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Abstract

Ovarian cancer (OC) is one of the most common reproductive tumors in women, whereas current treatment options
are limited. 3-lactamase-like-protein 2 (LACTB2) has been observed to be associated with various cancers, but its
function in OC is unknown. Therefore, we evaluate the prognostic value and the underlying function of LACTB2

in OC. In this study, high expression of LACTB2 was observed in OC compared with normal controls. Kaplan-Meier
Plotter analysis revealed that overexpressed LACTB2 is strongly correlated with poor prognosis. We conducted GO/
KEGG analysis to investigate the potential biological function of LACTB2 in OC. GESA analysis showed that LACTB2
was closely related to immune-related pathways. Subsequently, we explored the relationship between LACTB2 and 24
types of immune cells in OC. The results suggested that LACTB2 was positively associated with multiple tumor-
infiltrating immune cells. Importantly, LACTB2 may modulate immune cell infiltration in OC to influence prognosis. In
conclusion, LACTB2 can be used as a promising prognostic biomarker and immunotherapy target for OC.
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Introduction

Ovarian cancer (OC) is a common lethal female repro-
ductive disease which represents a leading cause of
deaths in women worldwide, with over 200,000 deaths
reported per year [1]. According to recent studies, early
intervention of OC can achieve a 5-year survival rate of
70-80%. However, the prognosis for advanced patients
deteriorates significantly, with the 5-year survival rate
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less than 30% [2, 3]. OC in early stage has no specific
symptoms and few screening biomarkers are available
in clinical practice, thus OC is difficult to be diagnosed
in time. Recent advances in high-throughput sequenc-
ing and transcriptomic studies allow the identification
of numerous critical driver genes. Therefore, there is an
urgent need to determine a reliable biomarker to facili-
tate early diagnosis, prognosis prediction, and serve as
potential therapeutic target for OC.
B-lactamase-like-protein 2 (LACTB2), a human mito-
chondrial endoribonuclease, is a member of glyoxa-
lase II family which is responsible for the regulation of
mitochondrial function and cell viability [4]. Several
researches have confirmed that mitochondrial transcripts
can disrupt cellular metabolism and thus promote tumor
progression [5, 6]. Levy et al. reported that alteration
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of LACTB2 protein expression destroys mitochondrial
function, and then causes morphological changes and
cell death [7]. Overexpression of LACTB2 is observed in
nasopharyngeal carcinoma and is associated with radi-
oresistance which leads to unfavorable prognosis [8].
Another study revealed that genetic variation of LACTB2
contributes to colorectal cancer formation [9]. However,
there is a lack of research on the correlation between
LACTB2 expression and OC.

In our study, we investigated the expression of LACTB2
in OC and its potential biological function. RNA-seq
data of LACTB2 in OC were downloaded from TCGA
and GEO datasets to compare the LACTB2 expression
level in normal ovarian tissue and ovarian tumor tissue.
We also downloaded immunohistochemical images from
HPA to investigate the protein expression of LACTB2 in
OC. Next, we demonstrated the feasibility of LACTB2
as a reliable biomarker to predict the prognosis of OC
patients. We found that LACTB2 expression was upreg-
ulated in OC, which contributes to poor prognosis of
OC patients. In addition, we identified the differentially
expressed genes (DEGs) by comparing gene profiles in
low- and high-LACTB2 expression groups. Subsequently,
we conducted enrichment analysis based on the DEGs to
predict the biological functions of LACTB2. The results
suggested that LACTB2 may be involved in immune pro-
cesses. Immune cell infiltration plays an important role
in the overall survival of OC patients [10, 11]. Thus, we
further investigated the correlation between LACTB2
and immune cells infiltration in OC and found that Th2
cells infiltration was significantly high in samples with
high LACTB2 expression. Our study reported the poten-
tial role of LACTB2 in tumor immunology, thereby high-
lighting the underlying mechanism by which LACTB2
causes poor prognosis in OC.

Materials and methods

Gene expression analysis

We downloaded RNA-sequencing data of LACTB2 for
33 cancer types from the Cancer Genome Atlas (TCGA)
web portal (http://cancergenome.nih.gov/). The full name
of 33 cancers and their corresponding abbreviations are
summarized in Additional file 1: Table S1. We then ana-
lyzed LACTB2 expression in pan-cancer level using Gene
Expression Profiling Interactive Analysis (GEPIA, http://
gepia.cancer-pku.cn/), which can visualize the relative
expression of the gene of interest in normal and tumor
samples. Users can customize statistical methods and
thresholds to analyze the different expression of genes
in specific database [12]. Here, normal/tumor differen-
tial expression of LACTB2 in OC was also investigated
by GEPIA. We calculated log2 transcript per million
(TPM) value of LACTB2. The results were presented by
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the log2(TMP + 1) scale. Moreover, we explored LACTB2
expression in OC based on Gene Expression Omni-
bus (GEO) database (https://www.ncbi.nlm.nih.gov/
geo/), including GSE12470, GSE18250, GSE137238, and
GSE51088. UALCAN is a comprehensive online-portal
(http://ualcan.path.uab.edu), which allows comparison
of the differences in specific genes expression in normal
and tumor tissue, as well as in multiple cancer subgroups
based on various clinicopathological features. Users can
search for genes of interest in selected cancer types to
analyse the expression and survival information of the
queried genes. UALCAN can link to the results of gene
expression analysis and survival analysis. We assessed the
relationship between LACTB2 gene expression and clini-
cal characteristics, including cancer stage, tumor grade,
ethnicity, age, etc.[13].

