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Introduction
Nasopharyngeal carcinoma (NPC) is an epithelial carcinoma 
arising from the nasopharyngeal mucosal lining.1 According to 
the International Agency for Research on Cancer, 133 354 new 
cases of NPC were reported in 2020.Compared to other cancer 
types, NPC is uncommon, with a very unique geographical dis-
tribution, whereby more than 70% of new cases are reported in 
East and Southeast Asia.2 Unfortunately, it is almost impossi-
ble to make a diagnosis of NPC in the early stage, as its con-
cealed location. Consequently, the 5-year survival rate of NPC 
patients less than 30%.3 In the late stage of tumor, various new 
treatment strategies, such as intensity modulated radiotherapy 
(IMRT), magnetic resonance imaging (MRI) and concurrent 
chemoradiotherapy, have been applied in clinic. Moreover, the 
MR-based radiomic analysis has been utilized in predicting 
progression-free survival of advanced NPC patients, local 
recurrence in non-metastatic T4 NPC, distant metastasis 
before initial treatment, and response to induction chemother-
apy in patients with NPC.4 Though the symptoms of patients 
with NPC can be alleviated, the disease cannot be completely 
cured so that patients still need to endure the adverse conse-
quences of treatment.5-7 Unlike standard radiotherapy and 
chemotherapy, molecular targeted therapy is a new method to 
inhibit tumor growth, metastasis and infiltration by interfering 
with specific molecules.8 Therefore, we urgently need to fur-
ther understand the molecular mechanism of NPC and find 
new biomarkers for early diagnosis and treatment strategies. 
Recently, genomics and phosphorylated proteomics research 
based on macro perspective may provide practicable schemes.

Stromal cell derived factor 2 like 1 (SDF2L1), located at 
22q11.21, was first isolated from mice and humans in 2001.9 
SDF2L1 is a new type of endoplasmic reticulum stress induc-
ible protein, and its C-terminal has the endoplasmic reticulum 
reservation motif (HDEL), belonging to the pmt/rt protein 
family.10 So far, the specific functions of SDF2L1 are still 
unknown. It was found that in the pancreas β cells and in the 
mouse model, SDF2L1 combined with endoplasmic reticulum 
related degradation mechanism (ERAD) jointly blocked the 
degradation of proinsulin, suggesting that SDF2L1 may par-
ticipate in the process of glucose and lipid metabolism in the 
body.11 Meanwhile, SDF2L1 regulates liver glucose and lipid 
metabolism through endoplasmic reticulum stress response, 
suggesting that SDF2L1 may play an important role in the 
occurrence and development of diabetes.12 In addition, 
Hanafusa et  al found that ERdj3/DNAJB11 and SDF2L1 
complexes are more likely to have active chaperone function, 
which can prevent the aggregation of misfolded proteins with-
out transferring the substrate to immunoglobulin heavy chain 
binding proteins, thus maintaining endoplasmic reticulum 
homeostasis.13 Up to now, few studies on SDF2L1 reported in 
cancer. Previous studies have shown that low level SDF2L1 is 
related to poor prognosis of colorectal cancer, breast cancer and 
ovarian cancer, and SDF2L1 can be used as an independent 
prognostic survival marker for these cancers.14-16 Herein, we 
speculated that SDF2L1 gene is likely to be an important 
potential tumor suppressor gene, and its down-regulation or 
deletion may be related to the progress of tumor. As far as we 
know, there is no report on the application of sdf2l1 in NPC. 
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Our group has been committed to the study of the role of 
SDF2L1 in NPC. In the early stage, our team initially studied 
the low expression level of SDF2L1 in NPC, and found that 
SDF2L1 is closely involved the proliferation, invasion and 
migration of tumor cells.17 However, the molecular mecha-
nism of SDF2L1 in NPC remains unclear and needs further 
elucidation.

Protein phosphorylation, as the most common modification 
method after protein translation, is the most basic and univer-
sal way to regulate and control protein activity and function, 
and is also the most important mechanism.18,19 Simultaneously, 
protein phosphorylation plays an important role in the process 
of cell signal transduction.20 Phosphorylation proteomics has 
been paid attention to the identification of biomarkers related 
to NPC and the elucidation of pathogenesis.21-23

In this study, we used label free phosphorylated proteins 
quantitative technique and tandem mass spectrometry to detect 
the DEPPs in NPC cells before and after the change of 
SDF2L1 expression, and validated PARVA phosphorylation 
(ser8) in NPC cells. This study paved the way for further 
exploring the role of PARVA phosphorylation (ser8) in NPC.

