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Abstract

Background: Shugoshin 2 (SGO2), a component of the cell division cohesion complex, is involved in both
mitotic and meiotic processes. Despite being overexpressed in various malignant tumors and is associated with
poor prognosis, its exact role in lung adenocarcinoma (LUAD) and its biological effects on lung cancer cells are

not well understood.

Methods: The transcriptomics data and clinical information for LUAD were obtained from TCGA and GEO,
and DEGs associated with prognostic risk factors were screened using Cox regression analysis and chi-square
testing. Identify these gene functions using correlation heatmaps, protein interaction networks (PPls), and
KEGG enrichment assays. The expression of SGO?2 in tissues was verified by PCR and IHC, and the prognostic
value of SGO2 in LUAD was evaluated by survival analysis. In addition, the effects of SGO2 knockdown on lung
cancer cell proliferation, migration, invasion, and epithelial-to-mesenchymal transition (EMT) were studied in
vitro. After that, the TIMER database and single-sample GSEA (ssGSEA) analysis were used to investigate the
correlation between SGO2 and immune infiltration. Finally, the tumor mutational burden (TMB) of different
SGO?2 clusters and the efficacy of the two clusters in multiple treatments were evaluated.

Results: High-risk genes associated with poor prognosis in LUAD are involved in cell cycle regulation and
proliferation. Among these genes, SGO2 exhibited high expression in LUAD and corresponded with the TNM
stage. Furthermore, the knockdown of SGO?2 led to a decrease in the proliferation, migration, invasion, and
EMT processes of lung cancer cells. Notably, high SGO2 expression may have poorer anti-tumor immunity and
may therefore be more suitable for immunotherapy to re-establish immune function, while its high expression
with a higher TMB could enable LUAD to benefit from multiple therapies.

Conclusion: Our findings suggest that SGO2 may be a promising prognostic biomarker for LUAD, particularly
in regulating the cell cycle and benefiting from multiple therapies.
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Introduction

Non-small cell lung cancer is a major global
health challenge and a serious threat to human life,
particularly lung adenocarcinoma (LUAD), one of the
most malignant tumors arising from epithelial-

derived stem cell mutations.[1, 2] Despite early radical
resection, LUAD remains a heterogeneous tumor type
with a high risk of recurrence.[3] The mechanisms
underlying early metastasis and immune evasion in
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the disease are not well understood. Therefore, we
utilized bioinformatics analysis of LUAD RNA-Seq
transcript and clinical data from The Cancer Genome
Atlas (TCGA) to investigate the relationship between
patient prognosis and clinical grading. Our findings
revealed significant upregulation of SGO2, a
centromere-associating protein that protects against
premature cleavage of sister chromatids during cell
division. Given that tumor cells proliferate rapidly
and grow, SGO2 may play an important role in
delaying chromosomal separation to promote early
metastasis and immune evasion.

The Shugoshin family consists of two evolution-
arily conserved proteins, Shugoshin 1 (SGO1) and
Shugoshin 2 (S5GO2). SGO1 and SGO2 mediate
homodimerization through the N-terminal helical coil
structure and localize to the centromere using the
C-terminal base.[4] Interestingly, SGO2 not only
maintains centromere cohesion during mitosis but
also assists in precise localization of the chromosomes
passenger complex (CPC) to the centromere and
subsequent catalysis of the Aurora B kinase, thereby
ensuring appropriate chromosomal alignment.[5]
Moreover, SGO2 is enriched at subtelomeres in the G2
phase, which promotes the expression of heat shock
protein 70 (HSP70) alongside heat shock transcription
factor 1 (HSF1) in case of cellular injury, thereby
sustaining cell survival.[6, 7] As a result of its
interactions with various proteins that mediate cell
division, chromosome segregation, and the cell cycle,
SGO2 co-regulates chromosome separation and alters
cell proliferation and cycle stability.

To further investigate the potential of SGO2 as a
prognostic marker for LUAD, we evaluated its
expression and distribution in tumor samples via
RT-qPCR and IHC. Additionally, we utilized small
interfering RNA (siRNA) to knock out SGO2 in lung
cancer cell lines, confirming its effect on proliferation,
migration, invasion, and epithelial-to-mesenchymal
transition (EMT). To verify the relationship between
SGO2 and tumor-infiltrating immune cells, it may
become a new therapeutic target for LUAD. Finally,
the effect of the high expression of SGO2 on
therapeutic efficacy was also verified.

