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Abstract
Objective ‒ To investigate the impact of circASH1L on
subcutaneous tumor growth in nude mice with triple-nega-
tive breast cancer via the PI3K/AKT pathway.
Methods ‒ The study was conducted using bioinformatics
and animal experimental verification methods. circASH1L
levels in triple-negative breast cancer (TNBC) were analyzed
using a dataset from the gene expression omnibus database.
In the animal experiment part, nude mice were divided into
shNC group, shcircASH1L-1 group, Oe-NC group, and Oe-
circASH1L group. Each group was treated with corresponding
circASH1L overexpression or knockdown and transplanted
tumor modeling. Immunohistochemistry and western blot
experiments were used to verify the effect of circASH1L on
the growth of nude mouse transplanted tumors and the PI3K/
AKT pathway.
Results ‒ A total of 43 circRNAs were significantly asso-
ciated with TNBC, among which circASH1L was signifi-
cantly highly expressed in TNBC. circASH1L-1 negatively

regulates tumor volume, mass, expression rate of Ki67
cells, and PI3K/AKT pathway marker proteins.
Conclusions ‒ CircASH1L is a tumor promoter in TNBC.
The expression level of circASH1L influences both the pro-
liferation of TNBC cells and the growth of TNBC nude mice
tumors by modulating the PI3K/AKT pathway.
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breast cancer, tumor growth

1 Introduction

Breast cancer ranks second among all causes of death
among women worldwide, and the age of onset tends to
be younger [1]. Triple-negative breast cancer (TNBC)
accounts for about 15% of all breast cancer cases and has
the poorest prognosis and highest mortality rate among the
sub-types, approximately half of patients will relapse
within 3–5 years [2,3]. HER2, ER, and PR expressions are
absent in TNBC, and is ineffective for treatments that are
usually effective for other sub types, such as hormone
therapy, which makes the treatment of TNBC more difficult
[4,5]. Early detection and early treatment are the key to
effective treatment of TNBC. The early symptoms are
non-specific, and X-ray imaging does not have typical fea-
tures compared to other sub types [6,7]. TNBC is a highly
invasive cancer that is often discovered in the late stage,
delaying the best treatment time. Currently, chemotherapy
is its main treatment method, but it has not yet achieved
the desired effect. The current standard chemotherapy
method is only effective for non-metastatic TNBC, and
has limited treatment effects on metastatic and recurrent
TNBC, and cannot achieve ideal therapeutic effects. There-
fore, it is particularly important to seek early diagnosis
targets for TNBC and new chemotherapy targets. TNBC
has a relatively complex pathogenesis, and in recent dec-
ades, whole genome sequencing and multi-access studies

Haiyan Liu, Shaohua Qu: Department of Breast Surgery, The First
Affiliated Hospital of Jinan University, Guangzhou, Guangdong, China
Haiyan Liu, Jie Liu, Xiaoqing Chen, Jintao Chen, Zhisheng Zhou,
Xulong Fan: Foshan Maternal and Child Health Hospital, Foshan,
Guangdong, China
JiamingWu: Department of Neurosurgery, The First Affiliated Hospital of
Jinan University, Guangzhou, 510630, China



* Corresponding author: Jin Gong, The First Affiliated Hospital of Jinan
University, No. 613 Huangpu venue West, Tianhe District, Guangzhou,
Guangdong, China, e-mail: gongjin663@sina.com
* Corresponding author: Jing Zhu, Foshan Maternal and Child Health
Hospital, No. 11 Renmin West Road, Chancheng District, Foshan,
Guangdong, China, e-mail: zhujing636@outlook.com



# Haiyan Liu and Jiaming Wu contributed equally to this work.

Open Medicine 2025; 20: 20251261

Open Access. © 2025 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International License.

