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Abstract
Background  Vasculogenic mimicry (VM) is an alternative intratumoral microcirculation system that depends on the 
capacity of tumor cells to reorganize and grow in three-dimensional (3D) channel architectures like the capillaries 
formed by endothelial cells. Both VM and angiogenesis may coordinately function to feed cancer cells, allowing tumor 
growth. Long noncoding RNAs (lncRNAs) regulate critical cellular functions in cancer cells, including cell proliferation, 
apoptosis, angiogenesis, invasion, and metastasis. The lncRNA, known as actin filament-associated protein 1-antisense 
RNA 1 (AFAP1-AS1), has been described as an oncogene in diverse types of cancers. However, its role in VM and 
metastasis in triple-negative breast cancer (TNBC) is unknown.

Methods  Reverse transcription and quantitative polymerase chain reaction (RT‒qPCR) experiments were performed 
to evaluate the expression of 10 selected lncRNAs from literature in metastatic and nonmetastatic biopsies from 
TNBC patients. The expression of AFAP1-AS1 was analyzed in Genotype-Tissue Expression Genotype-Tissue Expression 
(GTEx) and The Cancer Genome Atlas (TCGA) datasets. The AFAP1-AS1 expression was knocked in TNBC Hs578T cells 
by transfection of specific siRNAs. Channel-like formation assays were performed using 3D cultures over Matrigel 
in hypoxia-treated Hs578T cancer cells with diminished expression of AFAP1-AS1. The angiogenesis tests were 
conducted using human umbilical vein endothelial cells (HUVECs) and AFAP1-AS1- silenced Hs578T cells on 3D cell 
cultures. The presence of VM (CD31-/PAS+) in tumor tissues from TNBC patients with and without metastasis was 
assessed through immunohistochemistry using endothelial marker CD31 antibodies and periodic acid-Schiff (PAS) 
staining.

Results  Compared with normal mammary tissues, AFAP1-AS1 expression was higher in breast cancer tissues. 
Moreover, AFAP1-AS1 expression was upregulated in the TNBC subtype compared to receptor-positive breast tumors. 
In addition, the expression of AFAP1-AS1 was correlated with the expression of the thirteen genes characteristic of 
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Background
Breast cancer (BRCA) is the most recurrent malignancy 
in women worldwide. Triple-negative breast cancer 
(TNBC) is a heterogeneous subgroup with a high pro-
liferative and metastatic index [1]. Epidemiological evi-
dence indicates that the 5-year disease-free and overall 
survival are low in TNBC patients and associated with a 
poor clinical response to therapy [2]. Several reports sug-
gest that TNBC favors the generation of new blood ves-
sels through mechanisms such as angiogenesis and, more 
recently, the potential of cancer cells to develop three-
dimensional (3D) channel-like networks termed vasculo-
genic mimicry (VM). The VM process is activated mainly 
by a lack of oxygen and nutrients in bulk tumors’ central 
necrotic core. Furthermore, the formation of channel 
networks detected through CD31 + and PAS-staining has 
revealed a significant presence in tumor tissues and has 
been associated with poor prognosis and metastatic dis-
ease [3–5].

The long non-coding RNAs (lncRNAs) are RNAs lon-
ger than 200 ribonucleotides that are generally not trans-
lated to proteins. However, recent evidence indicates that 
they could encode for small peptides. LncRNAs can uti-
lize various molecular mechanisms to regulate epigenetic 
and transcriptional programs in cells, including decoys, 
guides, scaffolds, and microRNAs (miRNAs) sponges, 
acting as endogenous competitors [6]. Many investiga-
tions have reported that lncRNAs may act as oncogenes 
or tumor suppressor genes regulating essential biologi-
cal functions in human cancers, such as cell prolifera-
tion, migration, invasion, metastasis, angiogenesis, and 
therapy responses, suggesting that they could be attrac-
tive options for targeted and personalized therapies in 
BRCA [6–8]. AFAP1-AS1 is an oncogenic lncRNA that 
regulates the expression of various genes that impact cru-
cial cell signaling pathways. An increase in the expression 
of AFAP1-AS1 in tumor cells promotes cell proliferation, 
therapy resistance, and apoptosis resistance and enhances 
cell invasion and migration [9–11]. However, the role 
of this lncRNA in regulating VM and angiogenesis in 

