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Aim: Insulin-like growth factor-1 receptor (IGF-1R) is one of the main members of the
tyrosine protein kinase receptor family. This receptor binds insulin-like growth factor-1
(IGF-1) with a high affinity. IGF-1 is a member of a family of proteins involved in mediating
growth and development. However, the correlations of IGF-1 and IGF-1R to prognosis
and tumor-infiltrating lymphocytes in different cancers remain unclear.

Method: This research comprehensively analyzed the expression pattern of IGF-1 and
IGF-1R and the influence of IGF-1 and IGF-1R on clinical significance in prognosis
prediction among 33 types of malignancies using The Cancer Genome Atlas (TCGA)
and the Cancer Cell Line Encyclopedia (CCLE) databases. The correlation between IGF-1,
IGF-1R, and cancer immunity was explored.

Results: IGF-1 and IGF-1R displayed inconsistent gene expression levels among diverse
cancer cell lines. Typically, high expression level of IGF-1 and IGF-1R was detected in
most malignant tumors. High expression of IGF-1 was closely bound up with the
unfavorable overall survival (OS) for patients in BLCA, CHOL, and LAML upon Cox and
Kaplan-Meier analyses. While high expression of IGF-1R was closely bound up with the
unfavorable overall survival (OS) for patients in BLCA, LIHC, and LUAD. Furthermore, high
expression level of IGF-1 and IGF-1R were closely connected with high degrees of tumor
infiltrates, including CD4+ T cell, dendritic cells, and macrophages. In addition, we found
that IGF-1 was commonly positively correlated with the expression of gene markers
including LAIR1, ICOS, CD40LG, CTLA4, CD48, CD28, CD200R1, HAVCR2, and CD86.
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Whereas, IGF-1R was commonly positively correlated with the expression of gene
markers including NRP1 and CD276. More importantly, IGF-1 and IGF-1R expression
were correlated with tumor mutation burden (TMB), microsatellite instability (MSI),
mismatch repair (MMR), and DNA methyltransferase (DNMT) of different types of cancers.

Conclusions: The impact of high IGF-1 and IGF-1R on prognosis and immune infiltrates
differs across cancer types. Anti-IGF-1R therapy may inhibit tumor growth and contribute
to immunotherapy in LIHC and KIRC.
Keywords: pan-cancer, IGF-1, IGF-1R, prognostic biomarker, immunity
INTRODUCTION

Insulin-like growth factor 1 receptor (IGF-1R), one of the main
members of tyrosine protein kinase receptor family, plays an
important role in maintaining the malignant phenotype and
tumor anti-apoptosis. Insulin-like growth factor-1 (IGF-1),
ligand of IGF-1R, is a kind of growth hormone mainly
synthesized in liver. Population studies provide substantial
direct and circumstantial evidence that cancer risk and cancer
prognosis are influenced by IGF-1 and insulin levels (1). The
overexpression of IGF-1 and its receptor IGF-1R have been
implicated in carcinogenesis and are also considered risk factors
for the progression of diverse human cancers (2–4). On the other
hand, studies have proved that anti-IGF-1R monoclonal antibody
has potential therapeutic value in diverse cancers (5–7).
Researchers have also found that the differentiation of ex vivo-
expanded CD34+ cells through manipulation of RAS/MAPK,
IGF-1R, and TGF-b signaling pathways is an efficient approach
for generating functional NK cells that can be used for cancer
immunotherapy (8). However, the correlations of IGF-1 and IGF-
1R to prognosis and tumor-infiltrating lymphocytes in different
cancers remain unclear. Since cancer is a leading cause of death
worldwide, and the low efficacy of many existing therapies is a
major clinical challenge, it is essential to understand the
prognostic and immunological impact of IGF-1 and IGF-1R
among cancer types comprehensively in order to develop
novel immunotherapies.

Molecular-level pan-cancer analyses have provided insights
into the common features and heterogeneity of various human
malignancies. Since the establishment of The Cancer Genome
Atlas based on various human cancer samples and normal tissues
at epigenomic, genomic, proteomic, and transcriptomic levels,
diverse cancer samples are offered so that deeper pan-cancer
analysis could be conducted (9). Therefore, we conducted a pan-
cancer analysis taking advantage of its large datasets. The
analysis aimed to (a) describe the expression of IGF-1 and
IGF-1R among different cancer types; (b) assess the prognostic
values of IGF-1 and IGF-1R among varied tumors; and
(c) evaluate the associations between IGF-1/IGF-1R and tumor
immunity features including intratumoral immune infiltrates,
checkpoint markers, tumor mutation burden (TMB), and
microsatellite instability (MSI), which have been identified as
biomarkers for predicting response to immune checkpoint
inhibitor treatment (10).
2

