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Abstract
Background: The major histocompatibility complex class I (MHC- I) transactivator, nucleotide binding
oligomerization domain-like receptor family caspase recruitment domain containing 5 (NLRC5), serves as a
target for immune evasion in many cancers, including endometrial cancer (EC). An inhibition of autophagy
can contribute to immunotherapy by assisting the MHC-I-mediated antigen presentation in cancer. However,
the underlying mechanism for autophagy-regulated MHC-I in EC remains unclear. Our study aimed to
investigate the effect of autophagy on NLRC5 and MHC-I-mediated antigen presentation, and to identify the
potential mechanisms underlying this process in EC.

Methods: We examined the levels of autophagy and MHC-I genes by performing transmission electron
microscopy (TEM), RNA-seq sequencing, western blotting, and qRT-PCR. The t-test, F-test, Kaplan-Meier
analysis, and Pearson’s correlation analysis were used for statistical evaluations of tissue microarrays.
Immuno�uorescence staining, co-immunoprecipitation (CO-IP), and glutathione S-transferase (GST) pull-
down assay were performed. HEC-1A, AN3CA, and Ishikawa EC cells were transfected designed, and the role
of LC3 and NLRC5 in MHC-I-mediated antigen presentation in EC was further evaluated in a
xenotransplantation model of HEC-1A cell line.

Results: Autophagy was upregulated in EC endometrium as compared to that in normal endometrium. MHC I
and NLRC5 expressions were lower in EC endometrium than in normal endometrium. Autophagy played a
negative role in the MHC-I genes expression in vitro. Furthermore, a negative correlation was found between
LC3 and NLRC5 levels, and LC3 interacted with NLRC5 to inhibit NLRC5-mediated MHC-I antigen presentation
pathway in vitro and in vivo.

Conclusion: An upregulation of LC3 in EC patients may contribute to tumor immune escape by restricting the
NLRC5-mediated MHC-I antigen presentation pathway, suggesting that inhibiting LC3 and promoting NLRC5
may be a promising immunotherapy strategy in the management of EC. 

Background
Uterine cancer, one of the most common gynecological cancer, is the 5th leading cause of cancer death in the
United States [1]. The latest reports indicate that its incidence in young women is rising, and in 2020 in United
States, approximately 79,420 women have been diagnosed with uterine cancer and 16,880 people have died
because of uterine cancer [2]. The most common uterine cancer is endometrial cancer (EC). Although EC
patients demonstrate a �ve-year survival rate of 81% (2009-2015), the survival rate is remarkably reduced in
patients with obesity and patients with metastasis or recurrence [2, 3]. Obesity, hypertension, diabetes, and
Lynch syndrome are the major risk factors that are associated with the pathogenesis of EC [4]. Surgical
resection and chemoradiotherapy are the main treatment options for EC; however, they are ineffective in the
advanced stage EC [5]. Importantly, researchers have discovered a novel treatment, known as tumor
immunotherapy, which trains the body’s immune system to kill the tumor cells but not the healthy cells [6].
The success of immunomodulation on the basis of immune checkpoint inhibitors and chimeric antigen
receptor-T cell has generated an increased interest regarding its potential to treat EC [7]. In recent years,
immunotherapy for EC has been widely investigated, and pre-clinical studies and clinical trials have revealed
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its promising potential [8, 9]. However, some obstacles occur during tumor immunotherapy, and one of the
most di�cult problems is the immune escape of tumor cells [10].

Several different mechanisms have been reported for the escape of tumor cells from immune surveillance
[11]. Among them, the loss of major histocompatibility complex class I (MHC-I) is a crucial immune evasion
strategy in tumors [12]. Recently, it has been reported that nucleotide binding oligomerization domain (NOD)-
like receptor family caspase recruitment domain containing 5 (NLRC5), known as MHC-I transactivator, is a
novel target for the earliest immune evasion in tumors [13]. Loss of NLRC5 in cancer is closely related to
downregulation of MHC-I genes and impaired cytotoxic T cell activities. Tumor cells suppress MHC-I genes
via NLRC5 methylation, but not via the direct methylation of MHC-I genes, suggesting an essential relevance
of NLRC5 with tumor immune evasion [13]. Recruitment of NLRC5 contributes to tumor antigens presentation
to CD8+ T cells, which further increases antitumor immunity [14]. Therefore, NLRC5-mediated MHC-I antigen
presentation pathway is a potential immunotherapeutic target for cancer.

Autophagy involves the cellular pathways that deliver intra- and extracellular products for lysosomal
degradation, which bene�t innate and adaptive immunity, indicating a promising role of autophagy in
immunotherapy [15]. Evidence suggests that autophagy in�uences cellular immune responses; however, the
role of autophagy in immune responses remains controversial. It has been reported that defective autophagy
in triple-negative breast cancer cells inhibits T cell-mediated tumor killing in vitro and in vivo [16]. However, in
viral infection models, a loss of autophagy upregulates the levels of MHC-I genes in dendritic cells, which
further leads to an enhanced CD8+ T cell response [17]. Recently, it has been suggested that autophagy-
mediated MHC-I degradation facilitates immune evasion in pancreatic ductal adenocarcinoma and
autophagy inhibition reduces tumor growth and increases tumor in�ltration by CD8+ T cells [18]. However, the
molecular mechanism underlying autophagy in MHC-I-mediated tumor antigen presentation has not yet been
elucidated. Our previous study on endometriosis revealed a negative correlation between autophagy related
proteins and NLRC5, indicating a potential role of autophagy in NLRC5 [19]. In our present study in EC
patients, we investigated the correlation between autophagy and NLRC5. We also explored the role and
mechanism by which autophagy regulating NLRC5-mediated MHC-I antigen presentation pathway in EC cells
and a xenotransplantation model of HEC-1A cell line.

Materials And Methods

Transmission electron microscopy (TEM)
The study was approved by the Institutional Review Board of Anhui Medical University (No: 20180023). A
written informed consent was obtained from all patients prior to sample collection and storage. EC tissues
were obtained from the EC patients with total hysterectomy with bilateral salpingo-oophorectomy. Normal
endometrium were obtained from biopsies taken for the investigation of reproductive problems. All patients
did not undergo chemotherapy, radiotherapy, biotherapy, or any other operation prior to surgery. Endometrial
tissues and EC cells were �xed using 2% glutaraldehyde, rinsed with 100 mM cacodylate buffer (pH
7.4), �xed with 1% OsO4 in cacodylate buffer, dehydrated with gradient ethanol (50%, 70%, 80%, 90%, 95%,
100%) at 25 °C, and embedded in Eponate. Ultra-thin sections exposure to double staining with uranyl
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acetate and 1% lead citrate, and images were captured using a transmission electron
microscope (HT7700, Hitachi High Technologies, Japan).

