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Abstract: Multiple chromosome aberrations are responsible for tumorigenesis of esophagus squamous cell carci-
noma (ESCC). To characterize genetic alterations by comparative genomic hybridization (CGH) and their relation to 
ESCC, We enrolled 54 members with ESCC from Kazakh’s patients. We found that the deletions of 3p (p = 0.032), 
17p (p = 0.004), 22q (p = 0.000) and gains of 5p (p = 0.000), 11q (p = 0.000) were significantly correlated with 
the location of tumors. Losses of 1p (p = 0.005), 3p (p = 0.006), 22q (p = 0.024) and gains of 3q (p = 0.043), 8q 
(p = 0.038), 18q (p = 0.046) were also found more frequently in patients with larger diameter disease. The loss of 
19q (p = 0.005) and gains of l3q (p = 0.045), 18p (p = 0.018) were significantly correlated with pathologic grade. 
The gain of 7p (p = 0.009) and deletion of 19q (p = 0.018) were seen more frequently in patients with Grade III-IV 
tumors. Chromosome amplifications in ESCC at 1q (p = 0.008), 7p (p = 0.008), 8q (p = 0.018) and deletions at 3p 
(p = 0.021), 11q (p = 0.002), 17p (p = 0.012) were related to lymph node metastasis; the gains of 1q (p = 0.026) 
and 6q (p = 0.017) and the loss of 11q (p = 0.001) were significant in different isoforms of HPV infection. We identi-
fied some chromosomes in which the genes were related to the tumorgenesis of ESCC, which may be a theme for 
future investigation.

Keywords: Chromosomal aberration, esophagus squamous cell carcinoma, HPV infection, Xinjiang Kazakh, com-
parative genomic hybridization

Introduction

Esophagus squamous cell cancer (ESCC), the 
major histologic type of esophageal cancer in 
East Asian countries [1], remains one of the 
most common malignant diseases of digestive 
system. It ranks the sixth of the leading causes 
of cancer-related deaths worldwide [2], espe-
cially in Chinese Kazakh ethnic population who 
is residing in Xinjiang, Northwest China [3]. In 
recent years, advances in diagnosis and thera-
py for ESCC have improved the survival of can-
cer patients to some extent. However, the prog-
nosis remains poor with an average 5-year 
survival rate ranging from 20% to 40% [4] due 
to its highly invasive nature [5]. Thus, it is of 
great clinical value to look for sensitive and 

specific biomarkers for the early detection and 
prognosis of this malignancy, as well as novel 
therapeutic targets. Genetic changes were 
often detected in tumor tissues and they could 
also be indicators of tumor progression, for 
examples, the loss of TUSC3 (8p22) gene may 
serve as a good indicator of malignancy of oral 
squamous cell carcinoma [7]; a significant 
association between FHIT (3p14.2) and inva-
sive ductal carcinoma (IDC) histopathological 
type was observed in breast cancer [8], so on 
and so forth. Thus, we aim to understand the 
genetic changes that happened in these 
tumors, including those from major chromo-
somal variations as well as gene sequence 
changes.
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Comparative genomic hybridization (CGH) was 
evolved from fluorescence in situ hybridization 
(FISH) by Kallioniemi et al. in 1992 [9], and CGH 
is more rapid for analyzing DNA copy number 
alters across the genome in a single sample 
than traditional methods. Genomic aberration 
was a common characteristic of human carci-
nomas and also was one of the basic mecha-
nisms that result in overexpression of onco-
genes or underexpression of tumor suppressor 
genes [10], thus genomic variation was one of 
the mechanisms that could lead to gene dys-
function and result in the carcinogens and 
tumor progression. Numerous studies had de- 
tected the chromosome aberrations in ESCC, 

such as gains at 3q26-qter, 5p15, 7p, 7q, 
11q13.3, 8q24.3-qter and losses of 16p13.3 
and 18q22-qter were most frequent aberra-
tions in ESCC [11-13]; gains of 12p, 11q13.2, 
8q24.21 and losses at 3p14.2 were related to 
poor prognosis [14]; Moreover, overexpression 
of IGHMBP2, which located in chromosome 
11q13.2, may promote invasion and migration 
of ESCC cells through down-regulation of 
E-cadherin [15]; Cyclin D1 plays an important 
role in ESCC cases by amplification of the 
11q13.3 locus, which, together with FBXO31, 
becomes a biomarker of prognosis of ESCC 
[16], and so on.  

