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Abstract: Background: Colorectal adenocarcinoma (COAD) is one of the most common gastrointestinal malignancies.

There is a pressing need to recognize reliable biomarkers that can improve diagnostic accuracy, predict prognosis, and

serve as effective molecular targets. Glutathione peroxidase 4 (GPX4) is an important antioxidant protein. Evidence

demonstrates that abnormal expression of GPX4 is related to cancer initiation and progression. However, the role of

GPX4 in COAD remains unclear. Methods: We employed bioinformatics analysis and conducted subsequent

validation of biological processes, including cell counting kit-8 assay (CCK-8), colony formation assay, reverse

transcription-quantitative polymerase chain reaction (RT-qPCR), 5-ethynyl-2′-deoxyuridine assay (EdU), western blot,

immunohistochemistry, senescence associated β-galactosidase (SA-β-gal) staining and immunofluorescence to explore

the expression status, prognostic value and biological function of GPX4 in COAD. Results: Our data revealed that

GPX4 mRNA expression was upregulated in COAD tissues and could predict the prognosis in patients with COAD.

High GPX4 expression was associated with increased infiltration of malignant cells. We also performed a series of cell

experiments confirming that GPX4 knockdown inhibited proliferation and induced cellular senescence, as determined

by using CCK-8, colony formation, and EdU assay. In addition, SA-β-gal staining and senescence-associated secretory

phenotype (SASP) components, such as P21 and Interleukin-6 (IL-6), were increased in GPX4 knockdown cells, while

Lamin B1 was decreased. Moreover, we predicted that high expression of GPX4 was related to low immune cell

infiltration. Conclusion: This study demonstrates that GPX4 is a potential prognostic biomarker and target gene

for COAD.
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GPX4 Glutathione peroxidase 4
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IL-6 Interleukin-6
GAPDH glyceraldehyde-3-phosphate dehydrogenase
OS Overall survival
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genomes
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PVDF Polyvinylidene fluoride
RT-qPCR Reverse transcription-quantitative polymerase

chain reaction

Introduction

Colorectal adenocarcinoma (COAD) is one of the most
common gastrointestinal malignancies. In 2020, across the
world, the number of Colorectal cancer (CRC) cases was
quite high. Specifically, there were 1.9 million new cases and
0.935 million deaths. These amounts respectively accounted
for 10.0% and 9.4% of the aggregate cancer cases [1]. The 5-
year survival rate for CRC exceeds 50%; however, for
metastatic CRC, it drops dramatically to just 12%, due to
the presence of unresectable metastases [2,3]. Nearly one-
quarter of CRC cases are diagnosed at an advanced stage
[4–6]. Hence, there is a pressing need to recognize reliable
biomarkers and effective molecular targets.

Glutathione peroxidase 4 (GPX4) is an important
antioxidant protein in mammalian cells. The unique
function of GPX4 is the reduction of lipid hydroperoxide
products on the cell membrane to nontoxic lipid alcohols,
using glutathione as a cofactor [7–9]. Abnormal expression
of GPX4 is associated with various human diseases, such as
alcoholic liver disease [10], and age-related cataracts [11].
Recent studies have also demonstrated that abnormal
expression of GPX4 was related to cancer initiation and
progression. For instance, Sha et al. reported that higher
GPX4 expression strongly correlated with better distant
metastasis-free survival in patients with breast cancer [12].
However, Chen and colleagues presented opposite results,
finding that increased GPX4 expression promotes thyroid
cancer tumorigenesis [13]. Meanwhile, Ren et al. also found
that higher protein expression of GPX4 was related to poor
prognosis in gliomas [14], suggesting that GPX4 plays
different roles in different cancers.

Present studies have also shown that an increase in GPX4
is also associated with the protection of cancer cells from
cellular senescence and immune evasion. Such as the
SLC7A11/GPX4 axis has been reported to play a role in
cellular senescence [15]. In addition, Chen et al., who found
that GPX4 is related to the activation of the cGAS-STING
pathway, suggest that GPX4 is also associated with immune
evasion of cancer [16]. Moreover, numerous treatments,
including small-molecule inhibitors, natural products, and
gene deletions, have been identified to suppress cancer
progression by targeting GPX4 in CRC [17]. These results
suggest that GPX4 plays a crucial role in cancer initiation
and progression.

In this study, we investigated the role of GPX4 in the
progression of COAD. We measured the expression levels of
GPX4 in COAD tissues and evaluated the relationship
between GPX4 expression and patient prognosis. In
addition, we assessed the effect of GPX4 on proliferation
and cellular senescence in COAD. Furthermore, we
predicted the relationship between GPX4 expression and
immune cell infiltration. Taken together, our results provide
novel insights into how GPX4 promotes cancer progression

in COAD and suggest its potential as a biomarker for
predicting prognosis.

Materials and Methods

Human tissues
All samples were obtained from nine primary colorectal
cancer specimens, comprising five cases of right
hemicolectomy and four cases of left hemicolectomy. These
samples were surgically resected by surgery at Affiliated
Hospital of Yanbian University with no preoperative
chemotherapy, radiotherapy, or other tumor-specific
treatments, and the study was approved by the Ethics
Committee of Affiliated Hospital of Yanbian University (No.
2024673) (Yanji, China). Each sample consisted of one
specimen of colorectal cancer and one specimen of normal
adjacent tissue. Each sample was collected from 5 cm away
from the lesion. Specimens were collected under aseptic
conditions in the operating room within 5 min of surgical
resection. Each sample was confirmed by a pathologist after
the operation. Written informed consent was obtained from
all the study subjects before enrollment.

Cell culture and transfection
Human CRC cell lines SW620 and SW480 (C5227; C5233,
Zhejiang, China) were purchased from Baidi Biotech Ltd.,
Hangzhou, China. The cell lines were cultured in DMEM
(Absin, abs9560, Shanghai, China) with 1% penicillin/
streptomycin (Solarbio, P7630, Beijing, China) and 10% fetal
bovine serum (BIOFIL, FBS111025, Guangzhou, China). The
cell lines were grown in a humidified environment with 5%
CO2 at 37°C. Mycoplasma contamination was routinely tested
by PCR analysis. Small interfering RNAs (Si-Con, Si-GPX4#1,
Si-GPX4#2, and Si-GPX4#3) targeting GPX4 were designed
and synthesized by IBSBIO (Shanghai, China). SW620 and
SW480 cells were transfected in 6-well plates via
LipofectamineTM 3000 (Invitrogen, L3000015, Carlsbad, CA,
USA). After transfecting for 24 h, use for further experiments.
The detailed sequence information is summarized in Table 1.

