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Background: Cutaneous squamous cell carcinoma (cSCC) is a fatal disease characterized by metabolic dysregulation. The role
of ephrin type-B receptor 2 (ephrin-B2), a crucial molecule in cancer cell biology, in regulating glycolysis and cell proliferation of
cSCC is not well understood. This study aimed to investigate the biological pathways by which ephrin-B2 impacts the glycolysis
and cell proliferation of cSCC.
Methods: Ephrin-B2 expression levels in cSCC were determined using quantitative reverse-transcription polymerase chain re-
action (qRT-PCR) and Western blotting. Ephrin-B2 expression in cSCC cells was manipulated using overexpression and knock-
down approaches. A series of in vitro assays, such as cell counting kit-8 (CCK-8), Transwell assay, immunofluorescence assay,
enzyme-linked immunosorbent assay (ELISA), qRT-PCR, and Western blotting, were employed to delineate the biological roles
of ephrin-B2/pyruvate kinase muscle isoenzyme 2 (PKM2)/hypoxia-inducible factor 1 alpha (HIF-1α) in proliferation, migration,
invasion, and glucose metabolism of cSCC.
Results: This study highlights an upregulation of ephrin-B2 expression in cSCC. Knockdown of ephrin-B2 significantly sup-
pressed the proliferation, migration, invasion, and glucose metabolism of cSCC cells. Moreover, ephrin-B2 expression was up-
regulated under hypoxic conditions. At the molecular level, ephrin-B2 knockdown resulted in the downregulation of PKM2 and
HIF-1α expression. Additionally, the overexpression of PKM2 or HIF-1α successfully rescued the diminished proliferation, mi-
gration, invasion and glucose metabolism induced by ephrin-B2 knockdown in cSCC cells.
Conclusion: These findings suggest that ephrin-B2 suppression may hinder cSCC cell proliferation and glycolytic metabolism,
potentially via the PKM2/HIF-1α axis modulation.
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Introduction

Cutaneous squamous cell carcinoma (cSCC) is a
prevalent cancer characterized by uncontrolled cell prolif-
eration and aberrant metabolic activities [1]. Emerging ev-
idence suggests that alterations in cellular metabolism play
a pivotal role in cancer progression, prompting an in-depth
exploration of the molecular mechanisms governing these
processes [2,3]. In the ever-evolving research landscape
of tumor microenvironments, hypoxia—or reduced oxygen
level—emerges as a crucial factor influencing cancer biol-
ogy [4,5].

Hypoxia creates a selective pressure on cancer cells,
prompting adaptive responses that facilitate survival and
proliferation [6]. Within this hypoxic milieu, a myriad of
molecular players orchestrate complex cellular processes
[7]. Among them, ephrin type-B receptor 2 (ephrin-B2),
a member of the ephrin family, has been implicated in di-

verse cellular functions and processes, including angiogen-
esis and vascular development [8]. A recent study has
brought to light the involvement of ephrin-B2 in the pro-
gression of cancer, particularly its response to hypoxic con-
ditions [9].

Hypoxia-inducible factor 1 alpha (HIF-1α) serves
as a master regulator, driving cellular responses to re-
duced oxygen levels [10]. HIF-1α orchestrates adaptive
changes, including alterations in glucose metabolism, to
meet the energy demands of rapidly proliferating cancer
cells [11]. Concurrently, pyruvate kinase muscle isoen-
zyme 2 (PKM2), a pivotal enzyme in glycolysis, is a central
player in cancer metabolism [12], regulating energy pro-
duction and biosynthetic pathways crucial for cancer cell
survival [13].

Substantial progress has been achieved in understand-
ing the disparate roles of ephrin-B2, PKM2, and HIF-1α
in cancer biology and metabolism, but the interplay be-
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tween these players in cSCC progression has yet to be com-
prehensively deciphered. This knowledge gap underscores
the need for detailed investigations to unravel the intricate
crosstalk among these molecular players and delineate the
PKM2/HIF-1α axis and their collective impact on cell pro-
liferation and carbohydrate metabolism in cSCC.

The objective of this study is to investigate the com-
plex molecular mechanisms involving hypoxia-induced
ephrin-B2 and the PKM2/HIF-1α axis, and to clarify their
collective impact on cSCC.A deeper understanding of these
complex molecular networks can facilitate the development
of potential therapeutic targets and strategies tailored for
cSCC under hypoxic conditions.