Materials & Methods

Data mining and screening for high-risk genes

The RNA-Seq transcriptome and clinical data
were gathered from TCGA. Proportional risk regres-
sion analysis was used to examine the association
between overall survival (OS) and age, sex, and TNM
stage, and the relationship between T, N, and stage
and OS was demonstrated by the Kaplan-Meier
survival curve (K-M curve). The DESeq2 package was

used to analyze differentially expressed genes (DEGs)
in LUAD, with DEGs expression divided into high
and low variables based on the median, and
prognostic genes identified through univariate Cox
analysis.[8] The chi-square test was utilized to identify
prognostic genes with T, N, and stage. These genes
were then screened through logistics regression
analysis, and multivariate COX regression was used
to construct prognostic models for the selected genes
and clinical characteristics to obtain and evaluate the
prognostic value of high-risk genes. [9, 10]

PPI, correlation heatmap, and functional
enrichment analysis

The interconnections of high-risk genes
underwent protein-protein interaction (PPI) analysis,
and the PPI network through the online web service,
STRING. Node genes were screened from the PPI
network and analyzed using KEGG for functional
enrichment in DAVID Bioinformatics Resource, and
analyze the correlation of node genes using a
correlation heatmap.[11] Venn diagram methods are
used to identify genes critical to key pathways. The
correlation heatmap is implemented using R, Sankey
diagram and Venn diagram and was plotted by
https:/ /www.bioinformatics.com.cn (last accessed on
15 Jun 2023), an online platform for data analysis and
visualization.

SGO2 expression and prognosis analysis

SGO2 expression in normal and cancer tissues
was examined using the LUAD dataset in TCGA as
well as validation datasets GSE30219 and GSE31210.
SGO2 was evaluated as a diagnostic and prognostic
biomarker for LUAD by constructing ROC curves and
K-M curves. Use R to visualize the results.[12]

LUAD samples and histopathological sections
were obtained

From July to September 2022, fresh tumors and
adjacent normal tissues were collected from thirty
patients diagnosed with invasive LUAD at the
Department of Cardio-Thoracic Surgery, The First
Affiliated Hospital of Guangxi Medical University.
Furthermore, para-cancer and carcinoma histopatho-
logical sections from eight LUAD patients from
November to December 2022 were obtained from the
Department of Pathology, the First Affiliated Hospital
of Guangxi Medical University.

Cell culture and RNA interference

We received human NSCLC cell lines (A549 and
H1299) from the Chinese Academy of Sciences
(Shanghai, China). A549 and H1299 cells were
cultivated in Dulbecco's modified eagle medium
(Gibco, Grand Island, USA) supplemented with 10%
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fetal bovine serum (Gibco), penicillin, and
streptomycin. These cell lines were maintained at 37
°C and 5% CO2 and then exposed to siRNA (Nanning
Gensis  Biotechnology = Ltd, = China) using
Lipofectamine 8000 (Beyotime, China) in a serum-free
medium after cells were cultured for 24 hours. The
siSGO2 sequence used was 5-GAACACAUUCUU
CGCCUATT-3, while non-targeted siRNAs were
used with the sequence 5-UUCUCCGAACGUG
UCACGU-3".[13]

RNA isolation and reverse transcription

Fresh tissue samples or cells were added RNAiso
Plus (Takara, Kyoto, Japan) to extract total RNA at
4°C. To generate cDNA, 1.0pg RNA was reverse
transcribed using a Prime Script RT Master Mix
(Takara) according to the manufacturer’s protocol.

Cell lysate preparation

To extract proteins from the cytoplasm, RIPA
Lysis buffer (Beyotime) containing 1% PMSF
(Beyotime) was used to lyse the cells. After assessing
the protein concentration, add buffer and boil for 10
min before storing at -80 °C.

Real-Time Quantitative PCR

RT-qPCR was conducted using a 2X Q3 SYBR
qPCR Master mix (ToloBio, China) in the Roche
LightCycler480Il Real-time PCR System to measure
gene expression levels. The relative quantitative gene
expression of SGO2 and control genes was analyzed
using the 2-AACt method.[14] SGO2 forward, 5'-
ATGTGGTGCATGGCCTAAAAA-3" and reverse, 5'-
GGGGTACATATTGGTGATCTGC-3 GAPDH
forward, 5'-GCACCGTCAAGGCTGAGAAC-3' and
reverse, 5'-ATGGTGGTGAAGACGCCAGT-3'.[15]

Western blot

25 pg per lane is loaded onto 8% SDS-PAGE for
electrophoresis and transferred to a PVDF membrane
(Sigma Aldrich, USA). Incubate with the primary
antibody overnight at 4 °C. The following primary
antibodies were used: E-Cadherin (Cat. # 20874-1-AP;
1:20000; Proteintech, Wuhan, China), N-Cadherin
(Cat. # 22018-1-AP; 1:2000; Proteintech), Vimentin
(Cat. # abs171412; 1:1000; absin, Shanghai, China),
Pan-Cytokeratin (Cat. # BH0149; 1:1000; Bioss, Beijing,
China), and SGO2 (Cat. # A30763-1; 1:1000; Boster,
Wubhan, China). Normalization was performed with
B-Actin (Cat. # 81115-1-RR; 1:5000; Proteintech).

