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Abstract N\
Guanine nucleotide-binding protein-like-3-like (GNLS3L) is required for processing ribosomal pre-rRNA and cell proliferation and is \
upregulated in many types of cancer. This study is aimed to investigate the clinical significance of GNL3L in esophageal cancer. The
mRNA and protein expression levels of GNL3L were determined by using quantitative real-time polymerase chain reaction and
immunohistochemistry, respectively. GNL3L was localized in both cytoplasm and nucleus. The expression levels of GNL3L in
esophageal cancer tissues were significantly higher than those in adjacent nonmalignant tissues. High GNL3L expression was
associated with pathologic type and poor differentiation. Patients with high GNL3L expression had shorter overall survival (OS) than
those with low GNL3L expression. Multivariate Cox regression analysis revealed that GNL3L expression was an independently
predictive factor for the OS of patient with esophageal cancer. The Gene Expression Profiling Interactive Analysis (GEPIA) databases
also showed that GNL3L was upregulated in esophageal cancer, which was closely associated with an unfavorable prognosis of
patients with esophageal cancer. Taken together, our findings suggest that GNL3L is upregulated in esophageal cancer, which is
linked to the progression of the disease. As a result, GNL3L could be used as a biomarker for esophageal cancer.

Abbreviations: 95% Cl = 95% confidence interval, cDNA = complementary DNA, CSCs = cancer stem cells, FDR = false
discovery rate, FFPE = formalin-fixed paraffin-embedded, GEPIA = Gene Expression Profiling Interactive Analysis, GNL3L = guanine
nucleotide-binding protein-like-3-like, HR = hazard ratio, IHC = immunohistochemistry, LNM = lymph node metastasis, MDM2 =
MDM2 proto-oncogene, NF-kB = nuclear factor-kappa B, OS = overall survival, PFS = progression-free survival, gPCR =

quantitative real-time polymerase chain reaction, TNM = tumor node metastasis.
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1. Introduction

Esophageal cancer is one of the most common cancer worldwide,
accounting for approximately 3% of cancer cases and 5% of
cancer deaths.!"! China has a higher incidence rate of esophageal
cancer. Although the incidence rate of esophageal cancer has
declined in recent years, the mortality rate of esophageal cancer still
ranks the fourth.[* Therefore, esophageal cancer has always been a
major cancer threatening the health of Chinese. To date, patients
with esophageal cancer have very little choice other than cytotoxic
chemotherapy due to very few targeted drugs. This emphasizes the
critical importance of the identification of alternative targets for the
development of novel anticancer treatments and biomarkers for
the prognosis of esophageal cancer.

Guanine nucleotide-binding protein-like-3-like (GNL3L) is an
evolutionarily conserved high molecular weight nucleolar GTPase
which belongs to the YawG/YIqQF/HSR1_MMR1 GTP-binding
protein subfamily of GTPases. GNL3L is required for processing
ribosomal pre-rRNA and cell proliferation./*! Overexpression of
GNL3L promotes the S phase progression by upregulating E2F1,
cyclins A2 and E1, whereas inhibition of GNL3L leads to G2/M
arrest.*! Furthermore, GNL3L has been shown to exert an anti-
apoptotic activity through modulating the expression and stability
of subunit p65 of nuclear factor-kappa B (NF-«B)."! GNL3L is
upregulated in many types of cancer, including esophageal
colorectal, esophageal, and gastric cancers.[®”! Kannathasan
et al'”! reported that GNL3L promoted tumorigenesis, cell cycle
regulation, and anti-apoptosis through NF-kB activation colorec-
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tal cancer (CRC) and was upregulated in chemoresistant CRC
cells. In addition, GNL3L is also one of factors that are important
for the maintenance of tumorigenic property of cancer stem cells
(CSCs).®) GNL3L plays an important role in cancer, including
regulating cell proliferation, metastasis, and chemoresistance.l>=®!
Whether the expression level of GNL3L affects the prognosis of
cancer patients has not yet been reported.

