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ABSTRACT
Backgrounds: Early detection might help in reducing the burden and promoting the
survival rate of gastric cancers. Herein, we tried to explore the diagnostic value of
insulin-like growth factor binding protein 7 (IGFBP7) in gastric cancers.
Methods: In this study, we first analyzed the expression levels and prognostic value of
IGFBP7 mRNA in gastric cancers from The Cancer Genome Atlas (TCGA) database.
Then, we recruited 169 gastric cancer patients and 100 normal controls as training
cohort, and 55 gastric cancer patients and 55 normal controls as independent
validation cohort. Enzyme-linked immunosorbent assay was applied to test the
serum levels of IGFBP7. The receiver operating characteristic curve (ROC) and the
area under the curve (AUC) were applied to evaluation the diagnostic value.
Results: TCGA showed that IGFBP7 mRNA was dysregulated and associated with
prognosis in gastric cancer patients. Then, we examined the expression of serum
IGFBP7 and found that serum IGFBP7 expressed lower in gastric cancer patients
than normal controls both in training and independent validation cohorts
(p < 0.0001). In training cohort, with the cutoff value of 1.515 ng/ml, the AUC for
distinguishing gastric cancer patients was 0.774 (95% CI [0.713–0.836]) with
sensitivity of 36.7% (95% CI [29.5–44.5]) and specificity of 90.0% (95% CI
[82.0–94.8]). As for early-stage EJA, the AUC was 0.773 (95% CI [0.701–0.845]) with
the sensitivity of 33.3% (95% CI [14.4–58.8]). In independent validation cohort, with
the same cutoff value, the AUC reached to 0.758 (95% CI [0.664–0.852]). Similarly,
for early-stage gastric cancer diagnosis in the independent validation cohort, the
AUC value was 0.778 (95% CI [0.673–0.882]).
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Conclusions: This study indicated that serum IGFBP7 might act as a potential early
diagnostic marker for gastric cancers.

Subjects Gastroenterology and Hepatology, Oncology
Keywords Insulin-like growth factor binding protein-7, Gastric cancer, Diagnosis, TCGA, Serum
biomarker

INTRODUCTION
Gastric cancer is one of the most prevalent malignancies over the world, accounting for the
sixth incidence and fourth mortality of all cancers according to the 2020 global cancer
statistics (Sung et al., 2021). Although the incidence rate of gastric cancer has decreased in
the past few decades, the five-year survival rate is still very low. It is estimated that the
five-year survival rate of patients with advanced gastric cancer is 10–20% (Rawla &
Barsouk, 2019). If gastric cancers could be early detected, the five-year survival rate of these
patients might increase to over 90% (Luo & Li, 2019). In the countries with high human
development index, the incidence and mortality of gastric cancer were 2- or 3-times higher
than those of countries with low human development index, which might benefited from
their positive methods on early gastric cancer detection (Yao et al., 2020). If the incidence
and mortality rates are steady, it is estimated that the burden of gastric cancer would
increase to 1.77 million new cases and 1.27 million deaths in 2040 (Morgan et al., 2022).
Therefore, it emphasizes the importance of early detection and diagnosis in gastric cancer.
In recent clinical practice, the diagnosis of gastric cancer mostly depends on endoscopic
tissue excision and pathological biopsy, which are the invasive methods (Committee et al.,
2012). Some serum tumor markers, like carcinoembryonic antigen, cancer antigen 19-9
and cancer antigen 72-4, has been used for gastric cancer diagnosis, prognosis, treatment
monitoring and recurrence detection (Kotzev & Draganov, 2018). However, it was
reported that their early diagnosis values were not adequate (Guo et al., 2020). Thus, it is
urgently needed to find some novel tumor markers for early detection and diagnosis of
gastric cancers.

The insulin-like growth factor binding protein (IGFBP) super family contains six
IGFBPs and 10 IGFBP-related proteins (IGFBP-rPs) (Bailes & Soloviev, 2021). Among
them, the ten IGFBP-rPs include IGFBP7, cellular communication network factor 2
(CCN2), CCN3, CCN1, high temperature requirement factor A1 (HTRA1), endothelial
cell-specific molecule 1 (ESM1), CCN5, CCN4, CCN6 and Kazal-type serine protease
inhibitor domain containing protein 1 (KAZALD). Compared with IGFBPs, IGFBP-rPs
show the low affinity to bind insulin-like growth factor (IGF), which might lead to the
undefined function (Rodgers, Roalson & Thompson, 2008). Despite all that, IGFBP-rPs
were also found to be involved in some biological and pathobiological functions. IGFBP7,
also known as IGFBP-rP1, has been reported to be associated with several diseases,
including cancer and acute kidney injury (Albert et al., 2021; Jin et al., 2020). As one of the
first gap cell cycle arrest biomarkers, urinary IGFBP7, multiplied with tissue inhibitor
metalloproteinase-2, has been approved by FDA for the acute kidney injury prediction in
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patients who have acute cardiovascular or respiratory failure (Hasson, Menon & Gist,
2022). CCN family, containing six CCNs, have an IGFBP binding domain (Desnoyers,
2004). They were found to be enrolled in tumor angiogenesis, inflammatory response,
fibrosis, and mitochondrial integrity (Birkeness et al., 2022). HTRA1 could regulate the
organogenesis and pathogenesis, including cancer, through several pathways (Oka et al.,
2022). Similarly, ESM1 was found to be involved in the Notch4 signaling pathway to
regulate the tumorigenesis and progression of adrenocortical carcinoma (Huang et al.,
2021). KAZALD, also named as IGFBP-rP10, was found as overexpression in tissue and
serum of gastric cancer patients (Shen et al., 2019).

