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Introduction

In recent years, basic research in cancer immunology has paved 
the way for developing and approving immune checkpoint 
blockers (1). Pan-cancer analysis at the molecular level 

has provided insights into the common characteristics and 
heterogeneity of various human malignant tumors (2).

The immune escape mechanism of tumor cells is the 
target of immunotherapy (3). Cytotoxic T lymphocyte-
associated protein (CTLA-4) and programmed cell death 
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(PD-1) inhibit T cell responses. Immune checkpoints 
activate T cells and participate in tumor cells’ immune 
response after proliferation and differentiation of the T 
cells (4,5). Immune checkpoints include positive molecules 
(e.g., CD28, CD80, and CD86) and harmful molecules such 
as programmed cell death 1 ligand 1 (PD-L1), and CTLA-4  
(6-8). The known immune checkpoints include CTLA-4 
and PD-1, expressed in malignant tumors such as non-small 
cell lung cancer, renal cell carcinoma, and ovarian cancer 
(9-11). An in-depth study of CTLA-4 and PD-1 resulted in 
the development of ipilimumab, the first CTLA-4 inhibitor 
and so far the only agent approved by the US Food and 
Drug Administration (FDA) (12). Evidence suggests that 
ipilimumab improves overall survival (OS) in patients with 
renal cell carcinoma, advanced non-small cell lung cancer, 
and melanoma (13-16).

We examined similarities and differences in PD-1 
and CTLA-4 expression in patients with 33 cancers 
using The Cancer Genome Atlas (TCGA) pan-cancer 
data to determine the impact of subtypes of the immune 
environment on tumor progression and treatment. We 
systematically summarized and visualized the impact of 
PD-1 and CTLA-4 on pan-cancer by analyzing the tumor 
immune microenvironment to predict the ability of patients 
to respond to immunotherapy. We present the following 
article in accordance with the MDAR reporting checklist 
(available at https://dx.doi.org/10.21037/tcr-21-561).

Methods

Online microarray database

We downloaded RNA-Seq data from TCGA for 33 tumours, 
DNA-methylation (DNAss), stemness scores based on 
mRNA (RNAss), and immune subtypes. Fifteen types of 
cancers with none or fewer than 5 related normal samples 
were identified, and eighteen types of cancers were used to 
study whether the expression of CTLA-4 and PD-1 in tumor 
samples differed from that of normal tissues.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Analysis of tumor microenvironment

The immune and matrix scores of 33 tumors were evaluated 
using ESTIMATE prediction software, and the infiltration 
degree of immune and stromal cells across tumors was 
predicted. The Spearman correlation test was used to 

calculate the correlation between the expression of genes 
and these scores. Six immune subtypes were characterized 
to degree resistant invasion within the tumor environment. 
Tumor stem highlights extricated from transcriptome and 
epigenetics of TCGA tumor tests were utilized to degree 
stem cell-like characteristics. The Spearman correlation 
test was used to test the correlation between cancer and the 
expression of PD-1 and CTLA-4.

NCI-60 analysis

The NCI-60 database was accessed using the CellMiner 
interface (https://discover.nci.nih.gov/cellminer/), 
containing data from 60 cancer cell lines from nine types of 
tumors. The expression of PD-1 and CTLA-4 mRNA and 
the scores of cell sensitivity data (GI50) were searched and 
analyzed using a Pearson correlation analysis to determine 
the pertinence between drug sensitivity and gene expression. 
The correlation analysis used 262 FDA-approved drug 
reactions or drugs in clinical trials.

Statistical analysis

A linear mixed-effect model was used to contrast the 
expression of genes between normal and tumor tissues 
in eighteen cancers. Box charts were used to illustrate 
gene expression of various types of cancer. A univariate 
Cox proportional hazard regression model was used to 
study the relationship between gene expression and OS. 
Spearman correlation was used to study the relationship 
between expression of genes and dryness score, matrix 
score, immune score, and drug sensitivity. Linear regression 
examined the relationship between expression of genes and 
clinical features, immune components, and renal clear cell 
subtypes. All tests were performed using R, version 4.0.0 
(http://www.r-project.org/). For survival studies, we used 
α=0.05 as the cut-off and differences where P<0.05 are 
considered significant.

