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1. Introduction
Anoikis, a term derived from the Greek word for 

"homelessness," encapsulates a distinct form of apoptotic 
cell death arising from inadequate or improper cell adhe-
sion [1]. At its core, Anoikis is a fundamental apoptotic 
process that plays a crucial role in the initiation and ad-
vancement of various malignancies [2-4]. This phenom-
enon is primarily instigated by the interplay of two ap-
optotic mechanisms: malfunctioning mitochondria or the 
activation of death receptors on the cell surface [5-7]. 
Originally pinpointed in epithelial and endothelial cells, 
Anoikis is indispensable for the orchestration of cancer in-
vasion and metastasis [8].

The dysregulation of Anoikis has been implicated in 
the aggressive behavior of cancer cells, allowing them to 
evade the constraints of proper tissue architecture. Con-
sequently, this process has garnered significant attention 
in cancer research, providing insights into the intricate in-
terplay between cell adhesion, apoptosis, and the progres-
sion of malignant tumors. As our understanding of Anoikis 
deepens, it unveils promising avenues for targeted thera-
peutic interventions aimed at disrupting this pivotal pro-
cess in cancer development and metastatic dissemination 
[3,7,8].

Numerous investigations have shown that the CPT1A 
imbalance in colorectal cancer is directly associated with 

Anoikis resistance and ultimately results in a number of 
unfavorable outcomes, including cancer metastasis [3]. 
Furthermore, there is evidence that highlights the impor-
tant contribution of CircCEMIP in prostate cancer cells. 
Exploiting the activity of CircCEMIP could potentially en-
hance protective autophagy, ultimately promoting resist-
ance to anoikis [9]. At the same time, anoikis-mediated 
lipid signaling is the subject of increasing study. The pre-
vention of anoikis in metastatic tumors has been linked to 
a number of molecular and pathway changes. Several par-
tially acknowledged mechanisms that are associated with 
resistance to anoikis in various types of cancers involve 
alterations in carbohydrate and amino acid metabolism, 
along with specific modifications in the lipid metabolism 
process (such as a rise in fatty acid uptake and production) 
[10-12]. While the import of anoikis in comprehensive 
pan-cancer analyses has yet to be exhaustively evaluated, 
it is recognized that these anoikis-associated genes bear 
considerable influence in the orchestration of carcinogen-
esis, tumor invasion, and neoplastic infiltration. 

Immunotherapy, a therapeutic approach that bolsters 
the patient's immune response to combat malignancies, 
has become an increasingly coveted avenue in the arena of 
cancer management. It has become widely accepted that, 
under normal physiological circumstances, immune cells 
residing in the tumor microenvironment (TME) possess 
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the capacity to discern and eradicate cancer cells-a phe-
nomenon eloquently referred to as immunosurveillance 
[13,14]. However, cancer cells, in their cunning, possess 
the capability to alter the host's immune architecture to 
elude this immune scrutiny, achieved through the recruit-
ment of immune-suppressive cell contingents and damp-
ening the tumor's propensity to evoke an immune reprisal 
[15,16]. Undifferentiated primary tumors are more likely 
to migrate aggressively or develop distant metastases, 
which eventually cause tumor progression [17-19]. For 
immunotherapy, it is crucial to investigate how the tumor 
microenvironment is altered and immune cells are intro-
duced [20,21].

The objective of this investigation was to ascertain the 
extent of Anoikis in disparate cancer varieties as catalo-
ged in the TCGA. For this purpose, we employed gene 
set enrichment analysis (GSEA) indices derived from the 
MsigDB repository to scrutinize signatures pertinent to 
Anoikis-associated genes. Our results illuminated a potent 
correlation between hallmarks of cancer and the Anoikis 
score. This study imparts a comprehensive comprehension 
of the regulatory capabilities inherent to Anoikis infiltra-
tion, which may pave the path to novel therapeutic strate-
gies and refined patient stratification.

