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Abstract: HP1BP3, an ubiquitously expressed nuclear protein belonging to the H1 histone family of proteins, plays 
an important role in cell growth and viability. Recently, it was reported that HP1BP3 exclusively regulates miRNA 
biogenesis by enhancing transcriptional miRNA processing. Although HP1BP3 has previously been implicated in 
common cancer types, the mechanistic functions and effects of HP1BP3 and its role in the prognosis of esophageal 
squamous cell carcinoma (ESCC) remain unclear. Here, we report that ESCC tissues and cell lines show increased 
endogenous expression of HP1BP3. Knockdown of HP1BP3 in TE-1 cells significantly inhibited tumor growth and 
metastasis in vivo emphasizing its role in cell proliferation and invasion. In contrast, overexpression of HP1BP3 
significantly enhanced tumor growth and metastasis in Eca-109 cells. Further, we found that HP1BP3 regulates 
these functions by upregulating miR-23a, which directly binds to the 3’UTR region of TRAF5 downstream to alter 
cell survival and proliferation. Our findings describe a role for HP1BP3 in promoting tumor growth and metastasis by 
upregulating miR-23a to target TRAF5 in esophageal cancer. This study provides novel insights into the potential of 
targeting miRNAs for therapy and as clinical markers for cancer progression.
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Introduction

Esophageal squamous cell carcinoma (ESCC) 
and adenocarcinoma of the esophagus (AED) 
are two major types of cancers that affect the 
gut. ESCC is a multi-step process involving 
overexpression of cell cycle proteins such as 
Cyclin D, p53 inactivation and accumulation of 
genetic mutations [1]. The clinical prognosis of 
ESCC is not well understood due to its complex-
ity, late presentation and accelerated tumor 
metastasis. To date it is classified as one of the 
deadliest cancers with an overall 5-year surviv-
al rate of 18% [2]. Transcriptome analysis has 
been performed on patient tissues to identify 
novel biomarkers to predict clinical incidence 
at earlier stages [3-6]. 

Histone protein complex is a group of proteins 
that play a role in structural packaging of DNA 

[7]. Of these, H1 histones are further classified 
into H1.1 to H1.5 and, H1.0 and H1.x, which are 
replication independent [8]. Modifications in 
Histone 1 have been associated with terminal 
differentiation of cells and promotion of neo-
plasticity in several types of cancers such as 
ovarian and colon cancer [9]. Histone modifiers 
such as, SMYD2 (histone methyltransferase) 
and KDM4C (histone demethylase), have been 
previously implicated in the progression of 
ESCC [10, 11].

The nuclear protein, Heterochromatin Protein 1 
Binding Protein 3 (HP1BP3), initially described 
as a novel protein binding to heterochromatin 
protein 1 (HP1), was later reported to belong to 
the family of H1 histones [12, 13]. HP1BP3 
maintains heterochromatin integrity and favors 
cell proliferation by prolongation of cell cycle 
phase G1 [14]. It also plays an important role in 
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controlling cell viability and growth, as well as 
alteration of gene expression [13]. Incidences 
of HP1BP3 in cancer have been reported in thy-
roid and prostate cancers, and in certain types 
of gliomas [15]. HP1BP3 expression in tumors 
has also been related to acquisition of chemo-
resistant traits that favor cell proliferation and 
tumor progression [16]. HP1BP3 retains most 
of the functions shared by its family of H1 his-
tones such as chromatin binding, DNA packag-
ing and intranuclear mobility [13]. It has also 
been shown to play a role in promoting early 
stages of development including body growth 
and bone development [17]. Interestingly, it has 
been reported that HP1BP3 negatively regu-
lates the transcription of heat shock protein 
Hsp70 and that its expression is regulated by 
cell stress in Crassostrea hongkongensis [18]. 
While it is known that HP1BP3 alters gene 
expression, a recent study by Liu et al. reported 
that HP1BP3 plays a role in micro-RNA (miRNA) 
biogenesis by promoting co-transcriptional 
miRNA processing. HP1BP3 recruits the micro-
processor Drosha-DGCR8 complex to miRNA 
transcription sites. This interferes with the pro-
cessing but not transcription of several miRNAs 
including miR-23a [19]. 

The implications of miRNA in the prognosis of 
esophageal cancer have been largely described. 
miR-21, miR-133 and miRNA-138 among oth-
ers in tissues and miR-21 and miR-233 in blood 
have been shown to have significant prognostic 
value [20]. Serum micro-RNA profiles from 
ESCC patients revealed an upregulation in the 
expression profile of miR-23a along with other 
miRNAs such as miR-1246 and miR-3202. miR-
1246 was previously validated as a diagnostic 
and prognostic biomarker for ESCC [21]. miR-
23a has been reported to be significantly 
upregulated in gastric cancer promoting tumor 
growth by inhibiting apoptosis through interfer-
ence with translation of related proteins [22]. 
Further, it has been previously reported that 
miR-23a can be used as biomarker for chemo-
resistance in ESCC [23].