In this study, we first explored the expression pattern of IGFBP-rPs in gastric cancer
tissues from The Cancer Genome Atlas (TCGA; https://www.cancer.gov/tcga). We found
that IGFBP7 and CCN5 had significant abnormal expression between gastric cancers and
adjacent normal tissues, and these two IGFBP-rPs were associated with both overall
survival and disease-free survival of gastric cancer patients. Moreover, in our previous
study, we have conveyed that serum IGFBP7 has the potential of early diagnosis for
esophageal squamous cell carcinoma and esophagogastric junction adenocarcinoma
(Huang et al., 2019; Liu et al., 2020). Therefore, in the present study, we will focus on the
early diagnostic value of serum IGFBP7 in gastric cancer.

MATERIALS AND METHODS
TCGA database exploration
In order to find the expression pattern of IGFBP-rPs in gastric cancer, we downloaded the
related mRNAs expression in gastric cancers from TCGA. Their expressions were
presented with heatmaps using the R package “pheatmap”. The differentially expressed
IGFBP-rPs between gastric cancer tissues and adjacent normal tissues was defined using
Mann-Whitney U test. Gene Expression Profiling Interactive Analysis (GEPIA) is a web
service which integrates the TCGA and GTEx data to provide the quick analysis of cancers
(Tang et al., 2017). We used GEPIA to apply the Kaplan–Meier survival analysis to assess
the prognostic value of IGFBP-rPs. The median value of each IGFBP-rP was used to
distinguish high level and low level. Log-rank test was applied to assess the significant
differences.

Study subjects
To further explore the expression of serum IGFBP7 in gastric cancers, we collected serum
samples of gastric cancer patients and health volunteers from the Cancer Hospital of
Shantou University Medical College and the Sun Yat-Sen University Cancer Center.
Gastric cancer patients who were enrolled from May 2019 to January 2020 in Sun Yat-Sen
University Cancer Center were involved into the training cohort, while those enrolled from
November 2018 to April 2019 were in the independent validation cohort. Gastric cancer
patients were confirmed based on endoscopy and pathological biopsy. Patients with any
cancer history or cancer-related treatment history before diagnosis were excluded for
analysis. Their serum samples used in this experiment were collected before surgery or any
other anti-cancer therapy. Health volunteers were those with a negative upper endoscopy.
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After venous sampling, blood was centrifugated at 1,250 g for 10 min, and sera were
separated and stored at −80 �C until examination analysis. As for normal control groups,
contemporaneous physical examination population from two hospitals were respectively
divided into training and independent validation cohorts. Informed consents were signed
by both patients and healthy volunteers. This study was approved by the institutional
review board of the Cancer Hospital of Shantou University Medical College and the Sun
Yat-Sen University Cancer Center (IRB approval number: B2022-329-01), and followed
the requirements of the Declaration of Helsinki. Tumor stages were defined according to
the eighth edition of the American Joint Committee on Cancer Staging Manual (Amin
et al., 2017). In this study, stage 0+I+II was defined as early-stage gastric cancer.

Enzyme-linked immunosorbent assay
ELISA was carried out to examinate the serum levels of IGFBP-7. The experiment protocol
was performed based on the manual from Cusabio (Catalog number: CSB-E17249h). The
ELISA kit and serum samples were balanced to room temperature before the examination
began. The IGFBP7 standard concentrations for standard curves construction were 10, 5,
2.5, 1.25, 0.625, 0.312, 0.156, and 0 ng/ml respectively. The serum samples were diluted by
1:3 according to our previous studies (Huang et al., 2019; Liu et al., 2020). A total of 100 ml
serum sample or standard was added to each well and incubated at 37 �C for 2 h.
The liquids were removed without washing the wells and 100 ml biotin-antibody were
added and incubated at 37 �C for 1 h. After liquids removal and wells washing for three
times, 100 ml horseradish peroxidase-avidin was added and incubated at 37 �C for another
1 h. The each well was washed for 5 times, and 90 ml 3,3′,5,5′-tetramethylbenzidine
substrate for color development was added protected from light for 20 min followed with
50 ml stop solution for termination. The measurement of optical density (OD) values were
executed using Microplate Reader (BioTek� Instruments, Winooski, VT, USA) at 450 nm
with 570 nm reference within 5 min.

Statistical analysis
In this study, p < 0.05 (two-tailed) was defined as statistical significance. Most statistical
analyses were carried out using Microsoft Excel 2019, SPSS 24.0 and GraphPad Prism 8.0.
R package pheatmap was used to plot the expression heatmap. The OD values were
changed to real concentrations according to the standard curves using SigmaPlot 10.0.
Then unpaired Student’s t test was used to evaluate the difference of serum IGFBP7 levels
between gastric cancer patients and normal controls. The receiver operating characteristic
(ROC) curve was performed to evaluate the diagnostic efficacy, and the area under the
ROC curve (AUC) was calculated with the 95% confidence interval (CI). The cutoff value
for distinguishing gastric cancer patients and normal controls was acquired by achieving
the maximum sensitivity when the specificity was greater than 90% in the training cohort
(Boyle et al., 2011). The Pearson’s correlation analysis was used to evaluate the correlation
between serum IGFBP7 and age. The unpaired Student’s t test was applied to evaluate the
association between serum IGFBP7 level and other clinical characteristics of gastric cancer
patients.
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RESULTS
IGFBP-rPs expression in TCGA
Figure S1 exhibited the expression heatmap of IGFBP-rPs. Differential expression analysis
showed that IGFBP7, CCN2, ESM1, CCN4 and CCN6 mRNA were over-expressed in
gastric cancer tissues while CCN5 mRNA was down-expressed (all p < 0.05,
Figs. S2A–S2J). From overall survival analysis, gastric cancer patients with high expression
of IGFBP7, CCN2, CCN3, CCN1, CCN5 or CCN4 would have a poor survival time (all
p < 0.05, Figs. S3A–S3J). However, only IGFBP7 and CCN5 was associated with
disease-free survival (both p < 0.05, Figs. S4A–S4J). Combining both differential
expression analysis and survival analysis, we found that only IGFBP7 and CCN5 were both
differently-expressed and associated with prognosis. Tumor research mainly focused on
those tumor related genes with overexpression, therefore, we will further explore the
diagnostic value of IGFBP7 in this following study.

