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Abstract
Tripartite motif-containing protein 28 (TRIM28) has been proved to accelerate cell proliferation and metastasis in a
variety of human cancers. However, the role of TRIM28 in esophageal squamous cell carcinoma (ESCC) remains
unclear. In this study, to compare the biological effect and significance of TRIM28 expression in ESCC, immuno-
histochemistry (streptavidin-perosidase, S-P) method was used firstly to examine the expression of TRIM28 in 136
cases of ESCC, 35 cases of high grade intraepithelial neoplasia (HGIN), 29 cases of low grade intraepithelial
neoplasia (LGIN) and 37 cases of normal esophageal epithelium (NEE). Then the associations of TRIM28 expres-
sion with clinicopathological data and overall survival (OS) were also analyzed. Western blot was performed to
evaluate TRIM28 protein in a total of 20 matched human ESCC and NEE tissues. Moreover, the localization of
TRIM28 protein in ESCC and NEE tissues was also detected by immunofluorescence. TRIM28 protein was mainly
distributed in the nucleus of ESCC. The expression of TRIM28 increased progressively from NEE to LGIN, to
HGIN, and to ESCC, and it was also related to invasive depth, pTNM stage and lymph node metastasis in ESCC
(P < 0.05). The results of western blot and immunofluorescence all showed that the relative expression of TRIM28
protein was markedly upregulated in ESCC compared with the NEE tissues (P < 0.01). However, prognostic analysis
showed that TRIM28 may not be a prognostic factor of patients with ESCC. In conclusion, the overexpression of
TRIM28 may play an important role for development and metastasis in ESCC.
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Overall survival

Introduction

Esophageal carcinoma is the eighth most prevalent can-
cer and the seventh leading cause of cancer-related
death worldwide [1]. And moreover, the morbidity and
mortality of esophageal carcinoma in China accounted
for the fifth and fourth of malignancy, respectively [2].

Esophageal squamous cell carcinoma (ESCC) is the
most common histological type of esophageal carcinoma
in China. With the progress in molecular biology and
the increased level of cancer treatment, the 5-year over-
all survival (OS) rate of ESCC patients after esophagec-
tomy has significantly increased over the past several
decades but remains approximately 20% [3–6].
However, so far the molecular mechanism of ESCC
genesis and progression is not well understood, and
biomarkers for predicting clinical outcome of ESCC pa-
tients are also unavailable. Therefore, there is an urgent
need to find sensitive and specific biomarkers for
ESCC.

Tripartite motif (TRIM) family proteins, which con-
tain a Really Interesting New Gene finger domain
(RING), B-box zinc finger domain and a coiled coil
region, are considered important regulators of carcino-
genesis [7]. TRIM28, also known as transcription
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intermediary factor 1(TIF1β) or Krüppel associated box
(KRAB)-associated protein 1(KAP1), is a universal co-
repressor for a family of KRAB domain containing zinc
finger proteins (KRAB-ZFPs), which constitute the sin-
gle largest group of transcriptional repressors encoded
by the genomes of higher organisms [8]. As one of
the evolutionarily conserved TRIM family proteins,
TRIM28 has been proved to accelerate cell proliferation
and metastasis in a variety of human cancers. Studies
have shown, for example, that TRIM28 knockdown may
be effective against NSCLC, and the knockdown of
TRIM28 expression by lenti-siRNA/TRIM28 may inhib-
it tumor growth and induce cell apoptosis in vivo [9,
10]. Hao L found that TRIM28 is frequently elevated in
multiple tumor types and is associated with aggressive
clinical features of breast cancer. Furthermore, the over-
expression of TRIM28 was significantly correlated with
poor prognosis in patients with breast cancer [11]. In
glioblastoma and liver cancer, TRIM28 is also involved
in a wide range of biological processes and its over-
expression is associated with poor outcome in patients
[12, 13]. However, the role of it in ESCC is still not
clear. In this study, we investigated the expression pat-
tern of TRIM28 in ESCC, and evaluated its relationship
with clinicopathological features and survival.

