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Abstract 

Colorectal cancer (CRC) is the third most common malignancy, with increasing prevalence and mortality. How 
the ethoxy-erianin phosphate (EBTP) mediates CRC development remains unclear. Therefore, the current study 
evaluated the effects of EBTP on the proliferation, migration, and angiogenesis of CRC cells using CCK-8, Wound-
healing, Transwell, and Tube formation assays. RNA sequencing and molecular docking techniques helped predict 
that EBTP could inhibit angiogenesis by regulating PIK3R2 expression while clarifying the mechanism behind EBTP-
mediated CRC angiogenesis. Subsequently, several in vitro experiments indicated that PIK3R2 overexpression signifi-
cantly improved the proliferation, migration, and angiogenesis of CRC cells while knocking down PIK3R2 expression 
inhibited their proliferation, migration, and angiogenesis. Simultaneously, PIK3R2 expression in CRC cells gradually 
decreased with increased EBTP concentration and action duration. Moreover, PIK3R2 overexpression in CRC cells 
could reverse the inhibitory EBTP effect in angiogenesis. Mouse experiments also depicted that EBTP inhibited 
CRC angiogenesis by down-regulating PIK3R2 expression. In addition, EBTP could inhibit PI3K/AKT pathway activity 
and indirectly control PIK3R2 expression through the lncRNA TMPO-AS1/miR-126-3p axis. Our findings highlighted 
that EBTP could inhibit CRC angiogenesis using the TMPO-AS1/miR-126-3p/PIK3R2/PI3k/AKT axis, providing a novel 
strategy for anti-angiogenic therapy in CRC.
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Introduction
Colorectal cancer (CRC) is the third most common 
malignancy worldwide because of risk factors like lack 
of exercise, low-fiber diet, smoking, and obesity, with its 
mortality rate ranking second [1, 2]. Current advances 
in chemotherapy, targeted therapy, immunotherapy, 
and other treatments have improved the overall survival 
of CRC patients. However, the mortality rate of these 
patients remains high. Tumor metastasis, a major cause 
of death in CRC patients, is a complex process involv-
ing multiple pathways and uses the ability of cancer cells 
to migrate, invade, and develop angiogenesis [3, 4]. As 
tumor angiogenesis plays a crucial role in tumor metasta-
sis, anti-angiogenic therapy is a significant breakthrough 
in treating metastatic CRC. During the last decade, new 
targeted agents have emerged for treating malignancies, 
primarily anti-angiogenic agents [5]. Therefore, develop-
ing new agents for treating CRC and exploring the spe-
cific mechanisms controlling angiogenesis is crucial.

Erianin is a natural product isolated from Dendrobium 
ferruginum and Dendrobium bullae and is a promising 
anti-cancer molecule [6]. We used the basic principles 
of drug design to structurally modify erianin and obtain 
EBTP while improving its structural instability and poor 
solubility (Fig. 1A) [7]. Previously, EBTP exhibited anti-
proliferative activity against breast cancer cells MCF-
7, cervical cancer cells Hela, and lung cancer cells 2LL. 
Furthermore, EBTP could inhibit cell migration and 
disrupt the vascular system inside fertilized eggs [7]. 
On the other hand, combining EBTP and afatinib inhib-
ited angiogenesis in hepatocellular carcinoma cells by 
regulating vascular endothelial growth factor (VEGF) 
and epidermal growth factor receptor (EGFR) signaling 
pathways [8]. However, whether EBTP could effectively 
mediate angiogenesis in CRC remains unclear, increas-
ing the demand for investigating the exact mechanism.

Phosphoinositide 3-kinase (PI3K) is a heterodimer with 
regulatory (p85) and catalytic (p110) subunits. PI3K is 
classified into three classes based on its structure, with 
class I PI3K being the most typical [9, 10]. The PI3K path-
way abnormalities are often considered a cancer hallmark 
[11]. Phosphatidylinositol-3-kinase regulatory subunit 2 
(PIK3R2) is a ubiquitous isoform encoding the subunit 
p85β of class I PI3K [12]. Recent studies have depicted 
that aberrant PIK3R2 expression is involved in mediating 

the development and progression of various human can-
cers [13, 14]. For instance, PIK3R2 can improve glioma 
cell proliferation through the PI3K/AKT axis [15]. While 
inducing prostate cancer cell metastasis, Song observed 
that PIK3R2 was upregulated in prostate cancer tissues 
[16]. Although PIK3R2 can control the malignant process 
as an oncogene in various tumors, no evidence exists on 
the role of PIK3R2 in CRC angiogenesis.

We demonstrated through various functional experi-
ments that EBTP could effectively inhibit the proliferation, 
migration, and angiogenesis within CRC cells. Additional 
in vivo and in vitro experiments depicted that the ability of 
EBTP to inhibit angiogenesis was obtained by downregu-
lating PIK3R2 expression in CRC cells. Meanwhile, EBTP 
could control PIK3R2 expression through the lncRNA 
TMPO-AS1/miR-126-3p axis. Thus, the downstream 
PI3K/AKT pathway phosphorylation was inhibited, inhib-
iting angiogenesis in CRC. Our results provided a new 
strategy for the anti-angiogenic treatment of CRC.