Serum IGFBP7 levels
At this stage, we collected serum samples of gastric cancers patients and normal volunteers
from the Cancer Hospital of Shantou University Medical College and Sun Yat-Sen
University Cancer Center. As shown in Fig. 1 and Table 1, there were 169 gastric cancer
patients and 100 normal volunteers in the training cohort, while there were 55 gastric
cancer patients and 55 normal volunteers in the independent validation cohort. There were
no significant differences between both cohorts.

Then ELISA was used to test the serum IGFBP7 protein level. ELISA test showed that in
the training cohort, the mean concentration ± standard deviation of serum IGFBP7 level in
gastric cancer patients was 1.580 ± 0.198 ng/ml, which was lower than in the normal
control group (1.850 ± 0.328 ng/ml, p < 0.0001, Fig. 2A). In the independent validation
cohort, the serum IGFBP7 level in gastric cancer group was 1.592 ± 0.253 ng/ml, lower
than in the normal control group (2.011 ± 0.563 ng/ml, p < 0.0001, Fig. 2B). In early-stage

Figure 1 Flowchart of serum IGFBP7 detection in this study. SYSUCC: Sun Yat-Sun University
Cancer Center; CHSUMC: the Cancer Hospital of Shantou University Medical College.

Full-size DOI: 10.7717/peerj.15419/fig-1
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gastric cancer patients, the serum levels of IGFBP7 were also lower when compared with
normal control groups in both cohorts (both p < 0.0001). There were no significant
differences between early-stage gastric cancer patients and all gastric cancer patients (both
p < 0.05).

Diagnostic value of IGFBP7
Using the ROC curve, we acquired an AUC of 0.774 (95% CI [0.713–0.836]) for
distinguishing gastric cancer patients from normal volunteers (Fig. 3A) in training cohort.
When the specificity was 90.0% (95% CI [82.0–94.8]), the cutoff value was 1.515 ng/ml
with the sensitivity of 36.7% (95% CI [29.5–44.5]). In the early-stage gastric cancer
(Fig. 3B), with the same cutoff value and specificity, the AUC of diagnostic efficacy was
0.773 (95% CI [0.701–0.845]) with the sensitivity of 36.1% (95% CI [25.4–48.3]). As shown
in Fig. 3C, using the same cutoff value of 1.515 ng/ml, in the independent validation
cohort, IGFBP7 could identify gastric cancers with an AUC value of 0.758 (95% CI
[0.664–0.852]), a sensitivity of 34.5% (95% CI [22.6–48.7]), and a specificity of 85.5% (95%
CI [72.8–93.1]). Similarly, for early-stage gastric cancers diagnosis in the independent

Table 1 Clinical characteristic of gastric cancer patients and normal volunteers.

Training cohort Independent validation cohort p*

Gastric cancer (n = 169) Normal (n = 100) Gastric cancer (n = 55) Normal (n = 55)

Age 0.295

≤50 59 37 15 30

>50 110 63 40 25

Gender 0.908

Male 109 55 35 35

Female 60 45 20 20

Invasion depth 0.251

Tis+T1+T2 47 11

T3+T4 122 44

Lymph node metastasis 0.453

N0 52 14

N1+N2+N3 117 41

Distant metastasis 0.861

M0 134 43

M1 35 12

TNM stage 0.194

Early-stage (0+I+II) 72 18

Late-stage (III+IV) 97 37

Lauren type 0.930

Diffuse 69 22

Intestinal 57 20

Mixed 43 13

Note:
*p was acquired from Chi-square test in gastric cancer patients between training and validation cohorts.
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Figure 2 Dot plots of serum IGFBP7 levels in the normal control group, gastric cancer group and the
early-stage gastric cancer group. (A) Training cohort. (B) Independent validation cohort. IGFBP7:
insulin-like growth factor binding protein 7; GC: gastric cancer. Two asterisks (��) mean p < 0.0001.

Full-size DOI: 10.7717/peerj.15419/fig-2

Figure 3 Receiver operating characteristic curve in the diagnosis of gastric cancer. (A) Gastric cancer
patients vs normal volunteers in the training cohort; (B) gastric cancer patients vs normal volunteers in
the independent validation cohort; (C) early-stage gastric cancer patients vs normal volunteers in the
training cohort; (D) early-stage gastric cancer patients vs normal volunteers in the independent validation
cohort. Using the ROC curve, we defined the positive results as an IGFBP7 serum level of less than 1.515
ng/ml. Full-size DOI: 10.7717/peerj.15419/fig-3
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validation cohort, the AUC value was 0.778 (95% CI [0.673–0.882]) and the sensitivity was
33.3% (95% CI [14.4–58.8]) with the same specificity (Fig. 3D). Table 2 presented the
diagnostic efficacy of IGFBP7 based on positive predictive value (PPV), negative predictive
value (NPV), positive likelihood ratio (PLR), and negative likelihood ratio (NLR).

Correlation between IGFBP7 and clinical characteristics
From Table 1, we found that the control group was younger than the gastric cancer group,
especially in the independent validation cohorts. Then we used Pearson correlation
analysis to further evaluate the correlation between serum IGFBP7 and age. As shown in
Fig. 4, there was no lineal correlation between serum IGFBP7 and age (both p > 0.05).
As shown in the Fig. S5, there were no correlation between IGFBP7 and any clinical
characteristics, including depth of invasion, lymph node metastasis status, distant
metastasis and Lauren type in both training and independent validation cohorts (all
p > 0.05).