TNBC patients remains poorly understood. Focusing on 
these facts, we decided to study the clinical and func-
tional relevance of AFAP1-AS1 in TNBC. The AFAP1-
AS1 expression in TCGA cancer samples was compared 
with those in normal tissues. In addition, the functional 
role of AFAP1-AS1 in TNBC cells grown under hypoxic 
conditions simulating the low-oxygen levels in the inner 
environment of solid tumors was assessed. Finally, the 
presence of VM in TNBC clinical tissues from meta-
static and nonmetastatic cancer patients was analyzed. 
Our data showed that AFAP1-AS1 was upregulated in 
primary tumors from patients with metastatic disease. 
Moreover, it plays a vital role in regulating VM and 
angiogenesis, suggesting it could be a valuable therapeu-
tic target in TNBC.

Methods
AFAP1-AS1 expression analysis in normal and BRCA patient 
samples
The AFAP1-AS1 expression was evaluated in 80 and 
112 normal tissues from the GTEx and TCGA datasets 
and compared with 1061 tumor tissues from the TCGA 
cohort. Additionally, the expression levels of AFAP1-AS1 
were compared between breast cancer subtypes classified 
according to the immunohistochemical receptor markers 
and the PAM50 classifier. The median expression levels 
were log2 transformed (TPM + 1) and were represented 
in scatter dot plots.

Correlation analysis between the expression of AFAP1-AS1 
with hypoxia-related genes
The relationships between AFAP1-AS1 expression and 
the winter signature representative of hypoxia-related 
genes [25] were determined using Spearman correla-
tion analysis. A p-value < 0.05 was considered to indi-
cate statistical significance. Analyses were performed in 
Gene Expression Profiling Interactive Analysis (GEPIA2) 
(http://gepia2.cancer-pku.cn/#correlation).

a previously reported hypoxia signature. Interestingly, AFAP1-AS1 was upregulated in primary TNBC tumors from 
patients who developed metastasis compared with the nonmetastatic group. Functional analysis revealed that the 
knockdown of AFAP1-AS1 in Hs578T cells significantly impaired the hypoxia-induced VM, accompanied by a decrease 
in the development of 3D channel networks. Similarly, AFAP1-AS1 knockdown counteracts the angiogenic potential 
of cancer cells, as indicated by a reduction in the number of polygons, sprouting cells, and nodes in HUVEC cells. 
Remarkably, an increase in CD31-/PAS + staining of 3D channel networks in primary breast tumors from metastatic 
patients was found compared with the nonmetastatic group. Finally, we found that the number of blood vessels 
increased in the nonmetastatic group more than in the metastatic cohort.

Conclusions  Our data suggested that AFAP1-AS1 controls both VM and angiogenesis in Hs578T breast cancer cells 
and that increased metastasis is associated with VM in TNBC patients.

Keywords  Breast cancer, AFAP1-AS1, Vasculogenic mimicry, Angiogenesis, Metastasis
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Cell lines
HUVECs and TNBC Hs-578T cells were acquired from 
the American Type Culture Collection (ATCC) and cul-
tured in Dulbecco`s Modified Eagle Medium (DMEM) 
supplemented with 3.7 g/L sodium bicarbonate, 10% fetal 
bovine serum (FBS) and penicillin and streptomycin (50 
unit/mL) antibiotics (Invitrogen, Carlsbad, CA, USA) at 
37 °C in a humidified atmosphere with 5% CO2.