Materials and methods
Cell culture and reagents
Human colon cancer cells HCT116 and SW480 and 
human umbilical vein endothelial cells HUVEC were 
obtained from the Chinese Academy of Sciences cell 
bank. HCT116 and SW480 cells were cultured in DMEM 
medium with 10% fetal bovine serum and HUVEC in 
ECM medium with 5% fetal bovine serum. All the cells 
were kept in an incubator containing 5% CO2 at 37 °C.

Prof. Wu Fanhong of the Shanghai University of 
Applied Technology provided EBTP (CAS Registry Num-
ber: 1221157-01-2) with 98% purity. EBTP was dissolved 
in a phosphate-buffered saline (PBS) solution, configured 
as a 1 mM master mix and stored at -20 °C.

RNA sequencing
The logarithmic growth stage HCT116 cells were inoculated 
into a six-well culture plate. After the cells adhered to the 
wall, the blank control group was replaced using a fresh cul-
ture medium. In contrast, the drug-added group continued 
cultivating for 24 h with 4 µM EBTP. Then, the medium was 
discarded, washed thrice using clean PBS, 1 mL of TRIZOL 
was added to each well, and frozen for 5 min for lysis. The 
supernatant was stored in dry ice, and RNA sequencing was 
performed using the sequencing company.

(See figure on next page.)
Fig. 1  EBTP inhibits the proliferation, migration, and angiogenesis of colorectal cancer cells. A The chemical structural formula of EBTP. B CCK-8 
assay helped detect the effect of different EBTP concentrations on the proliferation capability of CRC cells. C The transwell assay helped detect EBTP 
change in the migration potential of CRC cells. D EBTP effect on CRC cell migration was observed with the Wound-healing assay. E A Transwell 
experiment helped determine the EBTP effect on the cell migration ability of HUVEC. F The experiment of Tube formation tested the EBTP effect 
on HUVEC’s ability to develop tubes. G Western blot experiments helped investigate the VEGF-A, VEGFR1, and VEGFR2 protein expression in CRC 
cells. All the experiments were independently repeated thrice. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.001
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Fig. 1  (See legend on previous page.)
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Cell transfection
PIK3R2-pcDNA (pcDNA3.1-WT-PIK3R2) was procured 
from Shanghai Joiner Bio. The shRNA sequence (5’-GAC​
AAC​AGA​GAG​AGA​TCG​ACAAG-3’) was constructed 
in the pLent-U6-GFP-Puro vector to extract the PIK3R2 
knockdown plasmid (Shanghai DNA Bioscience Co. Ltd. 
Shanghai, China). We purchased Sh-TMPO-AS1, miR-
126-3p mimics, miR-126-3p inhibitor, and their respective 
controls from GenePharma (Shanghai, China). HCT116 
and SW480 cells were transfected using a lipo8000 trans-
fection reagent (Beyotime Biotechnology, Shanghai, 
China). Total RNA was extracted after 24 h of transfection, 
and total protein was extracted after 48 h. The transfection 
efficiency was tested with RT-qPCR and Western Blot.

CCK‑8 assay
The viability and proliferative capacity of the CRC cells 
were evaluated with CCK-8 (Elabscience, Biotechnology 
Co., Ltd.). Briefly, 100 µL of CRC cells were inoculated 
in 96-well plates within the logarithmic growth phase at 
a density of 1 × 105/mL and were treated following the 
experimental groupings after 24 h. 10 µL of CCK-8 solu-
tion was added, and the absorbance was measured at 
450 nm after incubating for 1 h at 37 °C.

Preparation of conditioned medium (CM)
CRC cells were inoculated in six-well plates and were pro-
cessed according to the experimental groups after cell wall-
ing. The supernatants were obtained after 24  h from the 
EBTP-added group. Cell supernatants were collected after 
48 h from CRC cells transfected using PIK3R2 OE/KD (an 
appropriate amount of EBTP was added to the drug-added 
group after transfecting for 24 h). Similarly, cell supernatants 
were obtained from CRC cells transfected with miR-126-3p 
inhibitor or sh-TMPO-AS1 after 48 h. The supernatant was 
centrifuged at 5000 rpm for 15 min, and the cell supernatant 
was kept at -20 ℃ for subsequent experiments.

Transwell assay
CRC cells treated with EBTP for 24 h or transfected with 
PIK3R2 OE/KD plasmid for 48  h were diluted to 2 × 105/
mL cell suspension using a medium with 1% fetal bovine 
serum. 200 µL of cell suspension was inoculated in the 

upper chamber of Transwell (Corning, NY, USA). Then, 500 
µL of complete medium with 10% fetal bovine serum was 
kept in the lower chamber. After 24 h, the cells were passed 
through the chambers and stained with crystal violet, and 
five randomly selected areas were photographed. The crys-
talline violet was dissolved in methanol, and the absorbance 
was measured at 570 nm using an enzyme marker.

