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Abstract: Triple-negative breast cancer (TNBC) is known for its aggressive nature, and Quercetin (QUE) has shown
potential anti-cancer effects. In this study, we determined the IC50 of QUE for inhibiting cell viability in multiple
TNBC, non-TNBC, and normal breast cell lines. We compared the expression of ORM2 in TNBC clinical samples and
normal tissues. Additionally, we measured ORM2 expression in TNBC and normal breast cell lines. We determined
the IC50 of QUE for inhibiting cell viability after ORM2 knockdown. An orthotopic implantation mice model was used
to evaluate the treatment effect of QUE. We also conducted molecular docking and amino acid exchange validation
to model the binding of QUE to ORM2. Furthermore, we performed a protein-protein interaction network analysis and
GO enrichment analysis of differentially expressed genes associated with ORM2 in TNBC. QUE inhibited the viability
of both TNBC and non-TNBC cell lines, but it was specifically associated with worse survival in TNBC patients. We
observed higher expression of ORM2 in breast cancer cells compared to normal breast cells. Knockdown of ORM2
reduced the viability of TNBC cells. Treatment with QUE inhibited ORM2 expression and decreased viability in TNBC
cells. In the animal model, QUE improved survival and downregulated ORM2 expression in tumors. Enrichment
analysis provided insights into the potential functions of ORM2. Conclusion: Our findings indicate that QUE directly
inhibits TNBC cell viability through its interaction with ORM2. These results contribute to our understanding of the

anti-cancer mechanisms of QUE in TNBC and highlight ORM2 as a potential therapeutic target.
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Introduction

Cancer ranks as a leading cause of death and a
critical challenge for public health in the world
[1, 68]. Breast cancer is one of the most fre-
quent cancer types diagnosed, resulting in
2,261,419 new cases and 684,996 death last
year globally [2]. According to American Cancer
Society statistical data, breast cancer is the
most privileged cancer type and the second
leading cause of cancer-related death among
women in the United States [3]. Breast cancer
is a very heterogeneous cancer type [4]. Breast
cancer can be categorized into three major sub-
types based on immunohistochemical expres-
sion levels of estrogen receptors, progesterone
receptors, and HER2: hormone receptor-posi-
tive, human epidermal growth factor receptor 2
(HER2)-enriched, and triple-negative breast
cancer.

Triple-negative breast cancer (TNBC) is a highly
aggressive subtype of breast cancer associat-
ed with a poor prognosis. It is characterized by
the absence of estrogen receptor and proges-
terone receptor expression, along with overex-
pression of the human epidermal growth factor
receptor 2 (HER2). TNBC accounts for approxi-
mately 10-15% of all breast cancer cases [3].
Most TNBC results in high-grade invasive ductal
carcinoma with a higher rate of early recurrenc-
es and distant metastases [5]. The hormone
has been suggested to be critical for some can-
cer types [6-8]. In recent years, overall breast
cancer treatment has been improved signifi-
cantly because of the advancement in hormone
therapy (for hormone receptor-positive breast
cancer) and target therapy (for human epider-
mal growth factor-enriched breast cancer)
[9-12]. Unfortunately, so far, clinical outcomes
of TNBC therapy remain unsatisfactory. The
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overall survival for metastatic TNBC patients is
less than two years, much worse than the sur-
vival of the other breast cancer types [13]. This
fact emphasizes the compelling need to explore
more effective therapeutic approaches for
TNBC patients.

Quercetin (QUE; 3,5,7,3",4-pentahydroxy fla-
vone) has demonstrated chemopreventive
effects in both in vitro and in vivo studies, par-
ticularly in the treatment of cancer. Recent
investigations have revealed that QUE can
induce cancer cell death through lysosome
activation mediated by the transcription factor
EB and reactive oxygen species-induced ferrop-
tosis, independently of p53. Furthermore, QUE
has been found to inhibit prostate cancer by
suppressing cell survival and inhibiting anti-
apoptotic pathways. In the context of breast
cancer, QUE has shown inhibitory effects on
the proliferation of various breast cancer cell
lines [14]. The pro-oxidant ability of QUE, as well
as the potential effect of QUE on apoptosis,
was suggested to account for the prevention
effects on breast cancer cells [15]. In the clini-
cal treatment of TNBC, QUE was used as a syn-
ergistic anticancer reagent with curcumin [16].
In TNBC patients, QUE was found to impair
HuR-driven progression and migration of can-
cer cells [17]. Another study also suggested
that QUE can affect TNBC cell migration, which
reported that this action was mediated by the
B-catenin signaling pathway [18]. However, to
date, most of the targets of QUE have not been
identified. This prevents the understanding
of the pharmacological effects of QUE and
impedes the clinical application of QUE for
TNBC treatment.

