
© 2018 Liu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

OncoTargets and Therapy 2018:11 211–220

OncoTargets and Therapy Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
211

O r i g i n a l  r e s e a r c h

open access to scientific and medical research

Open access Full Text article

http://dx.doi.org/10.2147/OTT.S152818

racK1 induces chemotherapy resistance in 
esophageal carcinoma by upregulating the 
Pi3K/aKT pathway and Bcl-2 expression

Bowen liu1

cong Wang1

Pengxiang chen1

Bo cheng2

Yufeng cheng1

1Department of radiation Oncology, 
Qilu hospital of shandong 
University, Jinan, shandong, People’s 
republic of china; 2Department 
of radiation Oncology, shandong 
Provincial cancer hospital, Jinan, 
shandong, People’s republic of china

Introduction: Accumulating evidence indicates that RACK1 is involved in the progression of 

tumors. We aimed to evaluate the function of RACK1 in esophageal squamous cell carcinoma 

(ESCC) and its role in the mechanism of chemotherapy resistance.

Materials and methods: Transfected ESCC cell lines with plasmids expressed shRACK1 or 

open reading frame (ORF) targeting RACK1 and established stable cell lines. We then examined 

the effects of RACK1 on cell proliferation and chemotherapy resistance in ESCC cell lines, 

and the expression of AKT, pAKT, ERK1/2, Bcl-2, and Bim was introduced to further detect 

the association between RACK1 and chemotherapy resistance.

Results: The proliferation ability of ESCC cells was improved in the overexpression RACK1 

groups (P,0.001) and decreased in the transfected shRACK1 groups (P,0.001) compared 

with the control ones. Meanwhile, upregulation of RACK1 significantly suppressed cisplatin-

induced apoptosis in Eca109 and EC9706 cells, while downregulation of RACK1 promoted the 

sensitivity compared to the control group (Eca109: P,0.001 for shRACK1, P,0.01 for shNC, 

and P,0.001 for overexpression group; EC9706: P,0.001 for shRACK1, P,0.001 for shNC, 

and P,0.05 for overexpression group). Furthermore, we found that RACK1 could activate the 

PI3K/AKT pathway and increase the expression level of Bcl-2 in ESCC, which leads to the 

enhancement of chemoresistance in ESCC.

Conclusion: RACK1 promotes proliferation and chemotherapy resistance in ESCC by activat-

ing the PI3K/AKT pathway and upregulating the Bcl-2 expression.

Keywords: RACK1, ESCC, chemotherapy resistance, PI3K/AKT pathway, Bcl-2

Introduction
Esophageal cancer is one of the most common gastrointestinal malignant tumors 

with dismal prognosis, even when diagnosed in early stages. In Asia, esophageal 

squamous cell carcinoma (ESCC) occupies for ~90% of esophageal carcinomas.1 

Although surgical techniques and perioperative treatments have been advanced, the 

prognosis of ESCC still remains poor on account of the local recurrence and distant 

metastasis.2 Most patients with ESCC are diagnosed at advanced or late stages, and 

can only receive chemotherapy, radiotherapy, and adjuvant treatments. However, 

only responders benefit from chemotherapeutic drugs, while resisters remain a major 

concern in the clinical applications. Therefore, it is imperative to discover the key 

markers and elementary mechanism affecting the chemotherapy response.

In 1989, RACK1 was first cloned from a chicken genomic DNA clusters and human 

B-lymphoblastoid cell line cDNA library,3 which was sharing high homology with 

the beta subunit of G-proteins (Gβ). RACK1 is a member of the tryptophan-aspartate 
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(WD40) repeat protein family, which adopts a highly con-

