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Abstract
Background: Concurrent chemoradiotherapy is the standard scheme for locally advanced non-surgical
esophageal squamous cell carcinoma (ESCC). But there are frequently different results due to tumor
heterogeneity. HNF1A and HSPD1 have been shown to be associated with the invasion, proliferation,
apoptosis, and chemical resistance in multiple cancers. The aim of this study was to investigate the
effects of HNF1A and HSPD1 on invasion and radiosensitivity of ESCC.

Methods: HNF1A was overexpressed by lentivirus transfection and HSPD1 was silenced by knockdown
plasmid in TE1 and KYSE150 cells. The mRNA expression of HSPD1 and HNF1A were detected by RT-
qPCR. The correlated proteins expression was veri�ed by western blot, and transwell tested the invasion
ability of ESCC cells. Survival curve was plotted by colony formation assay. Co-immunoprecipitation and
immuno�uorescence assays were used to detect interaction and subcellular location of HNF1A and
HSPD1. At the same time, we explored the change of HSPD1 protein in exosomes by western blotting.

Results: Immunoprecipitation and mass spectrometry identi�ed the combination of HNF1A and
HSPD1/hnRNPA1/A3/TCP1 in TE1 cells. Co-immunoprecipitation and immuno�uorescence experiments
were veri�ed the bind of HNF1A and HSPD1 again, but HNF1A did not regulate HSPD1 expression.
Subsequently, HSPD1 knockout reversed HNF1A to promote invasion ability of cells by inhibiting EMT.
Likewise, deletion of HSPD1 relieved radio-resistance from overexpression of HNF1A in TE1 and
KYSE150 cells. Notably, induced cells to release abundant of HSPD1 through exosome, and ectopic
expression of HNF1A prevented radiation-induced exosomal releasing of HSPD1.

Conclusions: We initially demonstrated that HNF1A was assisted by HSPD1 to drive EMT process and
promote invasion of ESCC cells, and explained that HNF1A prevented HSPD1 from releasing to
extracellular with exosomes after irradiation, thereby causing radio-resistance. These �ndings provided
theoretical basis of gene target treatment for radiotherapy of ESCC.

Background
In 2018, all types of cancer in the world, esophageal cancer (EC) ranked the eighth with 5720000 new
cases every year and the sixth with 5086000 death cases(1). In China, more than 90% patients were
esophageal squamous cell carcinoma (ESCC). In recent years, the mortality of ESCC were fast down by
primary prevention and secondary prevention(2). However, most patients had been diagnosed with locally
advanced EC at time of initial diagnosis, and the 5-years survival rate of patients treated is less than 30%
(3). Chemoradiotherapy had become the standard programme for locally advanced EC, but the treatment
results were not satisfactory due to tumor heterogeneity and individual tolerance. Therefore, it was a
common problem to improve and enhance the radiosensitivity of ESCC.

Hepatocyte nuclear factor 1 alpha (HNF1A) belonged to HNF family, and widespread expressed in liver,
pancreas, kidney and other tissues and organs, and abnormally expressed in a variety of tumors(4).
HNF1A initiated transcription of lncRNA HCG18 and competitively binded with miR-152-3p, and up-
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regulated protein expression of DNAJB12, then to regulate the proliferation and invasion of gastric cancer
cells(5). Recently, it had been reported that ectopic expression HNF1A activated the PKLR gene to
promote growth and anti-apoptotic properties of pancreatic cancer(6). In addition, depletion of HNF1A
may lead to the growth inhibition, apoptosis, and destruction of tumorsphere formation in pancreatic
ductal carcinoma, whereas overexpression of HNF1A had the opposite effect(7). However, few studies
had been conducted on the role of HNF1A in ESCC, and the in�uence mechanism with radiosensitivity
was ambiguity.

Heat shock 60kDa protein 1 (HSPD1) was a member of the heat shock protein family, also known as
HSP60. HSPD1 assisted in maintaining protein homeostasis, participated in safeguarding mitochondrial
function and intracellular homeostasis, and protected cardiomyocytes from apoptosis after its
overexpression(8, 9). Post-translational modi�cation of HSPD1 resulted in different biological functions,
such as in�ammation, autoimmunity, carcinogenesis, cell replication and so on(10). It had been reported
that HSPD1 existed in exosome membrane secreted by cells and played an indispensable role of
communication in intercellular(11). In addition, SAHA, a histone deacetylase inhibitor, caused
mitochondrial dysfunction in H292 lung cancer cells. That brought about nitri�cation of HSP60 and it
transport with exosomes into extracellular, and gave play to anti-tumor effect of immune system(12). The
role of either HNF1A or HSPD1 in radiosensitivity of ESCC was unclear.

