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ABSTRACT

ALG3 has significant modulatory function in the process of tumor development. Yet how ALG3 involves in the
advancement of different malignancies isn’t fully understood. We performed a pan-cancer assessment on
ALG3 utilizing datasets from The Cancer Genome Atlas (TCGA) and Genotype-Tissue Expression (GTEx) to
examine its tumor-related roles across malignancies and its link to particular molecules and cells in the tumor
microenvironment (TME). Furthermore, we focused on breast cancer to examine the influence of ALG3-
mediated signaling pathways and intercellular interactions in the advancement of tumors. The biological effects
of ALG3 were verified by breast cancer cells. Enhanced ALG3 expression was discovered to be substantially
linked to patients' grim prognoses in a number of malignancies. Furthermore, the expression of ALG3 in the
TME was linked to the infiltration of stromal and immune cells, and ALG3-related immune checkpoints, TMB,
and MSI were also discovered. We also discovered that cancer patients having a high level of ALG3 exhibited a
lower probability of benefiting from immunotherapy. Furthermore, our research found that KEGG enrichment,
single-cell RNA and spatial sequencing analyses were effective in identifying key signaling pathways in ALG3-
associated tumor growth. In vitro, knockdown of ALG3 could decrease the proliferation of breast cancer cells. In
summary, our research offers a comprehensive insight into the advancement of tumors under the mediation of
ALG3. ALG3 appears to be intimately associated with tumor development in the TME. ALG3 might be a viable
treatment target for cancer therapy, particularly in the case of breast cancer.

INTRODUCTION of high-mannose type N-glycans [2]. It has been

demonstrated that the progression of cancer is linked
Alpha-1,3-mannosyltransferase (ALG3) is situated in to the abnormal expression of multiple high-mannose
the Golgi apparatus and endoplasmic reticulum and type N-glycans [3]. ALG3 overexpression results in
is engaged in the production of early N-glycans [1]. glycoprotein malfunction, which promotes tumor cell
In tumor cells, ALG3 is involved in the production proliferation and invasion [4]. According to several
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reports, ALG3 is upregulated in squamous cell
cervical cancer as well as esophageal squamous cell
carcinoma and is responsible for inducing resistance to
drugs in myeloid leukemia [5-7]. Under-glycosylation
of glycosylated proteins and malfunctioning of glyco-
proteins are the consequences of ALG3 mutations [8].
Nonetheless, further investigation is warranted to shed
light on the clinical value of ALG3 and its function in
pan-cancer.

Recently, the advent of high-throughput sequencing-
based cancer atlas programs in conjunction with omics
technology has introduced new avenues of insight into
the field of oncology research [9, 10]. Transcriptome
innovation has long been utilized to comprehend the
functions of the expression of genes in tumor cells,
and recent de convolution network techniques enable
tumor researchers to identify immune cells’ expression
patterns from transcriptomic data and characterize their
distributions [11, 12]. Furthermore, the massive quantity
of data created by the unparalleled bioinformatics
advancement may be utilized to deliver a comprehensive
view of all identified genes and tumor types [13,
14]. This bio-informatic analysis, which uses several
database systems to assess the expressions, prognoses,
gene mutation patterns, and functionality of genes
in distinct cancers, is known as pan-cancer analysis, and
it may be employed to explore the functions and
relationships of genes in distinct malignancies [15, 16].
Therefore, our research aims to investigate ALG3 by
a pan-cancer investigation of the integrated multi-
database.

In this research, we conducted a pan-cancer analysis
to examine the link between ALG3 expression, patient
prognosis, immunological milieu, microsatellite insta-
bility (MSI) immune checkpoint genes, tumor mutation
burden (TMB), and immunological neoantigens in 33
cancers. In addition, we validated the biological function
and explored the underlying mechanisms of ALG3 in
breast cancer.

RESULTS

Expression levels and prognostic analysis of ALG3
in pan-cancer

In this study, we combined data on normal tissues
derived from the Genotype-Tissue Expression (GTEX)
database with that of tumor tissues derived from
The Cancer Genome Atlas (TCGA) to examine the
differential expression of ALG3 in pan-cancer utilizing
the SangerBox database (http://vip.sangerbox.com/). It
has been discovered that ALG3 expression levels are
usually elevated in nearly all cancers in contrast with
that in normal tissues (Figure 1A).

The correlation of ALG3 expression with overall survival
(0S) and disease-free survival (DFS) was calculated
individually in 33 TCGA cancers utilizing univariate
survival analysis. As illustrated in Figure 1B, ALG3
expression markedly impacted the OS of LUAD, LGG,
LIHC, ACC, UCEC, KIRP, KIRC, BRCA and HNSC.
The correlation of ALG3 expression with PFS was
illustrated in Figure 1C, which showed that the DFS
duration of patients with LAML, KIRC, ACC, LGG,
KIRP, UCEC and LUAD exhibiting elevated ALG3
expression levels was substantially shortened in contrast
with that of those exhibiting low ALG3 expression level.
In general, the findings showed that ALG3 could be a
candidate for use as a biomarker in multiple malignancies.