Immunohistochemical

The paraffin sections were baked, dewaxed,
hydrated, and washed. Heat-mediated antigen
retrieval was performed using sodium citrate buffer
for 20 minutes. Using 3% H2O2 treats peroxidase

activity. The sections were incubated with a 1:1000
rabbit anti-human SGO2 antibody (Cat. #
NBP1-83567; Novus, USA) overnight at a 4 °C in wet
box. Finally, complete the staining with DAB and
hematoxylin and mount the coverslip.[16] We
measured the average optical density (AOD) to assess
the expression of SGO2 in carcinoma and
para-carcinoma, which was the ratio of optical density
(OD) and the observed area by using Image].[17]

Cell proliferation

We performed cell proliferation assays using the
Cell counting kit-8 (CCK-8; Beyotime) and
BeyoClickTM EdU-555 Cell Proliferation Detection
Kit (EdU; Beyotime). Briefly, absorbance was
measured at 450 nm by adding CCK-8 solution to the
cells at 24, 48, and 72 h. EdU solution was added 24 h
after transfection, and cells were observed and

photographed wusing a fluorescence microscope
(EVOS M7000, Thermo Fisher Scientific, USA).

Wound healing assay

Cells are seeded into six-well plates and when
the density reaches approximately 80-90%, a vertical
wound is created using a sterile 10uL tip. Wash twice
and images of the same area were captured using a
microscope (Nikon Japan) at 0 h and 24 h.

Transwell assay

Migration and invasion were conducted using
transwell chambers (LABSELECT, China) with 8pm
pore size. Cells harvested 24 hours after transfection
were resuspended and added to the upper chamber at
a volume of 250puL, 700pL of medium containing 10%
FBS in the lower chamber, and placed in the incubator
for 36 h. After crystal violet (Beyotime) staining, cells
are counted using a microscope (Nikon Japan) in
several randomly selected regions.

Tumor immune cell infiltration and ssGSEA

The deconvolution algorithm (CIBERSORT
ABSMODE) was to determine the abundance of 9
types of tumor-infiltrating lymphocytes (TILs) of
LUAD in TIMER.[18] Additionally, ssGSEA analysis
was performed on 28 different types of
tumor-infiltrating immune cells (TIICs) using the
GSVA package.[19]

Analysis of tumor mutation burden (TMB) and
therapeutic effect between the different SGO2
clusters

The R package, maftools, was used to plot
oncoplots for the different SGO2 clusters (cutoff value
was 50%). Subsequently, the TMB and immune
checkpoint expressions of different SGO2 clusters in
LUAD were compared.[20] Another R package,
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oncoPredict, was used to compare the chemotherapy
and targeted therapy efficacy of different SGO2
clusters.[21]

Visualization and statistical analysis

Based on the changes observed in the image,
Image] is used for mathematical calculations. Data
were analyzed and presented as mean *standard
deviation (SD) using GraphPad Prism 5.0 (GraphPad
Software, USA) and SPSS23.0 (IBM, USA). The t-test
was used to compare two independent samples, while
a single-tailed paired t-test was used to compare
carcinoma and para-carcinoma. The Wilcoxon rank
sum test (unpaired samples of two groups) were
applied to define the differences in clinical
information of LUAD parents. Statistical significance
was defined as p <0.05 (ns, p > 0.05; *, p <0.05; **,p <
0.01; *** p < 0.001). Each experiment was repeated
more than three times.

Results

Prognostic factors and prognosis-related genes
for LUAD

Clinical information for patients is shown in
Table 1, and through univariate Cox analysis of age,
sex, and TNM stage in the data, it was observed that
high T, N and stage were significantly correlated with
poor prognosis and demonstrated their effect on
overall survival (Figure 1A-D). After differential
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Age :

<60 134 L] Reference

>=60 327 ns e 0.87 (0.58 to 1.30)
i H

T 163 + Reference c

T2 257 * R — 1.75 (1.10 to 2.79)

T3 41 | ——————=> 3.68 (1.77 t0 7.68)

T4 19w | > 376(1.82107.74)
N |

NO 320 [ ] Reference

N1 89 | ———— 246 (1.61103.74)

N2 69 % ——————> 3.42 (2.18 to 5.36)
LU '

Mo 456 ] Reference

M1 24 s — 1.77 (0.95 to 3.30) D
Stage g

Stage| 259 i Reference

Stage Il 116 ***
Stage lll 80  ***
Stage IV 25  **

>.05,n5; P <.05, % P<.01, *,

T T T 1
<.001, " 0 1 2 3 4

b 2.46 (1.55 t0 3.88)
———> 3.98 (2.52 to 6.30)
—————e—> 3.12 (1.60 t0 6.12)

v

analysis and survival analysis (Foldchange>=2 and P
<0.05, Figure 1E), 648 prognostic genes were obtained
from 3509 upregulated genes, and based on
systematic data mining (HR < 1 & p < 0.05, Table
S1A), 167 prognostic genes associated with T, N and
stage were screened (p < 0.05, Figure 1F and Table
S1B-D), and these prognosis-related genes were
further screened until 30 high-risk genes (p < 0.05,
Table S1E-F).