Materials and Methods

Cell Cultures
Normal human epidermal keratinocytes (NHEK) cells

(QS-H226) and human cutaneous squamous cell carcinoma
cell lines A431 (QS-H162) and SCC-13 cells (QS-H176)
were purchased from Keycell Inc (Wuhan, China). These
cells were cultured in Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with 10% fetal bovine serum and
1% penicillin-streptomycin. The cells were cultivated in an
incubator set at 37 °C and 5% CO2. Regular medium re-
placement was performed to ensure the continual provision
of fresh nutrients, so as to support the robust growth of can-
cer cells. Subculturing was conducted when the cancer cells
reached an 80% fusion rate to prevent over-confluence. The
cell lines used in this study have all undergone Short Tan-
dem Repeat (STR) profiling and tested negative for my-
coplasma contamination.

Cell Transfection
The cells were cultured until reaching 70–80%

confluence. Sh-RNA and pCMV plasmids were custom-
ordered from Sangon Biotech (Shanghai, China). The
shRNA and pCMV plasmids utilized in this study and
their corresponding sequences are as follows: Sh-NC
(sense: 5′-TTCTCCGAACGTGTCACGT-3′, antisense:
5′-ACGTGACACGTTCGGAGAA-3′), Sh-ephrin-B2
(sense: 5′-GCTGCTGAAGAAGAAATAT-3′, antisense:
5′-ATATTTCTTCTTCAGCAGC-3′), pCMV-blank plas-
mid (sense: 5′-GCTAGCATCTGAGGACTAG-3′, anti-
sense: 5′-CTAGTCTCAGATGCTAGC-3′), pCMV-PKM2
plasmid (sense: 5′-ATGGAAGCCGTGATGCTG-3′, an-
tisense: 5′-CTAAGCCACAGCTTCTGCTC-3′), pCMV-
HIF-1α plasmid (sense: 5′-ATGTCTGCCCTTCACCTG-
3′, antisense: 5′-TTAGTTGGGACTTGAGGTT-3′). To
conduct shRNA or pCMV-plasmid transfection, the afore-
mentioned Sh-RNA or pCMV-plasmid was separately used
to treat the cultured cells in the presence of Lipofectamine
3000 transfection reagent (L3000001, Thermo Fisher
Scientific, Shanghai, China). The transfection complex
was then diluted in serum-free Opti-MEM medium, and

Table 1. Sequences of primers used in qRT-PCR.
Gene Primer sequences (5′–3′)

Ephrin-B2 (F) ATGGCCTGTCTGTGCTGGT
Ephrin-B2 (R) TCAGCAGCGGAGCAGGA
GLUT1 (F) ATGGCGGTGTGGGTCGTGG
GLUT1 (R) TCCAGGCTGCAGTGGTGGTG
LDHA (F) ATGGAAACTCTGGAGATG
LDHA (R) TTAGGTTGATGGGTAGGA
β-actin (F) ACACTGTGCCCATCTACG
β-actin (R) TGTCACGCACGATTTCC
qRT-PCR, quantitative reverse-transcription polymerase chain
reaction; ephrin-B2, ephrin type-B receptor 2; GLUT1, Glu-
cose Transporter Type 1; LDHA, Lactate Dehydrogenase A.

the mixture was evenly distributed by gently rocking the
culture dish. Subsequently, the Opti-MEM medium was
replaced with complete medium containing 10% fetal
bovine serum, and the cells were returned to incubation
under the conditions of 37 °C and 5% CO2 for 48 hours.
Transfection efficiency was evaluated through quanti-
tative reverse-transcription polymerase chain reaction
(qRT-PCR) or Western blotting analysis.

RNA Extraction and Quantitative
Reverse-Transcription Polymerase Chain Reaction

Total RNA was extracted from the cells using the
TRIzol method (DP424, Tiangen Biotech (Beijing) Co.,
Ltd., Beijing, China), followed by reverse transcription of
RNA into corresponding cDNA using reverse transcriptase
(KR116, Tiangen, Beijing, China). Target gene cDNA am-
plification was performed using specific primers and DNA
polymerase. Fluorescent probes or dyes (FP205, Tiangen
Biotech (Beijing) Co., Ltd., Beijing, China) were added
to the reaction mixture used in the PCR experiment, with
the fluorescence intensity directly correlating to target gene
amplification. The PCR cycles were monitored in real-
time, and the fluorescence signal intensity was measured
using fluorescent quantitative PCR instrument (LightCy-
cler96, Roche, Basel, Switzerland). 95 °C, denaturation
for 30 seconds; 60 °C, annealing for 20 seconds; 72 °C,
extension for 60 seconds, 30 cycles. Relative expression
levels of the target genes across different samples were cal-
culated by comparing their fluorescence signals to those of
a control group (e.g., β-actin). The∆∆Ct method or other
mathematical models were employed in data analysis and
normalization to determine the target gene expression lev-
els under varied conditions. Specific primers and their se-
quences used in this chapter are provided in Table 1.