Overall, in this study, we identified a novel
pharmacological target of QUE on TNBC,
Orosomucoid 2 (ORM2), based on bioinformat-
ics data screening and validated it with experi-
mental evidence. ORM2 gene encodes a key
acute-phase plasma protein. Because of its
increase due to acute inflammation, this pro-
tein is classified as an acute-phase reactant
[19]. However, the specific function of this pro-
tein has not yet been determined. Our study is
conducive to a better understanding of QUE
effects on TNBC.

Methods and materials
Cell lines and cell culture

TNBC cell lines MDA-MB-231, MDA-MB-468,
MDA-MB-436, BT-20, and BT-549, HER-enrich
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breast cancer cell line MDA-MB-435, ER-
positive breast cancer cell line MCF-7, and the
two non-tumorigenic epithelial breast cell lines
MCF-10A and MCF-12A were purchased from
the ATCC. DMEM with 10 mM HEPES, 10% FBS,
and 2% pen/strep were used to culture these
cells. A 37°C, 5% CO, humidified incubator was
used to culture the cells.

Reagent and antibody

Quercetin was purchased from Sigma-Aldrich.
The quercetin stock solution was prepared in
methanol at 1 mg/ml and sonication for 10
minutes. The MTT and trypan blue were pur-
chased from Abcam. Human ORM2 Antibody
(HOO005005-B0O1P) and GAPDH antibody
(ab8245) were used for western blotting.
ORM2-Specific Monoclonal antibody (66217-1-
Ig) was used for immunohistochemistry stain-
ings of both human and mice tissue. Secondary
antibodies conjugated with HRP were from
Sigma-Aldrich.

Transfection

Plasmid transfection [20] was conducted as a
previous paper. ORM2 knockdown and overex-
pression were achieved by transfecting the
ORM2 shRNA plasmid or ORM2 expression
plasmid into cells. Two distinct sequences of
siRNAs were used to knock down the expres-
sion of endogenous ORM2 in cells. The siRNAs
sequences were cloned to the ORM2 shRNA
silencing Adenovirus plasmids (Ad-h-ORM2-
shRNA). The shRNA plasmid and scrambled
shRNA Control plasmids were designed and
constructed by the VECTOR BIOLAB (Malvern,
PA, USA). The ORM2 (WT or mutated) expres-
sion plasmids (pCMV6-Entry-ORM2) and ex-
pression control plasmids were purchased
from the Origene. Lipofectamine® 2000 was
used to conduct the transfection experiments
following the standard protocol.

Viability assay

MTT assay [21], apoptosis ELISA [22], and cell
counting [23] were conducted as previously
described. Preincubate cells at 1x10° cells/ml
in culture medium at 37°C and 5% CO,. Seed
cells at 5x10* cells/well in a 100 pl culture
medium containing testing agents into 96 wells
flat bottom microplates. Incubate cell cultures
for 24 h, then add 10 pl of the MTT labelling
reagent (final concentration 0.5 mg/ml) to each
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well. Incubate the microplate for 4 h at 37°C,
5% CO,. Add 100 pl of the Solubilization solu-
tion DMSO into each well. Check for complete
solubilization of the purple formazan crystals
and measure the absorbance of the samples
using a microplate (ELISA) reader. The wave-
length to measure the absorbance of the
formazan product was 550 nm. CYCS/
Cytochrome c¢ ELISA Kit (LS-F11267) from
LifeSpan BioSciences was used to determine
the apoptosis of cells following the instructions
of the kit. Cells were resuspended and cell
numbers were counted using a hemacytometer
with staining of trypan blue.

Western blotting assay

Western blotting assay was conducted as a
previous paper [24]. Samples were homoge-
nized in reducing sample buffer (80 mM Tris-
HCI [pH 6.8], 0.1 M dithiothreitol, 2% sodium
dodecyl sulfate, and 10% glycerol) and Halt
phosphatase and protease inhibitor cocktail
(Thermo Scientific) using a Dounce homogeniz-
er. An equal amount of total protein for each
sample was loaded on sodium dodecyl sul-
phate-PAAG followed by transfer to a nitrocel-
lulose membrane. Specific sighals were devel-
oped using ChemiGlow chemiluminescent sub-
strate for HRP (Protein Simple). Images of the
blots were acquired using FluorChem FC2
Imager (Alpha Innotech). Quantitative analysis
was performed using ImageJ software.