As for gender, as shown in the Fig. S6, regardless in male or female, the serum IGFBP7
levels of gastric cancer patients were lower than those of normal volunteers (all p < 0.05).
In the training cohort, serum IGFBP7 levels of male gastric cancer patients were lower than

Table 2 Result for measurement of IGFBP7 in the diagnosis of gastric cancer.

AUC SEN SPE PPV NPV PLR NLR

Training cohort

GC vs NC 0.774
(0.713–0.836)

36.7%
(29.5–44.5%)

90.0%
(82.0–94.8%)

86.1%
(75.5–92.8%)

45.7%
(38.6–52.9%)

3.67
(1.97–6.82)

0.70
(0.63–0.79)

Early-stage GC vs NC 0.773
(0.701–0.845)

36.1%
(25.4–48.3%)

90.0%
(82.0–94.8%)

72.2%
(54.6–85.2%)

66.2%
(57.5–73.9%)

3.61
(1.86–7.01)

0.71
(0.60–0.85)

Independent validation cohort

GC vs NC 0.758
(0.664–0.852)

34.5%
(22.6–48.7%)

85.5%
(72.8–93.1%)

70.4%
(49.7–85.5%)

56.6%
(45.3–67.3%)

2.38
(1.14–4.96)

0.77
(0.63–0.93)

Early-stage GC vs NC 0.778
(0.673–0.882)

33.3%
(14.4–58.8%)

85.5%
(72.8–93.1%)

42.9%
(18.8–70.4%)

79.6%
(66.8–88.6%)

2.29
(0.92–5.72)

0.78
(0.56–1.09)

Note:
IGFBP7, insulin-like growth factor binding protein 7; GC, gastric cancer; NC, normal controls; AUC, area under the ROC curve; SEN, sensitivity; SPE, specificity; PPV,
positive predictive value; NPV, negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio; the numbers in the brackets mean the 95%
confidence interval.

Figure 4 Pearson correlation analysis between serum IGFBP7 and age in the training (A) and
independent validation (B) cohorts. Full-size DOI: 10.7717/peerj.15419/fig-4
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those of female patients (p < 0.0001). There were no difference of IGFBP7 levels between
male and female normal volunteers.

IGFBP7 in pan-cancers
In order to further explore the expression of IGFBP7 in other cancers, we conducted a
pan-cancers analysis using the TCGA and GTEx database. As shown in Fig. S7, IGFBP7
mRNA levels were found to be upregulated in lymphoid neoplasm diffuse large B-cell
lymphoma, esophageal carcinoma, glioblastoma multiforme, head and neck squamous cell
carcinoma, acute myeloid leukemia, brain lower grade glioma, pancreatic adenocarcinoma,
stomach adenocarcinoma, and thymoma. Downregulations were observed mainly in
tumors of the urogenital system, lung cancer, and thyroid carcinoma.

DISCUSSION
Gastric cancer is one of the malignancy diseases with poor survival (Rawla & Barsouk,
2019). Early detection, especially the exploration of serum markers, is seen as the best way
to prolong cancer-related survival and reduce the cancer burden (Crosby et al., 2022).
The traditional serum tumor markers such as carcinoembryonic antigen, carbohydrate
antigen 19-9 and carbohydrate antigen 72-4 are insufficient for detecting gastric cancer
because of the poor sensitivity and specificity (Katai et al., 2018). Recently, some novel
serummarkers has been reported for early detection of gastric cancers. For example, Roy et
al. (2022) developed an eight-circular RNAs-based panel to assist gastric cancer diagnosis,
with the high AUC of 0.82–0.87 in distinguishing early stage gastric cancer patients and
healthy controls. Sun et al. (2021b) identified inter-alpha-trypsin inhibitor heavy chain 4 as
another novel marker for early gastric cancers accompanied by the diagnostic AUC of
0.839 with high sensitivity of 73.08% and high specificity of 94.44%. In our previous study,
we found that IGFBP7 might act as a novel serological marker for early detection of
esophageal squamous cell carcinoma and esophagogastric junction adenocarcinoma, with
the AUC of 0.725 (95% CI [0.633–0.817]) and 0.749 (95% CI [0.644–0.854]), respectively
(Huang et al., 2019; Liu et al., 2020). Extended to the present study, we acknowledged that
IGFBP7 might also have early diagnostic value in gastric cancers with an AUC of 0.773
(95% CI [0.701–0.845]) in the training cohort and 0.778 (95% CI [0.673–0.882]) in the
independent validation cohort. This finding indicates that IGFBP7 might be another
potential serum marker for early diagnosis of gastric cancers.