Table 1. Clinical information of LUAD parents

event =0 event=1 p-value
Gender 0.767
Female 194(40.4%) 68(14.2%)
Male 164(34.2%) 54(11.2%)
Age 0.989
<60 100(40.4%) 34(7.1%)
260 258(53.8%) 88(18.3%)
Stage <0.001
Stage I 219(40.4%) 40(8.3%)
Stage II+III+IV 139(29%) 82(17.1%)
T <0.001
T1 140(29.1%) 23(4.8%)
T2+ T3+ T4 218(45.4%) 99(20.6%)
N <0.001
NO 266(55.4%) 54(11.3%)
N1+ N2 92(19.1%) 68(14.2%)
M 0.019
MO 345(71.2%) 111(23.1%)
M1 13(2.7%) 11(2.3%)

*event = 0: Alive, event = 1: Dead
1. The table 1 contains clinical information on 480 LUAD patients
2. All data are graded data, with binary classification of continuous variables

Down : 1960
FoldChange >= 2

oom

log2 ( FokdChange )

Stage

Figure 1: Prognostic factors and prognosis-related genes for LUAD. (A) Univariate Cox analysis was conducted using TCGA, T, N, and stage being used as prognostic
factors for LUAD. (B-D) According to survival curves for T, N, and stage of LUAD, T1, NO, and Stage-I had longer overall survival (OS) compared to other stages. (E) Differential
expression analysis was performed using RNAseq transcriptome of 480 lung adenocarcinoma (LUAD) and 50 normal lung tissues in the TCGA database, and the screening
criteria were Foldchange>=2 and P < 0.05, 3,509 expression upregulated genes and 1,960 expression downregulated genes were obtained in LUAD. (F) Based on the chi-square
test, we identified 300 T-related prognostic genes, 291 N-related prognostic genes, and 293 Stage-related prognostic genes. The intersection of these genes using the Venn

diagram yielded 167 prognostically relevant risk genes.
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Figure 2: The correlation and functional enrichment analysis. (A) Protein-protein interaction networks analysis was performed on nineteen high-risk genes. (B) To
further elucidate the functional roles of these genes, KEGG functional enrichment analysis was performed, and these genes were primarily involved in cell division and the cell
cycle, with a regulatory effect on chromosome functionality and kinematics. (C) The correlation heatmap shows that these genes are strongly correlated. (D) Multivariate Venn

diagram methods were utilized to identify key genes critical to the above pathways.

The correlation and functional enrichment
analysis of high-risk genes

As shown in Figure 2A, BORA, CDCA4, CDCAS5,
CDK1, CDKN3, CENPH, CIP2A, DSCC1, FAMS83D,
KIF11, KIF20A, KIF2C, KNL1, MCM10, NEK2, SGO2,
SHCBP1, SKA3, and UHRF1 are interconnected in the
protein-protein interaction networks (PPI). By
utilizing the online application DAVID Bioinformatics
Resources to analyze their functional enrichment of
these genes, we observed that these genes are
predominantly involved in chromosome separation,
cell cycle and cell division (Figure 2B and Table S2).
Meanwhile, these genes show strong correlations
(Figure 2C). Furthermore, we found that SGO2,
KIF2C, NEK2, and KNL1 play significant roles in
these processes (Figure 2D).

SGO2 increases the risk of poor prognosis for
LUAD

TCGA data analysis exhibited a higher
expression of SGO2 in LUAD as compared to normal
lung tissues (Figure 3A). The ROC curve was

employed to differentiate between LUAD and normal
lung tissue, with an area under the curve of 0.9087,
indicating a high diagnostic value of SGO2 (Figure
3E). Further, K-M curve analysis indicated a negative
impact of high SGO2 expression on LUAD prognosis
(Figure 3H). Notably, the validation dataset GSE30219
also shows overexpression of SGO2 in LUAD (Figure
3B), and with an area under the ROC curve of 0.8815,
and K-M curve analysis indicates a negative
correlation between SGO2 and OS (Figure 3F and
Figure 3I). Additionally, according to qRT-PCR in
Figure 3C, the expression of SGO2 in tumors
(0.864+0.642) was higher than that in normal tissues
(0.639+£0.543, P=0.025). At the same time, we also
measured SGO2 protein expression, and in Figure 3D
show that SGO2 protein expression in carcinoma
(0.2817+0.065) was significantly higher than that in
para-carcinoma (0.1658+0.038, P=0.001). Finally, IHC
staining suggests deeper staining intensity of
carcinoma compared to para-carcinoma (Figure 3G
and Figure 3]). This evidence highlights SGO2 as a
potential biomarker for predicting prognosis in
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LUAD.