2. Materials and Methods
2.1. Data collection

We accessed the Molecular Signatures Database 
(MsigDB) to procure the Anoikis gene set (designated as 
GOBP ANOIKIS). This particular resource, which can 
be located at http://www.gsea-msigdb.org/gsea/msigdb/
cards/GOBP-ANOIKIS, encompasses an assembly of 34 
genes that are intimately connected to the Anoikis biolo-
gical process. Capitalizing on a dedicated R package, we 
computed the Anoikis score, thereby enabling an astute 
evaluation of the prevalence of Anoikis phenomena within 
tumorous entities [22]. Expression datasets are frequently 
analyzed using this approach to estimate the variance in 
the activity of biological pathways and processes within 
samples. It is based on an approach that is non-parametric 
and unsupervised. For categorization and further analysis, 
the Anoikis scores—which made use of an ideal cutoff—
were split into two groups based on quantiles. The Anoi-
kis profiles of tumor and adjacent non-tumor tissues were 
examined by comparing their differential gene expression 
(DEG) using the Limma program. DEG analysis was 
conducted for each specific cancer dataset and also for the 
PanCan dataset.

2.2. Analysis of anoikis profiles in cancers
The MsigDB database provided us with the Anoikis 

gene set file, known as GOBP_ANOIKIS. This particular 
gene set consists of 34 genes that are related to Anoikis. 
We utilized the GSVA software to conduct gene set varia-
tion analysis (GSVA) and determine the extent of Anoikis 
enrichment in cancerous conditions. It is standard practice 
to evaluate the variance in pathway activity and biologi-
cal processes within expression datasets using this non-
parametric, unsupervised analytic technique. By setting 
optimal cutoffs, we calculated Anoikis scores, which were 
then categorized into two groups for further analysis. We 
utilized the Limma program to conduct differential gene 
expression (DEG) analysis in order to glance at the varia-
tions in Anoikis profiles between tumor and para-tumor 

tissues. In this investigation, both a PanCaner dataset and 
individual cancer datasets were utilized. 

2.3. Anoikis genes CNV and methylation profile in pan-
cancer based on GSCA

The expansive TCGA database provides an entry point 
to the GSCA platform, an integrated web server dedica-
ted to assimilating multiomics data, and can be accessed 
via http://bioinfo.life.hust.edu.cn/web/GSCA/. GSCA's 
investigative purview is broad, encompassing a multitude 
of research areas, such as copy number variation (CNV), 
methylation, pathway activity, and immunological infiltra-
tion. The GSCA platform probes the intricate relationship 
between mRNA expression of Anoikis genes and the inci-
dence of CNV across various neoplastic categories. Fur-
thermore, it scrutinizes the correlation between the abun-
dance of mRNA expression and the degree of methylation 
associated with Anoikis genes within a variety of tumor 
types.

2.4. Anoikis genes SNV and immune infiltrates profile 
in pan-cancer based on GSCA

We examined the SNV data from 33 cancers [23] using 
the GSCA database. Seven kinds of harmful variants were 
included: missense mutations, nonsense mutations, frame 
shift ins, splice site mutations, frame shift deletions, in-
frame mutations, and missense mutations. In order to 
examine the association between gene expression and 
immune cell infiltrations, a Spearman correlation analy-
sis was conducted. The infiltration of immune cells was 
evaluated using the tool ImmuCellAI, which assessed 24 
different types of immune cells.

2.5. Gene set variation analysis 
All TCGA samples underwent gene set variance ana-

lysis using the GSVA method. For this investigation, the 
HALLMARK pathway database from the Molecular Si-
gnatures Database (MSigDB) was utilized. Pathways that 
were highly relevant to the immune system were picked 
for more research. With the goal of establishing a bond 
between cancer hallmarks, the causal connection between 
each gene set's ssGSEA enrichment score and Anoikis 
score was calculated using Pearson's correlation coeffi-
cient.

2.6. Research of the correlation among anoikis and 
changes in the tumor microenvironment

The technique known as ESTIMATE, which utilizes 
data on genetic expression, is used to estimate the degree 
of stromal or immune cell infiltration in malignant tumor 
tissues. By employing the ESTIMATE algorithm, the im-
munological and stromal scores of each carcinoma tissue 
were calculated. The connection between Anoikis scores 
and these two scores was subsequently analyzed, taking 
into account the level of immune system cell infiltration, 
by utilizing the R software applications "estimate" and 
"limma." Furthermore, the linkage between tumor purity 
and the Anoikis score was concurrently investigated using 
the aforementioned techniques.

