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Abstract

Objectives: This study aims to elucidate the interactions
between laryngeal cancer cells (HEp-2) and endothelial cells
(HUVEC) within the head and neck squamous cell cancer
(HNSCC) microenvironment using direct and indirect in vi-
tro co-cultivation systems.

Methods: Conditioned mediums (CM) of HEp-2 and HUVEC
were generated, followed by the construction of co-culture
systems. Confocal microscopy, XTT assay, trypan blue
viability assay, real-time cell analysis system (RTCA), and
quantitative real-time polymerase chain reaction (QRT-PCR)
were used to assess cell morphology, proliferation, migra-
tion, invasion, and the expression of cancer-associated genes
(CDH2, CCL21, CXCL8, ITGB, MMP2, MMP9, and VIM).
Results: We observed that the HEp2 co-culture effect altered
HUVEC morphology, also reduced cell proliferation signifi-
cantly, increased migration (p<0.05), and invasion of the
cells. The mRNA levels of CXCL8 and ITGB were down-
regulated significantly, while the expression level of CCL21
mRNA was markedly upregulated (88.4-fold) compared to
mono-culture HUVECs (p<0.05). Meanwhile, the HEp-2s
showed a spindle-shaped and scattered morphology after
co-culture with HUVEC. In addition, a higher relative
migration rate (p<0.05) but significantly reduced prolifera-
tion and invasion rates of HEp2s were detected.
Conclusions: Reciprocal interactions between HEp2 and
HUVEC significantly modulate cellular behaviors and gene
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expression, suggesting that these interactions play a crucial
role in laryngeal cancer progression and offering potential
insights for HNSCC treatment strategies.
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Introduction

Cancer progression and initiation are strongly influenced by
its microenvironment [1, 2]. Carcinogenesis is not considered
a cancer cell-focused view. Tumor is the consequence of a
complex, dynamic, and heterogeneous microenvironment
[3-5]. The tumor microenvironment (TME) consists of
cancer-associated fibroblasts (CAFs), endothelial cells (ECs),
immune cells, blood and lymphatic tumor vessels, extracel-
lular matrix (ECM), chemokines, and growth factors [6, 7]. In
brief, it has been reported that the tumor microenvironment
arises from the dynamic interplay between malignant and
nonmalignant cells. TME is crucial in driving the prolifera-
tion, invasion, and metastasis of different cancers. It facili-
tates tumor survival, growth, angiogenesis, immune
evasion, drug resistance, and the secretion of growth factors
and cytokines [8, 9]. In addition, reciprocal interactions be-
tween tumor and stromal cells evolve as the tumor grows,
which means the microenvironment interactions are bidi-
rectional [10]. The stromal cells in tumor microenviron-
ments gain abnormalities and show different properties
from stromal cells in normal tissues; for example, Tumor-
associated macrophages (TAMs) and CAFs differ from
normal macrophages and fibroblasts, respectively [8, 11].
Laryngeal cancer, a subtype of head and neck squamous
cell carcinoma (HNSCC), was chosen for study as the TME in
this cancer type has been less studied compared to other
cancers [12]. HNSCC ranks as the sixth most prevalent cancer
type globally [13, 14]. Previously, the focus was primarily on
aberrant genetic and epigenetic mutations in HNSCC. Now,
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investigating the tumor microenvironment is equally valu-
able, as various stromal components play a critical role in
regulating HNSCC progression and metastasis. For this
reason, interpreting the TME is crucial for analyzing,
understanding, and managing cancer, as it can provide
deeper insights into the mechanisms of HNSCC [3, 15].
Therefore, it is essential to develop new model systems that
incorporate carcinoma cells along with tumor-associated
endothelial cells to better understand the complex
interactions in HNSCC. However, the precise roles of these
cells within the tumor microenvironment of HNSCC remain
unclear.