https://doi.org/10.1515/med-2025-1261
mailto:gongjin663@sina.com
mailto:zhujing636@outlook.com


such as protoplasmic have found that the pathogenesis of
TNBC involves the complex interaction of multiple genetic
molecules, and there is a high degree of molecular hetero-
geneity both within and between TNBC tumors. Therefore,
it is very important to seek NBC-specific potential thera-
peutic targets. Currently, research on its related targets
mainly focuses on non-coding RNAs such as marinas, pan-
creas, Micronesia, and circulars as well as linear or even
network regulatory effects on each other [8–12]. Circulars,
as a typical circular non-coding RNA, have emerged in the
field of TNBC research in recent years. Currently, aircraft
[13], circSEPT9 [14], circGFRA1 [15], circCD44 [16], etc. have
been confirmed to be involved in the pathogenesis of
TNBC. As a new target discovered in recent years, cir-
cASH1L has not been reported in other cancers including
TNBC except cervical cancer [17]. The PI3K/AKT pathway is
involved in the progression of multiple cancers, such as
TNBC. Reports indicate that circadian influences the
PI3K/AKT signaling pathway, contributing to breast cancer
diagnosis and treatment [18]. The regulatory mechanism of
circASH1L and the PI3K/AKT pathway in TNBC remains
largely unexplored and warrants further investigation.

This study demonstrates that circASH1L is over-
expressed in breast cancer, as verified by bioinformatics
and animal experiments (Figure 1), and influences the
growth of TNBC tumors in nude mice by modulating the

PI3K/AKT pathway. The study’s bioinformatics analysis iden-
tified circASH1L as upregulated in breast cancer tissues,
acting as a tumor promoter in TNBC. In animal experiments,
circASH1L knockdown suppressed TNBC nude mouse tumor
growth and cancer cell proliferation, whereas its overex-
pression produced the opposite outcome. circASH1L can reg-
ulate the growth of TNBC nude mouse tumors. CircASH1L
knockdown suppressed PI3K/AKT signaling pathway
activity, whereas its over-expression enhanced this
pathway. circASH1L influences TNBC nude mouse subcuta-
neous tumor growth through the PI3K/AKT signaling
pathway. In short, we have elucidated the regulatory
mechanism of circASH1L on the growth of TNBC nude
mouse subcutaneous tumors through the PI3K/AKT
pathway, providing potential targets in the development
of new pharmaceutical agents for therapeutic of TNBC.

2 Materials and methods

2.1 Bioinformatics analysis

The gene expression omnibus (GEO) database’s TNBC
dataset (GSE113230) was chosen, comprising three TNBC

Figure 1: Flow chart of the mechanism study of circASH1L inhibiting TNBC via PI3K/AKT.
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samples and three normal breast cancer samples. The
GEO2R tool from the GEO platform was utilized to identify
relevant circular RNAs and analyze circASH1L expression
in TNBC. The heat map and volcano map of high-expres-
sion and low-expression circRNAs were visualized based
on R software. The screening criteria for differentially
expressed lncRNAs were |log2(fold change)| > 1 and the
corrected P value < 0.05.

2.2 Experimental procedures

2.2.1 Animals selection and grouping

Twenty female BALB/C-nu nude mice were selected as
research subjects, with an age of 6–7 weeks, an average age
of 6.5 ± 1.02 weeks, a body weight of 15–20 g, and an average
body weight of 17.21 ± 2.31 g. All animals were kept in a sterile
environment with an ambient temperature of 22 ± 1°C and a
relative humidity of 50 ± 10%. The dark and light periods
were changed every 12 h. The animals were free to drink
water and eat. The feed was LabDiet 5053. They were ran-
domly divided into shNC group, shcircASH1L-1 group, Oe-NC
group, and Oe-circASH1L group. This study excluded nude
mice that did not meet the research requirements, such as
failure of transplanted tumor modeling, and the treatment of
animals was in full compliance with animal ethics require-
ments. The differences in weight, age, etc. between the groups
did not influence the experimental conclusions (P > 0.05).

2.2.2 Culture of human TNBC cell lines

The human TNBC cell line MBA-MD-231 was routinely cul-
tured and divided into four treatment groups: shNC,
shcircASH1L-1, Oe-NC, and Oe-circASH1L. The shNC group
cells were transfected with non-targeted shRNA as the con-
trol group for shRNA treatment, the shcircASH1L-1 group
was treated with shRNA targeted circASH1L-1 knockdown,
the Oe-NC group was treated with blank vector introduc-
tion as the control of overexpression vector, and the
Oe-circASH1L group was transfected with circASH1L over-
expression vector to overexpress circASH1L.