3D channel formation assays in 3D cell cultures
The VM was measured through the 3D channel forma-
tion in vitro. The Hs578T cancer cells (1 × 104 cells/well) 
were transfected with a siRNA (Thermo Fisher Scien-
tific cat. 4390771) targeting exon 2 at the 5200-nucleo-
tide position of the AFAP1-AS1 sequence (60 nM) or 
the scramble-control (60 nM) for 48 h. Then, the trans-
fected and untransfected control cells were cultured in 
a 96-well plate covered with 40 µL of Matrigel to induce 
the formation of 3D channels at 37  °C under normoxia 
or hypoxic (1% O2) conditions for 0–9 h, as it has been 
well documented that hypoxia actives the 3D-channels 
formation in vitro and in vivo [3–8]. The formation of 3D 
channel networks was observed and photographed using 
an inverted optical microscope for 0–9 h. The data were 
expressed as the mean ± S.D. p < 0.05, which was consid-
ered statistically significant.

Angiogenesis assays
Hs578T breast cancer cells were cultured on 24-well 
plates. Once the cells reached 80% confluency, they were 
transfected with the siRNAs against AFAP1-AS1 (60 nM) 
or scramble-control (60 nM) for 48  h. Afterward, the 
angiogenesis assay began with adding 50 µL of Matrigel 
(8  mg/mL) to 96-well plates, and the plates were incu-
bated at 37  °C for one h. Then, HUVECs (20,000 cells/
well) and Hs-578T cancer cells (20,000 cells/well) were 
cocultured on Matrigel in each well. Then, the plates 
were incubated at 37  °C for 24  h. Finally, the cells were 
fixed and stained with 0.5% crystal violet in a 50% etha-
nol/PBS mixture containing 1.25% paraformaldehyde. 
Images were taken with a camera attached to an inverted 
microscope. The following previously reported formula 
was used to measure the angiogenic index [12].

	

Angiogenic score = [(No. sprouting cells) 1

+ (No. connected cells) 2 + (Number of polygons) 3] + [0, 1 or 2]

Total number of cells

Patients and tissue samples
A cohort of 14 female Mexican patients diagnosed with 
TNBC were enrolled in the study. Of these, six patients 
showed metastatic disease, and eight were non-met-
astatic. The samples were obtained from the Regional 

High Specialty Hospital of Ixtapaluca with prior signed 
consent from the patients. This project was approved 
by the ethics and research committee of the Ixtapaluca 
Regional High Specialty Hospital (number NR-16-2020). 
Informed consent for study participation was obtained by 
all subjects or their legal guardian(s) according to local 
Ethic Committee. This study was performed in line with 
the principles of the Declaration of Helsinki.

Histological sections
With a manually rotating Spencer microtome, three sec-
tions of formalin-fixed paraffin-embedded (FFPE) tissues 
were obtained from each of the samples with a thick-
ness of 3  μm. Then, samples were mounted on slides 
loaded with poly-L-lysine for subsequent immunohisto-
chemistry (IHC). Three sections of 20 μm FFPE samples 
were obtained for RNA extraction, placed in Eppendorf 
tubes, and stored at -20 °C. The tonsil tissues were used 
as a positive control for detecting endothelial vasculature 
using CD31 antibodies (Sigma‒Aldrich, HPA004690).