Wound‑healing assay
CRC cells were inoculated in a 6-well plate in the loga-
rithmic growth phase. After the density reached 100%, 
the cell supernatant was discarded, and the cells were 
scratched using the tip of a sterile pipette (10 µL). The 
images were photographed and recorded under a micro-
scope. The medium was altered to EBTP-containing or 
EBTP-free serum-free, and the culture was continued for 
24 h before photographing the scratches.

Tube formation assay
Matrigel (Yeasen Biotechnology, Shanghai, China) was 
dissolved at 4  °C overnight, and the 96-well plates were 
pre-cooled inside a 4 °C refrigerator. Each well was placed 
inside an incubator for 30 min at 37 °C after adding 50 µL 
of matrigel to solidify. HUVECs were diluted to 2 × 105/
mL with different groupings of conditioned medium. 100 
µL of cell suspension was introduced to the matrigel-
coated 96-well plate and incubated for 4 h. Five randomly 
selected fields of view were photographed under the 
microscope, and the number of tubes was determined 
with the Image J software.

Protein extraction and western blot
Total cellular proteins were retrieved using RIPA lysate 
(Beyotime Biotechnology, Shanghai, China). Protein 
quantification was performed using the Bradford method. 
30 µg of protein was electrophoresed in SDS-PAGE and 
transferred onto PVDF membranes (250 mA, 2 h). After 
blocking, the membranes were incubated overnight at 
4  °C with antibodies: VEGF-A (Cat. No. WL00009b, 
Wanlei Bio, China), VEGFR1 (Cat. No. AF6204, Affin-
ity, China), VEGFR2 (Cat. No. AF6281, Affinity, China), 
PIK3R2 (Cat. No. AF2951, Affinity, China), PI3K (Cat. 

Fig. 2  PIK3R2 promotes the proliferation, migration, and angiogenesis of HCT116 cells. A The molecular docking technique helped simulate 
EBTP binding to PIK3R2. B PIK3R2 expression in CRC and non-cancerous tissues in the HPA site. C Western Blot helped verify the transfection 
efficiency of PIK3R2 in HCT116 cells. D qRT-PCR could verify PIK3R2 overexpression and knockdown efficiency among HCT116 cells. E CCK-8 assay 
for HCT116 cell proliferation. F A Transwell experiment helped determine the PIK3R2 expression effect on HCT116 cell migration. G The Transwell 
assay explored the change impact on the migration ability of HUVEC in PIK3R2 expression inside HCT116 cells. H The Tube formation experiment 
explored the effect of changes on the ability of HUVEC to develop tubes in PIK3R2 expression in HCT116 cells. I Western Blot assay helped detect 
the expression of VEGF pathway-related proteins in HCT116 cells. All the experiments were independently repeated thrice. *p < 0.05; **p < 0.01; 
***p < 0.001

(See figure on next page.)
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Fig. 2  (See legend on previous page.)
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No. 4292, Cell Signaling, USA), P-PI3K (Cat. No. 4228, 
Cell Signaling, USA), AKT (Cat. No. CY5561, Abways, 
China), P-AKT (Cat. No. CY6569, Abways, China), and 
β-actin (Cat. No. AB0035, Abways, China). The mem-
branes were rinsed and incubated using an enzyme-
labeled secondary antibody (Cat. No. E-AB-1003, 
Elabscience, China) at room temperature the next day for 
2 h. Membranes were cut horizontally. A Tanon imaging 
system (5200 S) helped detect protein bands after bind-
ing to ECL chemiluminescent reagents.

Molecular docking
The chemical structure of EBTP was retrieved from the 
PubChem database (https://​pubch​em.​ncbi.​nlm.​nih.​gov/). 
Later, Chem3D software helped import, optimize, and min-
imize energy using the MM2 module. The protein structure 
of PIK3R2 (PDB ID: AF-O00459-F1) was obtained from 
the UniProt database (https://​www.​unipr​ot.​org/​unipr​otkb/​
O00459) and processed on the Maestro11.9 platform. The 
protein was treated using Schrodinger’s Protein Prepara-
tion Wizard to remove the water of crystallization, add 
missing hydrogen atoms, and repair missing bond informa-
tion and peptide segments. Finally, the protein was energy 
minimized and optimized in geometric structure.

The Glide module of the Schrödinger Maestro software 
helped process and optimize molecular docking. Protein 
processing used the Protein Preparation Wizard module. 
Receptors were pre-processed, optimized, and minimized 
(constrained minimization with the OPLS3e force field). 
Compound structures were prepared according to the 
default settings of the LigPrep module. For screening in 
the Glide module, the designed receptors were imported, 
and the docking sites were predicted based on the struc-
tural characteristics of the protein while setting the dock-
ing box to 20Åx20Åx20Å. Finally, Standard Precision (SP) 
helped perform molecular docking and screening.