High SGO2 is associated with higher TNM
stage of LUAD

The TCGA dataset analysis demonstrated that
high expression of SGO2 in LUAD was significantly
associated with higher T, N, and stage. The findings
were further confirmed using the validation dataset
GSE30219 and GSE31210 (Figure 4A-C). The results of
IHC were shown in Figure 4D-F, and the protein
expression of SGO2 was also associated with higher T,
N, and stage (T1: T2 = 0.084+ 0.06: 0.17+0.03, p = 0.031;
NO0:N1=0.078+0.07:0.154+0.04, p = 0.05; stage Istage
111=0.047£0.03:0.157£0.03, =~ p=0.002). = Meanwhile,
LUAD with higher TNM stage has deeper staining
intensity and density (Figure 4G-I).

SGO2 silencing inhibits proliferation of lung
cancer cells

To confirm the role of SGO2 in lung cancer cell
proliferation, we employed siRNA targeting SGO2 to
transfect A549 and H1299 cells. RT-qPCR analysis was
then performed to analyze the mRNA expression
levels of SGO2(Figure 5A). Subsequently, we carried

out EAU and CCKS assays on the normal control (NC)
and SGO?2 interference (SI) groups to evaluate SGO2's
effect on cell growth. Our CCKS8 assay showed that
SGO2 knockdown reduced cell proliferation within 48
h and reached a maximum at 72 h (Figure 5B).
Moreover, the EdU assay revealed a significant
reduction in cell growth, thus underscoring SGO2’s
contribution to lung cancer cell proliferation (Figure
5C).

The downregulation of SGO?2 affects the
migration and invasion of lung cancer cells

We further investigated the impact of SGO2 on
lung cancer cell migration using both wound healing
and migration assays. Our findings revealed that
siRNA-mediated knockdown of SGO2 significantly
reduced cell migration ability in both A549 and H1299
cells when compared to the normal control (NC)
group (Figure 6A). In addition, we utilized Transwell
assays to measure lung cancer cell migration and
invasion and demonstrated that SGO2 knockdown
significantly suppressed cell migration and invasion
(Figure 6C).

A TCGA B GSE30219 (o3 D
.
324 ark
44 o . @2
] ] ——
[] 3 3 04
.
S & 3.0+ § § o
O 31 15} 8 2 03
&2 o 1 E
g i =
o o % x oo
= 15 2.8+ . : : 0.2 % "
S , | kel o ko
@ 2 @ 2
g © b g 01 .2
g s 2 o
X X 2.6 £ S
w 4 w 3 & o T T
4 ] & &
$l “ & &
& &
244 R e
&
0 T T T T <&
tumor normal tumor normal
E F G
Q o i35 o) L
- =7 \ i %0 NP A
Y L P W
» P e o
o= | 0@ | @« 2 5 Gw
5 ° g° N Fz i f
o v -
29 | .gw._ g t"-;."
3 ° B ° RS e 20 Py
a g N et g :
o3 < o e Cise A WY “/ -
33 g3 e Gl X
/ " 4% *al
o e Al P
S S ) 5:.. v N
L *n
,/ I‘.'..)‘ >
o |7 AUC= 0.9087 o {17 AUC= 0.8815 2y, i,
N T T T T T = e T T T T T RN ¥ $ ,:(
0.0 0.2 04 06 08 1.0 0.0 0.2 04 06 08 1.0 f % a—vaxd
False positive rate False positive rate 3
H
== Low < High = Low == High
;\?wu X100 g
< i _‘1 e
2 2 5 :
3 a
gms @ 075 3
a el
o [
a a
R R e —050] === === = b mm o
T TN [S] 7
2 [ & 2 I
> e > I
2 02 Vo @02 :
.25
@ P <0001 1 P<001 '
Vo |
o |
0.00 [ 0.00 |

40 60 80 100
Time (Months)

%0 60 80
Time (Months)

Figure 3: SGO2 increases the risk of poor prognosis for LUAD. (A, E, and H) Based on the TCGA database, SGO2 expression, ROC curve, and survival analysis in
LUAD. (B, F, and I) Based on the GEO database, the validation dataset GSE30219 was used to verify the SGO2 expression, ROC curve, and survival analysis in LUAD. (C) The
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expression of SGO2 in LUAD and normal tissue. (D) The protein expression of SGO2 in LUAD and normal tissue. (G and J) Immunohistochemical staining of SGO2 in LUAD

and normal tissue.
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SGO2 plays an important role in the EMT
process of lung cancer cells

We performed Western blot analysis to assess
the protein levels of EMT-related markers in A549 and
H1299. Remarkably, inhibiting SGO2 increased the
protein levels of essential epithelial markers, such as
E-cadherin and cytokeratin, while reducing the
expression of critical mesenchymal markers,
including Vimentin and N-cadherin (Figure 6B and
Figure 6D). These results suggest that LUAD acquires
the ability to transition from epithelial to
mesenchymal by increasing SGO2 expression, and
then to distant metastasis.