CD31 and periodic acid Schiff staining
Once 3 μm sections of tissues were obtained, the samples 
were rehydrated in decreasing concentrations of etha-
nol and water (10 min each). The slides were placed in a 
Coplin jar containing citrate buffer at pH 6.0 for antigen 
recovery. Antigen unmasking was carried out by incu-
bating the slides at constant boiling in a citrate buffer for 
20 min. The tissues were then incubated at room temper-
ature for 30 min with 3% (v/v) hydrogen peroxide (H2O2) 
diluted in 50% methanol. To avoid nonspecific binding, a 
blocking solution of 1× PBS (pH 7.2), 2% FBS, and 0.5% 
Triton X-100 (v/v) was prepared, and 150 µL of this solu-
tion was added to each slide for 30 min at RT. The CD31 
antibodies were used at a 1:200 dilution and incubated 
at 4  °C overnight. Two washes daily were performed 
with 0.1% PBS-Tween, and two were conducted with 1× 
PBS. A biotinylated secondary antibody (Genetex) was 
used at a 1:300 dilution, and the samples were incubated 
at 32  °C for one hour. Afterward, 3 washes were per-
formed with PBS, and the slides were incubated with an 
avidin-biotin-peroxidase system (Vecta Stain ABC kit) 
at a 1:150 dilution at 32 °C for 30 min. A 0.04% solution 
of diaminobenzidine DAB was prepared in 1× PBS as a 
chromogen and 3% hydrogen peroxide as a substrate for 
the peroxidase enzyme. The chromogenic reaction was 
incubated for 10  min and stopped with tap water. Sub-
sequently, the slides were incubated in 1% periodic acid 
for 10  min, rinsed with water, and incubated in Schiff’s 
reagent for 10  min. The slides were washed with water 
and incubated with Harris hematoxylin for one minute. 
Finally, the tissues were dehydrated in increasing ethanol 
concentrations ending in 100% xylol, mounted with resin, 
and scanned with Aperio ImageScope Software (Leica). 
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Blood vessels and 3D channel networks were counted 
using ImageJ Fiji software.

RNA isolation from FFPE tissues
RNA was isolated from FFPE blocks using the RNeasy 
FFPE Kit (Qiagen) following the manufacturer’s proto-
col. Briefly, 3 sections of 20 μm FFPE samples were used, 
which were dewaxed through incubation with xylol at 
56  °C for 3  min. Then, PDK buffer was added, and the 
samples were vortexed and centrifuged at 11,000 × g/1 
minute. Proteinase K was added for 15 min, and the solu-
tion was incubated for 15 min. Then, DNase enzyme was 
added to eliminate the genomic DNA. Finally, the RNA 
was purified using RNeasy MinElute columns, and 20 µl 
of elution buffer was added. The RNA concentration was 
evaluated by spectrophotometry, and RNA integrity was 
assessed by 1% agarose gel electrophoresis.

Quantitative RT‒PCR assays
The expression levels of 10 selected lncRNAs in the Mexi-
can cohort of TNBC patients were determined by quanti-
tative RT‒PCR with iQ SYBR Green Supermix (Bio-Rad). 
cDNA was synthesized from 500 ng of total RNA isolated 
from tumor samples embedded in FFPE using the Super-
Script™ III First-Strand Synthesis System kit (Invitro-
gen™). The conditions were as follows: t 25 °C for 10 min., 
t 50 °C for 30 min and t 85 °C at 5 min. After, add 1 µL 
RNase H and incubated at 37  °C for 20  min. Then, the 
reverse transcription products were mixed with 5 µL of 
2X iQ SYBR Green Supermix and 1.0 µL of forward and 
reverse primers (Supplementary Table1). The polymerase 
chain reaction was run in the Applied Biosystems Quant-
Studio 12 K Flex Real-Time PCR System apparatus as fol-
lows: 95  °C for 10  min, 40 cycles at 95  °C for 15  s, and 
60 °C for 1 min and a hold 72° C for 30 s. The endogenous 

control GAPDH was used to normalize the data. The 
experiments were performed three times in triplicate, 
and the results were expressed as mean ± standard devia-
tion. One-way ANOVA followed by Tukey’s test was used 
to compare the means.

Statistical analysis
GraphPad Prism v8 tool was used for all the statistical 
analyses. The data were expressed as the means ± SDs 
or medians. Student’s t test or the Mann‒Whitney test 
was used to assess differences between two independent 
groups. Dunn’s multiple comparisons test and the Krus-
kal‒Wallis test evaluated the differences between more 
than two groups. P values < 0.05 were considered to indi-
cate statistical significance for all analyses. The experi-
ments were performed three times in triplicate, and the 
data were shown as the means ± S.D.s. One-way analysis 
of variance followed by Tukey’s test was utilized to com-
pare the differences between the means.