This study provides an opportunity to better understand
the role of the tumor microenvironment in laryngeal cancer
progression and its interactions with stromal components.
Reports indicate that ECs directly support cancer progres-
sion via neoangiogenesis [16]. In addition, the effect of EC is
not restricted to the making of blood vessels, but also the
interaction between tumor and endothelial cells modifies
the characteristics of tumor cells [17, 18]. Therefore, addi-
tional data is necessary to understand the impact of endo-
thelial cells on the behavior of laryngeal cancer. To address
this, we developed an in vitro co-culture system comprising
human epithelial type 2 (HEp-2) cells and human umbilical
vein endothelial cells (HUVEC). This system allowed us to
simulate the cross-talk between HEp-2 and HUVEC cells and
evaluate their effects on cell morphology, proliferation,
migration, invasion, and gene expression.

Materials and methods
Cell culture and study designs

HUVEC cell line was supplied by Dr Timucin Avsar, and HEp-
2 cell line was supplied by Dr Hasan Acar. HEp2 cells were
transfected with a green fluorescent protein (GFP) to aid in
the discrimination of the cells from HUVECs. GFP-HEp-2 cell
line was obtained in the project of Hasan Acar et al. (TUBI-
TAK-1125498). Both cell types were cultured in Dulbecco’s
modified eagle medium (DMEM, Gibco, USA) with 10 % fetal
bovine serum (FBS, Gibco, USA) and 1% penicillin/strepto-
mycin (Gibco, USA) at 37°C in a 5% CO2 incubator. Stable
GFP-expressing HEp-2 cells were expanded in growth media.
For direct co-culture, HUVECs were grown to 80 % conflu-
ence for 24 h, and then GFP-HEp- two cells were added at a
4:1 ratio. Two types of indirect co-culture were performed.
For the first type, which was used for the invasion assay, cells
were cultured in 24-well Transwell chambers (Corning, USA)
with or without Matrigel. The second type of indirect co-
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culture, used for proliferation, migration, and gene expres-
sion analyses, involved the use of conditioned medium (CM).

Preparation of the CM

HEp-2 and HUVEC cells were seeded into T75 culture flasks
and cultured in DMEM for 30 h until reaching approximately
80 % confluence. The medium was then collected and
centrifuged at 1,500 rpm for 5 min, and the supernatant was
filtered to obtain CM for further studies. Various concen-
trations of CM, specifically 10, 25, and 100 %, were prepared
and utilized in experiments. For optimization, experiments
were conducted with 100 % growth medium (cell control)
and different CM concentrations (10, 25, 50, and 100 %) in
proliferation assays. Based on these results, 10 % CM was
selected as the optimal concentration for subsequent ex-
periments, including migration and gene expression
analyses.

Morphology analysis

To evaluate the effect of co-culture on cell morphology,
GFP-HEp-2 and HUVEC cell lines, both in mono-culture and
direct co-culture, were examined daily for 120 h using an
inverted laser scanning confocal microscope (Nikon A1R1,
Japan). GFP was excited with a 488 nm laser line, and
emission was detected at 510 nm.

Trypan blue staining

Cell viability was evaluated using a trypan blue exclusion
assay. A total of 3x10° cells per well were seeded in a growth
medium in 6-well plates. After overnight attachment and
growth, control cells in mono-culture were fed with the
growth medium, while co-culture cells were fed with 10 and
100 % CMs. Trypan blue staining was performed as previ-
ously described [19].

XTT proliferation assay

Cell growth rates in mono-cultures and co-cultures were
determined by XTT assay. Cells were seeded into 96-well
plates at a density of 5x10° per well. After overnight
attachment and growth, mono-culture cells as control were
fed with culture mediums, and the co-culture cells were fed
with CMs of 10 and 25 %. Cell viability was assessed at 24, 48,
and 72 h. The XTT kit (BI, USA) was used according to the
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manufacturer’s instructions. Results were obtained by
detecting absorbance at a wavelength of 460 nm with the
microplate reader (Biotek-Epoch, USA). The cell prolifera-
tion rate (%) was calculated using the formula (OD of
sample/OD of control)x100. Three replicate wells were used
for each analysis.

