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Background: TNBC, whose clinical prognosis is poorer than other subgroups

of breast cancer, is a malignant tumor characterized by lack of estrogen

receptors, progesterone hormone receptors, and HER2 overexpression. Due

to the lack of specific targeted drugs, it is crucial to identify critical factors

involved in regulating the progression of TNBC.

Methods: We analyzed the expression profiles of TNBC in TCGA and the

prognoses values of GLDC. Correlations of GLDC and tumor immune

infiltration were also identified. CCK8 and BrdU incorporation assays were

utilized to determine cell proliferation. The mRNA and protein levels were

examined by using Real-time PCR and Western blot analysis.

Results: In the present study, we analyzed the mRNA expression profiles of

TNBC in TCGA and found that GLDC, a key enzyme in glycine cleavage system,

was significantly up-regulated in TNBC tissues and higher expression of GLDC

was correlated with a worse prognosis in TNBC. Moreover, the expression of

GLDC was negatively correlated with macrophage and monocyte and

positively correlated with activated CD4 T cell and type 2 T helper cell in

TNBC. Overexpression of GLDC facilitated the proliferation of TNBC cells,

whereas GLDC knockdown had the opposite effects. Additionally, miR-30e

acts as a functional upstream regulator of GLDC and the inhibitory effects of

miR-30e on cell proliferation were mitigated by the reintroduction of GLDC.

Conclusions: These results imply that miR-30e-depressed GLDC acts as a

tumor suppressive pathway in TNBC and provides potential targets for the

treatment of TNBC.
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Introduction

Breast cancer is the most common cancer in women and

remains the second leading cause of cancer death among

women worldwide (1). Triple-negative breast cancer (TNBC),

defined by a lack of expression of both estrogen (ER) and

progesterone receptor (PR) as well as human epidermal growth

factor receptor 2 (Her2), is the most aggressive subgroup of

breast cancer and accounts for 12–18% of all invasive breast

cancers (2). Due to the lack of therapeutic targets, the clinical

prognosis of TNBC is also worse than other subgroups of

breast cancer. Therefore, it is of enormous therapeutic interest

to explore the key molecules involved in affecting the

development and diagnosis of TNBC and elucidate the

regulatory mechanisms.

Glycine Decarboxylase (GLDC) is a key enzyme in glycine

cleavage system, which can convert glycine into a carbon unit.

Abnormal regulation of glycine decarboxylase is related to the

occurrence of various human tumors, but roles of GLDC in

different cancers are not always consistent (3). Liu et al.

demonstrated that rapamycin complex 1 (mTORC1) signal

inhibits GLDC acetylation by inducing the transcription of

deacetylase SIRT3 (SIRT3) and GLDC acetylation inhibits

glycine catabolism, pyrimidine synthesis and glioma (4). A

report has shown that the expression of GLDC is significantly

increased in MYCN amplified neuroblastoma tumors and cell

lines, and GLDC plays a key role in maintaining the

proliferation of neuroblastoma cells (5). In lung cancer, it

has been reported that GLDC induces significant changes in

glycolysis and glycine/serine metabolism, leading to changes

in pyr imidine metabol i sm, thereby regulat ing the

proliferation of non-small cell lung cancer cells. Clinically,

abnormal activation of GLDC is associated with poor survival

in patients with lung cancer (6). However, other studies have

shown that GLDC inhibits the metastasis and is positively

correlated with the overall survival by acting as a tumor

suppressor in HCC (7, 8). Until now, roles of GLDC in

TNBC are not clear and need to be determined.

In this research, we examined the regulatory roles and

clinicopathologic significance of GLDC in TNBC and

determined the underlying mechanism. Our results showed

that GLDC was significantly increased in TNBC tissues and

higher expression of GLDC was correlated with a worse

prognosis. The expression of GLDC was closely correlated

with several types of immune cells and GLDC facilitated the

proliferation of TNBC cells. Moreover, miR-30e negatively

regulated the expression of GLDC by acting as a functional

upstream regulator. The findings elucidate an important

regulatory mechanism and might provide potential therapy

targets for TNBC.
Frontiers in Immunology 02
Material and methods

Materials

MDA-MB-231 was purchased from the American Type

Culture Collection (ATCC). MiR-30e mimics and the miR-30e

inhibitor (anti-miR-30e) were synthesized in Ribobio

(Guangzhou, China). The primary antibody for Rabbit anti-

GLDC was bought from Abcam (ab97625, 1:500). Goat anti-

Rabbit IgG was got from Cell Signaling Technology (7074,

1:5000). Dulbecco’s modified Eagle’s medium (DMEM) and

fetal bovine serum (FBS) were purchased from hyclone and

G ib co (The rmo F i s he r S c i en t ifi c ) , r e sp e c t i v e l y .