SGO2 expression and tumor immune
infiltration

The CIBERSORT ABSMODE algorithm was
used to determine the infiltration of nine
tumor-infiltrating lymphocytes (TILs) in LUAD. The

results indicated that the expression of SGO2 was
positively correlated with the infiltration of Memory B
cells, Activated CD4+ memory T cells, and CD8+ T
cells, while the infiltration of Memory B cells and
Tregs decreased with increasing SGO2 expression
(Figure 7A). Single-sample gene set enrichment
analysis (ssGSEA) provided other results showing
that the expression of SGO2 was positively correlated
with the infiltration of seven TIIC subtypes, including
Activated CD4+ T cell, CD56bright natural killer cell,
Effector memory CD4+ T cell, Gamma delta T cell,
Memory B cell, Natural killer T cell, and Type 2 T
helper cell. In contrast, SGO2 was negatively
correlated with the infiltration of eleven TIIC
subtypes, including Activated B cell, CD56dim
natural killer cell, Central memory CD4+ T cell,
Eosinophil, Mast cell, Monocyte, Plasmacytoid
dendritic cell, and type 17 T helper cells (Figure 7B).
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Evaluation of therapeutic sensitivity for high
SGO2 expression

We evaluated the mutational conditions of
LUAD to understand the impact of different gene
mutations on treatment efficacy, and more gene
mutations occurred in the high SGO2 cluster
compared with the low SGO2 cluster (Figure 8A). In
addition, we also evaluated the efficacy of first-line
chemotherapy and targeted therapy in LUAD,
including Paclitaxel, Cisplatin, Docetaxel, Erlotinib,
Gefitinib, and Osimertinib. Compared with the low
SGO2 cluster, the high SGO2 cluster had a lower
half-inhibitory concentration (IC50), indicating a
better therapeutic effect of high SGO2 expression
cluster (Figure 8B). Finally, we compared the
expression of immunomodulatory targets between
the two clusters and found that the major regulatory
targets (PD1, PDL1, PDL2, CTLA4, LAG3, HAVCR2,
and TIGIT) were significantly more expressed in the
high SGO2 cluster (Figure 8C). These results suggest
that high SGO2 cluster may respond better to
chemotherapy, targeted therapy as well as
immunotherapy than low SGO2 cluster.

Discussion

As detection technologies continue to expand,
early cancer screening is becoming more
commonplace, leading to an increasing number of
non-small cell lung cancers identified at earlier stages.
Despite early intervention, however, some patients
with lung adenocarcinoma still experience recurrence
and unfavorable outcomes.[l1] To wunravel the
mechanisms driving these outcomes, we employed
bioinformatics techniques to identify differentially
expressed genes that correlated with lower overall
survival and TNM stage classification. Our
bioinformatics analyses revealed the critical role that
these genes play in regulating cell cycle and cell
division by analyzing protein interaction networks
and functional enrichment. We are more concerned
with the impact of accurate chromosomal separation
on cancer, and Klaasen SJ et al. showed that nuclear
chromosome locations located not at the center of the
nucleus increase chromosome separation errors and
lead to aneuploidy and micronuclei production,
which may affect the dynamics of recurring
aneuploidy and genomic rearrangement patterns seen
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in cancer, thereby affecting tumor growth, metastasis,
and relapse.[22] The Shugoshin protein protects
nuclear chromosomes to accurately line up and
separate on cell plates in the middle of cell
division.[23] Remarkably, we uncovered a previously
unrecognized role for SGO2 in LUAD and designed
experiments to investigate its effects on vital aspects
of cancer progression, such as proliferation,
migration, invasion, and EMT. Consequently, we are
building upon these discoveries to deepen our
understanding of LUAD and ultimately improve
patient outcomes.

Chromosomal instability (CIN) resulting from
genetic mutations or environmental factors such as
smoking is believed to be responsible for aneuploidy,
chromosome breaks, DNA damage, and/or whole
chromosome gain/loss, which can contribute to the
development of numerous cancers, including lung
cancer.[24] Therefore, the study of Shugoshin
proteins, particularly SGO1, which regulates the
accurate isolation of sister chromatids during mitosis,
has attracted considerable interest.[25] Initially,
research focused on the role of SGO1 in mitigating
CIN-induced cancer, but as the scope of the study
expanded, it was discovered that overexpression of
shear variants SGO1-P1 and SGO1-Bl in tumor cell
lines induces abnormal is separation, premature
separation of chromatids, and delayed mitotic
processes, ultimately leading to increased taxanes
resistance.[26, 27] Further studies verified the
cancer-promoting  effect of SGO1 through
experiments. Liu et al. concluded that SGO1 inhibits
the growth of lung cancer cells and promotes
apoptosis.[28] Fei et al. proved that SGOL1 is highly
expressed in HCC tissues, is a biomarker with poor
prognosis, may be related to immune cell infiltration
in HCC, and may enhance the proliferation, invasion,
and migration of HCC cells.[29] Thus, SGO1 may
offer a new therapeutic avenue for cancer treatment.
As a result, the study of SGO2, a homolog of SGO1,
has gained importance in recent years. Initial research
focused on the role of SGO2 in protecting centromeric
cohesion during mammalian meiosis I, but
subsequent studies found that high SGO2 expression
is associated with poor prognosis in a variety of
cancers, including liver cancer, prostate cancer, and
glioma.[15, 30-33] By using cancer stem cell-associated
genes (RAB10, TCOF1, and PSMD14), Liang et al.
constructed a prognostic model for HCC and
identified SGO2 as a potential therapeutic target.[34]
Deng et al. used bioinformatics to verify the
association between high SGO2 expression and poor
overall survival and advanced clinicopathological
features in HCC.[31] Additionally, Jiang and Li et al.'s
investigation into the regulation of abnormal cell

