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Loss of LECT2 promotes ovarian cancer progression by
inducing cancer invasiveness and facilitating an
immunosuppressive environment
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Leukocyte cell-derived chemotaxin 2 (LECT2) is a multifunctional cytokine that can bind to several receptors and mediate distinct
molecular pathways in various cell settings. Changing levels of LECT2 have been implicated in multiple human disease states,
including cancers. Here, we have demonstrated reduced serum levels of LECT2 in patients with epithelial ovarian cancer (EOC) and
down-regulated circulating Lect2 as the disease progresses in a syngeneic mouse ID8 EOC model. Using the murine EOC model, we
discovered that loss of Lect2 promotes EOC progression by modulating both tumor cells and the tumor microenvironment. Lect2
inhibited EOC cells’ invasive phenotype and suppressed EOC’s transcoelomic metastasis by targeting c-Met signaling. In addition,
Lect2 downregulation induced the accumulation and activation of myeloid-derived suppressor cells (MDSCs). This fostered an
immunosuppressive microenvironment in EOC by inhibiting T-cell activation and skewing macrophages toward an M2 phenotype.
The therapeutic efficacy of programmed cell death-1 (PD-1)/PD-L1 pathway blockade for the ID8 model was significantly hindered.
Overall, our data highlight multiple functions of Lect2 during EOC progression and reveal a rationale for synergistic
immunotherapeutic strategies by targeting Lect2.
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Graphical Abstract

INTRODUCTION
Epithelial ovarian cancer (EOC) remains one of the most significant
clinical challenges in medicine. Most EOC cases are discovered

when the primary tumor is disseminated via the transcoelomic
route [1]. At staging laparotomy, approximately 70% of patients
have multifocal intraperitoneal metastasis and malignant ascites.

Received: 12 July 2023 Revised: 3 December 2023 Accepted: 5 December 2023
Published online: 4 January 2024

1Department of Obstetrics and Gynecology, National Taiwan University Hospital, College of Medicine, National Taiwan University, Taipei, Taiwan. 2Department of Obstetrics and
Gynecology, National Taiwan University Hospital Hsin-Chu Branch, Hsin-Chu City, Taiwan. 3Graduate Institute of Toxicology, College of Medicine, National Taiwan University,
Taipei, Taiwan. 4Department of Medical Education and Research, Wan Fang Hospital, Taipei Medical University, Taipei, Taiwan. 5Division of General Surgery, Department of
Surgery, Wan Fang Hospital, Taipei Medical University, Taipei, Taiwan. 6Division of Colorectal Surgery, Department of Surgery, Wan Fang Hospital, Taipei Medical University,
Taipei, Taiwan. 7Department of Epidemiology, Geisel School of Medicine at Dartmouth, Lebanon, NH 03756, USA. 8Department of Surgery, National Taiwan University Hospital,
Taipei 100, Taiwan. 9Genomics Research Center, Academia Sinica, Taipei, Taiwan. 10Department of Medical Research, China Medical University Hospital, China Medical University,
Taichung, Taiwan. 11These authors contributed equally: Chin-Jui Wu, Ke-Fan Pan. ✉email: kthua@ntu.edu.tw; weilh1966@gmail.com

www.nature.com/oncOncogene

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41388-023-02918-w&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41388-023-02918-w&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41388-023-02918-w&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41388-023-02918-w&domain=pdf
http://orcid.org/0000-0002-0675-2954
http://orcid.org/0000-0002-0675-2954
http://orcid.org/0000-0002-0675-2954
http://orcid.org/0000-0002-0675-2954
http://orcid.org/0000-0002-0675-2954
http://orcid.org/0000-0002-0178-1772
http://orcid.org/0000-0002-0178-1772
http://orcid.org/0000-0002-0178-1772
http://orcid.org/0000-0002-0178-1772
http://orcid.org/0000-0002-0178-1772
http://orcid.org/0000-0002-1598-8811
http://orcid.org/0000-0002-1598-8811
http://orcid.org/0000-0002-1598-8811
http://orcid.org/0000-0002-1598-8811
http://orcid.org/0000-0002-1598-8811
http://orcid.org/0000-0001-8529-9213
http://orcid.org/0000-0001-8529-9213
http://orcid.org/0000-0001-8529-9213
http://orcid.org/0000-0001-8529-9213
http://orcid.org/0000-0001-8529-9213
http://orcid.org/0000-0002-8468-4977
http://orcid.org/0000-0002-8468-4977
http://orcid.org/0000-0002-8468-4977
http://orcid.org/0000-0002-8468-4977
http://orcid.org/0000-0002-8468-4977
http://orcid.org/0000-0001-8789-0859
http://orcid.org/0000-0001-8789-0859
http://orcid.org/0000-0001-8789-0859
http://orcid.org/0000-0001-8789-0859
http://orcid.org/0000-0001-8789-0859
https://doi.org/10.1038/s41388-023-02918-w
mailto:kthua@ntu.edu.tw
mailto:weilh1966@gmail.com
www.nature.com/onc


About 75% of patients with advanced EOC develop recurrent
disease, which is generally not curable [2]. New treatment
strategies and paradigms are still urgently needed for EOC.
Immune checkpoint blockade (ICB) antibodies can unleash anti-

tumor immunity and mediate durable cancer regressions in
patients with various malignancies. However, the results of
multiple studies of ICB therapy in advanced EOC have been
disappointing, and EOC remains cancer with no ICB-specific
approvals. Immune rejection of EOC has been demonstrated in
several pre-clinical animal models; correlative human studies in
patients with EOC strongly support the role of immune system
involvement in patient outcomes [3]. An evolving understanding
of the mechanisms driving low response rates to ICB in EOC,
including tumor cell-intrinsic features such as low total tumor
burden (TMB) and lack of an inflammatory gene expression profile
[4], suppressed major histocompatibility complex protein

expression [5], as well as a generalized immunosuppressive tumor
immune microenvironment [6]. Studies addressing these issues
are much needed to provide insights into developing novel
therapeutic strategies for EOC.
Human leukocyte cell-derived chemotaxin 2 (LECT2) is a 16 kDa