Although plenty of studies had demonstrated 
chromosome aberrations in ESCC were con-
nected with tumorgenesis, progression and 
prognosis of ESCC, to the best of our knowl-
edge, there was no research on the relationship 
between the location, size of ESCC, HPV infec-
tion and chromosome variations, especially in 
Xinjiang Kazakh nation. Herein, we for the first 
time report results of a CGH analysis performed 
in 54 cases of Xinjiang Kazakh ESCC in order to 
discover common regions of gains and losses 
in chromosome, which could provide evidence 
on the important role of chromosome changes 
in the tumorigenesis and progression of ESCC. 
Interestingly, not only did we find that losses of 
19q and gains of l3q, 18p were significantly 
correlated with pathologic grade; the gain of 7p 
and deletion of 19q was seen more frequently 
in patients with Grade III-IV tumors; chromo-
some amplifications in ESCC at 1q, 7p, 8q and 
deletions at 3p, 11q, 17p were related to lymph 
node metastasis, but also discovered that dele-
tions of 3p, 17p, 22q and gains at 5p, 11q were 
significantly correlated with the location of 
tumors; Losses of 1p, 3p, 22q and gains of 3q, 
8q, 18q also were found more frequently in 
patients with larger diameter disease; the gains 
of 1q, 6q and the losses of 11q were in signifi-
cantly different isoforms of HPV infection. Thus, 
we envision that the chromosome changes 
could be a potential biomarker of early diagno-
sis of ESCC.

Materials and methods

Samples and controls

A total of 54 paraffin-embedded tissues speci-
mens with primary ESCC patients were all from 
the tissue bank of the Peoples’ Hospital reach 

Table 1. Demographics of patients and tumor 
characteristics
Characteristic No. of patients (n = 54)
Age
    40-50 19
    51-61 23
    62-72 12
Sex
    Male 35
    Female 19
Histological differentiation
    Well 17
    Moderate 29
    Poor 8
Location
    Middle 33
    Low 21
Size
    <5 cm 35
    ≥5 cm 19
TNM stage
    I 0
    II 24
    III 27
    IV 3
LN
    N0 33
    N1 21
HPV infection
    HPV16 14
    HPV18 8
    Both and others 24
    None 8
LN represents lymph node metastasis, N0-without, N1-with.
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center related to cancer in Xinjiang Uygur 
Autonomous Region. The clinical features and 
clinicopathological characteristics of the sam-
ples are shown in table 1. The patients did  
not accept any preoperative chemotherapy or 
radiotherapy before their surgery. Diagnosis of 
every patient was confirmed to be esophagus 
squamous cell cancer by histological observa-
tion. And all of the samples were classified and 
graded by means of the criteria of the World 
Health Organization (WHO). Meanwhile, meta-
phase chromosome slices and reference DNA 
came from peripheral blood of an adult male 
volunteer.

DNA extraction

Total DNA was extracted from the 54 samples 
with ESCC using a standard phenol/chloroform 
extraction method, and peripheral blood lym-
phocytes cells from a normal male volunteer 
was used as controls. DNA quality was checked 
on a 1.2% agarose gel, the length of the DNA 
were confirmed to be 300-3000 base pairs (bp) 
by electrophoresis and the amount of extracted 
DNA was measured spectrophotometrically at 
260 nm (impurity and ratio of DNA to non-DNA 
were also cross-checked at 280 nm). Extrac- 
tions were stored at -20°C prior to labeling by 
nick translation.

Comparative genomic hybridization

Comparative genomic hybridization used a 
commercially available kit on the basis of the 
manufacturer’s protocol (Vysis Inc., U.S). Briefly, 
tumor DNA was labeled with 0.2 mmol/L fluo-
rescein isothiocyanate (FITC)-dUTP, while the 
normal reference DNA was labeled with cya-
nine 3 (Cy3)-dUTP. The hybridization mixture 

incorporated approximately 300 ng Spectrum 
Green-labeled test DNA and 300 ng Spec- 
trum Red-labeled total genomic reference DNA 
coprecipitated with 10 μg human Cot-1 DNA 
(Invitrogen, Vysis, USA) and was dissolved in 
hybridization buffer before hybridization to 
metaphase chromosomes. Metaphase slides 
were denatured at 73°C for 5 min in 70% 
methanamide/2× SSC and dehydrated in an 
ethanol series (75%, 85%, and 100%). After 
washing, chromosomes were counterstained 
with 4,6-diamidino-2-phenylindole-2 HCl (DAPI 
II; Vysis) and embedded in an antifading agent 
to reduce photobleaching. To provide a control 
in case of artifacts, normal people DNA (label- 
ed red) was used as a negative control. DNA 
extracted from the MPE600 breast cancer cell 
line (with known genetic aberrations that were 
easy to be detected by comparative genomic 
hybridization) was used as a positive control 
(labeled green). 