The aim of this study was to investigate how HNF1A gene interfered with the progression and
radiosensitivity of ESCC cells, and whether this interference occurred by mediating the release of HSPD1
via exosomes. Here, for the �rst time, we reported that HNF1A was assisted by HSPD1 to activate EMT
process, and causing increased invasion of ESCC cells, and prevented radiation-induced release of
HSPD1 into outside of cells through exosomes causing radio-resistance.

Methods

Cell culture and X-ray irradiation
The human esophageal squamous cell cell lines TE1 and KYSE150 were cultured in RPMI-1640 medium
(Gibco, Thermo, Waltham, MA) containing 10% fetal bovine serum (FBS; Gemini, US). Then, all cells was
placed in cell incubator (Thermo Fisher Scienti�c, lnc.) with a constant temperature of 37 ℃ and 5% the
concentration of carbon dioxide.

ESCC cells were irradiated by a 6MV Siemens linear accelerator (Siemens, Concord, CA, USA). There were
four conditions for irradiation (IR): source skin distance (SSD) was 100cm, radiation �eld size was
20×20cm, the dose rate was 500 MU/min, and 1cm organization compensation was set under the cell
culture dish. According to the experimental requirements, we selected the radiation dose of 6Gy for future
experiment.

Transient transfection and stable transfection
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The vector of HSPD1 knockdown plasmids purchased from Genechem (Genechem Co., Ltd., Shanghai,
China) was GV102, and the component sequence was hU6-MCS-CMV-GFP-SV40-Neomycin. The targeting
HSPD1 sequence was: Sh-RNA1, 5'-ccTGCTCTTGAAATTGCCAAT-3', Sh-RNA2, 5'-
gcAATGACCATTGCTAAGAAT-3', Sh-RNA3, 5'- gcTAAACTTGTTCAAGATGTT-3'. The corresponding
negative control RNA target sequence was: Sh-NC, 5'-TTCTCCGAACGGTGTCACGT-3'. The plasmids were
transfected into TE1 and KYSE150 cells by lipofectamine 2000 (Thermo Fisher Scienti�c, Inc.), then the
cells exhibited neomycin resistance and GFP expression. Fluorescence microscopy (Nikon Ti2, Japan)
was adopted to observe the transfection e�ciency with GFP protein, and 1ug/ml neomycin (Beijing
Solarbio Science & Technology Co., Ltd.) was added to screen the cells.

The lentivirus was designed from Genechem (Genechem Co., Ltd., Shanghai, China). The full sequence of
HNF1A (NM_001306179) was assembled into the vector (GV492), and the component sequence was Ubi-
MCS-3FLAG-CBh-gcGFP-IRES-puromycin. The negative control lentivirus number was CON335. The
number of lentivirus with MOI of 100 was added into the cell culture medium, and continued for 24 h. The
transfected TE1 and KYSE150 cells were characterized by puromycin resistance and green �uorescent
protein (GFP) expression. Utilizing this characteristic, successful transfected cells were observed and
screened to construct stable overexpressing HNF1A cell lines.

Colony formation assay
The ESCC cells were irradiated at doses of 0, 2, 4, 6 and 8 Gy and then plated in 6-well plates with
appropriate cell numbers. After 10 days, the cells were �xed with paraformaldehyde (4%) and stained with
crystal violet (0.1%). The cell colony (> 50 cells) count was performed. The results were analyzed through
GraphPad Prism version 5.0 (GraphPad Software, Inc., La Jolla, CA, USA), and the biological parameters
of radiation and survival curve were obtained.

Quantitative real-time reverse transcription-polymerase
chain reaction (RT-qPCR)
Total RNA was extracted from TE1 and KYSE150 cells by Trizol reagent (Takara Bio, Inc., Shiga, Japan),
and then RNA was �rst transcribed into complementary DNA (cDNA) by RevertAid First Strand cDNA
Synthesis Kit (Thermo Fisher Scienti�c, Inc.). Next, RT-qPCR assay was adopted to detect the gene
expressions of HNF1A and HSPD1 by 7500 Fast Real-Time PCR System (Applied Biosystems, Thermo
Fisher Scienti�c, Inc.) with using MonAmp™ ChemoHS qPCR Mix (Monad Biotecch Co., Ltd, China). As a
control, the expression of GAPDH was also examined. Here, the gene expression was analyzed by
comparing CT values (2−ΔΔCt). Three independent experiments were repeated for each sample.

