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Abstract

Objective: Breast cancer is commonly originated from the cells in the milk ducts or in the lobules that supply milk to the ducts. During cancer
development, many actors, including cellular factors such as endothelial and immune cells, and structural factors such as integrins and extracellular
matrix elements have gained importance in the tumor microenvironment. Endothelial cells (ECs) not only implicate in cancer growth and metastasis
processes, but also are effective in immune cells’ modulations. In the present study, we investigated the effect of secretome released by breast
carcinoma cell lines on endothelial expression of immune checkpoints and adhesion molecules.

Materials and Methods: In this study, the expression levels of some immune checkpoints, including lymphocyte-activation-protein 3 (LAG-3),
V-domain Ig suppressor of T-cell activation (VISTA), Indoleamine-2,3-dioxygenase (IDO), IDO-2, programmed cell death 1 ligand (PD-L1), PD-L2,
Cytotoxic T-lymphocyte associated protein 4, (CTLA-4), and some adhesion molecules, including E-cadherin, VE-cadherin, E-selectin, platelet EC
adhesion molecule-1 (PECAM-1), vascular cell adhesion molecule-1 (VCAM-1), intercellular adhesion molecule-1 (ICAM-1), were measured using
quantitative real-time polymerase chain reaction in HUVEC ECs preincubated with the conditioned media (CM) collected from normal (CRL-4010)
and carcinoma cells (CRL-2329 and MDA-MB-231). Besides, endothelial proliferation and migration were also examined.

Results: CRL-2329-CM was found to increase cell proliferation at the end of 48 h but not 24 h, compared to the control (CRL-4010-CM) group
(p=0.0052). In addition, both cancer cell-CMs were revealed to induce migration (p<0.001). VE-cadherin, ICAM-1, PECAM-1, VCAM-1, and
E-selectin gene expressions were found to be increased significantly in the 48 h groups (p<0.001). The expression levels of PD-L1 (p=0.0028 and
p<0.001), PD-L2 (p=0.0216 and p<0.001), IDO-1 (p<0.001), LAG3 (p<0.001 only for MDA-MB CM group), VISTA (p<0.001) genes in 48 h groups,
and PD-L2 (p=0.0084 and p=0.0045) gene in 24 h groups, were significantly increased. However, we found that there were no expressions of IDO-2,
CTLA-4 and E-cadherin genes in ECs.

Conclusion: This study has shown that secretome produced by breast carcinoma cell lines may promote endothelial proliferation and migration and
support metastasis. Also, secretome can be effective on immune modulation.
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Introduction Different cell types in this environment such as immune
cells (e.g. cytotoxic and regulatory T-cells) and endothelial
cells (ECs) are also involved in the cancer growth process
(4-6). ECs can regulate the feeding, intravasation and

extravasation of tumor cells (3,6). It is well known that

Breast cancer is the most common and diagnosed type
of cancer in women, and also is the second leading cause
of cancer-related deaths among them (1). During cancer
development, growth and metastasis, several cell types

interact each other and various mediators such as cytokines,
integrins, growth factors and matrix metalloproteinases
play critical roles in the tumor microenvironment (2,3).

one of the typical features of ECs is the expression of a
variety of adhesion molecules such as E-selectin, integrins,
VE-cadherin and some members of immunoglobulin

ORCID: I. Tiirkdonmez 0000-0001-8365-8868, E. Sahin 0000-0002-3233-8044, M. Sahin 0000-0001-8312-5156

@@@@ Copyright® 2024 The Author. Published by Galenos Publishing House on behalf of the Turkish Society of Immunology.
CACTMTE This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.


https://orcid.org/0000-0001-8365-8868
https://orcid.org/0000-0002-3233-8044
https://orcid.org/0000-0001-8312-5156

Tiirkdonmez et al. CM’s Effects on Immune Checkpoints

superfamily, including vascular cell adhesion molecule-1
(VCAM-1), intercellular adhesion molecule-1 (ICAM-1),
platelet EC adhesion molecule-1 (PECAM-1), which
all allow leukocytes to adhere, and to migrate to an
inflammatory site (2,7). Also, adhesion molecules on
ECs, for example ICAM-1, are involved in adhesion,
intravasation and extravasation to migrate to the distant
organ sites of cancer cells (8,9).

