
Submitted 16 February 2023
Accepted 23 May 2023
Published 27 June 2023

Corresponding author
Yi Huang, hyi8070@126.com

Academic editor
Gwyn Gould

Additional Information and
Declarations can be found on
page 17

DOI 10.7717/peerj.15554

Copyright
2023 Chen et al.

Distributed under
Creative Commons CC-BY 4.0

OPEN ACCESS

Construction and validation of a novel
IGFBP3-related signature to predict
prognosis and therapeutic decision
making for Hepatocellular Carcinoma
Jianlin Chen1,2,3,4,*, Wanzhen Zhuang1,2,*, Yu Xia2,5, Xiaoqing Yin2,5,
Mingshu Tu1,2, Yi Zhang1,2, Liangming Zhang1,2, Hengbin Huang1,2,
Songgao Zhang1,2, Lisheng You6 and Yi Huang1,2,3,4

1 Shengli Clinical Medical College, Fujian Medical University, Fuzhou, China
2Department of Clinical Laboratory, Fujian Provincial Hospital, Fuzhou, china
3Central Laboratory, Fujian Provincial Hospital, Fuzhou, China
4Center for Experimental Research in Clinical Medicine, Fujian Provincial Hospital, Fuzhou, China
5 Integrated Chinese and Western Medicine College, Fujian University of Traditional Chinese Medicine,
Fuzhou, China

6Department of Pathology, Fujian Provincial Hospital, Fuzhou, China
*These authors contributed equally to this work.

ABSTRACT
Background. IGFBP3 plays a pivotal role in carcinogenesis by being anomalously
expressed in some malignancies. However, the clinical value of IGFBP3 and the role of
IGFBP3-related signature in HCC remain unclear.
Methods. Multiple bioinformatics methods were used to determine the expression and
diagnostic values of IGFBP3. The expression level of IGFBP3 was validated by RT-
qPCR and IHC. A IGFBP3-related risk score (IGRS) was built via correlation analysis
and LASSOCox regression analysis. Further analyses, including functional enrichment,
immune status of risk groups were analyzed, and the role of IGRS in guiding clinical
treatment was also evaluated.
Results. IGFBP3 expression was significantly downregulated in HCC. IGFBP3 ex-
pression correlated with multiple clinicopathological characteristics and demonstrated
a powerful diagnostic capability for HCC. In addition, a novel IGRS signature was
developed in TCGA, which exhibited good performance for prognosis prediction and
its role was further validated in GSE14520. In TCGA and GSE14520, Cox analysis
also confirmed that the IGRS could serve as an independent prognostic factor for
HCC. Moreover, a nomogram with good accuracy for predicting the survival of
HCC was further formulated. Additionally, enrichment analysis showed that the high-
IGRS group was enriched in cancer-related pathways and immune-related pathways.
Additionally, patients with high IGRS exhibited an immunosuppressive phenotype.
Therefore, patients with low IGRS scores may benefit from immunotherapy.
Conclusions. IGFBP3 can act as a new diagnostic factor for HCC. IGRS signature
represents a valuable predictive tool in the prognosis prediction and therapeutic
decision making for Hepatocellular Carcinoma.
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INTRODUCTION
Globally, cancer deaths are second most frequently caused by liver disease. Hepatocellular
carcinoma (HCC), the dominant histologic type, accounts for about 90% of all primary
liver cancers (Rich & Singal, 2022;Tian, Zhao & Wang, 2022). Despite significantmounting
efforts have been made over the years in developing molecular-targeted therapies for HCC,
the prognosis is still far from satisfactory, mainly resulting from diagnosis at an advanced
stage and intrahepatic metastasis (Rimassa et al., 2020). It is known that successful surgical
resection can improve the overall survival of HCC. However, the majority of patients are
not suitable candidates for surgery main reason for the advanced metastasis (Rimassa et al.,
2020). Hence, identifying the molecular mechanism of HCC pathogenesis and identifying
potential diagnostic and prognostic biomarkers are essential.

Insulin-like growth factor binding protein 3 (IGFBP3), also known as IBP3, is a member
of the IGFBP-related family (Cai, Dozmorov & Oh, 2020). IGFBP3 encrypts a protein
with an IGFBP domain and a thyroglobulin type-I domain and forms a ternary complex
with insulin-like growth factor acid-labile subunit (Shahjee et al., 2008), which plays a
prominent role in tumor proliferation suppression (Huynh et al., 2002) and apoptosis
induction (Rajah, Valentinis & Cohen, 1997). It has been found that IGFBP3 not only
functions within the cell, but is also secreted to extracellular and peripheral blood where
secreted IGFBP3 binds to IGFs to prolong its half-life. There are also studies that suggested
the reactivation of IGFBP3 reduces the invasiveness of hepatocellular carcinoma cells
in children (Regel et al., 2012), whereas several studies have reported that the abnormal
expression of IGFBP3has the carcinogenic effect. It was reported that overexpressed IGFBP3
is related to the poor prognosis of breast cancer (Rocha et al., 1996). In osteosarcoma,
IGFBP3 promotes cell migration by upregulation of the vascular cell adhesion molecule-1
expression (Chao et al., 2020). Recent studies have also found that IGFBP3 is abnormally
elevated in human tongue squamous cell carcinoma (TSCC) and is associated with tumor
cell migration and cell growth (Ng et al., 2022). However, the clinical value of IGFBP3 and
its related signature in HCC has not been clearly determined.

In the current study, we analyzed and validated the expression of IGFBP3 in HCC
and evaluated the potential diagnostic value of IGFBP3. Moreover, we constructed and
validated a novel index, named ‘‘IGFBP3-related risk score’’ (IGRS) based on IGFBP3
and its related genes, which represented stability and accuracy in both the training and
external validation cohorts and could serve as an independent prognostic factor for HCC.
In addition, the difference between two IGRS groups in functional enrichment, TME,
immunotherapy response were compared. Finally, we constructed a nomogram to predict
survival probability combined with the IGRS and other prognostic clinical indicators. Our
results showed that the IGRS subgroup differs significantly in all these aspects, exhibiting
the clinical value and significance of the IGRS model.
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MATERIALS & METHODS
Public data acquisition and processing
The transcriptome data and relevant prognostic resource of HCC in the Cancer Genome
Atlas (TCGA, https://portal.gdc.cancer.gov/repository), International Cancer Genome
Consortium (ICGC) Japanese liver cancer (ICGC-LIRI-JP) cohort (https://dcc.icgc.org/
projects/LIRI-JP), GSE54236, GSE14520 (GPL3921), and GSE76427 were downloaded
and processed as reported publications (Zhang et al., 2022a; Zhang et al., 2022b). For
analysis, we applied log2[TPM+1] transformed expression data. IGFBP3 protein levels of
differentiation analysis with the aid of CAPTC database (https://cprosite.ccr.cancer.gov/).
In brief, select ‘‘Liver Cancer’’ from the drop-down menu of ‘‘Tumor Types’’, ‘‘IGFBP3’’
from the drop-down menu of ‘‘Gene’’ on the page, click ‘‘Submit’’ for analysis, and then
click ‘‘Export Data’’ to obtain protein expression profile data. Figure 1 shows the analysis
process of this study. The data sources and related sample numbers are detailed in Table
S1.

