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High eukaryotic translation elongation factor 1 alpha 1 expression promotes 
proliferation and predicts poor prognosis in clear cell renal cell carcinoma 
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Accumulating evidence indicates that eukaryotic translation elongation factor 1 alpha 1 (eEF1A1) is involved in cancer, 
while the clinical significance and the exact role of eEF1A1 in renal cell carcinoma (RCC) remain obscure. The aim of the 
present study was to evaluate the clinical significance of eEF1A1 in RCC and to investigate its effective mechanisms in order 
to identify a potential therapeutic target. The expression levels of eEF1A1 in RCC were explored by immunohistochemistry 
in tissues from 184 patients. eEF1A1 was knocked down, and cell proliferation and apoptosis were then investigated. The 
MAPK pathway-related proteins were detected by western blot. Our results revealed that eEF1A1 was highly expressed 
in RCC tissues and associated with poor prognosis. Knockdown of eEF1A1 attenuated proliferation and promoted the 
apoptosis of RCC cells. Furthermore, eEF1A1 knockdown decreased the phosphorylation level of AKT and ERK. In conclu-
sion, eEF1A1 may serve as a valuable prognostic biomarker and promising therapeutic target of RCC. 
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Renal cell carcinoma (RCC) accounts for approximately 
4% of all adult malignancies and represents the most lethal 
urologic cancer, with an estimated 61,560 new cases and 
14,080 deaths in the United States in 2015 [1]. Metastatic 
RCC, characterized by a high resistance to radiotherapy and 
chemotherapy, has a poor prognosis with a 5-year survival 
rate of 0–20% [2, 3]. Therefore, developing novel therapeutic 
approaches based on a better understanding of the molecular 
mechanism of RCC pathogenesis is urgent.

A protein called eukaryotic translation elongation factor 
1 alpha (eEF1A) is involved in the final stages of protein 
production. To make a protein, a messenger RNA molecule 
binds to a ribosome and then translates the messenger 
RNA sequence into a protein by joining together individual 
building blocks called amino acids in the correct order, and in 
this process, eEF1A helps to select the amino acids that match 
the sequence of the messenger RNA template [4]. eEF1A in 
mammalian cells has two isoforms, eEF1A1 and eEF1A2, 
which are encoded by genes that share 92% sequence identity 
(EEF1A1, NM_001402 and EEF1A2, NM_001958) and 
share the same canonical function [5]. The majority of cells 
express the eEF1A1 isoform, and only adult neuronal and 
muscle cells express eEF1A2 [6, 7]. Therefore, the function 

of eEF1A1 has been the focus of a research. eEF1A1 is a 50 
kDa GTPase that couples the hydrolysis of GTP to GDP with 
the delivery of amino acyl tRNAs to the ribosome during 
protein translation [8, 9]. Recently, it has been suggested that 
eEF1A1 is not only a translation factor but also a pleiotropic 
protein that is highly expressed in human tumors [10–13]. 
eEF1A1 modulates the cytoskeleton, exhibits chaperone-like 
activity and controls cell proliferation and cell death [14, 15]. 
However, the role of eEF1A1 in RCC has not been explored.

In the present study, we first used a tissue microarray 
including RCC tissues and adjacent tissues from 184 patients 
to examine the protein level of eEF1A1. We found that 
eEF1A1 was highly expressed in RCC tissues and could serve 
as a prognostic biomarker. Furthermore, eEF1A1 knockdown 
could inhibit proliferation and promote the apoptosis of 
cancer cells by regulating AKT/ERK phosphorylation levels.

Patients and methods

Patients and specimens. A total of 184 cases of RCC tissues 
were collected at the Changhai Hospital, Shanghai, China from 
January 2007 to March 2009. Tissue samples for prognostic 
purposes were obtained with the consent of each patient, and 
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each specimen was analyzed by routine pathological analysis. 
This study was approved by the Institutional Review Board 
of the Changhai Hospital, Second Military Medical Univer-
sity. All the patients underwent radical nephrectomy, and the 
pathology results were all clear cell RCC. None of the patients 
had synchronous cancers, previous urologic diseases or had 
undergone abdominal surgery, chemotherapy or radiotherapy 
prior to specimen collection. A tissue microarray (TMA) was 
constructed from these specimens.