Western blot assays
Enough esophageal tumor cells were collected into 2ml EP tubes. Then, the appropriate amount of RIPA
lysis buffer (Beijing Solarbio Science & Technology Co., Ltd) intermixing 1% phosphorylase inhibitor (PI)
and 1% PMSF was added. The mixture in EP tube was vibrated su�ciently, and then laid on ice for 30
minutes. Next, the supernatant after centrifugation was added with protein loading buffer DTT and boiled
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for 5 minutes. The protein concentration was measured by BCA method (Beyotime Biotechnology, China).
The protein was separated on 10% SDS-PAGE gel, and then transferred to PVDF transfer membrane
(Merck KGaA, Darmstadt, Germany). Subsequently, PVDF membrane was sealed with 5% skim milk for 2
hours. Afterwards, the primary antibody was incubated at 4℃ overnight. The relevant antibodies were
anti-HNF1A (sc-135939; Santa cruz biotechnology, Inc.), anti-HSPD1 (ab190828; Abcam), anti-β-actin
(60008-1-Ig; Proteintech), anti-E-cadherin (60335-1-Ig; Proteintech), anti-Vimentin (10366-1-AP;
Proteintech), anti-N-cadherin (22018-1-AP; Proteintech), anti-Alix (sc-53540; Santa cruz biotechnology,
Inc.), anti-Tsg101 (sc-136111; Santa cruz biotechnology, Inc.), anti-CD9 (sc-13118; Santa cruz
biotechnology, Inc.), anti-Calnexin (sc-23954; Santa cruz biotechnology, Inc.). The second day, the
secondary antibody from the corresponding source was used to incubate for 2 h at room temperature.
Finally, the protein bands were observed by Odyssey system (LI-COR Biosciences, Lincoln, NE, USA). At
least three independent experiments were conducted to observe protein expression and the radio of
protein to β-actin was evaluated to re�ect the changes of protein.

Transwell assays
Transwell chamber were coated with 60 µl of Matrigel (BD, NJ), and placed in cell incubator at 37℃ for
24 h. Then, 5×104 ESCC cells were added into transwell inserts and medium with 10% FBS was used to
�ll the lower chamber. After 24 h, the cells were �xed with 4% polymethanol, and then stained with crystal
violet. Finally, a microscope (Nikon Ti2, Japan) was adopted to observed and photograph the cells which
passed through the insert. The independent experiment was repeated three times, and the number of cells
crossing the polycarbonate membrane re�ected the ability of cell invasion.

Immunoprecipitation (IP) and liquid chromatography–
tandem mass spectrometry (LC–MS/MS)
The total cell proteins were extracted from TE1 cell lysate according to the above steps. After the
concentration of cell protein was determined, 30ul protein A-Agarose (sc-2001; Santa cruz biotechnology,
Inc.) and 3ug primary antibody (anti-HNF1A and anti-IgG, respectively) were added to 2mg protein sample
and kept overnight at 4℃. Then, the proteins were separated with 10% SDS-PAGE and stained by fast
silver stain kit (P0017S, Beyotime Biotechnology, China). Differential bands were observed at 25–35, 55–
70 kDa molecular weights compared with IgG. Next, the difference bands were carefully cut for liquid
chromatography-tandem mass spectrometry (LC-MS/MS) (Nanolc-QE, Shanghai Applied Protein
Technology Co. Ltd, China) analysis. Firstly, protein polypeptide sample was enzymolyzed with trypsin.
Then, enzymolyzed sample was analyzed with LC-MS/MS. Finally, MS matching software (MASCOT)
was adopted to analyze LC-MS/MS database to obtain qualitative identi�cation information of target
protein peptide molecules. The results showed that 657 proteins were predicted, and the proteins that
might bind to HNF1A were screened on the basis of band location and score.

Coimmunoprecipitation (CO-IP)
The total protein was extracted from TE1 and KYSE150 ESCC cells. In 2mg protein sample, 30ul protein
A-Agarose and 3ug primary antibody (anti-HNF1A, anti-HSPD1 and IgG, respectively) were mixed. Then,
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the mixture was rotated continuously to mix adequately at 4 ℃ overnight. Lastly, the results of CO-IP
were analyzed by WB assay.

Immuno�uorescence (IF)
The 1×104 TE1 and KYSE150 cells were planted in 24-well plates prelaid with cover glasses. After cells
were intervened, they were �xed with 4% paraformaldehyde for 15 minutes. Next, cells were treated with
0.5% Triton X-100 for 15 minutes. Then, cells were incubated with goat serum for 30 min to block the non-
speci�c protein binding sites. In treated cells, mixture of primary antibodies (anti-HNF1A, 1:50; Anti-
HSPD1, 1:50) was incubated at 4℃ overnight. The following day, mixture of corresponding secondary
antibody was added and incubated at room temperature in dark place for 1 h. Finally, we used DAPI
solution for nuclear staining to identify the cellular sublocalization. A laser confocal microscope (Nikon
A1, Japan) was used to observe and record the target protein.

