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Abstract
Background ‒ The immune microenvironment of ovarian
cancer is crucial in its progression. Recent studies highlight
the significant role of MZB1 in shaping the tumor immune
microenvironment (TIME), although its specific function in
ovarian cancer remains unclear.
Materials and methods ‒ We analyzed 381 ovarian cancer
samples from the TCGA database, along with additional sam-
ples from GEO and single-cell datasets. Differentially expressed
genes (DEGs) were identified using DESeq2. Various algorithms
were applied to assess the relationship between MZB1 and the
TIME. Cell proliferation was measured using the CCK-8 assay,
while cell migration was evaluated using the wound healing
assay. Furthermore, a nomogram predicting overall survival
was developed based on multivariable Cox regression results.
Results ‒ Our results indicated a positive correlation between
high MZB1 expression and improved clinical prognosis.
Additionally, higher MZB1 expression was linked to increased
immune cell infiltration within the TIME. Elevated MZB1
levels inhibited the migration and proliferation of SKOV3
cells. The nomogram’s C-index was 0.702, and its calibration
curve demonstrated good calibration, indicating satisfactory
discrimination and accuracy in predicting patient outcomes.
Conclusions ‒ This study comprehensively analyzes MZB1’s
role in the TIME of ovarian cancer. MZB1 is a promising
prognostic marker and a potential target for personalized
treatment.
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1 Introduction

Ovarian cancer is the deadliest malignancy among women,
often diagnosed at an advanced stage with a poor prog-
nosis [1]. Characterized by its elusive nature and early
metastasis [2,3], the 5-year survival rate remains around
40% [4]. The high recurrence rate of 82% among advanced-
stage ovarian cancer patients after treatment significantly
affects their quality of life and imposes a substantial
burden on societal resources [4–6].

Ovarian cancer treatments, including surgery, radio-
therapy, and chemotherapy, are complemented by emer-
ging therapies like PARP inhibitors, which extend survival
in advanced-stage patients with BRCA1/2 mutations, and
PD-1/PD-L1 inhibitors, which enhance immune responses
against tumors [7–12]. Targeted therapies have proven to
be effective in treating ovarian cancer. Therefore, the iden-
tification of novel clinical biomarkers could be instrumental
in advancing our understanding of ovarian cancer’s diag-
nosis, prognosis, and treatment strategies.

Marginal zone B and B-1 cell-specific protein 1 (MZB1)
is localized in the endoplasmic reticulum, playing critical roles
in B-cell calcium homeostasis, cell motility, and integrin-
mediated T-cell adhesion [13,14]. MZB1 is an immune-related
protein, and its upregulation is associated with autoimmune
diseases such as periodontitis, systemic lupus erythematosus,
and multiple sclerosis [13]. Research on MZB1 in tumors has
been relatively scarce, but it has recently been increasingly
recognized. Wu et al. demonstrated that MZB1 acts as a tumor
suppressor and is downregulated in colorectal cancer tumor
tissues [15]. In primary gastric cancer, low MZB1 expression is
correlated with a higher risk of recurrence following curative
resection, as MZB1’s suppressive role links its reduced levels to
increased hematogenous recurrence and changes in tumor
progression-related gene expression [16]. Notably, as MZB1
was initially identified in immune cells, its role in the regula-
tion of the TIME warrants close attention. While research on
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MZB1 in cancer-related diseases holds significant promise,
regrettably, its role in ovarian cancer remains unexplored.
We hypothesize that MZB1 may be a critical target influencing
the progression of ovarian cancer. Therefore, further studies
are urgently needed to elucidate the function and underlying
mechanisms of MZB1 in this context.

In this study, we leveraged the TCGA, GEO, and other
databases to comprehensively analyze MZB1, including its
expression patterns, associations with survival outcomes,
genetic alterations, immune infiltration, and involvement in
cellular pathways. Furthermore, CCK8 and wound healing
assays were performed to evaluate the impact of MZB1 on
cellular phenotypes, providing insights into its functional
roles and potential mechanisms in the pathogenesis and clin-
ical prognosis of ovarian cancer. This comprehensive analysis
aims to uncover MZB1’s potential as a biomarker and ther-
apeutic target, paving the way for improved personalized
treatment strategies.

2 Materials and methods

2.1 Data collection and pre-processing

We obtained RNA sequencing data and corresponding clin-
ical follow-up information for 381 samples from the TCGA data-
base (excluded if clinicopathological information is missing).
The RNAseq data, initially in FPKM format, were converted to
TPM format and log2-transformed. Duplicate samples were
excluded to retain relevant clinical information. Two GEO data-
base platforms (GPL570 and GPL96) were used to validate the
MZB1 expression.