served 7-bladed beta-propeller structure.4,5 RACK1 plays an 

important role in anchoring proteins at particular locations, 

shuttling proteins from one cellular compartment to another, 

participating in transcriptional and translational events, and 

modulating binding protein activity.6 It serves as a scaffold 

protein that is able to interact simultaneously with many protein 

kinases and membrane-bound receptors, and it also plays a cru-

cial role in a large quantity of biological processes, including 

cell growth, development, adhesion, migration, differentiation, 

and immune response.7 Increased RACK1 expression has been 

observed in various kinds of carcinomas and regarded as an 

independent biomarker of breast cancer,8,9 non-small-cell lung 

cancer (NSCLC),10,11 hepatocellular carcinoma (HCC),12 oral 

squamous carcinoma,13 and so on. We have already confirmed 

that RACK1 predicted poor prognosis in ESCC with promot-

ing tumor progression and Epithelial-Mesenchymal Transition 

(EMT).14 It is confirmed that RACK1 can regulate several 

apoptosis-related genes and drug-related genes and then lead 

to the occurrence of chemotherapy resistance.15,16 Furthermore, 

recent study showed that the expression level of RACK1 

in tumor tissue was correlated with the chemoresistance of 

HCC.12 In the current study, we aimed to evaluate the role of 

RACK1 in proliferation and its involvement in the underlying 

mechanism of chemotherapy resistance in ESCC.

Materials and methods
cell culture and transfection
The human esophageal carcinoma cell lines Eca109 and 

EC9706 were purchased commercially from American Type 

Culture Collection (ATCC) (Manassas, VA, USA). Eca109 

and EC9706 cells were cultured in Roswell Park Memorial 

Institute (RPMI) 1640 medium with 10% fetal bovine serum, 

100 μg/mL streptomycin, and 100 U/mL penicillin in a 5% 

CO
2
 atmosphere at 37°C.

Plasmid with shRNA, nonsense shRNA for negative con-

trol (shNC), or open reading frame (ORF) targeting RACK1 

gene was transfected into Eca109 and EC9706 cell lines with 

Lipofectamine® 2000 Reagent (Thermo Fisher Scientific, 

Waltham, MA, USA). Cells were transfected when the plating 

cells were 70%–90% confluent and harvested for subsequent 

assays within 48–72 h after transfection. Stably transfected cells 

were selected with 400 μg/mL of G418 antibiotic for 2 weeks 

and maintained in 300 μg/mL of G418 culture medium.

shRNA with pGPU6/GFP/Neo plasmid (shRACK1) was 

generated by GenePharma (Shanghai, China). The sequence of 

shRNA targeting RACK1 gene was as follows: sense 5′-CAC

CGCATGTATGCATGTGACTTATTTCAAGAGAATAA  

GTCACATGCATACATGCTTTTTG-3 ′;  antisense 

5′-GATCCAAAAAAGCATGT ATGCATGTGACTTAT 

TCTCTTGAAATAAGTCACATGCATACTGC-3′. The 

sequence of shNC was as follows: sense 5′-CACCGTTCT

CCGAACGTGTCACGTTTCAAGAGAACGTG ACACGT 

TCGGAGAATTTTTTG-3′; antisense 5′-GATCCAAA 

AAATTCTCCGA ACGTGTCACGTTCTCTTGAAAC 

GTGACACGTTCGGAGAAC-3′.
The overexpressed RACK1 was transfected with 

pEZ-M13/CMV/Neo/c-flag plasmid, which was generated 

by GeneCopoeia (Montgomery, MD, USA). The ORF tar-

geting the human RACK1 (GNB2L1) gene sequence was 

as follows: forward 5′-GCGGTAGGCGTGTACGGT-3′; 
reverse 5′-GTGGCACCTTCCA GGGTC-3′.

colony formation assay
Cells were trypsinized into single-cell suspensions with the 

treatment of 0.25% trypsin. Approximately 500 cells per well 

were plated into six-well plates with the density of 250/mL 

cells. After incubating cells in a humidified environment at 

37°C containing 5% CO
2
 for 14 days, the cells were fixed 

in anhydrous ethanol for 10 min and then stained with 0.1% 

crystal violet for half an hour. Colonies consisting of .50 

cells were counted, and relative colony numbers were 

obtained. The ability of colony forming was evaluated by the 

ratio comparing the number of colonies formed in transfected 

cells with that in control group, multiplied by a hundred.

