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Abstract: This study explored the expression of sphingosine kinase 2 (SPHK2) and microRNA miR-19a-3p (miR-
19a-3p) in patients with Hypopharyngeal squamous cell carcinoma (HSCC) together with pathways affecting HSCC 
invasion and metastasis. Quantitative real-time polymerase chain reaction (qRT-PCR) and Western blotting (WB) 
were performed to assess the differential expression of SPHK2 and miR-19a-3p in patients with HSCC lymph node 
metastasis (LNM). Immunohistochemical (IHC) results were analyzed together with clinical information to evalu-
ate their clinical significance. Subsequently, the functional effects of SPHK2 overexpression and knockdown on 
FaDu cells were evaluated in in vitro experiments. We performed in vivo experiments using nude mouse to assess 
the effects of SPHK2 knockdown on tumor formation, growth and LNM. Finally, we explored upstream and down-
stream signaling pathways associated with SPHK2 in HSCC. SPHK2 was significantly elevated in HSCC patients 
with LNM and survival was lower in patients with enhanced SPHK2 expression (P < 0.05). We also demonstrated 
that SPHK2 overexpression accelerated the proliferation, migration, and invasion. Using animal models, we further 
verified that SPHK2 deletion abrogated tumor growth and LNM. In terms of mechanism, we found that miR-19a-3p 
was significantly reduced in HSCC patients with LNM and was negatively associated with SPHK2. MiR-19a-3p and 
SPHK2 could regulate tumor proliferation and invasion through the PI3K/AKT axis. SPHK2 was found to contribute 
significantly to both LNM and HSCC patient prognosis and was shown to be an independent risk factor for LNM and 
staging in HSCC patients. The miR-19a-3p/SPHK2/PI3K/AKT axis was found to contribute to the development and 
outcome of HSCC.
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Introduction

Head and neck malignancies rank sixth in the 
incidence of systemic malignancies. Ninety per-
cent of head and neck malignancies are squa-
mous cell carcinomas, of which hypopharyn-
geal squamous cell carcinoma (HSCC) has one 
of the worst prognoses of these cancers [1]. 
Without treatment, fewer than 20% of patients 
survive for 12 months, with survival closely 
related to the anatomical location of the hypo-
pharynx. Early identification and radical thera-
py are crucial to the management of malignant 
tumors. However, due to the tumor’s insidious 
early clinical features, most HSCC patients 

already have advanced disease at diagnosis.  
As a result, approximately 60-80% of HSCC 
patients exhibit lymph node metastases (LNM) 
when starting treatment [2]. However, while 
improved diagnosis and treatment can increase 
the effectiveness of primary tumor manage-
ment in HSCC, the 5-year overall survival (OS) 
rate is only 13-50%, without marked improve-
ment over the last decade [3, 4]. A series of 
investigations revealed that HSCC with LNM is 
a stand-alone risk factor (RF) for patient mortal-
ity and a major contributor to treatment failure 
[5, 6]. Therefore, the identification of new effec-
tive therapeutic targets, the exploration of indi-
cators and biomarkers for the assessment of 
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prognosis and treatment sensitivity, and 
improving patients’ long-term survival are key 
to the treatment of HSCC at present.

In recent years, researchers have identified 
numerous molecules related to the invasion 
and migration of HSCC, as well as subsequent 
metastasis, using gene sequencing techniques. 
Such molecules include VEGF, CCR7, Syk, and 
EGFR [7, 8]. In prior investigations, our group 
employed gene sequencing technology to 
sequence the entire transcriptome of three 
pairs of HSCC patients (three with and three 
without metastasis) to identify differentially 
expressed genes (DEGs) affecting LNM. A sig-
nificant association between sphingosine 
kinase 2 (SPHK2) and LNM was found. Various 
studies have demonstrated the involvement of 
SPHK2, a key target in the sphingolipid meta-
bolic pathway, in tumor development, with 
aberrant expression linked with both tumori-
genesis and metastasis [9-13]. For example, 
SPHK2 overexpression has been found to be 
strongly correlated with poor prognosis, LNM, 
or distant metastasis in lung, breast, gastric, 
and colorectal cancers [14-20]. However, there 
is no information on the involvement of SPHK2 
with HSCC. The present study investigated this 
association through the retrospective analysis 
of patient information as well as laboratory 
results.

The phosphatidylinositol 3-kinase (PI3K) axis is 
often associated with human cancers, and its 
activation has been linked to both tumorigene-
sis and tumor progression [21]. Many studies 
have investigated the protein kinase AKT and 
its significance in mediating PI3K signaling. 
This signal transduction network regulates mul-
tiple cellular processes, namely, proliferation, 
adhesion, migration, invasion, metabolism, and 
survival [22], and it is highly expressed in a  
variety of tumors, including ovarian, prostate, 
esophageal, and gastric cancers [23-26]. How- 
ever, these pathways have not been investigat-
ed in HSCC. To further explore the mechanism 
by which SPHK2 promotes HSCC develop- 
ment, we conducted a series of mechanistic 
studies and investigated the potential down-
stream mechanisms. Based on the results of 
bioinformatics analyses, it was predicted that 
SPHK2 can influence the development and 
metastasis of HSCC through the PI3K/AKT 
pathway. This was further verified for the first 
time in cellular experiments.