Brie�y, the total RNA was isolated from EC and normal tissues using TRIzol reagent (Takara Bio, Japan). On
the denaturing agarose gel, electrophoresis were used to validate RNA integrity and DNA contamination.
Using pretreated RNAs with TruSeq Stranded Total RNA Library Prep Kit (Illumina, San Diego, CA, USA), RNA-
seq libraries were constructed. The libraries were denatured as single-stranded DNA, bound to the surface of
Illumina �ow cells, ampli�ed in situ as clusters and �nally sequenced for 150 cycles on Illumina HiSeq™ 4000
Sequencer (Illumina, San Diego, CA, USA).

Western blotting
Cells were lysed using the protein extraction solution (Beyotime). Protein concentration was calculated using
the BCA assay kit (Sino Biotech, China). Cell lysates were obtained using centrifugation speeds of 12000rpm
at 4 °C for 30 min, and they were transferred onto polyvinylidene di�uoride membranes (Millipore Corp,
Billerica, MA, USA). After blocking the membranes, nitrocellulose blots were incubated for 6 h with primary
antibodies diluted in a primary antibody dilution buffer (Beyotime). The primary antibodies recognizing LC3
(ab192890, Abcam), Beclin1 (ab207612, Abcam), P62 (18420-1-AP, Proteintech), NLRC5 (DF13672, A�nity),
human leukocyte antigen A (HLA-A, ab52922, Abcam), low molecular mass polypeptides 2 (LMP2, ab184172,
Abcam), transporter associated with antigen processing 1(TAP1, ab83817, Abcam), beta-2-microglobulin (β2-
M, ab75853, Abcam), and β-actin (GB12001, Servicebio) were used at 1:1000, 1:1000, 1:1000, 1:1000, 1:1000,
1:1000, 1:1000, 1:1000, 1:1000, and 1:5000 dilutions, respectively. The membranes were incubated in Tris-
buffered saline with 0.1% Tween 20 (TBST, Boster Bio, China) containing 5% skim milk at 37 °C for 4 h, and
subsequently, they were incubated with speci�c primary antibodies at 4 °C overnight. Next, the membranes
were washed thrice with TBST, and they were incubated with -conjugated secondary antibodies (Thermo
Fisher Scienti�c, 1:10000) at 37 °C for 1 h. After washing thrice with TBST, the proteins were visualized using
an ECL chemiluminescent kit (ECL-plus, Thermo Fisher Scienti�c). The protein levels of LC3-II, which represent
the protein levels of LC3, were measured. All experiments were performed in triplicate, and they were repeated
at least thrice.

RNA extraction and qRT-PCR
Total RNA was collected from cultured cells using the TRIzol reagent (Takara Bio, Japan), following the
manufacturer’s instructions. First-strand cDNA was synthesized using a Thermoscript RT-PCR synthesis kit
(Fermentas, USA). qRT-PCR analyses for the mRNAs of LC3, Beclin1, P62, NLRC5, HLA-A, LMP2, TAP1, β2-M,
and β-actin were performed using Thermoscript qRT-PCR kits (Fermentas) in an ABI Prizm step-one plus real
time PCR System (Applied Biosystems, USA). The β-actin mRNA level was used as an internal control.
Relative expression levels were calculated based on the standard 2-ΔΔCt method. All experiments were
performed in triplicate, and they were repeated at least thrice. qRT-PCR primers are listed in Table 1.

Cell culture 
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The human EC cell lines HEC-1A, AN3CA, and Ishikawa cells were obtained from American Type Culture
Collection, and they were cultured in RPMI-1640 medium (Invitrogen, USA) containing 10% fetal bovine serum
(FBS; HyClone, Logan, UT, USA) under 5% CO2 at 37 °C.The LC3 plasmid, LC3 plasmid (GFP) + NLRC5 plasmid
(RFP, LC3+NLRC5), shRNA-LC3 (GFP), shRNA-NLRC5 (RFP) were constructed, and the RNA sequences of LC3
plasmid, shRNA-LC3, NLRC5 plasmid, and shRNA-NLRC5 are presented in Table 2. LC3 plasmid, shRNA-LC3,
NLRC5 plasmid, and shRNA-NLRC5stably expressing HEC-1A, AN3CA, Ishikawa cells were cultured in RPMI-
1640 containing 10% FBS and 2 μg/mL (Sigma, USA) under 5% CO2 at 37 °C.Western blotting
and quantitative reverse transcription PCR (qRT-PCR)were performed to validate the stable expression of HEC-
1A, AN3CA, and Ishikawa cellsin LC3 plasmid, shRNA-LC3, NLRC5 plasmid, and shRNA-NLRC5.

Treatment with the autophagy agonist, rapamycin, or
autophagy inhibitor, chloroquine (CQ) 
Rapamycin (100 nM, Sigma) and CQ (20 mM, Sigma) were dissolved in dimethyl sulfoxide (Sigma) according
to the methods described in previous studies [20, 21]. HEC-1A, AN3CA, and Ishikawa cells were seeded
overnight in culture dishes, and they were treated with rapamycin or CQ for 48 h.

Immuno�uorescence staining
HEC-1A, AN3CA, Ishikawa, and their shRNA-NLRC5 cells were �xed in 4% paraformaldehyde (Sigma) for 30
min, washed with phosphate buffered saline (PBS), and then permeabilized with 0.1% Triton X-100 (Thermo
Fisher Scienti�c) for 20 min. Subsequently, primary antibodies, anti-NLRC5 (DF13672, A�nity) and anti-LC3
(GB11124, Servicebio) were added, and they were incubated at 37 °C for 45 min. After incubation, the
antibody solution was discarded, and each section was washed thrice with immunohistochemical washing
solution (Beyotime, Shanghai, China) at room temperature for 5 min. Next, secondary antibodies were added,
and the tissues were incubated at 37 °C for 45 min. After incubation, the antibody solution was discarded,
and each section was washed thrice with immunohistochemical washing solution at room temperature for 5
min. Finally, the immuno�uorescence blocking solution (Sigma) was added, sections were mounted,
and images were captured using a confocal laser-scanning microscope (Nikon, Eclipse Ti-U, Japan). The
double immuno�uorescence staining of NLRC5 (DF13672, A�nity) and MHC I (ab281903,
Abcam, Cambridge, MA, USA) in NLRC5 HEC-1A cell was operated as above described.