division by cell cycle and cell division-related proteins
in HCC indirectly revealed the therapeutic potential
of SGO2.[35, 36] These findings provide evidence that
SGO2 regulates cancer development and offer a
crucial foundation for the development of targeted
therapies.

In the present study, we have utilized the TCGA
and GEO databases to corroborate that elevated levels
of SGO2 expression in lung adenocarcinoma are
associated with a higher TNM stage and a poorer
prognosis. Additionally, we analyzed the expression
profile of SGO2 and its protein in both cancerous and
normal lung tissues, revealing a significant increase in
SGO2 expression within cancer tissues and a stronger
staining intensity. Remarkably, we observed a
correlation between SGO2 intensity levels and TNM
stage, echoing earlier findings by Kao Y et al. on
SGO2’s association with glioma grade, and its
heightened expression driving an unfavorable
prognosis.[15] Our hypothesis is that this may stem
from amplified proliferative capacity in higher-grade
tumors. To investigate this, we employed siRNA to
interfere with SGO2 expression in lung cancer cells.
We found that SGO2 knockdown significantly
inhibited cell proliferation, migration, invasion and
EMT transition behavior. Therefore, our results imply
that SGO2, as a regulator of the cell cycle, promotes
cell proliferation and may augment the metastatic
ability of tumor cells, underscoring its prospective use
as a new prognostic biomarker for LUAD. In previous
research, SGO2 has demonstrated its role in
facilitating the separation of sister chromatids during
cell division. By binding to Mad2, it forms an
inhibitory complex, like Securin, that competitively
binds to isomorphs. Interestingly, the competitive
inhibition of Sgo2 does not impact its binding to
protein phosphatase 2 (PP2A), which dephos-
phorylates centromere and strengthens centromere
cohesion.[13, 23, 37] In addition, during mitosis, SGO2
acts as a scaffold protein for the chromosomal
passenger complex (CPC), sustaining the arrange-
ment of centromeres in the equatorial plane and
promoting cell division.[38, 39]

The tumor microenvironment is a key factor in
the development and progression of tumors. In this
study, we aimed to investigate the relationship
between SGO2 and tumor immune invasion in LUAD.
Our findings revealed that high levels of SGO2
expression in LUAD were associated with increased
infiltration of CD4+ T cells, which are known to play a
critical role in anti-tumor responses by enhancing the
anti-tumor activity of immune cells and producing
cytokines like TNFa and IFN-y.[40] Functionally,
CD4+ helper T cells can be divided into different
subsets, including Thl, Th2, Thl7, and regulatory T
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cells (Tregs), based on their cytokine secretion
profiles.[41] Our results revealed that Th2 cell tumor
infiltration increased while Thl7 cell tumor
infiltration decreased. Th2 cells secrete IL10 and
inhibit inflammation, which can promote tumor
development, whereas Thl7 cells indirectly
participate in anti-tumor effects by promoting T cell
recruitment to tumors and CD8+ T cell activation.[41,
42] Confusingly, we observed opposing trends in the
infiltration of memory B cells using the two
algorithms. Memory B cells are key players in
adaptive immunity and can proliferate and
differentiate into plasma cells when stimulated by T
effector cells or strong BCR stimulation.[43] Previous
research has shown that B cells can induce anti-tumor
immunity and produce antibodies by acting as
antigen-presenting cells.[44] However, our findings
indicated a decrease in the infiltration of monocyte,
dendritic cell, and mast cell infiltrates involved in
anti-tumor and antigen presentation. While mono-
cytes have diverse roles at various stages of cancer,
including both anti-tumor and tumor-promoting
effects, DCs enhance anti-tumor T cell immunity by
presenting tumor antigens.[45, 46] Mast cells have
been shown to have an anti-tumor role in lung cancer
but may be dependent on the characteristics of the
TME.[47] In summary, the TME is a complex milieu
that guides immune cells to play either anti-tumor or
tumor-promoting effects. Evaluating the role of
immune cells on tumor growth through the
proportion of immune cells with antagonistic
functions in TME has become a popular approach.
Our study used CIBERSORT ABS. MODE and
ssGSEA analysis to show that high expression of
SGO2 in LUAD was associated with a low level of
infiltration of major anti-tumor immune cells,
indicating that SGO2 overexpression may hinder
anti-tumor immunity and lead to a poorer prognosis.
Thus, our study highlights SGO2’s prognostic value in
guiding LUAD therapy.

