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Upregulation of CENPM promotes breast G

carcinogenesis by altering immune infiltration
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Abstract

Background The involvement of centromere protein M (CENPM) in various types of cancer has been established,
however, its impact on breast cancer and immune infiltration remains unknown.

Methods We examined the expression of CENPM in different cancer types by utilizing the Cancer Genome Atlas
(TCGA) and Genotype Tissue Expression Pan-Cancer (GEO) databases. Using data from the TCGA, we examined

the correlation between the expression of CENPM, the prognosis, and the clinicopathological features of individuals
diagnosed with breast cancer. We conducted an enrichment analysis of CENPM using the clusterProfiler R software
tool, utilizing data obtained from breast cancer patients and specimens at our institution. In addition to examining
the correlation between CENPM expression and genes associated with immune checkpoints, the TIDE algorithm

was employed to explore the potential of CENPM as a biomarker for immunotherapy in breast cancer. The impact

of CENPM on the growth of breast cancer cells was evaluated through the utilization of the CCK8 test and the colony
formation assay. The effect of CENPM on the migration of breast cancer cells was assessed using scratch and transwell
assays.

Results Research findings indicate that elevated levels of CENPM are linked to patient outcomes in breast cancer
and various clinicopathological features. Furthermore, elevated levels of CENPM expression correlated with decreased
levels of CD8+T cells and mast cells, increased levels of Tregs and Th2, and reduced levels of CD8+T cells. Addition-
ally, the coexpression of CENPM with the majority of genes related to immune checkpoints indicates its potential

to forecast the effectiveness of treatment in breast cancer. Suppression of CENPM hampers the growth and move-
ment of breast tumor cells.

Conclusions In summary, our study findings indicate that CENPM may serve as a cancer-causing gene in breast
cancer and also as a biomarker for predicting the efficacy of immunotherapy.

The oncogene CENPM is associated with breast cancer and is involved in cell proliferation and immune infiltration.
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Background
The occurrence of cancer has risen over the past four
decades. Breast cancer incidence increased by an average

*Correspondence: of 0.5% year between 2010 and 2019 [1]. Breast cancer
LuQin treatments encompass various systemic approaches such
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relies heavily on conventional biomarkers such as ER, PR,
and HER-2 [2, 3]. Due to the heterogeneity of tumors,
the effectiveness of treatment is diminished as a result
of resistance to endocrine therapies, chemotherapy, and
targeted therapies [4—7]. The prognosis for breast cancer
patients has significantly improved due to the promotion
of early screening, the utilization of advanced technology,
and increased awareness [8—10]. However, because of
their unclear pathogenesis and absence of effective thera-
peutic targets, various pathological subtypes of breast
cancer (BRCA), including triple negative breast cancer
(TNBC), still necessitate enhancements in their response
to treatment and prognosis [11-13].

The centromere proteins (CENPs), which form a group
of proteins associated with the mitophagy-mitochondrial
complex, play a crucial role in both mitophagy func-
tion and chromosome segregation during mitosis. The
kinetochore protein complex, which is recruited by the
mitogens, helps replicated chromosome pairs orient
biologically to the meiotic spindle structure. The mouse
mammary epithelium has revealed the presence of Pro-
liferation-Associated Nuclear Element 1 (PANE1), alter-
natively referred to as mitogenic protein M (CENPM).
Chromosome segregation during cell division is affected
by it. Research suggests that CENPM has the potential to
be a biomarker for predicting the development and pro-
gression of pancreatic cancer [14]. Additionally, it may
function as both a biomarker and therapeutic target for
hepatocellular carcinoma (HCC) due to its strong associ-
ation with disease progression [14, 15]. Nevertheless, the
connection between CENPM and breast cancer remains
unclear.

In this study, the analysis of TCGA data was con-
ducted to investigate the expression of CENPM in vari-
ous types of cancers and its correlation with patient
prognosis. In our study, we also investigated the impact
of CENPM expression on the molecular pathways of
breast cancer. Furthermore, we explored the correlation
between CENPM expression and infiltration of immune
cells, along with the pathways linked to immune check-
point inhibitors. In the end, we conducted experimental
verification to assess the effects of reducing CENPM on
biological dysfunctions such as the migration and prolif-
eration of BC cells. The results of our study suggest that
CENPM could potentially function as a gene responsible
for breast cancer development, in addition to serving as
a promising biomarker for treatment effectiveness and a
novel target for immunotherapy in breast cancer.

Materials and methods

Collected and processed data

Information regarding mRNA expression and clini-
cal data of breast cancer patients was acquired from the
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TCGA database (n=1212) and GTEx database (#=179).
Information regarding the survival curve was obtained
from the KM plotter website (https://www.kmplot.com.).

Collection of pathological samples

From September 2020 to February 2022, we collected
76 breast cancer specimens from Tongji Hospital,
including 24 pairs of fresh frozen tissues containing
cancer and paired paracancerous tissues. A total of 52
instances involved the collection of paraffin-embedded
tissues, out of which 21 instances included both cancer-
ous and paracancerous tissue samples. All experimental
protocols were approved by the Ethics Committee of
Tongji Hospital, in compliance with the Helsinki Dec-
laration (approval number TJIRB20221218). Informed
consent was obtained from all subjects or their legal
guardians.