Cell culture and RT-qPCR
Human normal liver cell line (LO2) and human liver cancer cell line (Huh-7) were
purchased from Hongshun Biotechnology Co. LTD (Shanghai, China). LO2 cells were
cultured in RPMI-1640 (Procell, Wuhan, China) containing 20% FBS (Procell, Wuhan,
China). Huh-7 cells were cultured in DMEM (Gibco, Billings, MO, USA) with 10%FBS.
All cells were cultured in a 5% CO2 incubator humidified at 37 ◦C. Total RNA was isolated
using SteadyPure Quick RNA Extraction Kit (AG21023; Accurate Biology, Changsha,
China) according to the manufacturer’s manual. cDNA was synthesized by MCE RT
Master Mix for qPCR II (MCEs, NJ, USA). A GoTaq® qPCR Master Mix (A6001;
Promega) was used for qPCR. Primers were synthesized by Shangya Biotechnology
(Fuzhou, China). IGFBP3: forward: 5′-AAATGCTAGTGAGTCGGAGGA- 3′, reverse:
5′-CTCTACGGCAGGGACCAT ATT- 3′. We used GAPDH as a reference for IGFBP3
following the 2−11CT method.

Tumor tissues specimens and immunohistochemistry
Tissue specimens were fixed by 10% formalin and embedded in paraffin. The tissues were
then cut into 3um thick sections. After dewaxing and hydration, citric acid buffer (0.01M,
pH 6.0) was used and boiled for 15min for antigen repair. Immunohistochemically staining
was performed using the EliVision™Plus kit (Maixin Biotechnology, Fuzhou, China).
Subsequently, sections were incubated overnight with anti-IGFBP3 polyclonal antibody
(ER1911-12) (1:200) or PBS (negative control) at 4 ◦C, then coupled with secondary
antibody at room temperature for 10 min and stained with diaminobenzidine (DAB Kit,
Lab Vision) for 40 s. The cells of the patients with positive immunohistochemically reaction
were stained with hematoxylin for 15 s. Finally, the sections were dehydrated and dried
and examined under microscope.

Ethics approval was sought and approved by the Ethics Committee of Fujian Provincial
Hospital (Ethics Approval Number K2022-09-103). The patients/participants provided
their written in-formed consent to participate in this study.
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Figure 1 The flow diagram of this study.
Full-size DOI: 10.7717/peerj.15554/fig-1

Development of IGFBP3-Related Risk Score (IGRS)
R language was employed to analyze and acquire the top 200 IGFBP3-related genes (r > 0.2,
p< 0.05) in each dataset (Table S1), and then the IGFBP3 and intersection genes were
input into the LASSO Cox analysis in the TCGA to construct the prognosis model. The
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IGRS was calculated follow the formula.

IGRS=
n∑
i

(
Coefficient of (i)×Expression of gene (i)

)
.

Establish and evaluate a nomogram
Based on the R ‘‘rms’’ package, a nomogram incorporating age, gender, tumor grade, tumor
stage and IGRS was constructed to predict 1-, 3-, and 5-year survival. Simultaneously,
corresponding calibration curves were also plotted to assess the calibration of the
nomogram. According to the C-index, the accuracy between nomogram and other
prognostic factors was assessed (Chen et al., 2021). Additionally, the decision curve analysis
(DCA) was conducted by the ‘‘DCA’’ package to measure the net clinical benefits of various
forecasting models (Vickers et al., 2008).

GSEA analysis
DEGs between the low and high IGRS subgroups were identified using ‘‘limma’’ R package,
with the standards of |log2(FC)|> 0.5 and adjusted p< 0.05. The GESA analysis was carried
out using the Hallmark and C2 KEGG gene sets v7.4, which were used in conjunction with
the GSEA software (version 4.1.0), with p< 0.05 and a FDR of < 0.25 were considered
statistically significant.

Immune profile analysis and immunotherapy response analysis
The infiltrating scores of 24 immune cell subtypes was calculated by the IMMUNCELL
AI algorithm (Miao et al., 2020). The immune/stromal scores (ImmuneScore and
StromalScore) of the LIHC samples were estimated by ESTIMATE algorithm based on
given gene expression profile in FPKM or normalized log2 transformed values (Yoshihara
et al., 2013). The tumor immune dysfunction and exclusion (TIDE) was calculated to assess
the immunotherapy responses in TCGA and validated in the ICGC cohort, as described
previously (Jiang et al., 2018).

Statistical analysis
The R version 3.6.3 (R Core Team, 2020) ggplot2 package was used for visualizing the
receiver operating characteristics (ROC) curve. The ‘‘survival’’ package was employed to
analyze the survival prognosis with the median value of a marker. Independent prognostic
factors analysis was conducted by the univariate Cox regression method and multivariate
Cox regression method. The Pearson method was used for correlation analysis. p< 0.05
was considered statistically significant.

RESULT
The expression profiles of IGFBP3 in HCC
To investigate the potential role of IGFBP3 on HCC, we firstly determined the expression
profiles of IGFBP3 in HCC sample. The plot indicates that the gene expression of IGFBP3
was relatively downregulated in the HCC samples compared with normal samples
(Figs. 2A–2B, all p< 0.001). Moreover, we validated the down-regulation of IGFBP3
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Figure 2 Expression of IGFBP3 in hepatocellular carcinoma. (A) IGFBP3 mRNA levels between LIHC
and normal tissues in TCGA. (B) Expression status of IGFBP3 in GTEx normal, TCGA normal, and
TCGA-LIHC tissues. (C–E) Relative expression of IGFBP3 in LIHC tissues and in normal tissues in the
GSE54236 (C), GSE14520 (D), and GSE76427 (E) datasets. (F) RT-qPCR showed decreased IGFBP3
mRNA levels in HCC cell line (Huh7). (G) The protein expression of IGFBP3 in LIHC specimens and
normal liver specimens from CPTAC datasets. (H) Typical images of IHC showing the protein expression
of IGFBP3 in HCC and adjacent non-tumor tissues. (**p< 0.01, ***p< 0.001).

Full-size DOI: 10.7717/peerj.15554/fig-2

in three independent GEO datasets (GSE54236, GSE14520 and GSE76427) (Figs. 2C–2E,
all p< 0.001). Furthermore, decreased mRNA expression profile of IGFBP3 was also
confirmed in Huh7 and LO2 cell lines (Fig. 2F, p< 0.01). Additionally, HCC tissues
showed a significantly decrease of protein expression of IGFBP3 (Fig. 2G, p< 0.001),
which was also confirmed (Fig. 2H) by the IHC analysis.

Chen et al. (2023), PeerJ, DOI 10.7717/peerj.15554 6/22

https://peerj.com
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE54236
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE14520
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE76427
https://doi.org/10.7717/peerj.15554/fig-2
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE54236
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE14520
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE76427
http://dx.doi.org/10.7717/peerj.15554


Diagnostic value of IGFBP3 and its relevance to clinical features
A correlation analysis was then performed between IGFBP3 and corresponding clinical
characteristics. Statistical significance between age groups was determined using the
Wilcoxon rank sum test (p= 0.023). Furthermore, as can be seen in Table 1, the expression
level of IGFBP3 showed statistically significant correlation with gender (p= 0.002), T stage
(p< 0.001), pathologic stage (p< 0.001), histologic grade (p= 0.005), AFP (p< 0.001)
and vascular invasion (p= 0.008). Results also indicated that female patients had higher
IGFBP3 levels compared to males (Fig. 3B, p< 0.05), and patients with vascular invasion
had higher IGFBP3 expression than those without (Fig. 3H, p< 0.01). In addition, further
results revealed significant correlations between the expression level of IGFBP3 and T stages
(Fig. 3C), N stages (Fig. 3D), pathologic stages (Fig. 3F), and histologic grades (Fig. 3G)
(all, p< 0.05). However, no significant relationships between the expression of IGFBP3
and the age (Fig. 3A), M stage (Fig. 3E) were identified (all, p> 0.05).