Real-time analysis of cell proliferation assay
(RTCA)

Cell growth of mono-cultures and co-cultures of HEp-2 and
HUVEC cells was continuously monitored using the xCEL-
Ligence RTCA MP instrument (ACEA Biosciences, USA).
Briefly, cells were seeded into wells of E-plate View 16 (ACEA
Biosciences, USA) at a density of 10*/100 uL per well. After
overnight attachment and growth, mono-culture cells as
control were fed with growth mediums, and the co-culture
cells were fed with CMs 10 and 100 % at the 25th hour,
consistent with the XTT assay. RTCA assay was performed
according to the previously published method [20]. The
impedance was measured every 15 min for at least 120 h at
37°C in a 5% CO2 atmosphere. Cell proliferation rate was
registered as an increase in the cell index (CI). All experi-
ments were performed in duplicate. CI is a parameter used
to monitor cell proliferation changes in real time. It is
measured through electrical impedance-based systems like
xXCELLigence, reflecting cell density and attachment
strength [21].

Wound healing and invasion assays

Cells in the growth medium were seeded in 24-well plates
and were adhered to overnight (>90% confluence). To
suppress the proliferation of the cells, they were pretreated
with mitomycin C (5 yg/mL) (Sigma, Germany) for 2h. A
wound-healing assay was subsequently performed to
evaluate cell migration capacity. Photographs of the same
area of the wound were taken at certain times (3, 6, 9, 12, 24,
48, 72h) using a light inverted microscope (Leica,
Germany). The migration distances were measured using
Image | software (LOCI, USA) based on the images at time
“0” as the reference point. To evaluate invasive capacity, a
24-well Transwell chamber invasion assay (Corning, USA)
coated with Matrigel (Corning, USA) was used. Three fields
(x100) were randomly selected for counting. The experi-
ment is illustrated in Supplementary Material, Figure S1.
Different co-culture systems were selected based on the
requirements of each experiment: CM was used for
migration, proliferation, and gene expression assays, while
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Transwell chambers were employed for invasion assays to
provide a physical barrier that better simulates in vivo
extracellular matrix interactions.

Quantitative real-time polymerase chain
reaction (qRT-PCR)

For real-time PCR analysis, the HEp-2s and HUVECs were
in vitro co-cultured for 24 h (short-term) and 21 days (long-
term). Mono-culture HUVECS and mono-culture HEp-2s
served as controls. Total RNA was extracted from the
co-culture and mono-culture systems using the TRIzol
reagent (Invitrogen, USA). For cDNA synthesis, 1 ug of total
RNA from each pooled sample was reverse transcribed into
cDNA using a 2-step RT-PCR kit (Vivantis, Malaysia)
according to the manufacturer’s instruction. cDNA was
diluted 1:9 in sterile water. qPCR was performed on a
Lightcycler 480 instrument (Roche, Light Cycle 480 II,
Germany) using GoTaq® qPCR Master Mix (Promega, USA).
The housekeeping gene GAPDH was used as the internal
control for HEp-2s. The other housekeeping gene, B2M, was
used as the internal control for HUVECs. The genes (CDH2,
CCL21, CXCL8, ITGB, MMP2, MMP9, and VIM) were selected
from those reported in the literature to be associated with
cancer. The relative fold change in target gene expression
was calculated using the comparative cycle threshold
(2-AACT) method. All experiments were conducted in
triplicate. Specific primers for PCR amplification were
designed using IDT (http://eu.idtdna.com/home/home.
aspx). The primers used are listed in Supplementary
Material, Table S1.

Statistical analysis

Data were shown as mean + standard deviation (SD) from
three independent experiments and analyzed using
GraphPad Prism 6.00 (GraphPad Software, USA). Student’s
t-test was performed between groups for comparing
treated and untreated cell groups. Statistical significance is
indicated as *p<0.05, **p<0.01 ***p<0.001.

