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Abstract

This study aims to investigate the role of BAZ2A in cervical cancer and its relationship with
cancer development and glycolipid metabolism. BAZ2A knockdown experiments were performed
in HeLa cells to study its effects on cell proliferation, invasion, cloning and migration;
transcriptome and metabolome sequencing were also performed, and differentially expressed
genes and metabolites were analyzed by GO and KEGG enrichment, etc. BAZ2A is highly
expressed in cervical cancer, and the knockdown of BAZ2A inhibits the related malignant
behaviors in HelLa cells. Transcriptome analysis identified a large number of differentially -

expressed genes and related pathways, while metabolome analysis identified a variety of different
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metabolites and related pathways. The joint analysis revealed that key genes and metabolites are
involved in the BAZ2A regulatory network, affecting the related signaling pathways. Moreover,
BAZ2A plays an important role in cervical cancer development and is closely related to
glycolipid metabolism. In conclusion, BAZ2A affects cervical cancer development via cell

proliferation, cloning, migration, invasion, and energy metabolism.
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1. Introduction

Cancer has emerged as a global health problem with a continuously increasing morbidity and
mortality (Bray et al., 2018; Sung et al., 2021). The development of tumors involves abnormal
genetic and molecular mechanisms (Hanahan & Weinberg, 2011). Despite the advancements in
research, the action mechanisms of certain key genes remain unclear (Xu et al., 2020; Johnson et
al., 2019). Research on tumors mainly focuses on key genes and their underlying mechanisms.
Despite the progress in cancer treatment, drug resistance and side - effects significantly affect the
treatment efficacy and prognosis (Siegel et al., 2024). Therefore, investigating the pathogenesis of
cancer is of crucial importance for the development of novel therapies to improve prognosis (Li et
al., 2021).

BAZ2A serves as an epigenetic regulator that influences ribosomal RNA (rRNA) transcription
(Dalle Vedove et al., 2022) and participates in rDNA heterochromatin formation by forming a
complex with SNF2H (Bevill et al., 2019; Anosova et al., 2015). The PHD - BRD structural
domain of BAZ2A is associated with rDNA silencing (Tallant et al., 2015; Bortoluzzi et al., 2017).
BAZ2A promotes tumor invasion and cancer progression (GLi et al., 2018; Gu et al., 2015).
Notably, it is highly expressed in prostate cancer, and this high expression is predictive of cancer
(Pietrzak et al., 2020). The role of BAZ2A in cancer has been extensively investigated, with a

focus on specific cancer types.

Our laboratory has been conducting research on the relationship between the BAZ family and
tumors. Previously, we published a series of related research findings on this topic. For instance,
"KRASG12 mutant induces the release of the WSTF/NRG3 complex and contributes to an
oncogenic paracrine signaling pathway" (Gu et al., 2015) revealed the relationship between
KRASG12 mutation and the release of the WSTF/NRG3 complex and its contribution to an
oncogenic paracrine signaling pathway. "WSTF acetylation by MOF promotes WSTF activities
and oncogenic functions" (Pietrzak et al., 2020) explored the acetylation of WSTF by MOF and
its impact on WSTF activities and oncogenic functions. "Pan - cancer and multi - omics analyses
revealed the diagnostic and prognostic value of BAZ2A in liver cancer" (Liu et al., 2016)
demonstrated the diagnostic and prognostic value of BAZ2A in liver cancer through pan - cancer
and multi - omics analyses. These research findings have laid the foundation for a further in -
depth investigation of the role of the BAZ family in tumors.

Cervical cancer is one of the major malignant tumors in women and poses a serious health
threat. Despite the progress in research, its pathogenesis has not been completely clarified (Liu et

al., 2020; Liu et al., 2024). These research findings provide a basis for an in - depth exploration of
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the role of the BAZ family in tumors. This study focuses on the role of BAZ2A in cervical cancer.
It investigates the effects of BAZ2A on the proliferation, invasion, cloning, and migration of
cervical cancer cells, as well as its regulatory mechanisms at the gene - expression and metabolic
levels and its association with glycolipid metabolism.