secreted protein initially identified as a chemotaxin of neutrophils
[7]. LECT2 protein is found mainly in the cytoplasm of human
hepatocytes before secretion [8]. Lect2-deficient mice livers have
increased invariant natural killer T cells(iNKT) and excessive IL-4
and Fas ligand expression, suggesting an anti-inflammatory action
of Lect2 [9]. The human LECT2 gene has been mapped to
chromosome 5q31.1-q32, a cluster harboring several genes
encoding immunomodulatory cytokines. Previous studies demon-
strated that LECT2 improves protective immunity in bacterial
sepsis, possibly due to enhanced macrophage functions via the
CD209a receptor [10]. Clinical and animal model evidence
supports a tumor-suppressive role of LECT2 in cancer, particularly
hepatocellular carcinoma [11, 12]. However, the pathologic role of
LECT2 in other cancer types is unclear and left largely unexplored.
Substantial data support the presence of immune cell infiltra-

tion in EOC and its microenvironment. Large numbers of
monocytes/macrophages are present in the ascitic fluid, which
may comprise 50% or more of the mononuclear leukocyte
population. In contrast, the proportion of T-lymphocytes is usually
below 40% [13]. Evidence suggests that infiltrating immune cells
may enhance immunity or tumor growth and progression.
Furthermore, we and our colleagues have found that LECT2
directly binds to the α chain of the MET extracellular domain and
inhibits MET signaling by recruiting PTP1B [12]. The activation of
hepatocyte growth factor (HGF)/mesenchymal-epithelial transition
factor (c-MET) signaling promoted peritoneal dissemination and
invasion of EOC and was associated with a poor prognosis [14, 15].
Through this observation, we explore the potential role of LECT2
in EOC and map out its action in EOC progression.

RESULTS
Reduction of circulating LECT2 was significantly associated
with EOC progression in humans and a syngeneic
mouse model
We examined the amount of circulating LECT2 protein in the
serum collected from 84 EOC patients and 33 healthy volunteers.
Clinical and pathological characteristics of patients with EOC are
shown in Supplementary Table 2. The level of serum LECT2
protein was significantly lower in the EOC patients than in the
healthy women (P < 0.0001; Fig. 1A). Additionally, when we
grouped EOC patients according to whether they had malignant
ascites, an even tinier amount of serum LECT2 was detected in
those patients with malignant ascites (P < 0.0001; Fig. 1B). Next,
we monitored the serum concentration of Lect2 in an
ID8 syngeneic mouse EOC model. The serum Lect2 level remained
stable in the 98.5 ± 8 ~ 108 ± 12.4 ng/ml during the first five weeks
after intraperitoneal inoculation of ID8/Luc cells. In this period, the
in vivo luciferase images show relatively weak and focused signals
compared with solid and dispersed signals taken after injection.
Notably, we discovered that the serum Lect2 concentration
started to drop significantly beginning in the 6th week
(P < 0.0001) after injection, accompanied by increased luciferase
signals in the peritoneal cavity (Fig. 1C).

Lect2 deletion promoted transcoelomic metastasis and
malignant ascites formation in mice with EOC
We evaluated the tumor development of ID8/Luc cells in Lect2-
deficient C57BL/6J mice (Lect2+/− and Lect2−/−) and in their wild-
type littermates (Lect2+/+). Notably, the tumor burden was
significantly higher in the Lect2−/− mice after 45 days of inoculation
than in the wild-type (P < 0.05) or the heterogeneous mice (P < 0.05;
Fig. 2A). In addition, considerably more ascites, which were highly
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associated with the advanced disease status of EOC, can be
observed in Lect2−/− mice than in Lect2+/+ or Lect2+/− mice
(P < 0.01; Fig. 2B). The metastatic tumors distributed in the
abdominal cavity, including those on the peritoneum, mesentery,
and diaphragm, were significantly more than those in the Lect2+/−

or Lect2+/+ mice (P < 0.01; Fig. 2C). Moreover, the ID8 tumors
developed in the Lect2−/− mice show a prominent invasive front
and spread into the surrounding tissues, while tumors in Lect2+/−

and Lect2+/+ mice have smaller sizes and a smoother front (Fig. 2D).
To further examine whether manipulating Lect2 levels may benefit
EOC, we established ID8/Luc cells with Lect2 stably overexpression.
We subjected them to the intraperitoneal injection model of EOC

inoculation with Lect2+/+ mice. Compared to the control group, the
ID8/Lect2 group had a significantly smaller tumor burden (P < 0.01),
less peritoneal seeding metastases, and more limited ascites
formation (P < 0.05) (Fig. 2E–G). Our results demonstrated the
significant role of Lect2 in suppressing EOC progression.

Lect2 regulated EOC cell adhesion, migration, and invasion by
inhibiting c-Met signaling
C-Met overexpression has a significant prognostic impact on EOC
[15, 16]. We have previously discovered that LECT2 acts as an
antagonist of c-Met in hepatocellular carcinoma [12]. Thus, we
investigated if Lect2 influences the aggressive phenotype of EOC
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through effective inhibition of c-Met-mediated signaling. We
observed more ID8 cells adhering to the peritoneum and
mesentery in the Lect2−/− mice at 24 h (Fig. 3A). The recombinant
LECT2/Lect2 (rLECT2/rLect2) proteins significantly suppressed the
adhesive potential of human and murine EOC cells, the SKOV-3
and ID8 cells, respectively, to different extracellular components
(Fig. 3B). Besides, the selective c-Met kinase inhibitor
SU11274 suppressed the adhesion abilities of both EOC cell
models. rLECT2/rLect2 also diminished the HGF-induced c-Met
phosphorylation and the downstream signaling molecules,
phosphorylated AKT and ERK, in SKOV-3 and ID8 cells (Fig. 3C).

Notably, rLECT2/rLect2 proteins also significantly suppressed the
HGF-induced migration, invasion, and adhesion of SKOV-3 and ID8
cells (Fig. 3D and Supplement Fig. 1).

Targeting the c-Met signaling pathway suppresses EOC
metastasis in Lect2−/− mice
Next, we examined the c-Met phosphorylation levels of the
peritoneal tumors obtained in mice with different Lect2 geno-
types. The Western blot and immunohistochemical staining
demonstrated that the phosphorylated c-Met levels were higher
in cancer obtained from Lect2−/− mice than Lect2+/+ or Lect2+/-
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mice (Fig. 4A, B). The classical c-Met downstream signaling
molecules, including p-Akt and p-Erk, were higher in the tumor
specimens removed from Lect2−/− mice (Fig. 4A). We showed that
the treatment of Cabozantinib, a potent c-Met inhibitor, sig-
nificantly inhibited the ID8 tumor burden in the peritoneal cavity
of Lect2−/− mice (P < 0.05; Fig. 4C). Cabozantinib also drastically
eliminated ID8 tumor seeding of the peritoneum, mesentery, and
diaphragm in Lect2−/− mice (Fig. 4D). Moreover, significantly lower
ascites formation was observed in the Cabozantinib treatment
Lect2−/− mice compared with the vehicle treatment group
(P < 0.05; Fig. 4E).