METHODS

Patient Datasets and Processing
The Cancer Genome Atlas (TCGA), a milestone of the cancer
genomics project, characterizes thousands of primary cancer
samples and matched adjacent noncarcinoma samples from 33
types of cancers. In this study, the TCGA level 3 RNA sequencing
processed data and the corresponding clinical annotations were
acquired using the UCSC cancer genome browser (https://tcga.
xenahubs.net, accessed May 2020). The Cancer Cell Line
Encyclopedia (CCLE) public project is established through the
comprehensive characterization of tremendous human tumor
models at both genetic and pharmacological levels (https://
portals.broadinstitute.org/ccle). To examine the differential
gene expression in cancers at a larger a scale, the CCLE
database containing the RNA-sequencing datasets for over
1,000 cell lines (https://portals.broadinstitute.org/ccle) was used
in this study. The approval from the Ethics Committee was
exempted as only the open-access data were used.

IGF-1/IGF-1R Differential Expression and
Survival-Associated Cancers
To compare the gene expression levels between cancer and
adjacent noncarcinoma samples, data regarding the gene
expression profiles of IGF-1/IGF-1R were extracted from the
33 cancer types in TCGA to from an expression matrix. It is
thereafter merged with corresponding clinical information by
patient ID. Univariate Cox model was applied in calculating the
associations between gene expression levels and patient survival
among 33 cancer types, and a difference of p < 0.05 for IGF-1 and
IGF-1R in a specific cancer indicated statistical significance. The
survival-associated forest plot is also made. Moreover, the
Kaplan-Meier (KM) analysis by log-rank test was conducted to
compare the overall survival (OS) and disease-specific survival
(DSS) for TCGA cancer patients stratified based on the median
gene expression level of IGF-1/IGF-1R.

IGF-1/IGF-1R and Tumor Immune
Microenvironment
The tumor-infiltrating immunocyte levels among different types
of cancers were estimated by Tumor Immune Estimation
Resource (TIMER, https://cistrome.shinyapps.io/timer/) (11)
and CIBERSORT (12) based on related gene expression data,
through deconvolution statistical method. The relationships
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between each immune infiltrate among 33 cancer types and
IGF-1/IGF-1R expression were analyzed.

Estimation of STromal and Immune cells in MAlignant
Tumor tissues using Expression data (ESTIMATE) is used to
predict tumor purity and the infiltrating stromal cells/
immunocytes in tumor tissue based on gene expression profiles
(13). The ESTIMATE algorithm produces three scores based on
the gene set enrichment analysis (GSEA) of single samples,
including stromal score, which determines stromal cells in
tumor tissues and immune score, which stands for the
immunocyte infiltration level in tumor tissues. In this study,
ESTIMATE algorithm is used to estimate the stromal and
immune scores in tumor tissues according to corresponding
transcriptional data and calculated the correlations of these
scores with the expression of IGF-1/IGF-1R.

The relationships between the expression level of IGF-1/IGF-
1R and the gene markers in tumor infiltrating immunocytes
selected with reference to previous research were further
conducted (14, 15). Correlation analysis was conducted to
generate the estimated statistical significance and Spearman’s
correlation coefficient. The somatic mutation data of all TCGA
patients were downloaded (https://tcga.xenahubs.net) in order to
calculate TMB scores and MSI scores and explore the correlation
of IGF1/IGF-1R with MMR genes and DNMT.

Gene Set Enrichment Analysis
GSEA were performed on IGF-1 and IGF-1R to understand the
interrelated biological functions and pathways of IGF-1/IGF-1R.
The molecular signature Database (MSigDB) H (hallmark gene
sets) collection of chemical and genetic perturbations and KEGG
subsets of canonical pathways and cancer modules were
employed, and the analysis was completed on Sangerbox
(http://sangerbox.com/). Normalized enrichment scores (NES)
were used to show GSEA results, accounting for the size and
degree to which a gene set is overrepresented at the top or
bottom of the ranked list of genes (nominal p-value <0.05 and
FDR ≤ 0.25). Bioconductor (http://bioconductor.org/) and R
software (http:///www.r-project.org/) were used to visualize the
enrichment maps of results.

Statistical Analysis
In the present work, the clinical survival types, including OS and
disease-specific survival (DSS), were selected for analysis.
Generally, OS is deemed as the duration from the date of
diagnosis to the date of death due to any course, DSS is
considered disease progression or death due to the disease.