2. Materials and Methods
2.1. Cell Culture

Colon cancer cells SW620, human mammary ductal carcinoma cells HCC38, cervical cancer
cells HeLa, and human ovarian cancer cells SKOV3 (STR - validated cells) were kindly provided
by Xaar Biological Laboratories (Tianjin, China). Cells were cultured in DMEM medium
(Thermo, Waltham, MA, USA) supplemented with 10% FBS (Thermo) in an incubator
maintained at 37°C with 5% CO2. SiRNAs (si - NC and si - BAZ2A) obtained from Saier
Biotechnology Inc (Tianjin, China) were transfected into cells using Lipofectamine 2000
(Thermo). After a 4 - 6 h incubation in serum - free medium, the cells were then switched to
serum - supplemented medium. The sequences of the siRNAs are as follows: si - BAZ2A: 5' -
GAG AGUGUC AGA CUA CUA UTT - 3"and si - NC: 5' - UUC UCC GAA CGU GUC ACG
UTT - 3".

2.2. RT-qPCR

The RNA of the cells was extracted using Trizol (Thermo) reagent. The FastKing RT kit
(Takara, Chuo - ku, Osaka City, Japan) was used to synthesize cDNA from RNA. The SYBR
Premix EX Taq Kit (Takara) was used for RT - PCR analysis. The mRNA level of BAZ2A was
quantified using the 2—AACT method, with B - actin mRNA serving as an internal reference. The
reaction was conducted under the following conditions: an initial denaturation at 94 °C for 30 s,
followed by annealing at 58 °C for 30 s and extension at 72 °C for 30 s. This procedure was

repeated 40 times.

The primer sequences used are as follows: For B - actin, sense: 5' - CGT GAC ATT AAG GAG
AAG CTG - 3/, antisense: 5’ - CTA GAA GCA TTT GCG GTG GAC - 3'; for BAZ2A, sense: 5' -
GGA GCA GCG GGT TAT CAT - 3/, antisense: 5' - CAC AGC CAG GTC CAA AGG -3'.

2.3. CCKS8

After being transfected with siRNA, the cells were inoculated into 96 - well plates at a
concentration of 2 x 10* cells per well and then incubated for 24 h. Subsequently, the cells were
washed with PBS. The cells were treated with CCKS8 reagent (Thermo) and incubated for 2 h.

Then, the OD value was measured using a microreader.
2.4. Protein Blotting

After lysing the cells, the protein concentration was measured using the BCA Quantitation Kit
(Thermo). Subsequently, an equal amount of protein was separated by 6% SDS - PAGE and then
transferred onto a nitrocellulose filter membrane. At room temperature, the membrane was

incubated in 3% skim milk for 2 h to block non - specific binding. In this study, since incubating
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multiple antibodies simultaneously would interfere with each other, resulting in mixed bands, the
membrane was cut and then incubated overnight at 4 °C with specific primary antibodies
respectively: BAZ2A (ab290639, Abcam, Cambridge, MA, USA), GADPH (ab8245, Abcam),
BAX (ab32503, Abcam), Snail (MAS - 14801, Thermo), p53 (GTX34938, GeneTex, TX, USA),
Bel - 2 (GTX100064, GeneTex), Vimentin (GTX40346, GeneTex), E - cadherin (CSB -
RA576116A0HU, CUSABIO, Wuhan, China), and N - cadherin (CSB - RA243509A0HU,
CUSABIO). The membrane was incubated with the corresponding secondary antibody (CSB -
PA564648/CSB - PA573747, CUSABIO) for 1 h. The ECL chemiluminescence substrate
(PerkinElmer, Waltham, MA, USA) was used to visualize the bands.

2.5. Transwell Assay

A suspension of 1 x 10° cells in 100 uL of serum - free medium was added to the upper
chamber of a Transwell apparatus, and 750 pL of serum - containing medium was added to the
lower chamber. Three biological replicates were included for each condition. The plates were
incubated for 12 - 16 h, and then the chambers were removed. The filter was fixed with 4%
paraformaldehyde (BL539A, Biosharp, Beijing, China) and then incubated with 800 uL of 0.5%
crystal violet (G1063, Solarbio, Beijing, China) solution for 15 min in the dark. The samples were
observed using an inverted microscope. Each sample was randomly examined in five different
fields of view, and the number of cells passing through the filtration membrane was counted. For
invasion assays, Matrigel (Corning, NY, USA), diluted 1:8 with serum - free medium, was added
to the lower chamber and incubated for 5 h in a 37 °C incubator. The cells were then evaluated as
described above.

2.6. Clone Formation Assay

Cells were seeded into six - well plates at densities of 50, 100, or 200 cells per well and
subsequently cultured for 2 - 3 weeks. After the removal of the medium, the plates were rinsed
twice with PBS and subsequently fixed in 5 mL of pure methanol for 15 min. Following the
removal of the fixative solution, the cells were stained with 0.4% crystal violet for a duration of
10 - 30 min. The plates were washed, air - dried, and subsequently photographed. The number of
colonies was counted to quantify them.