Gene expression pro�ling interactive analysis (GEPIA)
GEPIA was a fast online analysis web (http://gepia.cancer-pku.cn) based on TCGA and GTEx databases.
According to its procedure, we obtained gene expression analysis, gene correlation analysis, and patient
survival analysis.

Preparation of exosomes
Cells were cultured with alone RPMI-1640 medium for 48 h. We collected 500ml culture supernatant of
each sample. First, we used 0.22µm syringe-driven �lter to �lter the collected liquid, and then �ltered it
with an ultra�ltration centrifuge tube (Amicon Ultra-15-100K, Merck Millipore Ltd.). Afterward, the
remaining material in �lter was �ushed with cold PBS, and collected into a new tube. Finally, the
exosomes were extracted from concentrated liquid according to the instructions of Exosome Extraction
Kit (EXORG24B-1, Liaoning Rengen Biosciences Co.,Ltd, China). The protein concentration in exosomes
was measured with BCA method, and the results were analyzed by WB experiment.

Transmission electron microscopy (TEM)
The prepared exosomes were stained with uranyl acetate. Then, they were observed and photographed by
transmission electron microscopy (TEM, Hitachi TEM System H7500, Japan).

Statistical analysis
The data were presented as mean ± SD. All statistical analysis was performed using GraphPad Prism 5.0
software. P < 0.05 expresses that the differences were statistically signi�cant.

Results

Overexpression of HNF1A regulated the invasion power of
ESCC cells.
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In our previous study, we successfully constructed ESCC cell lines TE1 and KYSE150 with overexpression
protein of HNF1A. The expression levels of mRNA and protein of HNF1A were veri�ed by RT-qPCR and WB
assay. All results showed that HNF1A was still highly expressed in lentivirus transfected cell lines, and its
levels of mRNA and protein were signi�cantly higher than those in NC group (Fig. 1. a, b and c). In TE1
and KYSE150 cells overexpressing HNF1A, mRNA level was more than 2000 times (P = 0.032, P = 0.009)
and protein level was more than 2 times (P = 0.000, P = 0.001). Our primary experiment found that HNF1A
was involved in the invasion of ESCC cells. In this study, the invasion ability of TE1 and KYSE150 cells
were clearly increased after ectopic expression of HNF1A (P = 0.025, P = 0.023) (Fig. 1. d and e). When
TE1 and KYSE150 cells were irradiated, the invasion ability of NC group and HNF1A group observably
enhanced (P = 0.011, P = 0.006, P = 0.014, P = 0.006, respectively), and the increasing level was much
signi�cant in HNF1A group than in NC group (P = 0.01, P = 0.006). 

HNF1A interacted with HSPD1 in ESCC cells.
In this paper, we paid more attention to explore mechanism of HNF1A affecting the invasion of ESCC
cells. We used IP and liquid chromatography-tandem mass spectrometry (LC-MS/MS) assay to analyze
HNF1A correlated proteins in TE1 cells. The differential protein bands were examined on the silver-stained
SDS-PAGE compared with IgG control (Fig. 2, a). Next, we adopted mass spectrometry (MS) to identify
differential protein bands (Report Number: R201901097). We had identi�ed several bands proteins that
possibly interact with HNF1A, such as HSPD1, hnRPA1/A3, and TCP1. HSPD1 protein was selected for
subsequent research based on its score and protein banding localization. 

Through GEPIA online database analysis, we obtained the association between HNF1A and HSPD1 in
TCGA tumor tissues and normal tissues (P < 0.001) (Fig. 2. c). In order to clarify relationship between
HNF1A and HSPD1, CO-IP technology was used to verify its function. Results showed that strongly
con�rmed interaction between HNF1A and HSPD1 (Fig. 2. b). The IF assay was used to detect the
subcellular localization of HNF1A and HSPD1. Before IR, we discovered HNF1A protein expressed in
nucleus, while HSPD1 protein ubiquitously existed in nucleus and cytoplasm. Moreover, HNF1A protein
expression was enhanced and translocated from nucleus to cytoplasm after IR, which clearly
demonstrated that HNF1A and HSPD1 co-localized in nucleus and cytoplasm (Fig. 2. d). This results
again proved reciprocity between HNF1A and HSPD1.