Results

Expression of CTLA-4 and PD-1 across cancers

To determine the differences of the expression of CTLA-4  
and PD-1 between normal tissues and cancer, we analyzed 
18 tumors with normal sample size ≥5 in TCGA. 
Expression levels of CTLA-4 and PD-1 in tumor tissues 
were different from those of normal tissues (Figure 1). The 

https://dx.doi.org/10.21037/tcr-21-561
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expression of PD-1 in some tumors (e.g., breast invasive 
carcinoma, BRCA) was significantly higher than in normal 
tissues (Figure 1A), while in kidney chromophobe (KICH) 
and thyroid carcinoma (THCA) was lower than normal 
tissues (P<0.05). The expression of CTLA-4 in KICH was 
significantly lower than that of normal tissues, while in most 
other tumors, it was significantly higher than in normal 
tissues (Figure 1B). According to the Spearman correlation 
test, there was a positive correlation between the expression 
of CTLA-4 and PD-1 (P<0.05), suggesting that they might 

possess common characteristics or functions.

Relationship between PD-1 and CTLA-4 expression  
and OS

We used a univariate Cox proportional hazard regression 
model to analyze the relationship between the expression 
of PD-1 and CTLA-4 and OS in 33 tumors in TCGA and 
displayed results in a forest map (Figure 2). The expression 
of CTLA-4 and PD-1 were similar and were protective 
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Figure 1 The expression of PD-1 (A) and (B) CTLA-4 in several cancers. The red boxes represent tumor tissue and the blue boxes represent 
normal tissue. *, P<0.05; **, P<0.01; ***, P<0.001. PD-1, programmed death-1; CTLA-4, cytotoxic T lymphocyte-associated protein-4; 
BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; 
ESCA, esophageal carcinoma; GBM, glioblastoma multiforme; HNSC, head and neck squamous cell carcinoma; KICH, kidney 
chromophobe; KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal papillary cell carcinoma; LIHC, liver hepatocellular carcinoma; 
LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; PRAD, prostate adenocarcinoma; READ, rectum adenocarcinoma; 
SARC, sarcoma; SKCM, skin cutaneous melanoma; STAD, stomach adenocarcinoma; THCA, thyroid carcinoma; UCEC, uterine corpus 
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factors in cervical squamous cell carcinoma and endocervical 
adenocarcinoma (CSEC), head and neck squamous cell 
carcinoma (HNSC), skin cutaneous melanoma (SKCM), 
and uterine corpus endometrial carcinoma (UCEC). 
However, they were risk factors for kidney renal clear cell 
carcinoma (KIRC), uveal melanoma (UVM), and brain 
lower grade glioma (LGG).

PD-1 and CTLA-4 are related to immune responses and 
the immune microenvironment of cancer

Six types of immune infiltration were identified in human 

tumors: C1 (tissue healing type), C2 (IFN-γ-dominant type), 
C3 (inflammatory type), C4 (lymphocyte depletion type), 
C5 (immune silent type), and C6 (TGF-β-dominant type). 
We analyzed the immune infiltration in pan-cancerous 
TCGA data and correlated it with the expression of CTLA-
4 and PD-1 (Figure 3A). There was a prominent correlation 
between higher expression of CTLA-4 and PD-1 and 
infiltration of types 2 and 6 (C2 and C6). The OS of these 
patients was poor because of their high proliferation rate and 
high levels of TGF-β.

We used ESTIMATE prediction software to score tumor 
immune cell infiltration and correlated it with expression 
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Figure 2 Expression of PD-1 and CTLA-4 in relation to overall survival in 33 cancer types. Forest plots of overall survival for 33 cancers 
with hazard ratios and 95% confidence intervals illustrate the survival advantages and disadvantages of enhanced PD-1 and CTLA-4  
expression. Analyses used univariate Cox proportional hazards regression models. PD-1, programmed death-1; CTLA-4, cytotoxic T 
lymphocyte-associated protein-4; ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; 
CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; 
DLBC, lymphoid neoplasm diffuse large B-cell lymphoma; ESCA, esophageal carcinoma; GBM, glioblastoma multiforme; HNSC, head 
and neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal papillary 
cell carcinoma; LAML, acute myeloid leukemia; LGG, brain lower grade glioma; LIHC, liver hepatocellular carcinoma; LUAD, lung 
adenocarcinoma; LUSC, lung squamous cell carcinoma; MESO, mesothelioma; OV, ovarian serous cystadenocarcinoma; PAAD, pancreatic 
adenocarcinoma; PCPG, pheochromocytoma and paraganglioma; PRAD, prostate adenocarcinoma; READ, rectum adenocarcinoma; 
SARC, sarcoma; SKCM, skin Cutaneous melanoma; STAD, stomach adenocarcinoma; TGCT, testicular germ cell tumors; THCA, thyroid 
carcinoma; THYM, thymoma; UCEC, uterine corpus endometrial carcinoma; UCS, uterine carcinosarcoma; UVM, uveal melanoma.