Pathological sample processing

The growths and tissues adjacent to cancer were pre-
served in a solution of 10% formalin, embedded in
paraffin, and cut into consecutive sections with a
thickness of 5 um. The slides underwent dewaxing,
rehydration, and antigen extraction through micro-
waving. Next, the samples were placed in an incuba-
tor set at a temperature of 1 degree Celsius and treated
with a diluted solution of CENPM antibody (AFFIN-
ITY, df2315) at a ratio of 1:100. Secondary antibod-
ies were incubated for 30 min, followed by staining
with DAB substrate and subsequent restamping with
hematoxylin. Quantitative and statistical analysis was
conducted on all immunohistochemical images using
Image J and Al software.

Analyses of correlation and enrichment

The TCGA BRCA data showed a correlation between
the mRNA levels of CENPM and breast cancer. For
GSEA enrichment analysis, we chose 300 genes that
exhibited the highest positive correlation with CENPM
to ascertain its function. Pathway analysis using GO/
KEGG (http://www.genome.ad.jp/kegg/) was conducted
on the 291 genes exhibiting Foldchange values above
1.5. The genes contained in the corresponding pathways
were collected and analyzed by the R software GSVA
package by selecting the parameter method=’ssgsea,
and finally the correlation between the genes and the
pathway scores was analyzed by Spearman correlation.
All the above analytical methods and R packages were
performed using R software version v4.0.3. p<0.05 was
considered statistically significant. TIDE uses a set of
gene expression markers to assess 2 distinct mechanisms
of tumor immune escape, including dysfunction of
tumor-infiltrating cytotoxic T-lymphocytes (CTLs) and
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Table 1 Patient baseline data sheet from TCGA-BRCA
Characteristic Low expression of CENPM High expression of CENPM p
n 541 542
T stage, n (%) <0.001
T1 173 (16%) 104 (9.6%)
T2 290 (26.9%) 339 (31.4%)
T3 59 (5.5%) 80 (7.4%)
T4 19 (1.8%) 16 (1.5%)
N stage, n (%) 0.782
NO 256 (24.1%) 258 (24.2%)
N1 181 (17%) 177 (16.6%)
N2 54 (5.1%) 62 (5.8%)
N3 41 (3.9%) 35(3.3%)
M stage, n (%) 1.000
MO 450 (48.8%) 452 (49%)
M1 10 (1.1%) 10 (1.1%)
Pathologic stage, n (%) 0.015
Stage | 109 (10.3%) 72 (6.8%)
Stage |l 295 (27.8%) 324 (30.6%)
Stage Ill 112 (10.6%) 130 (12.3%)
Stage IV 10 (0.9%) 8 (0.8%)
Race, n (%) <0.001
Asian 22 (2.2%) 38 (3.8%)
Black or African American 51 (5.1%) 130 (13.1%)
White 434 (43.7%) 319 (32.1%)
Age, n (%) 0.286
< =60 291 (26.9%) 310 (28.6%)
>60 250 (23.1%) 232 (21.4%)
Histological type, n (%) <0.001
Infiltrating Ductal Carcinoma 355 (36.3%) 417 (42.7%)
Infiltrating Lobular Carcinoma 133 (13.6%) 72 (7.4%)
ER status, n (%) <0.001
Negative 77 (7.4%) 163 (15.7%)
Indeterminate 0 (0%) 2 (0.2%)
Positive 439 (42.4%) 354 (34.2%)
PR status, n (%) <0.001
Negative 123 (11.9%) 219 (21.2%)
Indeterminate 2 (0.2%) 2 (0.2%)
Positive 390 (37.7%) 298 (28.8%)
HER2 status, n (%) 0.052
Negative 298 (41%) 260 (35.8%)
Indeterminate 7 (1%) 5(0.7%)
Positive 67 (9.2%) 90 (12.4%)
PAMS50, n (%) <0.001
Normal 29 (2.7%) 11 (1%)
LumA 386 (35.6%) 176 (16.3%)
LumB 55(5.1%) 149 (13.8%)
Her2 29 (2.7%) 53 (4.9%)
Basal 42 (3.9%) 153 (14.1%)
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Table 1 (continued)
Characteristic Low expression of CENPM High expression of CENPM p
Menopause status, n (%) 0.963
Pre 118 (12.1%) 111 (11.4%)
Peri 21 (2.2%) 19 (2%)
Post 357 (36.7%) 346 (35.6%)
Anatomic neoplasm subdivisions, n (%) 1.000
Left 281 (25.9%) 282 (26%)
Right 260 (24%) 260 (24%)
Age, median (IQR) 59 (48, 67) 58 (49, 67) 0573

rejection of CTLs by immunosuppressive factors. High
TIDE scores are associated with poor efficacy of immune
checkpoint-blocking therapy (ICB) and shorter survival
after receiving ICB [16]. The graphical analysis was per-
formed using the R (v4.0.3) package ggplot2 (v3.3.3) and
ggpubr (0.4.0).