2.2 Protein–protein interaction (PPI)
networks

To understandMZB1’s functions and efficacy, we constructed a
PPI network using the STRING database (https://cn.string-db.
org). We set a minimum interaction score of 0.7, with interac-
tion predictions based on experimental evidence and curated
databases, allowing visualization and exploration of MZB1’s
interactions and potential roles.

2.3 Differential expression and survival
analysis of MZB1

We obtained RNA-seq data for ovarian cancer patients from
the TCGA database and normal ovarian tissue samples from

the GTEx project via UCSC Xena. Kaplan–Meier survival ana-
lysis was performed to evaluate the correlation between
MZB1 expression levels and patient prognosis. The log-rank
test was used to analyze the differences in OS, PFI, and DSS.

2.4 Immune infiltration analysis

Immune cell infiltration and gene expression regulation
were analyzed using TIMER, quantifying six immune cell
types per sample. CIBERSORT was used to calculate relative
scores for 24 immune cell types, predicting immunocyte
phenotypes. The correlation between MZB1 and immune
cell infiltration was assessed using the xCell algorithm.

2.5 Gene Set Enrichment Analysis (GSEA)

GSEA was conducted employing the “clusterProfiler” R
package to explore biological signaling pathways in the
high- and low-expression groups of MZB1. The top five
pathways were identified and presented. The enrichment
results were based on the net enrichment score (NES), false
discovery rate (FDR), and p-value. Gene sets meeting the
criteria of |NES| > 1, adjusted p-value < 0.05, and FDR
q-value < 0.25 were considered statistically significant.

2.6 Single-cell transcriptome analysis

We employed the publicly available online database Tumor
Immune Single-cell Hub 2 (TISCH2, http://tisch.comp-
genomics.org/home/) for the single-cell transcriptome ana-
lysis of pre-existing data. TISCH2 provides comprehensive
cell-type annotation at the single-cell level, facilitating the
investigation of the TIME in various cancer types.

2.7 Cell culture

Ovarian cancer SKOV3 cells were cultured in DMEM sup-
plemented with 10% fetal bovine serum (FBS), 100 IU/mL
penicillin, and 10 µg/mL streptomycin at 37°C in a humidi-
fied atmosphere with 5% CO2.

2.8 Cell transfection

MZB1 shRNA targeting sequence: shMZB1: 5′-GGACUACGG
AGUUCGAGAATT-3′. SKOV3 cells were transfected with
MZB1 shRNA or scrambled shRNA plasmids using ExFect
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Transfection Reagent (Vazyme) at 37°C for 24 h. Human
MZB1 cDNA (XM_054352720) was amplified and inserted
into pLV6ltr-ZsGreen-Puro-CMV, followed by transfection
using ExFect Transfection Reagent.

2.9 Cell proliferation assay (CCK-8)

Transfected SKOV3 cells were seeded into 96-well plates
(1 × 104 cells/well) and incubated at 37°C, 5% CO2. At 0,
24, 48, 72, 96, and 120 h, the medium was replaced with
90 μl of fresh medium and 10 μl of CCK-8 (APExBIO; Cat.
No. K1018) per well. After incubation at 37°C, the OD values
at 450 nm were measured using a microplate reader to
evaluate cell proliferation.

2.10 Migration assay

For the wound healing assay, 5 × 105 cells were plated in
6-well plates. A scratch was made using a 20 μm pipette tip,
and cells were washed with DMEM and incubated at 37°C
for 24 h. Images were taken at 0 and 24 h to document
wound closure.

2.11 Western blot

Cells were homogenized and sonicated in ice-cold RIPA
buffer. Proteins were extracted, denatured, and separated
on a 12.5% SDS-PAGE gel. Membranes were incubated over-
night at 4°C with primary antibodies (MZB1, Proteintech;

Figure 1: MZB1 expression levels in ovarian cancer and its impact on prognosis: (a) expression of MZB1 in tumor tissues and corresponding normal
tissues; and (b)–(d) Kaplan–Meier curves show that lower expression of MZB1 is associated with poorer prognosis. ***p < 0.001.
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1:1,000), followed by 1 h at room temperature with sec-
ondary antibodies (Goat Anti-Rat IgG; Biosharp; 1:10,000).
Chemiluminescence was used for detection.

2.12 Construction and verification of
nomogram

Variables with p-values ≤ 0.1 in univariate analysis were
included in multivariate Cox regression. Independent prog-
nostic factors (p < 0.05) were used to construct nomograms.
The C-index assessed discriminative performance, and cali-
bration curves evaluated nomogram accuracy.