Loss of Lect2 facilitated tumor-promoting inflammation and
immunosuppression during EOC progression
We further investigated whether Lect2 possesses immunostimu-
latory properties and suppresses cancer-promoting inflammation
of EOC using a syngeneic ID8 mouse model. Along with the loss of
Lect2 during EOC progression, serum levels of immunosuppres-
sive (IL-10, IL-13, and IL-4) and pro-inflammatory (IL-6, TNF-α, and
IL-1β) cytokines significantly increased as the disease progressed
(Fig. 5A). FACS analysis revealed an influx of F4/80+CD11b+

inflammatory monocytes in peritoneal lavage from Lect2−/− and
Lect2+/+ mice. Notably, we discovered an enrichment of CD206+

cells in Lect2−/− mice compared to Lect2+/+ mice (Fig. 5B).
Moreover, a more robust accumulation of CD206+ cells in ascites
was present in Lect2−/− EOC compared with the Lect2+/+ EOC

model (Fig. 5C), indicating the polarization of immunosuppressive
M2-like TAMs infiltrating in Lect2−/− EOC (P < 0.05; Fig. 5D).
Furthermore, previous studies have highlighted MDSCs as critical
drivers of immunosuppression in EOC, and increased MDSCs in
EOC are associated with poor prognosis [17]. So, we characterized
inflammatory monocytes and analyzed MDSC subsets in Lect2−/−

EOC. We found a more substantial accumulation in CD45b+/
CD11b+ myeloid cells in Lect2−/− EOC compared with Lect2+/+

EOC. Upon flow cytometry gating, we verified a higher abundance
of Ly6C+/Ly6G− cells (M-MDSCs) (Fig. 5E). Notably, whereas the
percentage of M-MDSCs in Lect2−/− EOC was higher than in
Lect2+/+ EOC (P < 0.01), the proportion of PMN-MDSCs (Ly6C-/
Ly6G+) remained unchanged (P= 0.82; Fig. 5F).

Lect2 altered gene expression of MDSC via the CD209a
receptor and directly inhibited MDSC-mediated T-cell
suppression
To test the immunosuppressive effect of these MDSCs, we
demonstrated that including MDSCs significantly suppressed
Anti-CD3/Anti-CD28 mediated T-cell activation (P < 0.001;
Fig. 6A). We further revealed that Arg-1 (P < 0.001), NOX-2
(P < 0.05), TGF-β (P < 0.05), and PD-L1 (P < 0.05) were significantly
higher from Lect2−/− EOC than Lect2+/+ EOC (Fig. 6B), supporting
their potential for inhibiting the tumor-infiltrating lymphocytes
and silencing the immune response. In line with these findings,
the accumulation of ascites CD4+ T cells (P < 0.05) and CD8+
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T cells (P < 0.001) were significantly reduced in Lect2−/− EOC
compared with Lect2+/+ EOC in both number and proportion,
while the level of Treg (P= 0.33) remained unchanged (Fig. 6C, D).
We next determined whether Lect2 would modify immunor-

egulatory programs of MDSCs in vitro. Figure 7A demonstrates
that the immunosuppressive profiles of MDSCs, including Arg-1
(P < 0.05), NOX-2 (P < 0.01), TGF-β (P < 0.05), and PD-L1 (P < 0.05),
were significantly reduced by Lect2 supplement in the culture
medium. Co-treatment of Lect2 significantly rescued MDSC-

inhibited T-cell activation (Fig. 7B). Furthermore, Lect2 mainly
interacts with two receptors, CD209a and c-Met. We identified a
substantial expression of CD209a in MDSCs (Fig. 7C), whereas
c-Met was not typically expressed in these cells (data not shown).
To further demonstrate whether Lect2/CD209a axis mediated
Lect2-induced MDSC immune modulation, CD209a expression
was knocked down by transfection of MDSC with CD209a-specific
siRNA (Fig. 7D). The lack of CD209a significantly prohibited Lect2-
mediated NOX-2, Arg-1, and PD-L1 expression in MDSCs (Fig. 7E).
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Loss of Lect2 hindered the anti-cancer activity of immune
checkpoint inhibitors
We examined splenic immune response in EOC tumor-bearing mice.
While there was a significant increase in spleen weight in Lect2+/+

EOC compared to non-tumor-bearing Lect2+/+ mice (P < 0.01), no
significant differences were observed between Lect2−/− EOC and
non-tumor-bearing Lect2−/− mice. Apparent discrepancies occurred
with spleen weight when comparing Lect2−/− EOC to Lect2+/+ EOC
(P < 0.05; Fig. 8A). Specifically, there was a substantial increase of T
cells in the spleen from Lect2+/+ EOC compared to their non-tumor-
bearing counterparts (P < 0.01; Fig. 8B), while splenic T-cell
recruitment in Lect2−/− EOC was negligible. In comparison, B cell
recruitment in the spleen was not remarkable in tumor-bearing
Lect2+/+ and Lect2−/− mice (Fig. 8B). A lentiviral vector encoding the
secreted mouse Lect2 protein was introduced into the ID8 cells in
this context. Overexpression of Lect2 resulted in a significant
increase of ascitic CD4+ (P < 0.05) and CD8+ (P < 0.001) T cells in

Lect2−/− EOC (Fig. 8C). In turn, the ID8 tumor burden of Lect2−/−

mice was significantly reduced upon Lect2 overexpression compared
to the vector control (P < 0.01; Fig. 8D). Previous studies have
reported that PD-1 or PD-L1-blockade therapy causes regression of
ID8 EOC tumors [18]. We next tested whether the reduction of Lect2-
mediated immune decline in the tumor microenvironment could
impair PD-1/PD-L1 immunotherapy for EOC tumors. Two weeks after
the initiation of therapy, treatment of α-PD-L1 antibody resulted in
significant tumor inhibition in Lect2+/+ EOC (P < 0.05) in contrast to
the tumor development in Lect2−/− EOC (P < 0.05), demonstrating a
significant difference in early tumor response to PD-L1blockade
between Lect2+/+ EOC and Lect2−/− EOC (P < 0.01; Fig. 8E). Blockade
of PD-L1 resulted in tumor rejection in 20% (3 of 15) of the Lect2+/+