2.2.3 Construction of transplant tumor model

To establish a TNBC nude mouse transplant tumor model,
four groups of MBA-MD-231 cell lines, post-treatment, were
injected subcutaneously into the backs of four groups of

nude mice (1 × 107 cells/mL). The routine conditions of the
nude mice, including food intake and metabolism, were
documented, and the growth of the transplanted tumors
was monitored. The transplanted tumor volumes were mea-
sured and documented every 3 days using the formula V =

(length × width)2/2. The models in each group were killed by
cervical dislocation 30 days after cell inoculation, and the
weight of the transplanted tumors in each group was
weighed. The tumor volume was measured by two profes-
sional technicians in a double-blind manner with a caliper
accuracy of 0.01mm. The intraclass correlation coefficient
(ICC) was calculated for the measurement results, with ICC
> 0.85 being the standard for good consistency.

2.2.4 Immunohistochemistry method

Ki-67 immunohistochemistry was performed on tumor tis-
sues from each group to assess cancer cell proliferation.
Following antigen repair, tissue sections were treated with
Ki-67 primary antibody, developed using an HRP-labeled
secondary antibody and DAB, and counterstained with
hematoxylin for the cell nuclei. The proportion of Ki-67
positive cells was observed and calculated under a micro-
scope for quantitative image representation [19].

2.2.5 Western blotting

Tumor tissues from each group were selected, and the
extraction of total protein was performed using a protein
extraction kit. The total protein underwent separation via
SDS-PAGE electrophoresis and was then transferred onto a
PVDF membrane. After blocking, the primary antibodies
of PIK3R3 (Abcam, 27035-1-AP), PI3K (Abcam, ab191606),
p-PI3K (Abcam, ab278733), AKT (Abcam, ab8805), p-AKT
(Abcam, ab8932), and GAPDH (Abcam, ab22555) and the
secondary antibodies labeled with HRP were incubated
in turn. ECL staining was conducted with GAPDH serving
as the internal reference. ImageJ software [20] was utilized
to analyze and quantify the experimental results, and the
experimental data were normalized relative to the control
group (the control group was set as 1).

2.3 Statistical analysis

Using R software (4.2.1) and GraphPad Prism (9.0) to ana-
lyze all data. R was used for bioinformatics analysis, and
packages such as pheatmap and ggplot2 were used.

circASH1L mediates TNBC progression via PI3K/AKT  3



GraphPad Prism was used for other data analysis and
visualization. Counting data such as tumor volume and pro-
portion of ki-67 positive cells were expressed as “%” and
subjected to ×2 test. Quantitative data, including tumor
volume and relative expression levels in the western blot
(WB) experiment, were represented as “mean ± SD” and ana-
lyzed using a t-test. The Mann–Whitney U-test or
Kruskal–Wallis test was used for non-normally distributed
data. Statistical significance was established with a P value
of less than 0.05.

Ethical approval: The Ethics Committee of Jinan University
approved this experiment (Ethical approval number: FSFY-
MEC-2023-014).

3 Results

3.1 circASH1L is highly expressed in TNBC

In order to distinguish the level difference of circASH1L in
TNBC and normal tissues, we selected the GSE113230
dataset [containing TNBC samples (n = 3) and normal sam-
ples (n = 3)] in GEO database at the clinical level based on
bioinformatics for analysis. The study identified 43
circRNAs significantly associated with TNBC, with hsa_
circ_0003247 (circASH1L) showing notably higher

expression in TNBC compared to the normal group (P <

0.05). The findings demonstrate that circASH1L is signifi-
cantly overexpressed in the tumor samples from TNBC
patients, serving as a tumor-promoting factor.
Visualization of these results is provided in Figure 2.