2.13 Statistics

Statistical analyses and graphical presentations were con-
ducted utilizing R software (version 4.1) equipped with the
“ggplot2” and “ggpubr” packages. The false discovery rate
(FDR) method was applied to adjust p values. For catego-
rical data, the chi-square test was employed, whereas
Wilcoxon’s rank-sum test and Student’s t-test were utilized
for assessing continuous variables. Correlation analysis was
performed using the Spearman method. Significance levels

were indicated as follows: ****p < 0.0001, ***p < 0.001, **p <

0.01, *p < 0.05, and ns for non-significant results.

Ethics approval and informed consent: Not applicable.

3 Results

3.1 Elevated expression of MZB1 is
associated with a favorable prognosis

MZB1 expression was upregulated in ovarian cancer tis-
sues compared to normal ovarian tissues (Figure 1a; Figure
S1a and b). High expression was associated with better OS
(Figure 1b), and patients with high expression had longer
disease-specific survival (DSS) and progression-free
interval (PFI) compared to those with low expression
(Figure 1c and d). This suggests that high MZB1 expression
is linked to a favorable prognosis in patients, indicating its
potential as a prognostic marker. In TCGA tumor samples,
ovarian cancer had the highest frequency of MZB1 genetic
alterations, primarily amplifications (Figure 2a). Figure 2b
shows the sites of MZB1 genetic alterations, including the
R163L/Q alteration (Figure 2c). However, ovarian cancer
cases with MZB1 alterations showed no OS advantage

Figure 2: Mutation features of MZB1 in pan-cancer: (a) alteration frequency with mutation type of MZB1; (b) alteration mutation site of MZB1 genetic
alteration; and (c) the mutation site with the highest alteration frequency (R163L/Q) in the 3D structure of MZB1.
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compared to those without alterations (log rank p = 0.964,
Figure S1c). These findings suggest that higher MZB1
expression predicts better patient prognosis, while MZB1
gene alterations do not affect its role in ovarian cancer
progression.

3.2 MZB1 is involved in DNA damage
response and cell cycle regulation

Using DEseq2, we identified 3,510 upregulated and 5,173
downregulated genes associated with MZB1 expression
(Figure 3a). GSEA revealed that these genes are involved
in DNA damage response and cell cycle regulation pathways
(Figure 3b) and potentially in steroid hormone response,
HIPPO, and WNT pathways (Figure 3c). These pathways
are associated with immunity and tumor proliferation,
suggesting that MZB1 may regulate tumor progression by
modulating immune responses and tumor proliferation.
Additionally, the PPI network indicated that MZB1 interacts
mainly with proteins related to the cell cycle and endo-
plasmic reticulum stress (Figure S1d). Therefore, differences
in endoplasmic reticulum stress-related proteins were

analyzed under different MZB1 expression states (Figure
S2a). The relationship between MZB1 and endoplasmic reti-
culum stress has not been reported, warranting further
experimental investigation. These findings highlight MZB1’s
role in targeted and immunotherapy strategies. This also
provides a direction for future in-depth mechanistic studies.

3.3 MZB1 has been detected in ovarian
cancer cells

Single-cell analysis of the ovarian cancer dataset GSE154600
showed MZB1 expression in both ovarian cancer cells and
immune cells, predominantly plasma cells, with relatively
lower expression in tumor cells (Figure 4a–c). This explains
the high MZB1 expression observed in bulk RNA sequencing
of ovarian cancer tissues. MZB1 in ovarian cancer cells may
directly impact tumor cells, while MZB1 in immune cells may
indirectly influence tumor progression by regulating the
function of the respective cells. Further analysis in multiple
ovarian cancer single-cell databases confirmed these findings
(Figure S2b). MZB1 exhibited broader expression in ovarian
clear cell carcinoma compared to other ovarian cancer types

Figure 3: MZB1 is involved in multiple signaling pathway responses: (a) differentially expressed genes shown by volcano plot; (b) GSEA pathways
related to DEGs; and (c) impact of pathway mutations on MZB1 expression.
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(Figure S2c; Table S1), highlighting the importance of further
investigating its role in this particular subtype of ovarian
cancer. The results suggest that MZB1 may regulate ovarian
cancer progression through multiple mechanisms by influen-
cing both ovarian cancer cells and immune cells in the TIME.

