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Abstract PEG10 is a transcriptional factor while TSG101
is involved in numerous cellular processes, including
apoptotic resistance. Overexpression of PEG10 and
TSG101 were observed in a variety of human cancers.
However, their expression and clinical significance in
gallbladder cancer (GBC) have not yet been identified. To
understand the tumor biology of GBC at the molecular
level, we examined PEG10 and TSG101 expression in 108
adenocarcinomas, 15 gallbladder polyps, 35 chronic chole-
cystitis tissues, and 46 peritumoral tissues by using
immunohistochemistry. Overexpression of PEG10 and
TSG101 was detected in gallbladder adenocarcinoma
(48.1% and 47.2%, respectively). Conversely, there was
less expression detected in the peritumoral tissues (19.6%),
adenomatous polyps (13.3%), and gallbladder epithelium
with chronic cholecystitis (5.1%) (p<0.01, p<0.05, and p<
0.01, respectively). Notably, the benign lesions with
positive PEG10 and/or TSG101 expression showed mod-
erately or severely atypical hyperplasia in gallbladder
epithelium. The overexpression of PEG10 and TSG101
was significantly associated with differentiation, tumor
mass, lymph node metastasis and invasion of adenocarci-
noma. Univariate Kaplan-Meier analysis showed that over-
expression of PEG10 (p=0.041) and TSG101 (p=0.025)
was closely associated with decreased overall survival.

Multivariate Cox regression analysis revealed that positive
expression of PEG10 (p=0.036) or TSG101 (p=0.022) is a
predictor of poor prognosis in gallbladder adenocarcinoma.
Our study suggested that overexpression of PEG10 and
TSG101 might be closely related to the carcinogenesis,
progression, clinical biological behaviors, and prognosis of
gallbladder adenocarcinoma.
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Introduction

PEG10 was first identified by Ono et al. as an imprinted
gene that is paternally expressed and maternally silenced
[1]. The human PEG10 gene is located on chromosome
band 7q21, functioning as a transcriptional factor. PEG10
expression was detected in a variety of human normal
tissues, including brain, kidney, lung, placenta, testis, ovary,
spleen, lymphoblast, endothelial cells and thymus [2, 3],
however, its exact roles remain unclear. Recently, the
overexpression of PEG10 gene was detected in human
cancers, including leukemia, breast cancer, hepatocellular
carcinoma (HCC), prostate cancer, and pancreatic cancer
[4]. However, the exact relationship between PEG10 and
tumorigenesis has not yet been determined. The accumu-
lated evidence suggested that PEG10 may be involved in
oncogenesis by increasing the apoptotic resistance of tumor
cells. For instance, overexpression of PEG10 increased
apoptotic resistance in B cell lineage, acute and chronic
lymphocytic leukemia CD23+CD5+ B cells [3, 5]. In
HCC, PEG10 decreased cell death through interaction with
the SIAH1, a mediator of apoptosis [2]. Moreover, PEG10
knockdown inhibits the proliferation of pancreatic carcino-
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ma and HepG2 HCC cells [6], while knockout of PEG gene
caused early embryonic lethality [10]. A recent report
demonstrated that PEG10 expression can be regulated by
the proto-oncogene c-myc via the binding of c-myc
oncoprotein to the E-box containing region of the first
intron of PEG10 [6–8]. PEG10 also interacts with TGF-β
type I receptor ALK1 [9]. This evidence suggests that
PEG10 might play a crucial role in carcinogenesis and
tumor cell growth. Therefore, PEG10 might be a new
biomarker for cancer diagnosis and prognosis as well as a
target for developing new treatment agents. However,
PEG10 expression in the benign and malignant lesions of
the gallbladder has not yet been identified.

Liu et al. reported overexpression of tumor susceptibility
gene 101 (TSG101) in human papillary thyroid carcinomas,
which provided the earliest evidence linking TSG101 to
carcinogenesis [11]. Subsequent studies identified over-
expression of TSG101 in several other human cancers,
including ovarian cancer [12], gastrointestinal tumors [13],
colorectal carcinoma [14]. TSG101 was thought to be
involved in tumorigenesis through close interaction with
p53 within the p53/MDM2 feedback control loop [15].
TSG101 is originally identified as a potential tumor
suppressor gene [16]. However, subsequent studies showed
that deletion of TSG101 in cell cultures did not lead to
uncontrolled cell growth while conditional knockout of
TSG101 in mice did not result in neoplastic transformation.
On the contrary, homozygous deletion of TSG101 in gene
knockout mice resulted in embryonic lethality, whereas
silencing of TSG101 expression in mammalian cells
resulted in cell cycle arrest and cell death [12]. For
example, gene silencing of TSG101 leads to growth arrest
and cell death in breast and prostate cancer cells [17]. These
results suggested that TSG101 plays a crucial role in cell
survival. Recent studies indicated that TSG101 is an
essential protein involved in numerous cellular processes
associated with cell growth and signal transduction, such as
transcriptional regulation, protein ubiquitination, cell cycle
control, and vesicular transport [18]. However, the expres-
sion of TSG101 in gallbladder cancer and its clinical
significance have not been reported.