Western Blotting
Total proteins were extracted from cells by protein ex-

traction kit (P0027, Beyotime, Shanghai, China), followed
by determination of protein concentration using a BCA as-
say kit (E112-01, Vazyme, Nanjing, China). The extracted
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protein samples were then separated via sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
Subsequently, the separated proteins were transferred from
the gel onto a solid membrane (PVDF). Blocking buffer
was applied to the membrane to prevent nonspecific bind-
ing. The membrane was then incubated with antibod-
ies, namely ephrin-B2 (1:1000; cat no, ab131536; Abcam,
Cambridge, UK), PKM2 (1:1000; cat no, ab85555; Ab-
cam, Cambridge, UK), HIF-1α (1:1000; cat no, ab308433;
Abcam, Cambridge, UK), and Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) (1:1000; cat no, ab8245; Ab-
cam, Cambridge, UK), for 2 h at 37 °C. After washing to
reduce background signals, the membrane was incubated
with secondary antibodies (Rabbit Anti-Mouse IgG H&L
(HRP)), from a different species than the primary antibod-
ies (1:2000; cat no, ZB-2301; ZSGB-BIO, Beijing, China)
for 2 h at 37 °C. Following another wash to minimize back-
ground signals, chemiluminescent or staining techniques
were employed to detect proteins labeled with secondary
antibodies to generate visible signals. Quantitative analysis
of the target protein’s signal intensity in the samples was
conducted by comparison to standard curves. Data analysis
and image processing were performed using ImageJ soft-
ware (version 1.5f, National Institutes of Health, Bethesda,
MD, USA).

Cell Counting Kit-8 (CCK-8) Assay
Following transfection with vectors, the A431 and

SCC-13 cells were suspended in culturemedium and seeded
into culture dishes until achieving an optimal confluence.
After 24 hours of continuous cultivation, CCK-8 reagent
was added to each culture dish, covering the entire cell
layer. The cells were then incubated for an additional 2
hours to facilitate the reaction between the CCK-8 reagent
(CA1210, Solarbio, Beijing, China) and the cells. Follow-
ing this, the absorbance was assessed at a wavelength of
450 nm employing either a microplate reader or a multi-
functional enzyme-linked immunosorbent assay (ELISA)
reader (Cmax plus, Molecular Devices Corporation, Silicon
Valley, CA, USA).

Immunofluorescence Assay
Briefly, cSCC cells were suspended in culture medium

and cultivated for 12 hours. Subsequent steps included
cell fixation and permeabilization, followed by staining us-
ing the EdU Fluorometric Assay Kit (C0078S, Beyotime,
Shanghai, China), which employs click chemistry reaction
to conjugate EdU with a fluorescent dye. Additionally,
co-labeling was performed using a nuclear staining dye
(DAPI) (C1002, Beyotime, Shanghai, China). Finally, flu-
orescently labeled cells were observed and imaged with a
fluorescence microscope (Axio Observer, Zeiss, Jena, Ger-
many). Quantitative analysis was conducted to calculate the
percentage of EdU-positive cells, providing an assessment
of DNA synthesis activity.

Transwell Assay
Evaluation of Cell Migration

Transwell inserts were first installed onto a Transwell
plate, which were optionally pre-treated with extracellular
matrix proteins like Matrigel. Cell suspension was added
to the upper chamber of the Transwell inserts. In the lower
chamber, culture medium was added, and the Transwell
plate was then placed in a CO2 incubator for 2 h at 37 °C.
After incubation, the Transwell inserts were subjected to
washing, prior to cell fixation. The cells in the upper cham-
ber were stained with agents such as crystal violet. Lastly,
the cells in the upper chamber were observed under a mi-
croscope (CX53, Olympus, Tokyo, Japan). The number of
migrated cells were determined from the images captured
with the microscope (CX53, Olympus, Tokyo, Japan).