Association between ALG3 expression and immune-
related cells in pan-cancer

Tumor microenvironment (TME) has been reported to
be closely related to the clinical prognosis of cancer
patients. Diverse immune cell populations, including
innate and adaptive immune cells, such as myeloid cells
and lymphocytes within the TME, comprise most of the
TME. Thus, we focused on the association between the
expression of ALG3 and the particular kinds of immune
cells. As a consequence, we examined the link between
the expression of the ALG3 gene and the infiltration of
diverse immune cells, such as adaptive immune cells
(CD8+ T cell, CD4+ T cell, B cell) and innate immune
cells (neutrophil and macrophage). Tumor Immune
Estimation Resource (TIMER) algorithms were utilized
to ascertain the enrichment status of immune cells.
Supplementary Figure 1 presented that ALG3 was
notably correlated with immune infiltrating cells in
LUSC, SKCM, STES, STAD and BRCA.

Analysis of the correlation between ALG3 and TMB,
MSI, and immune checkpoint genes in pan-cancer

TME, MSI and immune checkpoint genes were
important indicators for predicting the immune micro-
environment. We examined the link between ALG3
and TMB, MSI, and the immune checkpoint genes
to determine if the expression of ALG3 is linked to
the modulation of the immune conditions. Home-for-
researchers online software was used to examine the
connection between ALG3 and TMB, MSI.

As depicted in Figure 2A and Supplementary Table 1,
ALG3 expression was considerably linked to TMB in
14 out of 33 distinct kinds of cancers (BRCA, LUAD,
LGG, PAAD, STAD, HNSC, LIHC, COAD, SKCM,
KIRC, BLCA, SARC, PRAD and ESCA). In COAD
and ESCA, ALG3 expression was inversely linked to
TMB but was linked to TMB in other 12 forms of
cancers in a positive manner.
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As displayed in Figure 2B and Supplementary Table 2,
ALG3 expression was considerably related to MSI in
READ, KIRC, LGG, LIHC, STAD, BLCA, LUSC and
COAD. While ALG3 exhibited a positive link to MSI
in READ, LGG and COAD, it had an inverse link to
MSI in KIRC, LIHC, STAD, BLCA and LUSC.

Tumor neoantigens, a new approach to tumor
immunotherapy, include antigens produced by tumor
viruses integrated into the genome and antigens
produced by mutant proteins, which are abundantly
expressed only in tumor cells and have strong
immunogenicity and tumor heterogeneity. A growing
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Figure 1. Expression levels and prognostic analysis of ALG3 in pan-cancer. (A) ALG3 expression difference in across tumors

integrating data of normal tissues in GTEx database and data of TCGA tumor tissues,

*P < 0.05, P <0.01, ""P < 0.001, P < 0.0001. (B)

Forest plot of the relationship between ALG3 expression and overall survival time. (C) Forest plot of the relationship between ALG3

expression and disease-free survival time.
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number of studies have highlighted the relationship Figure 2D presents the findings from our investigation

between neoantigens and T cells’ recognition of cancer into whether or not there is a link between the
cells. We also analyzed the association between ALG3 expression of 47 different immune checkpoint genes
expression level and tumor neoantigen. The result and ALG3 in 33 different forms of cancer as deter-
showed that the expression of ALG3 was shown to be mined with the help of Sangerbox. Collectively, the
positively linked to tumor neoantigen in LUAD and expression of ALG3 was shown to be positively linked
THYM (Figure 2C). to the expression of genes associated with immune
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Figure 2. Correlation analysis between ALG3 and TMB, MSI and immune checkpoint genes in pan-cancer. (A) The correlation
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checkpoints in the majority of cancers, which supported
the assumption that ALG3 might be effective in tumor
immunotherapy.

ALG3 predictive value in response to immune
checkpoint blockade (ICB)

The above data implicated that ALG3 may be an
effective indicator for immune checkpoint blockade.
We evaluated the significance of ALG3 as a biological
marker by contrasting its levels of expression with
that of standardized biomarkers premised on the
prediction performance of response outcomes and OS
of ICB sub-cohorts. This was done by utilizing the
Tumor Immune Dysfunction and Exclusion database
(http://tide.dfci.harvard.edu/). Notably, we discovered
that ALG3 independently exhibited an area under
the receiver operating characteristic curve (AUC) of
>0.5 in 11 of the 21 ICB cohorts. ALG3 exhibited
a higher predictive value than TMB, T. Clonality, and
B. Clonality. However, ALG3 was comparable to the
MSI score, CD274, CD8, IFNG, TIDE and Merck18 in
predication (Figure 3).