To evaluate the diagnostic significance of IGFBP3, ROC analysis was performed based
on the TCGA cohort (Discovery cohort). As showed in Fig. 3I, IGFBP3 exhibited powerful
diagnostic ability for HCC with an AUC of 0.927 (95% CI [0.902–0.951]). Moreover,
the ROC curves of two testing cohorts (GSE14520 and GSE76427) showed that IGFBP3
levels for diagnosing HCC yielded AUCs of 0.934, and 0.910, respectively (Figs. 3J–3K). In
addition, in the validation cohort (ICGC-LIRI), IGFBP3 also displayed highly effective in
discriminating HCCs from normal samples (Fig. 3L, AUC= 0.912, 95% CI [0.883–0.942]).
In order to further analyze its early diagnostic value, we first analyzed the difference of its
expression in different stages of the disease. Based on the TCGA cohort, with progressing
tumor stages, IGFBP3 gene expression increased (Fig. S1A). According to ROC analysis,
IGFBP3 was extremely effective in discriminating early tumor pathologies (stage I and stage
II) from normal (Figs. S1B and S1C). These results suggested that IGFBP3 is downregulated
in LIHC and can be used as a valuable diagnostic biomarker for LIHC.

Construction and validation of IGFBP3-related risk score
It has been shown that in NSCLC, IGFBP3 mediates growth inhibition and induction
of apoptosis to exert a tumor suppressive effect (Hochscheid, Jaques & Wegmann, 2000).
Moreover, IGFBP3 has been reported to hinder aggressive growth ofHCC in children (Regel
et al., 2012). In addition, IGFBP3 has been convinced to correlate with patients response
to radiotherapy and chemotherapy in glioblastoma (Zhao et al., 2011). Given the potential
role of IGFBP3, we hypothesized that IGFBP3-related genetic features might be valuable
for predicting the prognosis and treatment of hepatocellular carcinoma. Based on Pearson
correlation analysis, we first performed analysis in the three datasets (TCGA, GSE14520,
and GSE76427), and finally filtered out 10 significantly correlated genes (Fig. 4A). After
the LASSO regression analysis, we obtained eight key genes, namely, IGFBP3, RGS2, IER3,
PFKFB3, ENO2, FZD1, JUNB, and PELI2 (Figs. 4B–4C). Next, the IGRSwas built according
to the expression of key genes and their Cox regression coefficients (Table 2). Figure 4D
showed the IGRS, survival status, and expression of the eight model genes between high-
and low-risk groups in the TCGA dataset. The results of survival analysis suggested that
the high IGRS group had a worse survival outcome than the low IGRS group (Fig. 4E;
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Table 1 Relationship between the clinical features and IGFBP3 expression in patients with LIHC.

Characteristic Low expression
of IGFBP3

High expression
of IGFBP3

p Statistic Method

n 187 187
Age, meidan (IQR) 63 (54.5, 69) 60 (50.25, 68) 0.023 19766 Wilcoxon
Gender, n (%) 0.002 9.58 Chisq.test

Female 46 (12.3%) 75 (20.1%)
Male 141 (37.7%) 112 (29.9%)

T stage, n (%) <0.001 21.69 Chisq.test
T1 112 (30.2%) 71 (19.1%)
T2 42 (11.3%) 53 (14.3%)
T3 30 (8.1%) 50 (13.5%)
T4 2 (0.5%) 11 (3%)

N stage, n (%) 0.122 Fisher.test
N0 129 (50%) 125 (48.4%)
N1 0 (0%) 4 (1.6%)

M stage, n (%) 1.000 Fisher.test
M0 127 (46.7%) 141 (51.8%)
M1 2 (0.7%) 2 (0.7%)

Pathologic stage, n (%) <0.001 Fisher.test
Stage I 107 (30.6%) 66 (18.9%)
Stage II 39 (11.1%) 48 (13.7%)
Stage III 28 (8%) 57 (16.3%)
Stage IV 2 (0.6%) 3 (0.9%)

Histologic grade, n (%) 0.005 12.78 Chisq.test
G1 32 (8.7%) 23 (6.2%)
G2 100 (27.1%) 78 (21.1%)
G3 46 (12.5%) 78 (21.1%)
G4 7 (1.9%) 5 (1.4%)

AFP(ng/ml), n (%) <0.001 14.92 Chisq.test
<=400 127 (45.4%) 88 (31.4%)
>400 20 (7.1%) 45 (16.1%)

Vascular invasion, n (%) 0.008 7.08 Chisq.test
No 121 (38.1%) 87 (27.4%)
Yes 46 (14.5%) 64 (20.1%)

Notes.
The data in bold indicates P < 0.05.

p< 0.001). For overall survival time prediction, IGRS yielded the AUC values of 0.709 at
1 year, 0.705 at 3 years, and 0.716 at 5 years (Fig. 4F). In validating cohorts (GSE14520),
the IGRS, survival status, and the expressions of eight model genes were presented in the
Fig. 4G, which is similar to the results with TCGA cohort. Survival results also showed a
significantly worse survival outcome in the high IGRS group than in the low IGRS group
(Fig. 4H; p< 0.001). As can be seen from Fig. 4I, the predicted AUCs of 1, 3, and 5 years
were 0.641, 0.682, and 0.592, respectively.
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Figure 3 Diagnostic value of IGFBP3 and its relevance to clinical features. Boxplots demonstrating the
expression of IGFBP3 in patients are grouped according to clinical characteristics. (A) Age; (B) Gender;
(C) T stage; (D) N stage; (E) M stage; (F) pathologic stage; (G) histologic grade; (H) vascular invasion (nsp
> 0.05, *p< 0.05, **p< 0.01, ***p< 0.001). (I–L) ROC curve of IGFBP3 in LIHC based on TCGA-LIHC
(I), GSE14520 (J), GSE76427 (K), and ICGC-LIRI (L).

Full-size DOI: 10.7717/peerj.15554/fig-3

To further define whether IGRS was an independent prognostic factor for OS, we first
performed univariate Cox regression analysis. As can be seen from the results, IGRS were
significantly associated with OS in both the TCGA [Hazard ratio (HR) = 3.878, 95% CI
[2.313–6.502], p< 0.001] and GSE14520 datasets (HR = 3.982, 95% CI = 2.024–7.835,
p< 0.001) (Figs. 5A–5B). Afterwards, multivariate Cox regression analysis of both the
training and validation cohorts showed that IGRS was an independent prognostic factor for
OS (HR= 2.804, 95%CI [1.608–4.890], p< 0.001, andHR= 2.639, 95%CI [1.262–5.519],
p = 0.010, respectively).