RNA extraction and quantitative real‑time fluorescent 
quantitative PCR (qRT‑PCR)
Total RNA was extracted from CRC cells using TRIzol™ 
reagent (Sigma, USA). They were reverse transcribed into 
cDNA according to the manufacturer’s instructions (Cat. 
No. 11119ES60, Yeasen Biotechnology, China). The rela-
tive expression of PIK3R2, TMPO-AS1, and miR-126-3p 

was analyzed using Hieff UNICON qPCR SYBR Green 
Master Mix (Yeasen Biotechnology, Shanghai, China). 
GAPDH (PIK3R2 and TMPO-AS1) and U6 (miR-126-3p) 
became normalization controls. TMPO-AS1, miR-126-3p, 
U6, and GAPDH primers are represented in Table S1.

Xenograft model
Twenty five-week-old male BALB/c nude mice were ran-
domly divided into four groups, with five in each group. We 
resuspended 5 × 106 wild-type or HCT116 cells transfected 
with PIK3R2 overexpression plasmid in 50% matrix gel 
solution (V/V, saline: matrix gel = 1:1). They were injected 
subcutaneously into different nude mice groups. After the 
subcutaneous tumor volume reached 100 mm3, the three 
groups were administered with gavage (EBTP, 50  mg/kg) 
for 21 days according to the body weight of the mice. After 
the administration, the animals were euthanized using CO2 
asphyxiation, and the tumors were weighed to measure the 
volumes. All the animal experiments were performed using 
IACUC-approved protocols from the East China Univer-
sity of Science and Technology. The animal husbandry pro-
tocols followed the Declaration of Helsinki.

Immunohistochemistry (IHC)
First, we degreased and rehydrated the tumor tissue sec-
tions. The sections were immersed inside 1 mM Tris/
EDTA (pH = 9.0) antigen retrieval solution, boiled for 
30 min, and cooled at room temperature. After blocking 
using 3% BSA for 1 h, CD31 (Cat. No. AF6191, Affinity, 
China) and CD34 antibodies (Cat. No. CY5196, Abways, 
China) were incubated overnight at 4 °C. A biotinylated 
secondary antibody (Biological Technology, California, 
USA) was introduced inside the samples for 1  h. Later, 
Streptavidin Peroxidase Complex (SABC, Biological 
Technology) was added and incubated for 30  min at 
37  °C. A solution of 3,3’-diaminobenzidine tetrahydro-
chloride (DAB, Biological Technology) was added. The 
sections were dehydrated and were photographed using 
a bright-field microscope (Olympus).

Dual‑luciferase reporter assay
A dual luciferase reporter gene assay helped examine 
the interaction between PIK3R2/TMPO-AS1 and miR-
126-3p. The binding sites of PIK3R2 (WT PIK3R2) and 

(See figure on next page.)
Fig. 3  The ability of EBTP to inhibit angiogenesis in colorectal cancer depends on PIK3R2. A Western Blot helped test whether EBTP can inhibit 
the PIK3R3 protein expression in CRC cells in a time-dependent and concentration-dependent manner. B The PIK3R2 mRNA expression level 
was tested using RT-qPCR with increased EBTP treatment time or concentration within CRC cells. C The Transwell assay helped determine 
whether CRC cells transfected using PIK3R2 overexpression plasmid could reverse the EBTP effect by suppressing HUVECs migration. D Exploring 
whether PIK3R2 could reverse the EBTP phenomenon by suppressing HUVECs formation with Tube formation experiments. E Western blot 
analysis helped investigate the transfection effect of PIK3R2 overexpression plasmid on VEGF-A, VEGFR1, and VEGFR2 expression in CRC cells. All 
the experiments were independently repeated thrice. *p < 0.05; **p < 0.01; ***p < 0.001。#p < 0.05; ##p < 0.01; ###p < 0.001

https://pubchem.ncbi.nlm.nih.gov/
https://www.uniprot.org/uniprotkb/O00459
https://www.uniprot.org/uniprotkb/O00459
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TMPO-AS1 (WT TMPO-AS1) were cloned to miR-
126-3p, and their mutation sites (MUT PIK3R2, MUT 
TMPO-AS1) into the GP-miRGLO vector (GenePharma, 
Shanghai, China). These constructs were cotransfected 
with miR-126-3p mimics or NC mimics into CRC cells. 
The cells were assayed for luciferase activity of fireflies and 
sea cucumbers with a dual luciferase reporter gene assay 
kit after 48 h (Beyotime Biotechnology, Shanghai, China).

Bioinformatics analysis
Relevant data were retrieved from the HPA website 
(https://​www.​prote​inatl​as.​org/) to analyze PIK3R2 
expression in CRC and adjacent non-cancerous tissue 
sections. The GEPIA website (http://​gepia.​cancer-​pku.​
cn/) helped analyze PIK3R2 expression in pan-cancer 
and explore this expression in CRC.