MicroRNAs (miRNAs) are a class of endogen- 
ous non-coding single-stranded RNAs that reg-
ulate mRNA translation. Overexpression of sev-
eral miRNAs has been shown to promote tumor 
metastasis via multiple signaling pathways 
associated with the epithelial-mesenchymal 
transition (EMT) and autophagy, amongst oth-
ers, in tumor cells [27]. Here, we used miRNAs 
to examine upstream signaling pathways asso-
ciated with LNM in HSCC patients. We searched 
three scientific databases, namely, TarBase, 
miRDB, and TargetScan to identify SPHK2-
targeting miRNAs and, from the miRNAs identi-
fied by all three databases, selected miR-19a-
3p and miR-19b-3p for further investigation. 
Aberrant expression of miR-19a-3p has been 
reported in various tumors [28] and it is closely 
associated with the PI3K/AKT signaling net-
work [29], reported to mediate PI3K/AKT sig-
naling in gastric, colorectal, breast, thyroid, and 
bladder cancers [30-34]. Nevertheless, the 
specific details of its role in HSCC, including 
LNM, are not fully understood. After confirming 
the expression of miR-19a-3p in patients with 
HSCC, we further verified the findings in in vitro 
experiments to further clarify the details of the 
mechanism.

Thus, the objectives of this study were to eluci-
date the expression of SPHK2 and microRNA 
miR-19a-3p in patients with hypopharyngeal 
carcinoma, as well as to determine their differ-
ential expression in patients with and without 
lymph node metastasis.

Materials and methods

Clinical data

Samples of tumor and adjacent normal muco-
sal tissue were collected from HSCC patients 
who underwent surgery at the Department of 
Otolaryngology, The First Affiliated Hospital of 
Chongqing Medical University between 2012 
and 2020. The inclusion criteria were patients 
(1) With a confirmed pathological HSCC diagno-
sis, (2) Receiving first treatment, as per NCCN 
guidelines, (3) AJCC TNM classification (8th 
edition)-based clinical staging, and (4) Who  
had undergone electron laryngoscopy, as well 
as CT or MRI, every six months following the ini-
tial surgery, with complete follow-up records to 
the cut-off date of the study or death. The fol-
lowing patients were excluded from the analy-
sis: (1) HSCC patients who had undergone 
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radio- or chemotherapy prior to surgery; (2) 
Patients with other tumors. All participants pro-
vided written informed consent to the proce-
dure and related experimental content be- 
fore treatment. The study was approved by 
Chongqing Medical University and followed the 
strict guidelines of the World Medical 
Association Ethics Code. Ultimately, 57 HSCC 
patients who fulfilled the above criteria were 
selected for analysis.

Experimental reagents and materials

Primers were designed and synthesized by 
Invitrogen (Beijing, China). The FaDu HSCC  
cell line was acquired from the Shanghai Cell 
Bank, Chinese Academy of Sciences. The lenti-
viral silencing and overexpression plasmids 
were obtained from Gikai Shanghai. The SPHK2 
antibody, the p-AKT 308 antibody, the p-AKT 
473 antibody, the AKT antibody, antigen repair 
solution, and rabbit anti-human SPHK2 mono-
clonal antibody were purchased from Abcam 
(Cambridge, UK), the PI3K p110α antibody 
were purchased from Polyclonal antibody 
(Proteintech, US), and the goat anti-rabbit IgG 
secondary antibody from Wuhan Boost Bio- 
technology Co., Ltd. (Wuhan, China). The SP kit 
(SP-9000), DAB kit (concentrated) (ZhongShan 
JinQiao Company, Beijing, China), ethanol 
(100%), xylene, methanol, Juan-based salicylic 
acid, trichloroacetic acid, and sodium chloride 
were obtained from Sinopharm Chemical 
Reagent Co., Ltd. (China), Dulbecco’s Modified 
Eagle Medium (DMEM) high-sugar medium, 
and fetal bovine serum were from Gibco 
(Waltham, MA, USA), phosphate-buffered sa- 
line (PBS), trypsin, and crystal violet staining 
solution were from Mengbio (China), and the 
penicillin-streptomycin mixture, fluorescein K+ 
salt, puromycin, DAPI staining solution, and  
the fluorescent quencher were obtained from 
Biyuntian (China). PI3K/AKT inhibitor (LY294- 
002) were from, Med Chem Express, USA.

Cell culture, passaging, and transfection

Resuscitated FaDu cells were grown in DMEM 
complete medium in an incubator at 37°C and 
5% CO2 incubator and passaged when conflu-
ent. For transfection, cells in the logarithmic 
growth phase were collected and incubated 
with the lentiviral vector and virus infection 
reagent at 37°C and 5% CO2, following the kit 
directions. After 48-72 h, stably transfected 
FaDu cells were selected, cultured, passaged, 
then frozen.