Cytotoxic activity of immune cells which are
responsible for the immune surveillance of cancer and for
the regression of tumor growth can be inhibited by cellular
ligands and cytokines in tumor microenvironments (10).
Among them, programmed cell death 1 ligand (PD-L1)
and PD-L2, known as programmed cell death ligands, were
shown to be two of the most effective ligands expressed
on the surface of a variety of cells (e.g. cancer cells
and antigen presenting cells) (11,12). PD-L1 is known
as a negative regulatory molecule that mainly regulates
T-cell activation and maintains antigen tolerance (11,13).
Presentation of various ligands by ECs to T-cells mainly
provide stimulatory signals that promote activation of
them (13). However, it was reported that interferon-y
stimulation and consecutive tumor necrosis factor-alpha
treatment positively regulated the endothelial expression
of PD-L1 and PD-L2, and down-regulated the activation of
CDS8" T lymphocytes (13).

Another important target in cancer immunotherapy is
the rate-limiting enzyme indoleamine 2,3-dioxygenase
(IDO) (14). This enzyme catalyzes the conversion of
tryptophan amino acid into kynurenine. IDO-mediated
depletion of tryptophan and increase of the catabolic
product kynurenine in tumor microenvironment inhibit
the growth and survival of T lymphocytes, thus allowing
cancer cells to evade the immune system (14).

Cytotoxic T-lymphocyte associated protein 4 (CTLA-4),
V-domain Ig suppressor of T-cell activation (VISTA)
and lymphocyte-activation-protein 3 (LAG-3), which are
among the other immune checkpoint genes, have negative
regulatory effects against T-cells activation, leading to
dysfunction and growth suppression of T-cells (15,16).
Treatment of monoclonal antibodies against VISTA
immune suppressive ligand was reported to increase cell
number and intratumoral function of T-cell in murine tumor
models, supporting anti-tumoral immunity (17,18).

As described above, PECAM-1, E-cadherin, VCAM-1,
ICAM-1, E-selectin and VE-cadherin adhesion molecules,
and LAG3, VISTA, CTLA-4, PD-L1, PD-L2, IDO-1
and IDO-2 immune checkpoints have together displayed
crucial roles in cell proliferation and metastasis. In this
study, to better understand the roles of ECs under media
secreted from cancer cells, we examined the roles of culture
medium of breast cancer cell lines and normal conditioned
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media (CM) on EC proliferation, migration, and also, we
investigated the expression status of these adhesion ligands
and immune checkpoints.

Materials and Methods

Reagents for Cell Culture

The following materials purchased for cell culture
experiments are listed with catalog number: Human
umbilical vein ECs (Lonza C2519A), breast cancer cell lines
(ATCC-MDA-MB-231 and ATCC-CRL-2329) and normal
breast epithelial cells (ATCC-CRL-4010), EndoGrow EC
Growth Medium (Diagnovum D501), DMEM (Thermo
Fisher 11965084), MTT (Sigma M5655).

Cell Culture

HUVEC: and breast cell lines were grown in EndoGRO-
MV Complete Culture Medium and DMEM medium,
respectively. Cancer cell medium was supplemented with
10% fetal bovine serum (FBS, Diagnovum D151) and 1%
penicillin-streptomycin antibiotic cocktail (Diagnovum
D910). Conditioned medium plus DMEM containing 2%
FBS was applied to the experimental groups at a ratio of
1:1. Endothelial and carcinoma cells were incubated under
5% CO, and humidified atmosphere at 37°C.

Experimental groups were as follows:

1. Control Group: ECs grown in CRL-4010 (normal
breast cells) CM, 2. CRL-2329 Group: ECs grown in CRL-
2329 (mammary epithelial ductal carcinoma cells) CM,
3. MDA-MB-231 Group: ECs grown in MDA-MB-231
(mammary epithelial adenocarcinoma cells) CM.

Conditioned Media (CM) Preparation

After CRL-4010, CRL-2329 and MDA-MB-231 cells
were cultured at a confluency of 80-90% in suitable
conditions described above, their media were collected
into tubes. The collected media were centrifuged at 3.000 g
for 10 minutes at 4°C. Obtained supernatants were filtered
through a 0.22 pm syringe filter and stored at -80°C until
use. Conditioned medium was applied to the ECs at a ratio
of 1:1 v/v DMEM containing 2% FBS:CM for 24 and 48
hours.