Radiation-induced cells reduced HSPD1 expression, which
was not regulated by HNF1A.
In order to illustrate how HNF1A and HSPD1 regulated each other, we employed WB experiment to verify.
The HSPD1 protein expression was decreased in TE1 and KYSE150 cells after ectopic expression of
HNF1A (P = 0.001, P = 0.009). From this, we may consider that HNF1A negatively regulated HSPD1
protein expression. However, after IR 2h, HSPD1 protein in NC group reduced (P = 0.011, P = 0.003), and
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the change trend in HNF1A group was not signi�cant, and even a little bit higher. Notably, expression of
HSPD1 protein in HNF1A group was higher than that in NC group after IR (P = 0.009, P = 0.004) (Fig. 2. e).
According to this results which HNF1A negatively regulated HSPD1 protein expression, the result was
obviously contrary to it. Therefore, we had a novel discover that HNF1A was not involved in regulating
HSPD1 expression, but their combination might play a pivotal role in tumor progression. In addition, our
foregone study uncovered that the HNF1A expression reached its highest point after IR 2 h, and the
HSPD1 expression cut down the lowest point at 4 h after IR in our current research (Fig. 2. f). Based on
the above, it was explicit that HSPD1 protein expression was decreased after IR, and it was not subject to
HNF1A.

The plasmid of HSPD1 knockdown was successfully
screened and HSPD1 relieved radio-resistance from ectopic
expression HNF1A.
Based on these results, we hypothesized that HNF1A was not involved in regulating HSPD1 expression,
but HNF1A needed HSPD1 as a molecular chaperone to perform its biological functions. Next, we
adopted transwell experiment to verify whether absence of HSPD1 affect the phenomenon of HNF1A
overexpression and promoted ESCC cells invasion ability. First, we learned from the GEPIA database that
HSPD1 was widely high expressed in multifarious cancer types (Fig. 3. a), and HSPD1 expression was
higher in ESCC tissues than in paracancerous tissues form TCGA database (P < 0.05) (Fig. 3. b). Using the
GEPIA database to analyze the function of HSPD1 on survival of patients with ESCC, it revealed that
patients with high expression of HSPD1 had poor OS (HR = 2.1, P = 0.025). Therefore, we had reasons to
speculate that HSPD1 might play an oncogene role in ESCC. Next, we transfected the knockdown
plasmids of Sh-HSPD1 or Sh-NC into TE1 and KYSE150 cells by using lipofectamine 2000. These results
disclosed that all knockdown plasmids inhibited HSPD1 expression at mRNA level and protein level
(Fig. 3. d, e and f). ShRNA1 and ShRNA2 were more effective than ShRNA3 in HSPD1 protein knockdown
by WB (Fig. 3. d, e). Meanwhile, the knockdown change of ShRNA1 and ShRNA2 were more signi�cant at
mRNA level (Fig. 3. f). Therefore, ShRNA1 and ShRNA2 were selected for subsequent experiments. Colony
formation assay revealed that deletion of HSPD1 could enhance radiosensitivity of TE1 and KYSE150
cells (SER = 1.32, SER = 1.33), and overexpression of HNF1A could induce radio-resistance of TE1 and
KYSE150 cells (SER = 0.64, SER = 0.66). Notably, knockout HSPD1 reversed that HNF1A promoted radio-
resistance in TE1 and KYSE150 cells (SER = 0.80, SER = 0.89, SER increasing compared with alone
overexpression of HNF1A) (Fig. 3. g). 

Knockdown HSPD1 gene protein resulted to inhibit EMT
process and affect the invasion ability in ESCC cells.
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After plasmid knockdown screening, HSPD1 effect on the invasion of ESCC cells was detected by
transwell assay. These data showed that the invasion ability was signi�cantly reduced before IR in
HSPD1 knock-out TE1 and KYSE150 cells (shRNA1, P = 0.002, P = 0.007; ShRNA2, P = 0.004, P = 0.044,
respectively) (Fig. 4. a, b). At the same time, invasion ability of all groups were increased after IR (NC, P = 
0.000, P = 0.015; shRNA1, P = 0.004, P = 0.002; ShRNA2, P = 0.000, P = 0.007, respectively) (Fig. 4. a, b).
However, the invasion ability of ShRNA groups were decreased compared with NC group in TE1 and
KYSE150 cells after IR (shRNA1, P = 0.000, P = 0.014; ShRNA2, P = 0.000, P = 0.02, respectively) (Fig. 4. a,
b). Furthermore, the expression of EMT-related proteins was detected by WB. These results suggested that
with or without IR, E-cadherin proteins were intensive in ShRNA group compared to NC group, but N-
cadherin/Vimentin proteins were inverse (Fig. 5. a). In the meantime, E-cadherin proteins were depressed
and N-cadherin/Vimentin proteins were enhanced in all groups after IR (Fig. 5. a). Consequences
indicated that the knockdown of HSPD1 gene protein reduced invasion ability via inhibiting the EMT
process in ESCC cells. 