3997Translational Cancer Research, Vol 10, No 9 September 2021

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2021;10(9):3993-4001 | https://dx.doi.org/10.21037/tcr-21-561

of CTLA-4 and PD-1. We found that tumor immune cell 
infiltration scores positively correlated with the expression 
of CTLA-4 and PD-1 in 33 tumor types (Figure 3B).

Association of the expression CTLA-4 and PD-1 with drug 
sensitivity

Drug sensitivity was determined using Z-score, with higher 

scores indicating higher sensitivity to drug treatment. First, 
we found that increased PD-1 and CTLA-4 gene expression 
was associated with increased drug sensitivity to several 
drugs across several cell lines (P<0.001; Figure 4). For 
example, PD-1 was associated with sensitivity to treatment 
with XK-469 (for solid tumors and multi-drug resistant 
cancers). The others were bendamustine (for non-Hodgkin 
lymphoma and chronic lymphocytic leukemia), ifosfamide 
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Figure 3 Immune subtypes and immune score across cancers. (A) Association of PD-1 and CTLA-4 gene expression with immune infiltrate 
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(for recurrent testicular cancer and germ cell tumors, 
sarcomas, and bladder cancer, small cell lung cancer, 
and head and neck cancer), etoposide (for small cell lung 
cancer and testicular cancer), dimethylaminoparthenolide 
(for pancreatic cancer), oxaliplatin (for rectal cancer), and 
alectinib (for non-small-cell lung cancer). CTLA-4 was 
associated with sensitivity to vemurafenib (for late-stage 
melanoma), dabrafenib (for late-stage melanoma, and 
metastatic non-small cell lung cancer with BRAF V600E or 
V600K mutations).

PD-1 and CTLA-4 in renal clear cell carcinoma

We analyzed the immune subtypes of renal clear cell 
carcinoma in TCGA (Figure 5A) and relationship with 
expression of CTLA-4 and PD-1 (Figure 5A). There was 
a high correlation between higher levels of CTLA-4 and 

PD-1 and type 2 infiltration. Then, we found a positive 
correlation between the relationship between clinical stage 
and expression level of PD-1 and CTLA-4 (Figure 5B).

Immune and matrix scores of tumor tissues were 
calculated using ESTIMATE. Then, we evaluated the 
association between these scores and the expression of 
CTLA-4 and PD-1 (Figure 5C). Levels of CTLA-4 and 
PD-1 significantly correlated with immune, matrix, and 
estimated scores.

Discussion

Over the last 10 years, immune checkpoint blockade has 
been studied in clinical trials and showed great potential 
across cancers. The CTLA-4 and PD-1 pathways were 
particularly well-studied. PD-1 is an immune receptor 
which belongs to the CD28/CTLA-4 series (17), a member 
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of the immunoglobulin super family B7, and a 55 kD type 
I transmembrane glycoprotein (18-20). Several lines of 
evidence suggest that the ligands of this protein (PD-L1, 
CD274, and B7-H1) are upregulated in a number of cancers. 
Overexpression of PDL-1 suppresses the activity of receptor 
PD-1 and tumor-infiltrating effector CD4/CD8 T cells 
to protect cancer cells (21). Unlike the direct cytotoxicity 
of conventional chemotherapy, the basic principle of 
immune checkpoint blockade is to release the suppressed 
immunity in the tumour and allow the host’s cytotoxic T 
cells to target the tumour cells (22). PD-1 and CTLA-4  
are encoded by the PDCD1 and CTLA-4 genes, which are 
expressed on activated T cells and also constitutively on 
immunosuppressive Treg cells (23). When the ligands of 
two receptors act on each other, the cytotoxicity of T cells 
is inhibited. This immune escape mechanism is hijacked by 