Co-immunoprecipitation (CO-IP) 
The interactions between LC3 and NLRC5 in HEC-1A, AN3CA, and Ishikawa cells were investigated using CO-
IP. Brie�y, anti-LC3-labeled beads were co-incubated with HEC-1A, AN3CA, and Ishikawa cells. After 6 h of
incubation, the beads were washed twice with TBST, and subsequently, they were eluted with 2XNRSB buffer
(Thermo Fisher Scienti�c) at 95 °C. The eluates were analyzed using western blotting with antibodies against
LC3 () and NLRC5 (sc-515668, Santa Cruz, USA).
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Glutathione S-transferase (GST) pull-down assay
The interactions between LC3 and NLRC5 were further determined using a GST pull-down assay. The
plasmids for GS-NLRC5 and His-LC3 were transfected into Escherichia coli. GST, GST fusion proteins, and
NLRC5 were constructed and puri�ed with glutathione Sepharose 4B beads (Sigma). The His-LC3 fusion
protein was puri�ed, and it was collected using Ni-NTA beads (Sigma). His-LC3 protein was rotated with GST
and GST-NLRC5 at 4 °C for 4 h, and subsequently, the mixture was added to Ni-NTA beads at 4 °C for an
additional 4 h. After centrifugation speeds of 3000rpm at 4 °C for 2 min and three washes, the beads were
eluted with 30 μL of 1×SDS-PAGE loading buffer (Thermo Fisher Scienti�c), and subsequently, they were
boiled for 10 min and analyzed using western blotting.

 tissue microarray 
Tissue microarrays consisting EC endometrial tissues and thirty-six normal endometrial tissues were
examined in the study. Clinical information of EC patients include age, body mass index (BMI), menopausal
status, histological subtype, tumor stage, tumor grade, myometrial invasion, and lymph node metastasis.
Tumor stage was determined according to the 2009 International Federation of Gynecology and Obstetrics
(FIGO) criteria. Histological subtype and tumor grade were assessed according to the World Health
Organization guidelines. Clinical information of thirty-six normal endometrial include age and BMI. 

Immunohistochemistry
Immunohistochemistry assay was performed as previously described to measure the expression levels of LC3
and NLRC5. Brie�y, tissue microarray sections were dewaxed and dehydrated in xylene and alcohol
respectively, and antigen recovery was accomplished by microwaving in citric saline for 15 min.
Subsequently, the sections were depara�nized and deal with 0.3% hydrogen peroxide for 15 min to suppress
endogenous peroxidase activity. Furthermore, the sections were blocked with 2% bovine serum albumin, then
incubation with primary rabbit monoclonal antibodies against LC3 (GB11124, Servicebio, diluted 1:500) and
NLRC5 (DF13672, A�nity, diluted 1:100) at 4 °C for 16 h. After rinsing, microarray sections were incubated
with a biotinylated secondary antibody (G1210-2-A, Servicebio) at 20-25°C temperature for 60 minutes. LC3
and NLRC5 expression levels were visualized using 3, 3¢-diaminobenzidine tetrahydrochloride staining. Slides
were counterstained with hematoxylin before dehydration and mounting. Quantitative analyses were
conducted for �ve random �elds at ×200 magni�cation for each endometrial tissue slice. All sections were
observed under the Axioscope A1 microscope (Carl Zeiss, Germany) and photographed. The background light
of each photo was consistent. Dark brown staining indicated a positive reaction. The intensity of dark brown
staining was analyzed using Image-Pro plus 6.0 (Media Cybernetics, Inc.). 

Flow cytometry 
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To analyze the CD8+ T cell among CD45+ cells from the of mice, CD8+ T cells
were collected and concentrated, and they were incubated with 5 µL of speci�c �uorescent CD8 antibody
(100705, Biolegend, USA) and speci�c �uorescent CD45 antibody (368507, Biolegend) for 20 min. Saline (500
µL) was added separately into the cell solution, which was followed by centrifugation at 5000 rpm for 5 min.
The supernatant was removed, and the collected cells at the bottom were dispersed into 300 µL of saline.
Finally, the effective separation rate was analyzed by counting 1.2 × 104 cells per sample using an LSR II �ow
cytometer (BD Biosciences, CA, USA) and Cell Quest software (BD Biosciences).

CD8+ T cell proliferation assay
CD8 T+ cell was puri�ed from peripheral blood mononuclear cells (PBMCs) of healthy female volunteers. Cell
purity was checked. CD8+ T cellwas labeled with 1μM CFSE (S8269, selleck, USA) and stimulated with
CD3/CD28 antibody and co-cultured with vector transfected, LC3plasmid, and LC3 + NLRC5 HEC-1A cells, in
96-well plates at a ratio of 5: 1 for 3 days. CD8+ T cell was collected, and the dilution of intracellular CFSE
caused by proliferation was calculated using �ow cytometry. 

Enzyme-linked immune sorbent assay (ELISA)
The expression levels of CD8+ T cell secreted interferon gamma (IFN-γ), , and interleukin-2 (IL-2) from the of
mice according to manufacturer’s instructions. Samples were run in duplicates. Inter-assay coe�cients of
variation were calculated using the results obtained in 10 different assays performed at different time points
using different plates. Intra-assay coe�cients of variation were calculated for 10 replicates of the sample in
the same plate.

In vivo xenograft experiments
six-week-old female BALB/C mice were purchased from Hangzhou Ziyuan Laboratory Animal Science and
Technology Co. Ltd, and they were reared in an SPF environment. Following this, 5 × 106 HEC-1A cells
transfected with LC3 (n=5), LC3+NLRC5 (n=5), shRNA-LC3 (n=5), or vector transfected (n=5) and suspended
in RPMI-1640 medium (Invitrogen, USA) were left armpit subcutaneously injected. The tumor volume was
measured twice a week until the tumor could be visually observed. After 4 weeks, the mice were euthanized,
and the implanted tumors were removed, measured, and photographed. The tumors were weighed, and the
volumes were calculated using the following formula: tumor volume (mm3)=(ab2)/2 [a: the longest axis
(mm), b: the shortest axis (mm)]. CD8+ T cell among CD45+ cells from the of mice was detected by �ow
cytometry. The expression levels of CD8+ T cell secreted IFN-γ, , and IL-2 from the of mice were validated
using an ELISA kit (R&D Systems, USA), according to manufacturer’s instructions. Immunohistochemistry
was performed todetect the CD8+ level from the tumor.All animal feeding and in vivo experimental procedures
were conducted in accordance with the Regulations on Laboratory Animal Management of the Animal
Experimental Department of Anhui Medical University, and the animal experiment was approved by the Ethics
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Review Committee of the department of Laboratory Animal Science of Anhui Medical University (No:
LLSC201800855).

Statistical analysis
All data were analyzed using the SPSS 23.0 software (SPSS Inc., Chicago, USA). Data are expressed as mean
± SEM. Statistical analyses were performed using analysis of variance. Signi�cant differences and
variance between groups were identi�ed using using Student t-test and F-test respectively. Correlation
analysis was performed using Pearson’s correlation. The median LC3 and NLRC5 expression was used as a
cut-off value for grouping. The survival curves were measured by the Kaplan-Meier method. P<0.05 was
considered statistically signi�cant.