Material and Methods

Patients and Samples

As described in detail previously [14], all patients were
treated at the No.1 Affiliated Hospital of Hebei North
University for ESCC from January 1, 2008 to December
31, 2009 and those with complete clinical data were
enrolled. All procedures involving human participants
were performed in accordance with the ethical standards
of the institutional and/or national research committee
and with the Helsinki Declaration and its later amend-
ments or comparable ethical standards. A total of 136
ESCC patients were included in the present study and
they were diagnosed based on pathological findings.
These patients were 91 men and 45 women, ranging
in age from 27 to 80 years (mean ± SD: 61.2 ± 8.9 years).
The tumor-node-metastasis (TNM) stage of the ESCC
patients was defined according to the 7th edition of
the UICC-AJCC TNM staging system [15]. For 35
cases of high grade intraepithelial neoplasia (HGIN) pa-
tients, they were 24 men and 11 women, ranging in age
from 34 to 78 years (mean ± SD: 57.8 ± 8.1 years). For
29 cases of low grade intraepithelial neoplasia (LGIN)
patients, they were 19 men and 10 women, ranging in
age from 32 to 72 years (mean ± SD: 55.9 ± 7.8 years).

For 37 cases of normal esophageal epithelium (NEE),
they were 20 men and 17 women, ranging in age from
43 to 71 years (mean ± SD: 59.5 ± 8.0 years). Statistics
showed that the general data were not different among
the 4 groups. Informed consent was obtained from all
individual participants included in the study.

Follow up

For 136 cases of ESCC patients, they were followed
up from operation time to December 31, 2016 by tele-
phone and return visits, with an interval of 3 months,
and death was considered an event. Post-operative me-
tastasis and recurrence were diagnosed on the basis of
clinical examination, imaging assessment, operative
and pathologic examination. Clinicopathologic data
were obtained from pathologic reports, laboratory ex-
amination, medical records, and imaging, primarily in-
cluding information of gender, age, tumor location, tu-
mor size, histological differentiation, invasive depth,
pathological TNM (pTNM) stage, lymph node metasta-
sis, postoperative radiotherapy and chemotherapy, as
described in detail previously [14] .

Immunohistochemistry (IHC)

The appropriate paraffin-embedded specimen blocks of
each case were obtained from the Department of
Pathology. Tissue sections (4 μm thick) were dried at
60 °C for 3–4 h, deparaffinized with three 10-min
washes in xylene, and rehydrated in decreasing concen-
trations of ethanol in distilled water. Next, the sections
were soaked in boiling sodium citrate buffer (ZLI-9065,
0 . 0 1 M , pH = 6 . 0 , Zhong s h a n Go l d e nb r i d g e
Biol\Technology Co., Ltd., Beijing, China) for 20 min
in microwave oven. When cooled to room temperature
(RT), the sections were washed 5 min in phosphate
buffer solution (PBS, ZLI-9063, 0.01 M pH 7.2–7.4,
Zhongshan Goldenbridge Biol\Technology Co., Ltd.,
Beijing, China) for three times. Then, the tissue sections
were treated with 3% hydrogen peroxide for 10 min to
block endogenous peroxidase activity. After washing
5 min in PBS for three times, the sections were incu-
bated overnight at 4 °C with rabbit polyclonal anti-
TRIM28 antibody (GTX102226; dilution, 1:200;
GeneTex, USA) and followed by incubation with re-
agent I of HRP-labeled goat anti-rabbit IgG antibody
(SP-9001, Zhongshan Goldenbridge Biol\Technology
Co., Ltd., Beijing, China) for 30 min at 37 °C. The
sections were washed 5 min in PBS for three times.
After incubating with reagent II of HRP-labeled goat
ant i - rabbi t IgG antibody (SP-9001, Zhongshan
Goldenbridge Biol\Technology Co., Ltd., Beijing,
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China) at 37 °C for 30 min and washing with PBS for
5 min (three times), sections were counterstained with
5% hematoxylin (H8070, Beijing Solarbio Technology
Co., Ltd. Beijing, China) for 5 min. Finally, the sections
were blued in 1% hydrochloric-acid alcohol, dehydrated
in increasing concentrations of ethanol, cleared with xy-
lene, and mounted in neutral gum under a coverslip.
The sections treated without primary antibody (use
PBS as a substitute) were used as negative control.