Gallbladder cancer (GBC) is the most common biliary tract
malignancy with overall poor prognosis. Its incidence exhibits
a tremendous regional variability [19]. A progressive increase
in incidence and mortality for this cancer has been reported
worldwide [20]. Early diagnosis is generally impossible and
most cases are diagnosed when the tumors are unresectable.
Among these cases, palliative treatment remains as the only
possible service that could be provided to patients, but with
little benefit to the patient’s survival [21]. The survival time
of patients with GBC usually did not exceed 12 months.
Unfortunately, there is almost no significant improvement in
diagnostic methods and treatments during the past several

decades. Thus, understanding tumor biology at the molecular
level may help in developing a more successful strategy for
early diagnosis and treatment. However, studies currently
available in literature do not clearly define the molecular
mechanisms involved in the pathogenesis of GBC. Although
biomarkers for screening programs and predicting prognosis
are under investigation, currently none of the proposed
markers have reached clinical application [22]. For all these
considerations, gallbladder cancers should merit much more
scientific attention.

In this study, the expressions of PEG10 and TSG101
in resection specimens, including 108 adenocarcinomas,
46 peritumoral tissues, 15 adenomatous polyps, and 35
chronic cholecystitis of gallbladder, were examined using
immunohistochemistry. The correlations of PEG10 and
TSG101 expression with the progression and prognosis
of adenocarcinoma as well as its clinical significance
were evaluated.

Materials and Methods

Case Selection

A total of 204 specimens were studied ethically with pre-
approval from The Ethics Committee for Human Research,
Central South University. Totally, 108 adenocarcinoma
samples underwent surgical resection or biopsy between
1996 and 2006. Forty-six peritumoral tissues were collected
from the 108 adenocarcinoma. Thirty-five chronic chole-
cystitis tissues and 15 gallbladder polyp were harvested
during the same period. All diagnoses were based on
morphological criteria, immunohistochemical staining, and
the clinical findings. Among the 108 adenocarcinoma, 31
subjects are male (28.7%) and 77 subjects are female
(71.3%) with an age variation from 35 to 70 (52.6±11.2)
years. Invasion of gallbladder surrounding tissues and
organs was found in 59 subjects (54.6%) with adenocarci-
noma, while 59 subjects had regional lymph node metas-
tasis (54.6%); 58 subjects had gallstone (53.7%). Surgery
included radical resection for 34 adenocarcinomas (31.5%),
palliative surgery for 48 adenocarcinomas (44.4%) and no
operation for 26 cases (24.1%) with only surgery biopsy.
Survival information of 67 subjects among the 108
adenocarcinomas was obtained through letters and phone
calls. Of which 20 subjects survived over 1 year and 47
subjects survived less than 1 year. The histopathologic
subtypes of the 108 adenocarcinoma include 9 adenoma
cancerations (8.2%, 7 well-differentiated and 2 moderately-
differentiated), 29 well-differentiated adenocarcinomas
(26.9%), 29 moderately-differentiated adenocarcinomas
(26.9%), 30 poorly-differentiated adenocarcinomas
(27.8%), and 11 mucinous adenocarcinomas (10.2%).
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Among the 46 peritumoral tissues (distance from cancer≥
3mm), 10 tissues are normal, 10 tissues are mild dysplastic, 12
tissues are moderate dysplastic, and 14 tissues are severe
dysplastic gallbladder epithelium. Among the 15 subjects with
gallbladder polyp, 5 subjects are males (33.3%) and 10 are
females (66.7%). The polyp diameter is within 8–15 mm. The
pathological examination confirmed that 10 polyps had
normal gallbladder epithelium to mild dysplastic epithelium,
and 5 had moderate to severe dysplastic epithelium. Among
the 35 chronic cholecystitis (15 have chronic cholecystitis
only and 20 had chronic cholecystitis accompanied by
gallbladder stone), 11 had normal, 12 had mild, 7 had
moderate, and 5 had severe dysplastic gallbladder epithelium.