Materials and Methods
Cell lines and tissues

Nasopharyngeal carcinoma cell lines (HK1, HONE1, 5-8F) 
and Nasopharyngeal epithelial cell line (NP69) were gained 
from Department of Otolaryngology, Guangxi Medical 
University. Our research group successfully constructed a cell 
line stably expressing SDF2L1 and empty fragment on the 
basis of 5-8F cell lines (high metastasis), namely group A and 
group B, respectively. All cells were cultured in a complete 
medium containing 89% DMEM basic medium, 9% fetal 
bovine serum, and 1% penicillin streptomycin mixture in a 
humidified incubator with 5% CO2 at 37°C.

Protein extraction, digestion, and enriching with 
CAE-Ti-IMAC reagents

Cells were split in lysis buffer (8 M UREA, 100 mM Tris-
HCl, 0.1 mM phenyl methylsulfonyl fluoride, 0.1 mM 
Phosphatase inhibitor cocktail) at 4°C for 40 minutes, and 
then centrifuged at 12 000× g for 15 minutes at 4°C. The 
supernatant was collected, and then the proteins concentra-
tion was determined by BCA Quantification kit (meilunbio, 
China). Trypsin digestion was performed according to the 
manufacturer’s protocol (Wallis, China). Briefly, 100 µg pro-
teins of each sample was reduced and alkylated, then digested 
overnight at 37°C with trypsin (mass spectrometry grade; 
Thermo Scientific, USA), and then proteins concentration 
was determined by Nano-drop. And then Phospho-peptides 
enriched with CAE-Ti-IMAC Reagents (Bailingwei, China) 
as follows: The protease hydrolysate and loading buffer (80% 
ACN/6% TFA aqueous solution) were mixed according to 
the volume ratio of 1:1. Next, the CAE-Ti-IMAC material 

chelated with Ti4+: protease hydrolysate = 20:1-30:1 (m/m). 
Then the wash buffer 1, 2 and elution buffer were added into 
the mixture in turn, shocked for 30 minutes, centrifuged at 
12 000× g for 5 minutes. Finally, the supernatant was col-
lected for mass spectrometry.

LC–MS/MS analysis

The mixed peptides were dephlegmated by Easy-nano-LC 
1200 chromatographic system (Thermo Scientific, USA). 
Briefly, the polypeptides were dissolved into liquid A (water 
with 0.1% formic acid, containing IRT standard peptide), and 
then separated on the analytical column at a flow rate of 
600 NL/minute. The next separation steps as follows: From 0 
to 15 minutes, liquid B (containing 0.1% formic acid and 80% 
acetonitrile) increased linearly from 7% to 15%; From 15 to 
85 minutes, liquid B increased linearly from 15% to 30%; From 
85 to 110 minutes, liquid B increased linearly from 30% to 
50%, then rose to 95% within 2 minutes and maintained for 
120 minutes. The mass spectrometry data were collected using 
thermo Q exactive HF mass spectrometer (Thermo Scientific, 
USA). The specific parameter settings are as follows: the spray 
voltage of the ion source is set to 2.1 kV. The scanning range of 
the first level is 300 to 1400 M/Z, the resolution is 60 K (@ 
m/Z 200), the AGC target is 3e6, and the maximum is 80 ms; 
The secondary resolution is 15 K (@ m/Z 200), isolation win-
dow is 1.6 Th, AGC target is 5e4, maximum IT is 40 ms, loop 
count is 20, colligation energy is 30, charge state is 2 to 6, and 
dynamic exclusion time is 30 seconds.

Qualitative and quantitative analysis of proteins

The LC-MS/MS original files were imported into maxquant 
software (version No. 1.3.0.5) for database search. The 
Andromeda search engine was applied for LFQ non-standard 
quantitative analysis. The inverse database based on the 
UniProt database is used to calculate the false discovery rate 
(FDR) of each peptide and proteins. Maxquant software inte-
grates the LFQ algorithm by extracting the isotopic peak of 
each peptide in each analysis. Maxquant platform calculates 
the protein ratio by using the median value of the common 
peptide ratio in all analyses. This represents a fairly approxi-
mate estimate of the protein ratio. The differential multiple 
greater than 1.5 times or less than 0.67 times and the P value 
less than .05 were regarded as differential proteins. The main 
parameters are showed in Supplemental Table 1.