2.7. Investigation of the correlation of anoikis with 
tumor cell infiltration and immunomodulator genes in 
multiple cancers

The Anoikis levels and the prevalence of immune infil-

http://www.gsea-msigdb.org/gsea/msigdb/cards/GOBP-ANOIKIS
http://www.gsea-msigdb.org/gsea/msigdb/cards/GOBP-ANOIKIS
http://bioinfo.life.hust.edu.cn/web/GSCA/
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3. Results
3.1. Expression of anoikis-related genes in pan-cancer

First, we obtained the clinical information and expres-
sion profiles for 31 malignancies from TCGA and GTEx. 
Then, we chose the GOBP_ANOIKIS gene set in the 
MsigDB database. Following the completion of these ear-
ly steps, we compared the Anoikis pathway genes diffe-
rential expression in TCGA tumor tissue to that in TCGA 
and GTEx normal tissue. We can observe that, whereas 
NTRK2 and PDK4 exhibit a declining trend in most ma-
lignancies, E2F1 and CEACAM6 in pancreatic cancer 
have a considerable rising trend. While BRCA and CESA 
showed the opposite tendency, anoikis pathway genes in-
cluding CHOL, DLBC, PAAD, and others had typically 
elevated expression in the cancer types we discovered. 
(Figure 1A.) We next performed intragroup correlation 
analysis on the genes involved in the Anoikis pathway 
in both PAAD and pancreatic cancer (Figure 1B, 1C). At 
both the PAAD and pan-cancer levels, we discovered that 
CEACAM5 and CEACAM6 expression were positively 
connected with one another and negatively correlated 
with PDK4. Because the process of anoikis formation is 
regulated by multiple biological mechanisms and genomic 
interactions, we opted to analyze the gene co-interaction 
structure associated with anoikis. To accomplish it, our 
focus was on the protein-protein interaction network (PPI) 
of Anoikis genes available in the STING database. Our 
findings revealed an intricate framework of interactions, 
suggesting that Anoikis establishes a co-regulatory system 
(Figure 1D).

3.2. The analysis of survivability of anoikis gene in 
multiple carcinoma

By conducting single-factor Cox regression analysis 
and Kaplan-Meier survival analysis, we initially identi-
fied ITGA5 and ITGB1, among other factors, as posing 
a higher risk for pancreatic cancer (Figures 2A–B), while 

tration in multiple cancers were investigated by utilizing 
the TIMER2 database and ImmuCellAI. The TIMER2.0 
database, which can be accessed at http://timer.comp-
genomics.org/, provides comprehensive data on tumor 
immunity [24]. Lymphocytes, macrophages, NK cells, 
neutrophils, and other immune infiltrate cells may accu-
rately predict a patient's prognosis [25, 26]. We examined 
the correlation between the Anoikis score and the extent 
of immune infiltration across various types of tumors. We 
utilized the TIMER2 database to evaluate immunological 
infiltration with accuracy. The genes and Anoikis scores 
associated with immune cell infiltration, immune check-
points, or other malignancies were shown on a Spearman 
correlation analysis heat map.

2.8. Survival analysis of numerous tumor types with 
various anoikis scores 

Various kinds of cancer patients were divided into 
two groups, one with high Anoikis scores and the other 
with low scores, using a predetermined threshold determi-
ned by the survival package. The difference in prognosis 
between these two groups was examined using Kaplan-
Meier curves, log-rank tests, and single-variable Cox esti-
mating models. Furthermore, a single-variable Cox analy-
sis was conducted to assess the overall impact of Anoikis 
on survival in all types of cancer.

2.9. Impact of anoikis on immunology therapy response
The impact of Anoikis on the outcomes of immune the-

rapy was determined by considering three cohorts of PD1 
inhibitor treatment [27–29]. Based on RECIST standards, 
the patients were categorized into groups of responders 
and non-responders. The mRNA expression data of these 
two groups was utilized to generate Anoikis scores, which 
were then compared to determine the association between 
Anoikis and the response to therapy.

2.10. Immunohistochemistry staining of CEACAM5, 
CEACAM6 in PAAD

To examine the protein expression levels of CEA-
CAM5 and CEACAM6 in pancreatic tumor tissues com-
pared to their matched normal tissues, we utilized the 
HPA database. Specifically, we obtained immunohisto-
chemistry images of these tissues from HPA, which offers 
comprehensive information about the distribution of pro-
teins within various human cells and tissues.