Protein expression analysis

The Human Protein Atlas (HPA, http://www.proteinatlas.
org/) examines the expression of 26,000 human proteins
using immunoassay techniques [14]. In this study, we
obtained immunohistochemical images of LACTB2 from
HPA to observe their distribution and protein expression
level in normal and OC tumor tissue. Additionally, prot-
eomic data of LACTB2 were acquired from Clinical Pro-
teomic Tumor Analysis Consortium (CPTAC) and then
evaluated by UALCAN.

Identification of differentially expressed genes (DEGs)

We analyzed LACTB2 expression values from TCGA
database to screen significant DEGs in OC. The datasets
were categorized as low- and high-LACTB2 expression
groups using a median threshold. We used the R package
edgeR-based DESeq2 (version 3.10) software to perform
an unpaired Student’s t-test to compare the differences in
expression profiles between the two groups [15]. Genes
with an absolute fold change log (FC)>1.5 and P,4;<0.05
would be counted with statistically significant DEGs.
The results were visualized as volcano plots. The top 50
genes that were positively and negatively associated with
LACTB2 were clustered in the heat map drawn by the R
Statistics 3.6.3 software.

Functional enrichment analysis

Functional enrichment analysis of LACTB2 in OC was
conducted using TCGA database to visualize the inter-
actions of coexpressed genes and predict the role of
LACTB2. We performed Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis
using the R package “clusterProfiler”. Gene Set Enrich-
ment Analysis (GSEA) is a computational tool which
can enrich the genomes that share biological functions,
chromosomal locations or regulation, thus unravelling
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important biological processes in cancer [16]. For this
purpose, the enrichment score of DEGs was calculated
and then analyzed their statistical significance. Finally,
the significance level was adjusted based on multi-
ple hypothesis test. In this study, we performed GESA
analysis of LACTB2 expression value using the gseGO,
gseKEGG, and gsePathway functions of the R software.
Eventually, protein network of LACTB2 was visualized by
STRING analysis (https://cn.string-db.org/).

Survival prognosis analysis

The Kaplan—Meier Plotter database (https://kmplot.
com/analysis/) was used to evaluate the prognostic value
of LACTB2 [17]. The expression data extracted from
TCGA were divided into high and low LACTB2 expres-
sion groups based on best-cutoff value calculated by
algorithm. The overall survival (OS), progression-free
survival (PFS), recurrence-free survival (RFS) was deter-
mined in different LACTB2 expression groups. We cal-
culated HR with 95% Cl and P-value, which were shown
in the Kaplan—Meier Plotter. In addition, we further eval-
uated disease-free survival (DFS) of LACTB2-altered and
unaltered groups to confirm the impact of genetic altera-
tion on OC patient’s prognosis. Eventually, we obtained
OC microarray data from GEO database and predicted
the relationship of LACTB2 expression with OS using
the PrognoScan database (http://www.abren.net/Progn
oScan/), which is a publicly available platform of vari-
ous cancer microarray datasets [18]. PrognoScan is con-
ducted using minimum P-value approach to evaluate the
correlation between gene expression and prognosis.

Immune cell infiltration analysis

The relationship between tumor-infiltrating immune
cells and LACTB2 expression in OC was identified by the
single sample Gene Set Enrichment Analysis (ssGSEA)
from the GSVA R package and Tumor IMmune Estima-
tion Resource (TIMER; http://timer.comp-genomics.
org/) [19, 20]. TIMER is developed by the integration of
multiple state-of-the-art algorithms. It allows exploring
the expression profiles of tumors in TCGA and predict-
ing various correlations between immune infiltration
and genetic traits. In this study, 24 types of immunocytes
were included and we quantified the relative level of infil-
tration based on the gene expression profile [21]. Spear-
man correlation tests were conducted to investigate the
relationship between LACTB2 expression in OC and the
abundance of immunocytes infiltration levels. Wilcoxon
rank-sum tests were conducted to confirm the differen-
tial level of immune cell infiltration in high- and low-
LACTB2 expression groups. Additionally, we evaluated
multiple immune cells infiltration level using TIMER,
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and then investigated the correlation of LACTB2 expres-
sion relying on CIBERSORT and XCELL algorithms.

cBioPortal analysis

The cBioPortal for Cancer Genomics (http://cbioportal.
org) is a reliable online resource enabling research-
ers to analyze genetic variations across multiple cancer
genomic data [22]. It provides an integrative platform of
multiple data types at the gene level, which allow users to
query specific biological events, such as mutation, dele-
tion, and amplification, in custom samples. In this litera-
ture, we used the cBioPortal to assess genetic alterations
in LACTB2, including amplifications, deep deletions,
and mutations, across 32 cancer types from TCGA. An
overview of LACTB2 alterations for each OC patient was
generated by OncoPrint.