TABLE 1

Sequences of the siRNAs used in the experiments

Primer Nucleotide Sequence (5′−3′)

Si-Con
(NC)

Sense: 5′-UUCUCCGAACGUGUCACGUTT-3

Anti-sense5′-ACGUGACACGUUCGGAGAATT-
3

Si-GPX4#1 Sense: 5′-CAGGGAGUAACGAAGAGAUUU-3

Anti-sense: 5′-
AUCUCUUCGUUACUCCCUGUU-3′

Si-GPX4#2 Sense: 5′-GAGGCAAGACCGAAGUAAACU-3

Anti-sense: 5′-
UUUACUUCGGUCUUGCCUCAC-3′

Si-GPX4#3 Sense: 5′-UUCGAUAUGUUCAGCAÀGAUU-3

Anti-sense: 5′-
UCUUGCUGAACAUAUCGAAUU-3′
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CCK-8 assay
Briefly, CRC cells transfected with si-GPX4 were seeded in 96-
well plates (5 × 103 cells/well). The next day, 100 μL of
medium containing 10 μL of CCK-8 reagent (Invigentech,
1V08-500, Irvine, CA, USA) was added to the cell culture
medium and further incubated for 2 h in the 37°C
incubator. The relative absorbance was measured at 450 nm
to calculate the viability of cells.

EdU assay
Briefly, CRC cells transfected with si-GPX4 were seeded in 96-
well plates (2 × 104 cells/well). The proliferation capacity of
COAD cells was assessed using the EdU Kit according to
the manufacturer’s instructions (RiboBio, C10310-1,
Guangzhou, China). Images were captured using a
fluorescence microscope (Olympus, IX73, Tokyo, Japan) and
further analyzed using ImageJ software (version 1.52,
National Institutes of Health, Bethesda, MD, USA).

Colony formation assay
Briefly, CRC cells transfected with si-GPX4 were plated in 6-
well plates (800 cells/well) and incubated for 13 days. The cells
were then washed with phosphate-buffered saline (PBS)
(Solarbio, P1022). The formed transfected cell colonies were
fixed with 4% paraformaldehyde (Beyotime, P0099, Huaian,
China) and stained with 0.1% crystal violet (Solarbio,
G1063). The acquired images were analyzed using ImageJ
software.

Determination of SA-β-gal activity
To observe positively senescent cells, the SA-β-gal Staining Kit
(Beyotime, #C0602) was used. Cells were grown to 30%–50%
confluence, washed with 2 mL of PBS, and the fixative was
applied for 15 min. After that, the staining working liquid
was used to incubate the cells at 37°C overnight. The next
day, cell morphology was observed using a light microscope
(Olympus, IX73). The number of stained positive cells in
the field of view was counted, with the blank group used as
a control.

Total protein extraction and western blot
Whole transfected cells were collected after rinsing with PBS
three times. The cell lysates were collected on ice using
radio-immunoprecipitation assay lysis buffer (RIPA)
(Solarbio, R0020) containing protease and phosphatase
inhibitors (Solarbio, P1260), and the extract was collected by
centrifugation at 12,000 rpm (HITACHI, CT15RE, Tokyo,
Japan) for 30 min at 4°C. When extracting proteins from
human tissue samples, we placed the tissues in the RIPA
containing protease and phosphatase inhibitors and ground
them using a tissue homogenizer. The supernatant was
collected as the total lysate protein. After quantitation and
denaturation, the samples (15 g protein/well) were separated
by 10% SDS-PAGE gel electrophoresis (Epizyme, PG112,
Shanghai, China) and transferred to a Polyvinylidene
fluoride (PVDF) membrane (Merck, IPVH00010,
Darmstadt, Germany), followed by incubation with primary
antibodies and gentle shaking at 4°C overnight. The next
day, secondary antibodies (1:3000 ProteinTech, SA00001-1/
SA00001-2, Chicago, IL, USA) were incubated for at least 70

min with gentle shaking at room temperature (RT). All
protein bands were detected using a chemiluminescence
reagent (ZOMANBIO, ZD310-2, Beijing, China) after they
were rinsed three times with Tris-buffered saline having
Tween-20 (Beyotime, ST1727). The following antibodies
were used: anti-GPX4 (1:1000 ProteinTech, 30388-1-AP),
anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH;
1:3000 ProteinTech, 10494-1-AP), anti-HSP90 (1:2000
ProteinTech, 13171-1-AP), anti-interleukin (IL)-6 (1:2000
ProteinTech, 21865-1-AP), anti-β-actin (1:2000 ProteinTech,
66009-1-Ig), and anti-P21 (1:1000 ProteinTech, 28248-1-AP).

RNA extraction and RT-qPCR
Using commercially available kits, total RNA was extracted
from COAD samples and then synthesized (Beyotime,
R0027/D7190M), according to the kit instructions.
Subsequently, for each cDNA sample, 1 µL of cDNA
template, 2 µL of each primer, 7 µL of RNase-free water
(ZOMANBIO, ZS105), and 10 µL of SYBR Green PCR mix
(Beyotime, D7262) were combined. The total reaction
volume for all samples was 20 µL, which was used to
calculate the expression of the GPX4 gene through the cycle
threshold reading of the corresponding GAPDH. Relative
gene expression was evaluated by means of the 2−ΔΔCT

method, and all reactions were executed in triplicate. The
primers used in this assay were as follows: Human GAPDH
(Forward: 5′-GGAGCGAGATCCCTCCAAAAT, Reverse: 5′-
GGCTGTTGTCATACTTCTCATGG); Human GPX4 (Forward:
5′-GAGGCAAGACCGAAGTAAACTAC, Reverse: 5′-CCG
AACTGGTTACACGGGAA).