Transcriptome analysis of Hp1bp3 knockdown 
in microglia cells revealed a significant upregu-
lation of immune-related genes involved in, for 
example, interferon or chemokine signaling 
[24]. We also previously performed a targeted 
search for downstream targets of miR-23a 
using the starBase database (School of Life 

Science, Sun Yat-sen University, China) that 
describes miRNA interactors and identified 
TRAF5 as a putative target [25]. TRAF5 belongs 
to the tumor necrosis factor receptor-associat-
ed factor (TRAF) protein family and is reported 
to play a role in immune cell activation [26]. 
miRNA targeting of TRAF5 promotes cell sur-
vival during hypoxia in cardiomyocytes [27]. In 
cancer, several miRNAs target TRAF5 and its 
implications have been described previously in 
colorectal cancer, gastric cancer and gliomas 
[28-30]. Ectopic expression of miR-873 inhibits 
NF-κB-mediated signaling by targeting TRAF5 in 
colorectal cancer cells [31]. In ESCC cell lines, 
miR-26b has been shown to target TRAF5 to 
promote cell proliferation by interfering with the 
cell cycle [32].

In this study, we show that HP1BP3 regulates 
miR-23a expression that selectively targets 
TRAF5, promoting cell survival, proliferation 
and metastasis in ESCC cell lines and tumors in 
vivo. 

Material and methods

Patients and tissue samples

Patients involved in the study were recruited 
from Tong Ren Hospital, Shanghai Jiao Tong 
University School of Medicine (Shanghai, China) 
and Ruijin Hospital, Shanghai Jiao Tong Univer- 
sity School of Medicine (Shanghai, China). 
Human ESCC and adjacent non-tumor esopha-
geal tissue samples were collected from 10 
patients at the time of surgery after proper 
informed consent was obtained from each 
patient enrolled in the study. Tissues were 
immediately stored at -80°C until use. 21 pairs 
of ESCC tumor and healthy adjacent samples 
were collected from patients undergoing esoph-
agectomy and used for immunohistochemical 
analysis. This study was approved by the ethi-
cal committee of Tong Ren Hospital, Shanghai 
Jiao Tong University School of Medicine and 
Ruijin Hospital, Shanghai Jiao Tong University 
School of Medicine.

Cell lines and cell culture 

Cell lines used in this study (HEEC, KYSE30, 
Eca-109, KYSE510, and TE-1) were purchased 
from the Cell Bank of Shanghai Institute of Cell 
Biology (Chinese Academy of Medical Sciences, 
Shanghai, China). KYSE30 and KYSE510 were 
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maintained in RPMI 1640 (Sigma, St. Louis, 
MO, USA) supplemented with 10% fetal bo- 
vine serum (FBS, Invitrogen, Gaithersburg, MD, 
USA) and 100 U/ml penicillin/streptomycin. 
Eca-109, TE-1 and HEEC cells were cultured in 
Dulbecco’s modified Eagle’s medium (Gibco, 
CA, USA) with 10% FBS and 100 U/ml penicil-
lin/streptomycin. All cell lines were grown under 
5% CO2 at 37°C.

Immunohistochemistry 

For immunohistochemistry, tissue samples 
were processed using a routine procedure of 
deparaffinization and rehydration using alco-
hol. The sections were treated with 3% hydro-
gen peroxide and blocked using 5% FBS. After 
blocking, the samples were incubated with 
either phosphate buffer saline (PBS) for the 
negative control or primary antibodies anti-
HP1BP3 (1:200, Abcam, Cambridge, MA) or 
anti-TRAF5 (1:500, Abcam) overnight at 4°C. 
HRP-conjugated secondary antibodies were 
used followed by counterstaining with hema- 
toxylin. 

Quantitative real-time PCR (qRT-PCR)   

Total RNA was extracted using TRIzol reagent 
and reverse transcription was performed using 
Quantscript RT kit (TIANGEN, Beijing, China) 
according to the manufacturer’s protocol. 
Samples were run on QuantStudio 6 (Applied 
Biosystems, Foster City, CA, USA). The primers 
used are as follows: HP1BP3, forward, 
5’-CCACCTGCTACTTCGAGTGA-3’, reverse, 5’-AT- 
CGGTGTTTGTTTCTGGGC-3’; GAPDH, forward, 
5’-TCAAGAAGGTGGTGAAGCAGG-3’, reverse, 5’- 
TCAAAGGTGGAGGAGTGGGT-3’; hsa-miR-23a, 
stem-loop primer, 5’-GTCGTATCCAGTGCAGG- 
GTCCGAGGTATTCGCACTGGATACGACCCTAAA- 
GG-3’, forward, 5’-TGCGCATCACATTGCCAGG- 
GA-3’, reverse, 5’-CCAGTGCAGGGTCCGAGGTA- 
TT-3’; and U6, stem-loop primer, 5’-GTCG- 
TATCCAGTGCAGGGTCCGAGGTATTCGCACT- 
GGATACGACAAAAATAT-3’, forward, 5’-CGCTTC- 
GGCAGCACATATAC-3’, reverse, 5’-AAATATGGA- 
ACGCTTCACGA-3’. 