Results
Expression analysis of lncRNAs associated with invasion 
and metastasis in TNBC
Considering that the role of lncRNAs in VM and met-
astatic disease remains elusive, we first performed 
PubMed searches to identify the previously reported 
lncRNAs associated with metastasis and related migra-
tion and invasion processes in TNBC. The search was 
based on the keywords “lncRNA” AND “metastasis” 
AND “triple negative breast cancer” from 2012 to 2024. 
The query strategy and the number of identified lncRNAs 
are described in Fig. 1. We found 165 articles on lncRNAs 
associated with migration, invasion, and metastasis in 
TNBC. Remarkably, none of these reported lncRNAs 
have VM-related functions in metastatic disease. Thus, 
we considered initiating its characterization in TNBC 
patients of utmost importance.

Then, we arbitrarily selected ten metastasis and inva-
sion-associated lncRNAs from the PubMed retrieved 
data (Table 1) and evaluated if they were modulated in the 
Mexican cohort of metastatic and nonmetastatic TNBC 
patients using qRT-PCR assays. Results showed that the 
lncRNA CASC15 was downregulated in primary tumors 
from patients without metastasis. In contrast, the expres-
sion of LUCAT1, TINCR-1,LINC00511,HOTAIR,H19, 
LINC01087, LINC00662, and CDC6-1 did not change 
between the two groups. Interestingly, AFAP1-AS1 was 
upregulated in primary tumors from metastatic patients 
(Fig. 2). Therefore, we selected it for downstream analy-
sis since its function in the metastasis process associated 
with VM in breast cancer is unknown.

Fig. 1  Strategy to identify the lncRNAs involved in migration, invasion, 
and metastasis in TNBC
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AFAP1-AS1 is overexpressed in TNBC tumors and 
associated with a hypoxia-related gene signature
We then decided to study the expression of AFAP1-AS1 
in a more significant number of breast tumors using data 
from the TCGA cohort. Notably, the expression levels of 
AFAP1-AS1 were greater in breast cancer tissue samples 
(n = 1061) than in normal mammary tissues (n = 192) 
(Fig. 3A). Among the breast cancer subtypes, the expres-
sion of AFAP1-AS1 was significantly greater in the TNBC 
and basal-like molecular subtypes than in the receptor-
positive luminal A/B and HER2 + subtypes classified by 
receptors expression and PAM50 (Fig. 3B and C). Addi-
tionally, the Spearman correlation analysis revealed a sig-
nificant relationship between the expression of thirteen 
genes of Winter’s hypoxic signature (SLC2A1, MRPS17, 

ADM, TUBB6, CDKN3,ALDOA, MIF, NDRG1, PGAM1, 
TPI1, LDHA, P4HA1, and VEGFA) [25] with the levels of 
AFAP1-AS1 in BRCA samples (Fig. 3D). To obtain more 
information about the probable functions of AFAP1-AS1 
in the processes related to VM and angiogenesis, we cor-
related its expression levels with those of vascular endo-
thelial growth factor A (VEGFA), an essential gene in 
response to hypoxia and angiogenesis. The data showed 
a strong association between AFAP1-AS1 and VEGFA 
expression (Fig. 3E).

AFAP1-AS1 silencing inhibits hypoxia-induced vasculogenic 
mimicry in breast cancer cells
A lack of oxygen and nutrients in the tumor micro-
environment may activate VM, increasing resistance 

Table 1  Ten selected lncRNAs associated with migration, invasion, and metastasis in TNBC
LncRNA Functions in TNBC Reference
AFAP1-AS1 AFAP1-AS1 functions in mitotic catastrophe and metastasis of TNBC cells by activating the PLK1 pathway. [13]
TINCR TINCR-miR-761 activates early TNBC metastasis and partially offsets luteolin’s anti-tumor activity. [14]
HOTAIR Functions in lymph node metastasis and the LAR subtype of TNBC. [16]
H19 H19 promotes TNBC cell invasion and metastasis through the p53/TNFAIP8 pathway. [17]
LINC00511 The LINC00511 and miR-150/MMP13 molecules regulate cell proliferation, invasion, and metastasis. [18]
LINC01087 The downregulation of LINC01087 in TNBC increases tumor aggressiveness and reduces patient survival. It controls 

cell proliferation, invasion, and drug response.
[19]

LINC00662 It is involved in cell proliferation, migration, and invasion by sequestering miR-497-5p and inducing the expres-
sion of EglN2 in TNBC cells.