Establishment of a predictive nomogram
Nomograms are commonly used to quantify risk in individuals. Currently, a nomogram
was built according to age, gender, tumor stage, tumor grade, and IGRS (Fig. 6A). The
nomogram model with C-index values of 0.684 indicated to have favorable discrimination
abilities (Fig. 6B). Additionally, the nomogram showed relatively good agreement with
observation in predicting 1-, 3-, and 5-year survival outcomes (Figs. 6C–6E). The DCA
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Figure 4 Construction of IGFBP3-related risk score (IGRS). (A) Venn diagram indicating the 10
IGFBP3-related genes identified in three cohorts. (B) Construction of the LASSO model based on IGFBP3
and its related genes. (C) The optimal λ of the LASSO model. (D) The risk factor diagram of IGRS model
in TCGA cohort. (E) The OS curve for high- and low- IGRS groups in TCGA cohort. (F) 1-, 3-, and 5-year
ROC curves of IGRS model for survival prediction in TCGA cohort. (G) The distribution and median
cutoff value of IGRS, the OS status of each sample, and the expression value of the eight model genes in
the GSE14520 dataset. (H) The prognostic significance of IGRS in GSE14520 cohorts. (I) Time-dependent
ROC analyses of the IGRS regarding the OS and survival status in the GSE14520 cohort.

Full-size DOI: 10.7717/peerj.15554/fig-4

curves revealed that the nomogram demonstrated a net benefit over age, sex, grade, stage,
and IGRS in terms of 1-, 3-, and 5-year OS (Figs. 6F–6H). In summary, IGRS-based
nomogram can predict the short- and long-term OS of HCC patients and help clinical
management.
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Table 2 The coefficients of model genes.

TAG Coefficients

IGFBP3 0.047172
RGS2 0.082528
IER3 0.106929
PFKFB3 0.050977
ENO2 0.005202
FZD1 0.092833
JUNB −0.16388
PELI2 −0.19991

Figure 5 Univariate andmultivariate Cox regression analysis of prognosis in HCC patients. The uni-
variate and multivariate Cox regression analyses in (A) TCGA cohort and in (B) ICGC cohort.

Full-size DOI: 10.7717/peerj.15554/fig-5

GSEA of IGRS–related signaling pathways
Based on the |log2FC| ≥ 0.5, FDR < 0.05, the 2021 up-regulated and 437 down-regulated
DEGs was identified between the two groups (Fig. 7A). The expression heatmap of the top
60 DEGs was shown in Fig. 7B. The GSEA showed significant enrichment of signatures
associated with apoptosis, cell cycle, lysosomes, MAPK signaling pathways, and WNT
signaling pathways in the high IGRS group. Moreover, high-risk individuals exhibited
enriched expression of the mTOR signaling pathway, JAK STAT signaling pathway, p53
signaling pathway, ERBB signaling pathway, and cancer pathways (Fig. 7C). Interestingly,
we found that low-risk was significantly enriched for some metabolism-related pathways,
such as, the fatty acid metabolism pathways (Fig. 7D). These results suggested that the two
risk groups have different pathway activation states, which may account for the different
survival rates.
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Figure 6 Nomogram to evaluate the OS probability based on TCGA cohort. (A) The nomogram for
predicting the 1-, 3- and 5-year OS probabilities. (B) Comparison of C-index among age, gender, grade,
stage, LRRS, and nomogram. (C–E) Calibration curves of the nomogram to predict (C) 1-, (D) 3- and (E)
5-year OS probabilities. (F–H) Decision curve analysis (DCA) among the age, gender, grade, stage, LRRS,
and nomogram with respect to the (F) 1-, (G) 3-, and (H) 5-year OS.

Full-size DOI: 10.7717/peerj.15554/fig-6

Immune profile and prediction of treatment style of IGRS-based HCC
groups
According to the results of GSEA analysis, immune-related pathways were found to
significantly enriched in the high IGRS group (Fig. 8A). In addition, our results showed
that the ESTIMATE score and immune score were significantly higher in the high IGRS
group compared with the low IGRS group (Figs. 8B–8C).

Recent studies have provided evidence that high expression of checkpoint genes indicated
a more sensitive immunotherapy response (Li, Chan & Chen, 2019). In the current study,
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Figure 7 Functional enrichment analyses between the high- and low-IGRS groups. (A) Volcanic map
of DEGs between the high and low IGRS groups. (B) Heat map for top 60 DEGs between high and low
IGRS subgroups. (C–D) The results of GSEA (KEGG pathways) in the high-IGRS (C) and low-IGRS
groups(D).

Full-size DOI: 10.7717/peerj.15554/fig-7

we found the elevated expression of CD274, CTLA4,HAVCR2, TIGIT, LAG3, PDCD1in the
high IGRS group (Fig. 8D, all p< 0.05). We also observed high IGRS group also expressed
higher levels of key chemokines and their receptors (Fig. 8E). A significant increase was
also found in MHC-I and MHC-II component levels in the group with high IGRS (Fig.
8F). Detailed differences in immune cell subtypes were further analyzed between the two
groups. We found that CD4 naive cells, cytotoxic, exhausted, type 1regulatory T cells (Tr1),
natural regulatory T cells (nTregs), iTregs, Th1, Tfh, NK, NK T (NKT), DC, CD4+ T, and
CD8+ T cells have a high prevalence in the high-risk group (Fig. 8G, all p< 0.05). In
contrast, CD8 naive cells, Th17, monocyte and gamma delta cells were more predominant
in the low-risk group (Fig. 8G, all p< 0.05). We then analyzed the correlation between
the IGRS and Tumor Immune Dysfunction and Exclusion (TIDE), which are recognized
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Figure 8 Immune profile and prediction of treatment style of IGRS-based HCC groups. (A) The signif-
icant immune-associated pathways in the high-IGRS group. (B–F) Differences in ImmuneScore (B), esti-
mated scores (C), eight common immune checkpoint genes (D), chemokines and receptors (E), and MHC
molecules (F) between the two risk groups, respectively. (G) The landscape of immune cell infiltration be-
tween two IGRS subtypes estimated by the ssGESA. ns ≥ 0.05, *< 0.05, **< 0.01, and ***< 0.001.

Full-size DOI: 10.7717/peerj.15554/fig-8

as immunotherapy predictors. We found that patients in the IGRS high group tended to
achieve higher TIDE scores (Fig. S1), which proposed that patients with low IGRS scores
may benefit from immunotherapy.

DISCUSSION
As a member of the IGFBP family, IGFBP3 regulates components of the IGF signaling
pathway (Jogie-Brahim, Min & Oh, 2005), inhibits cell proliferation, promotes apoptosis
and reduces growth in numerous types of solid tumor (Tas et al., 2014; Ingermann et al.,
2010; Butt & Williams, 2001; Yan et al., 2017). IGFBP3 is suspected to play a role in LIHC,
however the exact mechanism has been unclear. In this pioneering study, we conducted a
detailed examination of IGFBP3 in LIHC. Our results demonstrated significant IGFBP3
downregulation in LIHC tissues and powerful diagnostic performance for LIHC, which
was also validated by the independent external datasets. Additionally, IGFBP3 levels were
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significantly correlated with T stages, N stages, pathologic stages, and histologic grades and
survival status in HCC.