Western blot

Cells or tissue samples were lysed using RIPA 
lysis buffer (Pierce Rockford, IL, USA) with 
freshly added protease inhibitors (1:1000). The 
total protein concentration was measured 

using a BCA protein assay kit (Thermo Fisher, 
Rockford, IL, USA). Lysates were mixed with 
loading buffer, run on a 10% SDS-polyacryla- 
mide gel and blotted onto PVDF membranes. 
The membranes were blocked using 5% milk 
solution and incubated with primary anti-
HP1BP3 (1:500, Abcam), anti-TRAF5 (1:1000, 
Abcam) or GAPDH (1:1000, Cell Signaling 
Technology, Danvers, MA, USA) overnight at 
4°C. After several washing steps, the mem-
branes were incubated with their correspond-
ing HRP-conjugated secondary antibodies for 
30 min and developed using chemilumine- 
scence.

Lentiviral and plasmid transfections  

Recombinant lentiviral constructs for shRNA-
mediated HP1BP3 knockdown and ectopic 
expression were constructed by GeneChem 
(Shanghai, China). The expression system con-
tains the following vectors: pGC-LV, pHelper 2.0 
containing VSV-G envelope and pHelper 1.0 
containing gag/pol. The following shRNAs were 
cloned into the vector backbone GV118. Their 
target sequences are listed as follows (5’→3’): 
HP1BP3-sh1: GGACATTCCAGCTGAAGAAAT; and 
HP1BP3-sh2: GGTCCAAACCTGCACCTAAAG. A 
fragment encoding the human HP1BP3 se- 
quence was amplified and cloned into vector 
GV342 using the restriction sites AgeI/NheI. 
The primers used for amplification are as  
follows: Forward, 5’-ATGGCGACTGATACGTCTC- 
AA-3’, Reverse, 5’-GTCTTTCAGAGTGAAAAAGT- 
AA-3’. Human TRAF5 CDS was cloned and in- 
serted into the pcDNA3.1 plasmid (Invitrogen). 
miR-23a mimic, inhibitor, or the corresponding 
negative control were synthesized by Gene- 
Pharma (Shanghai, China). Polybrene infections 
were carried out in TE-1 and Eca-109 cells using 
2 ml of concentrated lentivirus containing 
shRNA or cDNA respectively, followed by puro-
mycin selection after 2 weeks. Transfections 
were performed using LipofectamineTM2000 
reagent (Invitrogen, Carlsbad, CA) according to 
the manufacturer’s protocol.

Luciferase reporter assay 

The segment of TRAF5 3’UTR (TRAF5 3’UTR-
Wt) containing putative miR-23a binding site 
was PCR amplified and cloned into the pmir- 
GLO vector (Promega, Madison, WI, USA). The 
mutant TRAF5 3’UTR (TRAF5 3’UTR-Mut) were 
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constructed using the QuikChange Site-Dir- 
ected Mutagenesis Kit (Stratagene, Santa 
Clara, CA). Wild-type or mutant TRAF5 con-
structs were cotransfected with miR-23a mi- 
mic, miR-23a inhibitor, or the corresponding 
negative control into Eca-109 cells using 
LipofectamineTM2000 reagent (Invitrogen). 48 
hours post transfection cells were lysed and 
luciferase activity was measured using a Dual-
luciferase Reporter Assay System (Promega) 
according to manufacturer’s protocol. Luci- 
ferase activity was normalized to Renilla lucifer-
ase activity.

MTT assay and colony formation assay   

Cell viability was assessed by MTT assay. 5 × 
103 cells were seeded in 96-well plates and 
incubated for 1 to 5 days respectively followed 
by staining with MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) dye. Ab- 
sorbance was measured at 570 nm using a 
spectrophotometer. Colony formation assays 
were performed in 6-well plates. 500 cells were 
seeded and incubated for 14 days. Cells were 
then fixed with 4% paraformaldehyde and 
stained with 1% crystal violet. Wells containing 
an average of 50 cells were counted.

Analysis of apoptosis 

Annexin V/propidium iodide (PI) staining was 
used to determine the frequency of apoptotic 
cells. Briefly, cells were plated in 6-well plates 
at a density of 1 × 105 cells per well. Apoptosis 
was induced by starving the cells of serum for 
24 h. The cells were collected by centrifugation, 
washed with cold PBS, then stained with 
Annexin V-FITC and PI (Keygentec, Nanjing, 
China) according to the manufacturer’s instruc-
tions. Apoptotic cells were detected using a 
flow cytometer (CytoFLEX, Beckman Coulter, 
Brea, CA, USA).