[20]

lnc-CDC6-1
NONHSAT053537

It is associated with cell proliferation and migration by sequestering miR-215, which targets the CDC6 transcript. [22]

LUCAT1 LncRNA LUCAT1 activates tumorigenesis and metastasis of TNBC by modulating the miR-5702. [12]
CASC15 Knockdown of CASC15 inhibits cell proliferation, invasion, and tumor growth. [24]

Fig. 2  Expression of lncRNAs related to metastasis in a cohort of 14 patients with TNBC with and without metastasis. qRT‒PCR assays showing the dif-
ferential expression of ten lncRNAs in tumor tissue from the metastatic (M) group compared with the nonmetastatic (NM) group. Experiments were 
performed three times in triplicate. Data were represented as mean ± S.D. One-way analysis of variance (ANOVA) followed by Tukey’s test was used to 
compare the differences between means. A *p < 0.05; **p < 0.01 was considered statistically significant
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to antiangiogenic therapies and promoting metasta-
sis and tumor progression [26]. We wondered whether 
AFAP1-AS1 plays a role in 3D channel formation. 
Thus, we knocked down AFAP1-AS1 expression in the 
Hs578T cancer cells and evaluated their effects on VM. 
The data showed that under normoxia conditions, the 
Hs578T cells barely developed 3D channels or bifurca-
tion points after 3–9 h in contact with Matrigel (Fig. 4A, 
left panel). In contrast, under hypoxic conditions and 
after 3 h in contact with the Matrigel, untransfected con-
trol and scramble-control transfected cells significantly 
increased the formation of 3D channels and branching 

points, demonstrating the importance of hypoxia in the 
activation of VM. The number of networks increased 
at late incubation times (6–9  h). To confirm if AFAP1-
AS1 participates in VM, the AFAP1-AS1-deficient cells 
were treated under the same hypoxic conditions and 
tracked for up to 9  h. The results showed that AFAP1-
AS1 silencing significantly decreased VM development at 
early incubation times in Matrigel, resulting in reduced 
capillary-like tubes and branch points compared with 
untransfected control and scramble-control (Fig. 4B and 
C).

Fig. 3  AFAP1-AS1 expression is related to genes associated with the Winter hypoxia signature in BRCA samples. (A) AFAP1-AS1 expression in normal tis-
sues versus BRCA tumors. Mann‒Whitney test, *p < 0.05. (B) The expression levels of AFAP1-AS1 between the luminal, HER2+, and TNBC tumor subtypes. 
(C) AFAP1-AS1 expression in molecular subtypes of BRCA, which were classified using the PAM50 gene signature. The scatter dot plot represents the me-
dian and range of the RNA-seq data from the BRCA-TCGA cohort. Dunn’s multiple comparisons and Kruskal–Wallis tests, ****p < 0.0001. (D) Thirteen genes 
of the Winter hypoxia signature showed a significant positive correlation with AFAP1-AS1 expression in BRCA-TCGA tumors and normal tissue samples. (E) 
Positive correlations between VEGFA and AFAP1-AS1 expression in BRCA-TCGA tumors and normal tissue samples
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AFAP1-AS1 controls the angiogenic potential of breast 
cancer cells
Next, we investigated whether AFAP1-AS1 has a func-
tional role in angiogenesis in TNBC cells. To test this 
assumption, the expression of AFAP1-AS1 was abolished 
in Hs578T cells after transfection of the specific siRNA 
for 48 h. Scramble-control transfected cells and untrans-
fected control Hs578T cells were used as negative con-
trols. The results showed that coculture of untransfected 
or scramble-control transfected cells with HUVECs stim-
ulated the formation of tubular-like structures (Fig. 5A-
C). In contrast, the AFAP1-AS1 knockdown significantly 
decreased the formation of 3D networks, followed by a 
significant decrease in the angiogenic index (Fig. 5D). A 
critical reduction in the number of tubules, polygons, 
connected cells, nodes, and sprouting cells affecting the 
reorganization of HUVECs to form tubular structures 
was found (Fig. 5E-J).