2.7. Transcriptome Sequencing Analysis

Samples were collected using Trizol Reagent (Invitrogen, Carlsbad, CA, USA) at a cell density
of 5x10¢ cells per mL. Transcriptome sequencing was conducted by Zhongke New Life
Biotechnology Co., Ltd (China).

2.8. Metabolome Sequencing Analysis

The constructed cells were expanded, cultured, and subsequently inoculated into T75 cell -
culture flasks, with 6 replicates per group and a cell number of 107 or above per sample. Then,
cell samples were collected. Metabolome sequencing was conducted by Zhongke New Life
Biotechnology Co., Ltd (China).
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2.9. Statistical Analysis

Statistical analyses were conducted using GraphPad Prism 8.2.1, and group comparisons were
performed via Student’s t - test. A P - value of less than 0.05 was regarded as statistically
significant.

3. Results

3.1. BAZ2A is Highly Expressed in Cervical Cancer and Promotes Malignant Behaviors of
Cervical Cancer Cells

We first detected the expression level of BAZ2A in multiple tumor cell lines by qRT-PCR.
Results showed that BAZ2A was most highly expressed in colorectal cancer SW620 cells (Figure.
1A). We then designed siRNAs targeting BAZ2A (si-BAZ2A-1, si-BAZ2A-2, si-BAZ2A-3) and
validated their interference efficiency in SW620 cells via qRT-PCR and Western blot. qRT-PCR
showed a significant reduction in BAZ2A mRNA levels with si-BAZ2A-2 compared to the
control group (si-NC) (Figure. 1B). Western blot further confirmed a marked decrease in BAZ2A
protein expression after si-BAZ2A-2 treatment (Figure. 1C), indicating that si-BAZ2A-2 had the

optimal interference efficiency.

Given the extensive use of HeLa cells in tumor research due to their unique biological
properties and our laboratory’s stable culture conditions, we selected HeLa cells with intermediate
expression levels for subsequent experiments (Masters, 2002). The effects of BAZ2A on cell
proliferation, invasion, colony formation, and migration were analyzed using CCKS, Transwell,
colony formation, and scratch wound-healing assays. Knockdown of BAZ2A significantly
reduced the proliferative capacity of HelLa cells (Figure. 1D), decreased the number of invasive
cells (Figure. 1E), reduced colony formation (Figure. 1F), and shortened migration distance
(Figure. 1G). These results collectively indicate that BAZ2A knockdown inhibits proliferation,

colony formation, migration, and invasion in HeLa cells.
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Flgure 1. BAZ2A is Upregulated in Cervical Cancer and Promotes Malignant Behaviors in Cervical
Cancer Cells

Notes: (A) qRT - PCR Analysis of BAZ2A mRNA Expression in Cervical Cancer Cell Lines. (B)
Validation of siRNA Targeting BAZ2A by qRT - PCR in SW620 Cells. (C) Validation of siRNA
Targeting BAZ2A by Western Blot in SW620 Cells. (D) The Role of BAZ2A in the Proliferation of HeLa
Cells. (E) The Role of BAZ2A in the Invasion of HeLa Cells. (F) The Role of BAZ2A in the Cloning of
HeLa Cells. (G) The Role of BAZ2A in the Migration of HeLa Cells. *P < 0.05, **P < 0.005, ***P < 0.001.
P - values Less Than 0.05S Were Considered Statistically Significant.

3.2. Transcriptome Analysis of BAZ2A

To investigate the association between BAZ2A and cancer, transcriptome sequencing was
performed on cells with BAZ2A knockdown or NC-siRNA transfection. A total of 6,825
differentially expressed genes (DEGs) were identified, including 3,911 upregulated and 2,914
downregulated genes (Figure. 2A). Heatmap analysis showed that DEGs were associated with key
processes in tumorigenesis (Figure. 2B).

