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BACKGROUND : A diverse range of cytogenetic alterations
of autosomal chromosomes has been reported to date.
However, few studies have addressed the abnormalities of
X chromosome in hepatocellular carcinoma (HCC) exeept
sporadic reports on the deletion of band F1 in X chromo-
some, and the clonal analysis of methylation pattern of the
X chromosome-linked human androgen receptor gene.
Identification of specific X chromosome alterations during
the course of neoplastic development would be essential to
defining the genetic basis of HCC. Therefore, we studied
the regularity of aberration of X chromosome in liver canc-
er.

METHODS: Hepatocarcinoma cellular lines and tumor tis-
sues were detected respectively through DNA probes of X
chromosome after fluorescence in situ hybridization ( FI-
SH).

RESULTS: Increased copies of X chromosome were ob-
served in all samples, and four signals of hybridization were
of the major type.

CONCLUSIONS: Increased copy number of X chromo-
some frequently occur in liver cancer. The relationship be-
tween copy number of X chromosome and liver cancer
genesis needs further investigation. This study is the first of
its kind determining the copy number of X chromosome in
liver cancer by using FISH.
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Introduction

epatocellular carcinoma (HCC) has a }u%h in-
H cidence and poor prognosis in China.['-*] Elu-

cidation of the basic genetic changes of human
HCC is important for the understanding and treatment
of this cancer. A diverse range of cytogenetic alterations
of autosomal chromosomes has been reported to date.
However, few studies have addressed the abnormalities
of X chromosome in HCC except sporadic reports on
the deletion of band F1 in X chromosome, 5! and the
clonal analysis of the methylation pattern of the X chro-
mosome-linked human androgen receptor gene.l5-1°]
Previously, we established a novel HCC cell line [17]
which provided a useful model for study on liver cancer
at the levels of cell and molecular biology. To study the
mutation regulation of sex chromosome in liver cancer,
we applied fluorescence technique in situ hybridization
(FISH). After analysis of the nucleus type of chromo-
some, we found its number and construction appeared
to be varied obviously. These resuls were found in cell
lines and also confirmed by fresh parenchymal tumor tis-
sues. A high frequency of X chromosome gains was ob-
served in hepatoblastoma. Identification of specific X
chromosome alterations during the course of neoplastic
development would be essential to defining the genetic
basis of HCC. Therefore, it is our purpose in this study
to detect the aberration of X chromosome in liver neo-
plasm by FISH.

Methods

Hepatocarcinoma cellular lines and turnor tissues

Hepatocarcinoma cellular lines HCC-9903, EGHC-
9901 and HCC-9810 were established at our laboratory
of Qilu Hospital, Shandong University, China. Fresh
parenchymal specimens of liver cancer were obtained
from patients operated on at Qilu Hospital, Tumor Hos-
pital of Shandong Province, Shandong Provincial Hos-
pital, and Jinan Central Hospital, China. These speci-
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mens were pathologically confirmed as HCC.[18:19]

Preparation of chromosome

The fresh tumor tissues were frozen, sliced, and
then kept in air for 5 minutes. The slices were put into
the methyl alcohol/ice acetic acid (3:1) solution for 20-
minute fixation. The solution was replaced by fresh one
for another 20-minute fixation. Subsequently the slices
were dried and kept at —20 °C for use.

Labeling of probe

The labeling kit from Vysis Inc., USA was used for
direct labeling of the probe according to the manufac-
ture’s instructions. The orange-DUTP labeled probe
was stored at —20 °C for use.

FISH analysis

For precipitation of the probe, the X chromosome
centromere probe (5 pl), salmon sperm DNA (1 pl),
human placenta DNA (2 pl), 3M sodium acetate (1.2
pl), double distilled water (4 pl) and ethanol (30 pl)
were mixed and cooled on ice for 15 minutes, then cen-
trifuged at 12 000 rpm for 30 minutes. The supernatant
was collected, dried with vacuum-pump, and then add-
ed with 3 pl of sterilization ex-ion water, and 7 pl of
hybridizing solution VI. The mixture was denatured at
72 °C for 5 minutes and cooled on ice for use. For hy-
bridization, the slices were dehydrated in 70%, 80% and
100% ethanol for 5 minutes, respectively. The samples
wete dried and denatured at 72 °C in 70% methylamine/
2xsodium chloride/sodium citrate { SSC) buffer (pH=

Fig. 1. The copies of X chromosome of normal lymphocyte under a flucrescence microscope { only one dot). One red bright dot repre-

sents one copy of X chromosome.

Fig. 2. The copies of X chromosome of HCC cell line under a fluorescence microscope (4 dots). One red bright dot represents one copy

of X chromosome.

Fig. 3. The copies of X chromosome of HCC cell line under a fluorescence microscape (2 dots). One red bright dot represents one copy

of X chromosome.

Fig. 4. The copies of X chromosome of HCC cell line under a fluorescence microscape (5 dots). One red bright dot represents one copy

of X chromosome.

Fig. 5. The copies of X chromosome of HCC tumor samples under a fluorescence microscope. One red bright dot represents one copy of

X chromosome.
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7) for 3 minutes, then they were dehydrated by 70%,
80%, 100% ethanol. The denatured probe was put onto
the slices, and kept at 37 °C in a wet-box overnight.
The slices were washed at 72 °C with 0. 4XSSC buf-
fer/0.3% INP40 (pH=7) for 2 minutes, then with 2x
SSC buffer/0.1% INP40 for 2 minutes and dried in air.
The slices were restained with 10 pl of DAP I (0.05
pg/ml). 15 minutes —2 hours later, cells were counted
microscopically. Hundred interphase nuclei of tumor
cells were counted and normal lymphocytes were used as
controls.