Cell Proliferation Assay

After applied with the CM for 24 hours and 48
hours, ECs’ viability was assayed using tetrazolium
MTT technique. Tetrazolium stock solution in HBSS was
prepared as 5 mg/mL concentration and diluted 10-fold
to make a working solution. ECs grown under suitable
conditions in T25 culture dishes were trypsinized and
plated into 24-well petri dishes as 5 x 10* cells/well. When
ECs reached to approximately 70-80% confluency, cells
were treated with the serum starved medium containing
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2% FBS overnight. Then medium was exchanged with the
CM and incubated for 24 and 48 hours. When incubation
period was completed, cell culture media were discarded
and 500 pL of tetrazolium working solution in HBSS was
supplied into each well and incubated for 3 h at 37°C.
Formazan crystals in ECs were solubilized with 500 pL of
isopropanol solution containing 0.04 M HCI by pipetting
up and down. The absorbance of solution was measured at
570 nm by using a spectrophotometric microplate reader
(Thermo Scientific Multiskan GO).

Cell Migration Assay

To analyze EC migration, we used cell scratching
method named as “wound healing assay” by which
distance between cells after movement of cells across the
scratch was measured. After incubated under serum-starved
conditions overnight in 12-well petri, confluent cells were
scratched across petri dish diameter using a sterile pipette
tip of 1000 pL. The media in the wells was withdrawn and
washed with HBSS. After washing, ECs were treated with
CM for approximately 10 hours. After about 10 hours,
cell images were taken under 4x magnification using an
inverted microscope (Leica DFC450) and its software. To
measure the gap width as pixel, we analyzed the distances
of ten different fields in the images via ImagelJ software,
and calculated the mean of data.

Relative Gene Expression Assay by qRT-PCR

Cells in a T25 culture flask were trypsinized, counted,
and seeded into 6-well petri dishes as 3x10° cells/well.
When the cells reached 80-85% confluency, the old media
were replaced with fresh 1:1 CM/DMEM, containing 2%
FBS. Cells were taken from the incubator approximately
24 and 48 hours later and total RNA was immediately
purified using a commercial kit (Biobasic EZ-10 Spin
Column Total RNA Miniprep Kit). Quantification and
purity of the obtained RNAs were determined by reading
at a wavelength of 260 and 280 nm with a nanodrop
spectrophotometer. Total RNA was converted to cDNA
by using a commercial kit (Abm Good Onescript cDNA
Synthesis kit) and a thermal cycler according to the
manufacturer’s instructions.

To evaluate the relative gene expression levels of
E-cadherin, VCAM-1, E-selectin, ICAM-1, PECAM-1,
and VE-cadherin adhesion molecules, and LAG3, VISTA,
CTLA-4 PD-L1, PD-L2, IDO-1 and IDO-2 immune
checkpoints, quantitative real-time polymerase chain
reaction (qQRT-PCR) analysis was performed using ABM
Brightgreen 2x qPCR Mastermix Kit and Qiagen qRT-
PCR Rotor-Gene Q instrument. GAPDH was assayed as a
house-keeping gene.
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5’ to 3’ Primers (Forward and Reverse, respectively)
for the Genes Were as Follows:

GAPDH: GTCTCCTCTGACTTCAACAGCG
/ ACCACCCTGTTGCTGTAGCCAA; ICAM-
1: AGCGGCTGACGTGTGCAGTAAT /
TCTGAGACCTCTGGCTTCGTCA; VCAM-
1: GATTCTGTGCCCACAGTAAGGC /
TGGTCACAGAGCCACCTTCTTG; E-Selectin:
TCAAGGGCAGTGGACACAGCAA/
GGAAACTGCCAGAAGCACTAGG;

PECAM-1: AAGTGGAGTCCAGCCGCATATC /
ATGGAGCAGGACAGGTTCAGTC;

VE-cadherin: GAAGCCTCTGATTGGCACAGTG /
TTTTGTGACTCGGAAGAACTGGC;