Evaluation of Cell Invasion

To study cell invasion, the experiment started with
pre-treating the Transwell inserts with Matrigel to simulate
the basement membrane. Cell suspension was then added
to the upper chamber of the Transwell inserts, while culture
medium was added to the lower chamber. Subsequently,
the Transwell plate was incubated in a CO2 incubator for 2
h at 37 °C. Afterward, the Transwell inserts were subjected
to washing, prior to cell fixation. Crystal violet was uti-
lized to stain invasive cells that had penetrated the matrix.
Finally, the cells in the lower chamber were observed under
a microscope (CX53, Olympus, Tokyo, Japan). The num-
ber of invading cells was counted from the images captured
with the microscope (CX53, Olympus, Tokyo, Japan).

Glucose Uptake Assay
Prepare cells containing glucose. A series of standard

glucose solutions with known concentrations were prepared
to generate a standard curve for quantification. The assay
reagents provided in the glucose assay kit (BC2505, Solar-
bio, Beijing, China) were prepared according to the man-
ufacturer’s instructions. Prepared samples, standard solu-
tions, and appropriate controls were separately added into
the wells of a microplate or test tubes. The assay reagents
were added to each well or tube containing samples, stan-
dard solutions, or controls. The reaction mixture was in-
cubated at 37 °C for 2 h to facilitate enzyme reactions.
After incubation, the absorbance of each well was mea-
sured at a wavelength of 505 nm using a microplate reader
(Cmax plus, Molecular Devices Corporation, Silicon Val-
ley, CA, USA). The absorbance values of the standard so-
lutions were utilized to plot a standard curve, through which
the concentration of glucose in the samples was determined.
Relative glucose concentrationwas calculated using the for-
mula in the following:

Relative glucose concentration =

Experimental group/Control group × 100%
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Fig. 1. Upregulated ephrin-B2 expression in cutaneous squamous cell carcinoma (cSCC). (A) mRNA expression levels of ephrin-
B2 in normal human epidermal keratinocytes (NHEK) cells, A431 cells, and SCC-13 cells, as detected by qRT-PCR. (B,C) Protein
expression levels of ephrin-B2 in NHEK cells, A431 cells, and SCC-13 cells, as detected by Western blotting. n = 6; **p < 0.01.
GAPDH, Glyceraldehyde 3-phosphate dehydrogenase.

Lactic Acid Production Assay
Lactate-containing cells and a series of standard lac-

tate solutions with known concentrations were prepared to
establish a standard curve for quantitative analysis. The as-
say reagents provided in the lactate assay kit (BC2235, So-
laibao Technology Co., Ltd., Beijing, China) were prepared
in adherence with the manufacturer’s instructions. The pre-
pared samples, standard solutions, and appropriate controls
were separately added into the wells of a microplate. Then,
the lactate assay reagents were added to each well contain-
ing samples, standard solutions, or controls. The reaction
mixture was incubated at 37 °C for 2 h to facilitate en-
zyme reactions. After incubation, the absorbance of each
well was determined at a wavelength of 450 nm using a
microplate reader (Cmax plus, Molecular Devices Corpo-
ration, Silicon Valley, CA, USA). The absorbance values
obtained from the standard solutions were utilized to plot
the standard curve, through which the lactate concentration
in the samples was determined. Relative lactic acid concen-
tration was calculated using the following in the following:

Relative lactic acid concentration =

Experimental group/Control group × 100%

Adenosine Triphosphate (ATP)/Adenosine
Diphosphate (ADP) Assay

Total cellular extracts containing ATP and ADP were
obtained by lysing the cells using a cell lysis buffer. The
content of ATP and ADP in the samples was determined us-
ing an ATP/ADP Ratio Assay Kit (MAK135-1KT, Merck,
Darmstadt, Germany). TheATP andADP levels in the sam-
ples were measured using a microplate reader (Cmax plus,
Molecular Devices Corporation, Silicon Valley, CA, USA).
Reaction conversion rate was adjusted, if ADP converted
to ATP during measurement. The ATP/ADP ratio was cal-

culated based on the measured ATP and ADP levels. The
changes in the ATP/ADP ratio of the samples were analyzed
based on the experimental data obtained.