Predictive value analysis

To investigate the feasibility of LACTB2 as a diagnos-
tic biomarker candidate, we drew Receiver operating
curve (ROC) plotter using R package (version 3.6.3). The
area under ROC was calculated to evaluate the predic-
tive value of LACTB2 in distinguish OC patients from
healthy women.

Results

Analysis of LACTB2 expression in pan-cancer

We obtained data from TCGA and analyzed the mRNA
expression of LACTB2 in 33 types of cancer using
GEPIA. Figure 1A shows that LACTB2 was highly
expressed in most cancers, especially in BLCA, BRCA,
CESC, CHOL, COAD, DLBC, ESCA, GBM, HNSC,
KIRP, LGG, LIHC, LUAD, LUSC, OC, PAAD, PRAD,
READ, SKCM, STAD, THCA, THYM, UCEC, UCS.
LACTB2 expression in OC was particularly confirmed
using 426 OC patients and 88 normal women. The result
reported the overexpression of LACTB2 in OC (P<0.05)
(Fig. 1B). Additionally, the expression of LACTB2 in OC
was assessed in the GEO database, including GSE12470,
GSE18250, GSE137238, and GSE51088, and the results
showed that the expression level was significantly higher
in tumor tissue than in normal tissue (Fig. 1C-F). To
further validate the diagnostic value of LACTB2, we
performed the receiver operating curve (ROC) analy-
sis, and the area under the ROC curve (AUC) was 0.981
(Additional file 1: Fig. S1). This result may indicate that
LACTB2 can be used as a diagnostic biomarker to distin-
guish OC patients from healthy women.

Analysis of LACTB2 in OC patients

We used UALCAN database to investigate the relation-
ship between LACTB2 expression and specific clini-
cal features in patients with OC, including FIGO stage,
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Fig. 1 Pan-cancer analysis of LACTB2 expression. A LACTB2 expression in 33 types of cancer and normal tissue from TCGA. B LACTB2 expression
in OC and normal tissue. C-F LACTB2 expression in OC and normal tissue from GSE12470, GSE18250, GSE137238, and GSE51088, respectively

pathologic grade, race, and patient age. The result
demonstrated that LACTB2 expression was higher in
FIGO IV patients compared to FIGO II and FIGO III
(Fig. 2A). Patients with high pathological grading had
higher LACTB2 expression than those with low path-
ological grading (Fig. 2B). Moreover, we found that
LACTB2 expressed highly in Caucasian patients when
compared with African-american and Asia (Fig. 2C).
However, Fig. 2D reported no correlation of LACTB2
with the age of patients.

Protein expression of LACTB2 in OC patients

We obtained the images of immunohistochemical stain-
ing sample in OC patients and normal women from
HPA database. The expression of LACTB2 can be seen
in OC tissue while it was not detected in normal tis-
sues (Fig. 3A). CTPAC database confirmed protein lev-
els of LACTB2 were notably high in primary tumor
samples than in normal tissues (Fig. 3B). We further
analyzed LACTB2 expressions based on cancer stage,
tumor grade, and patients age, respectively. Stage IV
patients showed higher LACTB2 expression than stage
III (Fig. 3C). LACTB2 protein expression was higher in
Grade 3 OC than in Grade 2 OC (Fig. 3D). In CPTAC
database, the expression of LACTB2 increased in older
patients (Fig. 3E).

Prognostic value of LACTB2 expression

To demonstrate the clinical significance of elevated
LACTB2 expression in OC, we performed survival
analysis using multiple independent patient cohorts.
Firstly, 1656 patients with overall survival (OS) data and
1435 patients with progression-free survival (PFS) data
were included and analyzed via Kaplan—Meier plotter in
Fig. 4A and B. The results reported that the patients with
high LACTB2 expression had shorter OS and PFS. In
TCGA database, high-LACTB2 expression group showed
a decreased RFS [HR=1.62(1.11-2.36), P=0.012] com-
pared to the low-LACTB2 group (Fig. 4C). These find-
ings were further verified in 3 different GEO databases
(GSE9891, GSE17260, GSE26712). All datasets indi-
cated that elevated LACTB2 expression was correlated
with poor OS in OC patients (Fig. 4D-F). The prognos-
tic value of LACTB2 was additionally verified in various
cancers, including BRCA, HNSC, PAAD, ESCA, and
UCEC. BRCA patients with high LACTB2 expression
showed poor OS and RFS (Additional file 1: Fig. S3A,
B). Similar results were reported in PAAD and HNSC
patients (Additional file 1: Fig. S3C-F). High expression
of LACTB2 was notably related to worse OS in ESCA
and UCEC patients (Additional file 1: Fig. S3G, H). We
can conclude that LACTB2 can be used as a prognostic
biomarker.
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Enrichment analysis of LACTB2