Cell culture and treatment

SKBR3, MDA-MB-231, and MCF7 cells were cultured
in DMEM medium, while MDA-MB-468 cells were cul-
tured in RPMI-1640 medium. The STR method was
employed to identify and compare all cell lines that were
bought with authoritative databases. All cell lines were
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Fig. 1 The expression difference of CENPM in cancer tissue and normal tissue.A Expression of CENPM in pan-cancer and adjacent normal tissues
in TCGA and GTEx databases. B Expression of CENPM in unpaired breast cancer samples in TCGA-BRCA database. C Expression of CENPM in paired
breast cancer samples in TCGA-BRCA database. Data were shown as mean+SD. *p < 0.05, **p < 0.01, ***p <0.001



Tong et al. BMC Cancer (2024) 24:54

purchased from the Chinese Academy of Sciences Cell
Bank (China).

Extraction and quantitative RT-PCR of RNA

RNA isolation for qRT-PCR was performed using TRI-
zol reagent (Invitrogen, USA). Primers for CENPM
and GAPDH were acquired from DynaScience Bio-
technology, China. The amplification sequences were
as follows: forward—GCGGACTCGATGCTCAAAGA

A

CENPM (218741_at)

o
-~ HR =1.49 (1.23 - 1.8)
logrank P = 3.3e-05
[se)
&
2> 9 ]
= o
e}
o
o
O <
0o o7
N
© | Expression
— low
© | — high
e T T T T T T T
0 50 100 150 200 250 300
Time (months)
Number at risk
low 945 706 312 85 14 2 0
high 934 660 241 58 7 1 0

CENPM (218741_at)

o
~ HR =1.36 (1.16 — 1.59)
logrank P = 9.9e-05
©
2
> Q|
= O
=
®
Qo
S <«
o o
L+
N
© | Expression
— low
© | — high
i T T T T T T T
0 50 100 150 200 250 300
Time (months)
Number at risk
low 1388 845 367 104 15 1 0
high 1377 786 314 77 12 1 0

Page 5 of 19

(5’-3") CENPM, reverse—TTCTGGAGACTGTATTTG
CTGTG. The forward sequence for GAPDH is GGA
GCGAGATCCCTCCAAAAT, and the reverse sequence
is GGCTGTTGTCATACTTCTCATGG. The qRT-PCR
protocol involved 40 repetitions at a temperature of
95 °C for a duration of five minutes and 60 °C for a dura-
tion of thirty seconds, while normalizing the relative
expression levels to the internal control.
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Fig. 2 Expression of CENPM and prognosis of breast cancer patients. A OS of breast cancer patients based on CENPM expression level. B RFS
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CCKS8 Assay

We selected cells at the logarithmic growth stage in good
condition after digesting and resuspending them in com-
plete medium overnight. Cell proliferation was assessed
using the Cell Counting Kit-8 (Invitrogen, USA) at 1d,
2d, 3d, and 4d. For the measurement of optical density
at 450 nm, a Molecular Devices enzymatic digitizer was
used.

Colony-formation assay

After a 15-day period of cultivation, 3000 BC cells were
placed onto plates and immobilized using 4% polyacetal.
Subsequently, the cells were treated with crystal violet
for staining. Cell colonies were quantified and statisti-
cally analyzed using Image] and artificial intelligence (AI)
software.

Transwell assay

Around 30,000 cells of breast cancer are placed in the
top part of a transwell chamber. After being incubated
at a temperature of 37 °C for a period of 24 h, the cells
became attached to the upper part of the chamber, which
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was subsequently eliminated. The number of migrating
cells on the bottom surface of the chamber was deter-
mined by fixing the cells with paraformaldehyde and
staining them with crystal violet.

Scratch test

Two hundred thirty-one and MCEF-7 BC cells were inocu-
lated into two-well IBIDI inserts and incubated overnight
in a 24-well plate. Following the removal of the inserts
from the impeccably clean table, each well was supple-
mented with low-serum medium, and the migration of
cells was captured using a light microscope at 0 and 24 h
after the removal of the inserts.

Invasion of immune cells

We employed the GSVA package to examine the infiltra-
tion of immune cells in breast cancer. Utilizing ssGSEA
data, we categorized TCGA breast cancer samples
into two groups according to the medians of CENPM
expression, and subsequently compared the levels of
immune cell infiltration. The TIDE (Tumor Immuno
Dysfunction and Exclusion) algorithm predicts whether
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a sample or a subtype will respond to immune check-
point inhibitors.

Cytokine enzyme-linked immunosorbent assays

Cytokines secreted by macrophages were measured
by ELISA assay. Supernatant-treated macrophage
medium from various breast cancer cell groups (NC and
siCENPM) were collected. To determine the absorbance

at 450 nm, an enzyme indicator was employed, and a ref-
erence graph was utilized to ascertain the value in pico-
grams per milliliter (pg/ml).

Immunofluorescence microscopy

The cells were subjected to 4% paraformaldehyde treat-
ment for a duration of 15 min. Next, the actin and nuclei
were stained with rhodamine ghost pen cyclic peptide at
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Fig.5 Representative images of CENPM expression in breast cancer tissues and their matched paracancerous tissues. Original magnifications

100x and 200 X (inset panels)

a concentration of 2.5 units/ml and DAPI, respectively.
The stained cells were subsequently analyzed using fluo-
rescence microscopy.