Wilcox log rank test was adopted to determine the presence
or absence of a markedly increased sum of gene expression z-
scores in cancer tissues compared with adjacent normal tissues.
Meanwhile, Kruskal-Wallis test was employed to compare the
difference in the expression of IGF-1 and IGF-1R. Survival was
analyzed by the KM curves, log-rank test, and the Cox
proportional hazard regression model. Spearman’ test was
utilized for correlation analysis. The R language (version 3.6.0;
R Foundation) was used for all analyses. A two-sided difference
of p < 0.05 indicated statistical significance.
Frontiers in Oncology | www.frontiersin.org 3
RESULTS

Pan-Cancer Expression Landscape
of IGF-1 and IGF-1R
Comparison of expression of IGF-1/IGF-1R between normal and
tumor samples across TCGA cancer types and the combined
datasets based on integrated database of GTEx and TCGA
datasets were conducted and shown in Figure 1. Consistent
high expression level of IGF-1 could be seen in normal tissues
than most types of tumor based on both comparisons, and
significant decreased expression of IGF-1 could be seen in
tumor samples including ACC, BLCA, BRCA, CESC, CHOL,
COAD, ESCA, LAML. LGG, LIHC, LUAD, OV, PRAD, READ,
SKCM, STAD, TGCT, THCA, UCEC, and UCS based on the
integrated database. Whereas, high expression level of IGF-1R
could be seen in most types of tumors than normal tissue based
on both comparisons, and significant increased expression of
IGF-1R could be seen in tumor samples including BRCA, CHOL,
COAD, ESCA, GBM, HNSC, LAML, LGG, LIHC, LUAD, LUSC,
PAAD, PRAD, SKCM, STAD, TGCT, and THCA based on the
integrated database. Patients with different tumor stage and
gender did not differ in the expression of IGF-1/IGF-1R in
tumor samples.

Correlation of IGF-1/IGF-1R Expression
Level and Overall Survival of Cancer
Patients
Figures 2 and 3 summarized the results of OS analyses of IGF-1
and IGF-1R expression across the 33 cancer types. In univariate
analysis, high expression of IGF-1 in tumor samples correlates with
unfavorable prognosis in BLCA (HR = 1.09, p = 0.0012), CHOL
(HR = 1.27, p = 0.0011) and LAML (HR = 3.88, p = 0.018);
whereas, high expression of IGF-1 correlates with favorable
prognosis in SARC (HR = 0.93, p = 0.00063) (Figures 2A–D).
Cox regression model confirmed the prognostic impact of IGF-1 in
BLCA (p = 4.4e−0.6), CHOL (p = 3.8e−0.2), LAML (p = 7.8e−0.3),
and SARC (p = 4.2e−0.2) with the same trend (Figure 2E). On the
other hand, high expression of IGF-1R in tumor samples correlates
with unfavorable prognosis in BLCA (HR = 1.01, p = 0.045), LIHC
(HR = 1.06, p = 0.013), and LUAD (HR = 1.01, p = 0.024); whereas,
high expression of IGF-1R correlates with favorable prognosis in
KIRC (HR = 0.97, p < 0.0001) and LAML (HR = 0.98, p = 0.0011)
(Figures 3A–E). Cox regression model confirmed the prognostic
impact of IGF-1R in BLCA (p = 4.0e−0.2), LIHC (p = 1.3e−0.2),
LUAD (p = 2.7e−0.2), KIRC (p = 9.3e−0.8), and LAML (p = 3.2e
−0.2) with the same trend (Figure 3F).

Correlation of IGF-1/IGF-1R Expression
Level and Immune Infiltrates
Systemic analysis of immune infiltrates in different cancer types
could be conducted by using a deconvolution statistical approach
to infer tumor-infiltrating lymphocyte (TIL) counts based on
gene expression data thanks to TIMER (https://cistrome.
shinyapps.io/timer/). In this study, we analyzed the impact of
IGF-1 and IGF-1R on the abundance of six immune infiltrates in
cancers that harbor prognostic value, which are B cells, CD4+
November 2021 | Volume 11 | Article 755341
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cells, CD8+ cells, dendritic cells, macrophages, and neutrophils.
The correlation between the expression of IGF-1/IGF-1R and the
immune infiltration levels across diverse cancer types is derived
from TIMER. As for IGF-1, three of the most significant
Frontiers in Oncology | www.frontiersin.org 4
associations were BLCA (Figure 4A), BRCA (Figure 4B), and
CHOL (Figure 4C). While for IGF-1R, three of the most
significant associations were BLCA (Figure 4D), LIHC
(Figure 4E), and PRAD (Figure 4F). TIMER showed that both
A