As the above findings suggested that LACTB2 expression
was negatively related to OC survival, we tried to deter-
mine the signaling pathways involved in LACTB2 and
thus investigate the specific role of LACTB2 in OC devel-
opment. We first obtained LACTB2 expression data from
TCGA database and divided them into LACTB2 high and
low groups. The gene expression profiles of LACTB2 in
two groups were compared and the volcano plot reported
all differentially expressed genes (DEGs) (Fig. 5A). Fur-
thermore, we performed hierarchical clustering analy-
sis. The top 50 DEGs positively correlated with LACTB2
expression are shown in Fig. 5B, while those negatively
correlated are in Fig. 5C. The results demonstrated that
high and low LACTB2 expression groups had signifi-
cantly different DEG patterns.

We then utilized GO and KEGG pathway enrich-
ment analysis of DEGs to further predict the relation-
ship between typical DEGs and LACTB2. GO analysis
revealed the DEGs that remarkably enriched in biologi-
cal process (BP), cellular component (CC), molecular
function (MF). The top 9 significant pathways of BP, CC,

MEF are presented in Fig. 6A—C. KEGG pathway analysis
showed a complex interaction network among LACTB2
coexpressed genes. LACTB2 was closely correlated
with proteasomes, including PSME1, PSMA6, PSMAS5,
PSMC2 (Fig. 6D). In addition, we used Gene Set Enrich-
ment Analysis (GSEA) to enrich the KEGG and Reactome
pathways associated with LACTB2 in OC. Reactome
pathway analysis reported top 10 enriched pathways,
including G ALPHA S signaling events, GPCR ligand
binding, neuronal system, G ALPHA I signaling events,
leishmania infection, class A 1rhodopsin like receptors,
transmission across chemical synapse, anti-inflamma-
tory response favouring leishmania parasite infection,
muscle contraction, and neurotransmitter receptors and
postsynaptic signal transmission (Fig. 7A). Meanwhile,
KEGG pathway was enriched in neuroactive ligand
receptor interaction, chemokine signaling pathway, cal-
cium signaling pathway, hematopoietic cell lineage, pri-
mary immunodeficiency, proximal tubule bicarbonate
reclamation, cytokine—cytokine receptor interaction,
intestinal immune network for IgA production, glycine
serine and threonine metabolism, and mismatch repair
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(Fig. 7B). Surprisingly, KEGG analysis showed that
LACTB2 expression was correlated with many immune-
related pathways, which can facilitate tumor progression.
It may provide the potential mechanism for upregulated
LACTB2 to cause poor prognosis. Additionally, coex-
pressing genes from string database were obtained and
their interactions with LACTB2 are visualized in Fig. 7C.

Correlation between LACTB2 expression and immune cell
infiltration

Through the previous enrichment analysis, we found
that LACTB2 was mainly associated with chemokine
signaling  pathway, primary  immunodeficiency,

cytokine—cytokine receptor interaction, and intesti-
nal immune network for IgA production. These results
indicated that LACTB2 may participate in immune pro-
cesses in OC. Thus, we used the LACTB2 expression
data from TCGA to analyze their relationship with 24
immune cells. LACTB2 expression showed significant
correlation with aDC, Th2 cells, T cells, TReg, Th1 cells,
cytotoxic cells, neutrophils, NK cells, and Tem (Fig. 8A).
Notably, aDC and Th2 cells had remarkably positive
relationship with LACTB2 expression, while NK cells
and Tcm showed negative relationship with LACTB2
expression. Further research demonstrated there were
significant differences in immune cell infiltration levels,
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Fig. 8 Immune infiltration analysis of LACTB2 in OC. A Lollipop chart of LACTB2 expression level in 24 types of immune cells. B-E Comparison

of immune cells in low- and high-LACTB2 expression groups, including aDC (B), Th2 cells (C), NK cells (D), and Tcm (E). F-1There is a significant
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and macrophages, including M0, M1, and M2

when LACTB2 expression was divided into high and low
groups. LACTB2-high expression group had upregu-
lated aCD and Th2 cells infiltration, and downregulated
NK cells and Tcm infiltration (Fig. 8B—E). However, we
found no significant correlation with NK cells using
TIMER analysis (Additional file 1: Fig. S4E). Addition-
ally, we analyzed the association of LACTB2 expression