Immunohistochemistry. Immunohistochemistry assays 
were performed according to the manufacturer’s instruc-
tions. The primary antibody was anti-eEF1A1 (Santa Cruz, 
sc-21758, 1:50). High-resolution images were captured with 
an Aperio Scan Scope AT Turbo (Aperio, USA) equipped with 
Aperio ImageScope software (Aperio, USA). The assessment 
of the staining was based on the staining intensity and the 
percentage of positively stained cells using Image-Pro Plus 6.0 
software (Media Cybernetics, Inc., USA). The median signal 
of eEF1A1-positive staining was defined as the cut-off value.

Cell culture. Human RCC cells (A498, Caki-2) were 
purchased from the Chinese Academy of Sciences (Shanghai, 
China). A498 cells were grown in MEM (10-010-CV, 
Corning, United States) supplemented with 10% fetal bovine 
serum (FBS; 16000044, Gibco, United States). Caki-2 cells 
were cultured in RPMI 1640 (10-040-CV, Corning, United 
States) containing 10% FBS. The cells were maintained at 
37 °C in a humidified atmosphere of 5% CO2.

Lentiviral vectors and infection. The eEF1A1 RNA 
interference lentivirus vector was constructed at Hanbio 
Biotechnology (Shanghai, China). The shRNA sequencing 
was as follows: sh-eEF1A1#1 5’-GGGTCTTGGATAAACT-
GAAAG-3’; sh-eEF1A1#2 5’-GCTGCTGGTGTTGGT-
GAATTT-3’; and sh-NC CTCCGAACGTGTCACGT. The 
Caki-2 and A498 cell lines were infected with lentiviruses 
encoding sh-NC, sh-eEF1A1#1 or sh-eEF1A1#2 for 24 h and 
subsequently placed in fresh medium, while the non-infected 
cells were used as a blank control. The cells were cultured for 
the next 48 h and then puromycin was added to the culture 
medium (Invivogen, 2 µg/ml). Stable puromycin-resistant 
cell lines were obtained after three generations and used for 
the following experiments.

RNA extraction, cDNA synthesis and quantitative PCR 
(qPCR). RNA was extracted from cells using TRIzol reagent 
(15596018, Life Technologies, United States) according to the 
manufacturer’s instructions and reverse transcribed to cDNA 
using PrimeScript™ RT Master Mix and a reverse transcrip-
tion reagent kit (RR036A, Takara, Japan). cDNA was used 
as the template for quantitative PCR, which was performed 
using the LightCycler®480 Detection System (Roche, Switzer-
land). The primers used for PCR were obtained from Sangon 
Biotech (Shanghai, China). GAPDH mRNA was employed 
as an endogenous control for mRNA. The primer sequences 
were as follows: eEF1A1, forward (5’–3’) GATTCCACT-
GAGCCACCCTA, and reverse (5’–3’) TGTCACCATTC-
CAACCAGAA; and GAPDH, forward (5’–3’) AGAAGGCT-

GGGGCTCATTTG, and reverse (5’–3’) AGGGGCCATC-
CACAGTCTTC. The PCR conditions were as follows: initial 
denaturation at 94 °C for 2 min, followed by 40 cycles of 
denaturation at 94 °C for 30 s, annealing at 60 °C for 20 s, and 
extension at 72 °C for 20 s, and then a final extension step at 
72 °C for 5 min. GAPDH was amplified as an internal refer-
ence gene, and the 2–ΔΔCT method was used to quantify the 
amplified fragments.

Western blot assay. The total soluble proteins extracted 
were resolved on 10% SDS-polyacrylamide gels and trans-
ferred electrophoretically to PVDF membranes. The blots 
were blocked with 5% skim milk and then incubated with 
the following primary antibodies: anti-eEF1A1 (Santa Cruz, 
sc-21758, 1:50), anti-β-actin (Sangon Biotech, D190606-
0100), anti-AKT (Cell Signaling Technology, 9272), anti-
p-AKT (Cell Signaling Technology, 4060), anti-ERK (Cell 
Signaling Technology, 4695), and anti-p-ERK (Cell Signaling 
Technology, 4370). The blots were then incubated with an 
anti-rabbit or anti-mouse secondary antibody (Santa Cruz 
Biotechnology, Santa Cruz, CA) and visualized by enhanced 
chemiluminescence.

In vitro proliferation assay. Cell proliferation was deter-
mined by Cell Counting Kit-8. A498 and Caki-2 cells were 
seeded in 96-well plates at a density of 1000 cells in 100 µl 
of culture medium per well and incubated at 37 °C in an 
atmosphere of 5% CO2. At 24, 48, 72, 96, 120 and 144 h, 10 μl 
of CCK-8 reagent (Dojindo Molecular Technologies, Japan) 
was added to each well and incubated for 1.5 h. Absorbance 
was measured using a microplate reader (Varioskan Flash, 
Thermo Scientific, United States) at a wavelength of 450 nm. 
Three parallel wells were set up for each experiment and 
repeated three times.