ALG3 genes are linked to tumor stemness and
chemo-therapy susceptibility of cancer cells

During the progression of cancer, tumor cells may lose
their differentiated phenotype steadily and gain
characteristics similar to those of progenitor and stem
cells. Both RNA stemness score, which is premised on
MRNA expression (RNAss), and DNA stemness score
(DNAss), which is dependent on the patterns of DNA
methylation, may be utilized to quantify the stemness
of a tumor. DNASss is the dryness index derived based
on methylation data while RNAss is the stemness
indices calculated based on expression data. When
the stemness index is closer to 1, the degree of cell
differentiation tends to be lower, whereas the stem
cells’ characteristics become stronger. We examined
whether or not there was a link between the ALG3
genes and the stemness of the tumor, as estimated
by DNAss and RNAss. ALG3 was shown to have
varying degrees of relationship with RNAs and DNAs,
depending on the kind of cancer (Figure 4A, 4B).

Because cancer stem cell often contributes to drug-
resistance, we thus explored the association between
ALG3 gene expression and drug resistance. With the
use of RNAactDrug database (http://bio-bigdata.hrbmu.
edu.cn/RNAactDrug), we found that elevated ALG3
expression level was linked to resistance to 1,6-bis(4-(4-
aminophenoxy)phenyl)diamantine and sh-590885-aad.
However, elevated ALG3 expression level predicated
sensitivity to CI-1040, Olaparib, Trametinib and VX-
11e (Supplementary Table 3).

Association with ALG3 and clinical-pathological
parameters, and prognostic significance in breast
cancer

Subsequently, we evaluated whether ALG3 expression
level was correlated with clinical-pathological para-
meters, and prognostic significance. The elevated
expression level of ALG3 was found in breast cancer,
especially in HER-2 positive and triple negative breast
cancer, as revealed by the UALCA database (Figure
5A). An elevated level of ALG3 expression
was considerably linked to TP53 mutant status (Figure
5B).

The 6 distinct immune subtypes, namely, C1 (wound
healing), C2 (IFN-c dominant), C3 (inflammatory), C4
(lymphocyte depleted), C5 (immunologically quiet),
and C6 (TGF-p dominant) have been well recognized.
Individuals whose immune subtypes were C3 or C5
exhibited a favorable prognosis, but those whose
immune subtypes were C4 or C6 exhibited a much
lower chance of survival. We evaluated the link
between the level of ALG3 expression and the
immunological subtype based on the TISIDB database
(http://cis.hku.hk/TISIDB/). Breast cancer patients
exhibiting subtypes C1, C2, C4, and C6 were shown to
have elevated expression levels of ALG3, suggesting
that ALG3 may have a role in promoting the growth of
tumors (Figure 5C).

We investigated the potential role of ALG3 as
a predictive factor in breast cancer patients based
on data derived from the TCGA database. The
median value of ALG3 was used as the threshold
to classify patients with breast cancer into high- and
low-expression groups. It was found that elevated
expression level of ALG3 was linked to poorer OS
rate and DFS rate (Figure 5D). In parallel, we
further confirmed that ALG3 expression was inversely
linked to breast cancer patients OS and DFS in the
GEO database, by utilizing the PrognoScan database
(http://dna00.bio.kyutech.ac.jp/PrognoScan/index.html)
(Figure 5E).

Subsequently, the time receiver operating characteristic
(ROC) analysis was carried out to compare the
prediction power and risk score of ALG3 for OS and
DFS in breast cancer. In the OS analysis, ALG3
expression level could anticipate the breast cancer
patients’ prognoses over 1, 3, and 5 years, and its AUC
values were 0.612, 0.629, and 0.606, correspondingly
(Figure 5F). In the PFS analysis, AUC values were
0.686, 0.660 and 0.625, correspondingly (Figure 5G).

Finally, the multivariate and univariate Cox regression
analyses were executed to establish the prognostic
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relevance of ALG3 in breast cancer. The findings patients (Table 1). On the contrary, the multivariate

recorded from the univariate analysis highlighted Cox regression analysis illustrated that N, M stage and
that T, N, M stage and ALG3 expression levels ALG3 expression levels were substantially linked to
were substantially linked to OS rate in breast cancer OS rate in LUAD patients (Table 1).
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Figure 4. ALG3 genes are associated with tumor stemness and cancer cell sensitivity to chemotherapy. (A, B) Correlation matrix
between ALG3 gene expression and cancer stemness scores RNAss and DNAss, respectively.
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Figure 5. Association with ALG3 and clinico-pathological characters, prognostic value in breast cancer. (A) Expression levels of
ALG3 were indicated in normal breast tissues and different sub-type of breast cancer tissues. (B) Association between expression level of
ALG3 and TP53 mutant status was demonstrated. (C) The association between expression immune subtypes and expression level of ALG3.
C1 (wound healing); C2 (IFN-gamma dominant); C3 (inflammatory); C4 (lymphocyte depleted); C5 (immunologically quiet); C6 (TGF-B
dominant). (D) TCGA database revealed that high expression level of ALG3 in breast cancer patients predicated poorer OS and DFS rates. (E)
The GEO databases revealed that high expression level of ALG3 in breast cancer patients predicated poorer OS and DFS rates. (F, G) ROC
analysis for prediction of ALG3 for OS and DFS, respectively.
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Table 1. Summary of univariate and multivariate Cox regression analysis of overall survival duration.