Results

Characteristics of the patient

The group included 1065 individuals diagnosed with
breast cancer, possessing clinical data and RNA sequenc-
ing information. Out of these, 110 patients were paired

with adjacent normal tissue samples obtained from the
TCGA. We acquired gene expression information for
1799 healthy breast tissues from the GTEx database. The
clinical and pathological characteristics of these patients
are summarized in Table 1.

The samples in the TCGA-BRCA database were de-
duplicated, samples with missing clinical data were
removed, and the samples were sorted in ascending
order, and the median was used as the cut-off value to
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divide the samples into the CENPM low-expression CENPM expression analysis
group and the high-expression group. To begin with, we analyzed the expression of CENPM
Pvalues in Table 1 are the results of the chi-square test.  in pancancer databases TCGA and GTEx; 29 tumors



Tong et al. BMC Cancer (2024) 24:54 Page 10 of 19

organelle fission - ’
nuclear division .
.adj
. P.adlyst 90756634
chromosome segregation .

1.943067e-34
1.295378e-34
mitotic nuclear division - . 6.476890e-35
3.075321e-53

Counts
nuclear chromosome segregation - ) O s

Q
O
sister chromatid segregation { @

DNA replication -| @

mitotic sister chromatid segregation @

T T T

Ll T
0.160.180.200.220.240.260.28

GeneRatio
Fig. 7 GSEA pathway enrichment analysis of CENPM

§9:@p030
w
(<)
>
P
b4
Z
4 4
%
'3
=)
©
e
23
(2]
o
-
GO:0®0627  GO:{@Bo18 ©
2 -
GO:0@5685 hsa@®213
—————— -O———.——@——hsaﬁ?%—————g-——.--
14 @ o d
T T T T
2 -1 0 1

Z-score

Fig. 8 GO/KEGG enrichment analysis of CENPM [17-19]

exhibited elevated levels compared to the regular tissue.
The illustration depicted in Fig. 1A.
TCGA data revealed that BRCA breast cancers exhib-

Predicting the outlook of individuals with breast cancer
by evaluating the levels of CENPM expression

In a group of individuals diagnosed with prostate cancer,
ited high expression in both unpaired (Fig. 1B) and paired  the correlation between CENPM expression and patient
(Fig. 1C) samples. The independent samples t-test and

the paired samples t-test were employed as statistical ~OS (Fig. 2A), RFS (Fig. 2B), and DMEFS (Fig. 2C). A cor-

prognosis was assessed by examining its association with

approaches. relation was observed between elevated CENPM levels
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in breast cancer patients and a worse prognosis. In the
TCGA-GTEx-BRCA database, ROC curves (Fig. 2D)
were generated to assess the accuracy of diagnosing
breast invasive carcinoma using CENPM expression levels

(AUC=0.953, CI 0.936-0.971). The statistical analysis
revealed significant associations between CENPM expres-
sion levels and OS (1.49, P=3.3e-05), RFS (1.45, P=5.2e-
13), and DMFS (1.36, P=9.9¢-05) in the study population.
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Clinically significant associations between CENPM
expression and clinical variables

PAMS50 showed significant differences between Luminal
B and Luminal A (p<0.001) as well as between Luminal
A and Basal (p<0.001). Race also had significant differ-
ences, with Asian vs. White (p<0.001) and White vs.
Black or African American (p<0.001) (Fig. 3). At our
center, we confirmed the overexpression of CENPM in
breast cancer samples both at the transcriptional level
(Fig. 4A) and the translational level (Fig. 4B). A typi-
cal immunohistochemical image is illustrated in Fig. 5.
The clinicopathological information of the patients was
gathered and subjected to statistical analysis by utiliz-
ing immunohistochemistry scores. The analysis indi-
cated that CENPM expression was elevated in patients
who were negative for ER and PR, and it was found to
have no correlation with HER-2 expression. Shown
in Fig. 4C-E. A higher T-stage (Fig. 4F) was associ-
ated with the overexpression of CENPM in contrast to
the N-stage (Fig. 4G), and triple-negative breast cancer
exhibited greater CENPM expression when compared
to hormone receptor-positive breast cancer (Fig. 4H).
The findings mentioned above were largely in line with
the bioinformatics analysis. Statistical methods used
were overall test (One-way ANOVA) + multiple hypoth-
esis testing (Tukey HSD post hoc test), data processing:
log2(value +1).

Analysis of correlation and enrichment

To investigate the functions and pathways impacted by
CENPM, our research analyzed the roles and pathways
influenced by CENPM through the utilization of TCGA
data. A heat map (Fig. 6) displays the top 50 genes result-
ing from an enrichment analysis conducted on the 300
genes that have the strongest association with CENPM.
The GSEA function enrichment analysis of CENPM and
the GO/KEGG pathway enrichment analysis suggest that
CENPM has a significant impact on pathways related to
cell proliferation, such as nuclear division (Figs. 7 and
8). Elevating the expression of CENPM in breast cancer
could potentially lead to the overactivation of various
oncogenic pathways, particularly those involved in regu-
lating cell proliferation.