EnVision Immunohistochemistry

Four-micrometer-thick sections were cut from routinely
paraffin-embedded tissues. Immunostaining was conducted
by use of the ready-to-use, peroxidase-based EnVision™
Detection kit (Dako Laboratories, CA, USA) following the
user manual. The rabbit anti-PEG10, mouse anti-TSG101

and HRP-conjugated anti-mouse and anti-rabbit second
antibodies were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). The positive control is the PEG10-
and TSG101-positve hepatocellular carcinoma biopsy pro-
vided by EnVision kit. The negative control was included
in every staining by replace of the primary antibody with
PBS. PEG10 positive cells exhibited brown nuclear and
cytoplasm staining. TSG101 positive cells exhibited brown
membrane and cytoplasmic staining. The positive case was
determined mainly by the percentage of positive cells with
a cutoff value of 25% and secondarily by strength of
PEG10 or TSG101 staining. The positive and negative cells
were counted from 10 random fields and the value of
positivity was calculated in the whole 10 fields. The
staining strength was graded from 1 to 3: 1 score for no
positive staining or a uncertainly weak staining; 2 scores for
weak to moderate staining; 3 scores for moderate to strong
staining. The case with both positive cells≥25% and
scores≥2 was considered positive whereas was considered
negative [23–27]. Few cases with 10% to 25% positive
cells and 3 scores in staining were also regarded as positive.

A B 

C D 

Fig. 1 PEG10 and
TSG101 expression in the
benign and malignant lesions of
gallbladder. EnVision immuno-
histochemistry, original magni-
fication x200. PEG10 positive
reaction was mainly localized in
the nucleus and cytoplasm and
TSG101 positive expression was
mainly localized in the cyto-
plasm and membrane a, Poorly-
differentiated adenocarcinoma,
PEG10 (−). b, Moderately-
differentiated adenocarcinoma,
PEG10 (+). c, Poorly-
differentiated adenocarcinoma,
TSG101 (−). d, Moderately-
differentiated adenocarcinoma,
TSG101 (+)

Tissue Types Total No: PEG10 TSG101

Pos No:(%) χ2 aP Pos No:(%) χ2 aP

GBC 108 52(48.1) 51(47.2)

PT. tissue 46 9(19.6) 11.02 <0.01 9(19.6) 10.38 <0.01

A. polyp 15 2(13.3) 6.48 <0.05 2(13.3) 6.16 <0.05

C. cholecystitis 35 2(5.7) 20.25 <0.01 2(5.7) 19.52 <0.01

Table 1 PEG10 and TSG101
expression in benign and malig-
nant lesions of gallbladder

a compared with gallbladder
adenocarcinoma (GBC). PT tissue:
peritumoral tissue; A. Polyp:
adenomatous polyp; C. Cholecys-
titis: chronic cholecystitis; Pos No:
positive numbers.
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Statistical Analysis

Data was analyzed using the statistical package for the Social
Sciences Version 13.0 (SPSS 13.0). The inter-relationship of
PEG10 or TSG101 expression with histology or clinical factors
was analyzed using χ2 or Fisher’s exact test. Kaplan-Meier
and log-rank test were used for univariate survival analysis.
Cox proportional hazards model was used for multivariate
analysis and to determine the 95% confidence interval.

Results

PEG10 and TSG101 Expression in Gallbladder
Adenocarcinoma, Peritumoral Tissue, Adenomatous Polyp,
and Gallbladder Epithelium with Chronic Cholecystitis

Immunohistochemistry revealed that PEG10 positive reac-
tion was mainly localized in the nucleus and cytoplasm

while TSG101 positive expression was localized in the
cytoplasm and membrane (Fig. 1). The rate of PEG10
and TSG101 overexpression was significantly higher in
adenocarcinoma (48.1% and 47.2%, respectively) than
that in the peritumoral tissues (19.6%), adenomatous
polyps (13.3%), or gallbladder epithelium with chronic
cholecystitis (5.1%) (p<0.01, p<0.05, and p<0.01,
respectively). The epithelium of benign gallbladder with
higher PEG10 and/or TSG101 expression showed mod-
erate to severe dysplasia (Table 1). These results
suggested that both PEG10 and TSG101 are high
expressed in gallbladder adenocarcinoma and they could
be regarded as molecular marker to evaluate the malig-
nancy of metaplasia. Among the 52 PEG10 positive
cases, TSG101 was positively expressed in 38 cases. In
contrast, among the 56 PEG10 negative cases, TSG101
was negatively expressed in 43 cases (χ2=26.90, p<
0.01), suggesting a high consistency between these two
markers.