Immunohistochemistry stainings

Immunohistochemistry stainings were conduct-
ed as a previous paper [25]. Tissue microarray
(TMA) blocks were made with 50 cases of TNBC
with adjacent normal tissues or made with ani-
mal tumor samples using 3 mm diameter cores.
Immunohistochemistry with antibodies was
performed on the BondMAX automated immu-
nohistochemistry staining platform using the
standard operating protocols. The tissue cores
were then scored for immunostaining intensity.
Representative images of samples were record-
ed by the microscope.

TNBC orthotopic implantation mice experiment
[26]

Athymic nude mice (female, aged 10 months)
were obtained from the animal centre of
Nanchang University and kept in a barrier facil-
ity and fed with autoclaved laboratory rodent
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diet. All animal studies were conducted under
the principles and procedures outlined in the
National regulations. MDA-MB-231 cells (or
ORM2 knockdown cell lines, 1x107 cells/
mouse) were initially injected subcutaneously
in the flank of nude mice. Small pieces of har-
vested subcutaneous tumor were then trans-
planted orthotopically into the mammary gland
of nude mice. In the first set of experiments, 40
mice were randomly distributed into four groups
(n=10) with different treatments: 1) control:
treated with vehicle, 2) QUE-L: treated with 25
mg/kg, 3) QUE-M: treated with 50 mg/kg, 4)
QUE-H: treated with 100 mg/kg. The QUE was
administered by oral gavage every 3 days after
orthotopic implantation. The mice were fed and
treated until the end of their survival, and the
survival times were recorded. In the second
set of experiments, 20 mice were randomly
distributed into two groups (n=10) with differ-
ent treatments: 1) control: treated with vehicle,
2) QUE: treated with the best dose based on
the first set of experiments. The QUE was
administered by oral gavage every 3 days
after orthotopic implantation. The mice were
fed and treated until day 30. The body weights
were recorded every 3 days and the tumor vol-
umes were measured on day 30. Tumor sam-
ples were collected for mRNA and protein
detection.

RNA-sequencing data and bioinformatics
analysis

The RNA-seq data of TCGA [27] with toil pro-
cessed uniformly were downloaded from UCSC
XENA [28]. This study was in full compliance
with the published guidelines of TCGA. Differ-
entially expressed gene analysis was imple-
mented by the DESeq2 R package, comparing
expression data of low- and high-expression of
ORM2 (cut-off value of 50%) in TNBC samples
to identify DEGs. Genes with the threshold for
|logFC|>1.5 and P<0.05 were applied for func-
tional enrichment analysis. Gene Ontology (GO)
molecular functional analyses were implement-
ed using the ClusteProfiler package in R. The
protein-protein interaction networks were con-
structed using STRING [29].

Statistics

Statistical analysis of all data was carried out
by a two-tailed Student’s t-test. Differences
were considered statistically significant if the
P-value was less than 0.05.
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Results

QUE inhibited the viability of breast cancer cell
lines

In this study, we used the MTT assay, a com-
monly used cell viability assay [30] to measure
the IC50 of QUE in TNBC cell line viability. Cells
were treated with various concentrations of
QUE for 12 hours prior to the assay. The study
included five triple-negative breast cancer
(TNBC) cell lines: MDA-MB-231, MDA-MB-468,
MDA-MB-436, BT-20, and BT-549. Additionally,
two non-TNBC cell lines, MDA-MB-435 (HER-
enriched breast cancer) and MCF-7 (ER-positive
breast cancer), as well as two non-tumorigenic
epithelial breast cell lines, MCF-10A and MCF-
12A, were included. Results demonstrated that
QUE significantly inhibited the viability of all
TNBC cell lines, as well as the HER-enriched
breast cancer cell line MDA-MB-435 and the
ER-positive breast cancer cell line MCF-7. The
IC50 values for TNBC cell lines ranged from
15.3 uM to 55.2 uM, whereas the IC50 values
for the two normal breast cell lines exceeded
100 pM. Among the TNBC cell lines, MDA-
MB-231 and BT-20 exhibited the highest sensi-
tivity to QUE, with IC50 values of 15.3 yM and
20.1 uM, respectively, while BT-549 showed
the lowest sensitivity, with an IC50 of 55.2 pM.
To further confirm the insensitivity of normal
breast cells at low concentrations, cells were
exposed to QUE for 36 hours and 72 hours,
revealing IC50 values still exceeding 100 uyM
for the normal breast cells. Thus, it was con-
cluded that normal breast cells were not signifi-
cantly affected by QUE at concentrations below
64 uM. These findings suggested that QUE
exhibited relative specificity in inhibiting breast
cancer cells, although the differential effect
between TNBC and non-TNBC cells may not be
substantial. Subsequent experiments utilized
MDA-MB-231 and BT-20 (the TNBC cell lines
with the highest IC50 values) as well as MCF-
10A and MCF-12A (the normal control cell
lines), with QUE administered at a concentra-
tion of 64 uM (Figure 1).