Infiltration of immune cells and the expression of CENPM

Afterwards, we examined the TCGA repository for infil-
tration scores of immune cells in patients with BRCA
(Fig. 9). According to Fig. 10, increased levels of CENPM
correlated with elevated levels of Tregs and Th2, while
showing decreased levels of CD8+ T cells and MSATs.
Increased CENPM levels were observed to enhance the
accumulation of Tregs and Th2 cells within the tumor,
while simultaneously inhibiting CD8+T cells and Mast
cells. The results indicate that an elevated expression
of CENPM is associated with the pro-tumor immune
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condition of breast cancer. Upon investigation of the co-  expression showed greater immunotherapy response [16]
expression of CENPM with genes related to IC in BRCA,  (Fig. 12).

it was discovered that CENPM exhibited co-expres- Suppression of malignant activity in breast cancer cells
sion with over fifty percent of these genes. The diagram  through CENPM reduction: The expression of CENPM
depicted in Fig. 11. In TIDE, groups with high CENPM  was more pronounced in the four BC cell lines compared
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to MCF10A.The diagram shown in Fig. 13A. According
to Fig. 13B, C, the 231cell line exhibited the highest level
of CENPM expression, while the 468cell line showed a
lower level.

In order to validate the impact of CENPM on malig-
nant characteristics of breast cancer, such as prolif-
eration and migration, the CCK8 proliferation assay
(Fig. 13D, E) and the colony formation assay were
employed (Fig. 14A). The proliferation efficiency of 231
and MCEF7 cells with CENPM knockdown was signifi-
cantly lower when compared to the siCtrl group. Scratch
and Transwell assays demonstrated a notable decrease in
migration of 231 and MCEF7 cells upon CENPM knock-
down (Fig. 14B-D).Quantitative and statistical analysis
was performed on the results of the colony formation
assay, transwell assay, and scratch assay (Fig. 14E-G).
To obtain a more comprehensive understanding of
how CENPM affects the behavior of breast cancer cells
and their immune infiltration, we conducted an experi-
ment where MO macrophages were cultured with super-
natants from breast cancer cells in both the CENPM
knockdown and NC groups. Next, we performed ELISA

tests to evaluate the occurrence of traditional cytokines
released by macrophages. Figure 15A visually illustrates
the results of these experiments. The CENPM knock-
down cell group exhibited elevated levels of widely rec-
ognized pro-inflammatory cytokines, specifically IL-1p
and TNF-a, while displaying reduced expression of anti-
inflammatory cytokines, particularly IL-4 and IL-10.
Confocal microscopy was utilized to analyze the mor-
phology of macrophages(Fig. 15B, C). The polarization of
macrophages towards M1 was apparent in the CENPM
knockdown group, whereas the NC group showed polari-
zation towards M2.

Discussion

An increasing population of individuals are facing
health hazards due to BRCA, which is currently one of
the frequently detected cancers among women. Vari-
ous treatments, including surgical procedures, chemo-
therapy, radiation therapy, endocrine therapy, targeted
therapy, and more. The treatment strategy encompasses
all of these components [20, 21]. However, there are still
opportunities for advancements in the management of
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breast cancer due to the diverse range of tumors and
drug resistance. At present, there is no recognized norm
for treating this specific disease stage, especially in the
case of triple-negative breast cancer [22]. In order to
efficiently handle breast cancer, it is essential to con-
duct screening, identification, and validation of novel
causal genes and therapeutic targets. Our study, utiliz-
ing bioinformatics and breast cancer samples acquired at
our institution, has validated that the overexpression of
CENPM is linked to an unfavorable prognosis in breast
cancer.

As tumors progress, the levels of CD8+T cells, NK
cells, and other effective lymphocytes that have an anti-
tumor function decline, while regulatory T cells and
tumor-associated macrophages increase in number [23—
25]. The main areas of research to validate the effective-
ness of tumor immunotherapy involve enhancing the
presence of immune cells that fight against tumors within
tumor tissues and inhibiting the growth of cells that pro-
mote tumor development. CTLs, which are one of the
various immune cell types participating in the tumor
immunological process, infiltrate the central region of
tumors and function as assassins of cancer cells once they
are stimulated. Tregs are characterized by the synthesis
of key transcription factors that restrict the proliferation

of effector CD4+T and CTLs. This hinders the tumor
host’s capability to initiate an effective immune response
against the tumor by diminishing immune surveillance
[26-29]. When macrophages come into contact with
tumor cells in the microenvironment, they have the abil-
ity to transform into tumor-associated macrophages [30,
31]. Tumor-associated macrophages (TAMs) have the
ability to enhance tumor growth by stimulating tumor
angiogenesis, exerting control over persistent inflamma-
tion within the tumor microenvironment, and inhibiting
immune responses [32, 33]. Based on our analysis, the
excessive expression of CENPM results in the infiltration
of immune cells that promote tumor growth in breast
cancer, while suppressing the infiltration of anti-tumor
cells such as CTL and Mast cells. This factor may con-
tribute to the deterioration of prognosis and the advance-
ment of breast cancer in cases of CENPM.