chemotherapy resistance assay
To assess the response to chemotherapy drugs, Eca109 and 

EC9706 cell lines were cultured in 96-well plates with the 

density of 1×104 cells/well and, then, cells were treated with 

a series of different concentrations of cisplatin (DDP) or 

fluorouracil (5-FU) for 48 or 72 h. The CCK-8 assay was 

used to detect the cell viability. Approximately 1×105 cells 

per well were plated into six-well plates with the density of 

5×104/mL cells for 24 h, and then, they were treated with 

cisplatin (1–320 μmol/L) or 5-FU (1–10 μmol/L). After 24, 

48, and 72 h, cells were harvested for detecting the expres-

sion of mRNA and protein changes.

cell proliferation and cytotoxicity assay: 
ccK-8 assay
Cell proliferation was assessed with CCK-8 (Cell Counting 

Kit-8) assay. In brief, cells transfected with the shRACK1 plas-

mid, control plasmid, and overexpressed plasmid were seeded 

into 96-well culture plates. The plates were preincubated for 

24 h in a humidified incubator. Then, cells were treated with 

different concentrations of cisplatin or 5-FU for 48 or 72 h. 

Spectrometric absorbance at the 450 nm wavelength was 
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measured on a microplate reader (Bio Rad Laboratories Inc., 

Hercules, CA, USA) after incubation with 10 μL CCK-8 

reagents for 1 h. The cell viability was calculated with the 

quantitative value multiplied by 100%. The proliferation rate 

was recorded based on the optical density (OD) value.

rna extraction, reverse transcription, 
and real-time Pcr
Total RNA was extracted from Eca109 and EC9706 cell 

lines with the TRIzol reagent (Thermo Fisher Scientific) 

following the manufacturer’s protocol. The extractive 

RNA was dissolved with the RNase-free water, and equal 

amounts of RNA (1 μg) from each sample were used for 

cDNA synthesis. Then, real-time PCR was applied with a 

Real-Time PCR System (Bio-Rad) to detect the expression 

of RACK1 at the mRNA level. Expression data were nor-

malized to the geometric mean of the housekeeping gene 

β-actin. Specific primers for β-actin were as follows: for-

ward primer (F) 5′-GATCATTGCTCCTCCTGAGC-3′ and 

reverse primer (R) 5′-ACTCCTGCTTGCTGATCCAC-3′. 
Specific primers for RACK1 were as follows: F 5′-TTCTCC 

TCTGACAACCGGCA-3′ and R 5′-GCCATCCTTGCCT 

CCAGAA-3′. The efficiency of overexpression and knock-

down was also evaluated. All amplifications were performed 

in three parallel samples.

Western blotting
Cells were lysed by cold RIPA buffer, lysates were centri-

fuged at 12,000× g for 10 min at 4°C, and protein concentra-

tions were determined using the bicinchoninic acid (BCA) 

Protein Quantification Assay Kit. The protein extracts were 

separated by 10% sodium dodecyl sulfate polyacrylamide 

gel electrophoresis (SDS-PAGE), and electrotransferred to 

polyvinylidene fluoride (PVDF) membranes. After blocking 

in 5% defatted milk for 2 h at room temperature, proteins on 

the membranes were incubated with the indicated primary 

antibody overnight at 4°C, followed by incubation with 

horseradish peroxidase-conjugated immunoglobulin G (IgG) 

for 2 h. Detection was performed using the reagents with an 

enhanced chemiluminescence reaction kit (Thermo Fisher 

Scientific). The relative band intensity was determined by 

the ImageJ 1.47v software (NIH, Bethesda, MD, USA). 