Results

Autophagy is upregulated and MHC-I genes are
downregulated in EC patients
We �rst detected the levels of autophagy and MHC-I genes in 10 EC endometrium and 10 normal
endometrium. The number of autophagosomes was upregulated in endometrium of EC patients as compared
to those in normal endometrium (Fig. 1A). The protein and mRNA levels of autophagy proteins LC3 II and
Beclin1 were upregulated in endometrium of EC patients as compared to those in normal endometrium
(Fig. 1B). RNA-seq sequencing showed MHC-I genes were downregulated in endometrium of EC patients as
compared to those in normal endometrium, including HLA-A/B/C, LMP2/7, TAP1, β-2M (Fig. 1C). We further
con�rmed the levels of HLA-A, LMP2, TAP1, β-2M were decreased in endometrium of EC patients as
compared to those in normal endometrium by western blotting and qRT-PCR (Fig. 1D).

Autophagy Inhibits Mhc-i Genes Expression In Ec Cells
To further investigate the role of autophagy in MHC-I genes in EC, we detected HLA-A, LMP2, TAP1, and β-2M
expressions at the surface of EC cells by using the autophagy agonist rapamycin, and autophagy inhibitor CQ
to promote and restrict autophagy, respectively, in HEC-1A, AN3CA, and Ishikawa cells. We �rst observed that
100nM rapamycin could activate autophagy effective by promoting LC3 and inhibiting P62 expressions
(Fig. 2A), and increasing the number of autophagosomes (Fig. 2B). Then we found rapamycin could inhibit
the expressions of HLA-A, LMP2, TAP1, and β2-M in HEC-1A, AN3CA, and Ishikawa cells (Fig. 2C-E).

We also use CQ to inhibit autophagy. We observed that 20 mM CQ could inhibit autophagy effective by
promoting LC3 and P62 expressions (Fig. 3A), and increasing the number of autophagosomes and down-
regulating the number of autolysosomes (Fig. 3B). Furthermore, CQ could promote the expressions of HLA-A,
LMP2, TAP1, and β2-M in HEC-1A, AN3CA, and Ishikawa cells (Fig. 3C-E). These �ndings suggest that
autophagy can inhibit MHC-I genes expression at the surface of EC cells. However, the underlying mechanism
of the negative role of autophagy in MHC-I genes expression is still unclear.
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Lc3 Interacts With Nlrc5
As NLRC5 is known as an MHC-I transactivator, we examined whether NLRC5 is involved in the negative role
of autophagy in MHC-I genes expression. We �rst found LC3 and NLRC5 were co-localized in the cytoplasm
of HEC-1A, AN3CA, and Ishikawa cells by immuno�uorescence staining, but no co-localization was found
when NLRC5 was knockdown by shRNA-NLRC5 in HEC-1A, AN3CA, and Ishikawa cells (Fig. 4A). Furthermore,
the CO-IP assay revealed an interaction between LC3 and NLRC5 in HEC-1A, AN3CA, and Ishikawa cells
(Fig. 4B). Additionally, the GST pull-down assay revealed an interaction between LC3 and NLRC5 (Fig. 4C). We
also established an endometrial tissue microarray to detect the correlation between LC3 and NLRC5 (Fig. 4D).
Demographic characteristics are summarized in Table 3. Immunohistochemistry analysis of tissue
microarrays revealed that the LC3 was upregulated in EC tissues as compared to that in normal endometrial
tissues (51.42±22.95 vs 26.89±11.33, t=6.980, P<0.001). NLRC5 expression in the endometrium of EC
patients was signi�cantly lower than in the normal endometrium (28.71±17.74 vs 51.59±23.79, t=4.997,
P<0.001). Pearson’s correlation was performed to analyze the correlation between LC3 and NLRC5
expression. The correlation analysis revealed a signi�cant negative correlation between NLRC5 and LC3
(r=-0.233, P=0.022). Moreover, we found high expression levels of LC3 (t=3.866, P=0.019) and low level of
NLRC5 (t=2.978, P=0.027) were correlated with positive lymph node metastasis in EC patients. LC3 level was
correlated with the FIGO stage (2009) (F=2.960, P=0.047) and histological grade (F=3.136, P=0.023) in EC
patients. However, Kaplan-Meier analysis showed that the expressions of LC3 and NLRC5 were not
associated with cumulative survival in EC patients (Fig. 4E).

LC3 negatively regulates NLRC5 and MHC-I genes expressions in EC cells

The above-mentioned results suggest that LC3 can interact with NLRC5. Therefore, we investigated whether
LC3 could regulate NLRC5 and the MHC-I genes expressions. LC3 plasmid and shRNA-LC3 HEC-1A, AN3CA,
and Ishikawa cells were constructed (Fig. 5A). We found that LC3 plasmid HEC-1A, AN3CA, and Ishikawa cells
demonstrated decreased protein level of NLRC5 and decreased protein and mRNA levels of MHC-I genes as
compared to those in vector HEC-1A, AN3CA, and Ishikawa cells (Fig. 5B-D).

ShRNA-LC3 HEC-1A, AN3CA, and Ishikawa cells were also constructed (Fig. 6A). We further found that shRNA-
LC3 HEC-1A, AN3CA, and Ishikawa cells demonstrated elevated the protein level of NLRC5, and the protein
and mRNA levels of MHC-I genes as compared to those in shNC HEC-1A, AN3CA, and Ishikawa cells (Fig. 6B-
D). These results suggested that LC3 could negatively regulate NLRC5 and MHC-I genes expressions in EC
cells.

LC3 inhibits MHC-I antigen presentation pathway by downregulating NLRC5 in vitro

We further investigated whether LC3 could interact with NLRC5 to inhibit the MHC-I antigen presentation
pathway. NLRC5 plasmid HEC-1A cell was constructed (Fig. 7A). Furthermore, NLRC5 plasmid promoted
NLRC5 moved to the nucleus of HEC-1A cell (Fig. 7B) and co-localized with MHC-I (Fig. 7C). Overexpression of
NLRC5 contributed to the expressions of HLA-A, LMP2, TAP1, and β2-M (Fig. 7D). We used the co-cultured
system to validate the role of NLRC5 in MHC-I antigen presentation pathway. Vector and NLRC5 plasmid HEC-
1A cells were co-cultured with CD8+ T cell. CD8+ T cell purity was showed in Fig. 7E. We found overexpression
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of NLRC5 led to CD8+ T cell proliferation in HEC-1A and CD8+ T cell co-cultured system (Fig. 7F). In addition,
LC3+NLRC5 HEC-1A cell demonstrated a restriction in the negative role of LC3 in HLA-A, LMP2, TAP1, and β2-
M expressions as compared to that in LC3 plasmid HEC-1A cell (Fig. 7G). We also used the co-cultured
system to validate the role and mechanism of LC3 in MHC-I antigen presentation pathway. Vector, LC3
plasmid, and LC3+NLRC5 HEC-1A cells were co-cultured with CD8+ T cell. We found that LC3 plasmid HEC-1A
cell demonstrated decreased CD8+ T cell proliferation as compared to those in vector HEC-1A cell.
LC3+NLRC5 HEC-1A cell demonstrated a restriction in the negative role of LC3 in CD8+ T cell proliferation as
compared to that in LC3 plasmid HEC-1A cell (Fig. 7H). These results suggest that LC3 inhibits MHC-I antigen
presentation pathway by downregulating NLRC5.