Bromodeoxyuridine (BrdU) incorporation assay kit was got

from Roche Diagnostics (IN, USA).
Cell viability assay

Cell viability was examined by using the cell counting kit-8

(CCK-8). Briefly, 3000 cells/well were cultured in 96-well plate at

37°C for 24 hours. Then 10 ml of CCK-8 was added to each well

in the plate. After 2 hours, we utilized a microplate reader

(Thermo Scientific, Rockford, IL, USA) to determine the

absorbance at 490nm.
Bromodeoxyuridine incorporation assay

Cell proliferation was determined by using a 5-bromo-2’-

deoxyuridine (BrdU) kit to detect the BrdU incorporation. We

first cultured the cells into a 96-well plate at a density of 5000

cells/well. After 12 hours, 10 ml BrdU labeling solution was

added into each well and we incubated the plates at 37°C for 24

hours. Then 200 ml anti-BrdU peroxidase solutions were added

to label cells for 1.5 hours at room temperature. Finally, we

washed the sample with washing solution and then added 100 ml
tetramethylbenzidine substrate solutions to each well at room

temperature for 30 minutes. A microplate reader (Thermo

Scientific) was utilized to determine the absorbance at 450nm.
Real-time PCR and Luciferase
reporter assay

Real-time PCR and Luciferase reporter assay were performed

as our previous descriptions (9). Primers for GLDC and b-actin
were designed and listed as follows: GLDC forward,

5’−CTGCTGTGCTACTGACCTTTT−3’ and reverse, 5’−CCAG

GCATCATTCTCACCAAG−3’; b-actin forward, 5’−CATGTAC
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GTTGCTATCCAGGC−3’ and reverse, 5’−CTCCTTAATGTC

ACGCACGAT−3’. Specific primers and Taqman probes for

microRNA analysis were purchased from Applied Biosystems.

The mRNA levels of beta-Actin and snRNA U6 were used as the

internal normalization control, respectively. The kit for Dual-

Luciferase Reporter Assay System was obtained from Promega

Corporation and the experiment was performed as the protocol

provided by the supplier.
Western blot analysis

We performed western blot to determine the protein levels

of target proteins. Briefly, the cell lysates were quantified with the

BCA methods. The protein extracts (50 mg) were separated by

SDS PAGE electrophoresis and then transferred to PVDF

membranes. The membranes were blocked by 5% non-fat milk

and then incubated with primary antibodies at 4°C for 12 hours.

After washing five times with PBS-T for 30 min, the membranes

were incubated with secondary antibodies for 1 hours at room

temperature. PBS-T was used to wash the membranes again for

five times. Then the membranes were incubated with the ECL

luminescence solution (Thermo Scientific) and the

immunoreactive bands were acquired. Image J software was

utilized to determine the optical density of the bands.
Statistical analysis

Statistical analysis was performed by using GraphPad Prism

v.9.0. The data for statistical analyses was obtained from at least

three independent experiments and presented by mean ±

standard error of the mean (SEM). Student’s t-test or one-way

ANOVA followed by Dunnett’s test was appropriately applied

for identifying the statistical significance. The Kaplan-Meier

method was used to analyze the cumulative survival rate. The

P-value was 0.05 or less was regarded as the statistically

significant difference.
Results

Identification of differentially expressed
genes in TNBC tissues and
functional analysis

We first analyzed the mRNA expression profiles of TNBC in

TCGA to determine the critical factors involved in affecting the

progression of TNBC. As shown in Figure 1A, volcano plots

were used to assess the gene expression variation and the overall

distribution of differentially expressed genes (1148 upregulated

genes and 1686 downregulated genes) between the TNBC tissues

and normal breast tissue. 100 differential genes (containing 50
Frontiers in Immunology 03
upregulated genes and 50 downregulated genes) are selected to

draw the heat map (Figure 1B). Moreover, GO analysis and

KEGG pathway analysis were performed by using all

differentially expressed mRNAs. We found the biological

processes (BP) enriched by GO analysis were regulation of ion

transmembrane transport, hormone levels, mitotic relevant

events. Molecular function (MF) of GO terms was enriched in

signaling receptor regulator and activator activities, receptor

ligand activity, G protein−coupled receptor activity, and

growth factor activity. Cellular component (CC) of GO terms

was enriched in collagen−containing extracellular matrix,

cell−cell junction, and transmembrane transporter complex

(Figure 1C). As shown in Figure 1D, the enriched KEGG

pathways were shown. The results showed that some pathways

directly related to affect the progression of cancer, such as cell

cycle, PI3K-Akt signaling pathway, cytokine-cytokine receptor

interaction and PPAR signaling pathway, were enriched.