Assessment methods

Immunohistochemistry: Pre-prepared paraffin-
embedded tissues were sliced into 4-μm sec-
tions. The sections were dewaxed in fresh 
xylene and rehydrated in an ethanol gradient, 
followed by antigen repair with citrate buffer  
at 100°C for 30 min, and overnight (ON) incu-
bation in a 1:200 dilution of anti-SPHK2 anti-
body. The sections were then rinsed three 
times in PBS on a shaker, followed by incuba-
tion with diaminobenzidine (DAB) (ZSGB-BIO, 
China) for 5 min for visualization of the an- 
tigen-antibody reaction. The sections were then 
stained with hematoxylin for 60 seconds and 
washed for 10 min in distilled water before 
dehydration in xylene and alcohol gradients 
and covering them with coverslips. Normal 
mucosal tissue was used as the positive con-
trol and the replacement of the primary anti-
body by PBS as the negative control. The 
stained sections were independently scored by 
two pathologists as follows: negative SPHK2 
expression (no or scarce staining, ≤ 50% of 
tumor cells) or positive SPHK2 expression 
(moderate or strong staining, > 50% of tumor 
cells), depending on the area and intensity of 
staining.

Quantitative PCR (qPCR): Total RNA was ex- 
tracted from the cells and tissues using TRIzol. 
Ten nanograms of RNA were used in subse-
quent reactions using the TaqMan miRNA As- 
say (Applied Biosystems, Waltham, MA, USA) 
with incubations at 16°C for 30 min, 42°C for 
30 min, and 85°C for 5 min, before storage at 
4°C. Real-time PCR (RT-PCR) reactions were 
conducted at 95°C, 5 s at 95°C, and 40 s at 
60°C for 40 cycles. U6 was used as an endog-
enous control for miR-19a-3p, and 18S rRNA 
for SPHK2. The primer sequences are shown in 
Table 1. The RT-PCR reactions were carried out 
in triplicate. The qPCR amplification and disso-
ciation curves were assessed, and the relative 
expression of the target genes was calculated 
using the 2-ΔΔCT formula.

Western blotting (WB): Total protein was isolat-
ed from cells and tissues using radioimmuno-
precipitation assay (RIPA) buffer from the Total 
Protein Extraction Kit (KeyGen Biotechnology, 
China). Equal amounts of proteins were sepa-
rated on 10% SDS-PAGE and transferred to 
PVDF membranes. The membranes were 
blocked for 1 h in 5% skimmed milk at room 
temperature (RT), followed by ON incubation 
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with the primary antibodies on a shaker at  
4°C. Following three rinses in PBST, the mem-
branes were incubated with secondary goat 
anti-rabbit IgG antibodies (Beyotime, 1:5000, 
China), rinsed three times in PBST for 10 min 
each, and visualized using the ECL system 
(Pierce, Thermo, USA).

CCK-8 assays: Cell viability was determined 
using the CCK-8 assay. Cells (approximately 
10,000 cells per well) were seeded in 96-well 
plates with five biological replicates per treat-
ment, and incubated at 37°C and 5% CO2 for 
24-72 h to facilitate adhesion. The medium  
was replaced with fresh medium, and the 
plates were maintained at 37°C for an addi- 
tional 24 h, after which 20 ul of the CCK-8 
reagent was added to each well and incubated 
for 0.5-2 h before measurement of the absor-
bance at 450 nm using an enzyme marker. Cell 
viability was also measured at 48 and 72 h.

Colony formation assay: To evaluate cell prolif-
eration, we seeded 1000 cells transfected  
with specified plasmids for 48 h, into the wells 
of 6-well plates. The cells were allowed to grow 
in medium supplemented with 10% FBS for 
approximately 2 weeks with a medium change 
every 3 days. The cells were then fixed with 
anhydrous formaldehyde, followed by staining 
with 0.5% crystal violet. Colonies were counted 
under an inverted microscope. Colonies con-
taining more than 10 cells were counted, and 
the colony formation rate was calculated as the 
(number of clones/number of inoculated cells) 
*100%. 

Transwell migration and invasion assay: Cells 
were transfected for 24 h, after which they 
were harvested and seeded into 24-well plat- 
es at 3 × 104 cells/well. The cells were then 

removed with pancreatin, and 200 μL of the 
cell suspension was introduced to the top 
chamber of the Transwell plate while 600 μL of 
DMEM with 10% FBS was added to the lower 
chamber. After incubation at 37°C for 48 h,  
the unmigrated cells were removed from the 
top chamber, and the plate was rinsed three 
times in PBS, the cells were fixed in 4% parafor-
maldehyde for 10 min, followed by three rinses 
in double-distilled water. The cells were then 
stained with 0.5% crystal violet and the number 
of invasive cells was evaluated under a 
microscope.

Animal experiments: To establish the BALB/
cA-nu nude mouse HSCC footpad tumorigene-
sis model, 4-week-old male immunodeficient 
BALB/cA-nu mice between 18-20 g in weight 
were used. The BALB/cA-nu nude mice were 
purchased from Spelford (China). Two groups  
of five mice each were established, namely, the 
blank plasmid cell injection group (sh-SPHK2-
NC) and an experimental group (sh-SPHK2), 
and the corresponding cell suspensions were 
injected into the foot pads of the mice. The 
mice were euthanized after 35 days and the  
primary foot pad tumor and popliteal lymphatic 
metastases were extracted to measure the 
tumor weights and volumes, and the popliteal 
lymph node count and weight for statistical 
analysis, respectively.