Insulin-like growth factor (IGF) regulating system contain IGFs, IGF receptors, IGFBPs
and IGFBP-rPs. The most important biological and pathological functions of IGFs and
IGFBPs include enhancing cell proliferation, inhibiting cell apoptosis and affecting cell
transformation in the process of carcinogenesis (Kasprzak et al., 2017). IGFBP7, also
named as IGFBP-rP1, binds to IGF-1 and IGF-2 with low affinity. In tumor related
research, IGFBP7 was first described mainly as a tumor growth suppressing factor (Oh
et al., 1996). For example, mantle cell lymphoma patients with high IGFBP7 expression
would embrace a favorable survival (Carreras, Nakamura & Hamoudi, 2022). What’s
more, Dang et al. (2021) revealed that the downregulation of p53/long noncoding RNA
IGFBP7 antisense RNA 1/IGFBP7 axis would accelerate the tumorigenesis and progression
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of Epstein-Barr virus related B-cell lymphoma. In our present study, serum IGFBP7
protein was also found to be downregulated in gastric cancer patients. The similar result
has been published in non-small cell lung cancer patients, which further indicated that the
downregulation of IGFBP7 protein was not specific in gastric cancer (Wang et al., 2013).
However, there are other researches highlighting the tumorigenesis function of IGFBP7.
For instance, Sun et al. (2021a) found that via its receptor CD93, IGFBP7 could promote
the angiogenesis of endothelial cells, which might further lead to the tumorigenesis and
progression of pancreatic cancer. Other study has shown that increased IGFBP7 also may
remodel the tumor microenvironment and promote the progression of esophageal
squamous cell carcinoma by activating the transforming growth factor-β1/SMAD
signaling pathway (Li et al., 2022). In gastric cancer, Li et al. (2021) identified that the
upregulation of IGFBP7 mRNA may promote the abnormal high expression of lncRNA
ubiquitin conjugating enzyme E2 C pseudogene 3, and further promote the progression
and metastasis of gastric cancer. High expressions of serum IGFBP7 protein were also
found in high-grade soft tissue sarcoma, colorectal cancer, esophageal squamous cell
carcinoma, and esophagogastric junction adenocarcinoma (Benassi et al., 2015; Huang
et al., 2019; Liu et al., 2020; Qiu et al., 2020).

From the TCGA database, we found that IGFBP7 mRNA was overexpressed in gastric
cancer tissues in comparison to adjacent normal tissues. However, in the published study,
Liu et al. (2014) has exhibited that the levels of IGFBP7 protein was lower in 247 gastric
cancer patients than the adjacent non-tumor tissues. In our study, we found that serum
IGFBP7 protein was down-expressed in gastric cancer patients in comparison to normal
volunteers. The potential insistent expression between tissue IGFBP7 mRNA and serum
IGFBP7 protein might be due to the degradation of transcription products, translation,
post-translation processing and modification.

Recently, a study revealed that the reduced expression of IGFBP7 in gastric cancer cells
and tissues might be mainly caused by the aberrant high methylation of IGFBP7 (Kim
et al., 2018). They also found that the positive rates of IGFBP7 protein was lower in tumor
tissues than in the normal tissues, and IGFBP7 protein expression was associated with
methylation status but not mRNA expression. From the results of Gu et al. (2013), serum
IGFBP7 protein was slightly lower in type 2 diabetes while IGFBP7 DNA methylation
levels were increased in these patients. The potential relationship between serum IGFBP7
protein and IGFBP7 methylation might be used to speculate that the downregulation of
serum IGFBP7 in gastric cancer might be influenced by the upregulation of IGFBP7 DNA
methylation. Yet, this speculation should be further verified in the future.

CONCLUSIONS
In summary, our present study offers valuable information regarding the diagnostic
efficacy of serum IGFBP7 in gastric cancer patients and advocates that IGFBP7 might be a
potential serological marker for the detection of gastric cancer. Although our study applied
independent validation (i.e., patients enrolled from different time period) to confirm the
diagnostic value of serum IGFBP7 in gastric cancer, the sample size was small and bias
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should not be ignored. Thus, a larger scale and multicenter study as an external validation
should be launched to further validate our results.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the Natural Science Foundation of China (81972801); the
Science and Technology Special Fund of Guangdong Province of China (STKJ202209069);
the Guangdong Basic and Applied Basic Research Foundation-the Enterprise Joint
Research Project (2022A1515220116, 2022A1515220180 and 2022A1515220182); the
Youth Research Fund Project of Cancer Hospital of Shantou University Medical College
(2023A005); the Innovative Team Grant of Guangdong Department of Education
(2021KCXTD005); the 2020 Li Ka Shing Foundation Cross-Disciplinary Research Project
Fund (2020LKSFG01B and 2020LKSFG01D) and the Science and Technology Planning
Project of Shantou City (190413105262902). The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Natural Science Foundation of China: 81972801.
Science and Technology Special Fund of Guangdong Province of China: STKJ202209069.
Guangdong Basic and Applied Basic Research Foundation-the Enterprise Joint Research
Project: 2022A1515220116, 2022A1515220180 and 2022A1515220182.
Youth Research Fund Project of Cancer Hospital of Shantou University Medical College:
2023A005.
Innovative Team Grant of Guangdong Department of Education: 2021KCXTD005.
2020 Li Ka Shing Foundation Cross-Disciplinary Research Project Fund: 2020LKSFG01B
and 2020LKSFG01D.
Science and Technology Planning Project of Shantou City: 190413105262902.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Can-Tong Liu conceived and designed the experiments, analyzed the data, authored or
reviewed drafts of the article, and approved the final draft.

� Fang-Cai Wu conceived and designed the experiments, prepared figures and/or tables,
and approved the final draft.

� Yi-Xuan Zhuang conceived and designed the experiments, prepared figures and/or
tables, and approved the final draft.

� Xin-Yi Huang performed the experiments, prepared figures and/or tables, and approved
the final draft.

� Xin-Hao Li performed the experiments, prepared figures and/or tables, and approved
the final draft.

Liu et al. (2023), PeerJ, DOI 10.7717/peerj.15419 11/15

http://dx.doi.org/10.7717/peerj.15419
https://peerj.com/


� Qi-Qi Qu performed the experiments, prepared figures and/or tables, and approved the
final draft.

� Yu-Hui Peng performed the experiments, analyzed the data, authored or reviewed drafts
of the article, and approved the final draft.

� Yi-Wei Xu conceived and designed the experiments, analyzed the data, authored or
reviewed drafts of the article, and approved the final draft.

� Shu-Lin Chen conceived and designed the experiments, analyzed the data, authored or
reviewed drafts of the article, and approved the final draft.