PD-L1: TGCCGACTACAAGCGAATTACTG
/ CTGCTTGTCCAGATGACTTCGG; PD-L2:
CTCGTTCCACATACCTCAAGTCC/
CTGGAACCTTTAGGATGTGAGTG;

IDO-1: GCCTGATCTCATAGAGTCTGGC /
TGCATCCCAGAACTAGACGTGC;

IDO-2: GTTATGTCTGGCAGGAAGGAGAG /
GTCCAGTTCGTCAGCACCAAGT;

VISTA: AGATGCACCATCCAACTGTGTGG /
AGGCAGAGGATTCCTACGATGC;

LAG-3: GCAGTGTACTTCACAGAGCTGTC/
AAGCCAAAGGCTCCAGTCACCA

Real-time PCR was performed under the following
reaction conditions:

1. First denaturing step at 95°C for 10 min, 2. PCR
cycle (40 cycles) at 95°C for 15 sec, at 60°C for 60 sec
and eventually single fluorescence reading for each cycle.
Besides, melting curve analysis was added to the software
program as follows: 1. Denaturation step of PCR products
at 95°C for 30 sec, 2. Cooling step at 55°C for 60 sec. 3.
Increasing the temperature step by step from 55°C to 95°C.
In this step, temperature level was increased by 0.2°C
per second and fluorescence signals were continuously
received. All experiments were performed in duplicate and
three times. Relative comparisons of mRNA expressions
were calculated using the formula known as 2-22¢ method.

Statistical Analysis

To evaluate the statistical analysis of data obtained
from the experiments, GraphPad Prism 5.01 (San Diego,
CA, USA) program was used. Data were evaluated by
repetitions of experiments performed at least 3 times.
Descriptive statistics of the obtained data were made
with Column Statistics. The results from this study were
indicated as mean =+ standard deviation. To analyze whether
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the data conformed a normal distribution, the Shapiro-Wilk
normality test was performed. Comparisons of the results
between experimental groups, including cell migration, cell
proliferation and gene expression assays, were made using
the one-way ANOVA test. Besides, as post-hoc tests, the
Tukey multiple comparison test was applied and p values
less than 0.05 were considered as statistically significant.

Results

Breast Cancer CM Types Show Diverse Effects on
Cell Proliferation

Our study has shown that CRL-2329 breast cancer
CM significantly increase cell proliferation in the 48-hour
subgroup (p=0.0052), but not in the 24-hour subgroup
compared to control (Figure 1). Although the treatment
of ECs with CM collected from the MDA-MB-231
adenocarcinoma cancer cell line for 24 h reduced cell
proliferation (p=0.0018), these effects were reversed by 48
hours of the treatment. Moreover, ECs incubated with CRL-
2329-CM exhibited more increase on cell proliferation than
that of MDA-MB-231-CM (p=0.0092) (Figure 1).

Breast Cancer Conditioned Medium Promotes Cell
Migration

In this study, for cell migration named as wound healing
assay, we observed the capacity of cells to fill the scratched
gap by using inverted microscope. In order to examine
the effect of CM on ECs, the images of the experimental
wells under the microscope were examined at certain hour
intervals and their closure was compared after about 10
hours. According to the migration findings, it was observed
that the cell migration in CRL-2329-CM groups (Figure 2,
Figure 3B-B’) significantly increased as compared to the
control (Figure 2, Figure 3A-A") and MDA-MB-231-CM
groups (Figure 2, Figure 3C-C’) (p<0.001). In addition,
EC migration was also found to be promoted in the MDA-
MB-231 group (p<0.001).

Breast Cancer Conditioned Medium Alters the
Expression Profiles of Adhesion Molecule Genes Except
for E-cadherin

