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Background: The eukaryotic translation elongation factor 1A1 (EEF1A1l) participates in
protein translation and has been reported to be involved in tumor progression such as
hepatocellular carcinoma. Diffuse large B-cell lymphoma (DLBCL) is the most common
lymphoid malignancy in adults. In the present study, we aimed to detect the expression of
EEF1A1 in DLBCL and to analyze its relationship with prognosis.

Methods: We reviewed medical records of DLBCL patients in our hospital and evaluated
their expression level of EEF1A1 in tumor tissues using immunohistochemical (IHC) assay.
The Chi-square method was used for correlation analysis. The Kaplan—-Meier method with
Log rank test was used for univariate analysis. Cox proportional hazards model was used for
multivariate analysis. Cellular and mice models were introduced to validate its oncogenic
role.

Results: EEF1A1 expression in tumor cells was higher in certain DLBCL cases. Patients
with higher EEF1A1 expression were more likely to have advanced tumor stage and poorer
S-year overall survival (OS) rates. EEF1A1 expression in tumor cells was an independent
risk predictor for OS (P < 0.05). Cellular assays demonstrated that EEF1A1-shRNA sig-
nificantly inhibited lymphoma cell proliferation. The study of xenografts further verified the
effect of EEF1A1-shRNA on suppressing tumor growth in vivo.

Conclusion: EEF1AL1 positivity predicts short survival in DLBCL patients. For patients
with higher EEF1A1 expression, more strategy such as anti-EEF1A1 antibody treatment
should be developed.
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Introduction

Characterized by growing tumor mass in single or multiple lymph nodes as well as
extranodal sites,' diffuse large B-cell lymphoma (DLBCL) is the most common
type of non-Hodgkin lymphoma (NHL), accounting for 30% of NHL cases
worldwide.” There are approximately 15,000 newly diagnosed DLBCL cases in
the United States,” and about 25,000 new cases in China each year.* Although more
than 80% of DLBCL patients may achieve a complete remission under immuno-
chemotherapy, a significant minority (20% to 25%) of these patients will suffer with
relapse.” The increasing incidence and unsatisfied prognosis are attracting more and
more attentions. Therefore, understanding the oncogenesis mechanism and progres-
sion regulators of DLBCL are urgently needed for prognosis prediction and therapy
development.
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Eukaryotic elongation factor-1 (EF1) contains four
subunits, EFla, EF1B, EFly, and EF18.% Eukaryotic trans-
(EEF1A1) is
a predominant isoform of the EEFla complex, which

lation elongation factor 1 alpha 1
participates in tRNA delivery by promoting the GTP-
dependent binding of aminoacyl-tRNA to the A-site of
ribosomes.” EEF1A1 is ubiquitously expressed in many
tissues due to its critical function in protein synthesis.
Besides protein synthesis, EEF1A1 plays roles in cytoske-
leton organization, cell apoptosis, stabilizing RNAs, etc.®
Ditzel et al identified EEF1A1 as an autoantibody in about
66% of the patients with Felty syndrome, an disorder
characterized by autoimmune diseases such as rheumatoid
arthritis and splenomegaly.” Dysregulated EEF1A1 has
been identified in many diseases. For example, hyperex-
pression of EEF1A1 was reported in spinal and bulbar
muscular atrophy and amyotrophic lateral sclerosis.'® In
contrast, a hypoexpression of EEF1A1 is observed during
myocardial infarction and may be involved in cardiovas-
cular disorders."'