� Xu-Chun Huang conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

This study was approved by the institutional review board of the Cancer Hospital of
Shantou University Medical College and Sun Yat-Sen University Cancer Center.

Data Availability
The following information was supplied regarding data availability:

The raw data is available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.15419#supplemental-information.

REFERENCES
Albert C, Haase M, Albert A, Zapf A, Braun-Dullaeus RC, Haase-Fielitz A. 2021. Biomarker-

guided risk assessment for acute kidney injury: time for clinical implementation? Annals of
Laboratory Medicine 41:1–15 DOI 10.3343/alm.2021.41.1.1.

Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland RK, Meyer L,
Gress DM, Byrd DR, Winchester DP. 2017. The eighth edition AJCC cancer staging manual:
continuing to build a bridge from a population-based to a more “personalized” approach to
cancer staging. CA: A Cancer Journal for Clinicians 67:93–99 DOI 10.3322/caac.21388.

Bailes J, Soloviev M. 2021. Insulin-like growth factor-1 (IGF-1) and its monitoring in medical
diagnostic and in sports. Biomolecules 11(2):217 DOI 10.3390/biom11020217.

Benassi MS, Pazzaglia L, Novello C, Quattrini I, Pollino S, Magagnoli G, Picci P, Conti A. 2015.
Tissue and serum IGFBP7 protein as biomarker in high-grade soft tissue sarcoma. American
Journal of Cancer Research 5:3446–3454.

Birkeness LB, Banerjee S, Quadir M, Banerjee SK. 2022. The role of CCNs in controlling cellular
communication in the tumor microenvironment. Journal of Cell Communication and Signaling
17(1):35–45 DOI 10.1007/s12079-022-00682-2.

Boyle P, Chapman CJ, Holdenrieder S, Murray A, Robertson C, Wood WC, Maddison P,
Healey G, Fairley GH, Barnes AC, Robertson JF. 2011. Clinical validation of an autoantibody
test for lung cancer. Annals of Oncology 22(2):383–389 DOI 10.1093/annonc/mdq361.

Liu et al. (2023), PeerJ, DOI 10.7717/peerj.15419 12/15

http://dx.doi.org/10.7717/peerj.15419#supplemental-information
http://dx.doi.org/10.7717/peerj.15419#supplemental-information
http://dx.doi.org/10.7717/peerj.15419#supplemental-information
http://dx.doi.org/10.3343/alm.2021.41.1.1
http://dx.doi.org/10.3322/caac.21388
http://dx.doi.org/10.3390/biom11020217
http://dx.doi.org/10.1007/s12079-022-00682-2
http://dx.doi.org/10.1093/annonc/mdq361
http://dx.doi.org/10.7717/peerj.15419
https://peerj.com/


Carreras J, Nakamura N, Hamoudi R. 2022. Artificial intelligence analysis of gene expression
predicted the overall survival of mantle cell lymphoma and a large pan-cancer series. Healthcare
10(1):155 DOI 10.3390/healthcare10010155.

Committee ASoP, Ben-Menachem T, Decker GA, Early DS, Evans J, Fanelli RD, Fisher DA,
Fisher L, Fukami N, Hwang JH, Ikenberry SO, Jain R, Jue TL, Khan KM, Krinsky ML,
Malpas PM, Maple JT, Sharaf RN, Dominitz JA, Cash BD. 2012. Adverse events of upper GI
endoscopy. Gastrointestinal Endoscopy 76(4):707–718 DOI 10.1016/j.gie.2012.03.252.

Crosby D, Bhatia S, Brindle KM, Coussens LM, Dive C, Emberton M, Esener S, Fitzgerald RC,
Gambhir SS, Kuhn P, Rebbeck TR, Balasubramanian S. 2022. Early detection of cancer.
Science 375(6586):eaay9040 DOI 10.1126/science.aay9040.

Dang W, Cao P, Yan Q, Yang L, Wang Y, Yang J, Xin S, Zhang J, Li J, Long S, Zhang W,
Zhang S, Lu J. 2021. IGFBP7-AS1 is a p53-responsive long noncoding RNA downregulated by
Epstein-Barr virus that contributes to viral tumorigenesis. Cancer Letters 523(2):135–147
DOI 10.1016/j.canlet.2021.10.006.

Desnoyers L. 2004. Structural basis and therapeutic implication of the interaction of CCN proteins
with glycoconjugates. Current Pharmaceutical Design 10(31):3913–3928
DOI 10.2174/1381612043382567.

Gu HF, Gu T, Hilding A, Zhu Y, Karvestedt L, Ostenson CG, Lai M, Kutsukake M, Frystyk J,
Tamura K, Brismar K. 2013. Evaluation of IGFBP-7 DNA methylation changes and serum
protein variation in Swedish subjects with and without type 2 diabetes. Clinical Epigenetics
5(1):20 DOI 10.1186/1868-7083-5-20.

Guo X, Lv X, Ru Y, Zhou F, Wang N, Xi H, Zhang K, Li J, Chang R, Xie T, Wang X, Li B,
Chen Y, Yang Y, Chen L, Chen L. 2020. Circulating exosomal gastric cancer-associated long
noncoding RNA1 as a biomarker for early detection and monitoring progression of gastric
cancer: a multiphase study. JAMA Surgery 155(7):572–579 DOI 10.1001/jamasurg.2020.1133.

Hasson D, Menon S, Gist KM. 2022. Improving acute kidney injury diagnostic precision using
biomarkers. Practical Laboratory Medicine 30(1):e00272 DOI 10.1016/j.plabm.2022.e00272.