GO and KEGG enrichment analyses were conducted to annotate DEG functions. GO analysis
revealed significant enrichment of 1,689 GO terms (P < 0.05), with 81.8% related to biological
processes (BP), including carbohydrate metabolism and lipid metabolic processes (e.g.,
carbohydrate metabolism, lipid metabolism regulation and transport); 11.6% related to molecular
functions (MF), such as anion binding, enzyme binding, and transferase activity; and 6.6% related
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to cellular components (CC), including plasma membrane, vesicles, ribosomes, and glycogen
granules (Liu et al., 2021; Aktary et al., 2017; Stanley, 2011; Jiao et al., 2023; Pecoraro et al.,
2021; Neoh et al., 2024) (Figure. 2C-E). These results are illustrated by the directed acyclic plots
in Supplementary Figure 1A-C. KEGG analysis showed that DEGs were primarily enriched in

nmn

tumor progression and metabolic pathways, such as "Pathways in Cancer," "mTOR signaling
pathway," and "insulin signaling pathway" (Figure. 2F). the mTOR signaling pathway plays a
central role in cellular metabolism (Zou et al., 2020), suggesting that BAZ2A may influence
glycolipid metabolism via regulating the mTOR pathway. Detailed information is presented in

Supplementary Figure 1D.

Protein-protein interaction network analysis identified ribosomal protein RPS12 as a central
node in DEG interactions (Figure. 2G), whose aberrant expression is closely linked to
tumorigenesis (Katanaev et al., 2020). Transcription factor annotation revealed enrichment of zf-
C2H2 zinc finger proteins, Homeobox, and bHLH family transcription factors in DEGs (Figure.
2H), indicating that BAZ2A may regulate cell differentiation and proliferation by modulating
these transcription factors (Zhang et al., 2024; Grier et al., 2005; Putarjunan et al., 2016).
Alternative splicing analysis showed that BAZ2A knockdown disrupted mTOR and insulin
signaling pathways (Figure. 2I-J), further supporting its role in cellular metabolism and
proliferation.



Advances in World Medical Research, 2025, 1(1), 3-17
https://doi.org/10.71204/j7y21615

siBAZ2A vs NCBAZ2A B F
i1 i Pathways in cancer
W Group Group Human papillomavirus infection
ANGPTL4 l‘ B nc-Bazon Coronavirus disease - COVID- 19 L]
gk%& o8 si-BAZ2A Ribosome 1 .
CAMB3 Hippo signaling pathway - logsipvalue)
& TMEM158 o Cellular senescence { L
MLTX tis B
_ ITGAE oa Hepatitis J 5
] a %néys I . mTOR signaling pathway ®
% o Estrogen signaling pathway e
< - DOWN EN2Rs iveulin sigraing patiway ° v
) NOT ABM Sphingolipid signaling pathway o -
£ - UP NDRG1 FoxO signaling pathway o
2 SERPINET i count
e EASN JAK- STAT signaling pathway d P
o gg A AMPK signaling pathway (] &
ANKRDS: Colorectal cancer ® w
PIK3C2B Renal cell carcinoma { d
ACACA Platinum drug resistance {
g Y PPAR signaling pathway
be
ype |l diabetes mellitus.
EIRE, Type I 1
-a‘fb\’ \,‘aﬁ}bd % Hippo signaling pathway - multiple species 1 i i
T oPE S 0.025 0.050 0.075
log2FoldChange
B8P D MF E cc
cansohydrate metabolic process. ® anion binding % O plasma membrane |
et f lipid metabioli 3l ° bindie 1
Rt o i ks Wanafogae sk ° extracs llar region |
celllar carpahydrate metabolic process- molecular function reguiator . Goig| apparatus { .
response ta carbohydrate- . g afpraie] adenyl nuclectde binding ° fogipeabia) anchoring junetion |
s of Ao Uk it . I . sceny iboncielis bing : l 5 | o,
dlucose homeostasis s : inding
response fo glucose | - 2 enzyme regulator activily . N . l.
carbohydrate biasyniheiic process+ 3 Kinase activity{ . : cal- substrate adherens junction{ = B
‘glucose metabolic process+ | sinuctural molecule acivity | . -: cytasalic part{ =« i
Sehydts caabols roces| phasphotranslerase actiiy, siconol group as acceptor . | ransport vesicle membrane |+ |
- Golgi vesicle- mediated lransport L] on lipid bindis . oo tosokic ribosome | &
o nh:tssiuml biogynthelic process- ATPase. a‘w’ﬁ . o m smal\c:'msmal subunity count
lipid translocation | . protein serinathreonine kinase activ . . oytosolic small ibosomal subunit; « ®
phasphalipid transiocation |« . phospholipid binding LR eytosolic large ribosomal subunit | * & o
Teguiaton o choesterl BoSyTINGte process| * . GTPase reguita actvay o host|
poiive equaton ofvesc usion cieosoe- capendent ATPase acily| potysamal ribosome |
rotein reteniion in Golg apparstus- - inding |« |
[either 8 hoslera Viiyoere Ipane schity| » | 5okl b oAt bl A sl |
cholesterol biosynihelic process via desmosteral- « i . . natural kiler el lectin- lke receptor binding{ » ! : glycogen granule |+ B
obo 001 obz o003 0D B0 005 0% 015 oo o1 oz
G PSMD7? .
PS MA3 . RPEIBA
g PSMD1 . RRE TR
*PSMD11* + - POLR2H: -1 rrg28 RAfOy o L
. *SMC1A . ! \ /N /;
. . POLRID .
| RAD21 :
+ RA§13
-NOL6 v P
" HEATR1 . . 7 QAT
T - b { RRSEA
UTP15,
—
i = g RPESTA
RPL39 T — 7
< RS2y RS2 RPETE
RPS4X*~ |RPL11
/ RPS3~R3515A 'RPLQ X
RPS3A, b —~
{ RP513 RPS5 _*RPLIOA. |~ ratfa ;
RPS16_* RpSL2 = e A R
IMp3-RPS29 RPS20 RER ) 4 s
57 . ‘RPSTTRPS14 R
\ L RPS1g RPSI RotEA *
TR ETFL. RPSA'bpsg AU RPER7A
©. " RPs15
~
H et J
Metabolic pathways ®
108 Amyotrophic lateral sclerosis .
Human T-cell leukemia virus 1 infection .
Coronavirus disease ~ COVID-19 ™
~C2H: Ribasome: . ~logyalpvalus)
el ) Ubiquitin mediated proteolysis ® 4
Biosynthesis of cofactors . %
mTOR signaling pathway . «
Lysosome{  ® 3
@ Cell cycle: L N
Homsaboy Purine metabolism{ ~ ©
Insulin signaling pathway| count
Carbon metabolism{ . w
BHLH Proteasome{ ®m
Nucleotide excision repair| ®
Chhwrs TF_b2IP EETE: Pyrimidine metabolism { @ o
- Motch signaling pathway{
Amino sugar and nuclestide sugar metabolism
Pyruvate metabolism{ =
One carbon pool by folate| *