2.11. Statistical analysis
The log2 transformation was applied to standardize 

all the gene expression data. Two sets of t-tests were em-
ployed to compare malignant tissue with healthy tissue, 
with a threshold of P 0.05 to determine statistical signifi-
cance. For the survival analysis in this study, the Kaplan-
Meier curve, log-rank test, and Cox proportional hazard 
regression model were utilized. Statistical significance 
was evaluated using a P value of <0.05. (*P value <0.05; 
**P value <0.01; ***P value <0.001). The necessary R 
packages, such as "ggplot2", "ggpubr", "survival", and 
"survminer", were obtained from either bioconductor pac-
kages or R packages. A statistical significance threshold 
of P<0.05 was established for each analysis. All statistical 
analyses were performed using the R software. (version 
4.1.1)

Fig. 1. The pan-cancer study examined the expression of genes asso-
ciated with anoikis across multiple types of cancer. A: The genes rela-
ted to Anoikis were compared between samples of tumors and normal 
tissues. B: The color becomes darker as the correlation between Anoi-
kis genes in pan-cancer strengthens. C: The color intensity in PAAD 
is directly proportional to the strength of correlation between Anoikis 
genes. D: The STING database (https://cn.string-db.org/) provides 
information about protein-protein interactions involving Anoikis pro-
teins.
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Bcl-2, AES, etc. exhibit protective effects in the majority 
of malignancies. This information allowed us to further 
explore the influence of the Anoikis pathway gene on the 
survival prognosis of pancreatic cancer. Each gene in the 
anoikis pathway was given a risk score, and the significant 
number was determined using Cox analysis and Kaplan-
Meier survival analysis (Figure 2C-D). This was done in 
consideration of the fact that some of the anoikis pathway 
genes are risk factors and some are protective factors in 
various cancers. The results mostly support our past ana-
lysis. ITGA5 and ITGB1 are pan-cancer risk factors, whe-
reas BCL2 and AES are preventative factors.

3.3. In the context of pan-cancer, we examine the gene-
tic alterations associated with genes related to anoikis

We initially computed the SNV mutation analysis of 
each of the 33 cancer types in order to explore the pecu-
liarities of the Anoikis gene set in cancer (Figure 3A). The 
findings revealed that UCEC, SKCM, and COAD had the 
highest rates of the Anoikis pathway gene's total mutation. 
The top three mutation frequencies in pancreatic cancer, 
however, were PIK3CA, NOTCH1, and MTOR, whereas 
CAV1, IKBKG, and PTRH2 exhibited a very conservative 
trend. Then, we looked at the top 10 mutation frequencies 
in the Anoikis pathway genes across 29 different cancer 
types. PIK3CA ranked first with a 45% mutation frequen-
cy, followed by ITGA5 with a 4% mutation frequency. At 
least one SNV type alteration was present in more than 
75% of cancer types (Figure 3B).

We have performed CNV and methylation analysis on 
the gene set in this article in order to further investigate 
the properties of the Anoikis pathway gene set. First, we 
performed CNV analysis on 33 malignancies, and the fin-

dings revealed that PTK2, E2F1, and SRC had significant 
mutation frequencies, but MYBB1A, BCL2, and MTOR 
had a more moderate trend (Figure 4A). Subsequently, we 
explored the relationship between CNV and the expression 
levels of mRNA. The CNV of the Anoikis pathway gene 
was essentially positively linked with each gene's mRNA 
expression in BRCA, LUCS, and OV. At the pan-cancer 
level, PTK2, AKT1, and TFDP1 mRNA expression were 
typically consistent with the incidence of CNV mutations, 
but PDK4 and CNV were essentially not statistically signi-
ficant or negatively linked. (Figure 4B.) In 14 malignan-
cies, we examined the methylation levels in tumor tissues 
and healthy tissues. PDK4, Notch1, and ITGB1 methyla-
tion levels in BRCA were noticeably greater than those in 
healthy tissues, but BMF exhibited a negative trend. CAV1 
has the least methylation in KIRC. ITGA5, NOTCH1, and 
SNAI2 all displayed a reversal trend with regard to their 
respective mRNA expression when we conducted an ana-
lysis of the relationship between methylation levels and 
mRNA expression in various types of cancer. We found 
that there is a strong negative correlation between the 
Anoikis pathway gene and mRNA expression in PAAD. 
(Figure 4C-D.)