EOC mice, leading to significantly longer survival (P< 0.05; Fig. 8F). In
contrast, α-PD-L1 antibody did not elicit rejection of Lect2−/− EOC;
tumors and ascites rapidly accumulated at approximately 28 days,
leading to death at 63 to 70 days (P= 0.13; Fig. 8G).
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DISCUSSION
Accumulating evidence supports a tumor-suppressive role of LECT2,
given that uncontrolled inflammation is involved in cancer
progression. LECT2 is mainly synthesized in the liver and secreted
into the blood [8]. It should come as no surprise that LECT2 initially
became a protein of interest in the carcinogenesis of HCC.
Nevertheless, the precise functions and mechanisms of LECT2 in
non-hepatic malignancies have been left unexplored and remain to
be determined. In our cohort of EOC patients and a syngeneic
murine EOC model, we demonstrated an increase in down-
regulated LECT2 expression as the disease progressed. Previous
studies have suggested that EOC cells can secrete various
substances, including lipids, cytokines, hormones, and exosomes,
to create pre-metastatic niches and modulate immunosurveillance
[19, 20]. Future studies are warranted to explore the underlying
mechanisms in this regard. Here, we showed that LECT2 inhibits EOC
cell invasiveness by targeting HGF/c-Met signaling. More impor-
tantly, we revealed that LECT2 controls EOC progression, targeting
the immune microenvironment. Using the murine ID8 EOC model,
we verified that Lect2 directly acts on immature myeloid cells and
that loss of Lect2 fosters MDSCs, together with M2-polarized
macrophages, impairs innate and adaptive anti-tumor immunity.
Indeed, we provided evidence that loss of Lect2 substantially impairs
the therapeutic efficacy of checkpoint blockade in cancer immu-
notherapy for murine ID8 EOC, which suggests that loss of Lect2
poses a significant obstacle to EOC immune therapy.
We have previously identified that LECT2 directly binds to the α-

chain of the c-Met receptor and induces a phosphatase-
dependent inhibition of HGF/c-Met signaling in HCC [12]. C-Met
is overexpressed in lung, breast, ovary, colon, and pancreas
cancers, among others [21], suggesting the LECT2/c-Met regula-
tory axis may be a common pathway in human cancers. Indeed,
LECT2 was found to suppress tumor metastasis by targeting the
HGF/c-Met signaling in pancreatic ductal adenocarcinoma (PDAC)
[22]. Also, we have recently characterized a suppressive role of
LECT2 in non-small cell lung cancer (NSCLC) progression via
antagonizing c-Met and epidermal growth factor receptor (EGFR)
[23]. In line with these findings, we observed a significant impact
of LECT2 on the HGF/c-MET signaling in EOC cells and the
abrogation in cell adhesive, migratory, invasive, and metastatic
potentials of EOC cells. Given that c-Met targeting is essential in
inhibiting the aggressive properties of EOC where HGF signaling is
constitutively activated, LECT2 may have the potential to serve as
an alternative strategy in developing c-Met antagonists in addition
to the current small molecule inhibitors.
Angiogenesis is essential for tumor expansion and transcoe-

lomic metastasis of EOC. Vascular endothelial growth factor (VEGF)
selectively accumulates in ascites and occurs in advanced stages
of EOC, holding a pivotal role in the angiogenic process of EOC,
mainly by regulating neovascularization and vascular permeability.
In EOC, the anti-angiogenic potential of LECT2 has been
addressed. HGF stimulates endothelial cells directly through the
c-MET receptor and indirectly by facilitating the expression of
other angiogenic factors represented by VEGF [24]. VEGFR2 and
Tie1 have been proposed as membrane receptors of LECT2 in
endothelial cells [25, 26]. Besides, the formation of malignant
ascites is partly the result of an immunogenically induced host
response to intraperitoneal metastases. We found that the loss of
Lect2 enriches ascitic CD206+ TAMs in the murine EOC model.
CD206+ TAMs are intensely involved in EOC tumor angiogenesis
and ascites formation in mice [27], in line with our current data
showing that CD206+ TAMs accelerated the growth of ID8
peritoneal tumors and ascites formation in Lect2−/− mice.
Although further investigations are required, our finding of a
significant decrease in ascites volume in tumor-bearing mice with
high Lect2 levels suggests that maintaining the amount of
regional or circulating Lect2 may help ease the ascites formation
by acting on these receptors.

Our data demonstrate that Lect2 disrupts the homeostasis of
the immune environment in the ID8 EOC model. Macrophages are
a significant component of the leukocyte infiltrates present in EOC
and orchestrate cancer-related inflammation [28]. Consistent with
previous reports that HGF-cMet signaling shifts M1 macrophages
toward an M2-like phenotype [29], our data show that loss of
Lect2 contributes to M2-subtype TAM polarization, which might
result in taming adaptive protective immunity and paving the way
to metastasis [28]. Several clinical studies have reported that low
M2 TAM density was associated with an increase in progression-
free survival and overall survival in advanced EOC, and extended
survival was observed for patients with a high ratio of M1 (HLA-
DR+/iNOS+) to M2 (CD163+/VEGF+) TAMs in EOC [30]. TAMs have
been shown to hamper T-cell responses in EOC by expressing
immune checkpoints like B7-H4 and PD-1, exacerbating an
immunosuppressive environment [31, 32].
Tissue-resident macrophages have distinct functions in promoting

transcoelomic metastasis of EOC [33]. However, it has long been
held that monocyte-derived macrophages serve as a reservoir for
macrophage replenishment and are recruited during tumorigenesis
[23, 34]. Our data demonstrated that M-MDSC enriches the ascites
microenvironment of Lect2−/− EOC, suggesting they could function
as the Tumor associated macrophages (TAM) precursor. Moreover,
the salient features of MDSC are their ability to inhibit T-cell function
and secrete various pro-inflammatory mediators and growth-
stimulating cytokines, indicating that MDSC is the critical driver of
immunosuppression in EOC [35]. Like many other types of human
cancers, high levels of MDSC in human EOC, specifically M-MDSC,
have also been associated with poor prognosis [17, 36]. Different
pathways are involved in recruiting monocytes/macrophages into
distinct tumor microenvironments. In EOC, for example, both
CXCL12/CXCR4 and VEGF/VEGFR2 pathways have been shown to
attract MDSC into the ascites microenvironment [36, 37]. Thus, it is
conceivable that LECT2 may suppress MDSC accumulation triggered
by the VEGF signaling in EOC. An alternative possibility is that LECT2
may interfere with MDSC expansion through c-Met signaling, with
supportive evidence from previous studies demonstrating that the
HGF/c-Met pathway triggers MDSC expansion from multipotent
human mesenchymal stromal cells [38].
The generation of MDSC requires the pathological activation of