Moreover, we found that Glycine, serine, and threonine

metabolism was enriched by KEGG pathway analysis. GLDC,

which acts as a key enzyme in glycine cleavage system, was

obviously up-regulated in TNBC tissues (Figure 1E). The

consistent result that the expression of GLDC was increased in

breast cancer, especially in TNBC tissues, was obtained by

utilizing the UALCAN database (Figure 1F). These results

indicate that GLDC might participate in regulating the

progression and development of TNBC.
The expression profiles of GLDC and its
prognoses values in TNBC tissues

To confirm changes of GLDC in TNBC tissue, we also

analyzed its expression from a GEO dataset (GSE76250). The

results showed that the expression of GLDC was significantly

higher in the TNBC tissues compared with their paired adjacent

normal tissues (Figure 2A). We further examined the expression

levels of GLDC in the TNBC tissues based on the

clinicopathological variables. We found that the expression of

GLDC is higher in the patients younger than 55 years (age ≤ 55)

than the patients older than 55 years (age>55) (Figure 2B).

GLDC expression in patients with ki67 ≤ 30% was lower than

that with ki67>30% (Figure 2C). However, there are no

significant differences on the expression of GLDC between

positive lymph nodes and no positive lymph nodes

(Figure 2D). Furthermore, the prognoses values of GLDC in

TNBC were also examined by utilizing the Kaplan-Meier Plotter

(10). We found that patients with the high levels of GLDC were

associated with the shorter recurrence free survival (RFS)

(median RFS time (months), 22.37 (high levels of GLDC) and

43 (low levels of GLDC) months, respectively; P < 0.001) and the

worse distant metastasis free survival (DMFS) (median DMFS

time (months), 26.63 (high levels of GLDC) and 38.6 (low levels

of GLDC) months, respectively; P < 0.05) than the patients with
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low GLDC expression in TNBC (Figures 2E, F). In addition, we

also examined the prognoses values of GLDC in other types of

breast cancer. We found that there were no significant

differences on the RFS and DMFS between the low levels of

GLDC and the high levels of GLDC in Luminal A, Luminal B

and HER2 positive types of breast cancer (Figures 2G–L). The

results imply that GLDC might be considered as a potential

predictive molecule of prognosis for TNBC.
The relationship between GLDC and
tumor immune infiltration

Previous studies have shown that tumor immune

microenvironment plays an important role in affecting tumor

growth. The immune cells and immune-related signaling

pathways are involved in regulating the progression of cancer

and the response to cancer therapy (11, 12). Therefore, we
Frontiers in Immunology 04
future examined whether GLDC was correlated with the tumor

immune infiltration in TNBC. As shown in Figures 3A, B, we

analyzed the infiltration abundance of immune cells in TNBC

patients based on the levels of GLDC. The results showed that

activated CD4 T cell, central memory CD4 T cell, and type 2 T

helper cell were significantly enriched in the group with high

expression of GLDC in TNBC, whereas high levels of

macrophage, neutrophil, CD56 bright natural killer cell and

plasmacytoid dendritic cell were acquired in the TNBC

patients with low GLDC expression. Moreover, we further

examined the relationship between GLDC expression and

immune cell types. We found that the expression of GLDC

was negatively correlated with macrophage, plasmacytoid

dendritic cell, and monocyte, while GLDC expression was

positively correlated with activated CD4 T cell and type 2 T

helper cell (Figure 3C). By analyzing the relationship between

GLDC and four immune checkpoint molecules (CTLA4, PD-1,

PD-L1, and PD-L2), no significant correlations were acquired
B C

D E F

A

FIGURE 1

Identification of differentially expressed genes in TNBC tissues. (A) The overall distribution of differentially expressed genes by volcano plots.
(B) The heat map of 100 differential genes. (C): The biological processes, molecular function, and cellular component enriched by GO analysis.
(D) The enriched KEGG pathways. (E, F) The expression of GLDC was significantly up-regulated in TNBC tissues compared with normal breast
tissues by analyzing TCGA (E) and the UALCAN database (F).
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B C