Apoptotic analysis with Annexin V staining. Cells were 
seeded in a 6-well plate, collected, washed twice with ice-cold 
phosphate-buffered saline (PBS), and resuspended in 1 ml 
of 1× binding buffer. Then, 100 μl of cell suspension was 
labelled with 5 μl of fluorescein isothiocyanate (FITC)-conju-
gated Annexin V and 5 μl of propidium iodine according to 
the manufacturer’s instructions (556547, BD Pharmingen™, 
United States). After incubation at room temperature (RT; 
25 °C) in the dark for 15 min, the samples were supple-
mented with 400 μl of 1× binding buffer and then immedi-
ately analyzed on a flow cytometer (MACSQuant, Miltenyi 
Biotec, Germany) within 1 h.

Tumor xenograft assay. Male BALB/c nude mice 
(4  weeks old) were purchased from the Shanghai Experi-
mental Animal Center of the Chinese Academy of Sciences 
(Shanghai, China). The mice were housed in pathogen-free 
conditions, and all procedures were performed in accor-
dance with the Second Military Medical University animal 
welfare guidelines. RCC cells (approximately 5×106 cells per 
site) were injected subcutaneously into the lateral area of the 
proximal thighs of the mice. Tumor volume was monitored 
every 6 days from the day after inoculation by measuring the 
tumor length (L) and width (W) with a sliding caliper.
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TUNEL assay. The TUNEL assay kit was purchased 
from Roche, and the assay was performed according to the 
manufacturer’s instructions. Briefly, sections were incubated 
in xylene and dehydrated in pure ethanol. The solution was 
covered with a protease hydrazine solution and incubated at 
37 °C for 25 min. Any excess liquid was then discarded. The 
permeabilization working solution was added to cover the 
target tissue and then incubated for 20 min at RT. Reagent 
1 (TdT) and reagent 2 (dUTP) (both from the TUNEL assay 
kit) were mixed at a ratio of 1:9. The mixture was added to the 
target tissue, placed in a desiccant box and incubated for 2 h 
at 37 °C. The slides were washed three times with PBS, and 
then 3% bovine serum albumin (BSA) was added to cover 
the labelled tissue to block non-specific binding for 30 min. 
The slides were then incubated with the DAPI solution for 10 
min at RT, maintained in the dark, and detected by fluores-
cence microscopy. DAPI emits blue light at a UV excitation 
wavelength of 330–380 nm and has an emission wavelength 
of 420 nm. FITC emits green light at 465–495 nm and has an 
emission wavelength of 515–555 nm.

Statistical analysis. All statistical analyses were carried 
out using the SPSS software statistical package (version 22.0; 
SPSS, Inc., Chicago, IL, USA). The relationships between 
the differential expression of eEF1A1 and clinicopatho-
logical characteristics and prognosis were evaluated by the 
χ2 test and Kaplan-Meier survival analysis. Student’s t-test 
was used to evaluate the differences between two groups. 
A p-value <0.05 was considered to indicate a statistically 
significant result.

Results

eEF1A1 is highly expressed in RCC tissues compared 
with adjacent tumor tissues, and high eEF1A1 levels 
predict poor prognosis in RCC patients. eEF1A1 protein 
levels were examined in a cohort from the Changhai Hospital 
including 184 ccRCC patients. We found that eEF1A1 levels 
were higher in tumor tissues than in adjacent normal tissues 
(Figures 1A and 1B). The relationship between the clinico-
pathological features and the relative expression of eEF1A1 

Figure 1. eEF1A1 is highly expressed in RCC tissues compared with adjacent tumor tissues, and high eEF1A1 levels predict poor prognosis in RCC 
patients. A) Immunohistochemical analysis of eEF1A1 protein levels in RCC tissues. Representative immunohistochemistry images are shown. The 
scale bar represents 100 μm. B) eEF1A1 expression in human ccRCC tissues and adjacent tissues determined by immunohistochemistry analysis in a 
cohort including 184 patients. The horizontal lines in the box plots represent the median, the boxes represent the interquartile range, and the whiskers 
represent the 2.5th and 97.5th percentiles. C) Kaplan-Meier analysis of DFS (left, p=0.0025, log-rank test) or OS (right, p=0.0073, log-rank test) of 
ccRCC patients in the low eEF1A1 group (n=92) and high eEF1A1 group (n=92) from the cohort including 184 patients.
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ERK after eEF1A1 knockdown and observed a significant 
decrease in their phosphorylation levels (Figure 4). These 
results indicate that eEF1A1 regulates the proliferation and 
apoptosis of RCC cells by regulating the phosphorylation 
levels of AKT and ERK.