HSPD1 reversed increasing cell invasion ability of HNF1A
overexpression by inhibited EMT process.
Next, the HSPD1 knock-out effect on the invasion ability was observed in HNF1A overexpressing cells. We
discovered that knockdown HSPD1 reversed the tendency of HNF1A to enhance cell invasion power
(Fig. 4. c). Regardless of IR, HSPD1 knockout in HNF1A ectopic expressing cells resulted in cut down
invasion ability (all P < 0.05) (Fig. 4. d). In addition, HSPD1 was knocked down in HNF1Aoverexpressing
cells, and total proteins of cells were extracted. These results revealed that E-cadherin proteins were
improved in ShRNA group compared to control check (CK) and NC groups, while N-cadherin/Vimentin
proteins were decreased with or without IR (Fig. 5. b).

The exosomal secretion inhibitor GW4869 kept HSPD1
proteins inside cell after IR.
Based on the results of above experimental, we concluded that HNF1A could not regulate HSPD1
expression, but HNF1A required the assistance of HSPD1 in regulating EMT and in�uenced cell invasion.
On the other hand, radiation-induced decreased protein expression of HSPD1, but ectopic express HNF1A
could keep from its decreasing. The regulating mechanism remained unclear still now. Recently, it had
been reported that HSPD1 was distributed on exosome membrane and released into the tumor
microenvironment, then affecting tumor cell production and progression(11). We used GW4869, an
inhibitor of exosome secretion, to observe that irradiated may cause changes of HSPD1 protein in cells
total protein or not. These results revealed that content of HSPD1 in GW4869 group was signi�cantly
higher than that in DMSO group before IR (P = 0.000, P = 0.009) (Fig. 5. e, f). Moreover, intracellular
HSPD1 protein in DMSO group was signi�cantly reduced after IR (P = 0.002, P = 0.006) (Fig. 5e, f). At the
same time, HSPD1 protein in GW4869 group was higher than it in DMSO group (P = 0.013, P = 0.032)
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(Fig. 5. e, f). The results indirectly demonstrated that HSPD1 protein was secreted via exosomes.
According to instructions of the exosome extraction kit, exosomes of TE1 cells were extracted and veri�ed
by TEM and WB assay. TEM showed that exosomes were successfully presented (Fig. 5. c). Positive
markers Tsg101/Alix/CD9 proteins were checked by WB assay, while negative markers Calnexin protein
was not detected (Fig. 5. d). It had been con�rmed that exosomes were successfully extracted from
supernatant of TE1 cells culture again.

Ectopic expression HNF1A reduced HSPD1 secretion by
exosomes outside cells after IR.
Notably, all results also revealed that the presence of HSPD1 in exosomes, which directly proved HSPD1
protein could be secreted into extracellular environment through exosomes (Fig. 5. d). After IR, trendency
HSPD1 protein expression in GW4869 group was consistent with those in HNF1A group. We hypothesized
that ectopic expression HNF1A reduced releasing of HSPD1 protein in exosomes, resulting in HSPD1 stop
in cells and assisting HNF1A to play biological functions. Next, we employed WB verifying our conjecture.
The content of HSPD1 in exosomes signi�cantly decreased with or without IR after overexpression of
HNF1A (P = 0.102, P = 0.006) (Fig. 5g). After IR, HSPD1 protein content of exosomes in NC group was
signi�cantly increased (P = 0.005), but there were no statistically signi�cant difference in HNF1A group (P 
= 0.197) (Fig. 5. g). Our results a�rmed that radiation-induced HSPD1 from exosomes pathway were
largely released outside cells and that ectopic expression HNF1A could weaken this phenomenon.

Discussion
This study investigated biological function of HNF1A and its possible molecular mechanisms in ESCC. In
order to better understand role of HNF1A in ESCC, this study emphatically analyzed that HNF1A regulated
radiation resistance and invasion ability of ESCC. In addition, the present study provided a unique
perspective to reveal that cells with overexpression of HNF1A may elude the anti-tumor immune response
via inhibiting the extracellular release of HSPD1 (releasing by exosomes), and ultimately leading to radio-
resistance of ESCC cells.