Evaluation of Immunohistochemistry

Using a high-power (400×) microscope (BX53,
Olympus, Japan), TRIM28 expression as evaluated by
two experienced pathologists independently, without
knowledge of the clinical information. For each slide,
five random non-overlapping fields containing at least
200 cells per field were observed and scored based on
the percentage of positively stained cells (score 0 for
negative, 1 for <10%, 2 for 10–50%, 3 for 51–80%, 4
for >80%) and the staining intensity (score 0 for nega-
tive staining, 1 for weak staining, 2 for moderate stain-
ing, and 3 for strong staining).

The intensity and proportion scores were multiplied
to generate the IHC index. The expression level was
considered as low (IHC index<6), and as high (IHC
index≥6) [16].

Western Blot

A total of 20 matched human ESCC tumor tissues and
adjacent NEE tissues were collected directly after surgi-
cal resection was performed at the No.1 Affiliated
Hospital of Hebei North University (China). All of the
tissue samples from patients with no prior neoadjuvant
treatment were immediately frozen in liquid nitrogen
and stored at −80 °C until protein was extracted.
Clinicopathological information for all of the samples
was available. Our research protocol was approved by
the Ethics Review Committee of the Institutional
Review Board of the hospital. Standard written consent
was obtained from each patient. Western blot analyses
were performed on the 20 matched human ESCC and
NEE tissues. The main experimental steps were as fol-
lows: Cells were washed with PBS which had been
precooled at 4 °C firstly. Then lysis buffer (#9803,
10×, CST, USA) was added and centrifuged to save
the supernatant containing proteins. The proteins were
separated by SDS-PAGE (P0012AC, Beijing Beyotime
Technology Co., Ltd. Beijing, China), and then trans-
ferred to polyvinylidene fluoride (PVDF, FFP20,Beijing
Beyotime Technology Co., Ltd. Beijing, China) mem-
branes which had been pretreated with methanol. After

that, the primary antibodies, anti-TRIM28 antibody
(GTX102226; dilution, 1:5000; GeneTex, USA) anti-
body and anti-β-actin (sc-81,178; dilution,1:1000;
Santa cruz, USA) antibody were added to each group,
respectively. Next, the groups were incubated at 4 °C
overnight. The membranes were washed with TBST
(P0231, Beijing Beyotime Technology Co., Ltd.
Beijing, China) for three times, and then incubated with
goat anti-rabbit (sc-2004, 1:5000; Santa cruz, USA) an-
tibody at 37 °C for 2 h. Western blot analysis was used
by Image Lab 3.0 (BIO-RAD, USA). Then the gray-
scale of each blot was measured 3 times and normalized
to α-tubulin.

Immunofluorescence (IF)

Immunofluorescence analysis was employed to investi-
gate the expression and localization of TRIM28 protein
in ESCC and NEE. Tissue sections (4 mm thick) were
dried at 60 °C for 3–4 h, deparaffinized with two 10-
min washes in xylene, and rehydrated in decreasing
concentrations of ethanol in distilled water. After endog-
enous peroxidase activity was quenched with 3% H2O2

for 15 min. After washing three times for 5 min in
PBS, they were treated with 1% Triton X-100-PBS at
RT for 20 min, and washed with PBS again, blocked
with normal goat serum (ab7481, Abcam, UK) for
60 min. After that, the tissues were incubated with rab-
bit polyclonal anti-TRIM28 antibody (GTX102226; di-
lution, 1:200; GeneTex, USA) at 4 °C for 24 h. Next,
they were stained with FITC-conjugated anti-Rabbit sec-
ondary antibody (Anti-rabbit IgG (h + l) Ab, Dl488
072–03–15-06, dilution, 1:50; KPL, USA) in the dark
at RT for 60 min and washed with PBS three times.
Then, we added 10 μL of 4 , 6 -d iamid ino-2-
phenylindole (DAPI; D9542, Sigma, USA) counterstain
into the area of the specimen. Finally, the cover slip
was sealed with Fluorescent Mounting Media (S2100,
Beijing Solarbio Technology Co., Ltd. Beijing, China).
Negative controls were also employed to offset the dis-
turbance of the primary or secondary antibody. The re-
sults were observed and recorded by fluorescence mi-
croscopy (Leica TCS-ST2 Instrument, Japan).