in OC with various immune cells using different algo-
rithms (Fig. 8F-Q). The result revealed that the expres-
sion level of LACTB2 was negatively related with myeloid
dendritic cell resting, T cell CD4+ central memory, and
macrophage MO. In contrast, LACTB2 expression was
positively related with myeloid dendritic cell activated,
T cell CD4+Th2, macrophage, macrophage M1, and
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M2. Finally, we investigated the relationship of LACTB2
expression and various T cells in pan-cancer level. The
result showed that LACTB2 was positively associated
with Th2 cells, but negatively associated with Th1 cells in
most cancer types (Additional file 1: Fig. S4A). TIMER2
analysis was performed in SKCM, TGCT, and UVM
patients to verify this relationship. The significantly nega-
tive correlation between LACTB2 expression and Thl
cells infiltration can be seen in all three cancers, while
that of Th2 cells were positive (Additional file 1: Fig.
S4B-D).

Genetic alterations

We explore LACTB?2 alteration, including gene mutation,
copy number alterations, and structural variant, in pan-
cancer level using cBioPortal. Gene alteration of LACTB2
was observed in various cancer types and the highest
alteration frequency was in uterine carcinosarcoma.
Alteration frequency of LACTB2 was relatively high in
OC and the major type is amplification (Additional file 1:
Fig. S2A). OncoPrint visual summary showed that 10% of
OC cases had genetic alterations in LACTB2 (Additional
file 1: Fig. S2C).

We then investigated the prognostic value of LACTB2
alteration in 33 cancers. We divided all cancer samples
into LACTB2 alteration group and LACTB2 unaltera-
tion group. In altered group, DFS was significantly worse
when comparing with unaltered group. That might indi-
cate that LACTB2 alteration can lead to worse long-term
outcomes of patients with malignant tumor (Additional
file 1: Fig. S2B).

Discussion

Ovarian carcinoma, as the most lethal gynaecological
disease, causes more than 200,000 deaths among women
annually [23]. Therefore, it is essential to establish a valid
biomarker to facilitate early detection and interven-
tion. LACTB2 participates in pathogenesis of many dis-
eases, whereas its study in various tumors is relatively
restricted. Hence, there is an urgent need to identify the
impact of LACTB2 in the survival of cancer in terms of
diagnosis, prognosis, progression and treatment. Previ-
ous studies clarified that LACTB2 is a mitochondrial
endoribonuclease which can regulate mitochondrial
function and promote tumor progression [5—7]. LACTB2
is demonstrated to be a prognostic indicator in colorectal
cancer and nasopharyngeal cancer [8, 9]. Genetic altera-
tions of LACTB2 expression were observed in colorectal
cancer. Overexpression of LACTB2 can induce radiore-
sistance in nasopharyngeal cancer patients. However,
there is no study that has investigated the correlation
between LACTB2 expression and OC. In this study, we
have done a series of bioinformatics analyses to explore
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the prognostic value of LACTB2 and biological function
in OC, especially its immune-related functions.

According to our results, pan-cancer analysis using
TCGA data showed that LACTB2 expression was
upregulated in 24 cancer types, including BLCA, BRCA,
CESC, CHOL, COAD, DLBC, ESCA, GBM, HNSC,
KIRP, LGG, LIHC, LUAD, LUSC, OC, PAAD, PRAD,
READ, SKCM, STAD, THCA, THYM, UCEC, UCS.
And it was significantly highly expressed in OC in the
GSE12470, GSE18250, GSE137238, and GSE51088 data-
sets. In addition, ROC analysis reported an AUC=0.981.
These results may indicate that LACTB2 can be used
as a screening marker to distinguish OC patients from
healthy women. We further investigated the LACTB2
expression in OC based on various clinicopathological
features. Patients with advanced OC have high expres-
sion of LACTB2. LACTB2 expression is higher in tumors
with higher pathological grade. Similar results shown
in protein expression analysis. In CTPAC database, the
expression of LACTB2 was significantly increased in
patients over 40 years. Furthermore, prognosis analysis
demonstrated that higher LACTB2 expression was corre-
lated with unfavorable prognosis in patients with tumors,
such as OC, BRCA, and PAAD. OC patients with high
LACTB2 expression have significantly worse OS, PES,
and RFS, compared with those who have low LACTB2
expression. These findings indicated that LACTB2 may
be a promising candidate to predict the prognosis of OC
patients.