LC3 inhibits the MHC-I antigen presentation pathway by downregulating NLRC5 expression in vivo

The mice were sacri�ced after 5 weeks, and a tumor arising from LC3 plasmid HEC-1A cells showed a more
rapid growth than the one from HEC-1A cells, tumor arising from NLRC5 plasmid HEC-1A cell showed a
slower growth than that from HEC-1A cells, and tumor arising from LC3+NLRC5 HEC-1A cells showed a
slower growth than that from LC3 plasmid HEC-1A cells. Similarly, an assessment of tumor volume and
weight in each group of mice revealed that overexpression of LC3 promoted tumor volume and weight, and
upregulation of NLRC5 expression restricted the tumor growth by LC3 in vivo, overexpression of NLRC5
inhibited tumor volume and weight (Fig. 8A). Consistent with these �ndings, in mice tumor tissues, the
expression levels of NLRC5, HLA-A, LMP2, TAP1, and β2-M in the tumor arising from LC3 plasmid HEC-1A
cells were lower than those in the tumor arising from HEC-1A cells. The expression levels of NLRC5, HLA-A,
LMP2, TAP1, and β2-M in the tumor arising from NLRC5 plasmid HEC-1A cells were higher than those in the
tumor arising from HEC-1A cells, and the expression levels of NLRC5, HLA-A, LMP2, TAP1, and β2-M in the
tumor arising from LC3+NLRC5 HEC-1A cell were higher than those in the tumor arising from LC3 plasmid
HEC-1A cell (Fig. 8B). The expression of tumor in�ltrating CD8+ T cell in mice tumor also consist with the
above �ndings (Fig. 8C). Furthermore, the frequency of CD8+ T cell in CD45+ cell (Fig. 8D) and the production
of cytokines, IFN-γ, TNF-α, and IL-2 (Fig. 8E) were lower in the blood of mice with tumors arising from LC3
plasmid HEC-1 cells than in the blood of mic with tumors arising from HEC-1A cells. The frequency of CD8+ T
cell in CD45+ cell and the production of cytokines, IFN-γ, TNF-α, and IL-2 were upregulated in the blood of
mice with tumors arising from NLRC5 plasmid HEC-1A cells than the blood of mice with tumor arising from
HEC-1A cells. The frequency of CD8+ T cell in CD45+ cell and production of cytokines, IFN-γ, TNF-α, and IL-2
were higher in the blood of mice with tumors arising from LC3+NLRC5 HEC-1A cells than in the blood of mice
with tumor arising from LC3 plasmid HEC-1A cell. These results suggest that LC3 inhibits MHC-I genes and
CD8+ T cell frequency by downregulating NLRC5 expression in vivo. Therefore, inhibiting LC3 and
overexpression of NLRC5 expression may be promising immunotherapeutic approaches for EC patients by
promoting the MHC-I antigen presentation pathway (Fig. 8F).

Discussion
In our present study, we found that autophagy level was upregulated in EC endometrium compared to that in
normal endometrium. The level of NLRC5 was lower in EC endometrium than in normal endometrium.
Furthermore, a negative correlation existed between LC3 and NLRC5. Autophagy inhibited MHC-I genes
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expression in vitro. Mechanistic investigations found that LC3 interacted with NLRC5 to inhibit NLRC5-
mediated MHC-I antigen presentation pathway in vitro and in vivo. Our �ndings highlight a potential
immunotherapy approach in EC patients by inhibiting LC3 and promoting NLRC5.

EC is classi�ed into type I, which represents the most common EC and at least 90% of tumors express
estrogen receptor moderately or strongly, and type II, which is estrogen-independent and mostly represents
serous carcinoma, according to clinicopathological characteristics [1, 22]. However, the histological
classi�cation of EC has limitations due to poor reproducibility, and overlapping morphological and
immunohistochemical features have been recognized [23]. Now, the Proactive Molecular Risk Classi�er for
Endometrial Cancer utilizes immunohistochemistry to reclassify EC into polymerase ε-mutated, mismatch-
repair-de�cient, p53 abnormalities, and p53 wildtype, which is more suitable for clinical application and better
predicts the clinical responses to immunotherapy [24]. Immunotherapy is an emerging clinical approach that
has gained attention over the past decade, resulting in new treatment options for lung cancer and melanoma.
These achievements are a good reason for humans to explore immunotherapy for EC [25]. Indeed, clinical
trials have explored several immunotherapeutic strategies for EC, such as vaccines [26] and immune
checkpoint inhibitors [9]. Unfortunately, only a handful of patients show a good therapeutic response because
of immune escape in EC. The mechanisms of immune evasion in EC include inhibiting T lymphocytes and
natural killer cells activity [27, 28], gene mutations [29], and loss of MHC-I genes [30].

Generally, the tumor antigen presentation to CD8+ T cells by MHC-I genes is essential for immune responses
against cancers [31]. NLRC5 is well studied as a transcriptional regulator of MHC-I genes in immune cells, and
it shuttles between the cytoplasm and nucleus to play a leading role in the modulation of MHC-Idependent
immune responses [32]. Previous studies have suggested that NLRC5 is a target for immune evasion in
cancer [13]. Recently, it has been suggested that IFN-γ stimulation can promote NLRC5 expression with an
upregulation of MHC-I genes expression in MHC-I-de�cient breast cancer cells [33]. By analyzing 7,747
patients with solid cancer and 21 solid cancer types, Yoshihama and co-workers reported that NLRC5 was
essential for MHC I-dependent CD8+ T cell-mediated tumor immunity [13]. Furthermore, upregulation of
NLRC5 expression is correlated with an increased survival in multiple cancer types [13]. In our study, we found
that the expression of NLRC5 and MHC-I genes in the endometrium of EC patients was signi�cantly lower
than in the normal endometrium, suggesting that EC cells may escape from immune surveillance by inhibiting
NLRC5 and MHC-I genes expression. Furthermore, we validated that NLRC5 was expressed in both the
cytoplasm and nucleus in the normal endometrium, and mainly in the latter. NLRC5 in the endometrium of EC
patients was mainly expressed in the cytoplasm. Additionally, a low level of NLRC5 was correlated with
positive lymph node metastasis in EC patients. The above �ndings prompt that NLRC5 is a target for immune
escape and an elevated NLRC5 level is essential for immunotherapy in EC.