Of note, the potential role of EEF1A1 in tumor pro-
gression has been reported in certain malignancies. For
example, Grassi et al reported a higher mRNA level of
EEF1AL1 in hepatocellular carcinoma cell lines compared
to normal liver cells.'? A similar conclusion was obtained
based on the protein level of EEF1A1 in clinical resected
liver cancer tissues.'> Consistently, EEF1A1 was highly
expressed in clear cell renal cell carcinomas (RCC) and
associated with poor clinical outcomes. Knockdown of
EEF1A1 impaired the viability of RCC cells.'*

In contrast, EEF1A1 seems to play tumor suppressing
roles in colon cancer and breast cancer. High expression of
EEF1A1 was reported to predict a favorable overall survi-
val of colon adenocarcinoma patients.'> According to the
data by Lin et al, EEF1IA1 mRNA levels are reduced in
ductal
Underexpression of EEF1A1 mRNA predicts poor prog-

clinical breast carcinoma specimens.
nosis for estrogen receptor-positive cancer patients.'®
However, another study by Li et al indicated overexpres-
sing EEF1A1 can promote breast cancer cell proliferation
and invasion.'’

Here we investigated the expression profile and clin-
ical significance of EEF1A1 in DLBCL for the first time.
Accordingly, high EEF1A1 is closely correlated with
unfavorable overall survival of DLBCL patients. The
pro-oncogenic role of EEF1A1 in DLBCL was further

validated by in vitro and in vivo assays.

Methods

Online Database

The transcription profiling of EEF1A1 gene expression in
DLBCL and normal lymph nodes were performed using
the Gene Expression Profiling Interactive Analysis
(GEPIA) database (http://gepia.cancer-pku.cn/index.html).
We compared the mRNA level, which was presented as

transcripts per million (TPM), from The Cancer Genome
Atlas (TCGA, https://www.cancer.gov/tcga) tumors Vs
TCGA normal
(GTEx, https:/gtexportal.org/) normal datasets.'® The

+ The Genotype-Tissue Expression

prognostic value of EEFIA1-TPM was also extracted
from GEPIA database and compared by Log rank test.

Patients and Clinical Specimens

A total of 138 DLBCL tissues were acquired from Harbin
The First Hospital. The median age at the time of diag-
nosis was 61 years and median follow-up time was 47
months (range, 6—119 months). All tissue specimens were
formalin-fixed and paraffin-embedded. All diagnoses were
based on pathological test. The characteristics of enrolled
patients are listed in Table 1. Among all cases, 56 were
female and 82 were male. Eighty-nine cases exhibited
while the other 49
B symptoms. Seventy-two cases were staged as Ann
Arbor Stage I-11, and 66 cases with stage III-IV. As for
the Eastern Cooperative Oncology Group Performance
Status (ECOG PS), 90 cases were scored as 0 or 1,
while the other 48 cases with scores larger than 1. The

B symptoms, cases without

serum lactate dehydrogenase (LDH) level at the time of
diagnosis was also retrieved. Accordingly, 69 cases exhib-
ited normal LDH level, while the other 69 cases with
elevated LDH level. The number of extra nodal involve-
ment (ENI) was less than 2 in 91 patients, and larger than
or equal to 2 in 47 patients. Twenty-two cases showed
tumors with 10 cm in diameter or larger (Bulky tumor),
and the other 115 cases with smaller tumor size.
International Prognostic Index (IPI) was less than 3 in
93 cases, while scored as 3-5 in the other 45 cases.
Finally, we assessed the Cell-of-Origin (COO) subtyping
and found that 61 cases showed germinal center B cell
(GCB) subtype, while the other 77 cases showed non-
GCB subtype.

Immunohistochemistry (IHC)
IHC was conducted to explore the EEF1A protein expres-
sion level in clinical tissue samples. Briefly, the tissue
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Table | Characteristics of DLBCL Patients and Their
Correlations with EEFIAI Level
Variables Cases EEFIAI Level P value
(n=138) Low High
(n=55) (n=83)

Sex
Female 56 20 (35.7%) | 36 (64.3%) 0412
Male 82 35 (42.7%) | 47 (57.3%)

Age
<60 years 66 27 (40.9%) | 39 (59.1%) 0.809
>60 years 72 28 (38.9%) | 44 (61.1%)