Results

Co-culture induces morphological changes in
HEp-2 and HUVEC cells

To evaluate the direct co-culture effect on HEp-2 and HUVEC
cell morphology, we examined the cells using confocal and
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light microscopes. Control samples of HEp-2, grown sepa-
rately, exhibited their characteristic rounded and connected
morphology (Figure 1A—C). In contrast, after 120 h of co-
culture, HEp-2 cells displayed a spindle-shaped morphology,
becoming disjointed and scattered. Meanwhile, HUVECs in
mono-culture appeared ‘teardrop-like’, but in co-culture,
they developed net-like formations similar to a vascular
network (Figure 1B-D).

‘HEp-2 only

GFP
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Dose- and time-dependent effects of
conditioned medium on cell proliferation

Treatment with 10 and 25% HUVEC-CM significantly
increased HEp-2 proliferation at 24 h by 1.6-fold and 1.5-fold,
respectively (p<0.001 for both), but did not affect HEp-2
viability at 48 and 72 h (Figure 24A). Similarly, 10 % HEp2-CM
treatment significantly increased HUVEC proliferation at 24

GFP+TD

Figure 1: Confocal microscope images of GFP-HEp-2 and HUVEC cells at 10x and 40xmagpnification. Left panel mono-cultured GFP-HEp-2 cells in the GFP
channel. Right panel co-cultured GFP- HEp-2 cells in GFP and TD merged channel. Co-cultured HEp-2 cells exhibited elongated shuttles (B, D), while
monocultured HEp-2 cells maintained a rounded form (A, C). HUVECs formed net-like structures in co-culture (B). GFP, green fluorescence protein; TD,

transmitted detector, bright field.
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and 48 h by 1.5-fold and 1.3-fold, respectively (p=0.010 and
p=0.002), with no significant changes in HUVEC viability at
72h (Figure 2B). Cell proliferation was evaluated by cell
counting, and it was found that 10 and 100 % HUVEC-CM
significantly reduced HEp-2 cell numbers by 1.6-fold and
2.6-fold at 24 h (p=0.003 and p<0.001). At 72 h, the reduction
was 1.6-fold and 3.2-fold, respectively (p=0.003 and p<0.001)
(Figure 2C). These results indicate that HUVEC-conditioned
medium inhibits HEp-2 cell proliferation in a dose and time-
dependent manner. Additionally, Figure 2D demonstrates a
significant reduction in HUVEC cell numbers following 24 h
of treatment with 10 and 100% HEp2-CM, showing

A
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reductions of 1.3-fold and 2.5-fold, respectively (p=0.026 and
p<0.001). However, at 72 h, the number of HEp-2 cells treated
with 100 % HUVEC-CM decreased much more significantly
than the control cells, reaching up to a 32.8-fold reduction
(p<0.001). These results underscore the substantial inhibi-
tory effect of 100 % HUVEC-CM on HEp-2 cell proliferation
over time.

In our study, discrepancies were observed between the
results of the XTT assay and the trypan blue exclusion assay.
While the XTT assay indicated that the CM increased cell
proliferation at early time points, the trypan blue assay
showed a reduction in cell numbers.
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Figure 2: Effect of indirect co-culture on the cell viability of HEp-2 (A, C) and HUVEC (B, D). After HEp-2 and HUVEC cells treatment with DMEM 10 % FBS
(control), HEp2-CM (10 %, 25 %), or HUVEC-CM (10 %, 25 %) for 24, 48, and 72 h, and XTT assay was performed to determine the viability of cells. HEp-2
(A) and HUVEC (B) in CM showed higher proliferation potentials than controls, depending on CM concentration and incubation time. After HEp-2 and
HUVEC cells were treated with DMEM 10 % FBS (control), HEp2-CM, or HUVEC-CM for 24 and 72 h, cell proliferation was evaluated by trypan blue staining.
The cell counts of HEp-2 (C) and HUVEC (D) were decreased significantly compared to that in the control mediums. *p<0.05, ** p<0.01, *** p<0.001. CM,

conditioned medium.
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Real-time monitoring of dynamic cell
proliferation and attachment using the
xCELLigence system