Cell migration and invasion 

Cell migration and invasion assays were per-
formed using a transwell system (Becton 
Dickinson, USA) of 8 mm-pore size membrane 
filter. The membranes were coated with 
Matrigel for invasion assays. 1 × 104 cells were 
resuspended in 200 ml medium (serum-free) 
and added to the upper chamber of the tran-
swell. The lower chamber was filled with 500 ml 
of medium containing 10% FBS. The chambers 
were incubated for 24 hours at 37°C in an 
atmosphere of 5% CO2. The upper chamber 
was removed and the migrated fraction of cells 

in the lower chamber were fixed with methanol 
and stained with 0.2% crystal violet. 

Animal experiments  

Four-week old female BALB/c nu/nu mice (n = 6 
per group) were used for the subcutaneous 
xenograft and tail vein metastasis models. For 
the subcutaneous xenograft model, 2 × 106 
ESCC cells were subcutaneously injected into 
the flanks. The incidence of xenografts and 
their volume were monitored routinely. The 
tumor volume was calculated using the formula 
(cm3) - L × W2 × 0.5 where L and W represents 
the largest and smallest diameters. The ani-
mals were euthanized to harvest the xeno-
grafts. For the tail vein metastasis models, 5-6 
week old Balb/c nude mice were injected with 
infected cells through the tail vein. After seven 
weeks the lungs were harvested. All tissues 
were immediately fixed and stained with hema-
toxylin-eosin for analyzing metastasis. All ani-
mal experiments were approved by Tong Ren 
Hospital, Shanghai Jiao Tong University School 
of Medicine. 

Statistical analysis  

All statistical analysis was performed using 
GraphPad Prism 6.0 (GraphPad Software, Inc.). 
Statistical analysis of the differences between 
2 groups was calculated using the Student 
t-test, and one-way ANOVA was used to analyze 
the differences among multiple groups. 
Statistical significance was defined as P < 0.05. 
Error bars represent SEM of the data.

Results

High HP1BP3 expression in ESCC tissues

To determine the role of HP1BP3 in ESCC, we 
first quantified the levels of HP1BP3 mRNA in 
10 tumor tissues and compared them with 
HP1BP3 levels in adjacent non-tumorous tis-
sues using qRT-PCR. HP1BP3 mRNA expres-
sion levels were significantly increased in ESCC 
tissues compared to adjacent non-tumorous 
tissues (Figure 1A). Furthermore, a consistent 
increase in HP1BP3 protein levels was observ- 
ed in tumor samples when compared to their 
respective adjacent non-tumorous tissues 
(Figure 1B). Immunohistochemistry on ESCC 
and adjacent non-tumorous tissues revealed a 
strong expression of HP1BP3 in ESCC tumor 
tissues compared to adjacent non-tumorous 
tissues (Figure 1C). The expression of HP1BP3 
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in esophageal carcinoma (ESCA) was further 
validated using the TCGA BCA dataset through 
the UALCAN web portal (http://ualcan.path.
uab.edu/). The data show that the expression 
of HP1BP3 in ESCA tissues was significantly 
higher than that of normal tissues (Figure 1D). 
In addition, Kaplan-Meier curves obtained from 
the UALCAN web portal reveal a significant 
increase in the survival rate of patients express-

ing low levels of HP1BP3 levels (Figure 1E). 
These results indicate that HP1BP3 may play a 
role in ESCC.

HP1BP3 promotes survival and invasion in 
ESCC cells

To further study the role of HP1BP3 in ESCC, we 
used the human normal esophageal epithelial 