o Univariate analysis Multivariate analysis
Characteristics Total (N) - -
Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value
T stage 1079
Tland T2 905
T3 and T4 174 1.608 (1.110-2.329) 0.012 1.381 (0.915-2.086) 0.125
N stage 1063
NO 514
N1, N2 and N3 549 2.239 (1.567-3.199) <0.001 1.817 (1.235-2.671) 0.002
M stage 922
MO 902
M1 20 4.254 (2.468-7.334) <0.001 2.454 (1.337-4.504) 0.004
ALG3 1082
Low 541
High 541 1.565 (1.134-2.161) 0.006 1.669 (1.170-2.382) 0.005
scRNA analysis of ALG3 expression on distinct cells of ALGS3 in single-cell and its link to tumor functional
of breast cancer state in breast cancer. Data from Jordan NV et al.
revealed that ALG3 may participate in hypoxia,
The CANCERSEA website (http://biocc.hrbmu.edu.cn/ metastasis, invasion, EMT, apoptosis, quiescence, and
CancerSEA/) was employed to validate the expression DNA repair (Figure 6A).
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Figure 6. SCRNA analysis of ALG3 expression on different cells of breast cancer. (A) Functional pathways involved in ALG3,
revealed by CANCERSEA website. (B) The analysis of the expression of PUDP on the cell in the tumor microenvironment. (C) Log-normalized
expression of markers for ALG3 in breast cancer. (D, E) ALG3 expression level in different clinical subtype was demonstrated.
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We further used the findings of breast scRNA
sequencing from the GSE143423 dataset to examine the
ALG3 expression in diverse cells of breast cancer by
using the online software Tumor Immune Single-cell
Hub (TISCH) (http://tisch.comp-genomics.org/home/).
We discovered that ALG3 was expressed in monocytes
or macrophages, oligodendrocytes, and particularly in
tumor cells exhibiting considerably elevated expression
levels (Figure 6B). The findings implicated that ALG3
expression was related to the tumor microenvironment.

Furthermore, we used GSE152048 to examine the
ALG3 expression in diverse cells of breast cancer.
Figure 6C showed the distribution of ALG3 in breast

00 05 1.0 15 20

cancer clusters. Interestingly, we found that the level
of ALG3 was often elevated in HER-2+ and TNBC,
which had a higher degree of malignancy than ER+
breast cancer (Figure 6D, 6E).

Spatially mapping the association of ALG3
expression level and significant pathways in breast
cancer

To gain insights into the association of ALG3
expression level and significant pathways, we per-
formed spatially resolved transcriptomics on breast
cancer samples. Figure 7A showed the expression level
of ALG3 in breast cancer samples. The subclusters was
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Figure 7. Spatially mapping the association of ALG3 expression level and significant pathways in breast cancer. (A) Spatial
plots showing the expression level of ALG3. (B) Spatial plots showing spatial spots colored by subclusters. (C) Spatial plots showing GSVA

scores of pathways.
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identified as ALG3+ and ALG3-, as shown in Figure
7B. The analysis revealed that ALG3 was positively
associated with the GSVA scores of pathways that
were involved in breast cancer progression, such as
KRAS signaling, EMT, TNF a signaling pathways.
Interestingly, ALG3 was positively associated with the
GSVA scores of bile acid and glycolysis metabolism
(Figure 7C).

ALG3 expression is linked to treatment
responsiveness in breast cancer

We assessed the impact of ALG3 expression on
susceptibility to chemotherapy in clinical cancer
cohorts premised on the ROC plotter database (https:/
www.rocplot.org/). In breast cancer patients who had
pathology complete response, elevated expression levels
of ALG3 were resistant to the chemotherapeutics
(Figure 8A). Similar results were achieved in breast
cancer patients who had relapse-free survival at five
years (Figure 8B). However, we did not observe
significant correlation between ALG3 expression levels
and endocrine therapy or anti-Her-2 therapy in breast
cancer patients (data not shown).

Inhibition of ALG3 decreased breast cell growth

We further performed a functional assay to explore
ALG3’s function in breast cancer cells.