Statistical analysis: Graph Pad Prism 8 soft-
ware was used to analyze the data. All experi-
ments were repeated at least three times. The 
data were evaluated by one-way ANOVA or 
Student’s t-test and presented as the mean ± 
SD. P < 0.05 indicated that the results were 
statistically significant.

Results

SPHK2 levels are associated with LNM of 
HSCC

Our previous whole-transcriptome sequencing 
revealed that SPHK2 was a significant DEG in 
HSCC tissues. To verify its enhanced expres-
sion in HSCC samples, we measured its ex- 
pression with q-PCR and WB. These showed 
that both mRNA and protein expression of 
SPHK2 was markedly increased in HSCC sam-
ples, relative to healthy controls (P < 0.001). 
Moreover, the SPHK2 content was elevated in 

Table 1. Primer sequences
Name Primer Sequence (5’-3’)
SPHK2 F: CCCGGTTGCTTCTATTG

R: ACAGCTTCCTCCCAGTCA
18srRNA F: GGAGTCAACGGATTTGGT

R: GTGATGGGATTTCCATTGAT
miR-19a F: GCAGTCCTCTGTTAGTTTTGC

R: GCAGGCCACCATCAGTTTT
U6 F: CTCGCTTCGGCAGCACATATACT

R: ACGCTTCACGAATTTGCGTGTC
Abbreviations: F, forward; R, reverse.
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patients was then determined. As depicted  
in Table 3, the SPHK2 content was only associ-
ated with the LNM stage (P < 0.001), and  
not with sex, age, tumor stage, or degree of 
tumor differentiation. We also employed the 
Kaplan-Meier log-rank test to evaluate the  
survival curves related to the SPHK2 levels. 
Our findings revealed that HSCC patients  
with significantly elevated SPHK2 levels ex- 
perienced worse survival (HR=3.597; 95% CI, 
1.410-9.176, P < 0.05) (Figure 1D). Together, 
these findings indicated that SPHK2 con- 
tributed significantly to LNM and HSCC pa- 
tient prognosis and that it was an independent 
risk factor for LNM and staging in HSCC 
patients.

Figure 1. The expression of SPHK2 in HSCC patients and its associated prognosis. A. mRNA expression levels of 
SPHK2 were detected by qRT-PCR in HSCC tissues (10 samples from HSCC patients with LN metastasis patients 
and another 10 from patients without LN metastasis) and 10 corresponding adjacent normal tissues; B. SPHK2 
protein expression was detected by WB in HSCC tissues (6 samples from HSCC patients with LN metastasis patients 
and another 6 from patients without LN metastasis) and 6 corresponding adjacent normal tissues; C. The immuno-
histochemical results of SPHK2 staining were as follows: a. Positive immunohistochemistry in tumor tissues (200× 
magnification). b. Positive immunohistochemistry in tumor tissues (200× magnification). c. Phosphate buffer saline 
(PBS) instead of primary antibody incubation was selected as negative control (200× magnification). d. Phosphate 
buffer saline (PBS) instead of primary antibody incubation was selected as negative control (200× magnification). 
D. Correlation between SPHK2 expression and overall survival in patients with HSCC. The red line represent the 
survival rate of patients in the positive expression group, the blue line represents the survival rate of patients in 
the negative expression group. Abbreviations: N, normal tissues; NL, tumor tissue without LN metastasis; L, tumor 
tissue with LN metastasis.

patients with LNM, compared to patients with-
out LNM (P < 0.05) (Figure 1A, 1B). To deter-
mine the localization of the SPHK2 protein, we 
conducted IHC analysis. As shown in Figure  
1C, positive SPHK2 expression was character-
ized by a tan- or yellowish-stained cytoplasm 
whereas negative SPHK2 expression was seen 
as light blue-stained cytoplasm. Approximately 
61.54% (24/39) of patients with LNM showed 
positive SPHK2 staining while only 46.67% of 
patients without LNM showed positive SPHK2 
staining. These results indicate significantly 
increased SPHK2 levels in patients with LNM 
compared with those without LNM (Table 2, P < 
0.05). The association between SPHK2 levels 
and the clinicopathological profiles of 57 HSCC 
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Influence of SPHK2 overexpression and knock-
down on FaDu cell proliferation, migration, and 
invasion

To elucidate the role of SPHK2 in HSCC, we 
overexpressed and silenced SPHK2 expres- 
sion in an HSCC cell line (FaDu) using lentiviral 
transduction, and analyzed its effect on cell 
physiology. The SPHK2 mRNA and protein lev-
els were measured after transduction with dif-
ferent plasmids. Both SPHK2 mRNA and pro-
tein levels were markedly increased in FaDu 
cells transduced with lv-SPHK2, relative to the 
lv-NC and blank controls (P < 0.001, Figure 2A). 
In contrast, the SPHK2 mRNA and protein lev-
els were significantly reduced in FaDu cells with 
sh-SPHK2, relative to sh-NC and blank controls 
(P < 0.001, Figure 2B). These results indicate 
the successful induction of SPHK2 overexpres-
sion and silencing in FaDu cells using lentiviral 
transduction.