Figure 1. HP1BP3 is upregulated in ESCC tissues. A. HP1BP3 mRNA levels were examined in 10 pairs of ESCC tis-
sues and the corresponding adjacent non-tumor tissues. *P < 0.05. B. Western blot showing endogenous protein 
levels of HP1BP3 in 10 pairs of non-tumor (N) and ESCC (T) tissue samples. C. Representative IHC staining of 
HP1BP3 in 21 ESCC paraffin-embedding tissues on tissue microarrays. Scale bar = 50 μm. D. The expression of 
HP1BP3 in esophageal carcinoma (ESCA) from UALCAN based on the TCGA database. E. Kaplan-Meier analysis of 
overall survival in relation to HP1BP3 expression in ESCA from UALCAN. 
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cell line HEEC, as well as several ESCC cell  
lines (KYSE30, Eca-109, KYSE510, and TE-1). 
Endogenous mRNA and protein levels of 
HP1BP3 were quantified by qRT-PCR and west-
ern blot. Higher HP1BP3 mRNA and protein 
expression were observed in ESCC cell lines 
compared to HEEC cells (Figure 2A and 2B). 
Next, we performed shRNA knockdown using 
two different targets against HP1BP3 in TE-1 
cells. Reduced endogenous HP1BP3 protein 
levels were observed upon shRNA treatment 
(Figure 2C). We also overexpressed HP1BP3 in 
Eca-109 and verified increased expression at 
the protein level (Figure 2C). The effect of 
HP1BP3 on cell viability was measured using 
an MTT assay. Cell viability decreased over 
time in HP1BP3 knockdown TE-1 cells com-
pared to non-targeting control cells. In contrast, 
increased cell viability was observed in 
HP1BP3-overexpressing Eca-109 cells (Figure 
2D). The colony formation assay also showed a 
decreased number of clones in HP1BP3 knock-
down TE-1 cells and an increase in HP1BP3-
overexpressing Eca-109 cells (Figure 2E). The 
effects of HP1BP3 knockdown and overexpres-
sion on apoptosis were assessed using Annexin 
V-PI staining. The frequency of apoptotic TE-1 
cells was significantly increased after HP1BP3 
knockdown, while HP1BP3 overexpression in 
Eca-109 cells led to a significant decrease in 
apoptosis (Figure 2F). To evaluate the role of 
HP1BP3 in migration and invasion of cells, tran-
swell assays were performed. Upon knockdown 
of HP1BP3 in TE-1 cells, migration and invasion 
were significantly reduced as evaluated by the 
number of cells in the lower chamber of the 
transwell after 24 hours of incubation (Figure 
2G). Upon HP1BP3 overexpression, Eca-109 
cells showed significantly higher migration and 
invasion capabilities compared to cells trans-
fected with an empty-vector control (Figure 
2G). Taken together, these findings indicate 
that HP1BP3 plays a critical role in promoting 
cell survival, migration and invasion. 

HP1BP3 upregulates miR-23a expression in 
ESCC cells 

Since it has been reported that HP1BP3 regu-
lates miRNA biogenesis [19], we investigated 
the expression of miR-23a upon knockdown 
and overexpression of HP1BP3. In TE-1 cells, 
knockdown of HP1BP3 achieved a 50% reduc-
tion in miR-23a expression while in Eca-109 

cells, overexpression of HP1BP3 increased 
miR-23a expression by 2-fold (Figure 3A), indi-
cating that HP1BP3 positively regulates miR-
23a in ESCC cells. To determine whether 
HP1BP3 promotes survival and invasion in 
ESCC cells through the induction of miR-23a,  
a miR-23a mimic or miR-23a inhibitor were 
transfected into HP1BP3-knockdown TE-1 cells 
or HP1BP3-overexpressing Eca-109 cells, res- 
pectively. As shown in Figure 3B, decreased 
cell viability in the shHP1BP3-treated TE-1 cells 
could be reversed by introduction of the miR-
23a mimic, while increased cell viability in the 
HP1BP3-overexpressing Eca-109 cells was 
reversed in the presence of the miR-23a inhibi-
tor. Similar results were observed in the colony 
formation assay (Figure 3C). In contrast, 
increased levels of apoptosis observed in the 
shHP1BP3-treated TE-1 cells were reduced in 
the presence of the miR-23a mimic, while the 
decreased levels of apoptosis in HP1BP3-
overexpressing Eca-109 cells were reversed in 
the presence of the miR-23a mimic (Figure 3D). 
Furthermore, introduction of the miR-23a 
mimic and miR-23a inhibitor largely abrogated 
the suppression and promotion of shHP1BP3 
on TE-1 cells and HP1BP3 overexpression on 
Eca-109 cells migration and invasion, respec-
tively (Figure 3E). Taken together, these results 
suggest that miR-23a mediates the effects of 
HP1BP3 on cell viability, proliferation, migra-
tion and invasion. 