Immunohistochemistry (IHC)
Tissue microarray samples containing 142 clinical information
samples were obtained from Shanghai Outdo Biotech Co.,
Ltd., Shanghai, China (HColA180Su19). For IHC staining,
tissue sections were rehydrated in a graded ethanol series
after deparaffinisation in xylene. Using microwave heating,
sodium citrate buffer (pH 6.0) (Beyotime, P0081) was used
for antigen repair and allowed to cool gradually to RT,
followed by an endogenous peroxide blocker solution
(ZSGB-BIO, PV-9000, Beijing, China) covering the tissue for
25 min. Subsequently, 5% bovine serum albumin (Solarbio,
A8020) was used to block non-specific binding. The slides
were then incubated with a GPX4 antibody (ProteinTech,
30388-1-AP) at a 1:200 dilution at 4°C overnight. On the
morrow, the tissues were incubated in a reaction enhancer
(ZSGB—BIO, PV-9000) for 30 min, followed by 20 min
incubation with a secondary antibody (ZSGB—BIO, PV-
9000) at RT. 3,3′-diaminobenzidine (ZSGB-BIO, ZLI-9018)
working solution was added dropwise, and color
development was observed under a microscope (Olympus,
CX73) for 2–4 min. All tissue sections were counterstained
with hematoxylin solution (Solarbio, G1080) for at least 45 s
and observed under the microscope (Olympus, CX73) in
real time. Finally, neutral gum sealing was performed. The
IHC staining results of GPX4 were classified into four semi-
quantitative categories according to the proportion of
positive cells. Specifically, “−” represented less than 5%
positive cells, “+” indicated 6%–25% positive cells, “++”
signified 26%–50% positive cells, and “+++” denoted more
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than 50% positive cells. Positive cell counts >50% were
considered strongly positive.

Immunofluorescence staining
After normal trypsin digestion and centrifugation, 50%–70%
of the cells were plated in 6-well plates. The next day, the
formed transfected cell colonies which had been formed
were fixed using 4% paraformaldehyde for 25 min, and then
incubated with 0.5% Triton X-100 (Beyotime, ST1723) for 5
min. Next, the transfected cell colonies were incubated with
5% bovine serum albumin (Solarbio, A8020) for a minimum
time of 50 min at RT and incubated with primary antibody
(1:300 Lamin B1, ProteinTech, 12987-1-AP) at 4°C
overnight. On the morrow, the cells were incubated with the
secondary antibody (1:500 ProteinTech, SA00013-4) in the
dark for 1 h at RT, counterstained with DAPI (Beyotime,
C1025), and imaged using a confocal laser scanning
microscope (Olympus, FV3000). ImageJ software was used
to analyze the images.

Bioinformatics analysis
We used the TIMER2.0, SangerBox, XIANTIAO, and
GEPIA2.0 databases to comprehensively analyze GPX4
expression and prognosis data [18–20]. GPX4 microarray
data (GSE40287, GSE41328, and GSE81582 datasets) were
retrieved from the Gene Expression Omnibus (GEO)
database. We then used the TISCH (GSE166555 dataset),
TISIDB, and TIDE (GSE39582 and GSE12945 datasets)
databases to comprehensively analyze the potential
interaction between GPX4 and immune infiltration [21–23].
Using the STRING database to construct the protein
interaction network [24]. Using the NetworkAnalyst
database to construct the transcription factor-miRNA (TF-
miRNA) co-regulatory network [25]. Briefly, the results
from public databases were obtained using automated
statistical analysis.

Statistical analysis
GraphPad Prism software (version 9.0, GraphPad, USA) and
SPSS software (version 26.0, IBM SPSS, USA) were used to
analyze the experimental data and tissue microarray
samples. The cumulative survival rates of all patients were
calculated using the Kaplan-Meier method, and univariate
Cox proportional risk regression models were established.
The chi-square tests were utilized to assess the correlations
between GPX4 expression and clinicopathological
characteristics. One-way analysis of variance was deployed
to estimate differences among multiple groups. All
continuous experimental data were employed in triplicate
and expressed as mean ± standard deviation. p-value < 0.05
was considered significant.

Results

GPX4 mRNA is upregulated in COAD tissues and correlated
with poor prognosis
First, we have detected the expression of GPX4 in pan-cancer
tissues using an online database. The TIMER 2.0 database

displayed that the expression of GPX4 was substantially
upregulated in Bladder Urothelial Carcinoma, Breast
invasive carcinoma, COAD, Esophageal Carcinoma, etc.
(Fig. 1A). The XIANTAO platform and GEO database were
used to predict the expression of GPX4, which confirmed
the high expression of GPX4 in COAD (Fig. 1B,C). In
addition, GPX4 was expressed at higher levels in primary
and metastatic colon cancer tissues than in healthy colon
tissues (Fig. 1D). Next, we evaluated the role of GPX4
mRNA expression in predicting pan-cancer prognosis.
GPX4 mRNA expression was substantially associated with
the prognosis of COAD, Glioma, Liver hepatocellular
carcinoma, and other cancers, as determined using the
Sangerbox database (Fig. S1A). Consistently, both the
GEPIA2.0 and Sangerbox databases predicted that mRNA
expression of GPX4 was correlated with short overall
survival (OS) in patients with COAD (Fig. 1E; Fig. S1B).
Using the XIANTAO database, receiver operating
characteristic (ROC) analysis showed that GPX4 had a
remarkable level of accuracy in predicting prognosis
(AUC = 0.720). Concomitantly, time-dependent ROC
analysis also showed that GPX4 had moderate predictive
ability for the 2-year (AUC = 0.565), 5-year (AUC = 0.619),
and 8-year (AUC = 0.628) (Fig. 1F). The calibration curves
showed a high favorable consistency between predicted and
observed results (Fig. 1G). These results demonstrate that
GPX4 mRNA expression correlates with the prognosis of
patients with COAD.