According to data obtained by qRT-PCR experiments,
it was found that the expression levels of all genes of
adhesion molecules in 48 hour-treated cells were higher
than in 24 hours. /CAM-1 gene expression in 48-hour
groups was elevated dramatically 2.6-fold and 3.9-fold
by the treatment with CRL-2329-CM and MDA-MB-231-
CM, respectively, when compared to that in control groups
(p<0.001). Difference between the cancer CM-groups was
also significant (p<<0.001) (Figure 4). The present study also
revealed that VCAM-1 gene expression levels significantly
increased in 24-hour and 48-hour groups treated with
both CRL-2329-CM (2.76-fold and 4.15-fold, respectively,
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p<0.001) and MDA-MB-231-CM (1.65-fold and 2.84-
fold, respectively, p<0.001) groups (Figure 4). Similar
to VCAM-1 gene expression profile, another adhesion
related E-selectin gene expression level was found to be
remarkably increased in ECs treated with CRL-2329-CM
and MDA-MB-231-CM for 24 and 48 hours (2.83-fold,
3.46-fold and 2.37-fold, 2.69-fold, respectively) (p<0.001
for all comparisons), (Figure 4). Regarding to PECAM-1,
we found that gene expression levels decreased in response
to CMs in the 24-hour groups (p=0.0439 and p=0.0179),
but markedly increased in the 48-hour groups (p<0.001 in
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Figure 1. The effect of different breast cancer conditioned media (CRL-
2329-CM and MDA-MB-231-CM) on endothelial cell proliferation for 24
h and 48 h. Cells were applied to tetrazolium salt solution and measured
calorimetrically at 570 nm. Results were normalized to the corresponding
controls (CRL-4010-CM). Data were presented as the mean + standard
deviation of three different experiments and shown as error bars.
Significance between the groups was shown as asterisk. **p=0.0018 for C
vs. MDA-MB-231-CM and p=0.0092 for CRL-2329-CM vs. MDA-MB-
231-CM in 24 h groups; p=0.0052 for C vs. CRL-2329-CM and p=0.0054
for CRL-2329-CM vs. MDA-MB-231-CM in 48 h groups.
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Figure 2. Effects of breast cancer-CM treatments on endothelial cell
migration. Bar graphs show the final distance of the cells migrating both
sides of the gap in control (CRL-4010-CM), CRL-2329-CM and MDA-
MB-231-CM groups. Data represent the mean + standard deviation of
three different experiments and shown as error bars. For each experiment,
pixel values of ten different area in the scratched line were averaged.
Significance between the groups was shown as asterisk, ***p<0.001.
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Figure 3. Microphotographs of wound healing assay used for cell
migration. While A: Control (CRL-4010-CM), B: CRL-2329-CM, and C:
MDA-MB-231-CM show initial scratched gap, A', B' and C' indicates the
closure of the corresponding gap.

both groups) (Figure 4). Similarly, although VE-cadherin
gene expression levels were interestingly decreased in
both the CRL-2329-CM and MDA-MB-231-CM-treated
24-hour groups (0.5-fold and 0.4-fold, respectively), they
were increased dramatically in the 48-hour groups (2.08-
fold and 2.85-fold, respectively) compared to that in
controls (p<0.001 for all comparisons) (Figure 4). Since
the fluorescent signal appeared after the 36-37" cycle in
the PCR reaction, it was evaluated that there was no clear
E-cadherin gene expression.

When the changes in adhesion-related gene expression
levels are considered in general, it is noteworthy that the
increases in ICAM-1, PECAM-1 and VE-cadherin gene
expression levels were higher in EC cells treated with
MDA-MB-231-CM.

Breast Cancer Conditioned Medium Modulates
Immune Checkpoint Genes Except for CTLA-4 and
IDO-2 in Endothelial Cells

We evaluated endothelial qRT-PCR expressions of
immune checkpoint molecules, PD-L1, PD-L2, IDO-1,
VISTA, and LAG3 and found a significant increase
especially in MDA-MB-231-CM applied groups for 48
hours (2.37-fold, 1.94-fold, 2.05-fold, 2.61-fold, 3.71-fold,
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Figure 4. The relative mRNA expressions of VE-cadherin, VCAM-1, ICAM-1, PECAM-1 and E-Selectin genes in ECs treated with CRL-4010-CM (Control),
CRL-2329-CM and MDA-MB-231-CM. After detecting the Ct (cycle threshold) values of the reference (house-keeping) gene (GAPDH) and adhesion
molecule genes, relative comparisons of expression levels were evaluated with the formula 2-42°T. Data were presented as the mean =+ standard deviation of
three different experiments and shown as error bars. Asterisks above the bars show significance between each CM group and corresponding control group.
*** indicates p<0.001. Other significances for comparisons are p=0.0093 for C vs. CRL-2329-CM and p=0.0021 for CRL-2329-CM vs. MDA-MB-231-CM
in 24 h groups (ICAM-1); p=0.003 for CRL-2329-CM vs. MDA-MB-231-CM in 24 h groups (E-selectin); p=0.0439 for C vs. CRL-2329-CM and p=0.0179

for C vs. MDA-MB-231-CM in 24 h groups (PECAM-1).