3.4 MZB1 plays a crucial role in the TIME of
ovarian cancer

Using ESTIMATE, TIMER, XCELL, and CIBERSORT algo-
rithms, we investigated the correlation between MZB1
and various immune cells in the ovarian cancer microen-
vironment (Figure 5a and b; Figure S3a and b). These cells
play a crucial role in the tumor microenvironment and are
an essential component of the TIME. MZB1 showed signifi-
cant positive correlations with B cells, T cells, and dendritic
cells (Figure S3c and d), which often exert anti-tumor
effects. High MZB1 expression correlated with increased
immune cell infiltration and higher immune scores, sug-
gesting MZB1’s positive regulatory role in the tumor immune
response, explaining the better prognosis for patients with
high MZB1 expression.

3.5 MZB1 inhibits the migration of SKOV3 by
affecting its proliferation

To investigate the role of MZB1 in ovarian cancer cells, we
conducted cellular assays. CCK-8 assay showed that MZB1
significantly affected SKOV3 cell proliferation (Figure 6a).
Overexpression of MZB1 inhibited cell proliferation, while
knockdown of MZB1 enhanced proliferative capacity. Wound
healing assays demonstrated that MZB1 knockdown enhanced
SKOV3 cell migration, while overexpression inhibited migra-
tion (Figure 6b). The results indicate that MZB1 within tumor
cells plays a role in suppressing tumor proliferation and
migration, functioning as a tumor suppressor gene.

3.6 miR-1193 is a potential upstream
regulatory molecule

Using TargetScan and mirDIP prediction tools, we identi-
fied miR-1193 as a potential upstream regulator of MZB1
(Figure S4a and b). miR-1193 is implicated in various bio-
logical processes and may modulate MZB1 expression.
Further studies are needed to elucidate the molecular

Figure 4: Expression of MZB1 in tumor cells and immune cells: (a) single-cell annotation plot; (b) single-cell expression of MZB1 in OV cohorts; and
(c) grid violin plot detailing the average expression distribution of MZB1 on each type of cell (tumor, immune, and stromal cells).
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mechanisms underlying miR-1193’s regulation of MZB1 and
its role in cancer pathways.

3.7 Exploration of the clinical application
value of MZB1

We explored MZB1’s clinical potential and found it valu-
able (AUC > 0.70) for diagnosing ovarian cancer (Figure 7a).

Cox regression analysis identified MZB1 as an independent
prognostic factor (Figure 7b). A prognostic nomogram
based on multivariable Cox regression analysis demon-
strated good discriminatory ability (C-index: 0.702,
0.680–0.724) and satisfactory calibration (Figure 7c and d).
This indicates that we have preliminarily developed a prog-
nostic prediction model with clinical application value. MZB1
holds significant clinical application potential in ovarian
cancer.

Figure 5:MZB1 is closely associated with the immune microenvironment. Estimate (a) and Timer (b) algorithms were used to calculate the correlation
between MZB1 expression and immune cells. Spearman; **p < 0.01; ****p < 0.0001.
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Figure 6: MZB1 inhibits the migration and proliferation of SKOV3 cells: (a) proliferative ability of SKOV3 assessed by CCK-8 assay; and (b) wound-
healing assays were conducted at 0 and 24 h in SKOV3 cells with MZB1 overexpression or knockdown. N = 3; *p < 0.05; **p < 0.01; ns.: no significance.
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4 Discussion

The present study establishes MZB1 as a novel prognostic
biomarker and therapeutic target in ovarian cancer
through multi-omics analyses and experimental validation.
Our findings reveal three key aspects of MZB1’s involve-
ment in ovarian carcinogenesis: (1) its tumor-suppressive
functions through direct modulation of cancer cell prolif-
eration/migration, (2) its critical immunomodulatory role
within the TIME, and (3) its unique expression patterns in
chemoresistant histological subtypes, particularly ovarian
clear cell carcinoma (OCCC). These insights significantly
extend the current understanding of MZB1’s multifaceted
roles beyond its established functions in autoimmune dis-
eases and other malignancies [13,15,16].

The clinical potential of MZB1 deserves substantial
attention, particularly in early disease diagnosis and prog-
nostic prediction, areas that remain significantly underex-
plored in current research [17–19]. Our multi-omics
approach demonstrated that elevated MZB1 expression
correlates with improved OS, DSS, and PFI. This prognostic

value remained significant after adjusting for clinicopatho-
logical variables in multivariate Cox regression, indicating
MZB1’s potential as an independent prognostic marker.
The functional basis for this observation was elucidated
through in vitro experiments showing that MZB1 knock-
down enhances SKOV3 cell proliferation and migration,
while overexpression exerts the opposite effects. These
results collectively position MZB1 as a tumor suppressor
in ovarian cancer. High MZB1 expression is an indepen-
dent favorable prognostic factor, also attributable to its
positive regulation within the ovarian cancer immune
microenvironment [20,21]. Therefore, it is crucial to inves-
tigate the features of TIME, immune status, and relevant
immunotherapy approaches to better understand the reg-
ulatory mechanisms of the immune microenvironment,
enabling precise immune intervention in tumors [22,23].