miR-23a directly targets and inhibits expres-
sion of TRAF5

To identify the mechanism by which miR-23a 
regulates cell viability and proliferation, we 
investigated a downstream target TRAF5, that 
was identified using starBase. Sequence com-
parison revealed a potential miR-23a binding 
site on the 3’UTR region of TRAF5 (Figure 4A). 
The mutated version of the construct, which is 
insensitive to miR-23a targeting is also shown 
in Figure 4A. Luciferase reporter assays 
showed that miR-23a expression in Eca-109 
cells significantly decreased the luciferase 
reporter activity of TRAF5 3’UTR-Wt expressing 
cells, but had no effect on TRAF5 3’UTR-Mut 
expressing cells (Figure 4B). Relative miR-23a 
expression levels in the HEEC and other ESCC 
cell lines were quantified by qRT-PCR. TE-1 cells 
had the highest expression with a 4-fold 
increase in miR-23a expression compared to 
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Figure 2. HP1BP3 promotes cell proliferation, migration and invasion, and inhibits apoptosis in vitro in ESCC cell lines. A. Relative mRNA levels of HP1BP3 in HEEC 
and ESCC cell lines. B. Protein levels of HP1BP3 determined by western blot in HEEC and ESCC cell lines. C. Expression of HP1BP3 in TE-1 cells and stably express-
ing either non-targeting shRNA control (shNC) or shRNA knockdown of HP1BP3, and in Eca-109 cells stably expressing either HP1BP3 overexpression construct 
or control vector construct (EV). D. Cell viability measured by MTT assay in HP1BP3-silenced TE-1 cells or HP1BP3-overexpressing Eca-109 cells. E. Representative 
images and quantification of the number of colonies determined by colony formation assay upon overexpression or knockdown of HP1BP3. F. Apoptosis was in-
duced in HP1BP3-silenced TE-1 cells or HP1BP3-overexpressing Eca-109 cells by serum starvation for 24 hrs. The percentage of apoptotic cells was determined by 
flow cytometry using annexin V-FITC and propidium iodide (PI) staining. G. Representative images of crystal violet stained cells after transwell migration or Matrigel 
invasion. Histogram depicting the quantification of cell numbers for each condition. All cell assays were performed in triplicates. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 3. HP1BP3 upregulates miR-23a expression in ESCC cells. A. qRT-PCR analysis of miR-23a expression in cells with HP1BP3 overexpression or knockdown. B. 
TE-1 cells with HP1BP3 knockdown were transfected with miR-23a mimic, Eca-109 cells with HP1BP3 overexpression were transfected with miR-23a inhibitor. MTT 
assay for viability of cells indicated by absorbance at 570 nm. C. Quantification of number of colonies indicating cell proliferation determined by colony formation 
assay. D. Apoptosis was induced in HP1BP3-silenced TE-1 cells (treated with miR-23a mimic) or HP1BP3-overexpressing Eca-109 cells (treated with miR-23a inhibi-
tor) by serum starvation for 24 hrs. The percentage of apoptotic cells was determined by flow cytometry using annexin V-FITC and propidium iodide (PI) staining. E. 
Quantification of migration and invasion ability analyzed by transwell migration and invasion assays, respectively. *P < 0.05, **P < 0.01, ***P < 0.001.
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HEEC cells (Figure 4C). TRAF5 protein expres-
sion levels were increased in TE-1 cells trans-
fected with the miR-23a inhibitor and decreas- 
ed in Eca-109 cells transfected with the miR-
23a mimic (Figure 4D). Next, we examined the 
correlation between TRAF5 and miR-23a 
expression levels from data obtained from star-
Base of 162 esophageal carcinoma samples. 
An inverse correlation was observed showing 
decreased TRAF5 expression with increased 
miR-23a expression, validating our results that 
miR-23a directly targets TRAF5 (Figure 4E). We 
also co-transfected Eca-109 cells with TRAF5 
lacking its 3’UTR expression vector and miR-
23a mimic or its relevant control. miR-23a de- 
creased endogenous expression of TRAF5, 
which was overcome when TRAF5 was exoge-
nously introduced into the cells (Figure 4F). The 
MTT and colony formation assays showed 
increased cell viability and proliferation in Eca-
109 cells when treated with miR-23a. This 
effect was largely abrogated when TRAF5 was 
overexpressed (Figure 4G and 4H). While miR-
23a reduced the level of apoptosis in Eca-109 
cells, overexpression of TRAF5 reversed this 
effect (Figure 4I). These findings suggest that 
miR-23a mediated regulation of TRAF5 has a 
role in cell viability, proliferation and apoptosis. 
Finally, a TRAF5-mediated reduction in migra-
tion and invasion was observed in Eca-109 
cells in the presence of the miR-23a mimic 
compared to control cells (Figure 4J). Together, 
these results indicate that miR-23a regulates 
TRAF5 expression to modulate cell viability, 
proliferation, apoptosis, migration and inva- 
sion. 

HP1BP3 inhibits TRAF5 expression by upregu-
lating miR-23a 

To identify how HP1BP3 regulates miR-23a  
and TRAF5, we quantified endogenous TRAF5 

levels upon knockdown and overexpression of 
HP1BP3. Knockdown of HP1BP3 in TE-1 cells 
increased the expression of TRAF5 compared 
to non-targeting control cells (Figure 5A). The 
increase in TRAF5 expression upon knockdown 
of HP1BP3 is reduced when the cells are treat-
ed with miR-23a mimic (Figure 5B). In Eca-109 
cells, overexpression of HP1BP3 decreased 
TRAF5 levels, which were rescued when treat-
ed with an inhibitor against miR-23a (Figure 
5B). Immunohistochemistry analysis of HP1BP3 
and TRAF5 expression in high and low HP1BP3-
expressing ESCC tissues revealed an inverse 
correlation between HP1BP3 and TRAF5 ex- 
pression. Tissues expressing high HP1BP3 lev-
els showed very low TRAF expression, while tis-
sues expressing low HP1BP3 levels had high 
TRAF expression (Figure 5C). Thus, our data 
suggest that HP1BP3 reduces TRAF5 expres-
sion by increasing the expression of miR-23a.