000 005 00 015 020 025

Figure 2. BAZ2A Transcriptome Analysis

Notes: (A) Volcano Plot of Differentially Expressed Genes (DEGs). (B) Heat Map of the Top 20 DEGs.
(C - E) GO Enrichment Bubble Diagrams of Differential Genes: (C) Biological Process (BP), (D)
Molecular Function (MF), (E) Cellular Component (CC). (F) KEGG Enrichment Bubble Diagram of
Differential Genes. (G) Interaction Network Diagram of the Top 300 Differentially Expressed Genes. (H)
Pie Chart of Transcription Factor Family Information Statistics. (I) Venn Diagram of Differential
Analysis of Alternative Splicing Events (FDR < 0.05 Was Used as the Screening Criterion for Differential
AS Events). (J) KEGG Enrichment Bubble Plot of Alternative Splicing Genes.
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3.3. Metabolome Analysis of BAZ2A

Metabolome analysis in positive and negative ion modes identified 4,839 (positive ion) and
3,699 (negative ion) differential metabolites, with 1,969/2,870 (positive ion) and 1,464/2,235
(negative ion) metabolites upregulated/downregulated, respectively (Figure. 3A-B). Heatmaps of
the top 20 differential metabolites showed their association with tumor development, energy

metabolism, and signaling (Figure. 3C-F).

KEGG analysis revealed significant enrichment of differential metabolites in glycolipid
metabolism pathways, such as "Central Carbon Metabolism in Cancer" and "Citrate Cycle (TCA
Cycle)" (Figure. 3G). Further analysis showed that BAZ2A knockdown enhanced glycolytic
activity while inhibiting pyruvate conversion into the TCA cycle, leading to truncation of
mitochondrial TCA cycle. Citrate was redirected to extramitochondrial fatty acid synthesis,
restricting cis-aconitic acid and isocitric acid synthesis—although isocitric acid accumulated due
to upstream substrate buildup. Fumarate synthase dysfunction blocked malate production from
fumarate, causing fumarate accumulation (Figure. 3H). These metabolic alterations collectively
promoted abnormal cell proliferation and metabolic reprogramming, providing a metabolic basis

for cancer cell energy demands.