B

D

C

FIGURE 1 | IGF-1/IGF-1R expression levels in different types of human cancers. The expression levels of IGF-1 between tumor and normal tissues were compared
in 20 cancer types based on the TCGA database (A) and 27 cancer types based on the integrated database from TCGA and GTEx datasets (B). The expression
levels of IGF-1R between tumor and normal tissues were compared in 20 cancer types based on the TCGA database (C) and 27 cancer types based on the
integrated database from TCGA and GTEx datasets (D). Consistent high expression level of IGF-1 could be seen in normal tissues than most types of tumor based
on both comparisons, and significant decreased expression of IGF-1 could be seen in tumor samples including ACC, BLCA, BRCA, CESC, CHOL, COAD, ESCA,
LAML, LGG, LIHC, LUAD, OV, PRAD, READ, SKCM, STAD, TGCT, THCA, UCEC, and UCS based on the integrated database. Consistent high expression level of
IGF-1R could be seen in most types of tumor than normal tissue based on the both comparisons, and significant increased expression of IGF-1R could be seen in
tumor samples including BRCA, CHOL, COAD, ESCA, GBM, HNSC, LAML, LGG, LIHC, LUAD, LUSC, PAAD, PRAD, SKCM, STAD, TGCT, and THCA based on the
integrated database. “*, **, ***” means p < 0.05, p < 0.01 and p < 0.001, respectively.
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IGF-1 and IGF-1R are positively correlated with the abundance
of CD4+ T cell, dendritic cells, and macrophages.

The ESTIMATE method is developed to calculate the
immune and stromal scores of cancer tissues. By adopting the
ESTIMATE method, we calculated the immune, stromal scores,
respectively. As for IGF-1, three of the most significant
correlation according to stromal scores were found in ESCA,
Frontiers in Oncology | www.frontiersin.org 5
GBM, and LGG (Figures 5A–C), while three of the most
significant correlation according to immune scores were found
in GBM, LGG, and LUSC (Figures 5D–F). As for IGF-1R, three
of the most significant correlation according to stromal scores
were found in LIHC, LGG, and COAD (Figures 5G–I), while
three of the most significant correlation according to immune
scores were found in BRCA, KIRC, and LUAD (Figures 5J–L).
A B

D

E

C

FIGURE 2 | Selected Kaplan-Meier plots and forest plot comparing the high and low expressions of IGF-1 on overall survival across different cancers.
(A–C) Kaplan-Meier method showed high expression of IGF-1 correlated with unfavorable prognosis in BLCA, CHOL, and LAML. (D) Kaplan-Meier method showed
high expression of IGF-1 correlated with favorable prognosis in SARC. (E) Forest plot displaying the impact of high expression of IGF-1 on OS across 33 cancer
types using Cox regression model. Confidence level is shown in dashed lines.
November 2021 | Volume 11 | Article 755341
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FIGURE 3 | Selected Kaplan-Meier plots and forest plot comparing the high and low expressions of IGF-1R on overall survival across different cancers.
(A–C) Kaplan-Meier method showed high expression of IGF-1R correlated with unfavorable prognosis in BLCA, LIHC, and LUAD. (D, E) Kaplan-Meier method
showed high expression of IGF-1R correlated with favorable prognosis in LAML and KIRC. (F) Forest plot displaying the impact of high expression of IGF-1R on OS
across 33 cancer types using Cox regression model.
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Correlation Analysis on Checkpoint
Gene Markers
To further explored the potential mechanism of immune
inhibition of IGF-1/IGF-1R signaling, the associations of IGF-
Frontiers in Oncology | www.frontiersin.org 7
1/IGF-1R expressions with multiple checkpoint markers were
compared across different cancer types (Figure 6). Generally,
IGF-1 expression positively correlates with the expression of
LAIR1, ICOS, CD40LG, CTLA4, CD48, CD28, CD200R1,
A

B

D

E

F

C

FIGURE 4 | Correlation of IGF-1 expression level with immune infiltration level in BLCA, BRCA, and CHOL. Correlation of IGF-1R expression level with immune infiltration
level in BLCA, LIHC, and PRAD. (A–C) IGF-1 expression is significantly positively correlated with CD4+ T cell, dendritic cell, and macrophage infiltration in BLCA, BRCA,
and CHOL. (D–F) IGF-1R expression is significantly positively correlated with CD4+ T cell, dendritic cell, and macrophage infiltration in BLCA, LIHC, and PRAD.
November 2021 | Volume 11 | Article 755341
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HAVCR2, and CD86 in the majority of 33 cancer types
(Figure 6A). On the other hand, IGF-1R expression positively
correlates with the expression of NRP1 and CD276 in the
majority of 33 cancer types (Figure 6B).
Frontiers in Oncology | www.frontiersin.org 8
Correlation Analysis on TMB, MSI, MMR,
and DNMT
Tumor mutational burden (TMB) is a quantifiable biomarker which
is used to reflect the number ofmutations contained inmalignancies.
A B

