASCC cell line (TC-YIK) established from YIK-1."*'
Southern blot analyses on these cells have indicated that
the viral DNA sequences were integrated into at least
three sites of the host cell genome. In the present study,
we performed fluorescence in situ hybridization (FISH)
experiments to determine whether the multiple copies of
HPV 16 DNA sequences present in the TC-YIK cells are
integrated at a specific site or at dispersed sites in the
genome,

Chromosome preparations were made from logarith-
mically growing cells of the TC-YIK cell line. Meta-
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phase cells were harvested after a short exposure (30
min) to colcemid (0.05 pg/ml). After a brief (10 min)
hypotonic treatment with 0.075 M KCl solution, cells
were fixed with methanol/acetic acid mixture (3:1, v/v)
and chromosome spreads were made by a conventional
air-drying method. Some sets of slides were subjected to
G-banding (GTG) and Q-banding (QFQ) and photo-
graphed for karyotype analysis. Some of them were
destained and used for FISH. The TC-YIK cell line used
in the present study was hyperdiploid and had a modal
chromosome number of 51 with a range of 49-53." Fig.
1 shows an example of a Q-banded karyotype which had
the following chromosome constitution: 50, XX, —4,+6,
+7,—8,—9,—9, +20,dup(2) (p13-p25), dup(11})(ql3-
q25),t(17;19) (a21;p13), + der (4)1(42)(q13;?), +8q*,
+ der (9t (97) (q13;N), +der (9 t(%M) (q13;7), + mar.
The most characteristic chromosome change seen in the
cell line was an abnormally long chromosome 8 (8q™")
which was observed in every cell. On the basis of Q-band-
ing analysis, the 8q* chromosome appeared to contain a
homogeneously staining region (HSR) at the 8q24
region. However, upon G-banding, this region exhibited
some evidence of indistinct aderrant bands as shown in
the insert of Fig. 1. Thus, this seemed more consistent
with a designation of an abnormally banded region
(ABR)."”

For FISH experiments, pBR322 plasmid clone con-
taining a subgenomic 7.2 kb sequence of HPV 16" ob-
tained from the Japanese Cancer Resources Bank
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Fig. 1.
Arrows indicate the abnormally banded region (ABR).

(Tokyo) was used as a DNA probe. The DNA probe was
labeled by nick-translation using biotin  16-dUTP
(Bochringer), and in situ hybridization and detection
were carried out according to the protocol described
previously.” ' In brief, hybridization was carried out
for 18 h at 37°C in a mixture which consisted of 0.5 10
rg/ml biotinylated DNA probe, 50% formamide, 2 mg/
ml BSA, 10% dextran sulfate, and 2 < SSC. For biotin
detection, the slides were incubated with 3 yzg/ml FITC-
avidin DCS (Vector) in 4 ¥ SSC (0.6 M NaCl/0.06 M
sodium citrate) containing 1% BSA at 37°C for 45 min.
The chromosomal DNA was counterstained with 1 p1g/
m! propidium iodide (PI, Sigma) in antibleaching
medium. Both FITC-signals of the hybridized HPV 16
DNA probe and Pl-stained chromosomal DNA were ex-
cited at a wavelength of near 450-490 nm (Nikon fluores-
cence microscope FX-2-FL; filter combination B-2E);
the former fluoresces greenish-yellow and the latter red.

For a first inspection, we hybridized 5, 10 and 50 ng of
biotinylated DNA probe of the HPV 16 per slide of
non-banded metaphase spreads. Without exception, all
metaphases exhibited strong hybridization signals
localized on a particular chromosome. Even in the case
of 5 ng of DNA probe, the intensity of hybridization was
very high and appeared to be as strong as in the case of
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A representative Q-banded karyotype of TC-YIK cell line. The insert shows G-banded chromosome 8.