Microscopy and digital image analysis

A fluorescence microscope (Olympus BX51) 
equipped with appropriate filters (DAPI, FITC, 
and Cy3) was used to bring out the signals. For 
each hybridization panel, raw images from at 
least 5 metaphases were captured through a 
computer-driven CCD camera and analyzed 
with ISIS image software (Carl Zeiss META- 
SYSTEMS Inc., Germany). Chromosomes were 
identified by their DAPI banding patterns. 
Threshold levels of 1.25 and 0.8 were used to 
score gains and losses, respectively. High-level 
amplification was indicated by a ratio greater 
than 1.5.

Statistical analysis

To get categorical data, Pearson’s X2 test or 
Fisher’s exact test was used to interclass com-
parison. A value of p<0.05 was considered sta-
tistically significant. Data were analyzed by the 
software for SPSS13.0.

Results 

CGH profiles of 54 ESCC samples in Chinese 
Kazakh and a case of representative image

The genetic alterations results detected by 
CGH in the 54 cases of ESCC showed that chro-
mosome variations occurred in all cases. CGH 
displayed DNA sequence gains and losses in all 

Figure 1. Frequency of DNA copy number gains and 
losses for each chromosome arm in 54 patients with 
primary ESCC of Xinjiang Kazakh. Green histograms 
are gains, red are deletions.
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54 primary esophageal cancer cases, with 683 
gains and 488 losses. The mean numbers of 
DNA gains and losses per tumor sample were 
12.64 and 9.04, respectively, and the ratio was 
1.4:1. Figure 1 showed the frequency of DNA 
copy number of gains or losses of every chro-
mosome arm in 54 ESCC patients. Gains were 
most frequently detected on chromosomal 8q 
(65%), 1q (60%), 3q (56%), 18q (54%), 5p (52%), 
11q (48%), 13q (44%), 6q (41%), 20q (39%), 5q 
(35%), 18p (35%) etc., in which 8q22-24 (60%), 
1q13 (54%), 1q21-23 (51%), 3q21-qter (50%), 
18q11-24 (42%) and 5p13.1-ter (30%) were the 
most frequent region, and the minimal overlap-
ping region lay in 3q21-22, 8q22-23, 5p13-14, 
1q21, 13q, 18q11-14, 20q11-12 and 11q13. 
Frequently occurring losses involved chromo-
some 22q (52%), 8p (44%), 13q (39%), 17p 
(39%), 5q (37%), 10q (33%), (the chromosomal 
aberrant frequency on chromosome 1p, 18q, 
3q, 19q was similar, for all it was 30% followed 
by 11q (20%). The chromosome 22q11.2-14 
(48%), 8p22-ter (35%), 13q13-21 (33%) and 
17p11-13 (30%) were the most frequent losses 
region. The minimal regions of overlap were 

ing not high frequency of altered DNA copy 
number. Thus they belong to small probability 
events.

The correlation between the chromosome 
aberration of Kazakh patients with ESCC and 
clinical pathology

The association was detected by small sample 
Fisher’s exact test to confirm the correlation 
between ESCC patients with chromosome vari-
ation, age, sex, tumorigenic position, tumor size 
and tumor classification. The chromosomal 
alteration of 54 ESCC had bearing on tumori-
genic position and tumor site except age, sex, 
tumor classification (Table 2). For example, the 
gains of 5p (p = 0.000), 11q (p = 0.000) and 
the losses on chromosome 3p (p = 0.032), 17p 
(p = 0.004), 22q (p = 0.000) were found to be 
positive correlation with the location of tumor. 
Especially the gain of 5p, 11q and the deletion 
of 22q had significant positive relationship with 
the size of tumor (P = 0.000); while the gains of 
3q (p = 0.043), 8q (p = 0.038), 18q (p = 0.046) 
and the losses of 1p (p = 0.005), 3p (p = 0.006), 
22q (p = 0.024) were discovered to be connect-

Figure 2. Representative image of chromosome variations by CGH analy-
sis in case No.17. Red-reference DNA, green-DNA of tumor, blue-DAPI stain-
ing. A. CGH detected metaphase spreads. B. chromosome arrangement by 
karyotype. C. Fluorescence ratio figure. D. image of several chromosome 
aberration regions. Green to red fluorescence thresholds (represented by 
the green/red line) are 0.85 and 1.25, respectively. The curve shows DNA 
copy status. Curves to the left of the red line indicate losses, while curves to 
the right indicate gains.