,..-l||||||||||||‘ I| III‘ I l|||| -I||

Figure 3. BAZ2A Metabolome Analysis

Notes: (A) Volcano Plot of Differential Metabolites in the Positive Ion Mode (FC > 1.5 or FC < 0.67, P -
value < 0.05). (B) Volcano Plot of Differential Metabolites in the Negative Ion Mode (FC > 1.5 or FC <
0.67, P - value < 0.05). (C) Fold - Change Analysis of Significant Differential Metabolites in the Positive
Ion Mode. (D) Fold - Change Analysis of Significant Differential Metabolites in the Negative Ion Mode.
(E) Heat Map of the Top 20 Differential Metabolites in the Positive Ion Mode. (F) Heat Map of the Top
20 Differential Metabolites in the Negative Ion Mode. (G) KEGG Enrichment Bubble Diagram of
Differential Metabolites. (H) The Tricarboxylic Acid Cycle Pathway with Intermediate Metabolites and
Response - Regulating Enzymes. Up - regulated Differential Metabolites Are Shown in Red, Down -
regulated Metabolites Are Shown in Blue, and Metabolites with Insignificant Changes Are Shown in
Black. The Bar Graphs Represent the Statistical Plots of the Metabolites with Significant Differences. *P
<0.05, **P < 0.005, ***P < 0.001. P - values Less Than 0.05 Were Considered Statistically Significant.

11



Advances in World Medical Research, 2025, 1(1), 3-17 ‘@‘
https://doi.org/10.71204/j7y2f615 Cscrovar

3.4. Joint Analysis of Transcriptome and Metabolome for BAZ2A

The PCA plots of Figure 4A, B showed reliable reproducibility. Analysis of the Venn diagram
(Figure 4C) revealed that 338 and 154 differentially expressed genes and metabolites were
involved in the pathway in the transcriptome and metabolome, respectively, of which six were
shared. This finding indicates that there are co - regulated genes and metabolites under BAZ2A
regulation. Analysis demonstrated that among the top 10 pathways jointly involved by the
transcriptome and metabolome, the “cAMP signaling pathway” (with “cAMP” being cyclic
adenosine monophosphate) was highly implicated. This suggests that BAZ2A may synergistically
regulate gene expression and metabolism via this pathway, thereby influencing cell physiological
processes (Figure 4D). Following the knockdown of BAZ2A, the AMPK, FoxO, and mTOR
signaling pathways were affected. This implies that BAZ2A plays a role in cellular energy
metabolism and tumor development. Moreover, BAZ2A may indirectly regulate glucose and lipid
metabolism by influencing these signaling pathways, which subsequently impact tumor
development (Figure 4E).
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Figure 4. Joint Metabolome and Transcriptome Analysis of BAZ2A

Notes: (A) PCA Plots of Differentially Expressed Genes. (B) PCA Plots of Differential Metabolites. (C)
Venn Diagram of Differentially Expressed Genes and Differential Metabolites Involved in the Pathways.
(D) The Top 10 Pathways with the Highest Number of Jointly Involved Genes and Metabolites. (E)
KEGG Enrichment Bubble Plot of Differential Genes Versus Differential Metabolites.

4. Discussion

In this study, we discovered that BAZ2A is highly expressed in cervical cancer. Moreover, the
reduction of BAZ2A levels inhibited multiple malignant behaviors in HeLa cells, indicating that it
plays a significant role in the growth and metastasis of cervical cancer cells. Transcriptome
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analysis identified 6825 differentially expressed genes, which were significantly enriched in
processes related to glycolipid metabolism. Additionally, GO and KEGG analyses unveiled the
potential role of BAZ2A in cellular signaling and other aspects.

Metabolomic analysis identified a variety of differential metabolites related to tumor
development, energy metabolism, and signaling in both ionic modes. KEGG analysis further
revealed an enrichment of glycolipid metabolism - related pathways. These pathways impact
cellular energy and material metabolism and furnish a metabolic foundation for cancer cell

proliferation and migration.

Joint transcriptome and metabolome analysis demonstrated that key genes and metabolites in
both were jointly implicated in the BAZ2A regulatory network, thereby affecting signaling
pathways such as AMPK, FoxO, and mTOR. These pathways indirectly regulate glycolipid
metabolism and consequently influence tumor development. Therefore, we hypothesize that
BAZ2A may influence cell proliferation and migration via metabolic reprogramming, which
subsequently impacts tumorigenesis and development.
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Supplementary figure 1. BAZ2A Transcriptome Analysis
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Notes: (A - C) Directed acyclic graphs illustrating GO analysis of differentially expressed proteins
(DEP) in biological process (BP) (A), molecular function (MF) (C), and cellular component (CC) (B). (D)
KEGG pathway annotation map for differential expression analysis.
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