With the use of the CCLE database, we revealed
the elevation of ALG3 expression in most kinds of
breast cancer cell lines (Figure 9A). In addition, we
revealed that ALG3 expression was elevated in breast
cancer samples by utilizing Human Protein Atlas (HPA)
database (Figure 9B). Inhibition of ALG3 expression was
achieved by using si-RNA that targets ALG3 (Figure
9C). ALG3 inhibition decreased breast cancer cell growth
ability, as revealed by MTT and colony formation assays
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(Figure 9D, 9E). We next explored whether ALG3
contributed to cell growth by affecting cell cycle
distribution. It was found that suppression of ALG3
contributed to the arrest of the cell cycle in the G1 and
G2 phase (Figure 9F). Western blot assay revealed that
inhibition of ALG3 decreased the expression levels of
cyclinD1 and CDK4 (Figure 9G). CyclinD1 and CDK4
were key kinase that regulated cell cycle distribution
and affected cell proliferation. These data implicated
that ALG3 may promote breast cancer proliferation
via regulating cell cycle kinase-cyclinD1 and CDK4.

DISCUSSION

Owing to rapid advances in medical technology and the
persistent research efforts of oncologists, the diagnosis,
monitoring, and treatment of oncological illnesses are
becoming more methodical, all-encompassing, and
individualized [17, 18]. Not with standing this, there
is no limit to the number of tailored and successful
cancer therapies that might be discovered.

ALG family represents a class of glycosyltransferases
[19, 20]. In esophageal squamous cell carcinoma, ALG3
was shown to be a viable treatment target, and its
overexpression was revealed to be closely related to
lymph node metastasis [5]. An elevated level of ALG3
expression in breast cancer patients is predictive of a
dismal prognosis because it stimulates the proliferative
and metastatic capacities of cancer cells [5]. Although
previous studies have implicated that ALG3 was
involved in breast cancer progression, whether ALG3
functioned as an onco-immunological biomarker in
breast cancer was still unknown. We focused our
attention on determining the significant role that ALG3
plays in the progression of a variety of malignancies by
meticulously examining the data that was gathered from
the GTEX and CCLE databases from a large number
of cases of diverse kinds of cancer. We started by
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Figure 8. ALG3 expression is associated with therapeutic responses in breast cancer. (A) The receiver operating characteristic
(ROC) curve plot of the association between ALG3 expression and responses to chemotherapy in breast cancer who had pathology
complete response. (B) The ROC curve plot of the association between ALG3 expression and responses to chemotherapy in breast cancer

who had relapse-free survival at five years.
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examining the aberrant expression of ALG3 in a
variety of malignancies. We employed Cox and KM
curve analyses and discovered that various survival
markers had varying expression profiles of ALG3. This
prompted us to infer that ALG3 has potential prognostic
significance in some types of cancers.

The comprehensive treatment of tumors is continuously
being refined, and the available management options
comprised surgery, chemotherapy, endocrine therapy,
and targeted therapy [21]. The field of oncology is
now focusing a lot of attention on immunotherapy as a
way to aid in the selection of appropriate treatment.
Combination immunotherapy is a viable method that
should be pursued. Its primary objective is to repair the
immunologic deficiencies that are present in the TME
[22, 23]. Tumor-infiltrating lymphocytes (TIL) perform
a significant part in improving clinical outcomes and
eliciting a response to treatment in patients with diverse
forms of cancer [24, 25]. In this research, we dis-
covered that ALG3 is capable of efficiently activating
all 6 distinct kinds of immune cells (neutrophils, CD8+
T cells, macrophages, CD4+ T cells, dendritic cells,
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and B cells) in approximately 20 different types of
cancer. Additionally, immune biomarkers had also
been linked to ALG3 expression in most kinds of
cancer.

Both the prognosis and the patient’s response to therapy
may be anticipated based on particular gene mutations
and MSI [26]. Increased somatic MSI and TMB were
shown to be connected to enhanced efficacy of
immunotherapy as well as a greater OS for the majority
of cancer individuals [27]. The upstream causes of MSI
were determined to be mutations in mismatch repair
genes as well as an impaired function in those genes.
We discovered that ALG3 was linked to TMB in 14 out
of 33 distinct kinds of cancers (BRCA, LUAD, LGG,
PAAD, STAD, HNSC, LIHC, COAD, SKCM, KIRC,
BLCA, SARC, PRAD and ESCA). In addition, we also
found that ALG3 was considerably related to MSI in
READ, KIRC, LGG, LIHC, STAD, BLCA, LUSC and
COAD. All of these findings indicate that ALG3 could
promote tumor growth by increasing MSI and TMB
via the mechanism of modulating genes involved in
mismatch repair.
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Figure 9. Inhibition of ALG3 decreased breast cell growth. (A) CCLE database demonstrated ALG3 expression levels in breast cancer
cell lines. (B) The expression of ALG3 in breast cancer tissues on the level of protein. (C) RT-PCR and Western blot assays were used to
examine si-RNA efficiency in breast cancer cells (left panel: RT-PCR; right panel: Western blot). (D) MTT assay was used to examine ALG3
down-regulation effect on breast cancer cells. (E) ALG3 down-regulation inhibited breast cancer cell colony formation ability. (F)
Suppression of ALG3 contributed to the arrest of the cell cycle in the G1 and G2 phase. (G) Western blot assay was used to examine the