D E F

G H I

A

J K L

FIGURE 2

The expression profiles of GLDC and its prognoses value in TNBC tissues. (A) The expression of GLDC was significantly higher in the TNBC
tissues compared with their adjacent normal tissues (n=33). (B) The expression of GLDC is higher in the patients younger than 55 years (age ≤

55) than the patients older than 55 years (age>55). (C) GLDC expression in the patients with ki67 ≤ 30% was less than that with ki67>30%.
(D) No significant differences were detected on the expression of GLDC between positive lymph nodes and no positive lymph nodes. (E, F)
TNBC patients with high levels of GLDC were associated with the shorter RFS (E) and the worse DMFS (F). (G, H) There were no significant
differences on the RFS (G) and DMFS (H) between the low levels of GLDC and the high levels of GLDC in Luminal A breast cancer. (I, J) No
significant differences were detected on the RFS (I) and DMFS (J) between the two groups in Luminal B breast cancer. (K, L) There were no
significant differences on the RFS (K) and DMFS (L) between the two groups in HER2 positive breast cancer.
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B

C D

A

FIGURE 3

The relationship between GLDC and tumor immune infiltration. (A) The infiltration abundance of immune cells based on the levels of GLDC in
TNBC patients. (B) High levels of macrophage, neutrophil, CD56 bright natural killer cell and plasmacytoid dendritic cell and low levels of
activated CD4 T cell, central memory CD4 T cell, and type 2 T helper cell were acquired in the group with low expression of GLDC in TNBC.
(C) The expression of GLDC was negatively correlated with macrophage, plasmacytoid dendritic cell, and monocyte and positively correlated
with activated CD4 T cell and type 2 T helper cell. (D) No significant correlations were observed between GLDC and the four immune
checkpoint molecules in TNBC. *P < 0.05, **P < 0.01, ***P < 0.001, and ns indicates P>0.05.
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between GLDC and the four immune checkpoint molecules in

TNBC (Figure 3D). These results imply that GLDC likely has

the regulatory effects on tumor immune microenvironment

in TNBC.
GLDC facilitates cell proliferation in
TNBC cells

We then examined the effects of GLDC on the growth of

TNBC cells. Overexpression of GLDC were established in MDA-

MB-231 (a cell line of TNBC). As shown in Figure 4A, the

overexpression efficiency was verified by real-time PCR. We

found that cell viability was significantly increased by GLDC

overexpression (Figure 4B). Overexpression of GLDC facilitated

BrdU incorporation into newly synthesized DNA (Figure 4C).

Consistently, the expression of GLDC was positively correlated

with the expression of PCNA and MKI67 (two markers of cell

proliferation) in TNBC tissues (Figures 4D, E). Furthermore, we
Frontiers in Immunology 07
also knocked down the expression of GLDC in TNBC cells to

confirm its physiological function (Figure 4F). The results

showed that the cell viability was mitigated by the knockdown

of GLDC (Figure 4G). GLDC knockdown significantly repressed

BrdU incorporation (Figure 4H). The results indicate that GLDC

positively regulated the proliferation of TNBC cells.
GLDC is negatively regulated by
miR-30e in TNBC

By using the UALCAN database, we found that there was no

significant difference on the promoter methylation level of

GLDC between TNBC and normal breast tissues (Figure 5A).

It is widely accepted that microRNAs play important roles in

affecting the expression of target genes. To determine the

mechanism of GLDC up-regulation in TNBC, we examined

whether microRNAs might participate in regulating the

expression of GLDC in TNBC. The result showed that miR-
B C

D E F

G H

A

FIGURE 4

Cell proliferation is promoted by GLDC in TNBC cells. (A) Real-time PCR was utilized to determine the overexpression efficiency. (B, C) Overexpression
of GLDC increased cell viability (B) and facilitated BrdU incorporation (C). (D, E) GLDC expression was positively correlated with the expression of PCNA
(D) and MKI67 (E) in TNBC tissues. (F) Knockdown efficiency was determined by Real-time PCR. (G, H) Knockdown of GLDC mitigated cell viability (G)
and repressed BrdU incorporation (H). *P < 0.05.
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30e, a potential binding microRNA of GLDC, was negatively

correlated with the expression of GLDC in the same TNBC

tissues (GSE59595) (r=-0.5581, P=0.0014) (Figures 5B, C). As

shown in Figure 5D, the mutated UTR, which was utilized in the

luciferase reporter assay, was constructed based on the potential

binding site of miR-30e conserved in the 3′UTR of GLDC.