Based on existing studies, the combination of HNF1A and HSPD1 in regulating radiosensitivity of ESCC
was novel. HNF1A played an oncogenic role in a variety of tumors, such as pancreatic cancer,
hepatocellular carcinoma and gastric cancer(5, 6, 13). Our results suggested that ectopic expression
HNF1A promoted radio-resistance of ESCC to release potential oncogenic ability. HSPD1 had been
identi�ed as a high-quality prognostic biomarker in multiple cancers, such as non-small cell lung cancer,
ovarian cancer, metastatic colorectal cancer, gastric cancer, hepatocellular carcinoma(14–21). At the
same time, HSPD1 inhibitors and antibodies had shown remarkable e�cacy in basic experiments(22–
24). TGCA database showed that HSPD1 was highly expressed in multifarious tumors, and ESCC
patients with high HSPD1 expression had poor prognosis. These results suggested that HSPD1 was an
oncogene in ESCC. Although HNF1A and HSPD1 played a carcinogenic role in ESCC, it has not been
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reported a connection between them in previous studies. We revealed for the �rst time that HNF1A binded
to HSPD1, but HNF1A did not regulate the HSPD1 protein expression.

Further studies demonstrated that depletion of HSPD1 weakened radio-resistance in ESCC cells with
ectopic expression HNF1A. There were evidences that HSPD1 is involved in maintaining normal protein
homeostasis and protein denaturation repair(9, 25). We speculated that HSPD1 was consumed with
modifying new abundant proteins which maintain cell function after ectopic expression of HNF1A.
Furthermore, after radiation-induced denaturation of proteins in cells, HSPD1 was expended to repair
denatured protein. At the same time, overexpression of HNF1A reduced radiation-induced the occurrence
of protein denaturation, thus abating the consumption of HSPD1. Finally, we preliminarily concluded that
HNF1A and HSPD1 were combined, but there was no regulatory relationship.

In this study, ectopic expression HNF1A activated EMT to promote invasion of ESCC cells, which required
the assistance of HSPD1 protein. A study reported that miR-484 inhibited the expression of
MMP14/HNF1A in vitro and in vivo to weaken EMT process, leading to recede invasion of cervical cancer
cells(26). Similar results have been obtained in gastric cancer(5). At the same time, knockout of HSPD1
resulted in reduced invasion by impairing the EMT process in oral squamous cell carcinoma, and was be
related to prognosis(27). In addition, activating EMT not only regulated the cell invasion ability, but were
also associated with cell proliferation, apoptosis and drug resistance(28). Our results showed that HSPD1
assisted HNF1A to in�uence the ESCC progression by regulating EMT.

There were substantial evidences that the exosomal inhibitor GW4869 inhibited exosome secretion in
multifarious tumor and normal cells(29–32). Our data showed that TE1 and KYSE150 cells treated with
GW4869 increased the amount of HSPD1 protein inside the cells. This indirectly indicated that HSPD1
could be secreted extracellular through exosomes. Exosomal protein markers Tsg101/Alix/CD9 bands
were detected, and their presence represented the successful extraction of exosomes(33, 34). Next,
exosomes were extracted from TE1 cells. We found that the content of HSPD1 protein in exosomes
increased after IR. It was consistent with other results, in anticancer drug-treated liver cancer cells, ascites
of malignant gastric cancer patients and heat-shocked mouse B lymphoma cells released exosomes
including abundant HSP60 proteins, which can effectively induce anti-tumor immune responses(35–37).
These studies had con�rmed that tumor cells stimulated by physical or chemical drugs will secrete
exosomes containing a large of HSP60 proteins, thus inducing anti-tumor immune response. We initially
demonstrated that radiation-induced secretion of exosomes contained rich HSPD1 proteins in ESCC cells,
and overexpression of HNF1A could counteract this induction.

Based on above results, we analyzed potential molecular mechanisms which combination of HNF1A and
HSPD1 affected invasion ability and radiosensitivity of ESCC. On the one hand, the mechanism might be
that ectopic express HNF1A reduced radiation-induced protein degeneration. It resulted in less
consumption of HSPD1 involved in protein repair and had more opportunities to help folding and
modi�cation of new proteins, thus promoting ESCC progression. On the other hand, we hypothesized that
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HNF1A prevented the extracellular release of HSPD1 via exosomes after IR, which weakened the initiation
of anti-tumor immune responses, thereby leading to radioresistance in ESCC.

Conclusions
In conclusion, we con�rmed HNF1A was assisted with HSPD1 and promoted the invasion of ESCC cells
by driving EMT, and initially revealed that HNF1A reduced radiation-induced exosomal release of HSPD1,
leading to radioresistance of ESCC cells. However, whether the increase of HSPD1 protein in exosomes
induced by radiation was related to anti-tumor immune response, it remained to be clari�ed in subsequent
experiments. Available data and results encourage creative design of novel cancer therapy strategies that
combine targeting HNF1A and HSPD1 genes to enhance radiosensitivity in ESCC. HSPD1 in exosomes
was mightily to be a novel promising predictive and prognostic biomarker.
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Figure 1