In patients with advanced LUAD presenting
positive driver genes without drug resistance
mutations, targeted therapy is the preferred first-line
treatment. Conversely, for advanced LUAD cases
with negative driver genes, platinum combined with
pemetrexed, paclitaxel, or docetaxel is the chosen
first-line therapy. Prevalent LUAD driver genes
encompass EGFR-sensitive mutations, ALK fusion
genes, ROS1 fusion genes, and BRAF V600 mutations.
For patients with EGFR-susceptible mutations, EGFR-
TKIs such as Osimertinib, Gefitinib, and Erlotinib are
advised, while Crizotinib is recommended for those
positive for ALK fusion and ROS1 fusion genes.
Additionally, Dabrafenib plus Trametinib is
suggested for patients with advanced NSCLC and

positive BRAF V600 mutations.[48] The utilization of
immune checkpoint inhibitors (ICIs) in advanced
LUAD can prolong survival for select lung cancer
patients, offering an innovative and effective
treatment.[49] Regarding gene mutation analysis,
high SGO2 clusters exhibit a higher tumor mutational
burden (TMB) compared to low SGO2 clusters.
Furthermore, TP53, a tumor suppressor gene and the
most frequently mutated gene in human cancer,
displays a 71% mutation rate within high SGO2
clusters.[50] Although there is no recommended
medication available for TP53 mutations, our study
demonstrates that high SGO2 clusters are more
responsive to chemotherapy and targeted therapies,
with lower IC50 values for Paclitaxel, Cisplatin,
Docetaxel, Erlotinib, Gefitinib, and Osimertinib. TMB
may affect patients' responses to ICIs by modulating
the production of immunogenic peptides. A
significant correlation between high TMB and ICI
treatment has been observed across various
tumors.[51] In LUAD, this conclusion is that the high
SGO2 cluster has higher TMB and expression levels of
7 immune checkpoints (PDCD1, CD274, PDCD1LG2,
CTLA4, LAG3, HAVCR?2, and TIGIT), consistent with
previous findings, which show lower immune cell
infiltration and attenuated anti-tumor responses
could promote tumor growth and migration.
Therefore, we believe that high SGO2 expression is
strongly associated with the increasing of immune
evasion and tolerance. The interaction of PDCD1
(PD-1) with CD274 (PD-L1) can impair the immune
environment, reducing T cell activity and inducing T
cell depletion alongside decreased cytokine levels,
such as TNFa and IFN-y.[52] This allows tumor cells
to escape immune surveillance. PDCD1LG2 (PD-L2)
serves as another PDCDI1 ligand, inhibiting T cell
activation and enabling tumor cells to evade immune
responses.[53] CTLA-4 is a critical mediator in T cell
activation and tolerance, regulating Treg-mediated
immunosuppression and acting as a feedback control
mechanism upon resting T cell activation.[54] LAG3
can diminish T cell proliferation and cytokine
secretion, leading to CD8+ T cell depletion and
failures in antitumor immunity.[55] HAVCR2 (TIM-3)
acts as a negative immune checkpoint, suppressing
antitumor immunity by inducing T cell depletion.[56]
TIGIT can impair antitumor immune responses by
causing T cell and natural killer cell dysfunction.[57]
Combining anti-PD-1/anti-LAG3 or anti-PD-1/anti-
TIGIT immunotherapy may yield better inhibitory
effects on tumor growth compared to mono-
therapy.[57, 58] In addition, Koyama et al. have
reported that TIM-3 expression increases upon the
development of anti-PD-1 adaptive resistance.[59]
This suggests that high SGO2 clusters might be more
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suitable for immunotherapy to restore immune
function and achieve better treatment outcomes.

Conclusions

In summary, this study utilized bioinformatics
analysis to elucidate the relationship between SGO2
and LUAD. Our results indicate that SGO2 is highly
expressed in LUAD and positively correlated with
TNM stage, suggesting its potential utility in
predicting early metastasis and unfavorable
outcomes. For another, downregulation of SGO2
inhibited proliferation, migration, invasion, and EMT
of lung cancer cells, underscoring the oncogenic role
of dysregulated SGO2 in promoting cancer
development through the stabilization of mitotic
centromeric and isolation of sister chromatids.
Notably, high SGO2 expression may have poorer
anti-tumor immunity and may therefore be more
suitable for immunotherapy to re-establish immune
function. These findings imply that SGO2 offer
significant diagnostic and therapeutic potential as a
prognostic marker and therapeutic target for LUAD
patients.
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