expression levels of cyclinD1 and CDK4.
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The so-called cancer stem cells (CSCs) are a subset of
cancerous cells that are extremely tumorigenic with
strong resistance to a variety of therapeutic approaches
[28]. It is now well-established that CSCs perform
an integral function in the growth of tumors and in
the development of resistance to treatment [29]. The
cancer stem cell-like characteristics evaluated by
mMRNA (RNAss) and DNA methylation (DNASS)
exhibited a substantial inverse link to ALG3, as
shown by the analysis results. Based on these findings,
it is conceivable that ALG3 is implicated in the
production of tumor-initiating cells and has a
connection to the development of drug resistance in
tumors. The link between ALG3 and a patient’s
treatment susceptibility to anti-cancer medications was
investigated in this research for the first time. Elevated
ALG3 expression level was linked to resistance to
1,6-bis(4-(4-aminophenoxy)phenyl)diamantine and sb-
590885-aad. However, elevated ALG3 expression
level was associated with sensitivity to CI-1040,
Olaparib, Trametinib and VX-11e.

The biological function and the fundamental processes
of ALG3 in breast cancer were investigated. A single-
cell transcriptome sequencing investigation illustrated
that ALG3 expression was substantially related to hypo-
Xia, metastasis, invasion, EMT, apoptosis, quiescence,
and DNA repair in breast cancer. The inhibition of
ALG3 activity resulted in a decrease in the growth rate
of breast cancer cells.

Throughout the process of breast cancer progression,
the cancerous cells interface with other cells, including
endothelial cells and macrophages, to establish the
milieu that supports the growth and metastasis of cancer
cells. Tumor-associated macrophages, also referred to
as TAMs, are a type of immune effector cells recruited
to carcinoma tissues so that they may secrete a variety
of chemokines, growth factors, cytokines, and inflam-
matory mediators, all of which perform a significant
part in the progression of cancer [30]. Altogether, we
have investigated the relationships that exist between
the expression of ALG3 and a wide range of cells
and molecules that are associated with tumors. After
that, we focused on breast cancer in an effort to
gain a greater comprehension of ALG3-elicited inter-
cellular interactions as well as the activation of signal
transduction pathways. According to the findings of
this research, ALG3 is a major contributor to the onset
and progression of a wide variety of cancer types, and
the targeted suppression of ALG3 could be a useful
method for treating cancer.

In summary, we made comprehensive analysis of
ALG3 in pan-cancer and validation of ALG3 as an
onco-immunological biomarker in breast cancer. These

points were the innovation and importance of our
research.

MATERIALS AND METHODS
Cell culture

Breast cancer cell lines (T-47D and MCF7) were
purchased from the Chinese Academy of Science
(Shanghai, China). Cells were maintained in DMEM
supplemented with 10% fetal bovine serum (FBS) in a
37°C, 5% CO: incubator.

Analysis of ALG3 expression in pan-cancer

To investigate the expression of the ALG3 gene, we
gathered information from tumor cell lines collected
from the Cancer Cell Line Encyclopedia (CCLE)
database and information about normal tissues from
the GTEx database. In addition, we employed the
data derived from TCGA and the data from the
GTEx database that corresponded to normal tissue
to examine the variation in expression levels that
exist between tumor and normal samples.

Survival analysis

Utilizing clinical information contained in the
TCGA database, we selected two markers (OS and
PFS) to characterize the survival duration and
prognosis of patients with a variety of malignancies.
Estimating the association between ALG3 levels
and patients’ prognoses utilizing forest plots was
demonstrated to be effective. Eventually, survival
analysis was implemented utilizing Kaplan—Meier
curves, which were applied to the data of certain
malignancies that had statistical significance.

Co-expression analysis

An examination of the association between ALG3
and the expression of immune checkpoints was
done utilizing Pearson’s method. After creating the
correlation heatmaps, each illustrated the state of
the ALG3-associated co-expression. By employing
the online analysis platform HOME for Research
(http://www.home-for-researchers.com/), we explored
the link between MSI, TMB, and ALG3 expression
across multiple-typed cancers.