Statistical Analysis

Statistical analysis was performed using the SPSS v.17.0
software (USA). Data were expressed as mean ± SD.
The one-way ANOVAs were used to analyze the results
of Western blot and immunofluorescence. Furthermore,
the relationships of TRIM28 expression between ESCCs
and noncancerous tissue, TRIM28 expression with the
clinicopathologic parameters were all assessed using

Expression and Significance of TRIM 28 in Squamous Carcinoma of Esophagus 1647



Chi-square and Fisher’s exact tests. Kaplan–Meier sur-
vival analysis and log-rank tests were used to evaluate
the 5-year OS rates of ESCC patients. Cox univariate
analysis was used to determine the prognostic signifi-
cance of variables, and Cox multivariate analysis was
applied to identify independent prognostic factors for
ESCC. The one-way ANOVAs were used to Western
blot analysis. For all results, differences were considered
to be statistically significant at P < 0.05 with a 95%
confidence interval.

Results

Association Between TRIM28 Expression
and Clinicopathological Parameters of ESCC by IHC
Analysis

TRIM28 was measured in NEE, LGIN, HGIN and
ESCC. IHC analysis showed that the frequency of
TRIM28 protein expression was lowest in NEE
(24.3%) and increased gradually during the evolution
of esophageal carcinogenesis, with 55.9% of ESCC
showing high expression of TRIM28 protein (Table 1,
Fig. 1). Furthermore, a χ2 test showed that there was a
significant difference when comparing the prevalence of
TRIM28 expression in various levels of cancer progres-
sion (χ2 = 14.926, P = 0.002) (Fig. 2). Moreover, the ab-
normal expression of TRIM28 was related to pTNM
stage, invasive depth and lymph node metastasis
(P < 0.05) (Table 2).

Relationships Between TRIM28 Expression
and Survival of the Patients

The association between TRIM28 protein expression
and OS of ESCC was estimated using log-rank test
and multivariable Cox proportional hazard regression
analysis (Table 3). The 5-year OS rate for all 136
ESCC patients was 13.2%. Kaplan-Meier survival anal-
ysis showed that the 5-year OS rate was significantly
correlated with histological grade, pTNM, invasion

depth, lymph node metastasis. However, the results of
statistical analysis showed that TRIM28 may not be a
prognostic factor of patients with ESCC. In addition, no
LGIN became ESCC during follow-up period. But in 35
cases of HGIN patients, 16 cases of them became
ESCC. Kaplan-Meier survival analysis also showed that
TRIM28 was not a prognostic factor of patients with
HGIN. Multivariate analysis demonstrated that histolog-
ical grade, pTNM and invasion depth were all signifi-
cant prognostic factors for 5-year OS rate of patients
with ESCC.

The Expression of TRIM28 Between ESCC and NEE
by Western Blot

The expression of TRIM28 was also detected by
Western blot between a total of 20 matched human
ESCC tumor tissues and adjacent NEE tissues. Our re-
sults showed that cells in ESCC can express TRIM28
while there was no expression of TRIM28 in cells of
NEE (Fig. 3).

Distribution of TRIM28 Protein in ESCC by IF

Immunofluorescence staining was performed to show
the distribution patterns of TRIM28 protein in ESCC
and NEE. Under the confocal-microscope observation,
TRIM28 protein was stained with green fluorescence,
which was expressed in the nucleus of ESCC cells
(Fig. 4A). Normal esophageal epithelial cells labeled
by DAPI show blue under fluorescence microscope,
which did not express TRIM28. Analysis of the fluores-
cence intensity revealed that the expression of TRIM28
in ESCC was noticeably higher than that of NEE (F =
1417.061, P = 0.000; Fig. 4B).

Discussion

In the present study, we demonstrated that TRIM28 expres-
sion was significantly increased in ESCC and was associated
with pTNM stage, invasive depth and lymph node metastasis.