22q11-13, 8p12-23, 13q12-
14, 17p12-13, 5q31, 3p21, 
1p36, 3p21, 18p13 and 
18q21-23.

We showed one representa-
tive CGH analysis image of 
case No.17 in Figure 2. The 
gained chromosome of case 
17 were 1p, 1q, 3q, 5q, 7q, 8q, 
18q and lost chromosome 
were 6p, 6q, 8p, 18p, 22p, 
22q. The amplifications of 1q 
were focused on 1q13 and 
1q21-23, the gains of 3q 
occurred on 3q21-qter, and 
the minimal overlapping re- 
gion was 3q21-22. While the 
amplifications of 5q, 18q, 8q 
mostly located on 5q13-14, 
18q11-14, 8q23-q25, 8q27, 
respectively. The chromoso- 
mal profile of DNA copy num-
ber losses was characterized 
as follows: 22q11-13 of 22q, 
8p12-23 on chromosome 8p. 
And the chromosome altera-
tions on other chromosomal 
regions were scattered, show-
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ed with tumor size, in which the gains of 8q, 
18q and the losses of 1p, 3p, 22q had positive 
correlation with tumor size. Moreover, tumor 
size of those (patients with ESCC) with the 
amplification of chromosome 3q was common-
ly less than 5 cm.

In the present study we evaluated the associa-
tion between the profile of the chromosomal 
variation and histological grade. The relation-
ship between chromosomal aberrations and 
histological differentiation was evaluated for 
54 Kazakh patients with ESCC (Table 3). 
Amplifications at 13q (p = 0.045), 18p (p = 

0.018) and deletions at 19q (p = 0.005) were 
compared between the patients with high dif-
ferentiation and those with middle-low differen-
tiation, which was found to be significant differ-
ences. Whereas, with the decreased degree of 
tumor differentiation the chromosome 13q 
gained more, thus it may significantly associat-
ed with the malignancy of ESCC. The deletion of 
19q was much frequent in squamous carcino-
ma, which might be a potential marker of well 
differentiation. 

The association between chromosomal aberra-
tions and TNM classification was detected in 
54 patients with ESCC in Kazakh. The average 
DNA copy numbers of amplifications and losses 
in patients with early-stage tumor (TNM I and II) 
were 12.4 and 8.5, respectively, Whereas the 
numbers in advanced-stage tumor (TNM III and 
IV) were 15.7 and 10.3, respectively. Further- 
more, the frequency of chromosome gains and 
losses in advanced-stage tumor were found to 
be higher than those in early-stage tumor, and 
the ratio was 1.27:1 and 1.21:1, respectively. 
In our current study, the gain of 7p (7p13-14) (p 
= 0.009) and the loss of 19q (19q13) (p = 
0.018) were observed to be significantly higher 
in advanced-stage than early-stage (Table 4).

Using Fisher’s exact test, the regions with a 
variation copy number were compared between 
patients with lymph node metastasis and those 
without (Table 5). As a result, amplifications at 
1q (p = 0.008), 7p (p = 0.008), 8q (p = 0.018) 
and deletions at 3p (p = 0.021), 11q (p = 
0.002), 17p (p = 0.012) were related to lymph 
node metastasis, and the gains of 1q had nega-
tive relationship with lymph node metastasis, 
which could be a good mark of prognosis of 

Table 2. The relationship between chromosome aberration of 54 ESCC in Xinjiang Kazak and loca-
tion, size
Clinical  
character No.

DNA Gains (%) DNA Losses (%)
3q+ 5p+ 8q+ 11q+ 18q+ 1p- 3p- 17p- 22q-

Location
    Middle 33 20 (60) 5 (15.1) 18 (54) 9 (27.3) 17 (51.5) 10 (30.3) 6 (18.2) 8 (24.2) 8 (24.2)
    Low 21 11 (52) 14 (66) 17 (80) 17 (80.9) 14 (66.7) 6 (28.6) 10 (47.6) 14 (66.7) 20 (95.2)
    p-value 0.584 0.000*** 0.079 0.000*** 0.398 1.000 0.032* 0.004** 0.000***
Size
    <5 cm 35 24 (68) 14 (40) 19 (54) 19 (54.3) 15 (42.9) 6 (17.1) 7 (20.0) 13 (37.1) 14 (40.0)
    ≥5 cm 19 7 (36.8) 5 (26.3) 16 (84) 7 (36.8) 14 (73.7) 11 (57.9) 9 (47.4) 9 (47.4) 14 (73.7)
    p-value 0.043* 0.381 0.038* 0.264 0.046* 0.005** 0.006** 0.566 0.024*
The X2 test (Fisher’s exact test), *P<0.05, **P<0.01, ***P<0.001.