ECs: Endothelial cells, ICAM-1: Intercellular adhesion molecule-1, VCAM-1: Vascular cell adhesion molecule-1, PECAM-1: Platelet endothelial cell

adhesion molecule-1
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Figure 5. The relative mRNA expressions of PD-L1, VISTA, LAG3, PD-L2 ligands and IDO-1 enzyme in ECs treated with CRL-4010-CM (Control),
CRL-2329-CM and MDA-MB-231-CM. After detecting the Ct (cycle threshold) values of the reference (house-keeping) gene (GAPDH) and the
immunocheckpoints, relative comparisons of expression levels were evaluated with the formula 2-*A°T. Data were presented as the mean + standard deviation
of three different experiments and shown as error bars. Asterisks above the bars show significance between each CM group and corresponding control group.
**%* indicates p<0.001. Other significances for comparisons are p=0.0086 for C vs. MDA-MB-231-CM, p=0.0036 for CRL-2329-CM vs. MDA-MB-231-
CM in 24 h groups and p=0.0028 for C vs. CRL-2329-CM in 24 h groups (PD-L1); p=0.0084 for C vs. CRL-2329-CM, p=0.0045 for C vs. MDA-MB-231-
CM in 24 h groups, and p=0.0216 for C vs. CRL-2329-CM in 48 h groups (PD-L2); p=0.0354 for CRL-2329-CM vs. MDA-MB-231-CM in 24 h groups and

p=0.0052 for C vs. CRL-2329-CM in 48 h groups (IDO-1).
ECs: Endothelial cells, IDO: Indoleamine 2,3-dioxygenase

respectively) (p<0.001, Figure 5). Additionally, only a
slight increment in the expression of these genes was found
in cells treated with CRL-2329-CM for 48 hours, except
for the IDO-1 enzyme whose expression was significantly
decreased (1.21-fold, p=0.0028; 1.18-fold, p=0.0216; 0.65-
fold, p=0.0052; 1.57-fold, p<0.001; 1.88-fold, p<0.001,
respectively) when compared to control (Figure 5). Cells
in almost all 24-hour groups showed a significant decrease
(p<0.001 for IDO-1, VISTA and LAG3) in these mRNA
expressions except for PD-L2 whose expression mildly
increased (p=0.0084 and p=0.0045) (Figure 5). It should
also be noted that we did not observe any considerable
result for the expression of CTLA-4 and IDO-2 genes in
ECs. A signal was received only after the 37-38" cycles for
IDO-2 gene and no signal was detected in the 40-cycle of
PCR reaction for CTLA-4 gene. Therefore, we concluded
that there were no expressions of these genes.

One of the striking results in immune checkpoint gene
expression levels was that the increases were greater in EC
cells treated with MDA-MB-231-CM.
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Discussion

It is known that communication between cells is
provided by various soluble factors released from cells.
Moreover, it is known that conditioned media collected
from cell lines are rich in secreted proteins including
metalloproteases, growth factors, cytokines, and other
soluble mediators, which contribute to cell survival,
growth, invasion and differentiation of the cells with which
they communicate (19). One of the cellular equipment in
tumor microenvironmet is ECs which play critical roles in
adhesion, intravasation and extravasation of tumor cells (8).
In this process, ECs exhibit some functions as both having
static structural properties and as active stromal regulatory
cells (8,20).