Construction of the co-regulatory network of GPX4 and GO–
KEGG analysis
To elucidate how GPX4 protein interactions are involved in
COAD progression, we used the STRING database to
identify 10 hub genes co-expressed with GPX4, including
GSR, GRSF1, HPGDS, HSPA5, PRDX6, GSTO2, GSTP1,
GSTO1, CHAC1, and GSS (Fig. 2A). In addition, 72
miRNAs that regulated the expression levels of the co-
expressed genes were identified by NetworkAnalyst analysis,
and the major co-regulated genes were GPX4, HSPA5,
GSTO2, GSR, and GSTP1. The miRNAs that hit most
commonly were hsa-mir-101, hsa-mir-26a, hsa-mir-26b,
hsa-mir-371-3p, hsa-mir-495, and hsa-mir-657. The
transcription factors that were hit more commonly were
TFAP2A, MYC, FOS, MAX, JUN, and SP1 (Fig. 2B).
Moreover, differentially expressed genes (DEGs) were
analyzed using the GEO2R tool base on the data obtained
from GSE40287 dataset. A total of 364 DEGs were identified
in GPX4 knockout group (p < 0.05; Fig. S2A). Next, we
determined the expression levels of these 10 hub genes and
showed that the expression levels of HSPA5, GSTO2,
GSTP1, GSTO1, CHAC1, GSS, GSR, and GRSF1 were
higher, whereas those of HPGDS and PRDX6 were
substantially lower in COAD tissues (Fig. S2B). We then
analyzed the association between GPX4 and the above genes
in COAD and noted that GPX4 expression had a positive
correlation with the expression of GSTO1, GSS, PRDX6,
and GSR (Fig. S2C).

GO analysis showed that these DEGs were primarily
enriched in monocarboxylic acid binding, endoplasmic
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reticulum lumen, collagen-containing extracellular matrix,
and regulation of epithelial-to-mesenchymal transition
(Fig. 2C). KEGG analysis showed that GPX4 may be

involved in oncogenesis through regulating the metabolic
pathways, complement and coagulation cascades, TGF-β
and Hippo signaling pathway (Fig. 2D).

FIGURE 1. GPX4 mRNA is upregulated in COAD tissues and correlated with poor prognosis. (A) The TIMER 2.0 database was utilized to
analyze the expression of GPX4 mRNA in pan-cancer and paired adjacent normal tissues. (B) Expression of GPX4 in paired normal tissues and
cancer samples was analyzed using the XIANTAO platform. (C,D) GPX4 mRNA expression in normal tissues, primary colorectal
adenocarcinoma (COAD) tissues, and metastatic COAD tissues from the GEO databases (GSE41328, GSE81582). (E) GEPIA 2.0 was
applied to analyze the correlation between GPX4 expression and survival in COAD. (F) Receiver operating characteristic curves were
employed to determine the diagnostic value of GPX4 in COAD analysis using the XIANTAO platform. (G) Diagnostic value of the
calibration curves for OS and disease-specific survival of GPX4 in COAD analysis using the XIANTAO platform (*p < 0.05; **p < 0.01;
***p < 0.001).
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Knockdown of GPX4 inhibits cell proliferation and induces
cellular senescence in COAD
To further elucidate the biological function of GPX4 in
COAD, SW620 and SW480 cell lines were transfected with
si-GPX4 and the effect was confirmed by western blotting
(Fig. 3A). CCK-8 assay revealed that cell proliferation was
potently inhibited in GPX4 knockdown cells (Fig. 3B).
Concurrently, GPX4 knockdown cells showed a marked
reduction in colony formation ability (Fig. 3C,D). In
addition, GPX4 knockdown inhibited DNA replication in

COAD cells, as determined by EdU incorporation assay
(Fig. 3E; Fig. S2D). These observations validated GPX4 in
the process of regulating COAD cancer cell proliferation.

To further understand whether GPX4 could regulate
cellular senescence in COAD, SA-β-gal staining was utilized.
We observed an increased number of positive regions in the
si-GPX4 group (Fig. 4A,B). Consistently, SASP components
IL-6, P21, and Lamin B1 was determined after GPX4
knockdown. The expression of Lamin B1 was decreased,
while that of IL-6 and P21 was increased in GPX4

FIGURE 2. Construction of the co-regulatory network of GPX4 and GO–KEGG analysis. (A) GPX4 interaction protein plot. (B) TF-miRNA
co-regulatory network, comprising 141 nodes and 185 edges (Red: co-expression genes; Gray: miRNAs; Green: transcription factors). (C,D)
GO and KEGG enrichment analyses of inferentially expressed genes obtained from GSE40287 dataset.
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knockdown cells (Fig. 4C–E; Fig. S2E). These results
demonstrate that GPX4 deficiency leads to inhibited
proliferation and enhanced cellular senescence in COAD cells.

GPX4 protein is overexpressed in COAD and correlates with
poor prognosis
To validate the expression status of GPX4 protein in COAD,
nine pairs of COAD and adjacent tissues were collected, and
the expression of GPX4 was measured using western
blotting and RT-qPCR. GPX4 mRNA and protein were
overexpressed in eight cases (Fig. 5A,B). Then, IHC staining
was performed on tissue microarray, including 75 COAD
patients and 67 adjacent non-tumor tissues. As a result,
GPX4 was strongly expressed in most COAD tissues but

weakly expressed in adjacent tissues (Fig. 5C). The positive
rate of GPX4 protein was 90.7% (68/75) (p < 0.01), which
was obviously higher than that in adjacent tissues (40.3%,
27/67) (Fig. 5D). Kaplan-Meier analysis revealed shorter
lifespans in COAD patients with high GPX4 expression
than those with low expression (HR = 2.21, p < 0.033)
(Fig. 5E). Unfortunately, no substantial association was
observed between clinicopathological parameters and GPX4
expression in COAD (Table 2). Cox univariate survival
analysis indicated that prognosis was influenced by lymph
node metastasis (p = 0.002), tumor location (p = 0.02),
clinical stage (p = 0.0007), and GPX4 expression. Cox
multivariate analysis verified that high levels of GPX4
expression (p = 0.033), clinical stage (p = 0.036), and tumor

FIGURE 3. Knockdown of GPX4 inhibits cell proliferation in COAD. (A) GPX4 protein expression was determined by western blotting in
SW480 and SW620 cells with GPX4 siRNA. (B–D) CCK8 and colony formation assays were performed to assess the proliferation of SW480
and SW620 cells with GPX4 siRNA. (E) Representative images of EdU staining, scale bar = 100 μm (*p < 0.05; **p < 0.01).
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location (p = 0.036) were strong predictors of prognosis in
COAD (Table 3). In brief, these ex vivo results demonstrate
that the occurrence and development of COAD are
inseparable from the high GPX4 expression.