ORM2 was associated with TNBC and worse
survival in TNBC patients

ORM2 is one of the potential targets of QUE

provided by the HERB database [31], a high-
throughput experiment- and reference-guided
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database of traditional Chinese medicine. We
queried “ORM2” for the drug target and the
database search results came out with three
drugs, including meletin, plumb, and quercitin.
We then search for “quercitin” in the PubChem
database and found that it is the same as
“quercetin” (PubChem id: 5280343).

According to TCGA data, ORM2 was found to be
significantly upregulated in breast cancer com-
pared to normal breast tissues. Furthermore,
within breast cancer subtypes, TNBC exhibited
higher ORM2 expression compared to non-
TNBC (Figure 2A). We further investigated the
association between ORM2 levels and different
pN stages in TNBC and non-TNBC. The results
revealed that N2 TNBC had higher ORM2
expression compared to N1, and N1 TNBC
showed higher ORM2 expression compared to
NO. However, in non-TNBC, there were no sig-
nificant differences observed among different
pN stages (Figure 2B). These findings suggest
that ORM2 may be associated with TNBC
metastasis or cell survival during migration, but
it may not impact the migration of non-TNBC
cells.

Moreover, we analyzed the overall survival of
TNBC and non-TNBC patients using the TCGA
cohort. The analysis demonstrated that high
ORM2 expression was significantly associated
with worse overall survival in TNBC but not in
non-TNBC. The hazard ratio for the high ORM2
group was 5.26 in TNBC (Figure 2C). These
data further support the notion that ORM2
affects TNBC but does not exert the same influ-
ence on non-TNBC. Consequently, this study
focused exclusively on investigating TNBC.

To validate the overexpression of ORM2 in
TNBC, we collected tumor samples and paired
normal breast adjacent tissues from TNBC
patients. Protein expression analysis was per-
formed using western blotting, and protein lev-
els were observed through immunohistochem-
istry staining. The results demonstrated that,
overall, ORM2 protein was significantly upregu-
lated in tumor samples compared to normal
breast tissue samples. Among the 30 patients,
4 patients (13.3%) exhibited lower ORM2 pro-
tein levels in cancer tissue compared to normal
tissue, while 26 patients (86.7%) showed high-
er ORM2 protein levels in cancer tissue (Figure
2D, 2E). Immunohistochemistry staining of the
slides also confirmed stronger ORM2 staining
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in tumor samples compared to normal breast
tissue samples (Figure 2F). The observed
ORM2 protein overexpression was consistent
with the ORM2 mRNA expression levels
obtained from data mining analysis, suggesting
that ORM2 protein levels are dependent on
ORM2 mRNA levels. It is worth noting that the
mRNA levels of ORM2 may be epigenetically
regulated by transcriptional factors, requiring
further exploration in future studies. These
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Quercetin concentration (uM)

findings also indicate that TNBC may exhibit
distinct ORM2 regulation compared to other
breast cancer subtypes.