Table 1 TRIM28 protein
expression during cancer
progression by IHC analysis

Cancer progression TRIM28 expression [cases (%)] P value

Low High

NEE① 28(75.7) 9(24.3) ①:② P = 0.544 ①:③ P = 0.057

LGIN② 20(69.0) 9(31.0) ①:④ P = 0.001 ②:③ P = 0.231

HGIN③ 19(54.3) 16(45.7) ②:④ P = 0.015 ③:④ P = 0.282

ESCC④ 60(44.1) 76(55.9)
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Tripartite motif (TRIM) family proteins are a highly
conserved group of E3 ubiquitin ligase proteins that
can establish substrate specificity for the ubiquitin-
proteasome complex and also have proteasome-
independent functions [17]. They are considered impor-
tant regulators of carcinogenesis and participate in
many cellular processes, such as cell growth, develop-
ment and cellular differentiation and alteration of them
can affect transcriptional regulation, cell proliferation,
autophagy and apoptosis [18, 19]. In recent years,
many research studies have shown that TRIM family
proteins, such as TRIM3 [20], TRIM11 [21], TRIM19
[22], TRIM31 [23], TRIM44 [24] and TRIM59 [25,
26] have been demonstrated to serve a significant role
in the tumorigenesis and progression of numerous can-
cer types.

Among TRIM family proteins, tripartite motif-
containing 28 (TRIM28), also known as KRAB
domain-associated protein 1 (KAP1) or transcriptional
intermediary factor 1 beta (TIF1β), is a large multi-
domain protein (110 kDa), which is a member of a

family of almost 60 human TRIM proteins. At the ami-
no (N) terminus, TRIM28 protein contains four con-
served structural domains that include a RING (Really
Interesting New Gene) finger, two B-boxes, and a leu-
cine zipper coiled-coil region (CC), which are collec-
tively called the RBCC or TRIM domain [27].

Table 2 Associations between the expression of TRIM28 and
clinicopathologic characteristics of the 136 cases of ESCC patients

Characteristic TRIM28 expression [cases (%)] P value

Low High

Total 60 76

Gender 0.248

Male 37(61.7) 54(71.1)

Female 23(38.3) 22(28.9)

Age (years) 0.648

n ≤ 30 0(0) 1(1.3)

30 < n ≤ 60 29(48.3) 38(50.0)

n > 60 31(51.7) 37(48.7)

Histological differentiation 0.687

Well 19(31.7) 20(26.3)

Moderate 34(56.7) 44(57.9)

Poor 7(11.7) 12(15.8)

Invasive depth 0.000

T1–2 10(16.7) 2(2.6)

T3 26(43.3) 17(22.4)

T4 24(40.0) 57(75.0)

pTNM stage 0.000

I 10(16.7) 1(1.3)

II 26(43.3) 16(21.1)

III 24(40.0) 43(56.6)

IV 0(0) 16(21.1)

Lymph node metastasis 0.004

Absence 46(76.7) 40(52.6)

Presence 14(23.3) 36(47.4)

Fig. 1 Representative immunohistochemical staining of TRIM28, ×400

Fig. 2 The expression of TRIM28 in ESCC and noncancerous tissues
(Chi-square and Fisher’s exact tests)
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To date, the clinical relevance of TRIM28 in diseases
remains elusive. For example, Li F [28] compared
TRIM28 expression between cervical cancer and adja-
cent normal tissues, and detected significant elevation
in TRIM28 expression levels in the cervical cancer tis-
sues. Their results also showed that the TRIM28-
overexpressing tumors grew at a much higher rate, as
determined by size and weight, than the control tumors,
whereas the tumors formed by TRIM28-silenced cells
were smaller and had lower tumor weights than those
formed from shRNA-vector control cells. They believed
that TRIM28 played a pivotal role in cervical cancer
cell proliferation and might serve as a potential thera-
peutic target. In non-small cell lung cancer (NSCLC)
cell lines, Liu L [9] demonstrated that the stable silenc-
ing of TRIM28 expression by a specific siRNA lentivi-
rus vector significantly inhibited the growth and exerted
obvious anti-tumor effects in nude mice. Furthermore,
TRIM28 expression was significantly correlated with
several clinicopathological characteristics of patients
with breast cancer (BC), such as p53 mutation, tumor
recurrence and Elston grade of the tumor [11]. TRIM28

overexpression was also detected in gastric cancer, ovar-
ian cancer, glioma and hepatocellular carcinoma [12,
29–31], suggesting that TRIM28 upregulation is a com-
mon feature of many epithelial cancers. Research into
the correlation between TRIM28 expression and progno-
sis in patients with cancer, Hao L [11] demonstrated
that high expression of TRIM28 is a predictor of poor
prognosis in patients with breast cancer. In addition,
TRIM28 overexpression was also a predictor for poor
prognosis of ovarian cancer [29], hepatocellular carcino-
ma [31] and thyroid carcinomas [32] patients.