immune regulatory programs to inhibit adaptive immunity. During
unresolved inflammation in cancer, the most prominent biochem-
ical features implicated in MDSC suppressive activity include
increased expression of Arg1, iNOS, NOX-2, and primarily anti-
inflammatory cytokines [39–43]. Our data showed that patholo-
gical activation of MDSC, when exposed to the EOC-conditioned
media, resulted in the expression of Arg1, iNOS, NOX-2, and TGF-β.
We found that the presence of Lect2 significantly inhibits Arg1,
NOX-2, and TGF-β expression in MDSC, suggesting Lect2 directly
suppresses pathological activation of MDSC, through membrane
CD209a signaling. In addition to IL-10 and VEGF in the EOC tumor
microenvironment [44], our results indicate that Lect2 is another
novel modulator of PD-L1 expression in MDSC. Overall, these
alterations may reduce reactive oxygen species (ROS) and prevent
L-Arg depletion, leading to an increase in the expression of the
T-cell receptor and restoration of T-cell responses [45, 46].
In EOC, myeloid cells are one of the critical determinants of

immune suppression. Loss of Lect2 fosters the accumulation/
activation of M-MDSC, leading to the presence of M2-like TAMs
and pro-tumorigenic cytokines (IL-4, IL-6, IL-10, and TGF-β) that
can impair the activity of T cells in the fight against cancer. PD-1 is
one of the most potent examples of T-cell immune checkpoint
molecules and has been successfully targeted to treat various
recalcitrant cancers. The PD-1 pathway is highly relevant and is
active early in establishing the murine ID8 EOC model. Blockade of
the PD-1/PD-L1 pathway prevents immune decline in the EOC
microenvironment and causes tumor regression [18]. However,
our data demonstrated that the efficacy of PD-1/PD-L1 blockade in
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preventing immune decay and tumor rejection significantly
diminished in Lect2−/− mice, suggesting multiple immunological
brakes need to be lifted to augment the effective immune system
response against EOC. These observations indicate the pivotal role
of Lect2 in the interplay between innate and adaptive immunity
for successful immunotherapy in EOC.
In summary, we have elucidated an emerging role of LECT2 in

EOC, which suppresses tumor progression. LECT2 can bind directly
to several receptors and mediate distinct molecular pathways in
various cell settings. Decreased expression of LECT2 during EOC
progression has profound effects on both tumor cells and tumor
microenvironment and potentially impedes the success of
immunotherapy in EOC. While unknown mechanisms and
interactions still necessitate further research, our findings offer
insights into developing a novel therapeutic strategy for EOC. In
this context, reintroducing LECT2 is a rational approach to
efficiently circumvent the immunosuppressive EOC tumor micro-
environment and thus boost the likelihood of response to
immune checkpoint blockade.

MATERIALS AND METHODS
Cell culture
The human ovarian cancer cell line SKOV-3 and human liver cell line SK-Hep1
were obtained from the American Type Culture Collection. The mouse
epithelial ovarian cancer cell line ID8 was obtained from Dr. Kathy Roby (The
University of Kansas Medical Center). SKOV-3 cells were grown in McCoy’s 5A
(Sigma M4892) medium containing 10% fetal bovine serum (FBS) (Life
Technologies). ID8 cells were cultured in DMEM medium supplemented with
10% FBS and 1×insulin/transferrin/selenium (ITS) (Sigma I1884). SK-Hep1 cells
were grown in DMEM medium containing 10% fetal bovine serum (Life
Technologies). All cells were grown in a humidified incubator with 5% CO2 at
37 °C. All cells were routinely authenticated based on morphologic and
growth characteristics and by a short tandem repeat (STR) analysis and
confirmed to be free of mycoplasma.

RNA isolation and reverse transcription polymerase chain
reaction
According to the manufacturer’s instructions, total RNA from cells was
isolated using TRIzol reagent (Invitrogen), and cDNA was synthesized from
1 μg TRIzol-extracted RNA from each sample using the iScriptTM cDNA
synthesis kit (BioRed); quantitative reverse transcription-PCR was carried
out using the KAPA SYBR® FAST One-Step qRT-PCR Master Mix (2X) Kit
(KK4650) and Bio-Rad iQ5 detection system. Forward and reverse primers
are shown in Supplementary Table 1. Gene expression values were
calculated relative to GAPDH expression for each sample.

Western blot and immunohistochemical staining analysis
Cells were lysed in NETN lysis buffer containing a protease inhibitor
cocktail (Sigma). Equal amounts of proteins were separated by SDS-PAGE
and transferred to a polyvinylidene fluoride membrane. After blocking,
Western blot analysis was carried out using the following primary
antibodies: Met (#4560, Cell Signaling), phospho-Met (1234/1235) (#3077,
Cell Signaling), Akt1 (sc-8312, Santa Cruz), p-Akt1 (sc-33437, Santa Cruz),
Erk1 (sc-93, Santa Cruz), p-Erk1/2 (sc-16982, Santa Cruz), and α-tubulin
(T5168, Sigma-Aldrich). IHC staining of phospho-Met was carried out with
anti-p-Met (1234/1235) (#3077, Cell Signaling).

Lect2-knockout (KO) mice
Lect2-KO mice were produced as described previously [9] and kindly
provided by Dr. Yamagoe (National Institute of Infectious Diseases, Tokyo,
Japan). Heterozygous mice (Lect2+/−) were intercrossed to generate mice
with different genotypes in the National Laboratory Animal Center (Tainan,
Taiwan). Littermates were genotyped and divided into groups.