By utilizing Spearman correlation analysis, we perfor-
med calculations to determine the association between the 
penetration of immune cells and the expression of gene 
mRNA (Figure 5). The study showed that BCL-2 was 
adversely associated with neutrophils, nTreg, and other 
immune cells, but that it was positively connected with a 
considerable number of immune cells. At the same time, 
BMF, NTRK2, NOTCH1, and other anoikis genes showed 

Fig. 3. Anoikis-associated genes SNV (A) A heat map is displayed 
illustrating the frequency of SNVs (single nucleotide variations) in 
genes associated with Anoikis across various forms of malignancies 
(B) The waterfall diagram visualizes the dispersion of mutations and 
stratification of SNV categories within the framework of Anoikis 
genes.

Fig. 2. The analysis of the survival of Anoikis genes in various types 
of cancer. (A) Through a univariate Cox regression analysis, we iden-
tified regulatory genes associated with Anoikis that carry both a pan-
cancer risk prognosis and a favorable prognosis. Notably, outcomes 
with P > 0.05 are indicated in gray. Conversely, those with P < 0.05 
are color-coded based on hazard ratio (HR): instances where HR > 
1 are highlighted in red, and instances where HR < 1 are displayed 
in blue. (B) A survival analysis using the Kaplan-Meier method was 
conducted for pan-cancer, focusing on genes associated with Anoikis. 
In this analysis, genes categorized as red indicate a higher risk, while 
genes categorized as blue indicate a more favorable outcome. (C, D) 
The risky score of univariate Cox regression analysis and Kaplan-
Meier survival analysis.
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positive changes in iTreg, CD4+T, and NK cells.

3.4. Elucidating anoikis scores and its varied influences 
on prognostic outcomes across an array of cancer types

In order to measure Anoikis, we evaluated the GSVA 
enrichment score for the Anoikis signature (referred to as 
the Anoikis score) in each type of cancer. There is signi-
ficant variation in Anoikis scores across different types of 
tumors (Figure 6A). At the same time, we divided the can-
cer into two groups according to the above Anoikis score 
and the best cut-off value. It's clear that the group with 
lower expression demonstrates a notably superior progno-
sis relative to the group with elevated expression in various 
cancers such as PAAD, BLCA, and KIRP. It should be 
noted that in HNSC, the group characterized by higher ex-
pression demonstrably exhibits a superior prognosis when 
contrasted with the group with lower expression. (Figure 
6B) At the same time, HNSC is also the cancer with the 

highest Anoikis enrichment score. We explored the asso-
ciation between the scores derived from anoikis-associa-
ted genes and the prognostic outcomes from the pan-can-
cer dataset. We assessed the survival of patients employing 
measures such as overall survival (OS), disease-specific 
survival (DSS), disease-free interval (DFI), and progres-
sion-free interval (PFI). The results of Cox regression ana-
lysis on 33 different types of cancer indicated a significant 
correlation between the anoikis score and overall survival 
(OS) in 7 specific types of cancer, namely: MESO, LGG, 
ACC, KIRP, PAAD, BLC, and SKCM (Figure 7A). In our 
study, we investigated the correlation between the anoikis 
score and DSS in individuals with cancer. The impact of 
the anoikis score on DSS was observed in a total of seven 
cancer types, namely KIRP, LGG, ACC, PAAD, MESO, 
HNSC, and BLCA (Figure 7B). The Cox regression ana-
lysis revealed that having a higher anoikis score posed 
a risk factor for PAAD, BRCA, KIRP, and ACC (Figure 
7C). Furthermore, we inspected the correlation between 
the anoikis score and disease-free interval (DFI), noting 
the influence of the anoikis score on the DFI in patients af-
flicted with PAAD, KIRP, LGG, BLCA, ACC, and BRCA 
(Figure 7D). To sum up, we found that in PAAD, anoikis 
score is positively correlated with OS, DSS, DFI, and PFI, 
which may be a good indicator to predict the prognosis of 
patients with PAAD.

3.5. Anoikis-associated biological pathways 
To investigate the pathways related to anoikis, we star-

Fig. 4. Anoikis genes CNV and Methylation Profile(A) Pie plot sum-
marizes the CNV of inputted genes within the chosen types of mali-
gnancies (B) Figure provides the correlation of CNV with mRNA 
expression (C) The summary provides a visual representation of the 
variation in methylation levels between neoplastic and healthy speci-
mens concerning the particular genes chosen within the defined can-
cer categories (D) The connection between methylation and mRNA 
expression is summarized in the figure.

Fig. 5. The association of Anoikis gene expression with the infiltra-
tion of immune cells.