However, there is no report on the correlation be-
tween TRIM28 and esophageal cancer. In this study,
immunohistochemistry method was firstly used to exam-
ine the expression of TRIM28 in 136 cases of ESCC,
35 cases of HGIN, 29 cases of LGIN and 37 cases of
NEE. TRIM28 protein was mainly distributed in the
nucleus of ESCC. And similar to other epithelial can-
cers, the expression of TRIM28 increased progressively
from NEE to LGIN, to HGIN, and to ESCC, and it was
related to pTNM stage, invasive depth and lymph node
metastasis in ESCC. Furthermore, Western blot and im-
munofluorescence results in our study also demonstrated
that the relative expression of TRIM28 was markedly
upregulated in ESCC samples compared with NEE tis-
sues. The above results indicate that the abnormal ex-
pression of TRIM28 may play an important role for
development and metastasis in ESCC. However,
TRIM28 may not be a prognostic factor of patients with
ESCC according to our results. And it was similar to
the results of Chen L [33]. They revealed that TRIM28
overexpression is associated with better overall survival
of patients with early-stage lung cancer, suggesting that
TRIM28 may also have anti-proliferative activity to
some tumor cells. The relevant mechanism also need
further study.

Table 3 Associations between
the expression of TRIM28,
clinicopathological parameters
and 5-year overall survival rate of
the 136 cases of ESCC patients

Variables Subset HR 95% CI P

Univariate analysis

Age ≤60 vs. >60 1.070 (0.713–1.604) 0.745

Gender Male vs. Female 1.221 (0.808–1.844) 0.343

Histological grade G1 vs. G2–G3 2.381 (1.402–4.403) 0.001

Invasion depth T1 + T2 vs. T3 + T4 2.307 (1.371–3.879) 0.002

pTNM No vs. Yes 1.733 (1.178–2.551) 0.005

Lymph node metastasis I–II vs III–IV 1.732 (1.053–2.820) 0.030

TRIM28 Low vs. High 1.341 (0.803–2.239) 0.262

Multivariate analysis

Histological grade G1 vs. G2–G3 0.506 (0.301–0.853) 0.011

Invasion depth T1 + T2 vs. T3 + T4 0.391 (0.185–0.827) 0.014

pTNM I–II vs III–IV 2.407 (1.264–4.582) 0.007

Lymph node metastasis No vs. Yes 0.770 (0.459–1.290) 0.320

Fig. 3 Relative expression of TRIM28 protein by Western blot between
paired ESCC tissues and NEE tissues (Cells in ESCC can express
TRIM28 while there was no expression of TRIM28 in cells of NEE)
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Conclusions

Taken together, the data provide that TRIM28 overexpression
plays a role in development and metastasis in ESCC.
Examination of TRIM28 may be useful for diagnosis and
therapy in ESCC.

Acknowledgments We thank the grant from the science and technology
supporting plan in Hebei Province (NO. 15277707D) and the science
research project of Science and Technology Bureau of Zhangjiakou
(NO. 1712003D) for support of the study.

Compliance with Ethical Standards

Conflict of Interest The authors declare that there is no conflict of inter-
est regarding the publication of this paper.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A
(2015) Global cancer statistics 2012. CA Cancer J Clin 65:87–108

2. Chen W, Zheng RS, Zhang SW, Zheng RS, Zhang SW, Zeng HM,
Zou XN, Gu XY, He J (2016). Report of Cancer incidence and
mortality in China, 2012. China Cancer 25:1–8. [In Chinese,
English abstract]

3. Worni M, Martin J, Gloor B, Pietrobon R, D'Amico TA,
Akushevich I, Berry MF (2012) Does surgery improve outcomes
for esophageal squamous cell carcinoma? An analysis using the
surveillance epidemiology and end results registry from 1998 to
2008. J Am Coll Surg 215:643–651

4. Dubecz A, Gall I, Solymosi N, Schweigert M, Peters JH, Feith M,
Stein HJ (2012) Temporal trends in long-term survival and cure
rates in esophageal cancer: a SEER database analysis. J Thorac
Oncol 7:443–447