Table 2 The association of PEG10 and TSG101 expression with the clinicopathological characteristics of gallbladder adenocarcinoma

Clinicopathological characteristics Total No: PEG10 TSG101

Pos No:(%) χ2 P Pos No:(%) χ2 P

Sex

Male 31 15(48.4) 0.01 >0.05 11(35.5)

Female 77 53(49.4) 40(51.9) 2.40 >0.05

Age(years)

≤45 24 10(41.7) 0.62 >0.05 9(37.5) 1.17 >0.05
>45 84 42(50.0) 42(50.0)

Differentiation*

Well 36 11(30.5) 10.24 <0.05 10(27.8) 10.26 <0.05
Moderately 31 15(48.4) 16(51.6)

Poorly 30 21(70.0) 20(66.7)

Mucinous A. 11 5(45.5) 5(45.5)

Tumor size (cm)

<2 31 10(32.2) 4.40 <0.05 10 (32.2) 3.91 <0.05
≥2 77 42(54.5) 41 (53.3)

Lymph node metastasis

no 49 17(34.7) 6.50 <0.05 17 (34.7) 5.65 <0.05
yes 59 35(59.3) 34 (57.6)

Invasion of peritumoral tissue

no 49 17(34.7) 6.50 <0.05 16 (34.7) 7.64 <0.05
yes 59 35(59.3) 35 (59.3)

Gallstones

no 50 21(42.0) 1.41 >0.05 22 (44.0) 0.39 >0.05
yes 58 31(53.4) 29 (50.0)

*Comparation between well differentiated and moderately differentiated adenocarcinoma: χPEG10
2 =2.23, p>0.05; χTSG101

2 =3.99, p<0.05.

*Comparation between well-differentiated and poorly-differentiated adenocarcinoma: χ2
PEG10=10.19, p<0.01; χ

2
TSG101=9.98, p<0.01.

*Comparation between moderately differentiated and poorly differentiated adenocarcinoma: χ2
PEG10=2.94, p>0.05; χ

2
TSG101=1.43, p>0.05.

Mucinous A.: mucinous adenocarcinoma.
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The Association of PEG10 and TSG101 Expression
with Clinicopathological Characteristics of Gallbladder
Adenocarcinoma

As shown in Table 2, the rate of PEG10 and TSG101
overexpression in tumor tissues was significantly lower in
cases with small tumor size (< 2 cm), no lymph node
metastasis, and no invasion compared to cases with larger
tumor size (> 2 cm), having lymph node metastasis and
invasion to the gallbladder surrounding tissues and organs
(ps<0.05). However, PEG10 and TSG101 expression in
poorly-differentiated adenocarcinoma was significantly
higher than that in the well-differentiated adenocarcinoma
(χ2

PEG10=10.19, p<0.01; χ
2
TSG101=9.98, p<0.01); PEG10

expression in well-differentiated adenocarcinoma was not
different from moderately-differentiated adenocarcinoma

(χPEG10
2=2.23, p>0.05), whereas TSG101 expression in

well-differentiated adenocarcinoma was significantly lower
than that in moderately-differentiated adenocarcinoma

Table 3 Relationship between PEG10 and TSP101 expression,
clinicopathological characteristics and average survival of gallbladder
adenocarcinoma patients

Clinicopathological Samples Average P value
Characteristics (n) survival(Month)

Sex

Male 19 10.0 (4–16) 0.910

Female 48 10.0 (4–18)

Age (years)

≤ 45 11 8.0 (4–14) 0.121

>45 56 10.0 (4–18)

Pathological Types

Adenoma 8 12.0 (8–18)

Well 20 10.0 (4–18)

Moderately 20 10.0 (4–18) 0.031

Poorly 12 8.0 (4–10)

Mucinous A. 7 10.0 (6–16)

Tumor size (cm)

<2 20 14.0 (4–18) 0.003

≥2 47 8.0 (4–18)

Lymph node metastasis

no 36 12.0 (4–18) 0.005

yes 31 8.0 (4–18)