Fig. 6. The diverse prognostic impact of Anokis scores across mul-
tiple cancer forms is defined. (A) Anoikis is characterized by a profile 
of pan-cancer GSVA enrichment scores. (B) A set of Kaplan-Meier 
curves displaying the correlation between stratified Anoikis scores 
and cancer survival in multiple cases.
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ted by generating an anoikis score. This involved asses-
sing the mRNA expression patterns of 34 genes associated 
with anoikis in a variety of cancer types using the ssGSEA 
method. This score provides an approximate indication of 
the overall expression level of anoikis. Secondly, we used 
the HALLMARK path dataset of the MsigDB database to 
perform the GSVA analysis and completed the correlation 
analysis of the Anoikis score and biological pathways with 
the pheatmap package. Confirming the fact that anoikis is 
a crucial regulator of the immune system, more than 30 
types of cancer exhibited a positive association with immu-
nological mechanisms, including TGF-beta signaling and 
TNFA signaling via NFKB. At the same time, our research 
shows that in most cancers, Anoikis scores are negatively 
correlated with FATTY and BILE ACID METABOLISM, 
PEROXISOME, and other pathways. (Figure 8)

3.6. Pan-cancer analysis of the correlation between the 
Anoikis Scores and Tumor microenvironment

Increasing research evidence points towards the pivo-
tal function of the tumor immune microenvironment in 
the initiation and advancement of tumors (22, 23). Hence, 
delving deeper into the connection between the tumor 
microenvironment (TME) and Anoikis expression be-
comes essential. We employed the ESTIMATE algorithm 
to gauge stromal scores, immune scores, the ESTIMATE 
score, and tumor purity across 33 distinct cancer types. We 
then examined the relationship between Anoikis expres-

sion levels and these four scores. Our findings indicate 
a significant positive correlation between the expression 
of Anoikis-related genes and the stromal scores, immune 
scores, and ESTIMATE Score in pan-cancer analysis for 
PAAD, PCPG, LAML, PRAD, LGG, COAD, KIRP, and 
OV. Nevertheless, this correlation was not observed in 
CHOL, DLBC, MESO, and LAML. At the same time, the 
above cancers were negatively correlated with tumor pu-
rity. (Figure 9A) Then we analyzed the tumor microenvi-
ronment from the aspects of the immune-related pathway, 
the matrix/metastasis-related pathway, and the DNA loss 

Fig. 8. The Anoikis score is strongly linked to the key pathways in 
cancer, particularly the immune pathway. Positive correlation is repre-
sented by the color red, negative correlation by blue, and the intensity 
of the color indicates the strength of the correlation.

Fig. 7. Utilizing a univariate Cox regression model, we evaluated 
the association between Anoikis scores and various survival metrics, 
including overall survival (OS), disease-specific survival (DSS), and 
disease-free interval (DFI). (A-D) A forest plot was utilized to illus-
trate the correlation between Anoikis scores and a range of survival 
indices such as overall survival (OS), disease-specific survival (DSS), 
disease-free interval (DFI), and progression-free interval (PFI).

Fig. 9. The correlation between the Anoikis Scores and Tumor mi-
croenvironment (A) Tumor purity, ESTIMATES score, immune 
score, and the stromal score of 33 types of tumors. (B) The relation-
ship between Anoikis Scores and Tumor microenvironment was dis-
tinguished by different signatures (immune-relevant signature, mis-
match-relevant signature and stromal-relevant signature) .
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repair-related pathway, respectively. We found that in OV 
and PAAD, the Anoikis score basically showed a positive 
correlation trend with the above three related pathways. 
From the perspective of pancreatic cancer, the Anoikis 
score was mainly concentrated in EMT2, EMT3, and 
Pan_F_ TBRs and other matrix/transfer-related pathways, 
which coincides with the definition of Anoikis(Figure 9B).

3.7. Pan-cancer analysis of the anoikis score and im-
mune cell infiltration

To investigate the correlation between the immune res-
ponse and the anoikis score, we conducted a comprehen-
sive analysis across various types of cancer. Utilizing the 
TIMER2 and ImmuCellAI databases, we examined the 
relationship between the anoikis score and the level of 
immune infiltration. Figure 10A clearly demonstrates that 
there are significant associations between the anoikis score 
and the abundance of infiltrating immune cells. In parti-
cular, we noticed a relationship between the anoikis score 
and the incidence of B cells across 12 cancer types, CD4+ 
T cells in 10 cancer varieties, CD8+ T cells spanning 14 
cancer types, macrophages in 13 different cancers, neu-

trophils present in 13 cancer forms, and DCs noted in 15 
types of cancer (Figure 10B).