ORM2 positively regulated the viability of TNBC
cells but not normal breast cells

To further investigate the role of ORM2 in
breast cancer, we examined ORM2 expression
in seven breast cancer cell lines and two nor-
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Figure 2. Clinical association of ORM2 and TNBC. A. Expression of ORM2 in TNBC, non-TNBC, and normal breast
tissues from TCGA cohort. B. Expression of ORM2 in different N stages TNBC or non-TNBC tissues from TCGA cohort.
C. Kaplan-Meier plotting of ORM2 high and low TNBC or non-TNBC patients. D, E. The protein expression of ORM2
in TNBC and paired normal breast adjacent tissues from patients. Western blotting was used to analyze the protein
expression. D. Representative images of western blotting. E. Link plotting of the protein expression of ORM2 in TNBC
and paired normal breast adjacent tissues. F. Representative images of immunohistochemistry stainings from
TNBC and paired normal breast adjacent tissues from patients. C: cancer, N: normal. *P<0.05, ****P<(0.00001.

mal breast cell lines. Western blotting analysis
revealed significantly higher ORM2 protein lev-
els in the breast cancer cell lines compared to
the normal breast cell lines (Figure 3A, 3B).
Based on their high ORM2 expression, MDA-
MB-231, BT-20, MCF-10A, and MCF-12A were
selected for further experiments on ORM2
knockdown and overexpression. It is worth not-
ing that both MDA-MB-231 and BT-20 are TNBC
cell lines.

In this study, we successfully knocked down
ORM2 expression in MDA-MB-231 and BT-20
cells, as confirmed by western blotting (Figure
3C1, 3C2 and 3D1, 3D2). MTT assay results
demonstrated that ORM2 knockdown led to
reduced cell viability in both MDA-MB-231 and
BT-20 cells (Figure 3C3 and 3D3). Cell counting
assays further confirmed a decrease in the cell
number of MDA-MB-231 and BT-20 cells follow-
ing ORM2 knockdown (Figure 3C4 and 3D4).
However, the apoptosis levels in MDA-MB-231
and BT-20 cells showed inconsistent results.
ORM2 knockdown increased apoptosis in MDA-
MB-231 cells but decreased apoptosis in BT-20
cells (Figure 3C5 and 3D5). Considering the
overall increase in cell number over time in
both MDA-MB-231 and BT-20 cells, we hypoth-
esized that the observed changes in apoptosis
were not the primary factor driving the altera-
tions in cell viability upon ORM2 knockdown.
Thus, apoptosis may not play a critical role in
the effect of ORM2.

Additionally, we conducted similar experiments
in the two non-tumorigenic epithelial breast cell
lines, MCF-10A and MCF-12A. The overexpres-
sion of ORM2 in MCF-10A and MCF-12A cells
was confirmed by western blotting following
vector transfection (Figure 3E1, 3E2 and 3F1,
3F2). MTT assay results indicated that ORM2
overexpression did not affect the viability of
MCF-10A and MCF-12A cells (Figure 3E3 and
3F3). Cell counting assays further confirmed
that ORM2 overexpression did not alter the cell
number of MCF-10A and MCF-12A cells (Figure
3E4 and 3F4). Furthermore, ORM2 overexpres-
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sion did not significantly affect apoptosis in
MCF-10A and MCF-12A cells (Figure 3E5 and
3F5). These findings suggested that ORM2 pos-
itively regulated the viability of TNBC cells but
did not impact normal breast cells.

QUE inhibited the expression of ORM2 and
viability in TNBC cells but not in normal breast
cells

We observed the down-regulation of ORM2 pro-
tein by QUE treatment in MDA-MB-231 and
BT-20 cells, as evidenced by western blotting
analysis (Figure 4A1, 4A2 and 4B1, 4B2). Cell
counting assays revealed a decrease in the
cell number of MDA-MB-231 and BT-20 cells
following QUE treatment (Figure 4A3 and 4B3),
while apoptosis remained unaffected (Figure
4A4 and 4B4). Conversely, QUE treatment did
not affect ORM2 protein levels in MCF-10A and
MCF-12A cells (Figure 4C1, 4C2 and 4D1,
4D2). Cell counting assays demonstrated that
QUE exposure did not impact the cell number of
MCF-10A and MCF-12A cells (Figure 4C3 and
4D3). Furthermore, QUE treatment did not sig-
nificantly affect apoptosis in MCF-10A and
MCF-12A cells (Figure 4C4 and 4D4). These
findings suggest that ORM2 positively regulates
the viability of TNBC cells, while it does not
exert the same effect on normal breast cells.