5. Luo LL, Zhao L, Xi M, He LR, Shen JX, Li QQ, Liu SL, Zhang P,
Xie D, Liu MZ (2015) Association of insulin-like growth factor-
binding protein-3 with radiotherapy response and prognosis of
esophageal squamous cell carcinoma. Chin J Cancer 34:514–521

6. Qi YJ, Wang M, Liu RM, Wei H, Chao WX, Zhang T, Lou Q, Li
XM, Ma J, Zhu H, Yang ZH, Liu HQ, Ma YF (2014)
Downregulation of 14-3-3σ correlates with multistage carcinogen-
esis and poor prognosis of esophageal squamous cell carcinoma.
PLoS One 9:e95386

7. K I, Inoue S (2012) TRIM proteins as RING finger E3 ubiquitin
ligases. Adv Exp Med Biol 770:27–37

8. Friedman JR, Fredericks WJ, Jensen DE, Speicher DW, Huang XP,
Neilson EG, Rauscher FJ 3rd (1996) KAP-1, a novel corepressor
for the highly conserved KRAB repression domain. Genes Dev 10:
2067–2078

9. Liu L, Zhang L,Wang J, Zhao X, Xu Q, Lu Y, ZuoY, Chen L, Du J,
Lian Y, Zhang Q (2018) Downregulation of TRIM28 inhibits
growth and increases apoptosis of nude mice with non-small cell
lung cancer xenografts. Mol Med Rep 17:835–842

10. Liu L, Xiao L, Liang X, Chen L, Cheng L, Zhang L, Wu X, Xu Q,
Ma C (2017) TRIM28 knockdown increases sensitivity to
etoposide by upregulating E2F1 in non-small cell lung cancer.
Oncol Rep 37:3597–3605

11. Hao L, Leng J, Xiao R, Kingsley T, Li X, Tu Z, Yang X, Deng X,
Xiong M, Xiong J, Zhang Q (2017) Bioinformatics analysis of the
prognostic value of tripartite motif 28 in breast cancer. Oncol Lett
13:2670–2678

12. Qi ZX, Cai JJ, Chen LC, Yue Q, Gong Y, Yao Y, Mao Y (2016)
TRIM28 as an independent prognostic marker plays critical roles in
glioma progression. J Neuro-Oncol 126:19–26

Fig. 4 The distribution of
TRIM28 protein in ESCC and
NEE tissues by
immunofluorescence stainings,
×400. (TRIM28 protein was
stained with green
fluorescence(→), which was
expressed in the nucleus in ESCC
cells and nuclei were
counterstained with DAPI (A);
Analysis results of the
fluorescence intensity (B),
P = 0.000) (One-way ANOVA)

Expression and Significance of TRIM 28 in Squamous Carcinoma of Esophagus 1651



13. Lu X, Ye K, Zou K, Chen J (2014) Identification of copy number
variation-driven genes for liver cancer via bioinformatics analysis.
Oncol Rep 32:1845–1852

14. Liu B, Yang L, Li XJ, Li R, Sun W, Chen XY, Liu JC (2018)
Expression and significance of ASPP2 in squamous carcinoma of
esophagus [J]. Kaohsiung. J Med Sci 34:321–329

15. Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A
(eds) (2010) AJCC Cancer staging manual, 7th edn. Springer-
Verlag, New York

16. Wang CN, Li ZT, Shao F, Yang X, Feng X, Shi S, Gao Y, He J
(2017) High expression of collagen triple Helix repeat containing 1
(CTHRC1) facilitates progression of oesophageal squamous cell
carcinoma through MAPK/MEK/ERK/FRA-1 activation. J Exp
Clin Cancer Res 36:84

17. Gushchina LV, Kwiatkowski TA, Bhattacharya S, Weisleder NL
(2018) Conserved structural and functional aspects of the tripartite
motif gene family point towards therapeutic applications in multiple
diseases. Pharmacol Ther 185:12–25

18. Mandell MA, Jain A, Arko-Mensah J, Chauhan S, Kimura T,
Dinkins C, Silvestri G, Münch J, Kirchhoff F, Simonsen A, Wei
Y, Levine B, Johansen T, Deretic V (2014) TRIM proteins regulate
autophagy and can target autophagic substrates by direct recogni-
tion. Dev Cell 30:394–409