Overexpression of HNF1A promoted invasion of TE1 and KYSE150 cells. (a, b)WB assay was used to
detect HNF1A protein expression in TE1 and KYSE150 cell lines. (c)Expression of HNF1A mRNA was
detected by RT-qPCR. These results indicated that ectopic expression HNF1A cells were successfully built.
(d, e)HNF1A overexpression enhanced invasion ability of ESCC cells by the transwell assay
(magni�cation 200x). The error bars represent the standard deviation. * p < 0.05, ** p < 0.01, *** p < 0.001
compared with the NC group; ▲ p < 0.05, ▲▲ p < 0.01 compared with the corresponding unirradiated
group.
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Figure 2

There was an interaction between HNF1A and HSPD1, and relationship between HSPD1 protein
expression and time after irradiation. (a)The cells lysates were treated with anti-IgG antibody (IgG) and
anti-HNF1A antibody (IP). Differential bands binding to HNF1A and IgG antibodies were detected and
identi�ed by LC-MS/MS in the silver stained sodium dodecyl sulfate–polyacrylamide gel electrophoresis.
(b)The interaction between HNF1A and HSPD1 was con�rmed by CO-IP assay. (c)The correlation of
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HNF1A and HSPD1 in tumor tissues and paracancerous tissues were obtained from the TCGA database.
(d)We observed Subcellar location of HNF1A and HSPD1 by IF assays. (e)Overexpression HNF1A effect
on HSPD1 protein with or without IR in TE1 and KYSE150 cells were detected by WB. (f)After IR 4 h,
HSPD1 protein expression decreased to the lowest by WB assay. The error bars represent the standard
deviation. ** p < 0.01 compared with the NC group; ▲ p < 0.05, ▲▲ p < 0.01 compared with the
corresponding unirradiated group.

Figure 3
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The relationship between HSPD1 expression level and prognosis of patients with ESCC. (a)The
expression of HSPD1 in various types of cancer were analyzed online by GEPIA. (b)The expression level
of HSPD1 in tumor tissue and paracancerous tissues. (c)Patients with high HSPD1 expression level had a
poor survival in ESCC. (d, e and f)The TE1 and KYSE150 cells were transfected with Sh-NC and Sh-
HSPD1 plasmids. HSPD1 protein expression level was reduced after HSPD1 knockdown by WB assay.
The mRNA expression of HSPD1 was detected by RT-qPCR. (g) Survival curve was plotted by colony
formation assay. The error bars represent the standard deviation. ** p < 0.0, *** p < 0.001 compared with
the NC group.
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Figure 4

HSPD1 reversed that ectopic expression HNF1A promoted invasion ability of TE1 and KYSE150 cells.
(a)Sh-HSPD1 plasmid effect on invasion ability of TE1 and KYSE150 cells (magni�cation 200×). (b)The
bar chart showed that number of cells passed through transwell chamber coated with matrigel matrix.
(c)In TE1 and KYSE150 cells with stable overexpression of HNF1A, Sh-HSPD1 and Sh-NC plasmids were
transfected into cells by lipofectamine 2000. Deletion of HSPD1 gene downregulated cell invasion power
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(magni�cation 200×). (d)Number of cells traversed matrigel matrix coated transwell chamber by the bar
chart. The error bars represent the standard deviation. * p < 0.05, ** p < 0.01, *** p < 0.001 compared with
the NC group; ▲ p < 0.05, ▲▲ p < 0.01, ▲▲▲ p < 0.001 compared with the corresponding unirradiated
group.

Figure 5

HSPD1 regulated EMT process and affected the invasion ability of ESCC cells. The content of HSPD1 in
exosomes extracted from TE1 cell culture supernatant was depended on HNF1A or IR. (a)E-cadherin/N-
cadherin/Vimentin protein expression was detected after cells treated by Sh-HSPD1 and Sh-NC plasmids.
(b)When TE1 and KYSE150 cells overexpress HNF1A, the content of EMT-related proteins was observed
by WB assay. (c)Exosomal morphology was observed by transmission electron microscopy
(magni�cation 70,000×). (d) WB experiment was used to observe Alix/Tsg101/CD9/Calnexin/HSPD1
protein expression in exosomes were extracted from TE1 supernatant. (e, f)The changes of HSPD1
expression protein content in total protein were detected by WB assay when cells were intervened with
DMSO or GW4869. (g, h)The exosomes were extracted from TE1 cell culture supernatant of HNF1A group
and NC group. The error bars represent the standard deviation. * p < 0.05, ** p < 0.01, *** p < 0.001
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compared with the NC group; ▲ p < 0.05, ▲▲ p < 0.01, ▲▲▲ p < 0.001 compared with the corresponding
unirradiated group.