We next examined the SPHK2-mediated regula-
tion of FaDu cell proliferation, invasion, and 
migration using CCK-8, colony formation, and 
Transwell assays. As illustrated in Figure 2C-G, 
lv-NC, and sh-NC did not affect FaDu cell pro- 
liferation, invasion, or migration. In contrast, 
SPHK2 overexpression strongly enhanced 
FaDu cell proliferation, invasion, and migration 
relative to the lv-NC-transfected cells. Silencing 
of SPHK2, however, significantly reduced FaDu 
cell proliferation, invasion, and migration rela-
tive to the sh-NC-transfected cells. These find-
ings indicated that SPHK2 overexpression 
enhanced HSCC proliferation and invasion 
whereas SPHK2 deficiency produced the oppo-
site effect.

SPHK2 knockdown inhibits murine tumor de-
velopment and LNM

To further verify the role of SPHK2 in mediating 
tumor malignancy, we conducted in vivo experi-

Table 2. Immunohistochemical measurement of SPHK2 expression in HSCC tissue

Tissue Number of patients
Expression of SPHK2

P Value
Positive Negative

Lymphatic metastasis 39 24 15 P < 0.001***

Non-lymphatic metastasis 15 7 8
Note: ***P values are from χ2 test or Fisher’s exact test and were statistically significant when < 0.001.

Table 3. Relationship between SPHK2 expression and clinicopathological features of HSCC

Clinicopathologic Factors Number of patients
Expression of SPHK2

P Value
Positive Negative

Gender
    Male 56 31 25 0.554
    Female 1 0 1
Age
    ≤ 60 26 14 12 0.942
    > 60 31 17 14
Differentiation
    Poor 13 7 6 0.984
    Moderate 28 16 12
    Good 13 7 6
T stage
    I+II 12 6 6 0.328
    III+IV 45 30 15
N stage
    0+1 23 4 19 P < 0.001***

    2+3 31 26 5
Note: ***P values are from χ2 test or Fisher’s exact test and were statistically significant when < 0.001. Abbreviations: T stage, 
tumor stage; N stage, lymph node stage. 
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Figure 2. Changes in FaDu cell function after SPHK2 over-expression and silencing. A. SPHK2 mRNA and protein levels in SPHK2-over-expression FaDu cells; B. 
SPHK2 mRNA and protein levels in SPHK2-silenced FaDu cells; C. The CCK8 staining assay was used to measure the cell viability of FaDu cells at 24 h, 48 h, 72 h 
and 96 h, after transfection, respectively; D, E. The proliferation of FaDu cells was determined by colony formation assay; F, G. Transwell assay was used to determine 
the migration and invasion abilities of FaDu cells (200× magnification after 24 h). Abbreviations: Notes: ns P > 0.05, P < 0.05, *P < 0.001. Abbreviations: Fadu-WT, 
Wild-type Fadu cell lines; lv-SPHK2 NC, Overexpression of negative control lentiviral plasmids; lv-SPHK2, Overexpression of SPHK2 cell line transfected with lentivi-
rus; sh-SPHK2 NC, silencing of negative control lentiviral plasmids; sh-SPHK2, silencing of SPHK2 cell line transfected with lentivirus.



The influence of SPHK2 on lymph node metastasis in hypopharyngeal cancer

2350	 Am J Cancer Res 2023;13(6):2342-2359

ments. Thirty-five days after tumor cell adminis-
tration, the mice were euthanized and the 
tumor growth was assessed. This showed that 
the tumor growth in the primary foci of the foot 
pads of control mice was more rapid than that 
in the SPHK2-deficient mice (Figure 3A, 3B). 
The tumor weights and volumes were then 

measured (Figure 3C). Tumor growth was 
observed to be greater in the control mice, 
seen in increased tumor weights and volumes, 
relative to the SPHK2-knockdown mice (P < 
0.01, Figure 3D). We next examined the LNM  
in the popliteal fossa (Figure 3E), observing an 
LNM rate of 100% (4/4) in control mice and 

Figure 3. The tumor model of foot pad was established in nude mice. A. The tumor model of foot pad was estab-
lished in nude mice, using a Fadu cell line stably transfected with sh-sphk2-NC and sh-sphk2, grossly after 35 days; 
B. Naked eye view of isolated tumour; C. Naked eye view of isolated metastatic inguinal lymph nodes; D. The weight 
of tumer; E. The volume of tumer; F. The weight of lymph node.
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50% (2/4) in the SPHK2-silenced mice (P < 
0.001). Moreover, the lymph node weights in 
the control mice were significantly greater  
compared to those of the SPHK2-silenced mice 
(P < 0.01, Figure 3F). These findings confirmed 
that SPHK2 knockdown inhibited tumor devel-
opment and LNM.