To assess the effects of CM on the proliferation and attach-
ment of HEp-2 and HUVEC cells, the cells were monitored
every 15min for 120 h using the xCELLigence system. As
illustrated in Figure 34, the CI for each cell type, including
controls, reached its peak at approximately 60h after

HEp-2 ——
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| 100% CM
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treatment with CM. Significant differences were observed
between the HEp-2 control cells and those treated with 10 %
CM, as well as between the HEp-2 control cells and those
treated with 100 % CM (p=0.012 and p<0.001, respectively).
Consequently, 10 and 100 % HUVEC-CM resulted in a 1.1-fold
and 2.3-fold decrease in the HEp-2 CI (Figure 3B). In
contrast, HUVEC cells showed minimal response to CM
treatment, with cell indices nearly identical between the
control and treated groups. No significant differences were
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Figure 3: Effects of conditioned medium on HEp-2 and HUVEC cell index: Time-dependent analysis and quantification. Effects of 10 and 100 % CM during
120 h exposure on the viability of HEp-2 and HUVECs were measured based on the cell index by the xCELLigence system. (A) The cell index plot of HEp-2
(red line), HUVEC (light green line), HEp-2-100 % CM (purple line), HEp-2-10 % CM (orange line), HUVEC-100 % CM (blue line), HUVEC-10 % CM (dark green),
baseline (black line). The bar diagram represents the cell index of HEp-2 (B) and HUVEC (C) in various percentage concentrations of HEp-2-CM and the

HUVEC-CM models. *p<0.05, *** p<0.001. CM, conditioned medium.
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observed in the HUVEC control cells and those treated with
10 % CM. However, treatment with 100 % HEp2-CM signifi-
cantly reduced HUVEC proliferation (p=0.013) (Figure 3C).

Enhanced wound healing capacity of HEp-2
and HUVEC cells induced by CMs

Whether CMs induce cell migration in HEp-2 and HUVEC
cells was investigated using a gap closure assay to measure
differences in migration capacities. By the 24th h,
co-cultured HEp-2 cells had completely closed the gaps, while
co-cultured HUVEC cells achieved complete gap closure by
the 48th h. The wound-healing rates were significantly
higher in both HEp-2 and HUVEC cells treated with CM,
showing 2.3-fold and 3-fold increases, respectively,
compared to cells grown in serum-free medium (p=0.013 and
p=0.030) (Figure 4A and B). The light microscope images of
HEp-2 and HUVEC migration were consistent with the results
(Figure 4C and D). These findings suggest that both HEp-2-CM
and HUVEC-CM significantly promote the migration capacity
of HEp-2 and HUVEC cells.

Decreased invasion capacity of HEp-2 cells
induced by co-culture with HUVECs

Fewer HEp-2cells co-cultured with HUVECs were seen
invading across the Matrigel compared to the control cells.
This suggests that co-cultured HUVECs reduced the invasion
potential of HEp-2 cells by approximately 2-fold (p=0.049)
(Figure 4E). Conversely, HUVECS co-cultured with HEp-2 cells
did not exhibit a significantly higher invasion capacity
compared to HUVECs cultured alone (p=0.287) (Figure 5F).
The light microscope images of HEp-2 and HUVEC invasion
were consistent with the results (Figure 4G and H).