ORM?2 mediated the inhibition of QUE toward
the viability of TNBC cells but not normal
breast cells

Correlation analysis revealed a negative corre-
lation between ORM2 protein expression and
the IC50 of QUE in breast cancer cell lines
(Figure BA). This correlation suggests that
ORM2 may mediate the effect of QUE on cell
viability. To validate this hypothesis in TNBC, we
performed ORM2 knockdown experiments in
MDA-MB-231 and BT-20 cells using two distinct
siRNA constructs (KD1 and KD2). We then
measured the IC50 of QUE inhibition on the
viability of these cell lines. The vehicle was
used as a control to account for any potential
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impacts of plasmid transfection on cell behav-
ior. As depicted in Figure 5B, the IC50 of the
knockdown control in MDA-MB-231 cells was
13.2 uM, whereas the IC50 of both ORM2-
knockdown MDA-MB-231 cells exceeded 100
M. Similarly, in the case of BT-20 cells, the
IC50 of the knockdown control was 23.1 uM,
while the IC50 of both ORM2-knockdown BT-20
cells also surpassed 100 uM. These results
support the notion that ORM2 mediates the
inhibitory effect of QUE on the viability of TNBC
cells. Additionally, we conducted ORM2 overex-
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pression experiments in MCF-10A and MCF-
12A cells and determined the IC50 of QUE. As
shown in Figure 5B, the IC50 of the knockdown
control in MCF-10A cells exceeded 100 uM,
and the IC50 of ORM2-knockdown MCF-10A
cells was also over 100 uM. Similarly, both the
IC50 of the knockdown control and ORM2-
knockdown MCF-12A cells exceeded 100 pM.
Even after 72 hours of QUE exposure, no signifi-
cant effect on cell viability was observed in
MCF-10A and MCF-12A cells with ORM2
overexpression.
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Figure 5. The IC50 of QUE in the viability of two ORM2-knockdown TNBC cell lines and two non-tumorigenic epi-
thelial ORM2-overexpressing breast cell lines. MTT assay was used to determine the viability of cells. Data were
normalized to the vehicle control of each cell line. A. The correlation between ORM2 expression and QUE IC50. B.

IC50 of cell lines.

QUE increased survival and decreased expres-
sion of ORM2 in tumors in TNBC mice

To evaluate the therapeutic effect of QUE on
TNBC, we utilized an orthotopic implantation
TNBC mouse model. Initially, we conducted a
survival analysis to determine the optimal treat-
ment dose. The QUE-L groups showed minimal
effect on survival compared to the control
group. However, both QUE-M and QUE-H groups
significantly improved the survival of TNBC
mice, with the QUE-H group demonstrating the
most favorable outcomes (Figure 6A). Thus, we
selected the QUE-H concentration for subse-
quent studies. To minimize survival bias, we
chose day 30 as the endpoint when the major-
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ity of mice were still alive. We monitored the
body weight of the mice every three days and
measured tumor volume at the endpoint. The
results indicated that the body weights of the
mice did not exhibit significant changes.
Although the QUE-treated groups showed
slightly lower body weights compared to the
control group, the difference was not statisti-
cally significant (Figure 6B). However, the tumor
volume in the QUE-treated groups was signifi-
cantly reduced compared to the control group
(Figure 6C). Notably, the expression of ORM2
protein in the tumors was markedly decreased
in the QUE-treated groups compared to the
control group (Figure 6D, 6E). Representative
images of immunohistochemistry staining from
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tumors in the mice were presented in Figure
6F.

To investigate whether attenuating ORM2
activity influences the therapeutic effect of
QUE in TNBC treatment in vivo, we employed
the ORM2 knockdown cell line in the in vivo
study. We compared the overall treatment
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effect (survival) of QUE between ORM2 knock-
down cell animals and ORM2 wild-type animals.
The results revealed a striking difference in
treatment outcomes between the treatment
and vehicle groups in the wild-type cell model
(Figure 6G). However, in the ORM2 knockdown
group, the difference between the treatment
and vehicle groups was less pronounced. It is
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important to note that this experiment was lim-
ited by the transfection duration of the cell
lines. While the cells developed tumors, the
ORM2 knockdown may have been rapidly recov-
ered to the same level, thereby potentially
accounting for the difference in treatment
effect observed in the initial few days and the
final results. Notably, the vehicle group in the
ORM2 knockdown model exhibited similar sur-
vival rates as the QUE treatment group in the
ORM2 wild-type model, particularly before day
50. These findings suggest that ORM2 knock-
down has a comparable effect to QUE treat-
ment, consistent with previous results indicat-
ing that QUE reduces the level of ORM2.