The association between GPX4 and immune cell infiltration in
COAD
To evaluate the relationship between GPX4 expression and
immune cell infiltration, we first detected the distribution of
GPX4 in COAD tissues. We found that GPX4 is abundant
in malignant cells, epithelial cells, and monocytes/
macrophages in CRC, according to the GSE166555 dataset
(Fig. 6A,B). The TISIDB database was applied to confirm
the exact types of infiltrating immune cells. As depicted in
Fig. 6C, GPX4 was positively correlated with the infiltration
of T helper (Th) 17 cells, activated CD8 cells, CD56bright

Natural killer (NK) cells, and CD56dim NK cells, as well as
Monocytes, whereas it was negatively correlated with
effector memory CD4 T cells, activated CD4 T cells, and Th
2 cells. The XIANTAO database showed that GPX4 was

positively correlated with Cytotoxic cells, Treg cells,
CD56bright NK cells, CD56dim NK cells, Th cells, and Central
memory T cells (Fig. 6D; Fig. S3A). As indicated by the
TIDE database, elevated GPX4 expression positively
correlates with Cytotoxic T-lymphocytes (CTLs)
dysfunction, which is associated with poor survival
prognosis (Fig. S3B). These results indicate that GPX4
expression correlates with immune cell infiltration in
patients with COAD.

Discussion

As a central regulator of ferroptosis, GPX4 exerts
cytoprotective effects through enzymatic reduction of
cytotoxic lipid hydroperoxides. Emerging clinical evidence
reveals significant associations between GPX4
overexpression and malignant progression across various
cancers. In thyroid carcinoma, Chen et al. demonstrated
that elevated GPX4 expression correlated with advanced
tumor invasion (T3–T4 stage) and metastatic progression

FIGURE 4. Knockdown of GPX4 induces cellular senescence in COAD. (A,B) Senescence-associated β-galactosidase staining of SW480 and
SW620 cells with GPX4 knockdown, scale bar = 50 μm. (C,D) Protein expression levels of P21 and interleukin-6 in SW480 and SW620 cells
with GPX4 siRNA. (E) Lamin B1 immunofluorescence in SW480 and SW620 cells with GPX4 siRNA, scale bar = 10 μm (*p < 0.05; **p < 0.01).
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(pathologic stages III–IV), establishing its independent
prognostic value through multivariate Cox regression
analysis [13]. Similar results were also reported by Wu et al.,
who identified that dual overexpression of SLC7A11 and
GPX4 confers remarkable platinum resistance and predicts
overall survival in cancer patients [26]. Substantiating these

observations, our investigation reveals that consistent GPX4
upregulation in COAD tissues, with its expression pattern
demonstrating significant correlation with adverse clinical
outcomes.

Intriguingly, recent studies identified that the
intracellular distribution of GPX4 manipulates its functions.

FIGURE 5. GPX4 protein is overexpressed in COAD and correlates with poor prognosis. (A) Protein expression levels of GPX4 in nine paired
samples of COAD tissues and adjacent non-tumor tissues. (B) mRNA expression levels of GPX4 in nine paired samples of COAD tissues and
adjacent non-tumor tissues. (C) GPX4 expression in COAD tissues and adjacent non-tumor tissues was determined by immunohistochemistry
analysis, scale bar = 100 μm. (D) Positive rate of GPX4 expression in COAD and adjacent non-tumor tissues. (E) OS of 75 patients with COAD
in relation to GPX4 protein expression (**p < 0.01).
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Mao et al. pointed out that mitochondrial GPX4 and
dihydroorotate dehydrogenase are important defense arms
for the detoxification of lipid peroxides that are not
dependent on GPX4 in the cytoplasm to inhibit ferroptosis
[27]. Tadokoro et al. reported that doxorubicin-induced
ferroptosis is mediated by mitochondria and showed that
doxorubicin accelerated mitochondrial lipid peroxide
production, which was effectively rescued by mitochondrial
GPX4 [28]. However, it should be emphasized that our

study was limited by its exclusive focus on cytosolic GPX4
localization through conventional immunohistochemical
analysis. Future investigations employing mitochondrial-
cytosolic fractionation coupled with immunoblotting, or
confocal microscopy with organelle-specific markers, are
warranted to establish the spatial distribution dynamics of
GPX4 isoforms.

As a pivotal antioxidant effector, GPX4 is frequently
upregulated by cancer cells to counteract oxidative stress

TABLE 2

Correlation between GPX4 expression and clinicopathological parameters of colorectal cancer patients

Clinical features No. of cases Strongly positive cases (%) x2 p Value

Age 0.099 0.752

≤66 39 17 (43.6)

66 36 17 (47.2)

Tumor size 0.221 0.637

≤3 cm 8 3 (37.5)

>3 cm 67 31 (46.3)

Histological grade 0.215 0.642

Grade I 15 6 (40.0)

Grades II–III 60 28 (46.7)

Clinical stage 0.083 0.773

T1–3 52 33 (62.3)

T4a–4b 23 11 (47.8)

LN metastasis 1.111 0.291

Absent 51 21 (41.2)

Presence 24 13 (54.2)
Note: LN metastasis lymph node metastasis.

TABLE 3

Univariate survival analyses (Cox regression model) of various factors in patients with colorectal cancer.