While normal ECs remain in a quiescent state, the
adhesion capacity of ECs can increase dramatically during
cancer cell spread, and also the proliferation rate of tumor-
associated ECs increases significantly. Adhesion receptors
also undergo functional changes (8). In this respect, CM
reflects the tumor microenvironment in vitro. CM secreted
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from cancer cells has been used as a model to see how it
affects molecules in the tumor microenvironment. Normal
breast epithelial cells treated with CM from aggressive breast
carcinoma cells were reported to increase cell proliferation
and migration (21). However, breast cancer CM derived
from MDA-MB-231 was shown to slightly reduce cell
proliferation in ECs when applied for 72 hours (22).
Consistent with this study, we found that MDA-MB-231-
CM significantly decreased EC proliferation in the 24-hour
group, but slightly decreased it in the 48-hour group.
However, our study also revealed that while CRL-2329-
CM did not affect cell proliferation in the 24-hour group,
its effect increased EC proliferation in the 48-hour group.
Consistent with previous work (21), this study showed that
both CMs significantly increased the rate of cell migration.

ECs have important critical roles in supporting and
promoting the growth and metastasis of cancer cells in
tumor microenvironment (2,6). Because of these dramatic
effects of ECs, we also investigated the effects of breast
cancer CMs on the gene expression of adhesion molecules
involved in the metastasis, and immune checkpoints
which could be effective in immunosuppression and might
indirectly support cancer growth.

ICAM-1, one of the immunoglobulin-like cell
adhesion molecules, is expressed by various cell types
such as ECs (23). It provides tight adhesion of leukocytes
to the endothelium (23). Studies on ICAM-1 molecule
have suggested that its increased expression in cancerous
tissues mediates cell adhesion and metastasis (24,25). In
a previous study, Western blotting of HUVEC extracts
showed that ZR75.30 breast cancer-CM, but not MCF-
7-CM, increased the levels of the adhesion proteins
VCAM-1, E-selectin and ICAM-1 (8). Additionally, CM
derived from ZR75.30 ductal carcinoma cells significantly
increased the mRNA expression of these genes, but the
researchers did not report such an effect for MCF-7-CM
(8). Consistent with these studies, we found that ICAM-1
expression was significantly increased in ECs treated with
both CRL-2329-CM and MDA-MB-231-CM for 48 hours
compared to control. VCAM-1 adhesion molecule is a
key regulator for leukocyte adhesion and transendothelial
migration (26). It has been shown in some studies that
there is a correlation between the high endothelial VCAM-
1 expression and the metastasis of cancer cells to the
other tissues (27,28). E-selectin, another important cell
surface adhesion molecule, is expressed by activated ECs.
Studies on E-selectin have shown that it has a direct effect
on inducing angiogenesis, which is important for tumor
growth and metastasis (29-31). We also showed, in the
present study, the mRNA levels of E-selectin and VCAM-
1 molecules were markedly increased in all groups as
compared to the control group. Another adhesion molecule
secreted by ECs, which is important for maintaining
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endothelial integrity, is PECAM-1 (32). PECAM-1 is
implicated in a number of cellular processes, including
extracirculatory leukocyte trafficking, angiogenesis and
vascular permeability, supporting the growth and spread
of tumor cells (33-35). In our study, while the expression
levels of the PECAM-1 gene decreased slightly in the
24-hour groups, it was found to be significantly increased in
the 48-hour CRL-2329-CM and MDA-MB-231-CM treated
groups. Similarly, we observed that VE-cadherin levels
were significantly increased in ECs treated with both
CMs in the 48-hour groups, but not in the 24-hour groups,
where its mRNA levels were considerably diminished.
VE-cadherin, which is present at low levels in normal
ECs, was found to be expressed at higher levels in tumor-
associated ECs. VE-cadherin increases more as the disease
progresses, suggesting a role in angiogenesis rather than
vasculogenesis (36,37). It should be noted that we could
not find any result for the E-cadherin gene in ECs treated
with CRL-2329-CM and MDA-MB-231-CM.

With regard to the immune checkpoint genes that are
involved in the process of immune suppression, we have
had obtained some striking results. PD-L1 and PD-L2,
which are the members of the B7 family, are well known
to bind to the corresponding inhibitory receptors on the
surface of T-cells. These ligands are essential for the
regulation of immune responses and the maintenance of
immune tolerance (13). PD-L1 mRNA levels have been
reported to be elevated in a number of tumor cell lines and
are associated with high levels of immunosuppression (11).
We found that the PD-L1 gene expression was detected
in both 48-hour CM groups, and that its expression was
particularly elevated in the MDA-MB-231-CM treated
group compared to the control group. Similar results were
also obtained for PD-L2 expression, but for this gene, we
also detected in the 24-hour groups. Based on these data,
it can be said that increased expressions of endothelial
PD-L1 and PD-L2 may contribute to the establishment of
a favorable immunosuppressive environment for tumor
growth.