Tumor Immune Microenvironment (TIME), as one
of the important hallmarks of cancer, has been reported
to be highly correlated with the development and pro-
gression of cancer [24]. Tumor-infiltrating immune cells
are the significant components of TIME. Regulation
of immune cells strongly influenced the TIME and the
tumor behavior. Our study revealed the strong relation-
ship between LACTB2 and TIME. GESA analysis showed
that LACTB2 function was enriched in various immune-
related processes, including chemokine signaling path-
way, primary immunodeficiency, cytokine—cytokine
receptor interaction, and intestinal immune network for
IgA production. We next demonstrated that LACTB2
expression was strongly associated with the infiltration
of multiple immune cells, including aDC, Th2, NK, Tcm.
Thus, we hypothesized that LACTB2 may promote OC
progression by regulating immune response, that is, the
relative activation of immune cells. Recent study reported
that LACTB2 participated in inflammatory response in
Alzheimer’s disease [25]. As a mitochondrial protein,
LACTB?2 are supposed to have a role in mitochondrial
mRNA turnover. According to previous research, mito-
chondria are important in immune cell regulation, which
can influence immune cell metabolism, differentiation,



Cao et al. European Journal of Medical Research (2024) 29:166

activation of inflammatory responses and regulate tran-
scription [26].

In pan-cancer analysis, we observed that LACTB2
expression has significantly positive relationship with
Th2 cells, while have negative relationship with Th1 cells.
Notably, our study also demonstrated that LACTB2
expression in OC was strongly positively related with Th2
cells infiltration. Th2 cells, as important components in
TIME, have shown immunosuppressive effects, which in
turn promote the development of cancer [27]. Hence, our
study may indicate that LACTB2 can drive pro-tumoral
immunosuppressive program in OC by regulating the
tumor-infiltration of Th2 cells. Furthermore, a previ-
ous study demonstrated that increased level of Th2 cells
induced recurrence in prostate cancer [28]. According
to other studies, immune cell infiltration plays an impor-
tant role in the overall survival of OC patients [10, 11].
In a recent study, researchers compared the Th2 cells
infiltration between OC patients with poor response
(PFS<6 months) and good response (PFS>12 months).
The results showed that infiltration level of Th2 cells was
significantly higher in group of poor response [29]. Con-
sidering the prognostic value of Th2 cells infiltration,
LACTB2 may contribute to unfavorable prognosis in OC
patients by inducing Th2 cell differentiation.

In conclusion, our study suggested that LACTB2
expression was upregulated in OC and indicated a
poor prognosis. Additionally, we found that LACTB2
expression in OC has close relationship with various
immune cells infiltration. Functional enrichment analy-
sis also revealed that LACTB2 was associated with many
immune-related processes. Consequently, LACTB2
may regulate the mechanism of tumor immunology
to promote OC progression and lead to an unfavorable
long-term outcome of patients. Our study reported the
underlying pathways that LACTB2 may participate in
and provide a promising immunotherapy target for OC.
We hope that the results of our study will contribute to
future research and assist clinicians to select proper
interventions which can improve the prognosis of OC
patients.

Although our study is innovative in investigating the
association between LACTB2 expression and ovarian
cancer, it has certain drawbacks. First, this study is mainly
based on bioinformatics analysis, hence the majority of
data were obtained from public databases. Further study
can focus on in vivo or in vitro experiments, as well as
clinical trials, to investigate the underlying mechanism of
LACTB2 in OC. Second, a cohort of patients with long-
term follow-up should be included in the prognostic
analysis to validate the feasibility of LACTB2 as a prog-
nostic biomarker. Third, subsequent studies should pro-
vide lager datasets to improve the reliability of the results.
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Certainly, our study has presented a new perspective on
the role of LACTB2 in OC. However, more comprehen-
sive and systematic researches are needed to validate our
hypothesis in depth.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540001-024-01762-2.

Additional file 1: Fig. S1. ROC curve of LACTB2 in OC. X-axis represents
false-positive rates, and Y-axis represents true-positive rates. Fig. S2.
Genetic alteration analysis of LACTB2 in pan-cancer level. (A) Mutation
types of LACTB2 in various cancers. (B) Correlation between LACTB2
alteration and DFS in pan-cancer analysis. (C) Summary of genetic
alteration feature of LACTB2 in OC. Fig. S3. Correlation between LACTB2
expression and cancer patients’survival. (A, B) Survival analysis of LACTB2
in BRCA. (C, D) Survival analysis of LACTB2 in HNSC. (E, F) Survival

analysis of LACTB2 in PAAD. (G) Survival analysis of LACTB2 in ESCA. (H)
Survival analysis of LACTB2 in UCEC. Fig. S4. Correlation between LACTB2
expression and immune cell infiltration in various cancers. (A) Heatmap
of LACTB2 and different T cells CD4+ across 33 cancer types. (B-D) Purity-
corrected Spearman's correlation between two types of Th cells infiltration
and LACTB2 expression in SKCM (B), TGCT (C), and UVM (D). (E) TIMER2
analysis of the relationship between LACTB2 and NK cells in OC. Table S1.
The full names of tumor abbreviation from TCGA.

Acknowledgements
Not applicable.

Author contributions

WC was responsible for data curation and writing the original draft. CW col-
lected the data. YZhang performed the data analysis and validation. JY was
responsible for conceptualization and methodology. XL and YZhao provided
supervision of the analysis. MW was responsible for methodology and visuali-
zation. SC investigated and edited the manuscript. YW supervised and revised
the manuscript.