Factors B SE Wald HR 95%CI p Value

Lower Upper

Univariate

Age 0.0003 0.0005 0.363 0.9997 0.998 1.000 0.547

Tumor size 0.385 0.399 0.933 0.680 0.311 1.486 0.334

LN metastasis 1.185 0.368 10.344 3.270 1.588 6.370 0.002**

Clinical stage 1.253 0.369 11.544 3.502 1.700 7.218 0.0007**

Histological grade 0.662 0.537 1.520 1.939 0.677 5.560 0.218

Tumor location 0.855 0.374 5.618 2.424 1.166 5.040 0.02*

GPX4 0.872 0.380 5.271 2.391 1.136 5.033 0.022*

Multivariate

Clinical stage 0.871 0.415 4.409 2.390 1.060 5.391 0.036*

GPX4 0.811 0.382 4.515 2.210 1.060 4.601 0.033*

LN metastasis 0.759 0.416 3.335 2.137 0.946 4.827 0.068

Tumor location 0.786 0.375 4.382 2.194 1.051 4.580 0.036*
Note: *p < 0.05, and **p < 0.01. LN metastasis: lymph node metastasis. Tumor location: sigmoid CRC vs. non-sigmoid CRC. B: Coefficient. SE: standard error.
Wald: Wald statistic. HR: hazard ratio. CI: confidence interval.
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and sustain malignant progression. However, the regulatory
mechanisms underlying GPX4 regulation in cancer are still
unknown. Our bioinformatic analysis identified seven
candidate microRNAs (miR-101, miR-214-3p, miR-26a/b,
miR-371-3p, miR-495, and miR-657) potentially targeting
GPX4 in COAD. Among these candidates, only miR-214-3p
has been mechanistically linked to GPX4 suppression in
hepatocellular carcinoma via direct 3′UTR binding [29].
This suggests a potential regulatory paradigm, where
miRNA-GPX4 interactions may exhibit tissue-specific or
tumor-type selectivity, and further studies are required to

confirm the interaction between miRNAs and GPX4 in
COAD.

An important finding of our study is that GPX4
overexpression likely reduced CTLs infiltration, which could
attenuate the response to immunotherapy and strengthen
the protection of tumor cells. We also observed that GPX4
expression was negatively correlated with CD4+ T cell
infiltration. CD4+ T cells are the dominant target tumor
cells in the immune system, and dysfunction of CD4+ T
cells can enable adaptive immune resistance, resulting in
tumor immune escape and metastasis [30]. A recent study

FIGURE 6. The association between GPX4 and immune cell infiltration in COAD. (A,B) GPX4 distribution in different cell types was obtained
from the GSE166555 dataset. (C) Analysis of the relation between GPX4 expression patterns relative to immune cell infiltration by using the
TISIDB database. (D) Comprehensive evaluation of the relationship between various immune cell types and GPX4 expression in COAD (**p <
0.01; ***p < 0.001).
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showed that GPX4 inhibitors could enhance the response of
cancer patients to immunotherapy by promoting T cell
infiltration. For example, Li et al. screened the molecular
compound N6F11, which effectively triggered the
degradation of GPX4, especially in tumor cells within
the tumor microenvironment, but did not induce the
degradation of GPX4 in immune cells, to successfully induce
protective immunity [31]. This evidence demonstrated that
the role of GPX4 is in regulating tumor immune cell
infiltration. However, in this particular study, using
bioinformatics analysis, we have predicted an inverse
correlation between GPX4 expression and cytotoxic T cell
abundance, but these computational predictions require
further validation. Taken together, our observations, coupled
with existing literature, suggest that GPX4-driven poor
prognosis may be the result of its dual role in intrinsic
tumor cell protection and extrinsic immune suppression.

As expected, we found that knockdown of GPX4 induced
cellular senescence in COAD cells. GPX4 as a key driver in the
cellular senescence process in COAD cells, reflected by the
alteration of the biomarkers p21, Lamin B1, and the
secretory phenotype IL-6, while the activity of SA-β-gal.
Previous reports indicate that P53 can delay cellular
senescence in PC12 cells in an SLC7A11 and GPX4
dependent manner. Knockdown of P53 downregulated
SLC7A11 and GPX4 expression, leading to cellular
senescence and ferroptosis [15]. Xu et al. showed that the
protective effect of 1,25(OH)2D3 against D-galactose-
induced ferroptosis and senescence was reversed by the
inhibition of GPX4 (RSL3), demonstrating that GPX4
participates in the cellular senescence process [32]. We
hypothesized that GPX4 deficiency causes cells to lack anti-
oxidant capacity and makes them more sensitive to
oxidative stress, which is considered a common driver of
senescence. Nevertheless, further investigations are
indispensable to demystify this mechanism.

In summary, our study demonstrated that GPX4 mRNA
and protein expression are upregulated in COAD tissues and
could predict the prognosis of patients with COAD from our
collection of samples. High GPX4 expression was associated
with increased infiltration of malignant cells and cytotoxic
T-lymphocytes dysfunction. We also performed a series of
cell experiments that confirm GPX4 knockdown inhibited
the proliferation and induced cellular senescence of CRC
cells. This evidence suggests that GPX4 is a potential target
gene for COAD treatment and serves as a prognostic
biomarker.

Acknowledgement: Thanks for the members of Key
Laboratory of Pathobiology (Yanbian University) for their
support, stimulating discussions, and collaborative spirit
during the project.

Funding Statement: This work was funded by Jilin Province
Department of Education Science and Technology Research
Planning Project (JJKH20230636KJ) and the National
Natural Science Foundation of China (82060484).

Author Contributions: Xiuying Jin, Junjie Piao and Yu
Zhang: conceived and designed the study; Yu Zhang and
Qingkun Wang: performed the experiments and data; Yue

Han: collected the clinical samples; Yu Zhang: wrote and
edited the manuscript; Junjie Piao: critically revised the
manuscript. All authors reviewed the results and approved
the final version of the manuscript.

Availability of Data and Materials: The datasets presented in
this study can be found in online repositories. The names of
the repository can be found in the article.

Ethics Approval: The study protocol was conducted in
accordance with the Declaration of Helsinki and was
approved by the Ethics Committee of Affiliated Hospital of
Yanbian University (Yanji, China; approval no. 2024673).
Written informed consent was obtained from all the study
subjects before enrollment.

Conflicts of Interest: The authors declare no conflicts of
interest to report regarding the present study.

Supplementary Materials: The supplementary material is
available online at https://www.techscience.com/doi/10.
32604/or.2025.063395/s1.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,
Jemal A, et al. Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers
in 185 countries. CA Cancer J Clin. 2021;71(3):209–49. doi:10.
3322/caac.21660.

2. Wolf AMD, Fontham ETH, Church TR, Flowers CR, Guerra CE,
LaMonte SJ, et al. Colorectal cancer screening for average-risk
adults: 2018 guideline update from the American Cancer
Society. CA Cancer J Clin. 2018;68(4):250–81. doi:10.3322/
caac.21457.