Western blotting analysis

HK1, HONE1, 5-8F, and NP69 cell line were used for western 
blotting analysis. For western blotting or immunostaining, pri-
mary antibodies against the following proteins were used: 
PARVA phosphorylation (ser8) (1:500; Abcam) and GAPDH 
(1:1000; Abcam). Cells were washed 3 times with PBS and 
then lysed in cold RIPA buffer supplemented with phenyl 
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methylsulfonyl fluoride and Phosphatase inhibitor cocktail 
(meilunbio, China) on the ice. Cell lysate was centrifuged at 
12 000× g for 15 minutes, boiled in 4 × loading buffer for 
10 minutes, separated on an 8% gradient SDS–PAGE gel and 
blotted onto a PVDF membrane. The membrane was blocked 
with high efficiency sealing solution or 0.1% Tween-20 in TBS 
containing 5% non-fat milk and probed with the indicated pri-
mary antibody overnight at 4°C, followed by incubation with 
goat anti-rabbit antibody (1:5000; LI-COR) for 1 hour at 
room temperature. The signal was visualized via IgG Cy3-
labeled anti-fluorescence (Cell Signaling Technology (CST)) 
by Odyssey scanner (LI-COR, USA) and quantitated by den-
sitometry using Image Quant image analysis system (Storm 
Optical Scanner, Molecular Dynamics, Sunnyvale, CA).

Statistical analysis

Data were expressed as means ± SD. Statistical analyses were 
performed by Statistical Package for Social Science (SPSS for 
Windows, Version 26.01, USA). Student’s t test was used to 
assess the statistical significance. P < .05 was considered statis-
tically significant.

Bioinformatics analysis

The GO annotation and KEGG signaling pathway enrich-
ment of differentially expressed phosphorylated proteins 
(DEPPs) were performed using “cluster Profiler” package in R 
language. The set threshold is P < .05 and FDR < 0.05. A 
protein-protein interaction network (PPI) of the DEPPs was 
constructed according to the interaction score ⩾0.4 by Search 
Tool for the Retrieval of Interacting Genes/Proteins 
(STRING; https://www.string-db.org/) and visualized by 
Cytoscape (version:3.7.2).

Results
Identif ication of DEPPs between 5-8F-SDF2L1 
and 5-8F-NC (control) cell using LFQ method 
and 2D-LC-MS/MS

A total of 3121 phosphorylation sites, 2558 phosphorylation 
peptides and 1390 phosphorylation proteins were identified by 
LQF protein quantification and 2D-LC-MS/MS. The detailed 
parameters information as followed: the overall identified pro-
tein molecular weight distribution, peptide length distribution, 
map matching error distribution, peptide charge distribution, 
map matching score distribution, map matching delta score 
distribution, phosphorylated amino acid distribution, peptide 
phosphorylation number distribution and protein phospho-
rylation number distribution (Supplemental Figure S-1).

To identify the DEPPs regulated by SDF2L1 in NPC cells, 
phosphorylated proteins expressional profiles between the 2 
cell lines were compared. The phosphorylated proteins which 
met the following criteria were spontaneously considered as 
DEPPs: (1) Map false positive (PSM FDR) <0.01; (2) 

Phosphorylation probability >0.75; (3) Score for modified 
peptides >40; (4) Delta score for modified peptides >6; (5) 
Phosphorylated proteins showed mean ratio fold changes 
>1.5 or <0.67 and P < .05. Finally, compared with 5-8F-NC 
cells, 331 DEPPs were quantified in 5-8F-SDF2L1 cells. The 
detailed information of these DEPPs were shown in 
Supplemental Table S-1. The Volcano map and heat map of 
DEPPs were shown in Figure 1.

Validation of DEPPs identif ied by quantitative 
proteomics

Based on the Uniport and PubMed research, PARVA phos-
phorylation (ser8) identified by 2D-LC-MS/MS analysis was 
selected from 331 DEPPs for verification.

In order to elucidate the effect of SDF2L1 on PARVA 
phosphorylation in NPC, western blotting was performed to 
detect the expression between 5-8F-SDF2L1 and 5-8F-NC 
cells. As shown in Figure 2A, the change of the level in pro-
tein consistent with the finding in MS analysis. In addition, 

Figure 1. The volcano plot and Heat map of differential phosphorylated 

proteins. (a) The volcano plot of differential phosphorylated proteins; (b) 

The Heat map of differential phosphorylated proteins. 

https://www.string-db.org/
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to determine the PARVA phosphorylation level in NPCs, we 
compared the expression of PARVA phosphorylation (ser8) 
between NPC cells (HK1, HONE1 and 5-8F) and Normal 
nasopharyngeal epithelial cells (NP69). The result showed 
that the expression of this phosphorylated proteins was sig-
nificantly higher in NPC cells than that in normal cells 
(Figure 2B).

GO, KEGG pathways analysis and PPI of the 
DEPPs

To get insight into the biological function of the DEPPs in 
NPC, functional enrichment analysis including biological 
process, cellular component molecular functions, and signal-
ing pathways were performed using “cluster profiler” package 
in R language.