Table 1. Correlation between eEF1A1 protein level and clinical character-
istic in RCC patients.

Variables
Total 

(n=184)

eEF1A1
p-valueLow expression 

(n=92)
High expression 

(n=92)
Gender 0.789

Male 115 59 56 
Female 69 34 35 

Age 0.522
<60y 71 38 33 
≥60y 113 55 58 

Tumor size 0.955
≤7cm 125 63 62 
>7cm 59 30 29 

Fuhrman Grade 0.008
I–II 128 73 55 
III–IV 56 20 36 

Tumor thrombus 0.081
No 165 87 78 
Yes 19 6 13 

Metastasis <0.001
No 158 90 68 
Yes 26 3 23 

Table 2. Univariate and multivariate analyses of factors associated with 
progress free survival in the cohort.

Variable Univariate
Multivariate

Hazard Ration 95% CI p-value
eEF1A1 expression

High vs Low <0.001 2.536 1.311–4.908 0.0057
Fuhrman grade

III–IV vs I–II 0.015 1.122 0.610–2.063 0.7114
Tumor thrombus

Yes vs No 0.001 2.164 1.042–4.497 0.0385
Distant metastasis

Yes vs No <0.001 5.926 3.239–10.842 <0.001

Table 3. Univariate and multivariate analyses of factors associated with 
overall survival in the cohort.

Variable Univariate
Multivariate

Hazard Ration 95% CI p-value
eEF1A1 expression

High vs Low <0.001 3.856 1.518–9.795 0.0045
Tumor thrombus

Yes vs No 0.0012 6.166 2.050–18.545 0.0012
Distant metastasis

Yes vs No <0.001 13.869 4.675–9.795 <0.001

in RCC tissues is summarized in Table 1. The results showed 
that high eEF1A1 expression was associated with aggres-
sive clinical features, such as higher Fuhrman grade and 
higher ratio of metastasis. Survival analysis showed that 
patients with higher eEF1A1 levels exhibited shorter disease-
free survival (DFS) and overall survival (OS) (Figure 1C). 
Multivariate analysis identified high eEF1A1 levels in RCC 
tissues as an independent prognostic factor for RCC patients 
(Table 2 and Table 3). Taken together, these results suggested 
an oncogenic role of eEF1A1 and predicted poor prognosis 
in RCC patients.

eEF1A1 knockdown attenuates proliferation and 
promotes the apoptosis of RCC cells in vitro and in 
vivo. A498 and Caki-2 cells were infected by lentiviruses 
that contained two independent short hairpins (shRNA-
eEF1A1#1 and shRNA-eEF1A1#2) or an empty vector 
(sh-NC). The levels of eEF1A1 expression in the A498 
and Caki-2 cells were assessed by qPCR and western 
blot. Compared with those in the sh-NC cells, the mRNA 
and protein expression levels of eEF1A1 in the shRNA-
eEF1A1#1 and shRNA-eEF1A1#2 cells were decreased 
significantly (Figures 2A, 2B). Then, cell counting kit-8 
assays were employed for analysis and we found that the 
eEF1A1 knockdown suppressed the proliferation of RCC 
cells compared to that of the empty vector groups (Figure 
2C). Flow cytometry analysis was used to detect the 
number of apoptotic cells, and the results showed that the 
suppression of eEF1A1 enhanced the ratio of early and late 
apoptotic cells (Figure 2D).

To further explore the role of eEF1A1 in RCC growth 
in vivo, Caki-2 cells transfected with sh-eEF1A1#1 or 
sh-NC cells were injected subcutaneously into nude mice. 
As shown in Figure 3A and 3B, the tumor volumes were 
reduced in the eEF1A1 shRNA group compared to those 
of the negative control group. The TUNEL assay demon-
strated that the number of apoptotic cells was increased in 
tumors from the eEF1A1 shRNA group (Figure 3C). Taken 
together, these results revealed that eEF1A1 knockdown 
attenuates proliferation and promotes the apoptosis of RCC 
cells in vitro and in vivo.