Huang X, Hong C, Peng Y, Yang S, Huang L, Liu C, Chen L, Chu L, Xu L, Xu Y. 2019. The
diagnostic value of serum IGFBP7 in patients with esophageal squamous cell carcinoma. Journal
of Cancer 10(12):2687–2693 DOI 10.7150/jca.32393.

Huang YG, Wang Y, Zhu RJ, Tang K, Tang XB, Su XM. 2021. EMS1/DLL4-Notch signaling axis
augments cell cycle-mediated tumorigenesis and progress in human adrenocortical carcinoma.
Frontiers in Oncology 11:771579 DOI 10.3389/fonc.2021.771579.

Jin L, Shen F, Weinfeld M, Sergi C. 2020. Insulin growth factor binding protein 7 (IGFBP7)-
related cancer and IGFBP3 and IGFBP7 crosstalk. Frontiers in Oncology 10:727
DOI 10.3389/fonc.2020.00727.

Kasprzak A, Kwasniewski W, Adamek A, Gozdzicka-Jozefiak A. 2017. Insulin-like growth factor
(IGF) axis in cancerogenesis. Mutation Research/Reviews in Mutation Research 772(77):78–104
DOI 10.1016/j.mrrev.2016.08.007.

Katai H, Ishikawa T, Akazawa K, Isobe Y, Miyashiro I, Oda I, Tsujitani S, Ono H, Tanabe S,
Fukagawa T, Nunobe S, Kakeji Y, Nashimoto A, Registration Committee of the Japanese
Gastric Cancer A. 2018. Five-year survival analysis of surgically resected gastric cancer cases in
Japan: a retrospective analysis of more than 100,000 patients from the nationwide registry of the
Japanese Gastric Cancer Association (2001–2007). Gastric Cancer 21(1):144–154
DOI 10.1007/s10120-017-0716-7.

Liu et al. (2023), PeerJ, DOI 10.7717/peerj.15419 13/15

http://dx.doi.org/10.3390/healthcare10010155
http://dx.doi.org/10.1016/j.gie.2012.03.252
http://dx.doi.org/10.1126/science.aay9040
http://dx.doi.org/10.1016/j.canlet.2021.10.006
http://dx.doi.org/10.2174/1381612043382567
http://dx.doi.org/10.1186/1868-7083-5-20
http://dx.doi.org/10.1001/jamasurg.2020.1133
http://dx.doi.org/10.1016/j.plabm.2022.e00272
http://dx.doi.org/10.7150/jca.32393
http://dx.doi.org/10.3389/fonc.2021.771579
http://dx.doi.org/10.3389/fonc.2020.00727
http://dx.doi.org/10.1016/j.mrrev.2016.08.007
http://dx.doi.org/10.1007/s10120-017-0716-7
http://dx.doi.org/10.7717/peerj.15419
https://peerj.com/


Kim J, Kim WH, Byeon SJ, Lee BL, Kim MA. 2018. Epigenetic downregulation and growth
inhibition of IGFBP7 in gastric cancer. Asian Pacific Journal of Cancer Prevention 19:667–675
DOI 10.22034/APJCP.2018.19.3.667.

Kotzev AI, Draganov PV. 2018. Carbohydrate antigen 19-9, carcinoembryonic antigen, and
carbohydrate antigen 72-4 in gastric cancer: is the old band still playing? Gastrointestinal
Tumors 5(1–2):1–13 DOI 10.1159/000488240.

Li D, She J, Hu X, Zhang M, Sun R, Qin S. 2021. The ELF3-regulated lncRNA UBE2CP3 is
over-stabilized by RNA-RNA interactions and drives gastric cancer metastasis via miR-138-5p/
ITGA2 axis. Oncogene 40(35):5403–5415 DOI 10.1038/s41388-021-01948-6.

Li X, Zhang J, Wu Y, Ma C, Wei D, Pan L, Cai L. 2022. IGFBP7 remodels the tumor
microenvironment of esophageal squamous cell carcinoma by activating the TGFbeta1/SMAD
signaling pathway. Oncology Letters 24(2):251 DOI 10.3892/ol.2022.13371.

Liu CT, Xu YW, Guo H, Hong CQ, Huang XY, Luo YH, Yang SH, Chu LY, Li EM, Peng YH.
2020. Serum insulin-like growth factor binding protein 7 as a potential biomarker in the
diagnosis and prognosis of esophagogastric junction adenocarcinoma. Gut and Liver
14(6):727–734 DOI 10.5009/gnl19135.

Liu L, Yang Z, ZhangW, Yan B, Gu Q, Jiao J, Yue X. 2014.Decreased expression of IGFBP7 was a
poor prognosis predictor for gastric cancer patients. Tumour Biology 35(9):8875–8881
DOI 10.1007/s13277-014-2160-1.

Luo M, Li L. 2019. Clinical utility of miniprobe endoscopic ultrasonography for prediction of
invasion depth of early gastric cancer: a meta-analysis of diagnostic test from PRISMA guideline.
Medicine 98(6):e14430 DOI 10.1097/MD.0000000000014430.

Morgan E, Arnold M, Camargo MC, Gini A, Kunzmann AT, Matsuda T, Meheus F,
Verhoeven RHA, Vignat J, Laversanne M, Ferlay J, Soerjomataram I. 2022. The current and
future incidence and mortality of gastric cancer in 185 countries, 2020-40: a population-based
modelling study. eClinicalMedicine 47:101404 DOI 10.1016/j.eclinm.2022.101404.

Oh Y, Nagalla SR, Yamanaka Y, Kim HS, Wilson E, Rosenfeld RG. 1996. Synthesis and
characterization of insulin-like growth factor-binding protein (IGFBP)-7. Recombinant human
mac25 protein specifically binds IGF-I and -II. Journal of Biological Chemistry
271(48):30322–30325 DOI 10.1074/jbc.271.48.30322.