Statistical analysis
The experiments were replicated three times indepen-
dently, and the data were processed using the GraphPad 
Prism 8.0 software. The data were uniformly processed 
as Mean ± Standard Deviation (SD). Significant dif-
ferences were analyzed with the Student t-test, where 
p < 0.05 was considered statistically significant.

Result
EBTP inhibits the proliferation, migration, 
and angiogenesis of colorectal cancer cells
The effect of different concentrations of EBTP was 
examined on the proliferation activity of HCT116 and 
SW480 cells using CCK-8 to screen for appropriate 
EBTP concentration on CRC cells (Fig. 1B). The results 
indicated that EBTP significantly inhibited CRC cell 
proliferation. EBTP inhibited HCT116 proliferation 
in a concentration-dependent manner in the 0–10 µM 
range. In contrast, EBTP effectively inhibited SW480 
proliferation in a concentration-dependent manner 
within the 0–5 µM range. For operational convenience, 
2 µM and 4 µM were chosen to investigate the effects 
of EBTP on CRC cell migration and angiogenesis. 
According to the results of Transwell and Wound-heal-
ing assays, EBTP significantly restricted the migratory 
potential of HCT116 and SW480 cells. Moreover, the 
inhibitory ability was elevated by enhancing EBTP con-
centration (Fig.  1C and D). Then, we examined the 
EBTP effects on the migration and tube formation 

abilities of HUVECs using Transwell and Tube forma-
tion assays, respectively. The results are represented 
in Fig.  1E and F. EBTP inhibited the migration poten-
tial and tubular ability of HUVECs in a concentration-
dependent manner. Our previous study observed that 
EBTP inhibited hepatocellular carcinoma angiogenesis 
through the VEGF pathway [8]. Therefore, the West-
ern Blot assay helped investigate whether EBTP could 
affect the expression of VEGF pathway-related proteins 
in CRC (Fig. 1G). These data indicated that EBTP could 
effectively restrict the proliferation, migration, and 
angiogenesis of CRC cells.

PIK3R2 promotes the proliferation, migration, 
and angiogenesis of colorectal cancer cells in vitro
We sequenced RNA from HCT116 cells without or with 
24  h EBTP treatment to investigate the specific mecha-
nism of EBTP-mediated malignant biological behav-
ior of CRC and identify the top ten differential mRNAs. 
PIK3R2 increased our research interest in differential 
mRNAs. After the literature search, several binding sites 
for erianin exhibited a high affinity for PI3K [17]. PIK3R2 
is a common subunit of PI3K, and EBTP could bind to 
PIK3R2, affecting CRC angiogenesis. First, EBTP was 
molecularly docked with the PIK3R2 target protein. The 
results depicted in Fig.  2A revealed that the compound 
EBTP had an excellent binding effect while developing 
hydrogen bonds and hydrophobic interactions with the 
PIK3R2 protein. Therefore, EBTP could bind to PIK3R2 
and inhibit malignant tumor development.

We first explored PIK3R2 expression in pan-cancer 
to clarify its role within the CRC process. The results 
suggested that PIK3R2 was highly expressed in breast, 
colorectal, and hepatocellular carcinomas (Figure S1A). 
Moreover, CRC patients showed high PIK3R2 expres-
sion compared to healthy patients (Fig.  2B and Fig-
ure S1B). We constructed PIK3R2 overexpression and 
PIK3R2 knockdown plasmids to investigate the role of 
PIK3R2 in CRC. Then, the PIK3R2 transfection effective-
ness was validated in HCT116 cells using Western Blot 
and qRT-PCR assays (Fig.  2C and D). The high expres-
sion of PIK3R2 in HCT116 cells improved the prolifera-
tion and migration of HCT116, while the knockdown 
of PIK3R2 expression suppressed the proliferation and 
migration of HCT116 (Fig.  2E and F). Meanwhile, high 
PIK3R2 expression effectively improved the migratory 

Fig. 4  EBTP inhibits the growth and angiogenesis of colorectal cancer in vivo. A A schematic diagram of the nude mouse xenograft model. B A 
representative image of a subcutaneous solid tumor inside nude mice. C The volume statistics of solid tumors in nude mice of each group. D The 
weight statistics of solid tumors in nude mice from each group. E Immunohistochemical detection of CD31 and CD34 expression within solid 
tumor tissues from each group. All the experiments were independently repeated thrice. *p < 0.05; **p < 0.01; ***p < 0.001。#p < 0.05; ##p < 0.01; 
###p < 0.001

(See figure on next page.)
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potential and tube-forming ability of HUVEC. VEGF 
pathway-related protein expression was elevated, while 
the opposite was restricted (Fig. 2G and H, and I). Simi-
larly, loss-of-function and gain-of-function assays were 
performed in SW480 cells, showing similar results. 
Therefore, PIK3R2 expression promoted proliferation, 
migration, and angiogenesis in SW480 cells (Figure S1C-
I). The experimental results indicated that PIK3R2 could 
exert oncogenic activity among CRC cells.