Table 3. The relationship between chromosomal 
aberration and tissue differentiation gradation
Chromosome  
change

High  
differentiation

Middle-low  
differentiation p value

1q+ 14/18 (77.8) 18/36 (50) 0.078
13q+ 8/18 (33.3) 23/36 (63.9) 0.045*
17p- 5/18 (27.8) 17/36 (47.2) 0.242
18p+ 3/18 (16.7) 19/36 (52.8) 0.018*
19q- 10/18 (55.6) 6/36 (16.7) 0.005**
The X2 test (Fisher’s exact test), *P<0.05, **P<0.01.

Table 4. The relationship between chromosomal 
aberration and clinical stage in 54 ESCC of Xinji-
ang Kazak 
Chromosome  
aberrations II (IIa+IIb) III-IV p value

7p+ 3/24 (12.5) 14/30 (46.7) 0.009**
13q+ 14/24 (58.3) 15/30 (50) 0.592
19q- 3/24 (12.5) 13/30 (43.3) 0.018*
The X2 test (Fisher’s exact test), *P<0.05, **P<0.01.
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ESCC in Kazakh. On the contrary, the gain of 8q 
and the losses on 11q and 17p may be a sym-
bol of poor prognosis.

Chromosome aberration in relation to the 
infection of HPV

In addition, to analyze the correlation between 
the infection of HPV and chromosome alterna-
tion, we previously examined 54 ESCC patients 
with or without HPV infection (Table 6). The sta-
tistical results showed that the gains of 1q (p = 
0.026), 6q (p = 0.017) and deletions at 11q (p 
= 0.001) in different type of HPV infection were 
in significant difference. Notably the gains of  
1q were the highest aberration in the ESCC 
patients with infection of HPV16, and amplifica-
tions at 6q and deletions at 11q were with high 
frequency in the patients infected with HPV18. 
The ratio was 87.5% and 62.5%, respectively, 
and significant differences were observed com-
pared with other infected types. Simply put, the 
results indicated that amplifications at 1q 
would be a representative characteristic of 
infection with HPV16, nevertheless the gain of 
6p and the loss of 11q might have much to do 
with infection of HPV18.

Discussion

ESCC is one of the most aggressive malignan-
cies with a very poor survival in China, particu-

date targets of amplifications or deletions. Thus 
a CGH analysis on 54 Kazak patients with ESCC 
resided in Xinjiang had been performed for 
their chromosome variations. We found that 
many chromosome changes significantly corre-
lated with tumorgenesis, progression, and pro- 
gnosis. For instance, deletions of 3p, 17p, 22q 
and gains of 5p, 11q were significantly corre-
lated with the location of tumors; losses of 19q 
and gain of l3q, 18p were significantly correlat-
ed with pathologic grade; the gains of 1q, 6q 
and the loss of 11q were in significant different 
isoforms of HPV infection with ESCC and so  
on. Therefore we made an assumption that the 
changes of chromosome could be a biomarker 
of early diagnosis in ESCC.

Since invented in 1990s, CGH was widely used 
to detect the changes of chromosome in all 
kinds of tumors [9, 18]. Numerous previous 
studies had been performed in patients with 
ESCC, and the results of these researches also 
differ in different degrees. Anna Hirasaki et al. 
[12] applied Array-CGH to study the chromo-
some changes of patients with EC and they 
found that the chromosomal variations with 
high incidence were different, whereas the 
chromosomal aberrations of different isoforms 
in EC (squamous cancers and adenocarcino-
mas) either had similarity or imparity. Simul- 
taneously, the use of Array-CGH may also find 

Table 5. The relationship between chromosome aberration of 54 ESCC 
in Kazak and lymphatic metastasis
Chromosomal  
aberration

Non lymphatic  
metastasis (%)

Lymphatic  
metastasis (%) p value

1q+ 27/33 (81.8) 10/21 (47.6) 0.008**
3p- 6/33 (18.2) 10/21 (47.6) 0.021*
7p+ 6/33 (18.2) 11/21 (52.4) 0.008**
8q+ 17/33 (51.5) 18/21 (85.7) 0.018*
11q- 2/33 (15.2) 9/21 (42.9) 0.002**
17p- 9/33 (27.3) 13/21 (61.9) 0.012*
The X2 test (Fisher’s exact test), *p<0.05, **p<0.01.