To date, there is little knowledge about the role of GNL3L in
esophageal cancer. Considering its important role in cancer, this
study aimed to explore the clinical significance of GNL3L in
esophageal cancer. The results demonstrated that GNL3L was
upregulated in esophageal cancer, particularly in those poor
differentiation cases. High GNL3L expression was associated
with ulcerative type, poor differentiation, and worse prognosis.
Therefore, GNL3L might be a potential prognostic biomarker
and a potential therapeutic target for esophageal cancer.

2. Materials and methods

2.1. Patients

A total of 218 pairs of esophageal squamous cell carcinoma and
adjacent nonmalignant esophageal tissues were obtained from
patients who underwent surgery esophagectomy at Taizhou People’s
Hospital. No patient received chemotherapy, radiotherapy, or
immunotherapy before surgery. All patients were treated with at
least 2 cycles of platinum-combined adjuvant chemotherapy after
surgery. The details of patient characteristics have been described
previously.”!In addition, 30 pairs of esophageal cancer and adjacent
nonmalignant esophageal formalin-fixed paraffin-embedded (FFPE)
tissues were used to detect the protein levels of GNL3L. The study
was approved by the Ethical Committee of Taizhou People’s
Hospital. Informed consent was obtained from all patients.

2.2. Quantitative real-time polymerase chain reaction
(qPCR)

The total RNA was extracted from tissues with Trizol reagent
(Invitrogen, CA, USA) following the manufacturer’s protocol.
Complementary DNA (cDNA) was synthesized from 1 pg of total
RNA using PrimeScript'™ RT reagent Kit with gDNA Eraser
(Takara, Dalian, China) according to the manufacture’s instruc-
tions. QPCR was carried out using the SYBR Premix Ex Taq™ II
kit (Tli RNaseH Plus) (Takara, Dalian, China) on ABI 7900 system
(Applied Biosystems, CA, USA) according to the manufacturer’s
instructions. Assays were performed in triplicate for each sample.
The relative expression levels of GNL3L were calculated and
normalized using the 2"**“* method relative to GAPDH.

2.3. Immunohistochemistry (IHC)

The protein levels of GNL3L were examined using IHC. The
tissue slides were deparaffinized with xylene and dehydrated in a
graded series of ethanol (100%, 95% and 80% ethanol) and PBS.
After antigen retrieval, slides were incubated in 3% H,O, to
quench endogenous peroxidase activity. Nonspecific binding was
blocked by incubation with 10% goat serum in PBS for 1h at
room temperature. The slides then were incubated with a primary
monoclonal rabbit anti-GNL3L antibody (Abcam, Cambridge,
MA, USA) and subsequently incubated with secondary antibody.
The evaluation of IHC staining results was conducted blindly.
Staining intensity was scored and the total histological score was
calculated as described previously.!?!
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2.4. Statistical analyses

Statistical analyses were performed using IBM SPSS software
version 25.0 (SPSS Inc., IL, USA) and GraphPad Prism 7
(GraphPad Software, CA, USA). A P value < .05 was considered
to be statistically significant for all statistical procedure. The
differences in mRNA and protein expression levels of GNL3L
between esophageal cancer and adjacent tissues were compared
with the Mann—Whitney test. Spearman correlation test was used
to determine the association between the expression level of
GNL3L and tumor size. All patients were divided into low and high
GNL3L expression groups according to its median value. Pearson
x* and Fisher’s exact test were used to evaluated the association
between clinicopathologic variables and GNL3L expression.
Estimates of overall survival (OS) were from Kaplan—-Meier curves
and tests of differences by log-rank test. Clinicopathological
variables with a value of P <.05 in the univariate Cox regression
analysis were further analyzed using multivariate Cox regression.