Cell infiltration analysis

We employed the Estimation of stromal and
Immune cells in Malignant Tumor tissues using
the Expression data (ESTIMATE) algorithm to
investigate the possible correlation between the
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immune and stromal cells and ALG3 expression in the
TME. Calculations of p-values and partial correlation
values were carried out with the help of Spearman’s
rank correlation test. Scatter plots were used to illustrate
the findings. In addition, we selected ALG3 highly-
relevant malignancies to analyze the density distribution,
which was subsequently depicted using distribution
maps. We utilized a TIMER (https://cistrome.shinyapps.
io/timer) database to evaluate the specific infiltration
status of various immune cells, such as CD8+ T cells,
neutrophils, CD4+ T cells, B cells, macrophages, and
dendritic cells, and their connection toALG3. Scatter
plots were utilized to display the data.

scRNA-seq analysis

Single-cell RNA sequencing, abbreviated as SCRNA-
seq (GSE143423 and GSE152048), were utilized
to find out the expression and distribution of ALG3
expression in breast cancer patients. After obtaining
the data of scRNA-seq, analysis was conducted with
the help of TISCH.

visium

Spatial transcriptomics and

transcriptomics data

spatial

All spatially resolved transcriptomics data from this
study are available from the Zenodo data repository
(https://doi.org/10.5281/zen0d0.4739739).  Spatially
resolved transcriptomics data from Andersson et al.
can be downloaded from the Zenodo data repository
(https://doi.org/10.5281/zen0do.3957257). The Space
Ranger software v.1.0.0 (10x Genomics) was used
to demultiplexed reads and mapped them to the
reference genome GRCh38. Count matrices were
loaded into Seurat v.3.2.0 and STutility v.0.1.0 for
all subsequent data filtering, normalization, filtering,
dimensional reduction and visualization. Data norma-
lization was performed on independent tissue sections
using the variance-stabilizing transformation method
implemented in the SCTransform function in Seurat.

Cell cycle analysis

The treated cells were collected and fixed with chilled
75% ethanol at —20°C overnight. After ethanol was
discarded, cells were washed twice with PBS and
resuspended with DNA staining solution at room
temperature for 30 min. Cell cycle analysis was
performed on the flow cytometry.

Real-time PCR
After isolating the total RNA from cells and tissues, a

FastKing RT Kit (TianGen, Beijing, China) was utilized
to perform reverse transcription of these RNAs into

cDNA. Afterward, real-time PCR was implemented
with the help of SYBR Premix ExTagTMa (RR420A,
TaKaRa, Japan) following the guidelines provided by
the manufacturer. Primers for ALG3 were: forward (5'-
CCGAGGTAGAAGGCGTCATC-3"); reverse (5-GG
TACACAAGTGGTCCGGT-3’). Primers for GAPDH
were: forward (5-GGAGCGAGATCCCTCCAAAAT-
3); reverse (5'-GGCTGTTGTCATACTTCTCATGG-3').

The levels of ALG3 protein expression in breast
cancer patients

The Human Protein Atlas (HPA, https://www.
proteinatlas.org/), which is an initiative based in
Sweden, provides all of the proteins found in humans.
We retrieved the immunohistochemical (IHC) images
of ALG3 expression that are publicly accessible for
all research communities from the HPA database.

Western blot analysis

The total cellular proteins from cells were extracted by
using RIPA lysis buffer with phenylmethanesulfonyl
fluoride (PMSF). The equal amounts of protein were
determined by BCA protein assay kit, followed by
separated with 10% SDS-PAGE gels. The proteins
were then transferred to PVDF membranes and
blocked with 5% nonfat milk. Subsequently, the PVDF
membranes were subjected to corresponding primary
anti-bodies and secondary anti-bodies. Investigations
utilizing Western blotting were conducted with an
electrophoresis and blotting system (Bio-Rad, USA) as
per the recommendations provided by the manufacturer.

MTT assay

For MTT assay, cells were seeded into a 96-well plate
per well with three duplications, followed by incubation
for 2 h at 37°C. Absorbance was detected at 450 nm
daily for 4 consecutive days.

Statistical analysis

The K-M survival analysis was done utilizing the
log-rank test. The R packages “survival ROC” and
“pROC” were utilized to chart the ROC curve and the
AUC. We employed the Spearman statistical approach
to ascertain the link between co-expressed genes,
immune cells, and the level of ALG3 expression.
R software (version: 4.1.0) was utilized to conduct all
analyses of statistical data.

Data sharing statement
The datasets used and/or analyzed during the current

study are available from the corresponding author on
reasonable request.
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Supplementary Figure 1. Estimation of ALG3-related tumor purity (demonstrated by ESTIMATE Scores) in the tumor
microenvironments across cancers in TGCA via ESTIMATE algorithm was investigated. Spearman’s p-values and partial
correlation values are displayed.

WWWw.aging-us.com 2336 AGING



Supplementary Tables

Supplementary Table 1. The correlation between ALG3 expression and TMB in pan-cancer.