D E F

G IH

J K L

C

FIGURE 5 | Correlation of IGF-1/IGF-1R expression with estimate score. (A–C) IGF-1 expression significantly correlated with stromal scores in esophageal carcinoma
(ESCA), glioblastoma multiforme (GBM), and lower-grade glioma (LGG). (D–F) IGF-1 expression significantly correlated with immune scores in glioblastoma multiforme
(GBM), lower-grade glioma (LGG), and lung squamous cell carcinoma (LUSC). (G–I) IGF-1R expression significantly correlated with stromal scores in liver hepatocellular
carcinoma (LIHC), lower-grade glioma (LGG), and lung squamous cell carcinoma (LUSC). (J–L) IGF-1R expression significantly correlated with immune scores in breast
invasive carcinoma (BRCA), kidney renal clear cell carcinoma (KIRC), and lung adenocarcinoma (LUAD).
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Microsatellite instability (MSI) refers to the occurrence of new
microsatellite alleles due to the insertion or deletion of duplicate
units and cause changes in the length of a microsatellite compared
with normal tissue. The association of TMB/MSI with IGF-1/IGF-
1R expression was evaluated. Expression of IGF-1 positively
correlated with TMB in THYM, CHOL, LAML, LIHC, and OV
while negatively correlated with the TMB in BLCA, BRCA, CESC,
COAD, DLBC, ESCA, GBM, HNSC, KICH, KIRC, KIRP, LGG,
LUAD, LUSC,MESO, PAAD, PCPG, PRAD, READ, SARC, STAD,
Frontiers in Oncology | www.frontiersin.org 9
TGCT, THCA, UCEC, UCS, and UVMP (Figure 7A). Expression
of IGF-1R positively correlated with TMB in GBM, HNSC, KICH,
LAML, LGG, MESO, SKCM, and THYM while negatively
correlated with TMB in BLCA, BRCA, CESC, COAD, ESCA,
KIRC, KIRP, LIHC, OV, PAAD, PRAD, READ, STAD, TGCT,
THCA, UCEC, UCS, and UVM (Figure 7B). The correlations of
IGF-1/IGF-1R with MSI are shown in Figures 7C, D.

The correlation analysis between MMR genes (MLH1, MSH2,
MSH6, PMS2, EPCAM) and IGF-1/IGF-1R expression was further
A

B

FIGURE 6 | Correlation of IGF-1 (A) and IGF-1R (B) expressions with expression of immune checkpoint genes across 33 cancer types. “*, **, ***” means significant
correlation p < 0.05, p < 0.01 and p < 0.001, respectively.
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performed. IGF-1 expression was correlated with at least one MMR
genes in BRCA, COAD, HNSC, LIHC, PAAD, STAD, and TGCT
(Supplementary Figure S1). IGF-1R expression was correlated with
at least oneMMRgenes in almost all of the 33 cancer types except for
BRCA, STAD, andUCS (Supplementary Figure S2). Moreover, the
correlationanalysis betweenDNMT(DNMT1,DNMT2,DNMT3A,
and DNMT3B) and IGF-1/IGF-1R expression was also conducted.
The result is as shown in Supplementary Figures S3 and S4.

Functional Analysis by Gene Set
Enrichment Analysis
The biological role of IGF-1 and IGF-1R were illustrated through
GSEA.The pan-cancer functional KEGGandHALLMARK terms of
Frontiers in Oncology | www.frontiersin.org 10
IGF-1/IGF-1R are shown inFigure 8, respectively. Generally, the top
3 negatively enriched KEGG terms in high IGF-1 subgroups were
hematopoietic cell lineage, cytokine cytokine receptor interaction,
and B-cell receptor signaling pathway (Figure 8A), and the top
positively enriched KEGG terms were glutathione metabolism,
pentose phosphate pathway, fructose and mannose metabolism,
and base excision repair (Figure 8B). The top 3 negatively enriched
HALLMARK terms in high IGF-1 subgroups were epithelial
mesenchymal transition, KRAS upsignaling, and allograft rejection
(Figure 8C), and the top positively enriched HALLMARK terms
were MYC targets V2, reactive oxygen species pathway, oxidative
phosphorylation, and DNA repair (Figure 8D). As for IGF-1R, the
top3negativelyenrichedKEGGtermswereWNTsignalingpathway,
A B