By analyzing the co-expression of CENPM with
genes associated with immune checkpoints, we
found that over 50% of these genes were co-expressed
with CENPM. We compared CENPH(centromere
protein H), CENPI(centromere protein I), and
CENPK(centromere protein K), which belong to
the same CENPs(centromere proteins) family and
are closely related to CENPM, which forms the
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CCAN(constitutive centromere-associated net-
work) network subcomplex with CENPM, but all co-
expressed less than 50% of the genes associated with
immune checkpoints (CENPH 36%; CENPI 32%;
CENPK 42%). This suggests that CENPM might be
regulated in conjunction with several targets within the
immune checkpoint-associated pathway. By conducting
this analysis, we were able to explore the possibility of
utilizing CENPM for the clinical management of breast
cancer. The TIDE algorithm utilizes a collection of
gene expression data. Research has demonstrated that
elevated TIDE scores are linked to an inefficient ICB
and a brief period of survival after ICB. According to
TIDE data, the group with high expression of CENPM
exhibited a more robust reaction to immunotherapy. As
a result, CENPM has the potential to become a novel
target for immune checkpoint inhibitor treatment or a
biomarker for predicting effectiveness.

Nevertheless, further investigation is required to
ascertain the mechanism behind the involvement of

CENPM in the progression of breast cancer. Although
statistically significant, the low correlation coefficients
of CENPM effects on Treg and CD8+ T cells appear
to make it difficult to explain the function of CENPM
by promoting cancer-suppressing immunity and sup-
pressing anticancer immunity; thus, the mechanism
of CENPM function for tumor immunity needs to
be further explored and confirmed. The significance
of CENPM’s relationship with immune checkpoint
inhibitor-related pathways must also be confirmed.
Additionally, it is crucial to validate its significance in
predicting the effectiveness of breast cancer immuno-
therapy through comprehensive and prolonged follow-
up data.

Conclusions

Our findings indicate that CENPM may function as an
oncogene in breast cancer, as well as a new target for
immune checkpoint inhibitors.



Tong et al. BMC Cancer (2024) 24:54

Acknowledgements
Not applicable.

Authors’ contributions

YT and TZ obtained clinical specimens; YT performed the data analysis;

TZ performed the formal analysis; XW and SDperformed immunohisto-
chemical analysis; LQ and TZ wrote the manuscript. All authors reviewed the
manuscript.

Funding
This research was funded by National Natural Science Foundation of China
(Grant No 21834002).

Availability of data and materials

All datasets are freely available from public databases. The study results are
mainly based on data obtained from TCGA (https://portal.gdc.cancer.gov/).
The datasets used and/or analyzed during the present study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participae

The protocol was approved by the institutional ethical committee of Tongji
Hospital of Tongji Medical College of Huazhong University of Science and
Technology. (No. TJ-IRB20221137). All experimental protocols were approved
by the Ethics Committee of Tongji Hospital, in compliance with the Helsinki
Declaration (approval number TJIRB20221218). Informed consent was
obtained from all subjects or their legal guardians.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 26 October 2023 Accepted: 28 December 2023
Published online: 10 January 2024

References

1. Siegel RL, Miller KD, Fuchs HE, et al. Cancer statistics, 2022. CA Cancer
J Clin. 2022;72(1):7-33. https://doi.org/10.3322/caac.21708. [published
Online First: 2022/01/13].

2. Loibl S, Poortmans P, Morrow M, et al. Breast cancer. Lancet.
2021;397(10286):1750-69. https://doi.org/10.1016/50140-6736(20)
32381-3. [published Online First: 2021/04/05].

3. Tsang JYS, Tse GM. Molecular classification of breast Cancer. Adv Anat
Pathol. 2020;27(1):27-35. https://doi.org/10.1097/PAP0000000000
000232. [published Online First: 2019/05/03].

4. Barzaman K, Karami J, Zarei Z, et al. Breast cancer: Biology, biomarkers,
and treatments. Int Immunopharmacol. 2020;84:106535. https://doi.
0rg/10.1016/j.intimp.2020.106535. [published Online First: 2020/05/04].

5. Saatci O, Huynh-Dam KT, Sahin O. Endocrine resistance in breast
cancer: from molecular mechanisms to therapeutic strategies. J Mol
Med (Berl). 2021;99(12):1691-710. https://doi.org/10.1007/500109-021-
02136-5. [published Online First: 2021/10/09].

6. Zhang J, XiaY, Zhou X, et al. Current landscape of personalized clini-
cal treatments for triple-negative breast cancer. Front Pharmacol.
2022;13:977660. https://doi.org/10.3389/fphar.2022.977660. [published
Online First: 2022/10/04].

7. Hinohara K, Polyak K. Intratumoral Heterogeneity: more Than just
mutations. Trends Cell Biol. 2019;29(7):569-79. https://doi.org/10.
1016/j.tcb.2019.03.003. [published Online First: 2019/04/17].

8. vanden Ende NS, Nguyen AH, Jager A, et al. Triple-negative breast Can-
cer and predictive markers of response to Neoadjuvant Chemotherapy:

20.

21.

22.

23.

24.

25.

26.

Page 18 of 19

a systematic review. Int J Mol Sci. 2023;24(3):69. https://doi.org/10.
3390/ijms24032969. [published Online First: 2023/02/12].

Rakha EA, El-Sayed ME, Green AR, et al. Prognostic markers in triple-
negative breast cancer. Cancer. 2007;109(1):25-32. https://doi.org/10.
1002/cncr.22381. [published Online First: 2006/12/06].