3. Results

3.1. Upregulation of GNL3L expression in esophageal
cancer tissues

The mRNA and protein expression levels of GNL3L in
esophageal cancer were examined by qPCR and THC, respec-
tively. The mRNA expression levels of GNL3L in esophageal
cancer tissues were significantly higher than those in adjacent
nonmalignant tissues (P<.001, Figure 1A). In addition, we
evaluated the difference in the mRNA expression level of GNL3L
between different clinicopathological variable groups. As shown
in Figure 1B, cases with poor differentiation (P=.002) had
significantly higher level of GNL3L than those with well and
moderate differentiation. Although there was no difference in the
mRNA expression level of GNL3L between tumor size < 4cm
and tumor size greater than 4cm (P=.063), the mRNA
expression level of GNL3L was positively correlated with tumor
size (P=.037). With the development of biotechnologies and the
continued reduction in costs, omics data is now massively
produced.”"!! Therefore, integrating online omics data will help
to improve the reliability of the findings. The mRNA expression
level of GNL3L in esophageal cancer was validated in the Gene
Expression Profiling Interactive Analysis (GEPIA) database, in
which 286 normal and 182 esophageal cancer tissues were
included.!"” The results suggested that the mRNA expression
level of GNL3L was significantly upregulated in esophageal
cancer (Figure 1C). which was consistent with our result.

We further evaluated the protein expression of GNL3L in 30
pairs of esophageal cancer and adjacent nonmalignant tissues.
IHC assays showed that GNL3L was localized in both cytoplasm
and nucleus (Figure 2). The protein expression levels of GNL3L
in esophageal cancer tissues was significantly higher than those in
adjacent nonmalignant tissues (P <.001).

3.2. Association between GNL3L expression and
clinicopathological variables of patients with esophageal
cancer

As shown in Table 1, high GNL3L expression was significantly
associated with clinicopathological variables including patho-
logic type (P=.020) and poor differentiation (P=.007).
Furthermore, patients with high GNL3L expression had a tend
towards larger tumor size than those with low GNL3L
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Figure 1. GNL3L was upregulated in esophageal cancer. (A) relative expression levels of GNL3L in esophageal cancer and adjacent nonmalignant tissues. (B)
relative expression of GNL3L in esophageal cancer with different grades of differentiation. (C) the GEPIA database showed that GNL3L was significantly upregulated
in esophageal cancer tissues (n=182) compared with normal esophageal tissues (n=286). *P <.05.

expression, but the difference did not reach statistical significance
(P=.050). There was no correlation between GNL3L expression
and other clinical variables including sex, age, drug response,
tumor invasion, lymph node metastasis (LNM), and tumor node
metastasis stage (P>.05).

3.3. Survival analyses

We also examined the effect of GNL3L on the prognosis of
patients with esophageal cancer. There was a significant trend
toward decreased survival time with increased expression level of
GNL3L. As shown in Figure 3, high GNL3L expression
demonstrated significant correlation with poor OS in patients
with esophageal cancer (P=.008). Univariate and multivariate
Cox regression analyses of clinicopathological variables regard-
ing OS were listed in Table 2. The results revealed that pT
category [hazard ratio (HR)=1.977, 95% confidence interval
(CI): 1.244-3.142, P=.004], LNM (HR =2.349, 95%CI: 1.528—
3.611, P<.001), tumor node metastasis stage (HR=2.050, 95%
CI: 1.479-2.840, P <.001), and GNL3L expression (HR=1.504,
95%CI: 1.102-2.053, P=.010) had a remarkable impact on OS.
Multivariate Cox regression analysis was subsequently per-
formed based on the Clinicopathological variables with a value of
P<.05 in the univariate Cox regression analysis. The results

revealed that LNM (adjusted HR=1.868, 95%CI: 1.118-3.122,
P=.017) and GNL3L expression (adjusted HR=1.483, 95%CI:
1.066-2.063, P=.019) were independent risk factors affecting
OS time. Subsequently, we validated the effect of GNL3L on the
prognosis of patients with esophageal cancer using the GEPIA
database. The results demonstrated that patients with high
GNL3L expression had shorter progression-free survival (PFS)
and OS than those with low GNL3L expression (P <.05).