Furthermore, in our analysis of 33 tumors, we discove-
red connections between the Anoikis score and immune-
related genes. These genes were responsible for encoding 
proteins involved in immunosuppression, immunoregula-
tion, chemotaxis, and chemokine receptors. The heatmap 
that resulted from our analysis demonstrated a strong posi-
tive correlation between Anoikis score and nearly all im-
mune-related genes in cases of pancreatic adenocarcinoma 
(PAAD), ovarian cancer (OV), and prostate adenocarcino-
ma (PRAD) (Figure 11). However, in UVM, SKCM, and 
LUSC, the Anoikis score showed a significant negative 
correlation trend with immune-related genes.

3.8. Anoikis score with immunotherapy response and 
drug sensitivity

According to our previous analysis, when the score of 
the Anoikis pathway is high, the immune microenviron-
ment is in a relatively immunosuppressive state. We specu-
late that patients with a high score on the Anoikis pathway 
have worse immunotherapeutic efficacy. We discussed the 
relationship between Anoikis score and immunotherapy in 
SKCM, advanced non-small cell lung cancer, and urothe-
lial cancer. Using the GSE78220 database, we discovered 
that SKCM patients with immune tolerance had a higher 
Anoikis score. Furthermore, we conducted survival ana-
lysis based on the optimal cutoff value and observed that 
patients with high scores had a worse prognosis. Lastly, 
based on these findings, we evaluated the proportion of 
immunotherapy effectiveness in both the high and low 
Anoikis score groups. In the high-score group, 62% of 
patients exhibited immune tolerance, while the low-score 
group had 80% of patients who were responsive to immu-
notherapy. (Figure 12A-C) Therefore, we have reason to 
believe that immunotherapy is less effective in patients 
with high expression of the Anoikis score. Furthermore, 
we found that in advanced non-small cell lung cancer pa-
tients receiving anti-PD-1/PD-L1 treatment, the prognosis 
of the high-rating group was poor. At the same time, it was 
shocking that the proportion of disease progression in the 
high-rating group was 100% (Figure 12D-F). Finally, we 
conducted the same analysis on urothelial carcinoma ac-
cording to the above process, and the results showed that 
the immunotherapy effect of the high-rating group was 
poor. Among them, the proportion of immune tolerance in 
high-rating groups also reached an amazing 91% (Figure 
12G-I). In a word, patients with a high Anoikis score are in 
an immunosuppressive microenvironment, and the immu-
notherapy effect is poor, which may provide new ideas for 
clinical immunotherapy.

Additionally, we have explored other research areas 
unrelated to immunotherapy, where we investigated the 
connection between the mRNA expression of genes asso-
ciated with Anoikis and the IC50 values of drugs obtained 
from the GDSC. It was observed that AKT1, TLE1, SRC, 
SIK1, and PTK2 exhibited a consistent positive correla-
tion trend with nearly all of the drugs that were selected 
for analysis. (the higher the gene expression, the worse the 
non-immunotherapy effect), except 17-AGG. MAP3K7, 
BCL2, STK11, and BMF showed a significant negative 
correlation trend with them (Figure 13A). Later, we selec-
ted CTRP drugs for the same analysis. The results showed 
that CAV1, TLE1, and SRC showed a positive correlation 

Fig. 10. The analysis of Anoikis score and immune cell infiltration (A) 
Relationship between Anoikis score and immune cell infiltration in 
different cancers by TIMER2 database (http://bioinfo.life.hust.edu.cn/
ImmuCellAI#!/). (B) The TME-infiltrating cell of 32 types of tumors 
by ImmuCellAI(http://bioinfo.life.hust.edu.cn/ImmuCellAI#!/).

Fig. 11. Co-expression of the Anoikis score and genes related to the 
immune system. (A) There exists a connection between the Anoikis 
score and genes related to immunosuppression as well as immune 
checkpoints. (B-C) The relevance between the Anoikis score and pro-
teins related to chemokines and their receptors.*P < 0.05, **P < 0.01, 
***P < 0.001, ****P < 0.0001.

https://www.frontiersin.org/articles/10.3389/fimmu.2021.646523/full#F11
http://bioinfo.life.hust.edu.cn/ImmuCellAI#!/
http://bioinfo.life.hust.edu.cn/ImmuCellAI#!/
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trend with more than ordinary drugs, while AKT1, BCL2, 
and STK11 showed a negative correlation (Figure 13B).