D

C

FIGURE 7 | Radar map plotting the correlation of tumor mutation burden (TMB) (A) and microsatellite instability (MSI) (B) with IGF-1 expression across 33 cancer types.
Radar map plotting the correlation of tumor mutation burden (TMB) (C) and microsatellite instability (MSI) (D) with IGF-1R expression across 33 cancer types.
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chronic myeloid leukemia, and adherens junction (Figure 8E), and
the top positively enriched KEGG terms were intestinal immune
network for IgA production, type I diabetes mellitus, allograft
rejection, and graft-versus-host disease (Figure 8F). The top 3
negatively enriched HALLMARK terms in high IGF-1R subgroups
were UV response DN, TGF beta signaling, and mitotic spindle
(Figure 8G), and the top positively enriched HALLMARK terms
were interferon alpha response, interferon gamma response,
oxidative phosphorylation, and allograft rejection (Figure 8H).
DISCUSSION

The present work illustrated a comprehensive workflow for pan-
cancer analysis and thoroughly investigated the role of IGF-1 and
Frontiers in Oncology | www.frontiersin.org 11
IGF-1R in cancers. The prognostic impact of IGF-1 and IGF-1R
expression among different cancer types was reported. It was
found that most cancer types showed a higher IGF-1/IGF-1R
alteration frequency and the expression of IGF-1 and IGF-1R
served as the prognostic factor in some cancer types, including
BLCA and LAML upon both Cox and KM survival
analyses. However, the relationship between IGF-1/IGF-1R
overexpression and tumor immunity was still unclear.
Secondly, though IGF-1 and IGF-1R share the same signaling
pathway, whether they have different prognostic and
immunologic values in different types of cancer needs further
investigation. Moreover, the relationship between IGF1/IGF1R
expression and tumor prognoses, such as TMB, MSI, MMR, and
DNMT, which can predict the efficacy of immunotherapy,
remains unclear. Base on this, our bioinformatics analysis
A B

D

E F

G H

C

FIGURE 8 | Functional Enrichment of KEGG and HALLMARK terms on IGF-1 and IGF-1R through GSEA. The top 3 negatively and positively enriched KEGG terms
on IGF-1 are displayed in (A, B), respectively. The top 3 negatively and positively enriched KEGG terms on IGF-1 are displayed in (C, D), respectively. The top 3
negatively and positively enriched KEGG terms on IGF-1R are displayed in (E, F), respectively. The top 3 negatively and positively enriched KEGG terms on IGF-1R
are displayed in (G, H), respectively.
November 2021 | Volume 11 | Article 755341

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. Pan-Cancer
studied the IGF-1/IGF-1R expression-associated KEGG terms
and HALLMARK pathways.

Our study showed that IGF-1 and IGF-1R harbor distinct
prognostic values among different cancer types. The low
expression of IGF-1 served as a favorable prognostic factor in
some cancer types, including BLCA, CHOL, LAML, and UVM;
whereas in SARC, high expression of IGF-1 served as a favorable
prognostic factor. On the other hand, high expression of IGF-1R
served as a significant prognostic factor in such cancer types
including KIRC and LAML; whereas in BLCA, LIHC, and
LUAD, low expression of IGF-1R served as a favorable
prognostic factor. Previous study has proven that the epithelial-
mesenchymal transition (EMT) process of gastric cancer cells could
be induced by IGF-1 through the IGF-1R/STAT3 signaling
pathway so that cancer cells would achieve metastasis (16). It has
also been found that in liver cancer, IGF-1 promotes the invasion
and metastasis of liver cancer cells by inhibiting the degradation of
cathepsin B (17). Wu et al. proved that the increasing secretion of
IGF-1 and CCL20 promotes brain metastasis of lung cancer cells by
polarizing microglia and suppressing innate immune function (18).
Studies done by Somri-Gannam et al. provide evidence that IGF-1R
axis inhibition could be a therapeutic strategy for ovarian cancer by
restoring dendritic cell (DC)-mediated antitumor immunity (19).
Therefore, the distinct prognostic value of changeable IGF-1/IGF-
1R expression across different cancers may result from its synthetic
effect of immune suppressive activity and tumor suppressive
activity in each cancer type. The distinct prognostic value of IGF-
1 and IGF-1R expression may give rise to some new researches and
questions for discussion. Both IGF-1 and IGF-1R are positively
correlated with the abundance of CD4+ T cell, dendritic cells, and
macrophages. Cellular infiltration of CD4+ T cell, dendritic cells,
and macrophages would lead to immunosuppressive tumor
microenvironment and cause unfavorable prognosis. The
expression of IGF-1 is positively correlated with the expression of
most immune checkpoint genes in UVM. The expression of IGF-
1R is positively correlated with the expression of CD276 in most
cancer types, and since CD276 is related to immunosuppression,
this may explain why the increased expression of IGF-1R in tumor
has an impact on the prognosis.