Table 6. The relationship between chromosome aberration of 54 ESCC 
in Xinjiang Kazak and HPV infection
Chromosome  
aberration HPV16 HPV18 Multiple  

infection No infection p value

1q+ 13/14 (92.9) 1/8 (12.5) 12/24 (50) 3/8 (37.5) 0.026*
6q+ 6/14 (42.8) 7/8 (87.5) 9/24 (37.5) 1/8 (12.5) 0.017*
8q+ 10/14 (71.4) 8/8 (100) 14/24 (58.3) 3/8 (37.5) 0.053
11q- 3/14 (21.4) 6/8 (62.5) 3/24 (4.2) 1/8 (12.5) 0.001**
The X2 test (Fisher’s exact test), *p<0.05, **p<0.01.

larly in the Chinese Ka- 
zakh ethnic population 
residing in Xinjiang, Nor- 
thwest China. Compared 
with other ethnic groups 
and parts of China, the 
incidence rate and mor-
tality rate of patients with 
ESCC in the Chinese Ka- 
zakh were detected high-
er in malignant tumors  
of Kazak [17]. Thus the 
early diagnosis of ESCC  
in Kazakh is very urgent 
for better prognosis. As 
far as we know, genomic 
variations are one of the 
mechanisms that could 
result in gene dysfunction 
and lead to carcinogene-
sis and tumor progres-
sion. Differentially expr- 
essed genes correlated 
with altered DNA copy 
number may be candi-
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some genes that could code some proteins. For 
examples, genes that code cell adhesion mole-
cule (CAM), cytoskeleton proteins, transcription 
factor and cyclin-related proteins might affect 
the occurrence and development of ESCC and 
discovery of some new cancer-related genes 
not reported before. The relationship between 
the chromosome changes of ESCC and age, 
gender, cancer types, histological grade and 
clinical stage were not the same in different 
studies [19, 20]. Nonetheless, the relationship 
between ESCC chromosome aberrations and 
HPV infection, tumor size and position has not 
been reported.

The overall chromosome aberrations of 54 pri-
mary ESCC patients from Xinjiang Kazakh in 
our study were very complex. The overall chro-
mosome gains and losses were 683 and 488, 
respectively; the average gains and losses in 
every specimen was 12.68 and 9.04, respec-
tively, and the ratio was 1.4:1. Our result of 
chromosome amplifications and deletions were 
similar to previous investigations. The gains of 
3q, 5p, 8q, 1q, 11q and the losses of 11q, 18q, 
5q were detected in many researches related 
to esophagus cancer [10], carcinoma in other 
organs and we had known that some genes 
related to tumorigenesis and lymph node 
metastasis were located in those places, such 
as PI3K and ALG3 in 3q, FHIT at 3p, BCL1 and 
CCND1 in 11q13 [8, 10, 21-23]. Except for the 
similarity, our results also revealed that 13q 
gained and 22q deleted with high frequency, 
and the common sites were involved in 13q13-
14, 13q13-21, 13qq33, 13q32, 13q33-ter, 
13q14 and 22q13, in which the minimal over-
lapping region was 13q13-14. RB1 and BRAC2 
located in 13q14 were related to tumorigenesis 
of numerous tumors, and it was also deserved 
further researches to identify whether it related 
to ESCC or not. The deletion of tumor suppres-
sor gene (such as BAM22, Hsnf5/INI, NF2, 
LGALLS1, and BZRP) that lay in the chromo-
some 22q13 also took part in many kinds of 
cancer’s tumorigenesis [24]. These different 
results might be connected with race and 
region of patients, and it could be the charac-
teristic chromosome changes of patients with 
ESCC in Chinese Kazakh.

The relationship between chromosome aberra-
tions of ESCC and clinicopathologic features 
had been reported in many researches, but dif-
ferent researches showed various outcomes. 