Expression of PI3K/AKT pathway

To identify the mechanism underlying the 
SPHK2-mediated regulation of LNM in HSCC, 
we performed bioinformatics analysis using the 
TCGA database. In all, 522 HSCC samples were 
divided into high- and low-expression cohorts, 
using the median SPHK2 level as the thres- 
hold. GO enrichment of the identified DEGs 
between the two cohorts was then performed. 
This showed that biological functions were 
enriched in the B cell receptor network (Figure 
4A). It is well established that the B cell recep-
tor network is an upstream mediator of the 
PI3K/AKT axis. To further verify its role in HS- 
CC, we examined the expression of compo-
nents of the PI3K/AKT axis using WB. This 
showed that the PI3K p110α, p-AKT 308, and 
p-AKT 473 protein levels were markedly 
enhanced in the lv-SPHK2-transfected cells 
versus the controls (Figure 4B). In contrast, the 
expression of PI3K and AKT was significantly 
reduced in the sh-SPHK2-transfected versus 
the control cells (Figure 4C). In addition, we 
examined the expression of each target protein 
in the tumor specimens obtained from animal 
experiments using WB. We verified the target 
proteins of the pathway and observed that the 
protein expression of PI3K110α, p-AKT308, 
and p-AKT473 was reduced in the sh-SPHK2 
group compared to the blank plasmid control 
group (Figure 4D). These findings indicated that 
SPHK2 overexpression stimulated the PI3K/
AKT axis whereas SPHK2 knockdown sup-
pressed it. Moreover, the malignant behavior of 
SPHK2 in tumors was potentially associated 
with the PI3K/AKT axis.

The miR-19a-3p-mediated regulation of 
SPHK2 and its effect on SPHK2 function

We next assessed the role of miRNAs in the  
signaling network. Three databases, namely, 
miRTarBase, TarBase, and TargetScan, were 
searched to identify SPHK2-interacting miR-
NAs. This showed that miR-19a-3p and miR-
19b-3p were common to all search results and 
were likely to be significant SPHK2-interacting 

miRNAs (Figure 5A). Subsequent analysis 
showed that both miR-19a-3p and SPHK2  
had complementary binding sites (Figure 5B) 
while miR-19B-3p did not. Immunofluorescence 
showed that miR-19a-3p abrogated SPHK2 
activity in the wild-type but not mutant SPHK2 
(Figure 5C). We next conducted q-PCR to 
assess miR-19a-3p levels in HSCC versus nor-
mal tissues finding that miR-19a-3p levels were 
substantially reduced in HSCC tissues relative 
to normal tissues. Moreover, the levels were 
also reduced in HSCC tissues with LNM, as 
opposed to HSCC tissues without LNM metas-
tases (Figure 5D). Combined with our prior 
results (Figure 1A, 1B), we hypothesized that 
miR-19a-3p may negatively regulate SPHK2 
expression in HSCC. Hence, we next verified 
the association between miR-19a-3p and 
SPHK2 by successfully knocking down miR-
19a-3p in FaDu cells, finding that miR-19a 
mRNA expression was markedly reduced, as 
expected, resulting in a marked increase in the 
SPHK2 protein content in sh-miR-19a cells, 
relative to the controls (sh-miR-19a NC) (Figure 
5E). The levels of components of the PI3K/AKT 
axis were then assessed by WB. This showed 
that the sh-miR-19a-transfected cells exhibited 
relatively enhanced SPHK2 protein levels, as 
well as increased expression of PI3K110α, 
p-AKT308, and p-AKT473 relative to the con-
trols (sh-miR-19-NC) (Figure 5F). The physiolog-
ical activities in the transfected cells were  
then evaluated. As shown in Figure 5G, 5H, the 
sh-miR-19-NC-transfected cells showed no 
change in FaDu cell proliferation, invasion, and 
migration. In contrast, the miR-19a-3p-defi-
cient FaDu cells exhibited markedly enhanced 
proliferation, invasion, and migration, relative 
to controls. Taken together, these results con-
firmed that miR-19a-3p was negatively as- 
sociated with SPHK2 protein to reduce its  
function. Furthermore, miR-19a-3p knockdown 
enhanced SPHK2 expression, activated the 
PI3K/AKT axis, and accelerated tumor prolifer-
ation, invasion, and migration.

SPHK2 knockdown and PI3K/AKT inhibitor 
counteract the effects of miR-19a knockdown

Given that miR-19a negatively modulates 
SPHK2 action, we further confirmed its effect 
by knocking down SPHK2 expression in miR-
19a-deficient FaDu cells. To do this, we gener-
ated the following FaDu cell lines using lentivi-
ral transduction: cells transfected with (1) the 
blank miR-19a plasmid (NC-sh-miR), (2) the 
miR-19a knockdown plasmid (sh-miR-19a), (3) 
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Figure 4. In vivo and vitro experiments to validate the effect of SPHK2 on the PI3K/AKT pathway. A. KEGG pathway enrichment analysis; B, C. Expression of each 
target protein of Pl3K/AKT pathway in different cell lines; D. Pl3k/akt pathway was investigated in animal experimental tumors.
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miR-19a knockdown + SPHK2 blank plasmids 
(sh-miR-19a + NC-sh-SPHK2), and (4) miR- 
19a + SPHK2 knockdown (sh-miR-19a + sh-

SPHK2). Subsequently, we repeated the physi-
ological and PI3K/AKT axis-related protein 
assessments.