Statistical Analyses
The results are presented as mean ± standard devi-

ation. Statistical significance was considered at p<0.05.
Statistical analyses were conducted using GraphPad Prime
software 8.0 (GraphPad Prime Inc, San Diego, CA, USA,
available at https://www.graphpad-prism.cn/). t-tests and
ANOVA coupled with Tukey’s post hoc analysis were per-
formed to statistically identify significant differences and
trends.

Results

Ephrin-B2 Expression is Upregulated in cSCC
To elucidate the expression pattern of ephrin-B2 in

both normal and neoplastic cells, we quantified ephrin-B2
levels in normal human epidermal keratinocytes (NHEK
cells) compared to human cutaneous squamous cell carci-
noma cells (A431 and SCC-13 cells). Results of qRT-PCR
and Western blotting indicated that the mRNA and protein
expression of ephrin-B2 in A431 cells and SCC-13 cells
was significantly higher than in NHEK cells (p < 0.01)
(Fig. 1A–C).

Ephrin-B2 Knockdown Inhibits Proliferation,
Migration, and Invasion of cSCC

To elucidate the functional role of ephrin-B2 in cellu-
lar behaviors, we transfected A431 and SCC-13 cells with
Sh-ephrin-B2. After 48 hours of cell transfection, prolif-
eration, migration, and invasion of cSCC were assessed.
The results demonstrated that Sh-ephrin-B2 significantly
downregulated the protein expression levels of ephrin-B2
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Fig. 2. The ephrin-B2 knockdown inhibits proliferation, migration, and invasion of cSCC. (A–C) Determination of the gene knock-
down effect of Sh-ephrin-B2 in A431 and SCC-13 cells. (D,E) Determination of the inhibitory effect of Sh-ephrin-B2 on the viability
of A431 and SCC-13 cells through cell counting kit-8 (CCK-8) assay. (F–H) Analysis of the suppressive effect of Sh-ephrin-B2 on the
proliferation capacity of A431 and SCC-13 cells through EdU immunofluorescence. (I–P) Analysis of the impact of Sh-ephrin-B2 on the
migration and invasion capabilities of A431 and SCC-13 cells through Transwell assay. n = 6; **p< 0.01, ***p< 0.001. NC, Negative
control.
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Fig. 3. Downregulation of ephrin-B2 inhibits the glycolytic metabolism of cSCC cells. (A) Quantification of glucose levels in cSCC
cells. (B) Assessment of lactate production in cSCC cells. (C) Determination of ATP/ADP ratio in cSCC cells. (D,E) mRNA expression
of GLUT1 and LDHA in cSCC cells. n = 6; **p < 0.01, ***p < 0.001. ATP, Adenosine Triphosphate; ADP, Adenosine Diphosphate.

(p< 0.01) (Fig. 2A–C). To investigate the biological role of
ephrin-B2 in the progression of cSCC, we measured cancer
cell proliferation using CCK-8 kit and EdU staining. These
experimental results similarly showed that the knockdown
of ephrin-B2 in A431 and SCC-13 cells significantly re-
duced cell viability and proliferation capacity (p < 0.001)
(Fig. 2D–H). On the other hand, Transwell experiments
were conducted to measure the migration and invasion ca-
pabilities of ephrin-B2 in cSCC cells. Compared to the neg-
ative control, the migration and invasion abilities of A431
and SCC-13 cells became suppressed following the down-
regulation of ephrin-B2 (p < 0.001) (Fig. 2I–P).

Downregulation of Ephrin-B2 Inhibits the Glycolytic
Metabolism of cSCC Cells

Our next exploration primarily focused on glycolytic
metabolism indicators. It is noteworthy that, following
ephrin-B2 knockdown, a significant reduction in glucose
uptake, lactate production, ATP/ADP ratio, as well as
mRNA levels of Glucose Transporter Type 1 (GLUT1) and
Lactate Dehydrogenase A (LDHA) was observed in A431
cells (p< 0.01 and p< 0.001) (Fig. 3A–E). These findings
underscore the critical role of ephrin-B2 in regulating the
metabolic pathways that are essential for the proliferation
and survival of cSCC cells.