Results of luciferase reporter assay showed that the luciferase

activity of the WT (wild type) group was significantly reduced by

the treatment with miR-30e, whereas there was no detectable

change on the luciferase activity of the MT (mutant type) group

(Figure 5E). Moreover, miR-30e obviously mitigated the mRNA

and protein expression of GLDC in TNBC cells (Figures 5F, G).

Treatment with anti-miR-30e led to the increased expression of

GLDC at both mRNA and protein levels (Figures 5H, I). These
Frontiers in Immunology 08
results indicate that miR-30e acts as a functional upstream

regulator of GLDC in TNBC.
The inhibitory effects of miR-30e on cell
proliferation are attenuated by GLDC

We then examined the roles of miR-30e in cell

proliferation in TNBC. Our results showed that the

expression of miR-30e was negatively correlated with PCNA

expression in the same TNBC tissues (Figure 6A) and high

levels of miR-30e were associated with better overall survival

(OS) (median OS time (months), 115.73 (high levels of miR-

30e) and 95.13 (low levels of miR-30e) months, respectively;
B C

D E F

G H I

A

FIGURE 5

GLDC is negatively regulated by miR-30e in TNBC. (A) There was no significant difference on the promoter methylation level of GLDC between
TNBC and normal breast tissues. (B) The schematic diagram of the protocol utilized for identifying the potential functional regulator of GLDC.
(C) The expression of GLDC was negatively correlated with miR-30e expression in the same TNBC tissues. (D) The potential binding site of miR-
30e conserved in the 3′UTR of GLDC. (E) Treatment with miR-30e led to the decreased luciferase activity of the WT (wild type) group.
(F, G) MiR-30e significantly depressed the mRNA (F) and protein (G) expression of GLDC in TNBC cells. (H, I) Treatment with anti-miR-30e led
to the increased expression of GLDC at both mRNA (H) and protein (I) levels. *P < 0.05.
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P = 0.02 (Figure 6B). Treatment with anti-miR-30e increased

cell viability and promoted BrdU incorporation, which was

attenuated by the knockdown of GLDC (Figures 6C, D).

Moreover, the inhibitory effects of miR-30e on cell
Frontiers in Immunology 09
proliferation were attenuated by the restoration of GLDC in

TNBC cells (Figures 6E, F). These results imply that miR-30e

inhibits the proliferation of TNBC cells, at least in part, by

targeting GLDC.
B

C D

E F

A

FIGURE 6

The inhibitory effects of miR-30e on cell proliferation are mitigated by GLDC. (A) The expression of miR-30e was negatively correlated with
PCNA expression in the same TNBC tissues. (B) High levels of miR-30e were associated with better overall survival. (C, D) Treatment with anti-
miR-30e increased cell viability (C) * indicates p < 0.05 compared with anti-NC+siControl group, # indicates p < 0.05 compared with anti-miR-
30e+siControl group and promoted BrdU incorporation. (D), which was attenuated by the knockdown of GLDC. (E, F): Restoration of GLDC
depressed the regulatory effects of miR-30e on cell viability (E) * indicates p < 0.05 compared with NC+Vector group, # indicates p < 0.05
compared with miR-30e+Vector group and BrdU incorporation (F).
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Discussion

TNBC, as the most aggressive subgroup of breast cancer, is

lack of specific targeted drugs and the prognosis is far less than

expected. Until now, pathological processes of TNBC remain

largely unknown and still need to be determined. In the present

study, our results showed that GLDC, which was significantly

up-regulated in cancer tissues, facilitated cell proliferation and

was negatively correlated with the RFS and DMFS in TNBC.

The expression of GLDC was negatively correlated with

macrophage and monocyte and was positively correlated

with activated CD4 T cell and Type 2 T helper cell.

Moreover, GLDC serves as a downstream target of miR-30e

in TNBC and attenuated the inhibitory effects of miR-30e on

cell proliferation. The results imply an important underlying

mechanism of GLDC-regulated cell proliferation and tumor

immune infiltration in TNBC.