Invasion of peritumoral tissue

no 39 10.0 (4–18) 0.002

yes 28 8.0 (4–16)

PEG10

+ 30 9.3(4–18) 0.041

− 37 11.3(4–18)

TSG101

+ 32 9.3(4–18) 0.025

− 35 11.4(4–18)

Fig. 2 PEG10 and/or TSG101 expression and survival in patients
with adenocarcinoma of gallbladder. a, Kaplan-Meier plots of overall
survival in patients with gallbladder adenocarcinoma and with PEG10
positive and negative expression. b, Kaplan-Meier plots of overall
survival in patients with gallbladder adenocarcinoma and with
TSG101 positive and negative expression. c, Kaplan-Meier plots of
overall survival in patients with gallbladder adenocarcinoma and with
PEG10(+) (−) and TSG101 (+) (−) expression
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(χTSG101
2=3.99, p<0.05). Both PEG10 and TSG101 expres-

sion had no difference between moderately-differentiated and
poorly-differentiated adenocarcinoma (χ2

PEG10=2.94, p>
0.05; χ2

TSG101=1.43, p>0.05). PEG10 and TSG101
exhibited no significant association with mucinous adeno-
carcinoma and other clinicopathological characteristics,
such as the sex, age, and history of gallstones.

The correlation Between PEG10 and/or TSG101
Expression with Survival in Patients with Gallbladder
Adenocarcinoma

Survival information of 67 subjects among the 108 subjects
of gallbladder adenocarcinoma was obtained through letters
and phone calls. Of which 20 subjects survived over 1 year
and 47 subjects survived less than 1 year with an average
survival time of 9.6±5.2 months. Among the 67 subjects,
30 (44.8%) and 32 (47.8%) of subjects had PEG10 and
TSG101 positive expression, respectively. The Kaplan-
Meier survival analysis revealed that the histological type
(p=0.031), tumor size (p=0.003), lymph node metastasis
(p=0.005) and invasion (p=0.002) were significantly
associated with the average survival time in subjects with
adenocarcinoma. The average survival time in PEG10
positive subjects was significantly lower than that having
negative PEG10 expression (p=0.041), but the average
survival time in TSG101 positive subjects was significantly
lower than that with negative TSG101 expression (p=0.025).
In addition, the average survival time in patients having low/
no PEG10 and TSP101 expression was significantly higher
than that in other three subtypes (Table 3, Fig. 2a & c). Cox
multivariate analysis showed that the tumor size (≥ 2cm),
lymph node metastasis, invasion as well as PEG10-positive
expression or TSG101-positive expression was negatively
correlated with postoperative survival, and positively corre-
lated with mortality, suggesting that both PEG10 and
TSG101 are risk factor (Table 4).

Discussion

Although the overexpression of PEG10 and TSG101 in
cancer cells was previously reported, their expression in the
benign and malignant lesions of the gallbladder has not yet
been identified. In this study, we identified PEG10 and
TSG101 expression in an extensive collection of human
gallbladder cancer samples. We found that 48.1% of
adenocarcinomas exhibited overexpression of PEG10 and
47.2% exhibited a significantly elevated TSG101 level.
Moreover, both the PEG10 and TSG101 overexpression
were closely correlated with the differentiation of adeno-
carcinoma, lymph node metastasis and invasion. These
correlations indicated that PEG10 and TSG101 are associ-
ated with the progression of GBC. We found that the
survival time of patients with overexpression of PEG10 and
TSG101 was significantly shorter than that in patients with
lower expression; Cox multivariate analysis indicated that
overexpression of PEG10 and TSG101 was positively
correlated with mortality. These results suggested that
PEG10 and TSG101 are important prognostic factors
independent of other clinicopathological factors. Therefore,
PEG10 and TSG101 could be biological markers to predict
the progression and prognosis of GBC. In the epithelium of
benign gallbladder, PEG10 and TSG101 were highly
expressed in moderate to severe dysplastic epithelium. In
contrast, in the mild dysplastic or normal tissues, PEG10
and TSG101 had low/no expression. Thus, PEG10 and
TSG101 could be used as a diagnosis marker to screen for
neoplasia within benign lesions and to identify subgroups
of patients who require more aggressive treatment.