3.2 circASH1L expression level significantly
affects the growth of TNBC nude mouse
tumors

To investigate how circASH1L expression influences tumor
growth in TNBC in vivo models, human TNBC cells were
cultured to generate TNBC xenograft models. At the same
time, we knocked down and overexpressed circASH1L in
the TNBC nude mouse model and analyzed the effect of
circASH1L on the volume and mass of TNBC nude mice
tumors. The study results demonstrated that the growth
of tumors and nude mice in all four groups was favorable,
and the modeling success rate was 100% (Figure 3a). Com-
parison of tumor volume (Figure 3b) and mass (Figure 3c)
revealed no significant differences between the shNC and
Oe-NC groups (P > 0.05). However, significantly smaller
tumor volume and mass were observed in the shcir-
cASH1L-1 group compared to the shNC group (P < 0.05),
whereas the Oe-circASH1L group showed significantly
greater values than the Oe-NC group (P < 0.05), indicating
statistically significant differences. The findings indicated

Figure 2: circASH1L is highly expressed in TNBC: (a) related circRNA heat map and (b) related circRNA volcano map. Data from GEO dataset GSE113230.
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that circASH1L expression levels significantly influenced
TNBC nude mice tumor growth. The growth of TNBC
tumors in nude mice was positively correlated with cir-
cASH1L expression levels, as overexpression enhanced
tumor growth while knockdown inhibited it.

3.3 circASH1L expression level affects the
proliferation of TNBC nude mouse cancer
cells

In order to analyze the effect of circASH1L level on the
proliferation of TNBC nude mice cancer cells, TNBC nude
mice models with circASH1L overexpression and knock-
down were selected. To verify the marker protein Ki67 in
TNBC cancer cells, immunohistochemical experiments were
carried out. The findings indicated no significant difference in
the Ki67 cell positive expression rate between the shNC and
Oe-NC groups (P > 0.05). The Ki67 cell positive expression rate

was significantly lower in the shcircASH1L-1 group than in
the shNC group (P < 0.05). The Oe-circASH1L group exhibited
a significantly higher positive expression rate of Ki67 cells
compared to the Oe-NC group (P < 0.05). The study found
that circASH1L expression notably influenced the prolifera-
tive behavior of TNBC cells in xenograft models of nude mice.
CircASH1L overexpression and knockdown can promote and
inhibit the proliferation of TNBC nude mouse cancer cells,
respectively. That is, circASH1L showed a positive correlation
trend in regulating the proliferation of TNBC nude mouse
cancer cells (Figure 4).

3.4 circASH1L influences PI3K/AKT pathway
marker protein expression in TNBC
nude mice

We employed western blot analysis to assess the impact of
circASH1L knockdown and overexpression on the

Figure 3: Significant impact of circASH1L expression levels on the growth of TNBC tumors in nude mice, as evidenced by a tumor image, a volume
comparison line graph, and a tumor comparison scatter plot (#P < 0.05, **P < 0.01). (a) Representative tumor images; (b) tumor volume growth curve;
(c) tumor weight scatter plot.

Figure 4: circASH1L expression level affects TNBC nude mouse cancer cell proliferation: (a) Ki67 expression diagram in four groups of nude mouse
cancer tissues and (b) Ki67 expression positive rate comparison bar graph in four groups, ##P < 0.01, **P < 0.01).
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expression levels of PIK3R3, PI3K, p-PI3K, AKT, and p-AKT,
key marker proteins of the PI3K/AKT pathway, in TNBC
nude mice. The analysis indicated that the shcircASH1L-1
group exhibited significantly lower levels of PIK3R3, PI3K/
p-PI3K, and AKT/p-AKT compared to the shNC group (P <

0.05). The Oe-circASH1L group showed significantly ele-
vated levels of PIK3R3, PI3K/p-PI3K, and AKT/p-AKT com-
pared to the Oe-NC group (P < 0.05). The statistically
significant variations indicate that circASH1L expression
levels significantly affect the PI3K/AKT signaling pathway
activity in TNBC nude mice. The overexpression and
knockdown of circASH1L enhance and suppress the regu-
latory function of the PI3K/AKT signaling pathway,

respectively, mirroring the impact of circASH1L expression
on tumor growth in TNBC nude mice (Figure 5).