3.4. Prediction of interaction networks of GNL3L

A gene-gene interaction network for GNL3L was constructed
using the STRING v11.0 (Figure 4),['3! which were further
verified by the GEPIA database to enhance the accuracy and
reliability of the network.!"? The node representing GNL3L was
connected to the nodes of other genes in terms of co-expression
and physical interactions. The protein—protein interaction (PPI)
network of the top 10 genes was shown in Figure 4. The top 10
genes displaying the greatest correlations with GNL3L were listed
in Table S1 Supplemental Digital Content (see Table, Supple-
mental Content, which lists top 10 genes co-expressed with
GNL3L identified from the PPI network, http:/links.lww.com/
MD/G122). The results of STRING were consistent with that of
GEPIA database. All 10 genes were positively correlated with

Figure 2. Representative images of immunohistochemical staining in esophageal cancer. (A) weak staining of GNL3L in normal esophageal tissue. (B) weak
staining of GNL3L in esophageal cancer tissue. (C) strong staining of GNL3L in esophageal cancer tissue.
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Association of GNL3L expression with clinico-pathologic para-
meters.

GNL3L expression

Variables High Low P value

Age (years)
< 65 54 (49.5) 54 (49.5) 1.000
> 65 55 (50.5) 55 (50.5)

Sex
male 85 (78.0) 86 (78. 1.000
female 24 (22.0) 23 (21.1)

Pathologic type*
ulcerative 65 (65.7) 46 (48.4 .020
others 34 (34.3 49 (51.6)

Histologic grade
142 68 (62.4) 87 (79.8) .007
3 41 (37.6) 22 (20.2)

Tumor size (cm)*
<4 36 (34.6) 51 (48.6) .050
>4 . 68 (65.4) 54 (51.4)

Clinical response”
sensitivity 40 (40.0) 36 (36.7) .663
resistance 60 (60.0) 62 (63.3)

pT categories*
T1+T2 21 (20.0) 18 (18.4) .859
T3+T4 84 (80.0) 80 (8

LM
non-LNM 24 (22.0) 25 (23.1) 872
LNM 85 (78.0) 83 (76.9

TNM stage”
[+1I 45 (41.3) 51 (50.5) 213
-+ 1V 64 (58.7 50 (49.5)

*excluding missing data.
LNM = lymph node metastasis, TNM = tumor node metastasis.

GNL3L. GNL3L showed the greatest correlation with snoRNA
binding [false discovery rate (FDR) = 0.010], followed by GTPase
activity (FDR=0.019), RNA binding (FDR=0.025), and GTP
binding (FDR=0.025).
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4. Discussion

Although the combined application of surgery, chemotherapy,
radiotherapy, and targeted therapy can improve the prognosis of
patients with esophageal cancer, the therapeutic efficacy of
esophageal cancer is still far from satisfaction. The mortality rate
of esophageal cancer remains high for many years. In the present
study, we found that GNL3L was upregulated in esophageal
cancer. High GNL3L expression was an independent risk factor
for an unfavorable OS in patients with esophageal cancer.

GNL3L contains a central GTP-binding domain and an N-
terminal basic domain in which the activity of nucleoplasmic
localization signal is dynamically controlled by the GTP-binding
motifs."" In addition, the C-terminal domain is essential for the
export of GNL3L from the nucleus that shuttles between
cytoplasm and nucleus in CRM1-dependent manner.™ GNL3L
interacts with and stabilizes MDM2 proto-oncogene (MDM?2)
protein by preventing the ubiquitination.!®! Depletion of GNL3L
not only inhibits proliferation and colony formation but also
suppress invasion and migration of cancer cells.[”! In addition to
its role in the regulation of cell proliferation, cell cycle, and anti-
apoptosis, GNL3L may accelerate NF-kB-mediated inflamma-
tion by upregulating inflammatory molecules, such as IL-4 and
IL-8,°! whereas inflammation promotes carcinogenesis and
tumor growth, and facilitates angiogenesis, tumor extravasation,
and metastasis.!"*! It has been revealed that GNL3L is overex-
pressed in many types of cancers, including esophageal
colorectal, esophageal, and gastric cancers.[®! A recent study
by Kannathasan et all”! revealed that high GNL3L expression
was associated with chemoresistance. GNL3L exhibits an
oncogenic function that promotes cancer development and
progression. However, little is known about the clinical
significance of GNL3L in human cancer. In the present study,
although GNL3L was upregulated in esophageal cancer, there
was no association between GNL3L expression and drug
response. Therefore, high GNL3L expression may not influence
the chemoresistance of esophageal cancer, but confer a more
aggressive phenotype to esophageal cancer than low GNL3L
expression. These may explain at least partly why patients with
high GNL3L expression had poor prognosis.
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Figure 3. Kaplan-Meier survival curves. (A) OS curves stratified by GNL3L expression in 218 patients with esophageal cancer. (B) PFS curves stratified by GNL3L
expression based on the GEPIA database. (C) OS curves stratified by GNL3L expression based on the GEPIA database.
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Univariate and multivariate Cox regression analysis of overall survival in 218 esophageal cancer cases.