Allograft mouse model
Protocols for all animal studies were approved by the National Taiwan
University College of Medicine Institutional Animal Care and Use
Committee. Six to eight weeks old female Lect2+/+, Lect2+/−, and
Lect2−/− mice (C57BL/6J background) were used and randomly grouped

for peritoneal dissemination assays. 5 × 106 ID8/luciferase (ID8/Luc) cells
were suspended in PBS and intraperitoneally injected into the mice. The
sample size of 8 in each group was calculated to have an 80%
probability of showing a statistically significant difference (P < 0.05).
There are no bindings to the investigators. The tumor burden was
monitored and quantified using a non-invasive bioluminescence system
(IVIS-Spectrum). Seven to ten weeks after the injection, the mice were
sacrificed, and the ascites of each mouse were collected and measured.
The number of tumor nodules in the abdominal cavity was counted in
multiple experiments. The calculations encompass all nodules within the
peritoneal cavity, spanning the diaphragm, mesentery, and peritoneum.
A portion of nodules from each was resected for Western blotting
analysis. For survival analysis, 200 μg anti-mouse PD-L1 (programmed
death-ligand 1) (BioCell BE0101) was injected four times/week for four
weeks into the ID8/Luc-bearing mice. The mice were monitored to
establish a 13-week survival curve, and the surviving mice were
sacrificed after completing the experiments.

T-cell suppression assay
A single-cell suspension was prepared from the spleens of C57BL/6 mice,
and CD8α+ T cells were isolated using the EasySep mouse CD8α+ T-Cell
Isolation Kit (Stem Cell Technology). Sorted T cells were labeled with
carboxyfluorescein diacetate succinimidyl ester (CFSE, Invitrogen) and
plated at 1 × 105 cells /well in 96-well plates. And then, the cells were
stimulated with 2 µg/ml CD3ε (eBioscience), 1 µg/ml CD28 (eBioscience),
1 µl/ml anti-CD3/anti-CD28 beads (Invitrogen). Enriched Ly6G+ or Ly6C+

myeloid-derived suppressor cells (MDSCs) were obtained using the
Myeloid-Derived Suppressor Cell Isolation Kit (Miltenyi Biotec) from spleens
of C57BL/6 mice inoculated with ID8 cells for 6 weeks. Sorted MDSCs were
added to the stimulated T cells at a 2:1 ratio of MDSCs (2 × 105) to T cells
(1 × 105). After 72 h, dilution of CFSE was detected by flow cytometry as a
measure of T-cell proliferation. To that end, T cells were additionally
stained with anti-CD3-APC (Biolegend). Data was collected using the LSRII
flow cytometer (BD Biosciences) and analyzed with FlowJo V10.6 (Tree Star
Inc.). For the Lect2 functional test, we added recombinant mouse Lect2
protein (Origene) to the well (80 ng/ml).

Cell surface and intracellular staining by flow cytometry
Cells were subjected to fluorescence-activated cell sorting (FACS) analysis
with specific antibodies. The antibodies used for cell surface staining were:
anti-mouse CD45 and anti-mouse CD206 (TONBO); anti-mouse CD11b,
anti-mouse CD11c, anti-mouse CD8, anti-mouse F4/80, and anti-mouse
CD209a (eBioscience); anti-mouse CD4, anti-mouse CD3, anti-mouse Ly6C,
and anti-mouse Ly6G (Biolegend). Data were acquired with an LSRII flow
cytometer (BD Biosciences) and analyzed with FlowJo V10.6 (Tree Star Inc.).

Mouse Lect2 treated MDSCs
5 × 105 ID8 cells were seeded in a 10 cm dish and cultured with RPMI 1640
medium for 48 h to generate an ID8-conditioned medium. The MDSCs of
the spleen of Lect2+/+ female mice were cultured for 48 h in RPMI 1640
medium with 10% FBS, 1% penicillin, and streptomycin, and to the
medium was added BSA or Lect2 recombinant protein in 24-well plates.
After 48 h, the medium was replaced with ID8-conditioned medium and
replenished with BSA or Lect2 recombinant protein for another 48 h; the
MDSCs were then harvested to extract the mRNA to run qPCR.

Ascites analysis
A written informed consent for participation was obtained from all patients
and healthy volunteers. The study was authorized by the local ethics
committees of the National Taiwan University Hospital (Taipei, Taiwan).
Ascites aspirated were collected and sent for the concentration of LECT2.

Statistical analysis
The data were presented as the mean ± standard deviation (SD). The
Student’s t-test was used to compare data between the two groups.
Statistical analyses of clinicopathological data were performed by the chi-
square exact test. P values of less than 0.05 were statistically significant.

DATA AVAILABILITY
The data that support the findings of this study are available from the corresponding
author, LHW, upon reasonable request.

C. Wu et al.

521

Oncogene (2024) 43:511 – 523



REFERENCES
1. Güth U, Huang DJ, Bauer G, Stieger M, Wight E, Singer G. Metastatic patterns at

autopsy in patients with ovarian carcinoma. Cancer. 2007;110:1272–80.
2. Baldwin LA, Huang B, Miller RW, Tucker T, Goodrich ST, Podzielinski I, et al. Ten-

year relative survival for epithelial ovarian cancer. Obstet Gynecol.
2012;120:612–8.

3. Hwang WT, Adams SF, Tahirovic E, Hagemann IS, Coukos G. Prognostic sig-
nificance of tumor-infiltrating T cells in ovarian cancer: a meta-analysis. Gynecol
Oncol. 2012;124:192–8.

4. Yarchoan M, Hopkins A, Jaffee EM. Tumor mutational burden and response rate
to PD-1 inhibition. N Engl J Med. 2017;377:2500–1.

5. Lee YS, Kim TE, Kim BK, Park TG, Kim GM, Jee SB, et al. Alterations of HLA class I
and class II antigen expressions in borderline, invasive and metastatic ovarian
cancers. Exp Mol Med. 2002;34:18–26.

6. Luo X, Xu J, Yu J, Yi P. Shaping immune responses in the tumor microenviron-
ment of ovarian cancer. Front Immunol. 2021;12:692360.

7. Yamagoe S, Yamakawa Y, Matsuo Y, Minowada J, Mizuno S, Suzuki K. Purification
and primary amino acid sequence of a novel neutrophil chemotactic factor
LECT2. Immunol Lett. 1996;52:9–13.

8. Yamagoe S, Akasaka T, Uchida T, Hachiya T, Okabe T, Yamakawa Y, et al.
Expression of a neutrophil chemotactic protein LECT2 in human hepatocytes
revealed by immunochemical studies using polyclonal and monoclonal anti-
bodies to a recombinant LECT2. Biochem Biophys Res Commun.
1997;237:116–20.