B symptoms
Absence 89 33 (37.1%) | 56 (62.9%) 0.369
Presence 49 22 (44.9%) | 27 (55.1%)

Ann Arbor

Stage
-l 72 39 (54.2%) | 33 (45.8%) | <0.001*
-1V 66 16 (24.2%) | 50 (75.8%)

ECOG PS
0-1 90 42 (46.7%) | 48 (53.3%) 0.025*
22 48 13 (27.1%) | 35 (72.9%)

Serum LDH

level
Normal 69 39 (56.5%) | 30 (43.5%) | <0.001*
Elevated 69 16 (23.2%) | 53 (76.8%)

ENI
<2 91 35 (38.5%) | 56 (61.5%) 0.642
22 47 20 (42.6%) | 27 (57.4%)

Bulky tumor
No 115 43 (37.4%) | 72 (62.6%) 0.186
Yes 23 12 (52.2%) | 11 (47.8%)

IPI
0-2 93 48 (51.6%) | 45 (48.4%) | <0.001*
3-5 45 7 (15.6%) 38 (84.4%)

Ccoo
GCB 6l 26 (42.6%) | 35 (57.4%) 0.554
Non-GCB 77 29 (37.7%) | 48 (62.3%)

Note: *P<0.05 by Chi-square test.

Abbreviations: DLBCL, diffuse large B cell lymphoma; EEFIAI, eukaryotic trans-
lation elongation factor IAl; ECOG PS, Eastern Cooperative Oncology Group
Performance Status; LDH, lactate dehydrogenase; ENI, extra nodal involvement;
IPI, International Prognostic Index; COO, Cell-of-Origin; GCB, germinal center
B cell.

sections were deparaffinized, rehydrated, and then incu-
bated with 3% hydrogen peroxide (H202). Antigen retrie-
val was achieved by using ethylenediaminetetraacetic acid
(EDTA) buffer. The tissue sections were blocked with 5%
bovine serum (BSA) and then probed with anti-EEF1A1

(1:300, #sc-21758, Santa Cruz Biotechnology) at 4 °C
overnight. Secondary antibody was then added and incu-
bated. The immunoreactivity was finally detected by using
the diaminobenzidine (DAB) staining reagents according
to the manufacturer’s instructions.'’

The IHC results were next scored regarding both stain-
ing intensity and the percentage of positive stained cells.?’
Staining intensity score was given as negative staining: 1;
weak staining: 2; moderate staining: 3; and strong staining:
4. Percentage of positive cells was scored as 0-25%: 1;
26-50%: 2; 51-75%: 3; and >75%: 4. The immunoreac-
tivity score was obtained by multiplying the two scores
above, ranging 0—16. Then, a receiver operating character-
istic (ROC) curve was plotted to define a cut-off value for
distinguishing low-EEF1A1 expression and high-EEF1A1
expression.

Cell Culture and Transfection

Human DLBCL cell lines (OCI-LY'1, OCI-LY3, OCI-LY7,
OCI-LY10) were acquired from the American Tissue
Culture Collection (ATCC). All cells were routinely main-
tained in RPMI 1640 medium containing 10% fetal bovine
serum (FBS). The cells were cultured in a 37 °C incubator
with 5% carbon dioxide.

The shRNA targeting EEF1A1 was constructed in len-
tivirus vectors as described before.'* The coding region for
EEF1A1 was inserted into puro-CMV vectors by Gene
Pharma (Shanghai, China) for overexpressing EEF1Al.
Lentivirus transduction was conducted according to the
standard procedures.?' Briefly, 293T cells were firstly
seeded into 10 cm dishes and cultured for 24 hours till
80% confluence. Then, 2 pg of lentivirus vector plasmids
containing shRNAs were transfected into 293T cells using
lipofectamine transfection reagent (Invitrogen, Carlsbad,
CA) to generate lentivirus. Cell culture supernatants of
293T cells containing the lentivirus were collected at dif-
ferent time points (day 1, day 2) and pooled. Then, OCI-
LY7 cells were transduced with appropriated amount of
lentivirus collected above. Forty-eight hours post-
transduction, cells were subjected to Western blot and

functional assays.