Univariate analysis

Multivariate analysis

Variables HR (95% CI) P value HR (95% CI) P value
Age (years), < 65 vs > 65 1.279 (0.939-1.744) 119

Sex, male vs female 0.707 (0.479-1.043) .081

Pathologic type, ulcerative vs others 1.238 (0.888-1.726) .208

Histologic grade, 1+2 vs 3 1.058 (0.753-1.487) .746

Clinical response, resistance vs sensitivity 1.331 (0.956-1.851) .090

Tumor size (cm), > 4vs < 4 1.244 (0.902-1.716) .092

pT categories, T3+T4 vs T1+T12 1.977 (1.244-3.142) .004 1.563 (0.939-2.602) .086
LNM, positive vs negative 2.349 (1.528-3.611) <.001 1.868 (1.118-3.122) 017
TNM stage, l+1V vs I+l 2.050 (1.479-2.840) <.001 1.243 (0.823-1.878) .300
GNL3L expression, low vs high 1.504 (1.102—2.053) .010 1.483 (1.066-2.063) .019

GNL3L = Guanine nucleotide-binding protein-like-3-like, LNM = lymph node metastasis, TNM = tumor node metastasis.

The traditional theory on cancer initiation and development is
that cancer arises from the sequential accumulation of mutations.
Since stem cells are the longest-living cells within an organism, the
initial oncogenic mutations most likely occur in stem cells.!*®!
CSCs are small subpopulation of cancer cells within the entire
tumor mass (0.001-0.1%) that have the properties of tumori-
genesis, unlimited self-renewal, and multilineage differentiation
potential and are able to form the bulk of the tumor even from a
single cell, whereas the majority of cancer cells are differentiated
and have little or no ability to generate new cancer cells.l'” ="t is
widely believed that CSCs is responsible for cancer chemo-
resistance, metastasis, and relapse.”'”?%2!1 With the most recent
study, Trevellin et al** have shown that stem cell markers CD34,
CD133, and Nucleostemin are related to poor prognosis of
patients with esophageal cancer. A study by Okamoto et al'®!
revealed that the NS/GNL3L-TERT-BRG1 complex was impor-
tant for the maintenance of CSCs. Therefore, cancer cells with
high GNL3L expression might be more likely to have a stem cell

Figure 4. PPl network analysis of GNL3L. Top 10 candidate genes might have
an interaction with GNL3L.

phenotype. High GNL3L expression could confer higher
proliferation capacity, chemoresistance, invasiveness, and me-
tastasis to cancer cells. Although we did not observe an
association between GNL3L expression and drug response,
there was a significant difference in OS between patients with low
and high GNL3L expression. GNL3L might be a potential
therapeutic target for the elimination of esophageal CSCs.

In summary, this study revealed that GNL3L is evidently
upregulated in esophageal cancer. Our findings provide the first
evidence that high GNL3L expression is closely related to an
unfavorable prognosis. GNL3L might serve as a biomarker and
potential therapeutic target for esophageal cancer. Further
studies are undoubtedly required to validate our findings and
clarify the underlying molecular mechanism of GNL3L in
esophageal cancer.
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