In this study, we also examined other important
factors involved in immunosuppression. These were the
enzymes IDO-1 and IDO-2, which metabolize tryptophan
to kynurenine and play a role in tumor immune evasion
and carcinogenesis (38). When the 48-hour groups of our
study were evaluated, a significant increase in /DO-1 gene
expression levels was observed in ECs grown under the
MDA-MB-231-CM conditions. In the other experimental
conditions, we found decreases in /DO-1 gene expressions
(Figure 5). In addition, we could not obtain any result for
IDO-2 gene expression in ECs. Furthermore, we were
unable to obtain any results for another immunomodulatory
factor, CTLA-4.
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VISTA is both a receptor for T-cells and a ligand for
antigen presenting cells. This immune checkpoint gene
has been suggested to suppress T-cell activation (17,18).
High mRNA expression of VISTA was observed in some
malignant tumor types (39-41). The other factor we have
studied is LAG3, which displayed suppressive regulatory
effects on T-cell responses and implicates T-cell dysfunction
in the tumor microenvironment. LAG3 is highly expressed
in tumor-associated lymph nodes, according to a dramatic
study (42). Also, regulatory T-cells enhanced the expression
of LAG3 ligand in PBMC and tumor sites isolated from
patients with advanced (stage I1I and IV) cancer (42). In the
present study, we also found similar results for these two
genes. VISTA and LAG3 genes were shown to significantly
increase in the 48-hour experimental groups of CRL-2329-
CM and MDA-MB-231-CM-treated ECs, but not in the
24-hour experimental groups.

In fact, we did not expect any results in ECs for
the immune checkpoint molecules LAG3 and CTLA-4.
We considered this as a sort of dysfunctional negative
control. However, given the receptor function of the LAG3
immunomodulatory molecule, it is dramatic that the LAG3
gene is expressed in ECs. As the functions of LAG3 are
complex, further studies on LAG3 in particular are needed
to understand the function of its expression in ECs.

Regarding the comparison of breast cancer cell types
studied in the present study, we can say that the effects
of the secretome obtained from MDA-MB-231 cells on
the related genes are more aggressive. MDA-MB-231 is
a breast cancer cell line with estrogen receptor negative
(ER-), progesterone receptor negative (PR-) and human
epidermal growth factor receptor negative (HER2-).
Therefore, these cells are subgrouped as triple negative
breast cancer cell type (TNBC) and associated with tumor-
invasive and aggressive genes (43-45). Another cell type,
CRL-2329, is a breast cancer cell line with ER+, PR+,
HER2- characteristics, and classified as Luminal A type
exhibiting relatively low aggressiveness (44). TNBC is
considered to be more aggressive and causes a worse
prognosis compared to other breast cancer subtypes. For
example, TNBC exhibits increased PD-L1 expression. In a
study, to evaluate the PD-L1 expression status in vitro, the
researchers have compared the expression levels of PD-L1
in the human breast cancer cell lines and have reported
that PD-L1 gene is expressed relatively higher in MDA-
MB-231 cells than that in CRL-2329 cells (HCC1500) (46).
In another study, the possible immunomodulatory effects
of MDA-MB-231 and BT-474 (Luminal B type) breast
cancer cells induced by conditioned medium from bone
marrow-derived mesenchymal stromal cells were examined
in vitro and it was suggested that the expression levels of
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IDO, transforming growth factor-f and IL-10 were much
higher in MDA-MB cells and these cell type had a strong
immunosuppressive effects (47).

Consistent with the literature, the expression levels of
the immune checkpoint genes we investigated were also
found to be higher in ECs treated with MDA-MB-231
cell secretome. In addition, we showed that the expression
levels of some adhesion molecules, especially ICAM-1,
PECAM-1 and VE-cadherin, increased more in the MDA-
MB-231 group, indicating more aggressive phenotype.

Conclusion

In conclusion, when the data we obtained are considered
together, it emphasizes that ECs have essential roles in the
interaction with cancer cells and immune system cells.
This study has the potential to support the literature in this
regard, but further studies are needed.
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