Yue'Y, Astvatsaturyan K, Cui X, et al. Stratification of prognosis of Triple-
negative breast Cancer patients using combinatorial biomarkers. PLoS
One. 2016;11(3):e0149661. https://doi.org/10.1371/journal.pone.01496
61. [published Online First: 2016/03/02].

. Diana A, Carlino F, Franzese E, et al. Early triple negative breast Cancer:

Conventional Treatment and emerging therapeutic landscapes. Can-
cers (Basel). 2020;12(4):819. https://doi.org/10.3390/cancers12040819.
[published Online First: 2020/04/03].

Shen M, Pan H, ChenY, et al. A review of current progress in triple-
negative breast cancer therapy. Open Med (Wars). 2020;15(1):1143-9.
https://doi.org/10.1515/med-2020-0138. [published Online First:
2020/12/19].

So JY,Ohm J, Lipkowitz S, et al. Triple negative breast cancer (TNBC): non-
genetic tumor heterogeneity and immune microenvironment: emerging
treatment options. Pharmacol Ther. 2022;237:53. https://doi.org/10.
1016/j.pharmthera.2022.108253. [published Online First: 2022/07/26].
Zheng C, Zhang T, Li D, et al. Upregulation of CENPM facilitates tumor
metastasis via the mTOR/p70S6K signaling pathway in pancreatic cancer.
Oncol Rep. 2020;44(3):1003-12. https://doi.org/10.3892/0r.2020.7673.
[published Online First: 2020/07/25].

Xiao'Y, Najeeb RM, Ma D, et al. Upregulation of CENPM promotes hepa-
tocarcinogenesis through mutiple mechanisms. J Exp Clin Cancer Res.
2019;38(1):458. https://doi.org/10.1186/513046-019-1444-0. [published
Online First: 2019/11/111.

Jiang P, Gu S, Pan D, et al. Signatures of T cell dysfunction and exclusion
predict cancer immunotherapy response. Nat Med. 2018;24(10):1550-8.
https://doi.org/10.1038/541591-018-0136-1. [published Online First:
2018/08/22].

Kanehisa M, Goto S. KEGG: kyoto encyclopedia of genes and genomes.
Nucleic Acids Res. 2000;28(1):27-30. https://doi.org/10.1093/nar/28.1.27.
[published Online First: 1999/12/11].

Kanehisa M. Toward understanding the origin and evolution of cellular
organisms. Protein Sci. 2019;28(11):1947-51. https://doi.org/10.1002/pro.
3715. [published Online First: 2019/08/24].

Kanehisa M, Furumichi M, Sato Y, et al. KEGG for taxonomy-based analysis
of pathways and genomes. Nucleic Acids Res. 2023;51(D1):D587-92.
https://doi.org/10.1093/nar/gkac963. [published Online First:
2022/10/28].

Katsura C, Ogunmwonyi |, Kankam HK, et al. Breast cancer: presentation,
investigation and management. Br J Hosp Med (Lond). 2022;83(2):1-7.
https://doi.org/10.12968/hmed.2021.0459. [published Online First:
2022/03/05].

Lorenzo R, Meani F, Longhitano C, et al. The optimal timing between
neoadjuvant therapy and surgery of breast cancer: a brief systematic
review of the literature. Crit Rev Oncol Hematol. 2023;183: 103921.
https://doi.org/10.1016/j.critrevonc.2023.103921. [published Online First:
2023/02/07].

Scott LC, Mobley LR, Kuo TM, et al. Update on triple-negative breast
cancer disparities for the United States: a population-based study from
the United States Cancer statistics database, 2010 through 2014. Cancer.
2019;125(19):3412-7. https://doi.org/10.1002/cncr.32207. [published
Online First: 2019/07/10].

Farhood B, Najafi M, Mortezaee K. CD8(+) cytotoxic T lymphocytes in can-
cer immunotherapy: a review. J Cell Physiol. 2019;234(6):8509-21. https://
doi.org/10.1002/jcp.27782. [published Online First: 2018/12/07].

van Dalen FJ, van Stevendaal M, Fennemann FL, et al. Molecular Repo-
larisation of Tumour-Associated macrophages. Molecules. 2018;24:1.
https://doi.org/10.3390/molecules24010009. [published Online First:
2018/12/24].

Cozar B, Greppi M, Carpentier S, et al. Tumor-infiltrating natural killer cells.
Cancer Discov. 2021;11(1):34-44. https://doi.org/10.1158/2159-8290.CD-
20-0655. [published Online First: 2020/12/06].

Pitt JM, Marabelle A, Eggermont A, et al. Targeting the tumor microen-
vironment: removing obstruction to anticancer immune responses and
immunotherapy. Ann Oncol. 2016;27(8):1482-92. https://doi.org/10.
1093/annonc/mdw168. [published Online First: 2016/04/14].