Western Blotting (VVB)

WB was used to test protein expression levels as pre-
viously described.”*** Briefly, RIPA buffer was used to
lyse cells and extract proteins (Thermo Fisher Scientific,
USA) according to the manufacturer’s instructions. After
quantifying the protein concentration and denaturing, same
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amount of protein samples was separated by SDS-PAGE
(sodium dodecyl sulphate—polyacrylamide gel electrophor-
esis). The proteins were then transferred onto the PVDF
(polyvinylidene fluoride) membrane, followed by incuba-
tion with primary antibody (1:1000 dilution) and goat anti-
mouse secondary antibody (1:10,000 dilution). The protein
level was finally visualized by testing the immunoreactiv-
ity of the PVDF membrane.

Cell Viability by CCK-8
The cell viability was detected by cell counting kit-8
(CCK-8) assay as we described previously.”> Briefly,
stable transfected cells and control cells were seeded into
a 96-well plate at a density of 2x10° cells/well. After
cultured at 37 °C with 5% CO, for designated time points
(8, 24, 48, 72, and 96 hours). CCK-8 reagent was then
added to each well and incubated for another 2 hours. The
absorbance was recorded at 490 nm on a plate reader.”*
Each experiment was repeated three times.

Subcutaneous Tumor Growth in Nude
Mice

Male BALB/c nude mice (4-weeks old, 15-18g) were
purchased from Animal Center of Harbin The First
Hospital. The mice were housed under constant tempera-
ture of 22-25°C and humidity of 55%, with standard diet
and tap water. Stable transfected cells were subcutaneously
injected into the nude mice (n=14, respectively). Tumor
size was measured using vernier calipers every 5 days.
After 4 weeks, the mice were sacrificed, and the tumors
were separated and weighed.?

Statistics

Clinical correlation data was analyzed using Chi-square
test. Cellular data were presented as mean + standard
deviation (SD). Data were analyzed using SPSS software
and Image J software. Statistical significance was tested
using Student’s #-test or one-way ANOVA test. P-value
<0.05 was considered statistically significant.

Ethics

This study was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics
Committee of Harbin The First Hospital. Written informed
consents were obtained from all participants.

The animal study was approved and supervised by the
Animal Center of Harbin The First Hospital and carried

out in accordance with the UK Animals (Scientific
Procedures) Act, 1986.

Results
The Transcriptional Level of EEFIAI is

Elevated in DLBCL and Correlated with

Poor Prognosis

By extracting the transcriptional information of EEF1A41
in DLBCL and normal lymph nodes from the GEPIA
online server, we found that EEFIAI possessed more
transcripts in DLBCL than that in normal lymph nodes
(Figure 1A and B). We next generate the survival curve
using Kaplan—Meier method to evaluate whether EEF1A41-
mRNA level has any prognostic significance. As a result,
higher EEF1A41 transcripts indicate poorer overall survival
of DLBCL cases (Figure 1C), although the case number is
limited.

Protein Expression of EEFIA| in DLBCL
and Its Correlation with

Clinicopathological Characteristics

Considering the possibility of difference between mRNA
and protein levels, we next set to explore the protein
expression pattern of EEF1A1 in DLBCL tissues collected
from our hospital (n=138). According to the IHC data,
EEF1A1 exhibited predominant cytoplasm localization
and slight nucleus staining. Importantly, diverse immunor-
among DLBCL
(Figure 2A and B), highlighting the high heterogeneity of

eactivities tissues were observed
DLBCL. To better assess the correlations between
EEF1Al level and DLBCL progression, we defined
a high-EEF1A group and a low-EEF1A group based on
the THC staining results using a ROC curve (Figure 2C).
Therefore, 53 cases were subgrouped into the low-
EEF1A1 group, while the other 83 cases as high-
EEF1AL1 expression.