The TIME dynamically regulates MZB1 activity, which
in turn modulates cancer cell behavior [24,25]. Interest-
ingly, the observed upregulation of MZB1 in various
tumors presents an apparent paradox, given its docu-
mented tumor-suppressive properties. This phenomenon

Figure 7: The clinical value of MZB1: (a) diagnostic efficacy of MZB1 in ovarian cancer; (b) Forest plot showing MZB1 as an independent prognostic
factor; (c) establishment of OS nomogram; and (d) calibration curve for nomogram predictions.
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may be resolved by considering MZB1’s dual functionality
in immune regulation – while it directly suppresses malig-
nant cell migration through cancer cell-intrinsic mechan-
isms [26], it simultaneously engages in immunomodulatory
processes within the TIME. Our single-cell analysis revealed
MZB1 expression in both tumor cells and immune subsets,
while bulk RNA-seq correlations with immune infiltration
scores suggest dual roles in cancer cell biology and immune
modulation. ElevatedMZB1 expression in plasma cells, T cells,
and other immune cells in the TIME contributes to anti-tumor
effects and inhibits tumor progression [27,28]. Specifically,
MZB1 showed strong positive associations with anti-tumor
immune populations, including CD8+ T cells (p < 0 .001) and
dendritic cells (p < 0.001). The elevated immune scores in
MZB1-high tumors further support its role in fostering an
immunocompetent TIME, which may synergize with check-
point inhibitors – a hypothesis requiring validation in immu-
notherapy trials. Moreover, MZB1 may exert an anti-tumor
effect by activating the complement system, which aligns
with its role in various tumors [29].

A particularly intriguing finding was the elevated
MZB1 expression in OCCC, a subtype characterized by pla-
tinum resistance and poor outcomes [30]. OCCC exhibits
intrinsic resistance to platinum-based therapy, with
chemotherapy response rates ranging from 11 to 56%,
highlighting the need for advancements in targeted and
immunotherapy for this subtype [31]. Our analysis
revealed high MZB1 expression across various ovarian
cancer cell lines, particularly in OCCC, which contrasts
with our understanding that MZB1 is predominantly dis-
tributed in immune cells [32,33]. Our pathway analysis
showing MZB1’s involvement in HIPPO and WNT signaling
provides a plausible mechanism, as these pathways are
frequently dysregulated in OCCC. Notably, our GSEA links
phenotypic changes to MZB1’s regulation of DNA damage
response and cell cycle pathways, which aligns with recent
findings in colorectal cancer, where MZB1 deficiency pro-
motes genomic instability [15]. MZB1 is associated with
DNA repair pathways [34,35]. Altered expression of MZB1
in tumor cells is associated with DNA damage response and
cell cycle regulation, highlighting its multifaceted roles in
ovarian cancer and suggesting its potential as a therapeutic
target [36]. PARPi exhibits their effects against tumors with
DNA repair deficiencies [37]. MZB1’s association with DNA
damage repair response indicates its potential to predict
PARPi efficacy [38]. Developing drugs targeting MZB1, in
combination with PARPi, could improve treatment out-
comes for OCCC [39]. Furthermore, combining immune
checkpoint inhibitors with PARPi holds promise, and
MZB1 may serve as a predictive marker for this combina-
tion therapy [40].

Despite these advances, our study has limitations. First,
the overrepresentation of high-grade serous carcinoma in the
TCGA cohort necessitates validation in larger cohorts. Second,
the in vitro findings require confirmation through in vivo
models and mechanistic studies to delineate MZB1’s precise
roles in DNA repair versus immune modulation. Third, the
clinical applicability of the proposed nomogram needs
external validation across diverse populations.

5 Conclusion

In conclusion, MZB1 can inhibit tumor cell proliferation
and migration, thereby impacting ovarian cancer prog-
nosis and correlating with immune infiltration. Our study
elucidates the multifaceted roles of MZB1 in ovarian cancer
cells and the TIME, providing experimental evidence that
supports its potential as a therapeutic target. We developed
a prognostic model incorporating MZB1, significantly
enhancing predictive accuracy for patient outcomes and
providing clinicians with powerful tools to develop tai-
lored treatment strategies. Moving forward, we anticipate
that further research will clarify the specific mechanisms
by which MZB1 influences ovarian cancer progression, ulti-
mately advancing its clinical translation and application in
ovarian cancer treatment.
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