Hepatocellular carcinoma is often diagnosed at an advanced stage, while early diagnosis
is a prerequisite for improved prognosis (Liu et al., 2016). Previous research has found
that the downregulated IGFBP3 might serve as a candidate marker for colorectal cancer
diagnosis (Hou et al., 2019), which consistent with our findings. Study reported that higher
IGFBP3 levels were closely related to earlier stages of ESCC (Luo et al., 2015). Zhao et al.
(2012) found that serum expression level of IGFBP3 correlated significantly with clinical
pathological stage of ESCC. The serum level of IGFBP3 was also significantly correlated
with lymph node metastasis as well as tumor stage in another study (Hou et al., 2019). In
addition, in CRC tissue, Keku et al. (2008) found that IGFBP3 mRNA levels were positively
correlated with apoptosis. Yan et al. (2017) recently reported the significant correlation
between IGFBP3 expression and tumor size, node metastasis, and clinical stage in HCC.
Our results suggested that IGFBP3was significantly correlated with the pathological stage of
tumors, histologic grade, T stage and vascular invasion in the TCGA cohort. It was expected
that a better biomarker would be closely related to clinical characteristics. However, it is
known that more advanced cancers are more likely to be diagnosed. Does the observed
association between IGFBP3 expression and tumor stage simply reflect this fact? To further
exclude this possibility, we analyzed the early diagnostic value of IGFBP3, and found that
IGFBP3 was still prominent in the early diagnosis of HCC. In a word, the results of this
study are in agreement with the literature, which suggests that IGFBP3 was significantly
correlated with tumor clinical characteristics and can act as a diagnostic biological marker
of LIHC.

As IGFBP3 plays a critical role in LIHC, an IGRS was constructed by choosing key
IGFBP3-related genes through LASSO regressions. Using it, clinicians can make clinical
decisions more efficiently and accurately concerning the prognosis of patients with liver
cancer. In these key genes, IER3 was found to be upregulated in HCC and suggested as
a potential prognostic biomarker for HCC (He et al., 2022); in addition, IER3 was also
found to play a vital role in the cell viability, growth and migration of HCC (Emma
et al., 2016; Kwon et al., 2013). Moreover, a glycolysis-related gene based on signature
included IER3 showed good predictive effect for HCC (Zhou et al., 2020). PFKFB3 has
been widely studied in hepatocellular carcinoma. Studies have shown that PFKFB3
acts as a glycolytic activator to promote the growth of hepatocellular carcinoma and
induce tumor angiogenesis (Dou et al., 2023), whereas inhibition of PFKFB3 prevents
glycolycolytic mediated HCC proliferation (Matsumoto et al., 2021). In addition, aspirin
has been reported to overcome sorafenib resistance in hepatocellular carcinoma by blocking
PFKFB3 (Li et al., 2017), and inhibition of PFKFB3 also reduces DNA repair to control
the growth of hepatocellular carcinoma (Shi et al., 2018). A recently published study
suggests that FZD1 protein may play an important role in Wnt/B- Catenin-mediated
liver pathogenesis (Liu et al., 2011), and its involvement in a WNT-induced signature
was associated with poor clinical prognosis of liver cancer (Désert et al., 2016). JUNB is
documented to be low expressed in liver cancer (Chang et al., 2005), and a recent single-
cell sequencing study reported that JUNB plays critical roles in immune response and the
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advances of HCC (Yan et al., 2020). PELI2, RGS2 and ENO2 has been poorly reported in
relation to liver cancer, whereas PELI2 involved in 28 gene expression characteristics can
well predict gastric cancer with lymphatic metastasis (Zhang et al., 2019). Recent reports
suggest that RGS2 participation in a hepatitis B virus-related gene model is very useful
in differentiating liver cancer patients with different prognoses (Wang et al., 2022), while
ENO2 has also participated in the construction of multiple prognostic models of liver
cancer, such as hypoxia-related prognostic models (Tang et al., 2022; Wang et al., 2021)
and metabolism-related prognostic models (Lee et al., 2022). All of these studies directly
and indirectly supported that IGFBP3 related signature could serve as a marker of poor
prognosis in LIHC.

In current study, although patients with high IGRS showed higher immune scores, it
was found that exhausted T-cell markers, HAVCR2 and CTLA-4, were higher in HCC
specimens with high IGRS scores. Interestingly, the high IGRS group had a higher TIDE
score, suggesting a higher susceptibility to immune escape. In addition, a higher proportion
of immunosuppressive cell infiltration (such as Type 1 regulatory T (Tr1) (Tian et al.,
2019), Tregs) appeared in the high IGRS group, which could well explain the worse
prognosis in the high IGRS group. This further suggests that the low IGRS group may be
more likely to benefit from immunotherapy. These results also indicated that IGRS could
predict TIME. Moreover, functional analysis indicated that apoptosis, cell cycle, lysosome,
and several cancer-related pathways were enriched in the high IGRS group, which all
indicated a poor prognosis.

Although our study has comprehensively analyzed the role of IGFBP3 and its related
prognostic signature, and the results have certain suggestive significance in LIHC.However,
there are some limitations that need to be considered. Firstly, although our risk model has
great clinical value in predicting immunotherapy in patients, its clinical value still needs
to be further verified by multi-center clinical data. Secondly, hepatocellular carcinoma is
highly heterogeneous and tumor microenvironment is complex, our study only discusses
the heterogeneity of immune microenvironments between groups, so the prognostic of
IGRS should be further elucidated using clinical data. Finally, it is necessary to further
describe the mechanism of IGRS through cell and animal experiments.

CONCLUSION
In conclusion, we comprehensively studied the IGFBP3 and its related prognostic signature
in LIHC. Our data indicated that IGFBP3 could act as a new diagnostic biomarker for
LIHC. The IGRS could distinguish high- and low-risk HCC patients, predict immune
infiltration, immunotherapy sensitivity, and clinical prognosis. Validation of the external
datasets demonstrated the value of IGRS as a potential prognostic marker, which may help
clinicians make treatment decisions to improve patient outcomes.

ACKNOWLEDGEMENTS
We are grateful to all the participants of the present study.

Chen et al. (2023), PeerJ, DOI 10.7717/peerj.15554 16/22

https://peerj.com
http://dx.doi.org/10.7717/peerj.15554


ADDITIONAL INFORMATION AND DECLARATIONS

Funding
All the external funding or sources of support received during this study from theHigh-level
Hospital Foster Grant of Fujian Provincial Hospital (Grant No. 2020HSJJ06) to Yi Huang,
the Medical Vertical Project of Fujian Province (Grant No. 2020CXB001) to Yi Huang, and
the Natural Science Foundation of Fujian Province (Grant No. 2019J01176) to Yi Huang.
There was no additional external funding received for this study. 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:
High-level Hospital Foster Grant of Fujian Provincial Hospital: 2020HSJJ06.
Medical Vertical Project of Fujian Province: 2020CXB001.
Natural Science Foundation of Fujian Province: 2019J01176.

Competing Interests
The authors declare there are no competing interests.

Author Contributions
• Jianlin Chen conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, software, visualization, and approved the final draft.
• Wanzhen Zhuang conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, and approved the final draft.
• Yu Xia analyzed the data, prepared figures and/or tables, and approved the final draft.
• Xiaoqing Yin analyzed the data, prepared figures and/or tables, and approved the final
draft.
• Mingshu Tu analyzed the data, prepared figures and/or tables, and approved the final
draft.
• Yi Zhang analyzed the data, prepared figures and/or tables, and approved the final draft.
• Liangming Zhang analyzed the data, prepared figures and/or tables, and approved the
final draft.
• Hengbin Huang analyzed the data, prepared figures and/or tables, and approved the
final draft.
• Songgao Zhang analyzed the data, prepared figures and/or tables, and approved the final
draft.
• Lisheng You analyzed the data, prepared figures and/or tables, validation, and approved
the final draft.
• Yi Huang performed the experiments, analyzed the data, prepared figures and/or tables,
authored or reviewed drafts of the article, supervision, resources, project administration,
funding acquisition, and approved the final draft.