Autophagy functions as an evolutionarily conserved process to maintain cellular homeostasis. Autophagy in
tumor immunity has been widely researched in recent years. However, whether autophagy promotes or
prevents tumor immunity remains controversial. Studies have shown that autophagy is required for the
activation of ATP-mediated dendritic cell and T cell responses by cancer cells [34]. T cells that lack autophagy
restrict T cell survival and proliferation [35]. Similarly, it has been suggested that the induction of autophagy
enables cells to attract antigen-presenting cells to the tumor microenvironment via the release of intracellular
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ATP [36]. Paradoxically, some clinical trials combining chemotherapeutics with autophagy inhibitors have
shown promising results in cancer patients by inducing immunogenic cell death [37]. A close relationship
between autophagy and NLRs has also been reported. NLRX1 interacts with Beclin1, which is responsible for
NLRX1-mediated inhibition of invasion and autophagic processes in group A streptococcus infections [38].
ATG16L1 is crucial for cytokine responses by NOD, and disruption of NOD1- or NOD2-ATG16L1 signaling
causes axis-mediated pro-in�ammation in Crohn's disease [39]. Many studies have reported that autophagy
performs various functions in EC, such as affecting the growth of EC cells [40] and orchestrating EC therapy
[41]. However, the role of autophagy in immune responses in EC is unclear. Our previous study on
endometriosis revealed a negative correlation between NLRC5 and autophagy-related proteins [19]. Owing to
the crucial role of autophagy in MHC-I antigen presentation [42], its potential role in NLRC5-mediated MHC-I
antigen presentation pathway in EC should be considered. Our present study showed that the levels of
autophagy level was upregulated in the endometrium of EC patients as compared to those in the normal
endometrium. Furthermore, a high expression of LC3 was correlated with positive lymph node metastasis in
EC patients. LC3 level was correlated with the FIGO stage (2009) and histological grade in EC patients.
Additionally, a negative correlation was observed between LC3 and NLRC5 levels. LC3 and NLRC5 were co-
localized in the cytoplasm in EC cells. CO-IP and GST pull-down assays further revealed an interaction
between LC3 and NLRC5 in vitro. These results suggest the potential role of LC3 and NLRC5 in EC.

A loss of MHC-I has been observed in many cancers, and recent studies have indicated that a transcriptional
repression of MHC-I antigen presentation to CD8+ T cells in cancer can lead to immunotherapy resistance
[43]. Therefore, a key approach in eliminating tumor is elevating the MHC-I antigen presentation to CD8+ T
cells. It has been reported that ATG proteins regulate endocytosis during antigen processing for MHC-I
presentation. An absence of ATG7 and VPS34 inhibits the cross-presentation of extracellular antigens on
MHC-I molecules [44]. However, a reduced MHC-I internalization in the absence of LC3 lipidation promotes
intracellular antigen presentation to CD8+ T cells [45]. Nevertheless, the role of LC3 in MHC-I antigen
presentation pathway is still unclear. Owing to the close relationship between LC3 and NLRC5, we speculated
that NLRC5 may be involved in the regulation of LC3 in MHC-I antigen presentation pathway. In this study, we
validated the role of LC3 in NLRC5-mediated MHC-I antigen presentation pathway in vitro and in vivo. First, we
observed that LC3 overexpression inhibited the expression levels of MHC-I genes, HLA-A, LMP2, TAP1, and β2-
M at the surface of EC cells, whereas downregulation of LC3 expression promoted the expression of MHC-I
genes. Furthermore, NLRC5 overexpression led to up-regulated HLA-A, LMP2, TAP1, and β2-M expressions at
the surface of EC cells, and CD8+ T cell proliferation in co-cultured system. Additionally, NLRC5
overexpression revealed that the negative role of LC3 in MHC-I antigen presentation pathway was restricted in
HEC-1A cells and co-cultured system. Lastly, by using the xenotransplantation mice model of HEC-1A cell line,
we further validated that LC3 could inhibit MHC-I antigen presentation pathway by inhibiting NLRC5
expression in vivo. These results suggest that LC3 inhibits the MHC-I antigen presentation pathway by directly
interacting with NLRC5 in EC tissues.

Conclusion
In conclusion, our study demonstrated that LC3 level is negative correlated with NLRC5 expression in EC
patients. LC3 interacted with NLRC5 to inhibit the MHC-I antigen presentation pathway, and a promotion of
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NLRC5 restricted the LC3-mediated EC growth by augmenting the MHC-I antigen presentation pathway,
suggesting that the strategies to reactivate exhausted antitumor immune responses by inhibiting LC3 and
promoting NLRC5 may have transformational potential in the clinic in the future, at least for EC patients.
These results expand the scope of the role of autophagy and NLRC5 in immune responses and identify LC3
and NLRC5 as potential targets for tumor immunotherapy in EC. Nevertheless, the sample size in the tissue
microarry of our study was relatively small. In the tissue microarry of our study, we found a low level of
NLRC5 and a high expression of LC3 were correlated with positive lymph node metastasis in EC patients, but
Kaplan-Meier analysis showed that the expressions of LC3 and NLRC5 were not associated with cumulative
survival in EC patients. Previous studies indicated that the expression of NLRC5 was correlated with survival
of cancer patients [13, 46]. The inconsistent results could be because the insu�cient sample size. Moreover,
although we found that LC3 could directly interact with NLRC5, we were curious to understand whether LC3
could regulate NLRC5 by targeting signaling pathways. Additionally, further experiments are needed to
demonstrate the effect of inhibiting LC3 and/or promoting NLRC5 expression as adjuvant therapy in the
immunotherapy for EC.
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Tables
Table 1: LC3, NLRC5, HLA-A/B, LMP2, LMP7, TAP1, β2-M, and β-actin primers for qRT-PCR.