The primary antibodies (Abs) used in the Western blots 

were as follows: protein kinase B (AKT) (1:2,000 dilution, 

No 2920; Cell Signaling Technology, Danvers, MA, USA); 

Phospho-AKT (Ser473) (1:1,000 dilution, No 12694; Cell 

Signaling Technology); Phospho-p44/42 MAPK (ERK1/2) 

(Thr202/Tyr204) (1:2,000 dilution, No 4370; Cell Signaling 

Technology); RACK1 (1:5,000 dilution, No 610177; BD 

Biosciences, San Jose, CA, USA); Bcl-2 (1:1,000 dilution, 

No 15071; Cell Signaling Technology); Bim (1:500 dilution, 

ab32158; Abcam, Cambridge, UK); and actin (1:1,000 dilu-

tion, sc-58673; Santa Cruz Biotechnology Inc., Dallas, TX, 

USA). Secondary Abs used for immunodetection were as 

follows: horseradish peroxidase-conjugated goat antimouse 

IgG and goat antirabbit IgG (BD Biosciences).

Cell apoptosis: flow cytometry analysis
Esophageal carcinoma cells were harvested and washed by 

phosphate buffer saline (PBS) twice and then incubated with 

phycoerythrin (PE) and 7-amino-actinomycin D (7-AAD) 

staining buffer at 25°C for 15 min. The apoptotic percent-

age of samples was determined on a BD FACSCalibur (BD 

Biosciences), and data were analyzed by the FlowJo software 

(Tree Star Inc., Ashland, KY, USA).

statistical analysis
The SPSS 19.0 software (IBM Corporation, Armonk, NY, 

USA) was used to perform statistical analyses. The data were 

expressed as the mean ± SD and compared using analysis of 

variance (ANOVA). Statistical comparisons were made using 

Student’s t-test and one-way ANOVA. P-values ,0.05 were 

considered statistically significantly different. All the experi-

mental data were repeated for at least three independent tests.

Results
Upregulation and downregulation of 
racK1 mrna and protein levels by 
transfection in escc cell lines
To investigate the importance of RACK1 in ESCC, we initially 

constructed two transfected cell lines, transfected Eca109 

and EC9706 cells with a plasmid expressing shRACK1 or 

shNC or RACK1-overexpression, and established stable cell 

lines as described by G418 selection. Quantitative real-time 

PCR confirmed the mRNA levels of RACK1 in the overex-

pression, control, shNC, and shRACK1 ESCC cell lines. It 

was upregulated in overexpression Eca109 cells (6.76±1.46, 

P=0.0209) and EC9706 cells (7.76±0.31, P=0.0007) compared 

to control cells. In contrast with control cells, mRNA expres-

sion levels of RACK1 in the shRACK1 cells decreased to 

0.44±0.06 (P=0.0037) and 0.33±0.07 (P=0.0041). Moreover, 

RACK1 protein expression levels in Eca109 and EC9706 

cells were detected by Western blot. The RACK1 expres-

sion level increased in both clone E109-overexpression and 

E9706-overexpression groups compared to the control cells. 

Additionally, after transfection by shRACK1, RACK1 protein 

level reduced to 65 and 44% compared to the control group in 

both Eca109 and EC9706 cells (Figure 1A and B).
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Downregulation of racK1 inhibited cell 
colony formation ability of escc cells 
in vitro
To investigate the roles of RACK1 in the colony formation 

properties of esophageal carcinoma cells, we then conducted 

colony formation assay in vitro. The results showed that 

downregulation of RACK1 by shRACK1 transfection sig-

nificantly suppressed cell proliferation in human esophageal 

carcinoma cells (Eca109: 254±11 vs 343±15, P=0.0013; 

EC9706: 187±23 vs 353±7, P=0.0003, Figure 2A and B). 