Funding

This work was supported by the National Natural Science Foundation of China
(Grant Nos. 82072866, 82272888, 82102856), Science and Technology Com-
mission of Shanghai Municipality (Grant Nos. 21531903600, 21YF1425800),
Shanghai Hospital Development Center Foundation (Grant Nos. SHDC-
2022CRWO013, SHDC12022106, SHDC2022CRT015, SHDC12021601, 2022SKLY-
12) and Shanghai Jiao Tong University (Grant No. YG2022ZD005).

Availability of data and materials

The data and materials of this study were obtained from publicly accessible
databases. The data presented in this study are openly available in TCGA
dataset (https://www.ncbi.nlm.nih.gov/geo/) and GEO dataset (https://portal.
gdc.cancergov/).

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
All authors have approved the manuscript and agree with its publication.

Author details

'Department of Gynecology, Shanghai First Maternity and Infant Hos-
pital, School of Medicine, Tongji University, Shanghai 200092, China.
2Shanghai Key Laboratory of Maternal Fetal Medicine, Shanghai Insti-
tute of Maternal-Fetal Medicine and Gynecologic Oncology, Shang-


https://doi.org/10.1186/s40001-024-01762-2
https://doi.org/10.1186/s40001-024-01762-2
https://www.ncbi.nlm.nih.gov/geo/
https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/

Cao et al. European Journal of Medical Research

(2024) 29:166

hai First Maternity and Infant Hospital, School of Medicine, Tongji University,
Shanghai 200092, China. >Department of Obstetrics and Gynecology, Ren Ji
Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 201204,
China.

Received: 26 October 2023 Accepted: 1 March 2024
Published online: 12 March 2024

References

1.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray
F. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021,71(3):209-49.

Braga EA, Loginov VI, Burdennyi AM, Filippova EA, Pronina IV, Kurevlev SV,
Kazubskaya TP, Kushlinskii DN, Utkin DO, Ermilova VD, et al. Five hyper-
methylated MicroRNA genes as potential markers of ovarian cancer. Bull
Exp Biol Med. 2018;164(3):351-5.

Zong L, Zhou Y, Zhang M, Chen J, Xiang Y. VISTA expression is associated
with a favorable prognosis in patients with high-grade serous ovarian
cancer. Cancer Immunol Immunother. 2020:69(1):33-42.

Lai CH, Chou CY, Ch'ang LY, Liu CS, Lin W. Identification of novel human
genes evolutionarily conserved in Caenorhabditis elegans by comparative
proteomics. Genome Res. 2000;10(5):703-13.

Yoshida GJ. Metabolic reprogramming: the emerging concept and asso-
ciated therapeutic strategies. J Exp Clin Cancer Res. 2015;34:111.

Tang L, Wei FWu'Y, He Y, Shi L, Xiong F, Gong Z, Guo C, Li X, Deng H, et al.
Role of metabolism in cancer cell radioresistance and radiosensitization
methods. J Exp Clin Cancer Res. 2018;37(1):87.

Levy S, Allerston CK, Liveanu V, Habib MR, Gileadi O, Schuster G. Identifica-
tion of LACTB2, a metallo-B-lactamase protein, as a human mitochondrial
endoribonuclease. Nucleic Acids Res. 2016;44(4):1813-32.

Chen Q, Zheng W, Zhu L, Liu H, Song Y, Hu S, Bai Y, Pan Y, Zhang J, Guan

J, et al. LACTB2 renders radioresistance by activating PINK1/Parkin-
dependent mitophagy in nasopharyngeal carcinoma. Cancer Lett.
2021;518:127-39.

Yu J, Wu WK, Liang Q, Zhang N, He J, Li X, Zhang X, Xu L, Chan MT, Ng SS,
et al. Disruption of NCOA2 by recurrent fusion with LACTB2 in colorectal
cancer. Oncogene. 2016;35(2):187-95.

Palaia |, Tomao F, Sassu CM, Musacchio L, Benedetti Panici P. Immunother-
apy for ovarian cancer: recent advances and combination therapeutic
approaches. Onco Targets Ther. 2020;13:6109-29.

BaiY,YinK, SuT, Ji F, Zhang S. CTHRC1 in ovarian cancer promotes M2-like
polarization of tumor-associated macrophages via regulation of the
STAT6 signaling pathway. Onco Targets Ther. 2020;13:5743-53.

Tang Z, Li C, Kang B, Gao G, Li C, Zhang Z. GEPIA: a web server for cancer
and normal gene expression profiling and interactive analyses. Nucleic
Acids Res. 2017;45(W1):W98-w102.

Chandrashekar DS, Bashel B, Balasubramanya SAH, Creighton CJ, Ponce-
Rodriguez |, Chakravarthi B, Varambally S. UALCAN: a portal for facilitating
tumor subgroup gene expression and survival analyses. Neoplasia (New
York, NY). 2017;19(8):649-58.