eEF1A1 knockdown decreases the phosphoryla-
tion level of AKT and ERK. eEF1A has been reported to 
possibly bind to AKT and ERK and affect their phosphor-
ylation [16, 17]. Pecorari et al. confirmed that one of the 
pAkt interacting proteins is the elongation factor EF1α 
that contains a putative AKT phosphorylation site, and 
the downregulation of EF1α expression by siRNAs led to 
a markedly decreased expression of pAkt [17]. Sanges et 
al. identified that eEF1A is closely related to ERK [16]. 
eEF1A has two isoforms, eEF1A1 and eEF1A2, which are 
encoded by genes that share 92% sequence identity and 
share the same canonical function. A majority of cells 
express the eEF1A1 isoform. Therefore, we hypothesized 
that EEF1A1 will affect the phosphorylation of AKT and 
ERK. We detected the phosphorylation levels of AKT and 
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Figure 2. eEF1A1 knockdown attenuates proliferation and promotes the apoptosis of RCC cells in vitro. A) qRT-PCR analysis of eEF1A1 mRNA levels 
in eEF1A1-knockdown and control A498 and Caki-2 cells (n=3). B) Western blot analysis of eEF1A1 in A498 and Caki-2 cells transfected with sh-
eEF1A1#1, sh-eEF1A1#2 or control sh-NC lentiviruses (n=3). β-Actin was used as a loading control. C) CCK-8 assay of eEF1A1 knockdown and control 
A498 and Caki-2 cells at the indicated times (n=3). D) Flow cytometry analysis of apoptotic cells in eEF1A1 knockdown and control A498 and Caki-2 
cells (left) and the percentage of cells at the different apoptotic phases (right).

Figure 3. eEF1A1 knockdown sup-
presses tumor growth in vivo. A) Rep-
resentative nude mice showing the 
morphology of the tumors derived 
from eEF1A1 knockdown and control 
Caki-2 cells (left). The tumors were 
dissected and photographed (right). 
B) The growth curve of the tumors de-
rived from eEF1A1 knockdown and 
control Caki-2 cells. C) TUNEL assay 
analysis of cell apoptosis in eEF1A1 
knockdown and control Caki-2 cell 
tumors (left). The percentage of apop-
totic cells per view is shown (right). 
Scale bar = 200 μm.
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Discussion

Translation is the central event leading to protein 
synthesis, and translation factors are key actors involved in 
the translation process [18]. Recently, it has been suggested 
that eEF1A1 is not only a translation factor but also a pleio-
tropic protein that is highly expressed in human tumors, 
such as hepatocellular carcinoma and gastric cancer [19–24]. 
However, the role of eEF1A1 in RCC has not been reported.

In the present study, the expression of eEF1A1 in RCC 
specimens was investigated for the first time, and the results 
showed that a high expression of eEF1A1 was more likely to 
occur in RCC tissues and indicated a poor prognosis. Then, 
we used lentiviral-mediated shRNA silencing of the eEF1A1 
gene and successfully obtained stably transfected A498 and 
Caki-2 cells. We observed that eEF1A1 knockdown signifi-
cantly inhibited proliferation and promoted apoptosis.

AKT and ERK are kinase pathways that have attracted 
much attention because of their central role in regulating 
cell proliferation, survival, motility and angiogenesis [25]. 
eEF1A1 has been reported to interact with phosphor-AKT 
in breast cancer cells and regulates their proliferation and 
survival [17]. Here, we showed that eEF1A1 knockdown 

inhibited the phosphorylation of AKT and ERK, providing 
new evidence for further study, although more experiments 
are needed. Based on comprehensive literature reports 
and our research results, we believe that eEF1A1 may be a 
powerful chaperone protein and can be further studied using 
proteomics methods.

In summary, our present study shows that eEF1A1 was 
upregulated in RCC tissues and associated with a poor 
prognosis. The silencing of eEF1A1 using RNA interfer-
ence could decrease the phosphorylation level of AKT and 
ERK, leading to proliferation inhibition and an increase in 
apoptosis. Based on these results, eEF1A1 may serve as a 
valuable prognostic biomarker and promising therapeutic 
target of RCC.

Figure 4. eEF1A1 knockdown decreases the phosphorylation level of AKT and ERK. Western blot analysis of the indicated proteins in A498 and Caki-2 
cells transfected with sh-eEF1A1#1, sh-eEF1A1#2 or control sh-NC lentiviruses (n=3). β-Actin was used as a loading control. The relative expression 
levels of the proteins were obtained by measuring the grey value by Image-Pro Plus (n=3).
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