Ephrin-B2 Regulates the Glycolytic Metabolism of
cSCC Cells through the PKM2/HIF-1α Axis

Next, we explored the factors that upregulate ephrin-
B2 expression in cSCC. Compared to normoxic conditions,
hypoxic conditions or treatment with the hypoxia-inducing
agent CoCl2 for 24 hours significantly augmented the ex-
pression of ephrin-B2 in A431 cells (p < 0.05 and p <

0.01) (Fig. 4A). Subsequently, we observed that the knock-
down of ephrin-B2 significantly reduced the protein levels
of HIF-1α and PKM2 in A431 cells (p < 0.01) (Fig. 4B–
D). To further validate the biological roles of PKM2 and
HIF-1α in ephrin-B2, rescue experiments were conducted.
PKM2 overexpression plasmid or HIF-1α overexpression
plasmid was transfected into ephrin-B2-knockdown A431
cells. The results showed that the glucose uptake, lactate
production, ATP/ADP ratio, and mRNA levels of GLUT1
and LDHA were significantly increased in the Sh-ephrin-
B2 + OE-PKM2 and Sh-ephrin-B2 + OE-HIF-1α treatment
groups, as compared to the Sh-ephrin-B2 + OE-NC (Nega-
tive control) group (p < 0.01, and p < 0.001) (Fig. 4E–I).
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Fig. 4. Hypoxia-induced ephrin-B2modulates the glycolytic metabolism of cSCC cells via the pyruvate kinase muscle isoenzyme
2 (PKM2)/hypoxia-inducible factor 1 alpha (HIF-1α) axis. (A) Ephrin-B2 mRNA expression levels in A431 cells following 24-hour
cultivation under normoxia, hypoxia (1% O2), or treatment with CoCl2 (100 µM). (B–D) Reduced protein expression levels of PKM2
and HIF-1α in A431 cells following ephrin-B2 knockdown. (E) Glucose uptake in ephrin-B2-knockdown A431 cells transfected with
pCMV-PKM2 or pCMV-HIF-1α under hypoxic conditions. (F) Lactate production in cSCC cells. (G) ATP/ADP ratio in cSCC cells.
(H,I) mRNA levels of GLUT1 and LDHA in cSCC cells. n = 6; *p < 0.05, **p < 0.01, ***p < 0.001.

Hypoxia-Induced Ephrin-B2 Regulates the
Proliferation, Migration, and Invasion of cSCC Cells
through the PKM2/HIF-1α Axis

Subsequently, we further validated whether ephrin-
B2 regulates the cellular behaviors of cSCC through the
PKM2/HIF-1α axis under hypoxic conditions. CCK-8 and
EdU fluorescence analysis experiment results indicated that

the activity and proliferation capacity of A431 cells were
significantly augmented in the Sh-ephrin-B2 + OE-PKM2
and Sh-ephrin-B2 + OE-HIF-1α treatment groups in hy-
poxic conditions, as compared to the Sh-ephrin-B2 + OE-
NC group (p < 0.001) (Fig. 5A,B,E). Additionally, Tran-
swell experiment results demonstrated that the migration
and invasion capabilities of A431 cells in the Sh-ephrin-
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Fig. 5. Hypoxia-induced ephrin-B2 modulates the proliferation, migration, and invasion of cSCC cells via the PKM2/HIF-1α
axis. Under hypoxic conditions, pCMV-PKM2 or pCMV-HIF-1α was transfected into A431 cells in which ephrin-B2 expression had
been downregulated. (A) Cell viability of A431 cells. (B,E) Quantitative presentation of A431 cell proliferation capacity (B) based on
the EdU immunofluorescence results (E). (C,D,F,G) Quantitative presentation of migration (C) and invasion capabilities (D) of A431
cells based on the Transwell assay results (F,G). n = 6; ***p < 0.001.
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B2 + OE-PKM2 and Sh-ephrin-B2 + OE-HIF-1α treat-
ment groups were significantly higher than those in the Sh-
ephrin-B2 + OE-NC group (p < 0.001) (Fig. 5C,D,F,G).

Discussion

Numerous dysregulated genes have been extensively
studied in the context of human cSCC, among which
ephrin-B2 has garnered widespread attention as it provides
a novel direction for exploring the molecular pathways in-
volved in cSCC progression [14]. The overexpression of
ephrin-B2 is associated with tumor vascularization, which
is crucial for the growth and metastasis of tumors [15].
Therefore, exploring the biological functions of ephrin-B2
may enhance our understanding of the regulatory mecha-
nisms in the biological processes of cSCC. In the present
study, we found that ephrin-B2 has a high-expression pat-
tern in cSCC. Consistent with our findings, ephrin-B2 is
also reportedly overexpressed in head and neck squamous
cell carcinoma, showing a close association with proteins
linked to poor prognosis [16].