9. Saito T, Okumura A, Watanabe H, Asano M, Ishida-Okawara A, Sakagami J, et al.
Increase in hepatic NKT cells in leukocyte cell-derived chemotaxin 2-deficient
mice contributes to severe concanavalin A-induced hepatitis. J Immunol.
2004;173:579–85.

10. Lu XJ, Chen J, Yu CH, Shi YH, He YQ, Zhang RC, et al. LECT2 protects mice against
bacterial sepsis by activating macrophages via the CD209a receptor. J Exp Med.
2013;210:5–13.

11. Ong HT, Tan PK, Wang SM, Hian Low DT, Ooi LL, Hui KM. The tumor suppressor
function of LECT2 in human hepatocellular carcinoma makes it a potential
therapeutic target. Cancer Gene Ther. 2011;18:399–406.

12. Chen CK, Yang CY, Hua KT, Ho MC, Johansson G, Jeng YM, et al. Leukocyte cell-
derived chemotaxin 2 antagonizes MET receptor activation to suppress hepato-
cellular carcinoma vascular invasion by protein tyrosine phosphatase 1B
recruitment. Hepatology. 2014;59:974–85.

13. Freedman RS, Kudelka AP, Kavanagh JJ, Verschraegen C, Edwards CL, Nash M,
et al. Clinical and biological effects of intraperitoneal injections of recombinant
interferon-gamma and recombinant interleukin 2 with or without tumor-
infiltrating lymphocytes in patients with ovarian or peritoneal carcinoma. Clin
Cancer Res. 2000;6:2268–78.

14. Lorenzato A, Olivero M, Patane S, Rosso E, Oliaro A, Comoglio PM, et al. Novel
somatic mutations of the MET oncogene in human carcinoma metastases acti-
vating cell motility and invasion. Cancer Res. 2002;62:7025–30.

15. Sawada K, Radjabi AR, Shinomiya N, Kistner E, Kenny H, Becker AR, et al. c-Met
overexpression is a prognostic factor in ovarian cancer and an effective target
for inhibition of peritoneal dissemination and invasion. Cancer Res.
2007;67:1670–9.

16. Kwon Y, Smith BD, Zhou Y, Kaufman MD, Godwin AK. Effective inhibition of c-
MET-mediated signaling, growth and migration of ovarian cancer cells is influ-
enced by the ovarian tissue microenvironment. Oncogene. 2015;34:144–53.

17. Okla K, Czerwonka A, Wawruszak A, Bobinski M, Bilska M, Tarkowski R, et al.
Clinical relevance and immunosuppressive pattern of circulating and infiltrating
subsets of myeloid-derived suppressor cells (MDSCs) in epithelial ovarian cancer.
Front Immunol. 2019;10:691.

18. Duraiswamy J, Freeman GJ, Coukos G. Therapeutic PD-1 pathway blockade
augments with other modalities of immunotherapy T-cell function to prevent
immune decline in ovarian cancer. Cancer Res. 2013;73:6900–12.

19. Hergueta-Redondo M, Peinado H. The influence of secreted factors and extra-
cellular vesicles in ovarian cancer metastasis. EJC Suppl. 2020;15:38–48.

20. Feng W, Dean DC, Hornicek FJ, Shi H, Duan Z. Exosomes promote pre-metastatic
niche formation in ovarian cancer. Mol Cancer. 2019;18:124.

21. Sierra JR, Tsao M-S. c-MET as a potential therapeutic target and biomarker in
cancer. Ther Adv Med Oncol. 2011;3:S21–35.

22. Li X, Lin P, Tao Y, Jiang X, Li T, Wang Y, et al. LECT 2 antagonizes FOXM1 signaling
via inhibiting MET to retard PDAC progression. Front Cell Dev Biol. 2021;9:661122.

23. Hung WY, Chang JH, Cheng Y, Chen CK, Chen JQ, Hua KT, et al. Leukocyte cell-
derived chemotaxin 2 retards non-small cell lung cancer progression through
antagonizing MET and EGFR activities. Cell Physiol Biochem. 2018;51:337–55.

24. Gerritsen ME, Tomlinson JE, Zlot C, Ziman M, Hwang S. Using gene expression
profiling to identify the molecular basis of the synergistic actions of hepatocyte
growth factor and vascular endothelial growth factor in human endothelial cells.
Br J Pharmacol. 2003;140:595–610.

25. Chen CK, Yu WH, Cheng TY, Chen MW, Su CY, Yang YC, et al. Inhibition of
VEGF165/VEGFR2-dependent signaling by LECT2 suppresses hepatocellular car-
cinoma angiogenesis. Sci Rep. 2016;6:31398.

26. Xu M, Xu HH, Lin Y, Sun X, Wang LJ, Fang ZP, et al. LECT2, a ligand for Tie1, plays a
crucial role in liver fibrogenesis. Cell. 2019;178:1478–92.e1420.

27. Huang S, Van Arsdall M, Tedjarati S, McCarty M, Wu W, Langley R, et al. Con-
tributions of stromal metalloproteinase-9 to angiogenesis and growth of human
ovarian carcinoma in mice. J Natl Cancer Inst. 2002;94:1134–42.

28. Mantovani A, Marchesi F, Malesci A, Laghi L, Allavena P. Tumour-associated
macrophages as treatment targets in oncology. Nat Rev Clin Oncol.
2017;14:399–416.

29. Nishikoba N, Kumagai K, Kanmura S, Nakamura Y, Ono M, Eguchi H, et al. HGF-
MET signaling shifts M1 macrophages toward an M2-like phenotype through
PI3K-mediated induction of arginase-1 expression. Front Immunol. 2020;11:2135.

30. Zhang MY, He YF, Sun XJ, Li Q, Wang WJ, Zhao AM, et al. A high M1/M2 ratio of
tumor-associated macrophages is associated with extended survival in ovarian
cancer patients. J Ovarian Res. 2014;7:19.

31. Kryczek I, Zou L, Rodriguez P, Zhu G, Wei S, Mottram P, et al. B7-H4 expression
identifies a novel suppressive macrophage population in human ovarian carci-
noma. J Exp Med. 2006;203:871–81.

32. Gottlieb CE, Mills AM, Cross JV, Ring KL. Tumor-associated macrophage expres-
sion of PD-L1 in implants of high grade serous ovarian carcinoma: A comparison
of matched primary and metastatic tumors. Gynecol Oncol. 2017;144:607–12.