Uhlén M, Fagerberg L, Hallstrom BM, Lindskog C, Oksvold P, Mardinoglu
A, Sivertsson A, Kampf C, Sjéstedt E, Asplund A, et al. Proteomics tissue-
based map of the human proteome. Science. 2015;347(6220):1260419.
Love MI, Huber W, Anders S. Moderated estimation of fold change and
dispersion for RNA-seq data with DESeq2. Genome Biol. 2014;15(12):550.
Subramanian A, Tamayo P, Mootha VK, Mukherjee S, Ebert BL, Gillette MA,
Paulovich A, Pomeroy SL, Golub TR, Lander ES, et al. Gene set enrichment
analysis: a knowledge-based approach for interpreting genome-wide
expression profiles. Proc Natl Acad Sci USA. 2005;102(43):15545-50.
Gyorffy B, Lanczky A, Szallasi Z. Implementing an online tool for
genome-wide validation of survival-associated biomarkers in ovarian-
cancer using microarray data from 1287 patients. Endocr Relat Cancer.
2012;19(2):197-208.

Mizuno H, Kitada K, Nakai K, Sarai A. PrognoScan: a new database for
meta-analysis of the prognostic value of genes. BMC Med Genomics.
2009;2:18.

Hanzelmann S, Castelo R, Guinney J. GSVA: gene set variation analysis for
microarray and RNA-seq data. BMC Bioinform. 2013;14:7.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

Page 12 of 12

LiT,Fu J, Zeng Z, Cohen D, Li J, Chen Q, Li B, Liu XS. TIMER2.0 for

analysis of tumor-infiltrating immune cells. Nucleic Acids Res.
2020;48(W1):W509-w514.

Bindea G, Mlecnik B, Tosolini M, Kirilovsky A, Waldner M, Obenauf AC,
Angell H, Fredriksen T, Lafontaine L, Berger A, et al. Spatiotemporal
dynamics of intratumoral immune cells reveal the immune landscape in
human cancer. Immunity. 2013;39(4):782-95.

Gao J, Aksoy BA, Dogrusoz U, Dresdner G, Gross B, Sumer SO, Sun'Y,
Jacobsen A, Sinha R, Larsson E, et al. Integrative analysis of complex
cancer genomics and clinical profiles using the cBioPortal. Sci Signal.
2013;6(269): pl1.

Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mor-

tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018;68(6):394-424.

UsuiT, Sakurai M, Enjoji S, Kawasaki H, Umata K, Ohama T, Fujiwara N,
Yabe R, Tsuji S, Yamawaki H, et al. Establishment of a novel model for
anticancer drug resistance in three-dimensional primary culture of tumor
microenvironment. Stem Cells Int. 2016;2016:7053872.

Harwood JC, Leonenko G, Sims R, Escott-Price V, Williams J, Holmans P.
Defining functional variants associated with Alzheimer’s disease in the
induced immune response. Brain Commun. 2021;3(2): fcab083.

Angajala A, Lim S, Phillips JB, Kim JH, Yates C, You Z, Tan M. Diverse roles
of mitochondria in immune responses: novel insights into immuno-
metabolism. Front Immunol. 2018;9:1605.

Mahata B, Pramanik J, van der Weyden L, Polanski K, Kar G, Riedel A, Chen
X, Fonseca NA, Kundu K, Campos LS, et al. Tumors induce de novo steroid
biosynthesis in T cells to evade immunity. Nat Commun. 2020;11(1):3588.
Rui X, Shao S, Wang L, Leng J. Identification of recurrence marker associ-
ated with immune infiltration in prostate cancer with radical resection
and build prognostic nomogram. BMC Cancer. 2019;19(1):1179.

Su H, JinY,Tao C,Yang H, Yang E, Zhang WG, Feng F. Th2 cells infiltrating
high-grade serous ovarian cancer: a feature that may account for the
poor prognosis. J Gynecol Oncol. 2023;34: e48.

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



	Identification of the prognostic value of LACTB2 and its correlation with immune infiltrates in ovarian cancer by integrated bioinformatics analyses
	Abstract 
	Introduction
	Materials and methods
	Gene expression analysis
	Protein expression analysis
	Identification of differentially expressed genes (DEGs)
	Functional enrichment analysis
	Survival prognosis analysis
	Immune cell infiltration analysis
	cBioPortal analysis
	Predictive value analysis

	Results
	Analysis of LACTB2 expression in pan-cancer
	Analysis of LACTB2 in OC patients
	Protein expression of LACTB2 in OC patients
	Prognostic value of LACTB2 expression
	Enrichment analysis of LACTB2
	Correlation between LACTB2 expression and immune cell infiltration
	Genetic alterations

	Discussion
	Acknowledgements
	References