The ability of EBTP to inhibit angiogenesis in colorectal 
cancer depends on PIK3R2
The oncogenic activity of PIK3R in CRC cells is known. 
However, whether EBTP inhibition of CRC angiogenesis 
depends on the down-regulation of PIK3R2 expression is 
unclear. First, we explored the effect of EBTP on PIK3R2 
expression in CRC cells based on a concentration and time 
gradient (Fig. 3A). EBTP suppressed the protein expression 
of PIK3R2 in HCT116 and SW480 cells in a concentration-
dependent and time-dependent manner. EBTP also down-
regulated the PIK3R2 mRNA expression in CRC cells. The 
PIK3R2 mRNA expression level gradually decreased by 
enhancing the duration or concentration of EBTP action 
(Fig.  3B). Next, whether CRC angiogenesis inhibition by 
EBTP depended on PIK3R2 was investigated. CRC cells 
transfected with PIK3R2 overexpression or blank vector 
plasmids were treated with 4 µM EBTP. EBTP significantly 
restricted the migratory potential and tube-forming abil-
ity of HUVECs. These results were reversed using PIK3R2 
overexpression (Fig.  3C and D). Then, we examined the 
expression of VEGF pathway-related proteins in CRC 
cells with the Western Blot assay. The results depicted 
that EBTP down-regulated the expression of VEGF-A, 
VEGFR1, and VEGFR2. In contrast, PIK3R2 overexpres-
sion restored the expression of VEGF pathway-related 
proteins (Fig. 3E). All the above experimental results dem-
onstrated that the inhibitory effect of EBTP on CRC angio-
genesis is achieved by suppressing PIK3R2 expression.

EBTP inhibits colorectal cancer growth and angiogenesis 
in vivo
EBTP inhibited CRC angiogenesis in  vitro by inhibiting 
PIK3R2 expression, which suggested whether EBTP could 
inhibit CRC development in vivo. We established a xeno-
graft model in nude mice to investigate the role of EBTP 

in CRC. HCT116 cells were inoculated subcutaneously 
inside BALB/c nude mice. The experiment was divided 
into HCT116 alone, EBTP + HCT116, EBTP + pcDNA 
HCT116, and EBTP + PIK3R2 OE HCT116 groups 
(Fig. 4A). The results suggested that EBTP inhibited mouse 
tumor growth in  vivo (Fig.  4B). The tumor volume and 
weight of mice were lower than the control group, while 
PIK3R2 overexpression enhanced the tumor volume and 
weight (Fig.  4C and D). IHC results showed that EBTP 
reduced the expression of CD31 and CD34, while the 
phenomenon was reversed by PIK3R2 overexpression 
(Fig. 4E). Therefore, EBTP depends on PIK3R2 to suppress 
CRC growth and cellular angiogenesis in vivo.

EBTP inhibits PI3K/AKT pathway phosphorylation 
by downregulating the expression of PIK3R2
Initially, we explored the effect of EBTP on the PI3K/AKT 
pathway to evaluate the downstream signaling pathway of 
EBTP acting on PIK3R2 since PIK3R2 is a common PI3K 
subunit. The results are represented in Fig.  5A. EBTP 
significantly inhibited the expression of total PI3K/AKT 
protein and its phosphorylated proteins, while PIK3R2 
overexpression increased the phosphorylation level of the 
PI3K/AKT pathway within CRC cells (Fig. 5A). Then, the 
PI3K and AKT-specific activator Recilisib were used to 
determine whether EBTP inhibited CRC angiogenesis by 
suppressing PI3K/AKT phosphorylation. After describing 
that Recilisib effectively activates PI3K and AKT phospho-
rylation (Fig. 5B), the tube formation ability of HUVECs 
was examined. EBTP effectively inhibited HUVEC migra-
tion, while Recilisib reversed this effect (Fig. 5C). Recili-
sib reversed the inhibition of HUVEC migration because 
of EBTP in the Transwell assay (Fig.  5D). The results in 
Fig. 5E depict that Recilisib could restore EBTP inhibition 
of VEGF pathway-related protein expression. Therefore, 
EBTP inhibition of PIK3R2 expression in CRC cells sup-
pressed intracellular PI3K/AKT pathway phosphoryla-
tion, inhibiting CRC angiogenesis.