Gene Forward  Reverse 

LC3 5’-AGCAGCATCCAACCAAAATC-3’ 5’- CTGTGTCCGTTCACCAACAG-3’

Beclin1 5’-AGCACCATGCAGGTGAGCTT-3’ 5’-TGACACGGTCCAGGATCTTG-3’

P62 5’-CTGCTGCCTCCCTCTAATCC-3’ 5’-TATTCTCCGGCTCCATCTTG-3’

NLRC5 5’-GTTCTTAGGGTTCCGTCAGCG-3’ 5’- CAGTCCTTCAGAGTGGCACAGAG-3’

HLA-A 5’-TGTTCTAAAGTCCGCACGCA-3’ 5’-CAGCAATGATGCCCACGATG-3’

LMP2 5’-TTGTGATGGGTTCTGATTCCCG-3’ 5’-CCATGTCGGCCACGGCTTGGG-3’

TAP1 5’-TAGCTCTAGGTGTCCCGCTC-3’ 5’-TCTCGGAACAAGGCAAGTCC-3’

β2-M 5’-AGCAGCATCATGGAGGTTTG-3’ 5’-AGCCCTCCTAGAGCTACCTG-3’

β-actin 5’-CACCCAGCACAATGAAGATCAAGAT-3’ 5’-CCAGTTTTTAAATCCTGAGTCAAGC-3’

 

Table 2: The guide RNA sequencing of LC3 plasmid, shRNA-LC3, NLRC5 plasmid, and shRNA-NLRC5
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Gene Forward  Reverse 

LC3plasmid 5’-TGCTGCCCGACAACCACTA-3’ 5’-GCTGCTTCTCACCCTTGTATCG-3’

shRNA-LC3 5’-GAGUGAGAAAGAUGAAGAU-3’ 5’-AUCUUCAUCUUUCUCACUC-3’

NLRC5plasmid 5’-GGTCCTGCGTTTCTGTATGG-3’ 5’-AGGCGGATGACTTGGATGCT-3’

shRNA-NLRC5 5’-
AAGAACGAGAGACUCUGCCAACUGCdTdT-
3’

5’-
GCAGUUGGCAGAGUCUCUCGUUCUUdTdT-
3’

 

 

Table 3: Demographic characteristics of leiomyoma and EC patients 
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Variables No. (%) ofleiomyoma patients
(n=36)

No. (%) of EC patients (n
= 60)

t p

Age, y 49.83±11.25 52.28±9.08 1.169 0.245

BMI, kg/m2 29.56±3.02 30.46±2.45 1.601 0.113

Menopausal status        

Postmenopausal   49 (81.7)    

Premenopausal   11 (18.6)    

Histology        

Endometrioid   51 (85.0)    

Serous   9 (15.0)    

FIGO stage (2009)        

I   20 (33.3)    

II   28 (46.7)    

III   10 (16.7)    

IV   2 (3.3)    

Histological grade        

G1   36 (60.0)    

G2    18 (30.0)    

G3   6 (10.0)    

Myometrial invasion        

≤50%   50 (83.3)    

>50%   10 (16.7)    

Lymphatic node
metastasis

       

Positive   6 (10.0)    

Negative   54 (90.0)    

Figures
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Figure 1

Autophagy is upregulated and major histocompatibility complex (MHC) I genes are inhibited in endometrial
cancer (EC). A Representative transmission electron microscopy (TEM) image showing an upregulated
autophagosome formation in endometrium of EC patients (n=2) as compared with normal endometrium
(n=2), autophagosomes were highlighted by black arrows (scale bar: 2 μm; **P < 0.01 vs. normal
endometrium). B Representative western blotting and quantitative reverse transcription PCR (qRT-PCR) results
showing an upregulation of autophagy-related proteins, LC3 II and Beclin1, in endometrium of EC patients
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(n=3) as compared to those in normal endometrium (n=3) (**P<0.01 vs. normal endometrium). C
Representative RNA-seq sequencing showing HLA-A/B/C, LMP2/7, TAP1, β-2M were downregulated in
endometrium of EC patients (n=2) as compared with those in normal endometrium (n=2). D Representative
western blotting and qRT-PCR results showing an upregulation of MHC-I genes, human leukocyte antigen A
(HLA-A), low molecular mass polypeptides 2 (LMP2), transporter associated with antigen processing 1
(TAP1), and beta-2-microglobulin (β2-M), in endometrium of EC patients (n=3) as compared to those in
normal endometrium (n=3) (**P<0.01 vs. normal endometrium). The expression levels of mRNA were
normalized according to β-actin mRNA levels, and they were calculated using the 2-ΔΔCt method. The protein
expression levels were quanti�ed using the Image J software, and they were normalized to β-actin protein
levels. The results are represented as the mean ± SEM from at least three independent experiments.
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Figure 2

Promotion of autophagy by rapamycin inhibits MHC-I genes expression in EC cells. A Representative western
blotting and qRT-PCR results demonstrating that a treatment with 100 nM rapamycin promotes the
expression of LC3-II and inhibits the expression of P62 in HEC-1A cell (**P<0.01 vs. control group). B
Representative transmission electron microscopy (TEM) showing 100 nM rapamycin signi�cantly promotes
autophagosomes formation when compared with control group, autophagosomes were highlighted by black
arrows (scale bar: 2mm; **P < 0.01 vs. control group). C-E Representative western blotting and qRT-PCR
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results demonstrating that a treatment with 100 nM rapamycin inhibits the expressions of HLA-A, LMP2,
TAP1, and β2-M at the surface of HEC-1A, Ishikawa, and AN3CA cells (**P<0.01 vs. control group). The
expression levels of mRNA were normalized with respect to β-actin mRNA levels, and they were calculated
using the 2-ΔΔCt method. The protein expression levels were quanti�ed using the Image J software, and they
were normalized to β-actin protein levels. The results are represented as the mean ± SEM from at least three
independent experiments.

Figure 3
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Inhibition of autophagy by chloroquine (CQ) promotes MHC-I genes expression in EC cells. A Representative
western blotting and qRT-PCR results showing that a treatment with 20 μM CQ promotes the expressions of
LC3-II and P62 in HEC-1A cell (**P<0.01 vs. control group). B Representative transmission electron
microscopy (TEM) showing 20 μM CQ signi�cantly promotes autophagosomes formation and reduces
autolysosomes when compared with control group, autophagosomes were highlighted by black arrows,
autolysosomes were highlighted by red arrows (scale bar: 2mm; **P < 0.01 vs. control group). C-E
Representative western blotting and qRT-PCR results showing that a treatment with 20 μM CQ promotes the
expressions of HLA-A, LMP2, TAP1, and β2-M at the surface HEC-1A, Ishikawa, and AN3CA cells (**P<0.01 vs.
control group). The expression levels of mRNA were normalized with respect to β-actin mRNA levels, and they
were calculated using the 2-ΔΔCt method. The protein expression levels were quanti�ed using the Image J
software, and they were normalized to β-actin protein levels. The results are represented as the mean ± SEM
from at least three independent experiments.
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Figure 4

LC3 interacts with NLRC5. A Representative image of immuno�uorescence staining showing co-localization
of LC3 and NLRC5 in the cytoplasm of HEC-1A, AN3CA, and Ishikawa cells, but no co-localization of LC3 and
shRNA-NLRC5 in HEC-1A, AN3CA, and Ishikawa cells (**P<0.01 vs. control group). B Co-immunoprecipitation
(CO-IP) assay showed an interaction between LC3 and NLRC5 in HEC-1A, AN3CA, and Ishikawa cells. C
Glutathione S-transferase (GST) pull-down assay showed an interaction between LC3 and NLRC5 in vitro. E
Endometrium of normal and EC patients were subjected to immunohistochemistry analysis for LC3 and
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NLRC5 levels (original magni�cation ×200). LC3 level was upregulated and NLRC5 was down-regulated in the
endometrium of EC patients as comparison to those in the normal endometrium. Correlation analysis
between LC3 and NLRC5 (r=-0.233, P<0.001). The correlation of LC3 and NLRC5 with the cumulative survival
of EC patients was detected by Kaplan-Meier analysis. The results are represented as the mean ± SEM from
at least three independent experiments.