Identification of vasculogenic mimicry in biopsies from 
TNBC patients with and without metastasis
To detect the presence of 3D channels in tumor tissues 
from the cohort of TNBC patients with metastasis and 
without metastasis (Table  2), we performed immuno-
histochemistry assays using CD31/PAS markers. The 
CD31+/PAS + staining indicates the presence of blood 
vessels, whereas the 3D channel networks that represent 
VM were identified by CD31-/PAS + staining. Figure  6 
shows representative images of metastatic and nonmeta-
static tumor tissues stained with CD31 and PAS. Remark-
ably, an increase in 3D channel-like structures was found 
in tumor tissues from metastatic patients (Fig.  6A and 
B). Moreover, we detected more blood vessels in primary 
tumors from nonmetastatic patients than in metastatic 
ones (Fig.  6C and D). Additionally, we observed that 
erythrocytes were present within the lumen of the 3D 
channel-like structures. These data suggested that the 

Fig. 4  Silencing of AFAP1-AS1 inhibits vasculogenic mimicry. (A) Optical microscopy images of VM development in Hs578T cells grown on normoxia or 
hypoxia conditions. Cells were transfected with the siRNA against AFAP1-AS1 or with the scramble-control sequence for 48 h and then tracked for channel 
formation during 0–9 h in Matrigel. Untransfected and scramble-transfected cells were used as controls. (B) Graphical representation of the number of 
capillary tubes and (C) branch points observed in panel A after 9 h of incubation on Matrigel. The assays were carried out in triplicate, and the data were 
expressed as the mean ± S.D. *** p < 0.001. Data were analyzed by one-way ANOVA. ***p < 0.001 was considered as statistically significant
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Fig. 5  AFAP1-AS1 knockdown decreases angiogenesis in HUVECs cocultured with Hs578T cells. Assays for in vitro tube formation on Matrigel. (A) Control 
Hs578T cells. (B) Cells transfected with scramble-control. (C) Cells transfected with AFAP1-AS1 siRNA. (D) Graphical representation of the angiogenic index. 
(E) Number of formed polygons. (F) Number of sprouted cells. (G) Connected cells. (H) Formed tubules. (I) Nodes. Experiments were performed three 
times in triplicate, and results were represented as mean ± S.D. Data were analyzed by one-way ANOVA. *p < 0.05; **p < 0.01; ***p < 0.001 and ****p < 0.0001 
were considered as statistically significant
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channels could be hemodynamically functional. Interest-
ingly, the data analysis indicated that the average number 
of 3D channel-like networks was increased in tumors 
from patients who developed metastasis (Fig.  6E), sug-
gesting that VM promotes disease spread in TNBC 
patients.

Discussion
TNBC is the most aggressive subtype of BC and has a 
poor prognosis. Currently, the treatment options are che-
motherapy, radiotherapy, and surgery. However, due to 
frequent metastatic events, a large percentage of these 
patients have a poor prognosis at the time of diagnosis 
[27, 28]. Therefore, the discovery of early predictive bio-
markers would allow for a personalized classification to 
predict the tumor aggressiveness of each patient. The 
lncRNAs act as master regulators of the expression of 
various genes; therefore, it is easy to imagine that their 
deregulation is associated with multiple diseases, includ-
ing cancer [29]. On the other hand, VM is a process that 
leads to resistance to therapies and favors tumor pro-
gression [26]; however, to date, very little is known about 
the lncRNAs involved in VM regulation in metastatic 
patients. Using the PubMed database, this study identi-
fied a set of lncRNAs potentially involved in VM and 
metastasis in TNBC. Some of these lncRNAs, such as 
AFAP1-AS1 [30], HOTAIR, and TP73-AS1 in BRCA, have 
been associated with aggressive tumors and poor overall 
survival [15, 31]. We focused on the study of AFAP1-
AS1 because it has already been described in breast can-
cer progression [13, 32, 33]. However, its involvement 
in VM formation and metastasis in TNBC has not been 
defined. AFAP1-AS1 expression was significantly greater 