Chen et al. (2023), PeerJ, DOI 10.7717/peerj.15554 17/22

https://peerj.com
http://dx.doi.org/10.7717/peerj.15554


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

The Ethics Committee of Fujian Provincial Hospital approved this study (Ethics
Approval Number K2022-09-103).

Data Availability
The following information was supplied regarding data availability:

The datasets analyzed are available in the Supplemental Files and at the following sites:
- The Cancer Genome Atlas (TCGA, https://portal.gdc.cancer.gov/repository, search

term: TCGA-LIHC).
- International Cancer Genome Consortium (ICGC, https://dcc.icgc.org/) Japanese liver

cancer (ICGC-LIRI-JP) cohort (https://dcc.icgc.org/projects/LIRI-JP).
- CPTAC database (http://proteomics.cancer.gov/). To collate the data, go to https:

//cprosite.ccr.cancer.gov/. Then, in brief, select ‘‘Liver Cancer’’ from the drop-down menu
of ‘‘Tumor Types’’, ‘‘IGFBP3’’ from the drop-down menu of ‘‘Gene’’ on the page, click
‘‘Submit’’ for analysis, and then click ‘‘Export Data’’ to obtain protein expression profile
data.

- NCBI GEO: GSE62254, GSE54236, GSE14520 (GPL3921), and GSE76427.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.15554#supplemental-information.

REFERENCES
Butt AJ, Williams AC. 2001. IGFBP-3 and apoptosis—a license to kill? Apoptosis

6:199–205 DOI 10.1023/a:1011388710719.
Cai Q, DozmorovM, Oh Y. 2020. IGFBP-3/IGFBP-3 receptor system as an anti-tumor

and anti-metastatic signaling in cancer. Cells 9(5):1261 DOI 10.3390/cells9051261.
Chang YS, Yeh KT, YangMY, Liu TC, Lin SF, ChanWL, Chang JG. 2005. Abnormal

expression of JUNB gene in hepatocellular carcinoma. Oncology Reports 13:433–438.
Chao C-C, LeeW-F, YangW-H, Lin C-Y, Han C-K, Huang Y-L, Fong Y-C,WuM-H,

Lee I-T, Tsai Y-H, Tang C-H, Liu J-F. 2020. IGFBP-3 stimulates human osteosar-
coma cell migration by upregulating VCAM-1 expression. Life Sciences 265:118758
Epub 2020 Nov 12 DOI 10.1016/j.lfs.2020.118758.

Chen X,Wang L, Hong L, Su Z, Zhong X, Zhou H, Zhang X,Wu J, Shao L. 2021.
Identification of aging-related genes associated with clinical and prognos-
tic features of hepatocellular carcinoma. Frontiers in Genetics 12:661988
DOI 10.3389/fgene.2021.661988.

Désert R, Mebarki S, Desille M, SicardM, Lavergne E, Renaud S, Bergeat D, Sulpice L,
Perret C, Turlin B, Clément B, Musso O. 2016. Fibrous nests in human hepatocellu-
lar carcinoma express a Wnt-induced gene signature associated with poor clinical

Chen et al. (2023), PeerJ, DOI 10.7717/peerj.15554 18/22

https://peerj.com
http://dx.doi.org/10.7717/peerj.15554#supplemental-information
https://portal.gdc.cancer.gov/repository
https://dcc.icgc.org/
https://dcc.icgc.org/projects/LIRI-JP
http://proteomics.cancer.gov/
https://cprosite.ccr.cancer.gov/
https://cprosite.ccr.cancer.gov/
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE62254
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE54236
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE14520
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL3921
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE76427
http://dx.doi.org/10.7717/peerj.15554#supplemental-information
http://dx.doi.org/10.7717/peerj.15554#supplemental-information
http://dx.doi.org/10.1023/a:1011388710719
http://dx.doi.org/10.3390/cells9051261
http://dx.doi.org/10.1016/j.lfs.2020.118758
http://dx.doi.org/10.3389/fgene.2021.661988
http://dx.doi.org/10.7717/peerj.15554


outcome. The International Journal of Biochemistry & Cell Biology 81:195–207
DOI 10.1016/j.biocel.2016.08.017.

DouQ, Grant AK, Callahan C, Coutinho de Souza P, Mwin D, Booth AL, Nasser I,
Moussa M, AhmedM, Tsai LL. 2023. PFKFB3-mediated Pro-glycolytic shift in
hepatocellular carcinoma proliferation. Cellular and Molecular Gastroenterology and
Hepatology 15:61–75 DOI 10.1016/j.jcmgh.2022.09.009.

EmmaMR, Iovanna JL, Bachvarov D, Puleio R, Loria GR, Augello G, Candido S, Libra
M, Gulino A, Cancila V, McCubrey JA, Montalto G, Cervello M. 2016. NUPR1, a
new target in liver cancer: implication in controlling cell growth, migration, invasion
and sorafenib resistance. Cell Death & Disease 7:e2269 DOI 10.1038/cddis.2016.175.

He FY, Chen G, He RQ, Huang ZG, Li JD,WuWZ, Chen JT, Tang YL, Li DM, Pan
SL, Feng ZB, Dang YW. 2022. Expression of IER3 in hepatocellular carcinoma:
clinicopathology, prognosis, and potential regulatory pathways. PeerJ 10:e12944
DOI 10.7717/peerj.12944.

Hochscheid R, Jaques G,Wegmann B. 2000. Transfection of human insulin-like
growth factor-binding protein 3 gene inhibits cell growth and tumorigenicity:
a cell culture model for lung cancer. The Journal of Endocrinology 166:553–563
DOI 10.1677/joe.0.1660553.

Hou YL, Luo P, Ji GY, Chen H. 2019. Clinical significance of serum IGFBP-3 in colorec-
tal cancer. Journal of Clinical Laboratory Analysis 33:e22912 DOI 10.1002/jcla.22912.

Huynh H, Chow PK, Ooi LL, Soo KC. 2002. A possible role for insulin-like growth
factor-binding protein-3 autocrine/paracrine loops in controlling hepatocellular
carcinoma cell proliferation. Cell Growth & Differentiation 13:115–122.

Ingermann AR, Yang YF, Han J, Mikami A, Garza AE, Mohanraj L, Fan L, IdowuM,
Ware JL, KimHS, Lee DY, Oh Y. 2010. Identification of a novel cell death receptor
mediating IGFBP-3-induced anti-tumor effects in breast and prostate cancer. The
Journal of Biological Chemistry 285:30233–30246 DOI 10.1074/jbc.M110.122226.

Jiang P, Gu S, Pan D, Fu J, Sahu A, Hu X, Li Z, Traugh N, Bu X, Li B, Liu J, Freeman GJ,
BrownMA,Wucherpfennig KW, Liu XS. 2018. Signatures of T cell dysfunction and
exclusion predict cancer immunotherapy response. Nature Medicine 24:1550–1558
DOI 10.1038/s41591-018-0136-1.

Jogie-Brahim S, Min HK, Oh Y. 2005. Potential of proteomics towards the investigation
of the IGF-independent actions of IGFBP-3. Expert Review of Proteomics 2:71–86
DOI 10.1586/14789450.2.1.71.