Figure 5. Changes in FaDu cell function after miR-19a silencing. A. Venn diagram of SPHK2 targeting miRNAs based 
on 3 databases: miRTarBase, TarBase and targetsacn; B. Binding site between miR-19a-3p and SPHK2; C. Immu-
nofluorescence test results; D. mRNA expression levels of miR-19a were detected by gRT-PCR in HSCC tissues (10 
samples from HSCC patients with LN metastasis patients and another 10 from patients without LN metastasis) and 
10 corresponding adjacent normal tissues; E. miR-19a mRNA and SPK2 protein levels in mrR-19a-silenced FaDu 
cells; F. The CCK8 staining assay was used to measure the cell viability of FaDu cells at 24 h, 48 h, 72 h and 96 
h, after transfection, respectively; G. The proliferation of FaDu cells was determined by colony formation assay; H. 
Transwell assay was used to determine the migration and invasion abilities of FaDu cells (200× maanification after 
24 h).
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As shown in Figure 6, sh-miR-19a- and sh-miR-
19a + NC-sh-SPHK2-transfected FaDu cells 
showed increased proliferation, invasion, and 

migration, as well as enhanced PI3K110α, 
p-AKT308, and p-AKT473 protein expression, 
relative to the NC-sh-miR-transfected cells. 

Figure 6. The silent SPHK2 rescued to changes in cell function induced by silencing mir-19a. A. The CCk8 staining 
assay was used to measure the cell viability of FaDu cells at 24 h, 48 h, 72 h and 96 h, after transfection, respec-
tively; B. The proliferation of FaDu cells was determined by colony formation assay; C. Transwell assay was used to 
determine the migration and invasion abilities of FaDu cells (200× magnification after 24 h); D. Expression of each 
target protein of PI3K/AKT pathway in different cell lines.
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However, after simultaneous knockdown of 
SPHK2 and miR-19a (sh-miR-19a + sh-SPHK2), 
there was no significant difference from the 
wild-type.

Furthermore, to support the conclusion that 
SPHK2 was regulated by miR-19a-3p to modu-
late tumor proliferation and invasion via the 
PI3K/AKT axis, we examined the proliferation 
and invasion ability of sh-miR-19a-3p-HSCC 
cells treated with a PI3K/AKT inhibitor. We us- 

ed a PI3K/AKT inhibitor to construct four cell 
lines: FaDu cells + silent miR-19a blank plas-
mid transfection group (sh-miR-19 NC), silent 
miR-19a group (sh-miR-19), silent miR-19a 
group + PBS (sh-miR-19 + PBS), and the 
silenced miR-19a group + PI3K inhibitor (sh-
miR-19 + LY294002) for cloning, proliferation, 
invasion, and cell survival experiments.

As shown in Figure 7A-C, compared with the 
blank plasmid transfection group (sh-miR-19 

Figure 7. Altered functional 
changes in cells induced by si-
lencing miR-19a with the addi-
tion of PI3K/AKT inhibitors. A. 
The CCK8 staining assay was 
used to measure the cell vi-
ability of FaDu cells at 24 h, 48 
h, 72 h and 96 h, after trans-
fection, respectively; B. The 
proliferation of FaDu cells was 
determined by colony forma-
tion assay; C. Transwell assay 
was used to determine the mi-
gration and invasion abilities 
of FaDu cells (200× magnifica-
tion after 24 h); D. Expression 
of each target protein of PI3K/
AKT pathway in different cel-
lines.
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NC), the silent miR-19a group (sh-miR-19a) 
showed increased colony formation, prolifera-
tion, invasion, and cell survival, and could acti-
vate the PI3K/AKT pathway (Figure 7D). After 
addition of the PI3K inhibitor, it was seen that 
the silent miR-19a group + PI3K inhibitor (sh-
miR-19 + LY294002) showed significantly 
reduced colony formation, proliferation, and 
viability. Regarding the expression of the path-
way target proteins, the addition of PI3K/AKT 
inhibitor was seen to significantly inhibit PI3K 
p110α, pAKT307, and pAKT308 (P < 0.01), 
while no significant effect was seen on the 
expression of SPHK2 (P > 0.05). This experi-
ment indicates that the addition of PIK3K/AKT 
inhibitor successfully inhibited the expression 
of the downstream PI3K p110α, pAKT307, and 
pAKT308, while having little effect on the 
expression of SPHK2. Cell function experi-
ments showed that the inhibition of PI3K/AKT 
reversed the silencing of miR-19a-3p in cell  
survival, proliferation, and migration. This as- 
say further established that miR-19a-3p can 
affect cell survival, proliferation, and invasive 
migration functions via the PI3K/AKT axis in 
the FaDu cell line.