centromeric signals hybridized with alphoid sequences
known to be highly repeated. Thus, the integrated HPV
DNA sequences must be amplified to a great extent at the
particular chromosomal region. This is in agreement with
our previous result that the TC-YIK cell contains ap-
proximately 1000 copies of HPV 16 DNA per diploid
cell."” To determine the location of the integrated HPV
16, the prephotographed G- and Q-banded metaphase
spreads were subjected to FISH. Representative results
are shown in Fig. 2a-d. The hybridization signals were
localized at the ABR on chromosome 8. The location was
proximal to the band 8q24.2. This site appears to coincide
with the location of the c-mye oncogene at 8g24.1-gter."”
More recently, c-myec was further localized to 8q24.12-
q24.13 by high-resolution FISH on R-bands combined
with fragile site expression at 8q24.1.'"® It seems likely
that after integration of HPV 16 DNA into the 8q24.1
region, the sequence was amplified and formed the ABR.
As can be seen in Fig. 2a and 2c, although the hybridiza-
tion signals were localized at the ABR, they were not
distributed evenly in the region and could be detected as
segments. This is consistent with our previous results
from Southern blot analysis, suggesting that the viral
sequences were integrated into at least three sites of the
host cell genome." This segmental pattern of hybridiza-
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Fig. 2. HPV 16 DNA sequences integrated in ABR of 8q' chromosome (a-d) and interphase nuclei (e)
detected by fluorescence in situ hybridization (FISH). b (Q-band) and d (G-band) were taken from the same
metaphases shown in a and b, respectively. The arrow indicates the integration site.
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tion signals might be due to the consequences of complex
amplification processes via recurrent chromosomal dupli-
cations after a single site integration. Alternatively, inde-
pendent amplifications might have cccurred after multi-
ple integrations into a limited region of chromosome 8.
Another possible mechanism in which recurrent repli-
cation and recombination of viral DNAs occur before
integration may not be ruled out. A preliminary FISH
experiment involving chromosome painting with a chro-
mosome 8-specific DNA library (obtained from ATCC)
revealed that the ABR contained smaller amounts of
human genomic DNA sequences including repetitive
DNA sequences like the Alu-sequence than did other
regions of chromosome 8 (data not shown). Thus, the
great majority of DNA sequences in the ABR appeared
to be of HPV origin, and contained smaller amounts of
host genomic DNA.

There have been several reports on chromosomal loca-
tions of integrated HPV DNA sequences in cervical
carcinomas.”” Popescu et al.” have reported that HeLa,
a cervical carcinoma cell line, has multiple copies of
integrated HPV 18 DNA which are localized on four
chromosomal sites at 8923-q24, 9g31-g34, pl1-pl3 on an
abnormal chromosome 5 and ql2-q13 on an abnormal
chromosome 22. Ambros and Karlic® have also assigned
HPYV 18 integration in HeLa cells to 8924, to an abnor-
mal chromosome 22 and to a marker chromosome. Durst
et al® have mapped the HPV 18 integration site within
40 kb 5’ of the c-myc gene, by using cellular sequences
flanking an integrated HPV 18 DNA chromosome 8 in
HeLa cells. A consistent finding in these studies on HelLa
cells was that the HPV 18 DNA sequence was inserted
into an 824 region. The present result provides further
evidence for the association of HPV DNA integration,
HPYV 16 in this case, and a specific chromosomal domain
at 8g24. In the present case of TC-YIK cells from
ASCC, amplification of the integrated HPV 16 DNA
sequences resulted in the formation of ABR. Similar
evidence for ABR representing the site of amplification
has been obtained in the case of ¢-myc gene amplification
at 8g24 in a human promyelocytic leukemia cell line,
HL60," and in the case of fowl adenovirus DNA-
transformed rat cells.”” With regard to chromosomal
instability, the 8q24 region of the human chromosome is
especially interesting, because of the presence of both
common and rare types of fragile sites.”® It has been sug-
gested that fragile sites may represent chromoesomal hot
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spots for recombination, duplication and deletion, and
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As can be seen in Fig. 2e, every interphase nucleus
examined showed clear hybridization signals. The
amptlified HPV 16 DNA sequences are dispersed but
occupy a discrete domain in the nuclei. Similar to the
hybridization pattern seen in the metaphase chromo-
somes, discontinuity of the signals can be detected in the
interphase nuclei. Various detection systems have been
used to determine the rate of occurrence of HPV in
cervical carcinoma. They include Southern blot hybrid-
ization, isotopic in situ hybridization® modified filter in
situ hybridization’® and polymerase chain reaction
techniques.”*? The in situ hybridization method has the
advantage that individual cells or foci of cells in biopsy
samples or cell preparations of smear samples can be
examined. The method used in the present study is a
rather simple and rapid technique which does not require
the use of radioactive materials. The present FISH
method may be useful for a quick examination of ampli-
fication of integrated viral DNA sequences. For the
detection of a single viral DNA sequence integrated in a
host genome, one can employ a sensitive FISH method'”
for mapping a single-copy gene (applicable for an insert
size of larger than 1 kb).
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