3. Chen Y, Liang J, Chen S, Lin N, Xu S, Miao J, et al. Discovery of
vitexin as a novel VDR agonist that mitigates the transition from
chronic intestinal inflammation to colorectal cancer. Mol
Cancer. 2024;23(1):196. doi:10.1186/s12943-024-02108-6.

4. Xie YH, Chen YX, Fang JY. Comprehensive review of targeted
therapy for colorectal cancer. Signal Transduct Target Ther.
2020;5(1):22. doi:10.1038/s41392-020-0116-z.

5. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer
J Clin. 2019;69(1):7–34. doi:10.3322/caac.21551.

6. Xu R, Du A, Deng X, DuW, Zhang K, Li J, et al. tsRNA-GlyGCC
promotes colorectal cancer progression and 5-FU resistance by
regulating SPIB. J Exp Clin Cancer Res. 2024;43(1):230. doi:10.
1186/s13046-024-03132-6.

7. Passaia G, Queval G, Bai J, Margis-Pinheiro M, Foyer CH. The
effects of redox controls mediated by glutathione peroxidases
on root architecture in Arabidopsis thaliana. J Exp Bot.
2014;65(5):1403–13. doi:10.1093/jxb/ert486.

8. Flohé L, Toppo S, Cozza G, Ursini F. A comparison of thiol
peroxidase mechanisms. Antioxid Redox Signal. 2011;15(3):
763–80. doi:10.1089/ars.2010.3397.

9. Seiler A, Schneider M, Förster H, Roth S, Wirth EK, Culmsee C,
et al. Glutathione peroxidase 4 senses and translates oxidative
stress into 12/15-lipoxygenase dependent- and AIF-mediated
cell death. Cell Metab. 2008;8(3):237–48. doi:10.1016/j.cmet.
2008.07.005.

10. Luo J, Song G, Chen N, Xie M, Niu X, Zhou S, et al. Ferroptosis
contributes to ethanol-induced hepatic cell death via labile iron

1944 YU ZHANG et al.

https://www.techscience.com/doi/10.32604/or.2025.063395/s1
https://www.techscience.com/doi/10.32604/or.2025.063395/s1
http://dx.doi.org/10.3322/caac.21660
http://dx.doi.org/10.3322/caac.21660
http://dx.doi.org/10.3322/caac.21457
http://dx.doi.org/10.3322/caac.21457
http://dx.doi.org/10.1186/s12943-024-02108-6
http://dx.doi.org/10.1038/s41392-020-0116-z
http://dx.doi.org/10.3322/caac.21551
http://dx.doi.org/10.1186/s13046-024-03132-6
http://dx.doi.org/10.1186/s13046-024-03132-6
http://dx.doi.org/10.1093/jxb/ert486
http://dx.doi.org/10.1089/ars.2010.3397
http://dx.doi.org/10.1016/j.cmet.2008.07.005
http://dx.doi.org/10.1016/j.cmet.2008.07.005


accumulation and GPx4 inactivation. Cell Death Discov. 2023;
9(1):311. doi:10.1038/s41420-023-01608-6.

11. Mi Y, Wei C, Sun L, Liu H, Zhang J, Luo J, et al. Melatonin
inhibits ferroptosis and delays age-related cataract by
regulating SIRT6/p-Nrf2/GPX4 and SIRT6/NCOA4/FTH1
pathways. Biomed Pharmacother. 2023;157:114048. doi:10.
1016/j.biopha.2022.114048.

12. Sha R, Xu Y, Yuan C, Sheng X, Wu Z, Peng J, et al. Predictive and
prognostic impact of ferroptosis-related genes ACSL4 and GPX4
on breast cancer treated with neoadjuvant chemotherapy.
eBioMedicine. 2021;71(13):103560. doi:10.1016/j.ebiom.2021.
103560.

13. Chen H, Peng F, Xu J, Wang G, Zhao Y. Increased expression of
GPX4 promotes the tumorigenesis of thyroid cancer by
inhibiting ferroptosis and predicts poor clinical outcomes.
Aging. 2023;15(1):230–45. doi:10.18632/aging.204473.

14. Ren XM, Zhang L, Xin B, Qian WW, Xia ZR, Qi M, et al.
Expression of glutathione peroxidases and its effect on clinical
prognosis in glioma patients. Zhongguo Yi Xue Ke Xue Yuan
Xue Bao (Acta Academiae Medicinae Sinicae). 2022;44(2):276–
85 (In Chinese). doi:10.3881/j.issn.1000-503X.14314.

15. Li S, Wang M, Wang Y, Guo Y, Tao X, Wang X, et al. p53-
mediated ferroptosis is required for 1-methyl-4-
phenylpyridinium-induced senescence of PC12 cells. Toxicol in
Vitro. 2021;73:105146. doi:10.1016/j.tiv.2021.105146.

16. Chen B, Hong Y, Zhai X, Deng Y, Hu H, Tian S, et al. m6A and
m5C modification of GPX4 facilitates anticancer immunity via
STING activation. Cell Death Dis. 2023;14(12):809. doi:10.
1038/s41419-023-06241-w.

17. Sui X, Zhang R, Liu S, Duan T, Zhai L, Zhang M, et al. RSL3
drives ferroptosis through GPX4 inactivation and ROS
production in colorectal cancer. Front Pharmacol. 2018;9:1371.
doi:10.3389/fphar.2018.01371.

18. Li T, Fu J, Zeng Z, Cohen D, Li J, Chen Q, et al. TIMER2.0 for
analysis of tumor-infiltrating immune cells. Nucleic Acids Res.
2020;48(W1):W509–W514. doi:10.1093/nar/gkaa407.

19. Shen W, Song Z, Zhong X, Huang M, Shen D, Gao P, et al.
Sangerbox: a comprehensive, interaction-friendly clinical
bioinformatics analysis platform. iMeta. 2022;1(3):e36. doi:10.
1002/imt2.36.

20. Tang Z, Kang B, Li C, Chen T, Zhang Z. GEPIA2: an enhanced
web server for large-scale expression profiling and interactive
analysis. Nucleic Acids Res. 2019;47(W1):W556–60. doi:10.
1093/nar/gkz430.