The expressions of IGF-1 and IGF-1R were correlated with
TMB and MSI in some cancer types. TMB could impact the
patient response to immune checkpoint inhibitors through
affecting the generation possibility of immunogenic peptide
(20). MSI is a vital index to predict tumor genesis and
development (21). The NCCN guidelines have recommended
MSI testing for all rectum adenocarcinoma (READ) subtypes,
and the READ mortality can be reduced by the early detection of
MSI (22). FDA has approved the use of Keytruda for the
treatment of MSI-H solid tumors. As a result, TMB and MSI
can serve as the predicting factors for efficacy. The expressions of
IGF-1/IGF-1R share negative correlation with TMB and MSI in
most cancer types, which means high expression of IGF-1/IGF-
1R indicates immunosuppression. Our findings provide clues on
the correlation between IGF-1/IGF-1R expression and cancer
immunity and suggest that it could be a potential predictive
maker of the efficacy of immunotherapy. Our study
systematically compared the immune effects of IGF-1 and
Frontiers in Oncology | www.frontiersin.org 12
IGF1-R, which is conducive to localize the target molecules
more accurately. A series of drugs targeting IGF-1/IGF1-R in
the treatment of cancer are in clinical trials. The associated
results may be released in the next 5 years.

Our study has several limitations. First, the result of our study
should be interpreted with caution since checkpoint inhibitor
treatment has not been analyzed in our study. Second, the result
of our study lacks external validation in other public datasets. We
need clinical specimens from our center for further verification.
Only the gene expression level was analyzed in this study; we
may conduct a more comprehensive analysis from the
perspective of single and multiple omics. More efforts are
needed to undermine the value of IGF-1/IGF-1R as a potential
target of immunotherapy.

To conclude, our comprehensive pan-cancer analysis has
characterized IGF-1/IGF-1R expression in different cancer cell
lines and tissues. According to our results, IGF-1 and IGF-1R can
serve as a valuable prognostic biomarker in some cancer types.
They are also related to cancer immunity and could be potential
predictive maker of the efficacy of immunotherapy, which may
help develop the new targeted treatment.
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9. Tomczak K, Czerwińska P, Wiznerowicz M. The Cancer Genome Atlas
(TCGA): An Immeasurable Source of Knowledge. Contemp Oncol (Poznan
Poland) (2015) 19:A68–77. doi: 10.5114/wo.2014.47136

10. Rizzo A, Ricci A, Brandi G. PD-L1, TMB, MSI, and Other Predictors of
Response to Immune Checkpoint Inhibitors in Biliary Tract Cancer. Cancers
(2021) 13(3). doi: 10.3390/cancers13030558

11. Li T, Fan J, Wang B, Traugh N, Chen Q, Liu J, et al. TIMER: A Web Server for
Comprehensive Analysis of Tumor-Infiltrating Immune Cells. Cancer Res
(2017) 77(21):e108–e10. doi: 10.1158/0008-5472.can-17-0307

12. NewmanA, Steen C, Liu C, Gentles A, Chaudhuri A, Scherer F, et al. Determining
Cell Type Abundance and Expression From Bulk Tissues With Digital
Cytometry. Nat Biotechnol (2019) 37(7):773–82. doi: 10.1038/s41587-019-0114-2

13. Becht E, Giraldo N, Lacroix L, Buttard B, Elarouci N, Petitprez F, et al.
Estimating the Population Abundance of Tissue-Infiltrating Immune and
Stromal Cell Populations Using Gene Expression. Genome Biol (2016) 17
(1):218. doi: 10.1186/s13059-016-1070-5

14. Cristescu R, Mogg R, Ayers M, Albright A, Murphy E, Yearley J, et al. Pan-
Tumor Genomic Biomarkers for PD-1 Checkpoint Blockade-Based
Immunotherapy. Sci (New York NY) (2018) 362(6411). doi: 10.1126/
science.aar3593
Frontiers in Oncology | www.frontiersin.org 13
15. Pan J, Zhou H, Cooper L, Huang J, Zhu S, Zhao X, et al. LAYN Is a Prognostic
Biomarker and Correlated With Immune Infiltrates in Gastric and Colon
Cancers. Front Immunol (2019) 10:6. doi: 10.3389/fimmu.2019.00006

16. Xu L, Zhou R, Yuan L, Wang S, Li X, Ma H, et al. IGF1/IGF1R/STAT3
Signaling-Inducible IFITM2 Promotes Gastric Cancer Growth andMetastasis.
Cancer Lett (2017) 393:76–85. doi: 10.1016/j.canlet.2017.02.014