Gene expression patterns of HEp-2 and
HUVEC cells treated with HUVEC CM or HEp- 2
cM

Changes in proliferation, migration, and invasion in HEp-2
and HUVEC cells treated with CM or in co-culture were
observed, leading to the investigation of the underlying
molecular mechanisms. Accordingly, the mRNA expression
levels of genes significantly associated with cancer prognosis
were evaluated. The mRNA levels of CDH2, CCL21, CXCLS,
ITGB, MMP2, MMP9, and VIM genes were significantly
downregulated in HEp-2cells grown in co-culture, with
expression levels reduced by up to 0.05-fold at either 24 h or
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21 days (Figure 5). Similarly, the mRNA levels of CXCL8 and
ITGB were significantly downregulated in HUVEC cells
grown in co-culture at 24h or 21 days (Figure 5C and D).
Meanwhile, a significant increase in the expression level of
CCL21 mRNA (88.4-fold) was detected in HUVEC cells at
21 days (p=0.039) (Figure 5B).

Discussion

Cancer is a multifactorial and dynamic disease, presenting
significant challenges in terms of treatment. Additionally,
tumor microenvironments exhibit considerable heteroge-
neity in both cellular composition and ECM structure [22]. In
this study, co-culture platforms were presented to help
highlight tumor biology, addressing the need for the devel-
opment of in vitro models that mimic the in vivo
environment.

The microenvironment interactions are bidirectional.
Reciprocal cross-talking between tumor and endothelial
cells develops and differentiates as the tumor grows [23].
Therefore, in this study, the investigation was not limited to
tumor-cell-induced changes in EC or healthy-cell-induced
changes in tumor cells. ECs in a tumor microenvironment
induce or reduce the aggressive behavior of tumor cells [24].
In parallel, tumor cells may have two-edged effects on
endothelial cells [25]. To date, to our knowledge, the effects of
ECs on HNSCC and vice versa are not apparent. In this study,
it was hypothesized that, under in vitro co-culture condi-
tions, laryngeal carcinoma cells would induce aggressive-
ness in endothelial cells, while endothelial cells would
reduce the aggressiveness of tumor cells. To evaluate the
influence of the microenvironment on cells in the co-culture,
a healthy cell line, HUVEC, and a cancer cell line, HEp-2, were
selected to study the morphological, cellular, and molecular
changes caused by this interaction. It was shown through
our analysis that co-cultured GFP-HEp-2s exhibited spindle-
shaped and scattered morphology. They also exhibited
elongated protrusions, indicating invasion potential. But
interestingly, in the indirect co-culture, the invasion rate of
HEp-2 decreased. It can be speculated that proteases are
suppressed in the microenvironment of HUVEC cells. The
obtained results are consistent with the data reported by Li
et al., who established a co-culture study with a lung cancer
cell line (A549). Co-cultured A549 cells showed a more scat-
tered and spindle-shaped morphology [26]. This situation led
us to believe that similar morphological changes may be
related to the epithelial origin of A549 and HEp-2 cells.

On the other hand, in this study, it was also demon-
strated that structures resembling a vascular network were
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Figure 4: Effects of conditioned medium and co-culture on migration and invasion of HEp-2 and HUVEC cells. (A) Migration of HEp-2 cells under three
different conditions: Serum-free medium, growth medium, and 10 % HUVEC-CM, evaluated over 24 h (B) Migration of HUVEC cells under three different
conditions: Serum-free medium, growth medium, and 10 % HEp-2-CM, evaluated over 24 h. the percentage of migration was calculated based on the wound-
healing assay. (C) Representative images of HEp-2 cell migration at 0 and 24 h under control (growth medium) and 10 % HUVEC-CM conditions.

(D) representative images of HUVEC cell migration at 0 and 24 h under control (growth medium) and 10 % HEp-2-CM conditions. Blue arrows indicate the
wound area. The spreading speeds of HEp-2 (A) and HUVEC (B) cells in 10 % CM along the wound edge were faster than those in controls. Comparison of the
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developed by co-cultured HUVECs, but mono-cultured
HUVECs were observed as ‘teardrop-like’. Consistent with
our morphological data, Khodarev et al. [27] reported
co-cultivation of HUVECs with U87 (glioma cells) formed net-
like structures. Considering these results, it can be concluded
that this kind of organization in these cells indicates a
morphological rearrangement of the co-culture system due
to modifications in the microenvironment.