The previous studies have shown that chromo-
some aberrations of ESCC had no significant 
relationship with age, gander, clinical tumor 
type [11, 19], which was coincident with our 
study. Whereas we also discovered some new 
special genome changes in Kazakh patients 
with ESCC. In our study, the gains of 5p, 11q 
and the losses of 3p, 17p, 22q had significant 
correlation with the location of the tumor, and 
the change of genome was more frequent in 
the ESCC patients whose tumor was located in 
middle lower of esophagus; in addition, the 
amplifications in chromosome 3q, 8q, 18q and 
the deletions at 1p, 3p, 22q had remarkable 
relationship with tumor size, and when the 
tumor size ≥5 cm, the patients would reveal 
more complex variation in chromosome, which 
had not been reported ever. In our study, the 
changes at chromosome 3q were most located 
in 3q21, 3q24-ter, and 3q27-29. Chromosome 
3q was aberrant in high frequency in plenty of 
cancers, such as cervical cancer [25], lung 
squamous carcinoma [26], ovarian carcinoma 
[27], and so on. MBD4 (3q21-q22), ECT2 
(3q26.2-q26), p63 (3q27-q29), PIK3CA (3q24-
qter) gene had been detected in chromosome 
3q at present [25, 26], and all this gene belong 
to oncogene of db1 family. They could code 
growth factors with guanine nucleotide exch- 
ange factor activity thus to active Rho-family 
GTPases, and then took part in cell growth, dif-
ferentiation, and cycle regulating. In our study, 
the chromosomal 3q had high frequent amplifi-
cations and had significant correlation with 
invasive growth of ESCC, which might play a 
great role in the development of ESCC. The 
mechanism was via chromosome aberration by 
activating oncogene or suppressing anti-onco-
gene. The change of chromosome 8q lay in 
8q13, 8q23-ter, which was also a research 
hotspot of many types of tumor in their cancer 
genetics. And the oncogene of MYC located in 
chromosome 8q might participate in the pro-
gression of ESCC [14]. 

Previous studies of CGH analysis in ESCC indi-
cated that the alternations of DNA copy num-
bers had significant relationship with progno- 
sis of ESCC: the amplifications of 3q, 8q, 12p, 
16p, 17q and the deletions of 18q correlated 
with pathologic stage in ESCC [10]; the gains  
of 2q12-14, 3q24-26, 7q21-31 [28], 3q27.1 
(ALG3), 11q13.3 (CCND1) [10] related to lym- 
ph node metastasis; and the amplifications in 
chromosome 7p13-21 was connected with dis-
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tance metastasis [28]. They presumed that the 
gains of 8q, 2p and the losses of 4pq, 11q14-
qter was an event of the advanced stage. And 
the deletion of chromosome 8q indicated poor 
prognosis of patients with ESCC [19]. Other 
investigates revealed that the gains of 3q, 5p, 
7p14.1, 11q13.2, 13q12, 14q11-32, 18q11.2, 
19p and the losses at 2q37.3, 3p, 11q23.1, 
13q12.2, 16q23.1, 17p had relationship with 
pathologic type of ESCC [29]; the chromosome 
8q24-qter amplified frequently in low-differenti-
ation, in addition in high-differentiation of ESCC 
the losses of chromosome 8p22-pter, 9p was 
more common [11]. Our results of CGH analysis 
indicated that the changes of DNA copy num-
bers had crucial relationship with histological 
grade, clinical stage and lymph node metasta-
sis. The amplifications of 13q, 17p and the 
deletion of 19q were related to histological 
grade, and the gains of chromosome 13q was 
obvious higher in middle-low differentiation 
than in high differentiation. The regions of chro-
mosome 13q changed were often located in 
13q13-21 and 13q33-ter, in which RB1 and 
BRCA2 genes took part in tumorigenesis in 
numerous carcinomas (for instance, chronic 
lymphocytic leukemia, brain malignant glioma, 
and so on [30, 31]. The deletion level of chro-
mosome 19q was higher in high differentiation, 
thus we supposed that it might be a mark of 
cancer differentiation. 

Chromosomal variations in advanced-stages of 
ESCC were significantly higher than it in early 
stage, which revealed that with the progression 
of ESCC the more aberration regions would 
occur and most of them were amplifications. 
The gains of 7p and the deletions of 19q had 
important correlation with clinical stages in 
ESCC, and it was more common in patients 
with ESCC of stage II and stage III, which were 
strongly linked with progression of ESCC. 
Similarly, in squamous cell carcinomas of the 
oral cavity, the gain of 7p focused on 7p12 
related to clinical stage, which may because it 
is the band harboring the epidermal growth fac-
tor receptor (EGFR) [32]. But the amplification 
regions of chromosome 7p were located in 
7p13-14, which was rarely reported in ESCC. 
Therefore further researches of the gains of 7p 
needed to be performed in ESCC. The position 
of chromosome 19q deleted was 19q13 where 
PDCD5, KISS1R, BRG1 genes were located. 
These genes played a role in ovarian cancer, for 
instance, PDCD5 might lead to the tumor via 

disturbing the apoptosis progression of cancer 
cell [33]. Further studies should be performed 
to identify if they induce tumor via the same 
approach in ESCC. 