Keku TO, Sandler RS, Simmons JG, Galanko J, Woosley JT, Proffitt M, Omofoye O,
McDoomM, Lund PK. 2008. Local IGFBP-3 mRNA expression, apoptosis and risk
of colorectal adenomas. BMC Cancer 8:143 DOI 10.1186/1471-2407-8-143.

Kwon SM, KimDS,Won NH, Park SJ, Chwae YJ, Kang HC, Lee SH, Baik EJ, Thorgeirs-
son SS, Woo HG. 2013. Genomic copy number alterations with transcrip-
tional deregulation at 6p identify an aggressive HCC phenotype. Carcinogenesis
34:1543–1550 DOI 10.1093/carcin/bgt095.

Chen et al. (2023), PeerJ, DOI 10.7717/peerj.15554 19/22

https://peerj.com
http://dx.doi.org/10.1016/j.biocel.2016.08.017
http://dx.doi.org/10.1016/j.jcmgh.2022.09.009
http://dx.doi.org/10.1038/cddis.2016.175
http://dx.doi.org/10.7717/peerj.12944
http://dx.doi.org/10.1677/joe.0.1660553
http://dx.doi.org/10.1002/jcla.22912
http://dx.doi.org/10.1074/jbc.M110.122226
http://dx.doi.org/10.1038/s41591-018-0136-1
http://dx.doi.org/10.1586/14789450.2.1.71
http://dx.doi.org/10.1186/1471-2407-8-143
http://dx.doi.org/10.1093/carcin/bgt095
http://dx.doi.org/10.7717/peerj.15554


Lee H, Choi JY, Joung JG, Joh JW, Kim JM, Hyun SH. 2022.Metabolism-associated gene
signatures for FDG avidity on PET/CT and prognostic validation in hepatocellular
carcinoma. Frontiers in Oncology 12:845900 DOI 10.3389/fonc.2022.845900.

Li B, Chan HL, Chen P. 2019. Immune checkpoint inhibitors: basics and challenges. Cur-
rent Medicinal Chemistry 26:3009–3025 DOI 10.2174/0929867324666170804143706.

Li S, DaiW,MoW, Li J, Feng J, Wu L, Liu T, Yu Q, Xu S,WangW, Lu X, Zhang Q,
Chen K, Xia Y, Lu J, Zhou Y, Fan X, Xu L, Guo C. 2017. By inhibiting PFKFB3,
aspirin overcomes sorafenib resistance in hepatocellular carcinoma. International
Journal of Cancer 141:2571–2584 DOI 10.1002/ijc.31022.

Liu XY, Ma LN, Yan TT, Lu ZH, Tang YY, Luo X, Ding XC. 2016. Combined detection
of liver stiffness and C-reactive protein in patients with hepatitis B virus-related
liver cirrhosis, with and without hepatocellular carcinoma.Molecular and Clinical
Oncology 4:587–590 DOI 10.3892/mco.2016.742.

Liu J, Wang Z, Tang J, Tang R, Shan X, ZhangW, Chen Q, Zhou F, Chen K, Huang A,
Tang N. 2011.Hepatitis C virus core protein activates Wnt/ β-catenin signaling
through multiple regulation of upstream molecules in the SMMC-7721 cell line.
Archives of Virology 156:1013–1023 DOI 10.1007/s00705-011-0943-x.

Luo LL, Zhao L, Xi M, He LR, Shen JX, Li QQ, Liu SL, Zhang P, Xie D, LiuMZ. 2015.
Association of insulin-like growth factor-binding protein-3 with radiotherapy
response and prognosis of esophageal squamous cell carcinoma. Chinese Journal of
Cancer 34:514–521 DOI 10.1186/s40880-015-0046-2.

Matsumoto K, Noda T, Kobayashi S, Sakano Y, Yokota Y, Iwagami Y, Yamada D,
Tomimaru Y, Akita H, Gotoh K, Takeda Y, TanemuraM, Umeshita K, Doki Y,
Eguchi H. 2021. Inhibition of glycolytic activator PFKFB3 suppresses tumor growth
and induces tumor vessel normalization in hepatocellular carcinoma. Cancer Letters
500:29–40 DOI 10.1016/j.canlet.2020.12.011.

Miao Y-R, Zhang Q, Lei Q, LuoM, Xie G-Y,Wang H, Guo A-Y. 2020. ImmuCel-
lAI: a unique method for comprehensive T-cell subsets abundance prediction
and its application in cancer immunotherapy. Advanced Science 7:1902880
DOI 10.1002/advs.201902880.

Ng EFY, Kaida A, Nojima H, MiuraM. 2022. Roles of IGFBP-3 in cell migration and
growth in an endophytic tongue squamous cell carcinoma cell line. Scientific Reports
12:11503 DOI 10.1038/s41598-022-15737-y.

R Core Team. 2020. R: a language and environment for statistical computing. Version
3.6.3. Vienna: R Foundation for Statistical Computing. Available at http://www.r-
project.org/.

Rajah R, Valentinis B, Cohen P. 1997. Insulin-like Growth Factor (IGF)-binding
protein-3 induces apoptosis and mediates the effects of transforming growth factor-
β1 on programmed cell death through a p53- and IGF-independent mechanism.
Journal of Biological Chemistry 272(18):12181–12188 DOI 10.1074/jbc.272.18.12181.

Regel I, Eichenmüller M, Joppien S, Liebl J, Häberle B, Müller-Höcker J, Vollmar A,
Von Schweinitz D, Kappler R. 2012. IGFBP3 impedes aggressive growth of pediatric

Chen et al. (2023), PeerJ, DOI 10.7717/peerj.15554 20/22

https://peerj.com
http://dx.doi.org/10.3389/fonc.2022.845900
http://dx.doi.org/10.2174/0929867324666170804143706
http://dx.doi.org/10.1002/ijc.31022
http://dx.doi.org/10.3892/mco.2016.742
http://dx.doi.org/10.1007/s00705-011-0943-x
http://dx.doi.org/10.1186/s40880-015-0046-2
http://dx.doi.org/10.1016/j.canlet.2020.12.011
http://dx.doi.org/10.1002/advs.201902880
http://dx.doi.org/10.1038/s41598-022-15737-y
http://www.r-project.org/
http://www.r-project.org/
http://dx.doi.org/10.1074/jbc.272.18.12181
http://dx.doi.org/10.7717/peerj.15554


liver cancer and is epigenetically silenced in vascular invasive and metastatic tumors.
Molecular Cancer 11:9 DOI 10.1186/1476-4598-11-9.

Rich NE, Singal AG. 2022. Overdiagnosis of hepatocellular carcinoma: prevented by
guidelines? Hepatology 75(3):740–753 DOI 10.1002/hep.32284.

Rimassa L, Personeni N, Czauderna C, Foerster F, Galle P. 2020. Systemic treat-
ment of HCC in special populations. Journal of Hepatology 74(4):931–943
DOI 10.1016/j.jhep.2020.11.026.

Rocha RL, Hilsenbeck SG, Jackson JG, Lee AV, Figueroa JA, Yee D. 1996. Correlation
of insulin-like growth factor-binding protein-3 messenger RNAWith protein
expression in primary breast cancer tissues: detection of higher levels in tumors
with poor prognostic features. Journal of the National Cancer Institute 88:601–606
DOI 10.1093/jnci/88.9.601.