Principles of counting

The signal of each nucleus was recorded at 6 diffe-
rent levels according to its pieces. The following criteria
were followed; counting of non-overlap nucleus; inde-
pendent signal; non-counting of injured nuclens or
plasm inside nucleus; consistent signal strength for calcu-
lation; counting of paired leaf signal as one ; counting of
average in four quadrants so as to decline the error caus-
ed by hybridization and examination to the lowest limit.

Results

Cell nucleus and chromosome were stained in light blue
under a fluorescence microscope. Red bright dots were
shown in the nuclei of positive cells. The dot indicated
the position of X chromosomes. The copies of X chro-
mosomes of control lymphocytes were found to be nor-
mal (Fig. 1). The probes were found stable. The re-
sults of hepatocarcinoma cellular lines are presented in
Table 1 and Figs. 2-4. The results of 12 tumor samples
are shown in Table 2 and Fig. 5. The results indicated
that the increased copies of X chromosome were com-
mon in hepatocarcinoma cellular lines, with 4 copies in
most cases. The same results were obtained using tumor
samples.

Table 1. FISH analysis of X chromosome copies of hepatocarcino-
ma cellular lines

Copies of X chromosome
0 1 2 3 4 =5

Amplification X

Sample chromosome (%)

HOC-9903 0 1 1
EGHC-9901 0 0 9
HCC-9810 1 0 0

7 81 10 99
60 21 10 100
8 70 21 99

Discussion

Sex hormone and its receptor, especially the inducible
male hormone receptor, have been widely reported to
be related to liver cancer. But the importance of the ab-
normalities of X chromosome has not yet been investiga-
ted in liver cancer. For a long time, sex chromosome
has been considered to decide sex, and few studies have
paid attention to the gene in sex chromosome, which is
related to human growth and development. Recently,
the gene of male hormone receptor, the gene of CD40
gamete, the y-gene of IL-2 receptor were found to lo-
cate in X chromosome. Therefore, the studies on ab-
normalities of X chromosome in liver cancer are helpful
to identify the causes of liver cancer and mechanism of
the male hormone at gene level.

The method of zoster show of chromosome is an
important technique for chromosome analysis. Bur it is
challenged in the analysis of tiny or complicated chromo-
some abnormalities and the settlement of source of small
marked chromosomes. Tumor cell is not easy to enter
the split-phase during culture and get the analysis phase
as well. It may cause the failure of analysis because of the
poor appearance or unclear band of chromosome. Re-
cently, FISH as an accurate and efficient technique has
been uvsed for the study of complicated chromosome mu-
tation. Hybridization in situ and fluorescence techniques

Table 2. FISH analysis of X chromosome copies of tamor samples

Copies of X chromosome (entries)

. Amplification X
Case Sex Age (v) Operation date 5 . » ; " = chromesome (%)
Wang M 44 2001-06-21 0 14 13 14 45 14 86
Li M 60 2001-07-03 0 18 8 26 34 14 82
Li M 47 2001-07-20 0 19 14 18 30 19 81
Zhang M 55 2001-07-24 0 24 12 14 40 10 76
Guo M 62 2001-07-26 0 17 13 25 36 9 83
Ding M 63 2001-07-30 0 6 16 35 22 21 94
Wang F 47 2001-08-01 0 3 13 19 35 30 84
Lio M 45 2001-08-01 0 24 13 26 27 10 76
Han M 55 2001-08-02 0 16 12 9 46 17 84
Lio M 43 2001-08-04 0 18 7 38 24 13 82
Yu M 54 2001-08-06 0 26 12 26 26 10 74
Wang M 62 2001-08-06 0 17 9 20 36 18 83

112 . Hepatobiliary Pancreat Dis Int, Vol 3, No 1

» February 15, 2004 . www.hbpdint.com



Aberradon of X chromosome in liver neoplasm detected by fluorescence in situ hybridization

are used in FISH, which could replace isotope hybridi-
zation in situ owing to its high sensitivity and strong sig-
nal. FISH has been widely used to study the changes in
count and structure of split phase cells, chromosome
quantity, and gene changes of interphase cells. The ap-
plication of FISH in the study of liver cancer in the re-
cent years[zo'%J has revealed mutation of 1, 2, 3,4, 6,
7,8,9,16, 17, 18 and 20 chromosomes. To the pre-
sent, however, no report has been published on copies
of X chromosome in liver cancer. The use of FISH to
study the X chromosome of hepatocarcinoma cellular
lines in this study demonstrated that the number of co-
pies was significantly increased, with 4 copies in most
cases, indicating thar X chromosome may play a role in
the occurrence and development of liver cancer. This
finding is consistent with that reported by Ochiail!2] and
Paradis.[?”] They found that the mutation of male hor-
mone receptor on the X chromosome in patients with
chronic hepatitis was relared to liver cancer. We further
examined fresh parenchymal tumor and obtained the
same result. Thus, the error margin that may be caused
by the biological characteristics of cells was excluded.
This finding indicates that sex hormone and involved
genes need further investigation.
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