https://portal.gdc.cancer.gov/
https://doi.org/10.3322/caac.21708
https://doi.org/10.1016/S0140-6736(20)32381-3
https://doi.org/10.1016/S0140-6736(20)32381-3
https://doi.org/10.1097/PAP.0000000000000232
https://doi.org/10.1097/PAP.0000000000000232
https://doi.org/10.1016/j.intimp.2020.106535
https://doi.org/10.1016/j.intimp.2020.106535
https://doi.org/10.1007/s00109-021-02136-5
https://doi.org/10.1007/s00109-021-02136-5
https://doi.org/10.3389/fphar.2022.977660
https://doi.org/10.1016/j.tcb.2019.03.003
https://doi.org/10.1016/j.tcb.2019.03.003
https://doi.org/10.3390/ijms24032969
https://doi.org/10.3390/ijms24032969
https://doi.org/10.1002/cncr.22381
https://doi.org/10.1002/cncr.22381
https://doi.org/10.1371/journal.pone.0149661
https://doi.org/10.1371/journal.pone.0149661
https://doi.org/10.3390/cancers12040819
https://doi.org/10.1515/med-2020-0138
https://doi.org/10.1016/j.pharmthera.2022.108253
https://doi.org/10.1016/j.pharmthera.2022.108253
https://doi.org/10.3892/or.2020.7673
https://doi.org/10.1186/s13046-019-1444-0
https://doi.org/10.1038/s41591-018-0136-1
https://doi.org/10.1093/nar/28.1.27
https://doi.org/10.1002/pro.3715
https://doi.org/10.1002/pro.3715
https://doi.org/10.1093/nar/gkac963
https://doi.org/10.12968/hmed.2021.0459
https://doi.org/10.1016/j.critrevonc.2023.103921
https://doi.org/10.1002/cncr.32207
https://doi.org/10.1002/jcp.27782
https://doi.org/10.1002/jcp.27782
https://doi.org/10.3390/molecules24010009
https://doi.org/10.1158/2159-8290.CD-20-0655
https://doi.org/10.1158/2159-8290.CD-20-0655
https://doi.org/10.1093/annonc/mdw168
https://doi.org/10.1093/annonc/mdw168

Tong et al. BMC Cancer

27.

28.

29.

30.

31.

32.

33

(2024) 24:54

Mao Y, Qu Q, ZhangY, et al. The value of tumor infiltrating lympho-

cytes (TILs) for predicting response to neoadjuvant chemotherapy

in breast cancer: a systematic review and meta-analysis. PLoS One.
2014,9(12):2115103. https://doi.org/10.1371/journal.pone.0115103.
[published Online First: 2014/12/171.

Raskov H, Orhan A, Christensen JP, et al. Cytotoxic CD8(+) T cells in cancer
and cancer immunotherapy. Br J Cancer. 2021;124(2):359-67. https://doi.
0rg/10.1038/541416-020-01048-4. [published Online First: 2020/09/16].
Li C, Jiang P, Wei S, et al. Regulatory T cells in tumor microenvironment:
new mechanisms, potential therapeutic strategies and future prospects.
Mol Cancer. 2020;19(1):116. https://doi.org/10.1186/512943-020-01234-1.
[published Online First: 2020/07/19].

Mehta AK, Kadel S, Townsend MG, et al. Macrophage Biology and mecha-
nisms of Immune suppression in breast Cancer. Front Immunol. 2021;12:
643771. https://doi.org/10.3389/fimmu.2021.643771. [published Online
First: 2021/05/111.

Cassetta L, Fragkogianni S, Sims AH, et al. Human Tumor-Associated
Macrophage and Monocyte Transcriptional landscapes Reveal Cancer-
specific reprogramming, biomarkers, and therapeutic targets. Cancer
Cell. 2019;35(4):588-602¢€10. https://doi.org/10.1016/j.ccell.2019.02.009.
[published Online First: 2019/04/02].

Wang J, Li D, Cang H, et al. Crosstalk between cancer and immune cells:
role of tumor-associated macrophages in the tumor microenvironment.
Cancer Med. 2019;8(10):4709-21. https://doi.org/10.1002/cam4.2327.
[published Online First: 2019/06/22].

Choi J, Gyamfi J, Jang H, et al. The role of tumor-associated macrophage
in breast cancer biology. Histol Histopathol. 2018;33(2):133-45. https://
doi.org/10.14670/HH-11-916. [published Online First: 2017/07/07].

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 19 of 19

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1371/journal.pone.0115103
https://doi.org/10.1038/s41416-020-01048-4
https://doi.org/10.1038/s41416-020-01048-4
https://doi.org/10.1186/s12943-020-01234-1
https://doi.org/10.3389/fimmu.2021.643771
https://doi.org/10.1016/j.ccell.2019.02.009
https://doi.org/10.1002/cam4.2327
https://doi.org/10.14670/HH-11-916
https://doi.org/10.14670/HH-11-916

	Upregulation of CENPM promotes breast carcinogenesis by altering immune infiltration
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Materials and methods
	Collected and processed data
	Collection of pathological samples
	Pathological sample processing
	Analyses of correlation and enrichment
	Cell culture and treatment
	Extraction and quantitative RT-PCR of RNA
	CCK8 Assay
	Colony-formation assay
	Transwell assay
	Scratch test
	Invasion of immune cells
	Cytokine enzyme-linked immunosorbent assays
	Immunofluorescence microscopy

	Results
	Characteristics of the patient
	CENPM expression analysis
	Predicting the outlook of individuals with breast cancer by evaluating the levels of CENPM expression
	Clinically significant associations between CENPM expression and clinical variables
	Analysis of correlation and enrichment
	Infiltration of immune cells and the expression of CENPM

	Discussion
	Conclusions
	Acknowledgements
	References