Genel cor p-value

BRCA 0.307 3.59E-24
LUAD 0.305 3.18E-12
LGG 0.26 3.24E-09
PAAD 0.445 4.72E-09
STAD 0.273 1.15E-07
HNSC 0.208 3.76E-06
LIHC 0.185 0.000987
COAD -0.165 0.00194
SKCM 0.143 0.001964
KIRC 0.164 0.001965
BLCA 0.151 0.002388
SARC 0.179 0.006826
PRAD 0.1 0.028153
ESCA -0.16 0.048336
THCA -0.088 0.052552
UvM 0.215 0.055839
ov -0.105 0.096102
CHOL 0.268 0.119015
ACC 0.173 0.128777
LUSC 0.066 0.154993
CESC -0.113 0.17105
GBM 0.097 0.236941
UCEC -0.051 0.250991
KIRP 0.065 0.284375
DLBC -0.179 0.288619
MESO 0.115 0.306662
PCPG -0.07 0.357375
KICH 0.087 0.4956

THYM —-0.048 0.606539
LAML -0.038 0.698572
TGCT 0.024 0.791313
UCS 0.034 0.80003
READ 0.007 0.941038

www.aging-us.com

2337

AGING



Supplementary Table 2. The correlation between ALG3 expression and MSI in pan-cancer.

Genel cor p-value

READ —-0.42 8.16E-08
KIRC 0.234 1.46E-05
LGG —-0.155 0.000444
LIHC 0.158 0.00234

STAD 0.148 0.00406

BLCA 0.133 0.007216
LUSC 0.113 0.011966
COAD -0.101 0.036907
THYM -0.125 0.173987
LUAD 0.058 0.186825
ACC —-0.136 0.232332
SKCM —-0.052 0.257731
UvM -0.116 0.30445

BRCA 0.027 0.373871
UCEC -0.038 0.378115
UCS -0.115 0.394086
THCA -0.031 0.495778
PCPG —0.046 0.536034
GBM 0.048 0.555702
PRAD -0.024 0.587681
LAML —-0.042 0.658811
ESCA -0.03 0.706082
CHOL -0.06 0.732751
KICH —0.042 0.741147
HNSC 0.015 0.745897
SARC 0.02 0.747498
MESO 0.026 0.813552
DLBC -0.022 0.880927
PAAD -0.01 0.891779
KIRP 0.006 0.914698
ov 0.005 0.927708
CESC -0.001 0.991612
TGCT 0 0.996691
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Supplementary Table 3. Association between ALG3 expression level and drug sensitivity.

. T. T. Chi. Chi. Pearson. Pearson. Spearman.  Spearman.
Compound RNAtype  RNAmolecule Omics Source stat  fdr  stat far stat fdr stat fdr
PD-0325901 mRNA ALG3 Expression CCLE - - - - - - —-0.17213 0.035053
1,6-bis[4-(4-
aminophenoxy)phenyl] mRNA ALG3 Expression  CellMiner  — - - - 0.46380728 0.009709555 - -
diamantane
antineoplastic-131513 mRNA ALG3 Expression  CellMiner  — - - - - - 0.501695 0.0174
Benzethonium Chloride mRNA ALG3 Expression  CellMiner — — - - - - - 0.408645 0.023312
indole-2,3-dione, 3-[(o- mRNA ALG3 Expression  CellMiner — - - - - - ~053322  0.002584
nitrophenyl)hydrazone]
sh-590885-aad mMRNA ALG3 Expression  CellMiner - - - - 0.4544494 0.007762472  0.431296 0.042454
sempervirine, nitrate, mRNA ALG3 Expression CellMiner - - - - - - 0381832  0.034496
dihydrate
BX-912 mMRNA ALG3 Expression GDSC - - - - - - 0.090154 0.010141
BX795 mRNA ALG3 Expression GDSC - - - - - - 0.085795 0.028814
CI-1040 mRNA ALG3 Expression GDSC - - - - -0.12166483 0.001256026  —0.11084 0.003883
FH535 mMRNA ALG3 Expression GDSC - - - - - - —0.0935 0.03232
Genentech Cpd 10 mRNA ALG3 Expression GDSC - - - - - - 0.078334 0.029732
GSK429286A mMRNA ALG3 Expression GDSC - - - - - - 0.083435 0.017294
GW-2580 mRNA ALG3 Expression GDSC - - - - - - 0.07488 0.038217
Olaparib mRNA ALG3 Expression GDSC - - - - - - 0.081806 0.036641
Selumetinib mMRNA ALG3 Expression GDSC - - - - —0.1133474 0.001614548 —0.1253 0.00041
Tivozanib mRNA ALG3 Expression GDSC - - - - - - 0.08174 0.019842
Trametinib mMRNA ALG3 Expression GDSC - - - - —0.1248489 0.000340464  —0.12708 0.000241
UNC1215 mRNA ALG3 Expression GDSC - - - - - - 0.07031 0.047079
VX-11e mMRNA ALG3 Expression GDSC - - - - —0.1036142 0.005889225 —0.10918 0.002903
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