Figure 5
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Overexpression of LC3 inhibits NLRC5 and MHC-I genes expressions in EC cells. A Representative western
blotting, and qRT-PCR results showing successful constructions of LC3 plasmid. B-D Representative western
blotting and qRT-PCR results showing overexpression of LC3 downregulates the levels of NLRC5 and MHC-I
genes, HLA-A, LMP2, TAP1, and β2-M, in HEC-1A, AN3CA, and Ishikawa cells (**P<0.01 vs. vector group). The
expression levels of mRNA were normalized with respect to β-actin mRNA levels, and they were calculated
using the 2-ΔΔCt method. Protein expression levels were quanti�ed using the Image J software, and they
were normalized to β-actin protein levels. The results are represented as the mean ± SEM from at least three
independent experiments.
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Figure 6

Inhibition of LC3 promotes NLRC5 and MHC-I genes expressions in EC cells. A Representative western
blotting, and qRT-PCR results showing successful constructions of shRNA-LC3. B-D Representative western
blotting and qRT-PCR results showing inhibition of LC3 upregulates the levels of NLRC5 and MHC-I genes,
HLA-A, LMP2, TAP1, and β2-M, in HEC-1A, AN3CA, and Ishikawa cells (**P<0.01 vs. shNC group). The
expression levels of mRNA were normalized with respect to β-actin mRNA levels, and they were calculated
using the 2-ΔΔCt method. Protein expression levels were quanti�ed using the Image J software, and they
were normalized to β-actin protein levels. The results are represented as the mean ± SEM from at least three
independent experiments.
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Figure 7

LC3 negative regulates MHC-I antigen presentation pathway by downregulating NLRC5 in HEC-1A cell. A
Representative western blotting, and qRT-PCR results showing successful constructions of NLRC5 plasmid. B
Representative image of immuno�uorescence staining of NLRC5 showing NLRC5 moved to the nucleus of
HEC-1A cell by NLRC5 plasmid (scale bars, 100 μm). C Representative image of immuno�uorescence staining
showing co-localization of NLRC5 and MHC-I in NLRC5 plasmid HEC-1A cell (scale bars, 50 μm). D
Representative western blotting and qRT-PCR results showing that an upregulation of NLRC5 expression
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contributes to the expressions of HLA-A, LMP2, TAP1, and β2-M, in HEC-1A cell (**P<0.01 vs. vector group). E
The purity of CD8+ cell. F Representative CFSE result showing an upregulation of NLRC5 expression leads to
the CD8+ T cell proliferation in HEC-1A cell and CD8+ T cell co-cultured system (**P<0.01 vs. vector group). G
Representative western blotting and qRT-PCR results showing that an upregulation of NLRC5 expression
restricts the negative role of LC3 in the expressions of HLA-A, LMP2, TAP1, and β2-M, in HEC-1A cell (**P<0.01
vs. vector group, ##P<0.01 vs. LC3 plasmid group). H Representative CFSE result showing the CD8+ cell
proliferation was inhibited by LC3 plasmid, and upregulation of NLRC5 expression restricts the negative role
of LC3 in CD8+ cell proliferation in HEC-1A cell and CD8+ T cell co-cultured system. The expression levels of
mRNA were normalized with respect to β-actin mRNA levels, and they were calculated using the 2-ΔΔCt
method. Protein expression levels were quanti�ed using the Image J software, and they were normalized to β-
actin protein levels. The results are represented as the mean ± SEM from at least three independent
experiments.
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Figure 8

LC3 inhibits MHC-I antigen presentation pathway by downregulating NLRC5 in vivo. A Images of tumors;
representative hematoxylin and eosin stained images of tumors (scale bars: up 200 μm and down 100 μm);
volume of tumors; weight of tumors. B Representative western blotting and qRT-PCR results showing that LC3
overexpression attenuates the NLRC5 and MHC-I genes expression. NLRC5 overexpression enhances the
levels of NLRC5 and MHC-I genes. An upregulation of NLRC5 expression restricts the negative role of LC3 in
NLRC5 and MHC-I genes in tumors (**P<0.01 vs. vector group, ##P<0.01 vs. LC3 plasmid group). C Tumors
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were subjected to immunohistochemistry analysis for CD8+ cell in�ltration in tumor (original magni�cation
×400). LC3 overexpression attenuates CD8+ cell in�ltration in tumor. NLRC5 overexpression enhances the
CD8+ cell in�ltration in tumor. An upregulation of NLRC5 expression restricts the negative role of LC3 in CD8+
cell in�ltration in tumor (**P<0.01 vs. vector group, ##P<0.01 vs. LC3 plasmid group). D Representative �ow
cytometry results showing that LC3 overexpression decreases the frequency of CD8+ T cell in CD45+ cells in
the peripheral blood of mice. NLRC5 overexpression augments the frequency of CD8+ T cell in CD45+ cell in
the peripheral blood of mice. NLRC5 upregulation restricts the negative role of LC3 in CD8+ T cells in the
peripheral blood of mice (**P<0.01 vs. vector group, ##P<0.01 vs. LC3 plasmid group). E Representative
ELISA results showing that LC3 overexpression decreases the IFN-γ, TNF-α, and IL-2 levels in the peripheral
blood of mice. Upregulation of NLRC5 augments the IFN-γ, TNF-α, and IL-2 levels in the peripheral blood of
mice. NLRC5 overexpression restricts the negative role of LC3 in IFN-γ, TNF-α, and IL-2 production in the
peripheral blood of mice (**P<0.01 vs. vector group, ##P<0.01 vs. LC3 plasmid group). F In EC, LC3 directly
interacts with NLRC5 to inhibit NLRC5-mediated MHC-I antigen presentation pathway, and LC3 inhibition
along with NLRC5 promotion may contribute to immunotherapy in EC by activating MHC-I antigen
presentation pathway.