The surgical removal of the gallbladder with a part of the
liver and lymph dissection is still the main treatment for
resectable GBC. However, most of the patients were
diagnosed at the late stage. Thus, palliative chemotherapy
and radiation therapy were the only choices left [21]. Few
significant improvements were made during the past three

Table. 4 Multivariate Cox regression analysis of survival rate in 67 gallbladder adenocarcinoma patients

Groups Factors RC* SE* RR* P value 95% confidence interval

Lower Upper

Pathological Types: adenoma/well/moderately/
poorly/mucinous adenocacinoma

0.716 0.394 2.046 0.097 0.95 4.43

Tumor size (cm) < 2.0/≥ 2.0 1.002 0.466 2.724 0.041 1.09 6.79

Lymph node metastasis no/yes 1.193 0.489 3.297 0.019 1.26 8.60

Invasion of peritumoral tissue no/yes 0.891 0.448 2.438 0.047 1.01 5.87

PEG10 −/+ 10.997 0.421 2.710 0.036 1.19 6.19

TSG101 −/+ 1.116 0.508 3.053 0.022 1.13 8.26

*RR: Relative risk; *SE: standard error; *RC: Regression Coefficients
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decades regarding the treatment of GBC. Although several
genetic abnormalities in GBC had been described that
might be etiologically important, these studies did not
clearly define the molecular mechanisms involved in the
pathogenesis of GBC [28]. These included mutations in the
proteins K-RAS and p53, and altered expression of P-
glycoprotein, COX-2 and epidermal growth factor receptor
[28]. The lack of patients with bile duct neoplasms might
be the limiting factor for any improvements [29]. In this
study, an extensive collection of human gallbladder cancer
samples (108 adenocarcinomas) was utilized to identify
PEG10 and TSG101 protein levels and compared with 96
benign lesions. A significant correlation of these two
markers with the differentiation, tumor mass, lymph node
metastasis, invasion, and survival of adenocarcinoma was
determined. Thus, PEG10 and TSG101 might be more
important markers for development of new diagnostic and
treatment agents.

Zhao et al. found that TSG101 is overexpressed in
vincristine-resistant human gastric adenocarcinoma cell line
SGC7901/VCR [30]. The same group later found that
silencing of TSG101 expression significantly increased
SGC7901/VCR sensitization to chemotherapeutic drugs
through reducing ADR [31]. This suggests that TSG101
plays a critical role in chemoresistance. This might be an
explanation for why chemotherapy and radiation therapy
exhibited less effect in GBC [21]. Although no studies
revealed that PEG10 is directly involved in chemoresist-
ance, overexpressed PEG10 is involved in apoptotic
resistance [5]. Previous studies demonstrated that knock-
down of PEG10 inhibited the proliferation of cancer cells
[6] and expression of human telomerase reverse transcrip-
tase was downregulated when PEG10 was down knocked
by siRNA [8]. These studies suggested that inhibition of
PEG10 expression could be a useful strategy to treat the
tumors having PEG10 overexpression. Similarly, silencing
of TSG101 leads to growth arrest and cell death in breast
and prostate cancer cells [17] and knockout of PEG10 gene
can cause early embryonic lethality [10]. By considering
that silencing of TSG101 expression can reverse chemo-
resistance and inhibit tumor cell proliferation while silenc-
ing of PEG10 could induce tumor cell apoptosis, the
development of gene therapy to target these genes will
sensitize the chemotherapy and maybe radiotherapy of
GBC. There are several possible avenues to develop novel
molecular targeting of TSG101 and/or PEG10. For exam-
ple, a strategy that combines conditionally replicating
adenovirus using the cancer-specific telomerase promoter
to drive E1 expression and viral replication with E1-deleted
replication defective adenovirus containing a siRNA ex-
pression cassette could selectively knockdown TSG101
and/or PEG10 expression in tumor tissue, but not in normal
tissues [32–34].

In conclusion, the elevated expression of PEG10 and
TSG101 in gallbladder adenocarcinoma suggested that they
are important markers for the progression, clinical biological
behavior and prognosis. Measurement of PEG10 and TSG101
expression could be used as a tool for early detection of
gallbladder cancer in benign lesions as well as population
screening. The involvement of TSG101 in chemoresistance
and the role of PEG10 in apoptotic resistance suggested that
these two markers have a strong potential to be selected as
wonderful targets for development of agents to sensitize
chemotherapy and radiotherapy. Also, patients with high
PEG10 and TSG101 expression in their tumors are more
likely to suffer from invasion andmetastatic recurrence. These
patients may need to be monitored closely for clinical signs of
relapse, so that therapeutic inventions can be applied early
enough for optimal outcomes.
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