19. Cambiaghi V, Giuliani V, Lombardi S, Marinelli C, Toffalorio F,
Pelicci PG (2012) TRIM proteins in cancer. Adv Exp Med Biol
770:77–91

20. Song Y, Guo Q, Gao S, Hua K (2018). Tripartite motif-containing
protein 3 plays a role of tumor inhibitor in cervical cancer. Biochem
Biophys Res Commun 498:686–692

21. Liu J, Rao J, Lou X, Zhai J, Ni Z, Wang X (2017) Upregulated
TRIM11 exerts its oncogenic effects in hepatocellular carcinoma
through inhibition of P53. Cell Physiol Biochem 44:255–266

22. Crawford LJ, Johnston CK, Irvine AE (2018) TRIM proteins in
blood cancers. J Cell Commun Signal 12:21–29

23. Guo P, Ma X, ZhaoW, HuaiW, Li T, Qiu Y, Zhang Y, Han L (2018)
TRIM31 is upregulated in hepatocellular carcinoma and promotes

disease progression by inducing ubiquitination of TSC1-TSC2
complex. Oncogene 37:478–488

24. Kawabata H, Azuma K, Ikeda K, Sugitani I, Kinowaki K, Fujii T,
Osaki A, Saeki T, Horie-Inoue K, Inoue S (2017) TRIM44 is a poor
prognostic factor for breast cancer patients as a modulator of NF-κB
signaling. Int J Mol Sci 18:1931

25. Sun Y, Ji B, Feng Y, Zhang Y, Ji D, Zhu C, Wang S, Zhang C,
Zhang D, Sun Y (2017) TRIM59 facilitates the proliferation of
colorectal cancer and promotes metastasis via the PI3K/AKT path-
way. Oncol Rep 38:43–52

26. Lin WY, Wang H, Song X, Zhang SX, Zhou PS, Sun JM,
Li JS (2016) Knockdown of tripartite motif 59 (TRIM59)
inhibits tumor growth in prostate cancer. Eur Rev Med
Pharmacol Sci 20:4864–4873

27. Czerwińska P, Mazurek S, Wiznerowicz M (2017) The complexity
of TRIM28 contribution to cancer. J Biomed Sci 24:63

28. Li F, Wang Z, Lu G (2018) TRIM28 promotes cervical cancer
growth through the mTOR signaling pathway. Oncol Rep 39:
1860–1866

29. Wang YY, Li L, Zhao ZS, Wang HJ (2013) Clinical utility of mea-
suring expression levels of KAP1, TIMP1 and STC2 in peripheral
blood of patients with gastric cancer. World J Surg Oncol 11:81

30. Cui Y, Yang S, Fu X, Feng J, Xu S, Ying G (2014) High levels of
KAP1 expression are associated with aggressive clinical features
inovarian cancer. Int J Mol Sci 16:363–377

31. Wang Y, Jiang J, Li Q, Ma H, Xu Z, Gao Y (2016) KAP1 is
overexpressed in hepatocellular carcinoma and its clinical signifi-
cance. Int J Clin Oncol 21:927–933

32. Martins MB, Marcello MA, Morari EC, Cunha LL, Soares FA,
Vassallo J, Ward LS (2013) Clinical utility of KAP-1 expression
in thyroid lesions. Endocr Pathol 24:77–82

33. Chen L, Chen DT, Chen T, Rawal B, Fulp WJ, Haura EB, Cress
WD (2012) Tripartite motif containing 28 (Trim28) can regulate
cell proliferation by bridging HDAC1/E2F interactions. J Biol
Chem 287:40106–40118

1652 B. Liu et al.


	Expression and Significance of TRIM 28 in Squamous Carcinoma of Esophagus
	Abstract
	Introduction
	Material and Methods
	Patients and Samples
	Follow up
	Immunohistochemistry (IHC)
	Evaluation of Immunohistochemistry
	Western Blot
	Immunofluorescence (IF)
	Statistical Analysis

	Results
	Association Between TRIM28 Expression and Clinicopathological Parameters of ESCC by IHC Analysis
	Relationships Between TRIM28 Expression and Survival of the Patients
	The Expression of TRIM28 Between ESCC and NEE by Western Blot
	Distribution of TRIM28 Protein in ESCC by IF

	Discussion
	Conclusions
	References