Moreover, the number of formation colony increased in clone 

E109-overexpression (393±14 vs 343±15, P=0.0148) and 

E9706-overexpression (369±12 vs 353±7, P=0.0280) groups 

compared with the control one (Figure 2A and B).

racK1 increased proliferation ability 
of esophageal carcinoma cells with the 
treatment of chemotherapy drugs
CCK-8 assay was conducted to validate the role of RACK1 

on the proliferation ability of ESCC cells. Eca109 and 

EC9706 were exposed to different concentrations of cisplatin 

(0–320 μM) or 5-fluorouracil (Eca109, 0–10 μM; EC9706, 

0–320 μM) for 48 and 72 h, respectively. The results showed 

that the proliferation ability of ESCC cells improved in the 

overexpression RACK1 groups (P,0.001) and decreased in 

the transfected shRACK1 groups (P,0.001) compared with 

the control group (Figure 3A and B).

racK1 regulated the chemosensitivity of 
escc in vitro
Since RACK1 was found to be capable of regulating the 

apoptotic response to chemotherapy in breast cancer and 

HCC, we then detected the impacts of RACK1 in the chemo-

sensitivity of ESCC in vitro. As shown in Figure 4, upregu-

lation of RACK1 significantly suppressed cisplatin-induced 

apoptosis in Eca109 and EC9706 cells, while downregulation 

of RACK1 promoted the sensitivity compared to the control 

group (Eca109: P,0.001 for shRACK1, P,0.01 for shNC, 

and P,0.001 for overexpression group; EC9706: P,0.001 

for shRACK1, P,0.001 for shNC, and P,0.05 for over, 

β

Figure 1 racK1 downregulation and upregulation had effects on escc cell lines.
Notes: (A) Expressions of increased or reduced RACK1 in transfected Eca109 and EC9706 cells were confirmed by Western blot. Compared to control cells, cells 
transfected with racK1-overexpression esophageal carcinoma cell clones dramatically promoted the expression of paKT, erK1/2, and Bcl-2, while the expression of Bim 
level was decreased. In contrast, downregulation of RACK1 in ESCC cells significantly inhibited the activation of AKT and ERK1/2, reduced Bcl-2 expression, and increased 
Bim expression compared to the control cells. β-actin levels were shown as loading control. (B) The mrna levels of racK1 in eca109 and ec9706 were detected by 
rT-Pcr after transfection (data shown as mean ± sD, *P,0.05, **P,0.01, ***P,0.001). 
Abbreviations: escc, esophageal squamous cell carcinoma; rT-Pcr, reverse transcription polymerase chain reaction; over, overexpression racK1; con, control; 
shracK1, shrna for racK1; shnc, nonsense shrna for negative control.
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respectively, Figure 4A). We observed the similar results in 

5-fluorouracil-treated Eca109 and EC9706 cells (Eca109: 

P,0.001 for shRACK1, P,0.01 for shNC, and P,0.05 

for over; EC9706: P,0.001 for shRACK1, P,0.001 for 

shNC, and P,0.05 for over, Figure 4B and C). These data 

indicate that RACK1 plays an important regulatory role in 

the chemosensitivity of ESCC in vitro.

elementary mechanism involved in the 
regulation of cell chemosensitivity by 
racK1 in vitro
To explore the preliminary mechanism of RACK1 regulation 