Potential mechanism of QUE on ORM2

To gain insights into the potential mechanisms
underlying the effect of QUE on ORM2 function
in TNBC, we conducted an enrichment analysis
of the differentially expressed genes associat-
ed with high and low ORM2 expression in TNBC,
based on the TCGA cohort. The analysis
revealed 244 up-regulated genes and 200
down-regulated genes that were associated
with ORM2 expression (Figure 7A). The up-
regulated genes were found to be enriched in
functions such as transmembrane receptor
protein kinase activity, extracellular matrix
structural constituent, and growth factor bind-
ing. Conversely, the down-regulated genes were
associated with functions including interleu-
Kin-15 receptor activityy, CXCR3 chemokine
receptor binding, TAP binding, deoxycytidine
deaminase activity, and peptide antigen bind-
ing (Figure 7B).

Based on these differentially expressed genes,
we constructed protein-protein interaction (PPI)
networks. The PPI network for the up-regulated
genes consisted of 242 nodes and 270 edges,
with an average node degree of 2.23 and an
average local clustering coefficient of 0.325.
The PPI network for the down-regulated genes
comprised 197 nodes and 22 edges, with an
average node degree of 0.223 and an average
local clustering coefficient of 0.129. The PPI
enrichment analysis indicated a highly signifi-
cant p-value of < 1.0e-16 for the up-regulated
genes network and a significant p-value of <
9.22e-06 for the down-regulated genes net-
work (Figure 7C, 7D). These findings provide a
comprehensive view of the potential interac-
tions and functional associations of genes dif-
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ferentially expressed in relation to ORM2 in
TNBC.

Discussions

Traditional medicine has been suggested to be
a potential resource to discover therapeutic
drugs for human diseases [32-38]. Traditional
medicine is widely used as an alternative treat-
ment for cancer and is especially popular in
Asian countries such as China, Japan, and
Korea [39]. Traditional medicine can have mul-
tiple effects on cancers [40] and have the
unique advantages of multi targets and fewer
side effects, therefore, it is thought to be safe
for long-term complementary and alternative
therapies for TNBC [41]. QUE is one of the
promising drug candidates for cancer treat-
ment from traditional medicine. QUE is the
major representative of the flavonoid subclass
of flavonols and is ubiquitously present in daily
fruits and vegetables, such as onions. According
to the data from the US Department of Health
and Human Services, QUE is one of the most
common dietary flavonols in the US with an
average daily intake of approximately 25 mg
[42]. Drug dose is one of the critical issues in
clinical treatment [30, 43]. In our animal experi-
ments, we determined that the lowest effective
dose of QUE was 50 mg/kg (QUE-M), which was
only twice the average daily intake amount.
Although mice and humans differ, these data
suggest that the effective concentration range
of QUE might be within an acceptable range for
normal intake. The recorded body weight of the
mice showed no significant reduction, even at a
dose of 100 mg/kg (QUE-H), indicating that the
QUE treatment might not be toxic to the mice.
Furthermore, the IC50 values of the two normal
breast cell lines were over 100 yM, which was
much higher than the IC50 values observed for
TNBC cell lines. These results indicate that can-
cer cells are much more sensitive to QUE than
normal cells. This finding aligns with our animal
study, where we concluded that QUE specifical-
ly targets TNBC cells and is not toxic to the
animals.

ORM2 has been suggested to associate with
colon cancer [44, 45]. The plasma ORM2 levels
were reported to be used for the prognosis of
colorectal cancer patients [44], which indicated
that the ORM2 was presented in plasma. The
development of colon cancer is associated with
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cancer stem cells [46], thus, whether ORM2 is
associated with cancer stemness can be inves-
tigated in the future. Additionally, a previous
study revealed that the downregulation of
ORM2 acted as a prognostic factor associated
with cancer-promoting pathways in liver cancer
[47]. Our results that ORM2 in breast cancer
was much higher than that in normal tissues
and the results that ORM2 was associated with
the poor survival rate strongly supported the
potential diagnostic and prognostic values of
ORMZ2 for TNBC patients. As blood is a much
more accessible clinical sample than tissues,
the investigation of the plasma ORM2 levels in
TNBC patients would be conducive to the devel-
opment of ORM2 as a diagnostic and prognos-
tic biomarker of TNBC. Bioinformatic analysis
has been widely used to evaluate the prognos-
tic value of genes [48-54, 69-72], in this study,
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our bioinformatic analysis revealed that ORM2
was a potential prognostic biomarker for TNBC
but not for non-TNBC.