In the biological process category, DEPPs are mainly 
involved in the transport of mRNA, RNA and nucleic acid, 
RNA splicing and localization and the regulation of the ribo-
nucleoprotein complex. The cellular component category indi-
cated that the DEPPs are mainly associated with nucleus, focal 
adhesion, cell-substrate junction, chromosomal region and 
kinetochore. The molecular function category showed that the 
DEPPs are related to binding, transcription activity and cataly-
sis. The top 30 GO terms with the most significant enrichment 
were shown in Figure 3. KEGG pathway enrichment analysis 
was conducted on the basis of 331 DEPPs. As a result, the dif-
ferentially expressed phosphorylated proteins were mainly 
involved in nearly 200 signaling pathways. The pathways 
closely related to tumor were MAPK, PI3K-AKT, Ras, cGMP-
PKG, HIF-1, AMPK, mTOR, FOXO and VEGF pathways 
are shown in Table 1.

Discussion
In order to obtain the characteristics of phosphorylated pro-
teins expression profile in NPC cells before and after the 
change of SDF2L1 expression, we successfully constructed 
5-8FSDF2L1-OVand 5-8FSDF2L1-NC cells based on lentiviral vector 
technology. After LFQ and 2D-LC-MS/MS analysis, a total 
of 331 DEPPs were identified, including 136 up-regulated 
DEPPs and 195 down-regulated DEPPs. Next, PARVA 

phosphorylation (Ser8), one of the DEPPs, was selected to 
validation and further explore function in NPC, suggesting 
that this phosphorylated protein is a potential biomarker for 
warning NPC.

PARVA, also known as Actopaxin/α-parvin, an essential 
component of focal adhesions, a member of mammalian 
parvin protein family, involved in the linkage of integrins with 
several serine phosphorylation sites at the amino terminal, 
regulation of actin cytoskeleton dynamics and cancer cell mor-
phology, migration, invasion, and survival signals.24-27 PARVA 
Phosphorylation was increased in a variety of cancer cells with 
multiple functions. Briefly, PARVA increased phosphorylation 
in osteosarcoma cells and invasive breast cancer cell lines. 
Phosphorylated PARVA regulates matrix degradation through 
Rho GTPase signaling pathway, thereby promoting the prolif-
eration and invasion of tumor cells.28,29 In human cervical cancer, 

Figure 2. The western blotting of PARVA Phosphorylation in NPC cells. 

(a) The expression of PARVA Phosphorylation in 5-8F-SDF2L1-OV cells 

and 5-8F-SDF2L1-NC cells; (b) The expression of PARVA 

Phosphorylation in nasopharyngeal carcinoma cells (HK1,HONE1 and 

5-8F)and normal nasopharyngeal epithelial cells (NP69).

Figure 3. The 30 top GO terms of differential phosphorylated proteins. 

(a) The 10 top biological process of differential phosphorylated proteins; 

(b) The 10 top cellular components of differential phosphorylated 

proteins; (c) The 10 top molecular function of differential phosphorylated 

proteins.
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cyclin (B1/cdc2) dependent on PARVA phosphorylation regu-
lating actin cytoskeleton reorganization during cell division.30 
Meanwhile, PARVA phosphorylation may regulate the asso-
ciation between PARVA and TESK1, thus affecting the 
growth and proliferation of cancer cells.31

Our LFQ results showed that PARVA phosphorylation 
expression levels increased in NPC, supporting that PARVA 
phosphorylation is a protein. To our best knowledge, it is first 
report on PARVA phosphorylation’s role in NPC.

To deeply understand the biological functions of the dif-
ferentially expressed phosphorylated proteins in NPC advance-
ment, GO annotation, KEGG pathways enrichments analysis 
and PPI were conducted on 331 differential phosphorylated 
proteins. GO annotation analysis indicated that the DEPPs 
mainly involved in 30 aspects, including biological activity of 
mRNA and RNA, cell cycle, depolymerization of protein com-
plexes, molecular transduction activity, cell adhesion, and 
cytoskeleton movement. KEGG pathway analysis revealed that 
the DEPPs were closely related to tumor signaling pathways, 
such as MAPK, PI3K-AKT, Ras, cGMP-PKG, HIF-1, 
AMPK, mTOR, FOXO, and VEGF.

In summary, we identified a total of 331 DEPPs in NPC 
cells loading SDF2L1 by LFQ method combined with 
2D-LC-MS/MS and suggested that PARVA phosphorylation 
may be serve as a novel potential biomarker for predicting 
NPC. These findings reported here could have potential 

clinical value in early warning NPC and also provide valuable 
information for further study of molecular mechanisms that 
govern NPC metastasis. We plan to operate the PARVA phos-
phorylation in vitro and in vivo to further explore the role of 
PARVA phosphorylation in the development of NPC.
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