As shown in Table 1, patients with more advanced
tumor stages showed high EEF1A1 protein expression
than those with earlier stages (P<0.001). Consistently,
ECOG PS and IPI both exerted positive correlation with
EEF1AT1 expression (P=0.025 and P<0.001, respectively).
In addition, the serum LDH level at the time of diagnosis,
an important clinical predictor for DLBCL prognosis, tend
to be elevated in patients with higher EEF1A1 expression
(P<0.001). In contrast, no statistically significant correla-

tion was observed between EEF1Al with patients’
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Figure | The transcriptional level of EEF/A| is elevated in DLBCL and correlated with poor prognosis. (A and B) The transcriptional level of EEFIA| was retrieved from
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Figure 2 Protein expression level of EEFIAI in DLBCL. Representative high (A) and low (B) protein immunostaining of EEFIAI of DLBCL tissues. The ROC curve was
plotted to determine a cut-off value to distinguish high- and low-EEFIAI expression (C). * indicates P<0.05.

B symptoms, ENI, tumor size, nor cell origin (all P>0.05).
The clinical associations imply that EEF1A1 may partici-
pate in DLBCL progression.

High EEFIAI Protein Expression Serves

as an Independent Prognostic Factor

The follow-up information of our enrolled cohort was next
analyzed. By the end of follow-up, 65 cases dead. The
five-year overall survival rate was 56.5% with a median
survival time as 80 months (Figure 3A). Prognostic values
of conventional clinicopathological characteristics as well
as EEF1A1 protein level were next evaluated by Kaplan—

Meier analyses (Table 2, Figure 3). Accordingly, the sur-
vival time of patients with stage III-IV was 51.6 = 5.3
months, while was 88.3 £ 5.2 months for stage I-II
patients (Figure 3B, P<0.001). Higher ECOG PS also
exhibited unfavorable effect on patients’ survival. The
5-year overall survival rate of cases with ECOG PS > 2
was only 22.1%, significantly lower than those with
ECOG PS < 2 (70.5%; Figure 3C, P<0.001). Similarly,
an elevated serum LDH level indicated a shorter overall
survival time (57.6 £ 5.9 months) compared to patients
with normal LDH level (84.6 = 5.0 months, Figure 3D).
Additionally, patients with extra nodal involvement
(P=0.019) or non-GCB subtype (P=0.002) also exhibited
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Table 2 Kaplan—Meier Overall Survival Analyses

Variables Cases (n=138) OS Months (Mean t S.D.) 5-Year OS (%) P value

Sex
Female 56 71.0 £ 6.1 55.5% 0.810
Male 82 73.1 £55 57.0%

Age
<60 years 66 779 £ 55 64.2% 0.229
>60 years 72 663 £59 49.0%

B symptoms
Absence 89 78.0 £ 5.0 60.6% 0.064
Presence 49 61.0 6.6 49.1%

Ann Arbor Stage
-l 72 883 +£52 73.4% <0.001*
-1v 66 51.6 £53 34.7%

ECOG PS
0-1 90 839 + 4.6 70.5% <0.001*
=2 48 452 + 6.8 22.1%

Serum LDH level
Normal 69 84.6 £ 5.0 68.1% 0.002*
Elevated 69 57.6 £59 44.3%

ENI
<2 91 783 £ 5.0 61.8% 0.019%
2 47 572 £ 6.5 43.7%

Bulky tumor
No 115 728 £ 45 57.7% 0.886
Yes 23 67.1 £88 50.6%

IP1
0-2 93 81.0 £ 4.6 66.2% 0.001*
3-5 45 52275 33.7%

(e{e]e]
GCB 6l 862 +57 69.9% 0.002*
Non-GCB 77 59.6 £+ 54 45.2%

EEFIAI protein level
Low 55 91.3+£53 74.7% <0.001*
High 83 562 £ 52 43.1%

Note: *P<0.05 by Log rank test.