17. Lei T, Ling X. IGF-1 Promotes the Growth and Metastasis of Hepatocellular
Carcinoma via the Inhibition of Proteasome-Mediated Cathepsin B
Degradation. World J Gastroenterol (2015) 21(35):10137–49. doi: 10.3748/
wjg.v21.i35.10137

18. Wu S, Xing F, Sharma S, Wu K, Tyagi A, Liu Y, et al. Nicotine Promotes Brain
Metastasis by Polarizing Microglia and Suppressing Innate Immune Function.
J Exp Med (2020) 217(8). doi: 10.1084/jem.20191131

19. Somri-Gannam L, Meisel-Sharon S, Hantisteanu S, Groisman G, Limonad O,
Hallak M, et al. IGF1R Axis Inhibition Restores Dendritic Cell Antitumor
Response in Ovarian Cancer. Trans Oncol (2020) 13(8):100790. doi: 10.1016/
j.tranon.2020.100790

20. Chan T, Yarchoan M, Jaffee E, Swanton C, Quezada S, Stenzinger A, et al.
Development of Tumor Mutation Burden as an Immunotherapy Biomarker:
Utility for the Oncology Clinic. Ann Oncol Off J Eur Soc Med Oncol (2019) 30
(1):44–56. doi: 10.1093/annonc/mdy495

21. Chang L, Chang M, Chang H, Chang F. Microsatellite Instability: A Predictive
Biomarker for Cancer Immunotherapy. Appl Immunohistochem Mol Morphol
AIMM (2018) 26(2):e15–21. doi: 10.1097/pai.0000000000000575

22. Ganesh K, Stadler Z, Cercek A, Mendelsohn R, Shia J, Segal N, et al.
Immunotherapy in Colorectal Cancer: Rationale, Challenges and Potential.
Nat Rev Gastroenterol Hepatol (2019) 16(6):361–75. doi: 10.1038/s41575-019-
0126-x
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Zhang, Gao, Cao, Wu, Chen, Han, Mo, Qiu, Fan, Zhou and Shen.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
November 2021 | Volume 11 | Article 755341

https://doi.org/10.1038/nrc2536
https://doi.org/10.5603/gp.2016.0052
https://doi.org/10.5603/GP.a2018.0003
https://doi.org/10.1016/j.currproblcancer.2018.08.008
https://doi.org/10.1016/j.currproblcancer.2018.08.008
https://doi.org/10.1111/bcp.12228
https://doi.org/10.1186/s13048-014-0103-5
https://doi.org/10.1186/s13048-014-0103-5
https://doi.org/10.17219/acem/70159
https://doi.org/10.1186/s12935-021-01983-z
https://doi.org/10.5114/wo.2014.47136
https://doi.org/10.3390/cancers13030558
https://doi.org/10.1158/0008-5472.can-17-0307
https://doi.org/10.1038/s41587-019-0114-2
https://doi.org/10.1186/s13059-016-1070-5
https://doi.org/10.1126/science.aar3593
https://doi.org/10.1126/science.aar3593
https://doi.org/10.3389/fimmu.2019.00006
https://doi.org/10.1016/j.canlet.2017.02.014
https://doi.org/10.3748/wjg.v21.i35.10137
https://doi.org/10.3748/wjg.v21.i35.10137
https://doi.org/10.1084/jem.20191131
https://doi.org/10.1016/j.tranon.2020.100790
https://doi.org/10.1016/j.tranon.2020.100790
https://doi.org/10.1093/annonc/mdy495
https://doi.org/10.1097/pai.0000000000000575
https://doi.org/10.1038/s41575-019-0126-x
https://doi.org/10.1038/s41575-019-0126-x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Pan-Cancer Analysis of IGF-1 and IGF-1R as Potential Prognostic Biomarkers and Immunotherapy Targets
	Introduction
	Methods
	Patient Datasets and Processing
	IGF-1/IGF-1R Differential Expression and Survival-Associated Cancers
	IGF-1/IGF-1R and Tumor Immune Microenvironment
	Gene Set Enrichment Analysis
	Statistical Analysis

	Results
	Pan-Cancer Expression Landscape of IGF-1 and IGF-1R
	Correlation of IGF-1/IGF-1R Expression Level and Overall Survival of Cancer Patients
	Correlation of IGF-1/IGF-1R Expression Level and Immune Infiltrates
	Correlation Analysis on Checkpoint Gene Markers
	Correlation Analysis on TMB, MSI, MMR, and DNMT
	Functional Analysis by Gene Set Enrichment Analysis

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