33. Etzerodt A, Moulin M, Doktor TK, Delfini M, Mossadegh-Keller N, Bajenoff M, et al.
Tissue-resident macrophages in omentum promote metastatic spread of ovarian
cancer. J Exp Med. 2020;217:e20191869.

34. Gordon IO, Freedman RS. Defective antitumor function of monocyte-derived
macrophages from epithelial ovarian cancer patients. Clin Cancer Res.
2006;12:1515–24.

35. Baert T, Vankerckhoven A, Riva M, Van Hoylandt A, Thirion G, Holger G, et al.
Myeloid derived suppressor cells: key drivers of immunosuppression in ovarian
cancer. Front Immunol. 2019;10:1273.

36. Horikawa N, Abiko K, Matsumura N, Hamanishi J, Baba T, Yamaguchi K, et al.
Expression of vascular endothelial growth factor in ovarian cancer inhibits tumor
immunity through the accumulation of myeloid-derived suppressor cells. Clin
Cancer Res. 2017;23:587–99.

37. Obermajer N, Muthuswamy R, Odunsi K, Edwards RP, Kalinski P. PGE2-Induced
CXCL12 production and CXCR4 expression controls the accumulation of human
MDSCs in ovarian cancer environment. Cancer Res. 2011;71:7463–70.

38. Yen BL, Yen ML, Hsu PJ, Liu KJ, Wang CJ, Bai CH, et al. Multipotent human
mesenchymal stromal cells mediate expansion of myeloid-derived suppressor
cells via hepatocyte growth factor/c-met and STAT3. Stem Cell Rep.
2013;1:139–51.

39. Vasquez-Dunddel D, Pan F, Zeng Q, Gorbounov M, Albesiano E, Fu J, et al. STAT3
regulates arginase-I in myeloid-derived suppressor cells from cancer patients. J
Clin Invest. 2013;123:1580–9.

40. Raber PL, Thevenot P, Sierra R, Wyczechowska D, Halle D, Ramirez ME, et al.
Subpopulations of myeloid‐derived suppressor cells impair T cell responses
through independent nitric oxide‐related pathways. Int J Cancer.
2014;134:2853–64.

41. Corzo CA, Cotter MJ, Cheng P, Cheng F, Kusmartsev S, Sotomayor E, et al.
Mechanism regulating reactive oxygen species in tumor-induced myeloid-
derived suppressor cells. J Immunol. 2009;182:5693–701.

42. Bierie B, Moses HL. Transforming growth factor beta (TGF-beta) and inflammation
in cancer. Cytokine Growth Factor Rev. 2010;21:49–59.

43. Hart KM, Byrne KT, Molloy MJ, Usherwood EM, Berwin B. IL-10 immunomodula-
tion of myeloid cells regulates a murine model of ovarian cancer. Front Immunol.
2011;2:29.

44. Curiel TJ, Wei S, Dong H, Alvarez X, Cheng P, Mottram P, et al. Blockade of B7-H1
improves myeloid dendritic cell-mediated antitumor immunity. Nat Med.
2003;9:562–7.

45. Rodriguez PC, Quiceno DG, Zabaleta J, Ortiz B, Zea AH, Piazuelo MB, et al.
Arginase I production in the tumor microenvironment by mature myeloid cells
inhibits T-cell receptor expression and antigen-specific T-cell responses. Cancer
Res. 2004;64:5839–49.

46. Noman MZ, Desantis G, Janji B, Hasmim M, Karray S, Dessen P, et al. PD-L1 is a
novel direct target of HIF-1α, and its blockade under hypoxia enhanced MDSC-
mediated T cell activation. J Exp Med. 2014;211:781–90.

ACKNOWLEDGEMENTS
Lect2-KO mice were produced as described previously and kindly provided by Dr.
Yamagoe (National Institute of Infectious Diseases, Tokyo, Japan). Heterozygous mice
(Lect2+/−) were intercrossed to generate mice with different genotypes in the
National Laboratory Animal Center (Tainan, Taiwan).

C. Wu et al.

522

Oncogene (2024) 43:511 – 523



AUTHOR CONTRIBUTIONS
CJW and KFP were responsible for designing, performing the experiments, analyzing
data, and writing the manuscript. JQC, YCT, YCL and BRC assist the experiments. CH,
MYW and BCS collected and supervised the evaluations of clinical data. KTH and LHW
designed the experiments, and conceived and supervised the study. MH ran the Lect2
KO mice experiments. All authors read and approved the manuscript.

FUNDING
This work was supported by grants from the Ministry of Science and Technology, Taiwan
(105–2320-B-002-035-MY3, 110-2628-B-002-062, 111-2628-B-002-023-MY3 to KTH and
105-2314-B-002-148-MY3, 108-2314-B-002-148-MY3, 111-2314-B-002-207- to LHW).

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41388-023-02918-w.

Correspondence and requests for materials should be addressed to Kuo-Tai Hua or
Lin-Hung Wei.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

C. Wu et al.

523

Oncogene (2024) 43:511 – 523

https://doi.org/10.1038/s41388-023-02918-w
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Loss of LECT2 promotes ovarian cancer progression by inducing cancer invasiveness and facilitating an immunosuppressive environment
	Introduction
	Results
	Reduction of circulating LECT2 was significantly associated with EOC progression in humans and a syngeneic mouse�model
	Lect2 deletion promoted transcoelomic metastasis and malignant ascites formation in mice with�EOC
	Lect2 regulated EOC cell adhesion, migration, and invasion by inhibiting c-Met signaling
	Targeting the c-Met signaling pathway suppresses EOC metastasis in Lect2&#x02212;/&#x02212;�mice
	Loss of Lect2 facilitated tumor-promoting inflammation and immunosuppression during EOC progression
	Lect2 altered gene expression of MDSC via the CD209a receptor and directly inhibited MDSC-mediated T-cell suppression
	Loss of Lect2 hindered the anti-cancer activity of immune checkpoint inhibitors

	Discussion
	Materials and methods
	Cell culture
	RNA isolation and reverse transcription polymerase chain reaction
	Western blot and immunohistochemical staining analysis
	Lect2-knockout (KO)�mice
	Allograft mouse�model
	T-cell suppression�assay
	Cell surface and intracellular staining by flow cytometry
	Mouse Lect2 treated�MDSCs
	Ascites analysis
	Statistical analysis

	References
	Acknowledgements
	ACKNOWLEDGMENTS
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