Abbreviations: DLBCL, diffuse large B cell lymphoma; EEFIAI, eukaryotic translation elongation factor IAl; ECOG PS, Eastern Cooperative Oncology Group
Performance Status; LDH, lactate dehydrogenase; ENI, extra nodal involvement; IPl, International Prognostic Index; COO, Cell-of-Origin; GCB, germinal center B cell.

poorer prognosis (Figure 3E and G). Consistent with pre-
vious studies, IPI index also showed prognostic signifi-
(Figure 3F,
P=0.001). Of note, the mean overall survival time of

cance on predicting patients’ survival
patients with high EEF1A1 protein expression was only
56.2 £ 5.2 months, leading to a 5-year overall survival rate
as 43.1% (Figure 3H). In contrast, patients with lower
EEFI1A1 levels showed a significantly longer overall

survival time (91.3 + 5.3 months) and higher 5-year survi-
val rate (74.7%). According to the data in our cohort,
patients’ age, sex, B symptoms or tumor size exhibited
no significant effect on DLBCL prognosis (Supplemental
Figure S1).

All significant variables were then subjected into a Cox
regression model to conduct the multivariate analysis except
IPI score due to its involvement of other subparameters. The
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Table 3 Multivariate Analysis

Variables HR 95% CI P value
Ann Arbor Stage (llIl-IV vs I-l) | 2.091 | 1.205-3.628 | 0.009*
ECOG PS (=2 vs 0-1) 2.373 | 1.379-4.084 | 0.002*
Serum LDH (elevated vs normal) | 2.008 | 1.183-3.410 | 0.010%*
ENI (= 2 vs <2) 1.535 | 0.911-2.587 0.108

COO (non-GCB vs GCB) 1.971 | 1.094-3.552 | 0.024*
EEFI1ALI level (high vs low) 2.091 | 1.205-3.628 | 0.009*

Note: *P<0.05 by Cox regression test.

Abbreviations: EEFIAI, eukaryotic translation elongation factor 1Al; ECOG PS,
Eastern Cooperative Oncology Group Performance Status; LDH, lactate dehydro-
genase; ENI, extra nodal involvement; COO, Cell-of-Origin; GCB, germinal center
B cell.

hazard ratio (HR) and 95% confidence interval (CI) are shown
in Table 3. The advanced Ann Arbor Stage (HR=2.091, 95%
CI 1.205-3.628, P=0.009), higher ECOG PS (HR=2.973,
95% CI 1.379-4.084, P=0.002), elevated serum LDH level
(HR=2.008, 95% CI 1.183-3.410, P=0.010), and non-GCB
subtype (HR=1.971, 95% CI 1.094-3.552, P=0.024) all inde-
pendently contributed to unfavorable prognosis of DLBCL.
Importantly, higher EEF1A1 was also identified as a novel
independent risk factor for a poor prognosis of DLBCL
patients (HR=2.091, 95% CI 1.205-3.628, P=0.009).

EEFIA| Promotes DLBCL Growth Both

in vitro and in vivo
Considering the clinical significance of EEFIAI in
DLBCL progression and prognostic prediction, we next
tested its cellular role. Western blotting data demonstrated
detectable but different endogenous expression levels of
EEF1A1 in various DLBCL cell lines (Figure 4A). We
therefore selected OCI-LY7 cell line for further experi-
ments due to its moderate expression level. The OCI-
LY7 cells stably expressed exogenous EEF1A1 or stably
knocked down of EEF1A1 were established and tested by
immunoblotting (Figure 4B). By assessing cell viability
with CCK-8 assay, we found that overexpressing EEF1A1
significantly promoted cell proliferation, while silencing
EEF1A1 exhibited an opposite effect (Figure 4C).