on cell chemosensitivity in ESCC cells, in the present study, 

we focused on the AKT, ERK1/2, Bcl-2, and Bim molecules 

by Western blot (Figures 1A and 5). Our data found notable 

changes in the Phospho-AKT levels and expression levels 

of cell antiapoptotic protein Bcl-2 and proapoptotic protein 

Bim. Afterward, we examined the effects of cisplatin on the 

expression of AKT, pAKT, ERK1/2, Bcl-2, and Bim. As shown 

in Figure 1, downregulation of RACK1 in ESCC cells signifi-

cantly inhibited the activation of AKT and ERK1/2, reduced 

Bcl-2 expression, and increased Bim expression compared 

to the control groups. In contrast, upregulation of RACK1 in 

Eca109 and EC9706 cells promoted the activation of AKT 

and ERK1/2, facilitated Bcl-2 expression, and suppressed Bim 

expression. After 24, 48, and 72 h treatment with cisplatin, 

proteins were extracted and analyzed by Western blot, respec-

tively. Compared to control cells, we observed that esophageal 

Figure 2 racK1 regulated cell colony formation ability of escc cells in vitro.
Notes: (A) The upper colonies were formed by eca109 cells, and the lower colonies were formed by ec9706 cells. (B) The results from colony formation assay showed that 
the downregulation of RACK1 by transfecting with shRACK1 significantly suppressed cell proliferation in ESCC. Otherwise, the number of formation colony was increased 
in clone eca109-overexpression and ec9706-overexpression groups compared with the control group (data shown as mean ± sD, *P,0.05, **P,0.01, ***P,0.001).
Abbreviations: escc, esophageal squamous cell carcinoma; over, overexpression racK1; shracK1, shrna for racK1.
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Figure 3 elevated racK1 increased the proliferation ability of esophageal carcinoma cells.
Notes: (A) The ccK-8 assay assessed the proliferation ability of eca109 and ec9706 cells. The escc was exposed to different concentrations of cisplatin (0, 5, 10, 20, 40, 
80, 160, and 320 μM) for 48 or 72 h, and the results showed that the proliferation ability of escc was improved in the racK1-overexpression cells and decreased in the 
shracK1 cells. (B) The eca109 and ec9706 cells were treated by 5-FU (0, 1, 2.5, 5, and 10 μM) for 48 or 72 h, and the results were similar with DDP-treated group (data 
presented as mean ± sD, ***P,0.001).
Abbreviations: ESCC, esophageal squamous cell carcinoma; DDP, cisplatin; 5-FU, 5-fluorouracil.
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carcinoma cells transfected by shRACK1 led to a significant 

suppression of expression levels of pAKT and Bcl-2, while 

the expression of Bim was observably increased. In addi-

tion, the expression level of Bim became increasingly higher  

with the extension of effect time. These results provided 

the clues of RACK1 targeting Bcl-2 and Bim to promote 

chemoresistance of the esophageal carcinoma cell through 

phosphoinositide 3-kinase (PI3K) pathway activation.

Discussion
RACK1 was first identified as a crucial anchoring protein for 

protein kinase C (PKC);17 it plays a pivotal role in numerous 

biological processes including cell growth, development, 

adhesion, migration, and tumor progression via interaction 

with different partners.18,19 Chemotherapy is a critical treat-

ment strategy for esophageal carcinoma.20 We have already 

confirmed that RACK1 predicted poor prognosis in ESCC 

with promoting tumor progression and participating in tumor 

EMT.14 However, the role of RACK1 in the chemoresistance 

of ESCC cells and the underlying mechanism have not been 

uncovered. Recently, Ruan et al12 showed that aberrant 

expression of RACK1 involved in chemoresistance in vitro 

as well as tumor growth of HCC in vivo. Our research proved 

to be consistent with these previous results.

Figure 4 (Continued)
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In the current study, we found that RACK1 promoted cell 

proliferation ability as an oncogenic gene in ESCC. Besides, 

overexpression of RACK1 resulted in the enhancement of 

the resistance to apoptosis induced by cisplatin or 5-FU, 

while downregulation of RACK1 enhanced the sensitivity 

to cisplatin or 5-FU-induced apoptosis. Our findings also 

showed that RACK1 could activate PI3K/AKT pathway and 

upregulate the expression of Bcl-2, which subsequently led to 

chemotherapy resistance. Inhibition of RACK1 largely abol-

ished the chemoresistance. In brief, our findings show that 

RACK1 may be available as a marker of the chemotherapy 

resistance and poor survival in ESCC ultimately. Therefore, 

the treatment of RACK1 provides ways to improve the effi-

cacy of chemotherapy in ESCC.