EBTP indirectly regulates PIK3R2 expression 
via the TMPO‑AS1/miR‑126‑3p axis and inhibits colorectal 
cancer angiogenesis
Many studies observed that lncRNAs are essential for dif-
ferent biological functions in cancer. They could act as 
competing endogenous RNAs (ceRNAs) to control mRNA 

(See figure on next page.)
Fig. 5  EBTP inhibits PI3K/AKT pathway phosphorylation by downregulating PIK3R2 expression. A Western blot analysis determined the EBTP 
effect on the PI3K/AKT pathway proteins in CRC cells. B Western Blot helped assess the efficiency of PI3K/AKT-specific activator Recilisib. C The 
Tube formation experiment assessed whether Recilisib could restore the EBTP inhibitory effect on angiogenesis. D The Transwell experiment 
determined the effect of Recilisib on the migration ability of HUVEC. E The Western Blot experiment evaluated the Recilisib effect on the expression 
of VEGF pathway-related proteins. All the experiments were independently repeated thrice. *p < 0.05; **p < 0.01; ***p < 0.001。#p < 0.05; ##p < 0.01; 
###p < 0.001
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expression by targeting miRNAs [18, 19]. We speculated 
whether EBTP could indirectly regulate PIK3R2 expression 
and control CRC angiogenesis by mediating the expression 
of lncRNA or miRNA. miR-126-3p was linked with lung 
and hepatocellular carcinoma progression by targeting 
PIK3R2 [20, 21]. In contrast, lncRNA TMPO-AS1 targeted 
miR-126-3p to improve epithelial-mesenchymal transition 
in the hepatocellular carcinoma [22]. Therefore, whether 
the TMPO-AS1/miR-126-3p axis could regulate PIK3R2 
expression and affect CRC angiogenesis was investigated. 
qRT-PCR results revealed that miR-126-3p expression was 
progressively upregulated among CRC cells, enhancing 
EBTP action time or concentration (Fig. 6A). In contrast, 
lncRNA TMPO-AS1 expression was progressively down-
regulated (Fig. 6B). We first predicted the respective bind-
ing sites to demonstrate the targeting between PIK3R2/
TMPO-AS1 and miR-126-3p (Figure S2A). Dual luciferase 
reporter results suggested that the luciferase activity of 
the wild-type PIK3R2 reporter gene (WT PIK3R2) was 
significantly reduced by overexpression of miR-126-3p. 
However, the luciferase activity of the mutant PIK3R2 
reporter gene (MUT PIK3R2) was unaffected. Similarly, 
miR-126-3p mimics cotransfected with WT TMPO-AS1 
significantly decreased luciferase activity. Contrastingly, 
luciferase activity was unchanged in cells cotransfected 
with miR-126-3p mimics and MUT TMPO-AS1 (Fig. 6C, 
Figure S2B). Western Blot demonstrated that miR-126-3p 
inhibitor effectively upregulated PIK3R2 expression. Thus, 
miR-126-3p inhibitor cotransfected using sh-TMPO-AS1 
restored PIK3R2 expression to its original levels (Fig. 6D). 
Finally, Tube formation and Transwell assays showed that 
miR-126-3p inhibitor significantly improved migration 
and tube formation in HUVECs. However, sh-TMPO-AS1 
could reverse this phenomenon. Therefore, EBTP could 
indirectly control PIK3R2 expression via the TMPO-AS1/
miR-126-3p axis, suppressing CRC angiogenesis.

Discussion
The survival rates for cancer patients have significantly 
improved over the past few years through preventive 
screening and advanced treatments. However, colorec-
tal cancer remains the third most common malignancy 

globally and the leading cause of cancer-associated mor-
talities [23]. The pathogenesis of most patients remains 
unclear. However, many signaling pathways in CRC 
regulate biological behaviors like cell proliferation, dif-
ferentiation, angiogenesis, and apoptosis [24]. In normal 
tissue, angiogenesis is transiently switched on. In contrast, 
tumor tissue continuously generates new blood vessels in 
response to nutrients and oxygen requirements [25]. As a 
cancer hallmark, angiogenesis is closely related to tumor 
growth, metastasis, invasion, prognosis, and recurrence 
[26–29]. Therefore, understanding the mechanism of 
CRC angiogenesis can inhibit CRC development.

Angiogenesis is essential in developing CRC, and 
VEGF is a classical angiogenesis pathway [30]. Our pre-
vious studies have described that EBTP could inhibit 
angiogenesis in hepatocellular carcinoma through the 
VEGF and EGFR pathways [8]. However, the exact 
mechanism in cancer cells remains unclear. Therefore, 
we first demonstrated that EBTP inhibited the prolif-
eration, migration, and angiogenesis of CRC cells while 
inhibiting the VEGF pathway using various in  vitro 
experiments (Fig.  1). Then, we used gene sequencing 
to obtain mRNAs with significant changes in expres-
sion in HCT116 cells with EBTP treatment and inves-
tigate the target of EBTP in CRC. We observed that 
EBTP had binding sites to PIK3R2 by molecular dock-
ing (Fig.  2A). Due to the high expression of PIK3R2 
in CRC (Fig.  2B), PIK3R2 overexpression and PIK3R2 
knockdown plasmids were constructed to determine 
the PIK3R2 role in CRC progression (Fig. 2C-D). The 
results showed that PIK3R2 overexpression effectively 
enhanced proliferation, migration, and angiogenesis in 
CRC cells. Conversely, PIK3R2 expression knockdown 
in CRC cells suppressed related malignant biological 
functions (Fig.  2E-I). Further experiments indicated 
that EBTP inhibited the PIK3R2 protein expression 
and mRNA levels in CRC cells in a time-dependent 
and concentration-dependent manner. Thus, PIK3R2 
overexpression reversed the anti-angiogenic effect of 
EBTP (Fig. 3). Moreover, inhibiting angiogenesis using 
EBTP by controlling PIK3R2 expression was validated 
in vivo (Fig. 4).