Previous studies indicated that the deletions of 
3p, 11q, 17p would be a remark of prognosis of 
ESCC, which was coincident with our research 
[10, 34]. In patients with ESCC, the amplifica-
tion of chromosomal 1q of those without lymph 
node metastasis was more frequent than those 
with lymph node metastasis, and the region of 
which was 1q21-22 (S100), indicating a well 
prognosis of ESCC. In addition, the gains in 
chromosome 7p, 8q and the losses in chromo-
some 3p, 11q, 17p in ESCC of those with lymph 
node metastasis were greater than those with-
out lymph node metastasis, and the minimum 
region was involved,, such as 7p13-p11 (CCM2), 
7p15.2 (LOC100129.36), 8q22 (CDH17), 8q23 
(MAPK6PS5), 8q23-q24.1 (COLEC10, myc). And 
it had significant differences among two gro- 
ups. By comparing the three above-mentioned 
indexes and their homologous chromosomal 
variations, we could come to a conclusion that 
the gains of 7p and the loss of 19q had impor-
tant correlation with the progression of ESCC, 
in which the amplification of 7p could reveal 
poor prognosis and the deletion of 19q was 
related to the late-progression of ESCC. How- 
ever, it was too early to summarize the charac-
teristic aberrations at present. We need more 
patients with ESCC to analyze the relationship 
between chromosome changes and clinical 
index. Even so we could also conclude that with 
the development of ESCC cancer-related chro-
mosome variations occurred more frequently 
and common chromosomal changes could be 
detected in different stage of ESCC, which indi-
cated that common gene changes were existed 
in ESCC.

Human papilloma viruses (HPV) were addicted 
to squamous epithelium and separated into 
high-risk HPV (HPV16, 18, 31, 45) and low-risk 
HPV (HPV11, 6, 41) depending on the relation-
ship between viruses and clinic. High-risk HPV 
was significantly related to carcinoma, and the 
mechanism was its participation in cell cycle 
control, thus preventing cell self-healing or 
stopping cells to go into programmed cell 
death, which caused cell immortalization. Com- 
pared with HPV16 infection, HPV18 infection 
enhanced imbalance significantly in chromo-
some [35]. However further researches of the 
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relationship between regions of chromosome 
alternations and various types of HPV infection 
had not been carried out. The investigation of 
the correlation between chromosome varia-
tions of ESCC and HPV infection was rarely 
investigated for now. It was found that the level 
of amplification in chromosome 6q was higher 
in ESCC, whereas it had nothing to do with iso-
lation of HPV. Further it indicated that chromo-
somal aberrations and HPV infection were likely 
to be mutual independence factors in the pro-
cess of esophageal canceration course [36], 
and HPV-related simultaneously companied 
with the loss of heterozygosity at 11q22 in 
studies of oral squamous cell carcinoma and 
its derivative cell line [37]. 

Studies on HPV-induced chromosomal aberra-
tions in Chinese Xinjiang Kazakh, had not been 
reported at home and abroad. HPV infection in 
Kazakh Xinjiang had vital correlations with 
chromosome variations, in which the gains of 
1q (1q13, 1q21-23), 6q (6q24) and the losses 
at 11q (11q22) were related to HPV infection, 
and it had significant difference in the four iso-
forms of HPV. We came to a conclusion that the 
amplifications of 1q and 6q would be a charac-
teristic feature of chromosome changes of  
HPV16 and HPV18 infection, respectively. Par- 
ticularly worth mentioning was that the fre-
quency of the deletions at 11q was 20%, which 
showed important difference with different 
types of HPV infection. The H-ras gene located 
in 11q existed variations in previous studies on 
oral squamous cell carcinoma and head-neck 
cancer, and the mutation of H-ras played a  
crucial role in HPV-induced cancer [37]. Never- 
theless the relationship between gains at 1q, 
6q in ESCC and HPV infection had not been 
investigated in previous studies, thus the me- 
chanism of 1q and 6q amplified promoting 
tumorigenesis of ESCC might be similar to the 
changes of 11q or not.

Conclusion

In summary, we did preliminary analysis with 
our results and referred to numerous litera-
tures related chromosome aberrations of ES- 
CC. Thus we thought that chromosomal varia-
tions were common in ESCC patients residing 
in Xinjiang Kazakh. And some special chromo-
some changes may focus on patients with 
ESCC in Xinjiang Kazakh. For instance, the 
gains of 1q, 6q and the losses of 11q were  

significant in different isoforms of HPV infec-
tion, which not only provided the tumorgene- 
sis, progression, diagnosis and prognosis of 
ESCC, but also offered a foundation for our  
further research related to gene identification 
and analysis of chromosome aberrations by 
array-CGH.  
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