Discussion

HSCC is a highly malignant tumor and thus rep-
resents a serious threat to human life and 
health [1]. The current form of HSCC manage-
ment is surgery. However, the 5-year OS rate 
has not seen much improvement in the past 
decade. Several investigations have shown 
that the incidence of LNM in HSCC patients is 
approximately 60-80%, and the 5-year OS  
rate in HSCC patients with LNM is 40% lower, 
compared to patients without LNM [5, 6]. This 
suggests that LNM may be the main contribu-
tor to treatment failure in HSCC patients. Here, 
we explored the factors affecting LNM in  
HSCC patients to pave way for the development 
of appropriate screening indicators and treat-
ment strategies for HSCC with LNM.

In a prior investigation, we used whole-tran-
scriptome sequencing to identify DEGs be- 
tween HSCC patients with or without LNM. 
These DEGs included ANXA6, TBC1D14, 
IGF2BP2, and Raf-1 [25, 35-38], and SPHK2 
was selected as a strongly upregulated DEG. 
Recent studies have reported that the SPHK2-
mediated regulation of cell apoptosis depends 
primarily on its intracellular localization. When 

expressed in the cytoplasm, SPHK2 inhibits 
apoptosis and promotes cell proliferation  
[39]. On translocation to the nucleus, SPHK2 
enhances apoptosis and suppresses cell prolif-
eration [40, 41]. These experiments confirmed 
that SPHK2 is highly expressed in HSCC 
patients, acting as a pro-oncogene, and is 
mainly expressed in the tumor cell cytoplasm. 
Moreover, HSCC patients with LNM exhibited 
higher levels of SPHK2 than HSCC patients 
without LNM. It was also found that elevated 
SPHK2 expression was an independent risk 
factor for HSCC patient prognosis, and was 
closely associated with the LNM stage. This is 
the first time that the relationship between 
SPHK2 and HSCC has been described. It was 
found that SPHK2 was differentially expressed 
in HSCC and that SPHK2 expression correlated 
with patient survival, indicating the value of 
SPHK2 as a prognostic indicator. We further 
confirmed in both in vitro and in vivo experi-
ments that inhibition of SPHK2 expression 
effectively reduced the development of primary 
tumor foci and lymphatic metastasis. These 
results are consistent with the previous trends 
observed in the patient samples. Collectively, 
these results suggested that SPHK2 can serve 
as an essential bioindicator of LNM diagnosis 
and HSCC patient prognosis.

Finally, we explored the mechanisms whereby 
SPHK2 affects HSCC. The PI3K/AKT axis is a 
classical signaling pathway that is critical for 
tumor pathology, and it is overactivated in a 
variety of tumor cells. Several studies have 
reported a strong association between the 
PI3K axis and processes affecting tumor out-
come, namely, angiogenesis, autophagy, apop-
tosis, and the EMT [42, 43]. The bioinformatics 
analysis showed, for the first time, that SPHK2 
can regulate PI3K/AKT pathway while experi-
mental verification confirmed that SPHK2 can 
activate the PI3K/AKT pathway, that knock-
down of SPHK2 can inhibit the PI3K/AKT path-
way, and thus that the oncogenic behavior of 
SPHK2 in tumors may be related to the PI3K/
AKT pathway. Specifically, we investigated up- 
stream microRNAs (miRNAs). Recent investiga-
tions revealed marked disturbances in miR-
19a-3p expression in cancer tissues, as well  
as in other diseases or pathological states. 
Aberrant miR-19a-3p expression was found to 
be a potential risk factor for worse patient  
outcome in multiple human malignancies. 
Additionally, abnormal miR-19a-3p levels are 
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correlated with the incidence of LNM [44]. 
Currently, there is no shortage of evidence 
involving the association between miR-19a-3p-
mediated tumor regression and the AKT axis. 
The PI3K/AKT axis is a classical signaling  
pathway that is critical for tumor pathology, and 
it is overexpressed in a variety of tumor cells. 
We confirmed reduced expression of miR-19a-
3p in patients with HSCC. Furthermore, we 
showed that miR-19a-3p was differentially 
expressed in HSCC patients with and without 
LNM and that miR-19a-3p was able to bind to 
SPHK2 and thus negatively regulate SPHK2 
expression by inhibiting its translation. Cellular 
experiments, moreover, confirmed that silenc-
ing miR-19a-3p promoted SPHK2 expression, 
activated the PI3K/AKT pathway, and promoted 
tumor survival, proliferation, and invasive 
migration. 

Due to time issues, we were unable to validate 
SPHK2 prospectively as a predictor of progno-
sis in HSCC patients. Nevertheless, we have 
clearly demonstrated that SPHK2 functions as 
an oncogene in HSCC and its expression is 
closely related to patient survival and the pres-
ence or absence of LNM, exhibiting biological 
properties through the activation of the PI3K/
AKT axis. On the other hand, miR-19a-3p, as  
an upstream target of SPHK2, was also found 
to correlate with the presence or absence of 
LNM in HSCC patients and showed oncogenic 
properties in HSCC by suppressing SPHK2 
expression and thus the PI3K/AKT axis. In 
future investigations, we plan to explore in- 
hibitors of SPHK2 and miR-19a-3p for the sup-
pression of tumor development and LNM in 
mouse models of HSCC to provide a theoretical 
basis for the development of targeted tumor 
therapy.
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