Shahjee H, Bhattacharyya N, Zappala G,WienchM, Prakash S, Rechler MM. 2008.
An N-terminal fragment of insulin-like growth factor binding protein-3 (IGFBP-3)
induces apoptosis in human prostate cancer cells in an IGF-independent manner.
Growth Hormone & IGF Research 18:188–197 DOI 10.1016/j.ghir.2007.08.006.

ShiWK, Zhu XD,Wang CH, Zhang YY, Cai H, Li XL, CaoMQ, Zhang SZ, Li KS, Sun
HC. 2018. PFKFB3 blockade inhibits hepatocellular carcinoma growth by impairing
DNA repair through AKT. Cell Death & Disease 9:428
DOI 10.1038/s41419-018-0435-y.

Tang Y, Zhang H, Chen L, Zhang T, Xu N, Huang Z. 2022. Identification of hypoxia-
related prognostic signature and competing endogenous RNA regulatory axes in
hepatocellular carcinoma. International Journal of Molecular Sciences 23(21):13590
DOI 10.3390/ijms232113590.

Tas F, Karabulut S, Bilgin E, Tastekin D, Duranyildiz D. 2014. Clinical significance of
serum insulin-like growth factor-1 (IGF-1) and insulin-like growth factor binding
protein-3 (IGFBP-3) in patients with breast cancer. Tumour Biology 35:9303–9309
DOI 10.1007/s13277-014-2224-2.

Tian D, Yang L,Wang S, Zhu Y, ShiW, Zhang C, Jin H, Tian Y, Xu H, Sun G, Liu
K, Zhang Z, Zhang D. 2019. Double negative T cells mediate Lag3-dependent
antigen-specific protection in allergic asthma. Nature Communications 10:4246
DOI 10.1038/s41467-019-12243-0.

Tian Z, Zhao J, Wang Y. 2022. The prognostic value of TPM1-4 in hepatocellular
carcinoma. Cancer Medicine 11:433–446 DOI 10.1002/cam4.4453.

Vickers AJ, Cronin AM, Elkin EB, GonenM. 2008. Extensions to decision curve
analysis, a novel method for evaluating diagnostic tests, prediction models
and molecular markers. BMCMedical Informatics and Decision Making 8:53
DOI 10.1186/1472-6947-8-53.

Wang J, Li Y, Zhang C, Chen X, Zhu L, Luo T. 2021. A hypoxia-linked gene signature
for prognosis prediction and evaluating the immune microenvironment in patients
with hepatocellular carcinoma. Translational Cancer Research 10:3979–3992
DOI 10.21037/tcr-21-741.

Chen et al. (2023), PeerJ, DOI 10.7717/peerj.15554 21/22

https://peerj.com
http://dx.doi.org/10.1186/1476-4598-11-9
http://dx.doi.org/10.1002/hep.32284
http://dx.doi.org/10.1016/j.jhep.2020.11.026
http://dx.doi.org/10.1093/jnci/88.9.601
http://dx.doi.org/10.1016/j.ghir.2007.08.006
http://dx.doi.org/10.1038/s41419-018-0435-y
http://dx.doi.org/10.3390/ijms232113590
http://dx.doi.org/10.1007/s13277-014-2224-2
http://dx.doi.org/10.1038/s41467-019-12243-0
http://dx.doi.org/10.1002/cam4.4453
http://dx.doi.org/10.1186/1472-6947-8-53
http://dx.doi.org/10.21037/tcr-21-741
http://dx.doi.org/10.7717/peerj.15554


Wang L, QiuM,Wu L, Li Z, Meng X, He L, Yang B. 2022. Construction and validation of
prognostic signature for hepatocellular carcinoma basing on hepatitis B virus related
specific genes. Infectious Agents and Cancer 17:60 DOI 10.1186/s13027-022-00470-y.

Yan J, Yang X, Li L, Liu P,WuH, Liu Z, Li Q, Liao G,Wang X. 2017. Low expression
levels of insulin-like growth factor binding protein-3 are correlated with poor
prognosis for patients with hepatocellular carcinoma. Oncology Letters 13:3395–3402
DOI 10.3892/ol.2017.5934.

Yan P, Zhou B, Ma Y,Wang A, Hu X, Luo Y, Yuan Y,Wei Y, Pang P, Mao J. 2020.
Tracking the important role of JUNB in hepatocellular carcinoma by single-cell
sequencing analysis. Oncology Letters 19:1478–1486 DOI 10.3892/ol.2019.11235.

Yoshihara K, Shahmoradgoli M, Martínez E, Vegesna R, KimH, Torres-GarciaW, Tre-
viño V, Shen H, Laird PW, Levine DA, Carter SL, Getz G, Stemke-Hale K, Mills GB,
Verhaak RG. 2013. Inferring tumour purity and stromal and immune cell admixture
from expression data. Nature Communications 4:2612 DOI 10.1038/ncomms3612.

Zhang C, Jing LW, Li ZT, Chang ZW, Liu H, Zhang QM, Zhang QY. 2019. Identification
of a prognostic 28-gene expression signature for gastric cancer with lymphatic
metastasis. Bioscience Reports 39(5):BSR20182179 DOI 10.1042/bsr20182179.

ZhangW,Wan Y, Zhang Y, Liu Q, Zhu X. 2022a. CSTF2 acts as a prognostic marker
correlated with immune infiltration in hepatocellular carcinoma. Cancer Manage-
ment and Research 14:2691–2709 DOI 10.2147/cmar.s359545.

Zhang Z, Zeng X,Wu Y, Liu Y, Zhang X, Song Z. 2022b. Cuproptosis-related risk score
predicts prognosis and characterizes the tumor microenvironment in hepatocellular
carcinoma. Frontiers in Immunology 13:925618 DOI 10.3389/fimmu.2022.925618.

Zhao L, He LR, Zhang R, Cai MY, Liao YJ, Qian D, Xi M, Zeng YX, Xie D, Liu
MZ. 2012. Low expression of IGFBP-3 predicts poor prognosis in patients
with esophageal squamous cell carcinoma.Medical Oncology 29:2669–2676
DOI 10.1007/s12032-011-0133-4.

Zhao ZY, Yu L, Hua H, Chen X, Chen JX, Lu YC. 2011. Candidate genes influencing
sensitivity and resistance of human glioblastoma to Semustine. Brain Research
Bulletin 86:189–194.

ZhouW, Zhang S, Cai Z, Gao F, DengW,Wen Y, Qiu ZW, Hou ZK, Chen XL. 2020. A
glycolysis-related gene pairs signature predicts prognosis in patients with hepatocel-
lular carcinoma. PeerJ 8:e9944 DOI 10.7717/peerj.9944.

Chen et al. (2023), PeerJ, DOI 10.7717/peerj.15554 22/22

https://peerj.com
http://dx.doi.org/10.1186/s13027-022-00470-y
http://dx.doi.org/10.3892/ol.2017.5934
http://dx.doi.org/10.3892/ol.2019.11235
http://dx.doi.org/10.1038/ncomms3612
http://dx.doi.org/10.1042/bsr20182179
http://dx.doi.org/10.2147/cmar.s359545
http://dx.doi.org/10.3389/fimmu.2022.925618
http://dx.doi.org/10.1007/s12032-011-0133-4
http://dx.doi.org/10.7717/peerj.9944
http://dx.doi.org/10.7717/peerj.15554