In this study, we did not have kinetic evidence
to determine the turnover of ORM2 proteins in
cells, which prevented us from identifying the
exact mechanism by which QUE influences the
expression or degradation of ORM2 protein.
However, our findings that QUE influences the
level of ORM2 protein and that ORM2 mediates
the development of TNBC are still of significant
scientific importance. While the specific mech-
anism of ORM2 regulation remains unclear, we
conducted differential expressed gene analy-
sis, enrichment analysis, and constructed a
protein-protein interaction network to gain
insights into potential regulatory mechanisms.
The associations we identified might shed light
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on how ORM2 is regulated or how ORM2 regu-
lates other proteins. It is important to note that
the specific function of ORM2 is still not fully
understood at this stage. A study has shown
that ORM2 appears to play a role in regulating
the activity of the immune system during the
acute-phase reaction [55], which might func-
tion in the early development of cancer.
Accumulating data suggested that cancer-
associated inflammation can facilitate cancer
development and progression [43, 56, 57]. In
turn, cancer could induce cancer-associated
inflammation, which may play a pivotal role in
all stages of tumorigenesis [568, 59]. A novel
finding of this study was that ORM2 might play
an extra role in cancer cells besides cancer-
associated inflammation. In our in vitro study,
no immune cells were presented but the viabil-
ity of cells remained affected by ORM2. The
viability of cancer cells can be affected by
apoptosis, proliferation, necrosis, autophagy,
etc. It is not sure which aspects of the cell via-
bility were affected by ORM2. In this study, we
have tested apoptosis. We suggested that the
effect of ORM2 on cell viability was not medi-
ated by apoptosis. Exploring the underlying
mechanism of ORM2 effects on cancer cell
viability is required. Although this study did not
go deeply into this topic, the enrichment analy-
sis and PPI network might provide some valu-
able hints for future studies as some previous
studies did [48, 49, 54, 60]. In the PPI, some
membrane proteins were involved, such as
CD97b. Recent study suggested that voltage
gated sodium channel play a role in cancer
[73], wheather these membrane proteins inter-
acted with voltage gated sodium channel
required further studies. In addition, studies
also suggested that non-coding RNA regulates
cancer cells [74, 75], the study in association of
non-coding RNA and ORM2 is needed in the
future. More over, if ORM2 is involved in meth-
ylation of breast cancer, reported to be critical
for breast cancer [76], is also another aspect
that should be investigated.

The molecular biological technique has been
used wildly to manipulate the expression of a
target protein [61]. Our knockdown experi-
ments revealed that the effect of QUE on TNBC
cell viability was influenced by the reduction of
ORM2. On the other hand, our results also
showed that this mechanism might not be the
case in normal breast cells. These results were
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consistent with the previous assumption that
QUE is specific to TNBC cells but not normal
breast cells. This is because the ORM2 viability
regulation might be present only in TNBC cells
but not in normal breast cells. This evidence
supported ORM2 as an effective and specific
target of QUE in TNBC treatment. In addition,
drugs used in clinical cancer treatment can
have potential effects on immunity [62, 63].
Mice in this study were immune definition mice,
which also supported the extra effect of ORM2
besides immunity regulations. Nevertheless,
laboratory evidence is required to conclude the
potential mechanism of QUE on ORM2, there-
fore, we carefully state that the pathways iden-
tified were “potential mechanisms”. We hope
we did not overstate our analysis results and
mislead the readers. In the bioinformatics anal-
ysis, the associations between ORM2 and other
proteins are mainly based on co-presenting or
negative correlation. Therefore the causal
effect of ORM2 on these pathways was not
clear at all. Further studies are required to
obtain laboratory evidence of these potential
mechanisms. Interestingly, GETx data suggest-
ed that ORM2 is highly expressed in the liver
(Supplementary Figure 1). Previous studies
have revealed that QUE might protect the liver
from injury [64-67]. Given the fact found in this
study that ORM2 is a direct target of QUE, it is
not sure if ORM2 play a role in the impact of
QUE on the liver. We proposed that this is an
interesting scientific question that should be
explored in the future.

To sum up, QUE inhibited cell viability via ORM2
in TNBC. Our study is conducive to a better
understanding of QUE effects on TNBC and
contributes to the further development of QUE
treatment for TNBC patients.
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Supplementary Figure 1. Expression of ORM2 in human tissues. Data were accessed from the GETx database.