Fig. 6  EBTP indirectly regulates PIK3R2 expression through the TMPO-AS1/miR-126-3p axis, inhibiting angiogenesis in colorectal cancer. 
A qRT-PCR helped detect the EBTP effect on miR-126-3p expression in CRC cells. B CRC cells treated with EBTP at different concentrations 
or times were subjected to qRT-PCR to determine the TMPO-AS1 expression level in the cells. C The Luciferase activity in HCT116 cells was detected 
after co-transfection of miR-126-3p mimics using WT PIK3R2 or MUT PIK3R2. After the co-transfection of miR-126-3p mimics with WT TMPO-AS1 
or MUT TMPO-AS1, the Luciferase activity could be detected in HCT116 cells. D Western Blot helped detect whether the TMPO-AS1/miR-126-3p 
axis could regulate the PIK3R2 protein expression in CRC cells. E Transfection of miR-126-3p inhibitor or co-transfection of miR-126-3p inhibitor 
with sh-TMPO-AS1 helped detect the number of HUVEC tubes. F The Transwell experiment helped detect the effect of the TMPO-AS1/miR-126-3p 
axis on the migration potential of HUVECs in CRC cells. All the experiments were independently repeated thrice. *p < 0.05; **p < 0.01; ***p < 0.001
。#p < 0.05; ##p < 0.01; ###p < 0.001

(See figure on next page.)
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PIK3R2 is one of the common subunits of PI3K, with 
increasing evidence that it acts as a driver in tumor malig-
nant progression [31, 32]. Phosphatidylinositol 3 kinases 
(PI3Ks) are key coordinators of signals from extracellular 
stimuli to the intracellular level [33]. AKT is a highly acti-
vated kinase in human cancers [34]. Abnormalities and 
genetic alterations across all three AKT isoforms have been 
identified in many cancers [35]. Our study observed that 
EBTP inhibited PI3K/AKT phosphorylation in CRC cells. 
Moreover, PI3K/AKT-specific agonists restored the tube-
forming capacity in HUVECs (Fig. 5). These data suggested 
that EBTP inhibited PIK3R2 expression and suppressed 
PI3K/AKT pathway activation in CRC cells, suppressing 
angiogenesis. The current anti-angiogenic effect of PI3K 
inhibitors has enhanced the treatment outcome of cancer 
patients in advanced stages [36]. Therefore, further studies 
can explore whether EBTP could be combined with PI3K 
inhibitors to provide a better therapeutic index.

Long non-coding RNAs (lncRNAs) are more than 
200 nucleotides long without protein-coding capacity 
[37]. lncRNAs have been recognized as a critical regu-
lator involved in tumor progression [38]. microRNAs 
(miRNAs) are single-stranded RNA molecules of 20–23 
nucleotides regulating intracellular mRNA expression by 
binding to 3’-untranslated regions (3’-UTRs) or amino 

acid coding sequences [37, 39]. We observed that miR-
126-3p could target PIK3R2 to participate in cancer pro-
gression and clarify the upstream PIK3R2 mechanism 
[20, 21]. lncRNA TMPO-AS1 targeted miR-126-3p to 
improve epithelial-mesenchymal transition in hepato-
cellular carcinoma [22]. In addition, miR-126 is highly 
expressed in vascular endothelial cells and is a significant 
regulator of vascular integrity and physiological angio-
genesis [40, 41]. miR-126 downregulation is observed 
in different malignancies [42]. Our results revealed that 
EBTP could inhibit TMPO-AS1 expression and promote 
miR-126-3p expression. The simultaneous dual-luciferase 
assay confirmed the binding of PIK3R2 and miR-126-3p 
and the targeting of miR-126-3p and TMPO-AS1. Func-
tional assay results showed that the TMPO-AS1/miR-
126-3p axis could control PIK3R2 expression and CRC 
angiogenesis (Fig. 6).

Therefore, EBTP could indirectly inhibit PIK3R2 
expression through the TMPO-AS1/miR-126-3p axis. 
This inhibits PI3K/AKT phosphorylation in CRC cells 
and suppresses CRC angiogenesis. Our study clarified the 
specific mechanism of EBTP inhibition of CRC angiogen-
esis (Fig. 7). Moreover, the newly discovered TMPO-AS1/
miR-126-3p/PIK3R2/PI3K/AKT axis provided insights 
into angiogenesis and a novel strategy for treating CRC.

Fig. 7  Molecular mechanisms EBTP inhibits colorectal cancer metastasis, invasion, and angiogenesis
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