HP1BP3 promotes esophageal cancer cell 
growth and metastasis in vivo

To study the relevance of HP1BP3 expression 
in vivo, HP1BP3 knockdown TE-1 cells and 
HP1BP3-overexpressing Eca-109 cells were 
subcutaneously injected into the right flanks of 
BALB/c nu/nu mice. The tumor volume was 
measured every week for five weeks. A signifi-
cant decrease in tumor volume was observed 
upon knockdown of HP1BP3, whereas in mice 
injected with HP1BP3-overexpressing Eca-109 
cells, a significant increase in tumor volume 
was observed (Figure 6A). Similarly, a decrease 
in tumor weight was observed in mice injected 
with HP1BP3-knockdown TE-1 cells, while an 
increase in tumor weight was found in mice 
injected with HP1BP3-overexpressing Eca-109 
cells (Figure 6B). We also found that the num-
ber of lung metastatic nodules and size were 
significantly decreased in the TE-1/shHP1BP3 

Figure 4. miR-23a directly targets TRAF5. A. Sequence analysis of 3’UTR of TRAF5 mRNA, miR-23a and the mutant. 
B. Luciferase activity of wild-type TRAF5-3’UTR (TRAF5 3’UTR-Wt) and mutant-type TRAF5-3’UTR (TRAF5 3’UTR-Mut) 
reporter genes were measured using the Dual-Luciferase Reporter Assay System in Eca-109 cells transfected with 
miR-23a mimic or inhibitor. C. Relative miR-23a expression was examined in ESCC cells by qRT-PCR. D. Western 
blotting analysis of protein levels of TRAF5 (upper) and qRT-PCR analysis of miR-23a (lower) in TE-1 cells or Eca-109 
cells treated with miR-23a inhibitor or mimic, respectively. E. Relationship between expression levels of miR-23a 
and TRAF5 mRNA in 162 Esophageal carcinoma (ESCA) samples obtained from the starBase database. F. qRT-PCR 
and Western blot analysis of TRAF5 expression in Eca-109 cells co-transfected with miR-23a and TRAF5. G. MTT 
analysis of cell viability in Eca-109 cells co-transfected with miR-23a and TRAF5. H. Colony formation of Eca-109 
cells co-transfected with miR-23a and TRAF5. I. Apoptosis was induced in Eca-109 cells (in the presence of miR-
23a mimic and/or TRAF5) by serum starvation for 24 hrs. The percentage of apoptotic cells was determined by flow 
cytometry using annexin V-FITC and propidium iodide (PI) staining. J. Migration or invasion ability was analyzed in 
Eca-109 cells co-transfected with miR-23a and TRAF5. *P < 0.05, **P < 0.01, ***P < 0.001.
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group, but increased in the Eca-109/HP1BP3 
group (Figure 6C, 6D). These findings indicate 
that HP1BP3 plays an important role in tumor 
progression in vivo. 

The effects of miR-23a mimic on tumor growth 
were also studied in control and HP1BP3 
knockdown tumors. miR-23a led to an increase 
in tumor volume and weight in control tumors 
and partially rescued the tumor growth inhibi-
tion induced by shHP1BP3 knockdown (Figure 
6E, 6F). In addition, the miR-23a mimic promot-
ed lung metastasis in control tumors, as re- 
vealed by elevated numbers and sizes of meta-
static nodules (Figure 6G, 6H). Furthermore, 
miR-23a mimic partially reversed the HP1BP3 
knockdown-mediated inhibition of tumor me- 
tastasis (Figure 6G, 6H). These findings indi-
cate that the HP1BP3/miR-23a axis plays an 
important role in tumor progression in vivo. 

Discussion

The chromatin binding protein HP1BP3 has 
been described previously for its role in several 
types of cancers [19]. In this study, we identify 
the role of HP1BP3 in ESCC by promoting cell 

survival and metastasis. We evaluated HP1BP3 
in primary tumor tissues which showed a sig-
nificant upregulation in mRNA and protein lev-
els compared to adjacent non-tumorous tis-
sues. We also showed that HP1BP3 expression 
was significantly increased in ESCC cell lines. 
Knockdown of HP1BP3 by shRNA targeting 
reduced viability in TE-1 cells and overexpres-
sion of HP1BP3 in Eca-109 cells promoted cell 
viability. Further, we confirmed the pro-survival 
role of HP1BP3 in ESCC cell lines by observing 
an increase in cell colonies by colony formation 
assays upon HP1BP3 overexpression and 
increased invasion and migration capabilities 
of these cells. 