4 Discussion

TNBC has the poorest prognosis and the fewest treatment
options among breast cancer subtypes. Therefore, it is very
important to find new effective diagnostic and therapeutic
targets for TNBC. In addition to mRNA, the study of non-
coding RNA regulating cancer has also become a hot topic
in recent years, especially non-coding RNA participates in

Figure 5: (a) Representative Western blot results for PIK3R3, PI3K, p-PI3K, AKT, and p-AKT. CircASH1L influences PI3K/AKT pathway marker protein
expression in TNBC nude mice, as shown in a WB experimental results bar graph. Panels (b)–(d) compare the levels of PIK3R3, PI3K/p-PI3K, and AKT/
p-AKT across four groups. **P < 0.01, ###P < 0.001.
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the occurrence of cancer by regulating each other or
mRNA. Currently known non-coding RNA mainly includes
lncRNA, miRNA, and circRNA. Although research on
circRNA in cancer is relatively recent compared to non-
coding RNAs like miRNA and lncRNA [21,22], numerous
studies have established its role in regulating cancers,
including TNBC [13–16]. This study utilized bioinformatics
analysis on the GSE113230 dataset from GEO, identifying 43
circRNAs significantly linked to TNBC. Notably, circASH1L
was upregulated, indicating its high expression in TNBC,
consistent with its expression trend in cervical cancer [17].
Therefore, we conclude that at the bioinformatics level,
circASH1L is a carcinogenic factor for TNBC.

In the animal experiment verification experiment, we
selected shNC group, shcircASH1L-1 group, Oe-NC group,
and Oe-circASH1L group for nude mouse tumor formation
experiment. The shcircASH1L-1 group exhibited signifi-
cantly reduced tumor volume and mass compared to the
shNC group, whereas the Oe-circASH1L group showed a
significantly increased tumor volume and mass relative
to the Oe-NC group. This shows that circASH1L knockdown
can inhibit the growth of TNBC nude mouse tumors, while
circASH1L overexpression can promote the growth of
TNBC nude mouse tumors. circASH1L acts as a carcino-
genic factor in TNBC nude mice, aligning with both the
bioinformatics analysis results of this study and the trends
observed in cervical cancer animal experiments [17], sug-
gesting that it may have a cross-cancer cancer-promoting
function. In the Ki67 immunohistochemistry experiment,
the shcircASH1L-1 group exhibited a significantly lower
positive expression rate of Ki67 cells compared to the
shNC group, while the Oe-circASH1L group showed a sig-
nificantly higher rate than the Oe-NC group. This indicates
that circASH1L knockdown reduces TNBC cell prolifera-
tion, whereas its overexpression enhances proliferation,
corroborating the animal experiment results.

In the WB experiment, the shcircASH1L-1 group exhib-
ited significantly reduced levels of PIK3R3, PI3K/p-PI3K,
and AKT/p-AKT compared to the shNC group, while the
Oe-circASH1L group showed significantly elevated levels
of AKT and p-AKT relative to the Oe-NC group. This indi-
cates that circASH1L influences the PI3K/AKT pathway
marker proteins levels in TNBC nude mice. Current studies
have confirmed that there are tumor PI3K/AKT pathway
mutations in TNBC [23,24]. The PI3K/AKT pathway influ-
ences TNBC progression by modulating cancer cell growth
and apoptosis [25]. The PI3K/AKT pathway is crucial in the
treatment and drug resistance mechanisms of TNBC. Cur-
rently, circRNAs like circRPPH1, circTRIM1, and circPRKCI
are known to influence the PI3K/AKT pathway, contri-
buting to the regulatory mechanisms involved in the

occurrence and progression of TNBC [26–28]. This study
confirms the accuracy and credibility of circASH1L-1’s
mechanism of action, as it similarly targets the PI3K/AKT
signaling pathway to drive the progression of TNBC
tumors.

This study demonstrates that circASH1L acts as a car-
cinogenic factor in TNBC, influencing tumor growth in
TNBC nude mice and cancer cell proliferation via the
PI3K/AKT pathway. However, due to limited working
time, this study still has certain limitations, such as lack
of further verification at the cellular and clinical levels,
and focusing on only one signaling pathway. Future
work will increase experimental verification at other levels
and expand research on other signaling pathways.
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