An important finding of this research is that GLDC

promotes cell proliferation and could be considered as a

potential predicting factor for prognosis in TNBC. Although

GLDC has been demonstrated to participate in regulating the

development of tumors in some types of cancers, its roles in

different cancers are controversial and not always consistent.

Previous studies have shown that GLDC overexpression or its

gene alternative splicing enhances cellular transformation and

tumorigenesis and is correlated with poorer survival in non-

small cell lung cancer (NSCLC) (6, 13). Inhibition of GLDC

transcript represses cell proliferation and colony formation in

NSCLC and prostate cancer cells (14, 15). GLDC knockdown

mitigates cell proliferation and tumorigenicity via causing G1

arrest in MYCN-amplified neuroblastoma cel ls (5).

Knockdown of glycine decarboxylase represses the growth of

the tumor by regulating mitochondrial protein lipoylation in

hepatocellular carcinoma (HCC) (16). On the contrary, it is

reported that GLDC negatively regulates the migration and

invasion of HCC cells in vivo and in vitro (7). The overall

survival is better in the group with high expression of GLDC in

HCC and overexpression of GLDC obviously facilitates cell

autophagy and depresses intrahepatic metastasis (8). However,

roles of GLDC in TNBC are still unknown. In the present

study, our results showed that GLDC, significantly upregulated

in cancer tissues, was correlated with a worse prognosis related

to RFS and DMFS in TNBC. Overexpression of GLDC

promoted cell proliferation, whereas GLDC knockdown had

the opposite effects. Furthermore, it is widely accepted that

tumor immune microenvironment is involved in affecting the

development of cancers and the response to cancer therapy

(12). Our results showed that several immune cells were

significantly enriched or decreased in the TNBC patients

with high levels of GLDC. The expression of GLDC was
Frontiers in Immunology 10
negatively correlated with macrophage and monocyte, while

GLDC expression was positively correlated with activated CD4

T cell and type 2 T helper cell in TNBC. These results imply

that GLDC likely serves as an oncogenetic factor in the

progression of TNBC by regulating cell proliferation and

tumor immune microenvironment.

Another important finding of this research is that miR-30e

acts as a functional upstream regulator of GLDC in TNBC. It is

known to all that dysregulation of microRNAs is a critical cause

in the initiation and progression of various diseases. MicroRNAs

are involved in regulating several cellular physiological functions

of cancer cells, such as cell proliferation, survival and metastasis,

by affecting the expression of target genes. MiR-30e, a

multifunctional microRNA, has been reported to be involved

in regulating the development of tumors. Previous studies have

shown that miR-30e acts as a tumor suppressor and inhibits cell

proliferation and metastasis in some cancers, including

hepatocellular carcinoma (17), squamous cell carcinoma of the

head and neck (18), colorectal cancer (19). However, other

studies have reported that miR-30e promotes the progression

and malignant processes of cancers, for instance, esophageal

cancer (20), lung adenocarcinoma (21). Roles of miR-30e in

breast cancer are also controversial. MiR-30e represses tumor

growth, bone metastasis and chemosensitivity to paclitaxel in

breast cancer (22, 23). Conversely, Overexpression of miR-30e-

decreased expression of Tumor Suppressor Candidate 3

(TUSC3) leads to increased proliferation and migration of

breast cancer cells (24). To date, the precise effects of miR-30e

on TNBC are still inconclusive. Our results showed that miR-30e

was positively associated with overall survival and negatively

regulated cell proliferation in TNBC. The inhibitory effects of

miR-30e on cell proliferation were attenuated by the restoration

of GLDC. The results indicate that miR-30e-repressed GLDC

defines a potentially suppressive pathway in TNBC. Although we

have demonstrated that GLDC mitigated by miR-30e regulates

cell proliferation and tumor immune infiltration in TNBC, the

regulatory mechanisms remain unknown and will be determined

in future studies. Additionally, we will further validate the

regulatory effects of GLDC in TNBC and explore the

possibility of GLDC as a potential therapeutic target for TNBC

by utilizing more clinical samples and in vivo studies.
Conclusion

In summary, this research implies that GLDC, increased in

the TNBC tissues, facilitates cell proliferation and is correlated

with the poor prognosis in TNBC as an oncogenetic factor.

Moreover, miR-30e acts as a functional upstream regulator of

GLDC in TNBC. The findings demonstrate the important
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regulatory effects of GLDC in TNBC, which might provide

potential targets for improving the molecular therapy of TNBC.
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