Furthermore, our morphological observations under
the light microscope revealed that in direct co-culture,
HUVEC suppressed HEp-2 proliferation, likely due to high
levels of apoptotic and antimitogenic proteins in the
medium. However, under indirect co-culture conditions us-
ing CM, results varied with different proliferation assays.
The XTT assay indicated increased HEp-2 proliferation,
whereas the trypan blue and RTCA assays showed decreased
proliferation. These discrepancies may be attributed to the
differing sensitivities and natures of the tests, with RTCA
being more capable of detecting sensitive growth inhibitory
factors. While the nuclear counting method is regarded as
the most precise for assessing cell viability [28], but the ease
of applying metabolic-based assays such as MTT/XTT enables
widespread use [29]. These assays depend on tetrazolium
salt reduction to formazan, which reflects changes in the
metabolic state rather than absolute cell viability. Studies
such as those by Stockert et al. [30] and Riss et al. [31] have
highlighted that factors like oxidative stress and energy
demands can influence these results, potentially causing
discrepancies with other methods. In our study, such dif-
ferences may arise from variations in mitochondrial activity
under specific conditions. While XTT offers valuable in-
sights, complementary techniques, like flow cytometry or
live/dead staining, are recommended for a more complete
assessment.

Stromal cells are crucial in cancer progression, growth,
and spread [32]. If the migration and invasion capacities of
cells increase, their proliferation capacity must also increase
[33]. Neiva reported that the proliferation rates of co-
cultured HNSCC cells with endothelial cell line HDMEC cells
did not alter, but migration rates increased [18]. We found
that HUVEC- CM increased the proliferation rates of HEp2
cells (depending on the test used) and migration rates of
cancer cells but suppressed its invasion. Thus, variations in
experimental conditions, such as the kinds of cell lines and
direct or indirect co-cultures, affect the results [34].
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Specifically, for HEp-2 cells, the use of 100% CM could
potentially mask or exaggerate the effects of secreted fac-
tors, leading to a misinterpretation of proliferation results.
Similarly, for HUVEC cells treated with 100% CM, we
recognize that the results obtained via XCELLigence could be
influenced by toxic components in the medium.

The intricate interactions between tumor and endo-
thelial cells, resembling those in embryonic development,
are vital for tumor angiogenesis [35]. In another co-culture
study, U87 human glioma cells were co-cultured with HUVEC
to investigate tumor/endothelial cell interactions [27]. U87
cells have been shown to enhance proliferation and migra-
tion in HUVECs. Signals originating from tumor cells play an
important role in the activation of normal fibroblasts (NFs)
to CAFs. Moreover, NFs can be converted to CAFs by co-
culture with cancer cells [36]. Based on this data, it was
predicted that co-cultured HUVEC might also transform into
tumor-associated endothelial cells. Our proliferation,
migration, invasion, and some gene expression results of
co-cultured HUVEC supported this hypothesis. Accordingly,
the HEp-2 microenvironment may contain biofactors that
increase HUVEC adhesion kinetics and migration.

Analysis of gene expression profiles highlights altered
ECM and tumor progression, invasion, and metastasis,
emphasizing the significance of changes in gene expression
levels in co-cultures [37]. Elevated N-cadherin (CDHZ gene)
expression is linked to epithelial-mesenchymal transition
(EMT) in cancer [35]. In our study, N-cadherin levels signif-
icantly decreased in both HUVEC and HEp-2 cells (p<0.05).
This suggests that the co-culture environment did not induce
mesenchymal transition in these cells, although determining
EMT status cannot rely on a single marker.

CCL21 overexpression has been found to be associated
with the proliferation, progression, and metastasis of cancer
cells [38]. In our study, the gene CCL21 expression of HUVEC
was dramatically altered under co-culture conditions
(p<0.05). This finding is consistent with the proliferation,
migration, and invasion findings of HUVEC. Conversely,
HUVEC-CM caused a significant decrease in CCL21 expres-
sion in HEp-2 cells (p<0.05). This finding is consistent with
the proliferation and invasion findings of HEp-2.