MicroRNAs have been extensively character-
ized for their role in regulating cell survival in 
the context of different types of cancers. A 
global miRNA screen in tumor tissues from 
patients revealed miR-1246 and miR-23a to be 
key factors differentially expressed in colorec-
tal and pancreatic tumors, respectively [33]. 
miR-23a has also been reported to suppress 
tumor growth in oral squamous cell carcinoma 
and bladder cancer [34, 35]. miR-23a targets 

Figure 5. HP1BP3 inhibits TRAF5 expression by upregulating miR-23a. A. Western blotting analysis of TRAF5 protein 
levels in TE-1 cells with HP1BP3 knockdown and Eca-109 cells with HP1BP3 overexpression. B. Western blotting 
analysis of TRAF5 protein levels in HP1BP3 knockdown TE-1 cells transfected with miR-23a mimic and Eca-109 
cells with HP1BP3 overexpression transfected with miR-23a inhibitor. C. Immunohistochemistry to determine pro-
tein expression levels of HP1BP3 and TRAF5 in primary human ESCC patient samples. Scale bar = 50 μm.
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Figure 6. HP1BP3 promotes tumor growth and metastasis in mouse model. A. HP1BP3 knockdown TE-1 cells and 
HP1BP3 overexpression Eca-109 cells were injected into the right flanks of BALB/c nu/nu mice and monitored for 
five weeks. The tumor volume was measured every week. B. Averages of tumor weight were calculated at five weeks. 
C. Representative images of lung tissues with metastatic nodules indicated by arrows are shown. D. Representative 
images of H&E staining of paraffin-embedded sections of lung metastatic nodules. Black Scale bar = 200 μm, Red 
Scale bar = 50 μm. E. HP1BP3 knockdown TE-1 cells transfected with miR-23a mimic were injected into the right 
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the mitotic protein PLK-1 to interfere with the 
cell cycle and DNA replication in pancreatic 
cancer [36]. miR-23a was also shown to pro-
mote angiogenesis under hypoxic environ-
ments commonly observed in tumors [37]. In 
serum samples from ESCC patients, miR-23a 
was reported to be significantly upregulated 
[21]. In another study in serum from ESCC 
patients being treated with neoadjuvant che-
motherapy, miR-23a-5p was upregulated in a 
group of non-responders [38]. Here, we found 
that upon knockdown of HP1BP3 there was a 
significant downregulation of miR-23a expres-
sion levels while HP1BP3 overexpression 
increased miR-23a levels in TE-1 and Eca-109 
cells, respectively. Further, we used a miR-23a 
mimic to overexpress miR-23a and observed 
an increase in cell viability, which was also 
associated with cell proliferation, invasion and 
migration. This effect was reduced upon knock-
down of HP1BP3. These results suggest that 
HP1BP3 promotes miR-23a expression and cell 
survival. However, the precise mechanisms of 
regulation are yet to be determined. 

Further, we identified TRAF5 as a potential tar-
get of miR-23a and functionally tested its regu-
lation. The TRAF family of proteins is prone to 
genetic alterations in different types of can-
cers. Of these, TRAF5 modifications are the 
highest in breast cancer followed by liver, uter-
ine and esophageal cancer [39]. TRAF5 has 
been previously reported to have a role in pro-
moting colorectal cancer by favoring cell sur-
vival and is regulated by miR-141-3p [28]. miR-
141-3p acts as a negative regulator of prostate 
and colorectal cancer, and inhibits the NF-κB 
pathway via TRAF5, thereby interfering with cell 
migration and proliferation [28, 40]. Using wild-
type TRAF5 and a mutant version that is resis-
tant to miR-23a in our reporter assays with Eca-
109 cells revealed that TRAF5 is a direct down-
stream target of miR-23a. TRAF5 expression 
reduced cell viability and this effect was coun-
teracted upon treatment with the miR-23a 
mimic in Eca-109 cells. Hence, miR-23a pro-
motes cell viability, proliferation and migration 
by directly targeting TRAF5. Protein expression 
assays revealed that upon knockdown of 

HP1BP3, TRAF5 levels were increased indicat-
ing that HP1BP3 regulates TRAF5 expression 
and in-turn cell survival by increasing the 
expression of miR-23a. 

Our in vitro analysis was further confirmed by 
performing tumor monitoring studies in vivo in 
mice models. Although an ideal mouse model 
is not available for esophageal cancer, subcuta-
neous xenograft models and more recently the 
tail vein model are commonly used [41]. 
Subcutaneous injection of ESCC cell lines with 
overexpression or knockdown of HP1BP3 
favored tumor progression or inhibited tumor 
metastasis, respectively. Critically, addition of a 
miR-23a mimic promoted tumor growth and 
metastasis in the absence or presence of 
HP1BP3, demonstrating that miR23a acts 
downstream of HP1BP3 in tumors. Taken 
together, our study establishes the role of 
HP1BP3 in regulating miRNA levels of miR-23a, 
and in-turn TRAF5 expression to promote ESCC 
progression. Further studies on the mechanism 
of HP1BP3 regulation of miR-23a levels and 
possibly other miRNAs could lead to the identi-
fication of novel therapies and biomarkers for 
ESCC. 
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