Analyzing the sophisticated molecular pathways regulat-

ing chemotherapy sensitivity and the correlation mechanism 

of chemoresistance is essential to discover new targeted 

agents, conquer chemoresistance, and improve outcome of 

chemotherapy. There is accumulating evidence showing that 

aberrant activation of the protein kinase B (AKT) pathway 

plays a pivotal role in tumor development, progression, 

and chemoresistance.21–23 RACK1 has been reported to be 

involved in the regulation of the activity of AKT.24–26 We 

detected the activation of critical members in the PI3K/AKT 

pathway and several cell apoptosis-related proteins through 

Western blot to investigate the underlying mechanism. 

β

Figure 5 The effects of downregulating racK1 on the activation of aKT and 
expression of Bcl-2 and Bim.
Notes: after 24, 48, and 72 h treatments with cisplatin, compared to control cells, 
esophageal carcinoma cells transfected by shRACK1 led to a significant suppression 
of expression levels of paKT and Bcl-2, while the expression of Bim was observably 
increased. in addition, the expression level of Bim became increasingly higher with 
the extension of effect time.

Figure 4 racK1 enhanced the chemosensitivity of escc in vitro.
Notes: esophageal carcinoma cells transfected with shracK1, shnc, and racK1-overexpression plasmids were treated by cisplatin (A) and 5-FU (B) for 72 h. left, eca109 
cells; right, ec9706 cells. (C) Overexpression of RACK1 significantly suppressed cisplatin-induced apoptosis in Eca109 and EC9706 cells, while downregulation of RACK1 
promoted the sensitivity of apoptosis induced by cisplatin. The similar results were observed in 5-FU-treated eca109 and ec9706 cells (data presented as mean ± sD, 
*P,0.05, **P,0.01, ***P,0.001).
Abbreviations: escc, esophageal squamous cell carcinoma; over, overexpression racK1; shracK1, shrna for racK1; shnc, nonsense shrna for negative control; 
DDP, cisplatin; 5-FU, 5-fluorouracil.
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In the current study, we found that overexpression of RACK1 

significantly promoted the phosphorylation of AKT and, as 

well, it enhanced the phosphorylation of ERK. Moreover, 

we demonstrated that knockdown of RACK1 inhibited 

the phosphorylation of AKT and ERK in the Eca109 and 

EC9706 cells to a certain extent. In addition, apoptosis is a 

significant mechanism in chemotherapy-induced cell death. 

However, failure to initiate the apoptotic process represents 

a key mechanism of chemoresistance in tumor cells. RACK1 

could exert antiapoptotic functions effectively via interaction 

with different partners.27,28 The expression of Bcl-2 could be 

upregulated by phosphorylating AKT. The balance among 

proteins of the Bcl-2 family plays an important role in the 

apoptotic pathways caused by several extraneous stimuli. 

Bcl-2 is an antiapoptotic member of the Bcl-2 family, 

while Bim is a proapoptotic protein belonging to Bcl-2 

family.29,30 Furthermore, we found that the overexpression of 

RACK1 could facilitate the expression of Bcl-2, restrain the 

expression of Bim, and lead to the resistance to chemotherapy 

in ESCC. As mentioned earlier, our study is the first to 

uncover an oncogenic role of RACK1 and to illuminate the 

underlying mechanism of chemoresistance in ESCC. Thus, 

PI3K/AKT and Bcl-2 may be effective anticancer therapeutic 

targets in RACK1 overexpression-induced chemoresistance 

ESCC patients.

To our knowledge, this is the first comprehensive report 

concerning the role of RACK1 in chemotherapy resistance 

in ESCC. Although we have a more profound understanding 

about the impact of RACK1 in ESCC, it is possible that 

RACK1 may lead to the chemotherapy resistance through 

other mechanisms except for the PI3K/AKT and Bcl-2 

pathways; further investigations are certainly necessary to 

understand the complete mechanism.

Conclusion
This present study not only provides new insights into the 

relationship between RACK1 and chemoresistance in ESCC 

but also demonstrates the key mechanism of the RACK1-

induced chemoresistance. This research provides a promising 

chemoresistance therapeutic target for ESCC.
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