Table 2  Clinical characteristics of patients with TNBC
Clinical and pathological features Nonmetastatic

n = 8
Met-
astat-
ic 
n = 6

Age (years)
< 50 5 4
> 50 3 2
Triple-negative subtype 8 6
Clinical stage
I 0 0
II 5 0
III 3 2
IV 0 4
Tumor grade
G1 0 0
G2 3 1
G3 5 3
G4 0 2

Fig. 6  Detection of 3D channels and endothelial blood vessels in metastatic and nonmetastatic tissues from TNBC patients. Representative IHC images 
correspond to the primary tumor tissues from (A) nonmetastatic and (B) metastatic patients. The CD31+/PAS + staining pattern denotes the blood vessels, 
and CD31-/PAS + indicates the channel-like networks. The black dotted arrows indicate CD31-positive endothelial cells, and the black continuous arrows 
indicate PAS-positive cells. Red asterisks indicate erythrocytes. Quantification of channels in tumors from (C) metastatic patients and (D) nonmetastatic 
patients. (E) Comparison of the average number of blood vessels and channels between metastatic and nonmetastatic tissues. The average number of 
vessels and 3D channels were determined using ImageJ Fiji tool for IHC. The results were represented as mean ± S.D. t-test (no parametric). ***p < 0.001 
and **p < 0.005 was considered statistically significant
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in TNBC patients than in patients with other breast 
cancer subtypes. Furthermore, this lncRNA was overex-
pressed in primary tumor tissues from metastatic TNBC 
patients compared to nonmetastatic patients. Previ-
ous studies have indicated that AFAP1-AS1 expression 
in different tumor types is strongly associated with cel-
lular events leading to tumor progression, such as pro-
liferation, invasion, and metastasis [34–36]. One of the 
currently understudied mechanisms is VM; this event 
promotes the metastatic capacity in solid tumors [30]. 
However, no evidence showed the association between 
VM and metastasis by AFAP1-AS1 in TNBC. Here, we 
report that decreasing AFAP1-AS1 expression reduces 
VM in TNBC cells using in vitro models, a critical cel-
lular process for growth and metastasis. We observed 
that all the tumors of TNBC patients were positive for 
VM; however, this event was more evident in the patients 
who presented metastasis. In a tumor context, a lack of 
oxygenation and nutrients leads to increased secretion 
of proangiogenic factors that activate endothelial cells 
to favor the formation of new blood vessels [37]. Stud-
ies indicate that various types of tumors present a com-
bination of angiogenesis and VM, culminating in a poor 
prognosis for patients because both mechanisms operate 
in a coordinated manner, resulting in resistance to anti-
angiogenic therapies [38, 39]. Therefore, understanding 
the interplay between cancer cells and endothelial cells 
in forming closely related vascular structures may help us 
to identify new targets and propose strategies for TNBC 
therapy. Therefore, we determined that AFAP1-AS1 pro-
motes angiogenesis in triple-negative breast cancer cells. 
The results agree with those previously reported by You-
wen Zhong and his collaborators, who demonstrated 
that the deletion of AFAP1-AS1 inhibits angiogenesis in 
endometrial cancer cells [40]. The main weakness of our 
study is the small sample size. Thus, our findings are con-
sidered the first pilot study in breast tumor tissues since, 
thus far, no previous relationships between metastatic 
events associated with VM in breast cancer have been 
reported. Collectively, our data suggested that AFAP1-
AS1 modulates both VM and angiogenesis in TNBC; 
both favor metastasis and the possibility of promoting 
resistance therapies.

Conclusions
In conclusion, our findings indicate that AFAP1-AS1 
plays a crucial role in VM, angiogenesis, and metastatic 
disease, suggesting that it could be a potential therapeu-
tic target in TNBC.
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