21. Han Y, Wang Y, Dong X, Sun D, Liu Z, Yue J, et al. TISCH2:
expanded datasets and new tools for single-cell transcriptome
analyses of the tumor microenvironment. Nucleic Acids Res.
2023;51(D1):D1425–31. doi:10.1093/nar/gkac959.

22. Ru B, Wong CN, Tong Y, Zhong JY, Zhong SSW, Wu WC, et al.
TISIDB: an integrated repository portal for tumor-immune
system interactions. Bioinformatics. 2019;35(20):4200–2.
doi:10.1093/bioinformatics/btz210.

23. Fu J, Li K, Zhang W, Wan C, Zhang J, Jiang P, et al. Large-scale
public data reuse to model immunotherapy response and
resistance. Genome Med. 2020;12(1):21. doi:10.1186/
s13073-020-0721-z.

24. Szklarczyk D, Kirsch R, Koutrouli M, Nastou K, Mehryary F,
Hachilif R, et al. The STRING database in 2023: protein-
protein association networks and functional enrichment
analyses for any sequenced genome of interest. Nucleic Acids
Res. 2023;51(D1):D638–46. doi:10.1093/nar/gkac1000.

25. Zhou G, Soufan O, Ewald J, Hancock REW, Basu N, Xia J.
NetworkAnalyst 3.0: a visual analytics platform for
comprehensive gene expression profiling and meta-analysis.
Nucleic Acids Res. 2019;47(W1):W234–41. doi:10.1093/nar/
gkz240.

26. Wu X, Shen S, Qin J, Fei W, Fan F, Gu J, et al. High co-expression
of SLC7A11 and GPX4 as a predictor of platinum resistance and
poor prognosis in patients with epithelial ovarian cancer. Int J
Obstet Gynaecol. 2022;129(S2):40–9. doi:10.1111/1471-0528.
17327.

27. Mao C, Liu X, Zhang Y, Lei G, Yan Y, Lee H, et al. DHODH-
mediated ferroptosis defence is a targetable vulnerability in
cancer. Nature. 2021;593(7860):586–90. doi:10.1038/
s41586-021-03539-7.

28. Tadokoro T, Ikeda M, Ide T, Deguchi H, Ikeda S, Okabe K, et al.
Mitochondria-dependent ferroptosis plays a pivotal role in
doxorubicin cardiotoxicity. JCI Insight. 2020;5(9):e132747.
doi:10.1172/jci.insight.132747.

29. He GN, Bao NR, Wang S, Xi M, Zhang TH, Chen FS. Ketamine
induces ferroptosis of liver cancer cells by targeting lncRNA
PVT1/miR-214-3p/GPX4. Drug Des Devel Ther.
2021;15:3965–78. doi:10.2147/DDDT.S332847.

30. Farhood B, Najafi M, Mortezaee K. CD8+ cytotoxic T
lymphocytes in cancer immunotherapy: a review. J Cell
Physiol. 2019;234(6):8509–21. doi:10.1002/jcp.27782.

31. Li J, Liu J, Zhou Z, Wu R, Chen X, Yu C, et al. Tumor-specific
GPX4 degradation enhances ferroptosis-initiated antitumor
immune response in mouse models of pancreatic cancer. Sci
Transl Med. 2023;15(720):eadg3049. doi:10.1126/scitranslmed.
adg3049.

32. Xu P, Lin B, Deng X, Huang K, Zhang Y, Wang N. VDR
activation attenuates osteoblastic ferroptosis and senescence by
stimulating the Nrf2/GPX4 pathway in age-related
osteoporosis. Free Radic Biol Med. 2022;193:720–35. doi:10.
1016/j.freeradbiomed.2022.11.013.

GPX4 PREDICTS POOR PROGNOSIS AND REGULATES TUMOR PROLIFERATION 1945

http://dx.doi.org/10.1038/s41420-023-01608-6
http://dx.doi.org/10.1016/j.biopha.2022.114048
http://dx.doi.org/10.1016/j.biopha.2022.114048
http://dx.doi.org/10.1016/j.ebiom.2021.103560
http://dx.doi.org/10.1016/j.ebiom.2021.103560
http://dx.doi.org/10.18632/aging.204473
http://dx.doi.org/10.3881/j.issn.1000-503X.14314
http://dx.doi.org/10.1016/j.tiv.2021.105146
http://dx.doi.org/10.1038/s41419-023-06241-w
http://dx.doi.org/10.1038/s41419-023-06241-w
http://dx.doi.org/10.3389/fphar.2018.01371
http://dx.doi.org/10.1093/nar/gkaa407
http://dx.doi.org/10.1002/imt2.36
http://dx.doi.org/10.1002/imt2.36
http://dx.doi.org/10.1093/nar/gkz430
http://dx.doi.org/10.1093/nar/gkz430
http://dx.doi.org/10.1093/nar/gkac959
http://dx.doi.org/10.1093/bioinformatics/btz210
http://dx.doi.org/10.1186/s13073-020-0721-z
http://dx.doi.org/10.1186/s13073-020-0721-z
http://dx.doi.org/10.1093/nar/gkac1000
http://dx.doi.org/10.1093/nar/gkz240
http://dx.doi.org/10.1093/nar/gkz240
http://dx.doi.org/10.1111/1471-0528.17327
http://dx.doi.org/10.1111/1471-0528.17327
http://dx.doi.org/10.1038/s41586-021-03539-7
http://dx.doi.org/10.1038/s41586-021-03539-7
http://dx.doi.org/10.1172/jci.insight.132747
http://dx.doi.org/10.2147/DDDT.S332847
http://dx.doi.org/10.1002/jcp.27782
http://dx.doi.org/10.1126/scitranslmed.adg3049
http://dx.doi.org/10.1126/scitranslmed.adg3049
http://dx.doi.org/10.1016/j.freeradbiomed.2022.11.013
http://dx.doi.org/10.1016/j.freeradbiomed.2022.11.013

	GPX4 predicts poor prognosis and regulates tumor proliferation and senescence in colorectal adenocarcinoma
	Introduction
	Materials and Methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