Due to the sensitivity of most cancer cells to hypoxic
conditions, we sought to understand how cancer cells adapt
to survive in a cellular stress microenvironment. Previous
studies indicate that metabolic plasticity is crucial for can-
cer cells to survive in challenging nutrient-deprived envi-
ronments [17]. Our current research suggests that ephrin-
B2 is a stress-responsive molecule that promotes metabolic
plasticity under stressful conditions. Additionally, the ex-
pression of ephrin-B2 is significantly elevated under hy-
poxic conditions. This finding aligns with a study con-
ducted by Shang et al. [18]. Mechanistic analysis indi-
cates that ephrin-B2 can influence the glycolysis of cSCC
by modulating HIF-1α. A recent study has confirmed the
pivotal role of HIF-1α in the glycolytic metabolism pro-
cess [19]. For instance, LincRNA-p21 has been identified
as a hypoxia-responsive long non-coding RNA (lncRNA),
which is known to regulate the stability of HIF-1α pro-
tein. This reciprocal interaction establishes a positive feed-
back loop that enhances glycolysis in hypoxic conditions
[20]. Wang et al. [21] found that HIF-1α can indirectly
upregulate PKM2 by activating the Aly/REF export fac-
tor (ALYREF), thereby influencing the glycolysis of blad-
der cancer. Therefore, we hypothesize that ephrin-B2 is a
potential key molecule coordinating glycolytic metabolism
under hypoxic conditions.

Increasing evidence suggests that ephrin-B2 can in-
teract with specific proteins to participate in overall cel-
lular behaviors [22,23]. PKM2 is a specific isozyme that
plays a crucial role in the glycolytic pathway. The main
role of pyruvate kinase is to catalyze the conversion of
phosphoenolpyruvate to pyruvate. Thus, regulating the ac-
tivity of PKM2 in the glycolytic pathway is essential for
meeting the energy demands of rapidly proliferating can-
cer cells [24,25]. The abnormal expression and localization

of PKM2 have been confirmed in various human cancers
[26,27]. Recent studies have indicated that cell signaling,
angiogenesis, and tissue development are closely associ-
ated with glycolysis and cancer cell metabolism [28,29].
Given that ephrin-B2 is involved in various cellular pro-
cesses, including axon guidance, angiogenesis, and vas-
cular development, and that PKM2 plays a crucial role in
cancer cell metabolism, we hypothesize that an interplay
between ephrin-B2 and PKM2 influencing the occurrence
and progression of cSCC might exist. Our findings in this
study confirm the aforementioned hypothesis, evidenced by
the alterations to the glycolytic process in cSCC, which re-
sulted from the downregulation of PKM2 expression me-
diated by ephrin-B2 knockdown. The present study also
confirmed that PKM2 functionally contributes to the cSCC
progression driven by ephrin-B2. Another study proposed
that LINC01554 inhibits the reprogramming of glucose
metabolism by downregulating the expression of PKM2 in
hepatocellular carcinoma [30].

In an oxygen-deprived microenvironment, HIF-1α is
a master regulatory factor crucial for the survival of tu-
mors, forming intricate link with PKM2 [31]. Hua et al.
[32] found that lncRNA-AC020978 directly interacts with
PKM2, thereby enhancing PKM2 protein stability, pro-
moteing the nuclear translocation of PKM2, and regulat-
ing the PKM2-enhanced transcriptional activity of HIF-1α.
According to a study by Wang et al. [33], JMJD5 is in-
volved in regulating the nuclear translocation of PKM2
and reprogramming HIF-1α-mediated glucose metabolism.
Our data revealed that ephrin-B2 may participate in the in-
teraction between PKM2 and HIF-1α.

Hypoxia-induced upregulation of ephrin-B2 in cSCC,
coupled with the abnormal activation of the PKM2/HIF-1α
glycolytic cascade, may represent a metabolic adaptation of
cancer cells, enabling their survival under hypoxic stress. In
future studies, further efforts should be directed toward ex-
ploring how ephrin-B2 coordinates the rewiring of the gly-
colytic pathway in cSCC cells.

Conclusion

In conclusion, the inhibition of ephrin-B2 may hinder
the proliferation and influence the glycolytic metabolism
of cSCC cells, possibly through the modulation of
PKM2/HIF-1α axis.
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