CXCLS (IL-8) plays a crucial role in promoting tumor cell
proliferation, angiogenesis, tissue invasion, and metastatic
spread through autocrine and paracrine signaling pathways
while also contributing to inflammation and tumor

invasion percentage of HEp-2 (E) and HUVEC (F) cells under control conditions and co-culture conditions. Matrigel invasion assay results show a statistically
significant reduction in HEp-2 cell invasion in the co-culture group compared to the control group (p=0.049). Representative images of HEp-2 (G) and HUVEC
(H) cell invasion through Matrigel (Matrigel +) and without Matrigel (Matrigel -) under control and co-culture conditions. Matrigel (+) images depict cells that
successfully invaded through the Matrigel layer, while Matrigel () images show non-specific migration. Similar to HEp-2 cells, Matrigel (+) and Matrigel (-)
images demonstrate the invasion and migration ability of HUVEC cells in both conditions. *p<0.05. CM, conditioned medium; ns, not significant.
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Figure 5: Gene expression profiles of HEp-2 and HUVEC cells treated with HUVEC CM or HEp-2 CM. qRT-PCR of CDH2 (A), CLC21 (B), CXCL8 (C), ITGB (D),
MMP2 (E), MMP9 (F) and VIM (G) genes in co-cultured HEp-2 and HUVEC cells treated with corresponding CM for 24 h or 21 days. The expression level of
CCL27 mRNA (B) was markedly increased (88.4-fold) in HUVEC cells when treated with HEp2-CM at 21 days. *p<0.05, **p<0.01, ***p<0.001. CM,
conditioned medium; Co-24 h, co-culture condition after 24 h; Co-21d, co-culture condition after 21 days.
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progression [34]. But, IL-8 gene expression significantly
decreased (p<0.05) in both endothelial cells co-cultured with
HEp-2 and tumor cells co-cultured with HUVEC, with HEp-2-
CM reducing IL-8 expression despite its promigratory and
pro-invasive effects, aligning with RTCA analysis findings.

ITGBI, critical for tumor initiation, progression, and
metastasis [39], showed a significant decrease in expression
in HUVECs exposed to HEp-2-CM (p<0.05) and in HEp-2 cells
exposed to HUVEC-CM during long-term co-culture
(p<0.001). However, no significant change in ITGBI
expression was observed in short-term co-culture.

MMP2 and MMP9 are overexpressed in various malig-
nant cancers and are also frequently linked to tumor grade
and poor patient prognosis [40]. Among MMPs, MMP2 and
MMP9 have well-characterized roles in the invasion and
metastasis of cancer cells [41]. The gene showing the greatest
up-regulation in HUVECs when co-cultured with HEp-2s was
MMP2 and MMP9, which is consistent with increased inva-
siveness in co-culture in our study (p<0.05). Conversely,
HUVEC-CM condition caused a significant decrease in MMP2
and MMP9 expressions in HEp-2cells. This finding is
consistent with decreased MMP2 and MMP9 expression of
HEp-2 cells with reduced invasiveness in co-culture.

VIM, a key EMT marker [42], was upregulated in
HUVECs treated with HEp-2-CM, while CDH2 (N-cadherin)
was downregulated. However, the absence of simultaneous
upregulation of EMT markers weakens the conclusion that
HEp-2-CM induces EMT in HUVECs.

In conclusion, this experimental study may provide
useful data for further comprehensive analyses of the
reciprocal and critical interactions between laryngeal
cancer and endothelial cells, which contribute to cancer
progression. In addition, our further studies will focus on
studying more genes relevant to head and neck cancer
progression, and the results should also be validated at the
protein levels. To mimic the tumor microenvironment at a
better level, co-cultures should also include mesenchymal
stem cells, TAMs, or CAFs in the HNSCC microenvironment.
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