many types of tumors, including renal cell carcinoma, and it 
is reported that the immune test axis in renal cell carcinoma 
is upregulated. A number of clinical trials on blocking 
immune checkpoints have shown encouraging results (24). 
A sub-group of patients reportedly achieved durable long-
term responses, demonstrating the potential of this approach. 
Questions have been raised regarding differences in PD-1 
and CTLA-4 between tumor tissues and normal tissues or 
paracancerous tissues; if there are differences, the nature of 
the connection between them should be investigated.

Our study shows a systemic pan-cancer analysis of PD-1 
and CTLA-4. There is substantial heterogeneity in the 
expression of CTLA-4 and PD-1 in pan-cancer; however, 
the expression was lower in normal tissues and paracancerous 
tissues. PD-1 primarily showed upregulated expression in 
tumors such as BRCA and was downregulated in KICH 
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and THCA. By contrast, the expression of CTLA-4 was 
significantly lower in KICH than in normal tissue and 
significantly higher in other tumors than in normal tissue.

We also found that the expression of these factors varied 
across immune infiltration subtypes. We analysed the 
immune microenvironment of pan-cancer in TCGA and 
correlated it with the expression levels of CTLA-4 and PD-1.  
We found a positive correlation between the expression of 
both CTLA-4 and PD-1, suggesting that they may share a 
common profile or function. We also found that they were 
expressed in most of the 33 cancer types and were strongly 
expressed in immune subtypes with high proliferation rates 
(C2 and C6). They also highly expressed TGF-β infiltrates, 
indicating that they promote tumor growth.

Univariate Cox proportional hazard regression model 
was used to analyze the relationship between expression 
of PD-1 and CTLA-4 and OS. We found that higher 
expression of PD-1 and CTLA-4 was associated with 
worse survival in KIRC, UVM, and LGG and was better in 
CSEC, HNSC, SKCM, and UCEC. 

PD-1 and CTLA-4 expression also correlated with the 
degree of stromal and immune cell infiltrates. These factors 
may help predict the outcome of immune checkpoint 
blockers in patients with specific cancers. The expression of 
CTLA-4 and PD-1 gene positively correlated with the score 
of tumor dryness and drug resistance, suggesting that PD-1 
and CTLA-4 may stimulate tumorigenesis. Interestingly, 
we found that the immune infiltrative subtype of renal 
cell carcinoma was significantly associated with PD-1 and 
CTLA-4 levels, where higher levels of PD-1 and CTLA-4 
correlated with IFN-γ subtypes of immune infiltrates, C2, 
suggesting a correlation with poor prognosis.

The limitation of this study was that we did not use 
experiments to validate our findings; however, such 
experiments require the collaboration of several departments, 
which is a vast undertaking. We found a strong correlation 
between levels of CTLA-4 and PD-1 and infiltration of 
types 2 and 6 (C2 and C6). There was a correlation between 
the clinical stage of tumors and the expression of CTLA-4 
and PD-1. In renal clear cell carcinoma, there was a strong 
correlation between clinical stage and expression of CTLA-
4 and PD-1. Levels of PD-1 and CTLA-4 significantly 
correlated with immune scores, stromal scores, and estimated 
scores. Therefore, the significance of this study lies in 
determining the impact of various subtypes of the immune 
environment on tumor progression and treatment. Analysis 
of the tumor immune microenvironment could predict the 
ability of patients to respond to immunotherapy and reveal 

new therapeutic targets.

Conclusions

We found significant differences in CTLA-4 and PD-1 
gene expression levels between pan-cancer patients and 
corresponding normal tissues and paracancerous tissues. The 
expression of both PD-1 and CTLA-4 were significantly 
and positively correlated. These findings suggest that these 
proteins may share common characteristics or functions. 
Further prospective studies and detection methods are 
needed to confirm this observation and determine whether 
they can direct personalized immune checkpoint blocking 
therapy in patients with clear cell renal cell carcinoma.
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