Nude then establish
a subcutaneous xenograft model as described in the

mice were selected to
Method section. By comparing the growth curves of
implanted DLBCL, EEF1A1-overexpression group exhib-
ited a most rapid growth speed, while the EEF1A1-shRNA
group was the slowest (Figure 4D). Consistent with
growth curve, isolated xenografts showed significant dif-
ferences on both tumor size and tumor weight after

resected at day 27 post implantation (Figure 4E and F).

Taken together, our data revealed a positive role of
EEF1A1 on facilitating DLBCL growth both in vitro and

in vivo.

Discussion
Protein synthesis is critical for numerous physiological
functions, which can be affected by many factors such as
translational initiation, elongation, and termination.
Disruption of protein translational steps will result in
pathological disorders and diseases.”’ As a translational
elongation element, deregulation of EEF1A has been
reported to be involved in oncogenesis, apoptosis, viral
infections, et al.?® Interestingly, both the isoforms of
EEF1A, namely the EEF1A1 and EEF1A2, regulate onco-
genesis and tumor progression on various aspects.””’
However, the role of EEF1A1 in different cancer types
seems distinct.

Here, we firstly demonstrated the upregulated expres-
sion of EEF1A1l in DLBCL than in nontumorous lymph
nodes on both mRNA and protein levels. Our data also
indicated a positive correlation between EEFIA1 and
DLBCL progressive characteristics, such as tumor stage
and serum LDH level. Furthermore, EEF1Al was vali-
dated as an independent prognostic predictor for DLBCL
cases based on our retrospective cohort. Our data are
consistent with the pro-oncogenic role of EEF1Al in
hepatocellular carcinoma (HCC) and renal cell carcinoma
(RCC). As previously reported, EEF1A1 can promote
HCC progression by enhancing cell proliferation without
significantly affecting apoptosis,'**! which is closely cor-
related with STATI-cyclin D1-dependent cell cycle.’
Nevertheless, EEF1IA1l can both promote proliferation
and attenuate apoptosis in RCC by modulating activities
of ERK and AKT." Similarly, eEF1Al knockdown
resulted in remarkable proliferation inhibition and apopto-
sis induction of human acute T lymphocytic leukemia
cells, which may be mediated by the down-regulation of
PI3K/Akt/NF-xB PI3K/Akt/mTOR

pathways.*> EEF1A1 is also believed to regulate the cell

and signaling
apoptosis process in both tumor cells** and nontumorous
cells.>> >’ Therefore, EEF1AL1 is a multifaceted regulator
during tumorigenesis and tumor progression.

Of note, the therapeutic value of EEF1A1 has been
revealed  in chronic lymphocytic leukemia,*®
hepatocarcinoma,” and breast cancer cells.*” Our results
exhibited the significant effect of silencing EEF1A1 on
attenuating DLBCL growth both in vitro and vivo, thus

providing experimental evidence for its further investigation
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Figure 4 EEFIA| promotes DLBCL growth both in vitro and in vivo. Western blotting was conducted to test the endogenous protein level of EEFIAI in DLBCL cell lines
(A). The lentivirus transduction efficiency was tested for the OCI-LY7 cells with shRNA-knockdown and EEFIAI overexpression (B). Cell viability was tested by CCK-8
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as a novel drug target in DLBCL treatment. Our study has
several limitations. Firstly, all retrospectively enrolled cases
were obtained from a single medical center and may result in
regional bias. Secondly, it has been recently reported that
EEFIA may exhibit dysregulated GTPase activity during
tumorigenesis.*' However, here we only mapped the total
protein expression pattern of EEF1A1 without testing its
GTPase activity. More studies focusing on systematically
illustrating its functional mechanisms will be necessary for
translational medicine.

Conclusions
High EEF1A1 promotes DLBCL growth and is closely cor-
related with unfavorable overall survival of DLBCL patients.
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