Oka C, Saleh R, Bessho Y, Reza HM. 2022. Interplay between HTRA1 and classical signalling
pathways in organogenesis and diseases. Saudi Journal of Biological Sciences 29(4):1919–1927
DOI 10.1016/j.sjbs.2021.11.056.

Qiu B, Chu LY, Li XX, Peng YH, Xu YW, Xie JJ, Chen XY. 2020. Diagnostic value of serum
insulin-like growth factor binding protein 7 (IGFBP7) in colorectal cancer. OncoTargets and
Therapy 13:12131–12139 DOI 10.2147/OTT.S266478.

Rawla P, Barsouk A. 2019. Epidemiology of gastric cancer: global trends, risk factors and
prevention. Przeglad Gastroenterologiczny 14(1):26–38 DOI 10.5114/pg.2018.80001.

Rodgers BD, Roalson EH, Thompson C. 2008. Phylogenetic analysis of the insulin-like growth
factor binding protein (IGFBP) and IGFBP-related protein gene families. General and
Comparative Endocrinology 155(1):201–207 DOI 10.1016/j.ygcen.2007.04.013.

Roy S, Kanda M, Nomura S, Zhu Z, Toiyama Y, Taketomi A, Goldenring J, Baba H, Kodera Y,
Goel A. 2022. Diagnostic efficacy of circular RNAs as noninvasive, liquid biopsy biomarkers for
early detection of gastric cancer. Molecular Cancer 21(1):42 DOI 10.1186/s12943-022-01527-7.

Liu et al. (2023), PeerJ, DOI 10.7717/peerj.15419 14/15

http://dx.doi.org/10.22034/APJCP.2018.19.3.667
http://dx.doi.org/10.1159/000488240
http://dx.doi.org/10.1038/s41388-021-01948-6
http://dx.doi.org/10.3892/ol.2022.13371
http://dx.doi.org/10.5009/gnl19135
http://dx.doi.org/10.1007/s13277-014-2160-1
http://dx.doi.org/10.1097/MD.0000000000014430
http://dx.doi.org/10.1016/j.eclinm.2022.101404
http://dx.doi.org/10.1074/jbc.271.48.30322
http://dx.doi.org/10.1016/j.sjbs.2021.11.056
http://dx.doi.org/10.2147/OTT.S266478
http://dx.doi.org/10.5114/pg.2018.80001
http://dx.doi.org/10.1016/j.ygcen.2007.04.013
http://dx.doi.org/10.1186/s12943-022-01527-7
http://dx.doi.org/10.7717/peerj.15419
https://peerj.com/


Shen Q, Polom K, Williams C, de Oliveira FMS, Guergova-Kuras M, Lisacek F, Karlsson NG,
Roviello F, Kamali-Moghaddam M. 2019. A targeted proteomics approach reveals a serum
protein signature as diagnostic biomarker for resectable gastric cancer. eBioMedicine 44:322–333
DOI 10.1016/j.ebiom.2019.05.044.

Sun Y, Chen W, Torphy RJ, Yao S, Zhu G, Lin R, Lugano R, Miller EN, Fujiwara Y, Bian L,
Zheng L, Anand S, Gao F, Zhang W, Ferrara SE, Goodspeed AE, Dimberg A, Wang XJ,
Edil BH, Barnett CC, Schulick RD, Chen L, Zhu Y. 2021a. Blockade of the CD93 pathway
normalizes tumor vasculature to facilitate drug delivery and immunotherapy. Science
Translational Medicine 13(604):5381 DOI 10.1126/scitranslmed.abc8922.

Sun Y, Jin J, Jing H, Lu Y, Zhu Q, Shu C, Zhang Q, Jing D. 2021b. ITIH4 is a novel serum
biomarker for early gastric cancer diagnosis. Clinica Chimica Acta 523(3):365–373
DOI 10.1016/j.cca.2021.10.022.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. 2021. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA: A Cancer Journal for Clinicians 71(3):209–249
DOI 10.3322/caac.21660.

Tang Z, Li C, Kang B, Gao G, Li C, Zhang Z. 2017. GEPIA: a web server for cancer and normal
gene expression profiling and interactive analyses. Nucleic Acids Research 45(W1):W98–W102
DOI 10.1093/nar/gkx247.

Wang Z, Wang Z, Liang Z, Liu J, Shi W, Bai P, Lin X, Magaye R, Zhao J. 2013. Expression and
clinical significance of IGF-1, IGFBP-3, and IGFBP-7 in serum and lung cancer tissues from
patients with non-small cell lung cancer. OncoTargets and Therapy 6:1437–1444
DOI 10.2147/OTT.S51997.

Yao K, Uedo N, Kamada T, Hirasawa T, Nagahama T, Yoshinaga S, Oka M, Inoue K, Mabe K,
Yao T, Yoshida M, Miyashiro I, Fujimoto K, Tajiri H. 2020. Guidelines for endoscopic
diagnosis of early gastric cancer. Digestive Endoscopy 32(5):663–698 DOI 10.1111/den.13684.

Liu et al. (2023), PeerJ, DOI 10.7717/peerj.15419 15/15

http://dx.doi.org/10.1016/j.ebiom.2019.05.044
http://dx.doi.org/10.1126/scitranslmed.abc8922
http://dx.doi.org/10.1016/j.cca.2021.10.022
http://dx.doi.org/10.3322/caac.21660
http://dx.doi.org/10.1093/nar/gkx247
http://dx.doi.org/10.2147/OTT.S51997
http://dx.doi.org/10.1111/den.13684
http://dx.doi.org/10.7717/peerj.15419
https://peerj.com/

	The diagnostic value of serum insulin-like growth factor binding protein 7 in gastric cancer
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