3.9. Identification of CEACAM5,6 as a key Anoikis-re-
lated gene in PAAD

After we identified CEACAM5 and CEACAM6 as 
risk factors for PAAD patients' prognosis using univariate 
Cox regression analysis, we utilized the clinical data from 
the TCGA and GSE62452 databases to conduct KM sur-
vival analysis (Fig. 14A, B). The patients who exhibited 
high levels of CEACAM5 and CEACAM6 expression 
experienced a less favorable prognosis. Furthermore, to 
evaluate the protein expression of CEACAM5 and CEA-
CAM6, we analyzed the immunohistochemistry (IHC) 
data obtained from the HPA database, as shown in Figures 
14C-F. Meanwhile, we performed a preliminary analysis 
of the differential expression of CEACAM5 and CEA-
CAM6 in both normal pancreatic tissues and tumor tissues. 
(Figure. 1A). The findings from both of these databases 
strongly correlate with each other. Normal pancreatic tis-
sue demonstrated moderate CEACAM5 and CEACAM6 
IHC staining, while tumor tissues presented with intense 
staining.

4. Discussion
Anoikis plays a crucial role in protecting the organism 

by preventing shed cells from reattaching to an incorrect 
location on a new substrate and inhibiting their growth [9]. 
Drawing on a range of research, it's been shown that the 
initiation of anoikis apoptosis hinges on both internal and 
external pathways [5,30]. Various intracellular signals, 
such as DNA damage and endoplasmic reticulum stress, 

can trigger the activation of Anoikis, whereas the regula-
tion of apoptosis resides primarily with mitochondria [31]. 
The inability to regulate anoikis is a possible feature of 
cancer cells, which aids in the invasion and migration of 
tumors, the creation of distant organ metastases, and the 
acquisition of drug resistance [32-34]. Nevertheless, there 
is a scarcity of research examining the influence of genes 
associated with anoikis on pancreatic cancers.

We used a widely-used technique called gene set en-
richment analysis (GSEA) to assess the features of Anoi-
kis in 10422 samples across 34 types of cancer [35,36]. 
We demonstrated that the Anoikis score is associated with 
several cancer markers, namely EMT and immune [37-
39]. The anti-tumor impact of anoikis is undeniable, and 
prior research has shown that it is still fundamentally a sort 
of apoptosis. Anoikis resistance is one of the critical ele-
ments that cannot be disregarded in the evolution of can-
cer, according to an increasing number of studies [40-46]. 
According to our GSVA research, oxidative stress, EMT, 
and energy metabolism make up the majority of anoikis 
resistance. At the same time, we discovered that the pro-
gnosis for most cancers was poorer with a higher Anoikis 
score. Therefore, it is trustworthy that the Anoikis score 

Fig. 13. The relationship between Anoikis-related genes and drug 
sensitivity. (A) The figure illustrates the relationship between gene 
expression and the sensitivity of the top 30 GDSC drugs in various 
types of cancer. (B) The figure provides a summary of the connection 
between gene expression and sensitivity to the top 30 CTRP drugs 
across a wide variety of cancers. We executed a correlation analysis 
to uncover the relationship between gene mRNA expression and the 
IC50 of the drug, with the P-value adjusted via FDR. Negative corre-
lations are signified by blue bubbles, while positive ones are indicated 
by red bubbles. The deeper the color, the stronger the correlation.

Fig. 14. CEACAM5,6 as a Key Anoikis-Related Gene in PAAD. 
(A) Survival analysis of CEACAM5. (B) Survival analysis of CEA-
CAM6. (C-D) Differential expression of CEACAM5 in tumor and 
cancer tissues through IHC. (E-F) Differential expression of CEA-
CAM6 in tumor and cancer tissues through IHC.

Fig. 12. The relationship between Anoikis score and response to im-
munotherapy in SKCM, non-small cell lung carcinoma and Urothe-
lial cancer. A-C: The GSE78220 database reveals distinct levels of 
Anoikis score in SKCM patients, indicating varying degrees of tole-
rance or sensitivity to immunotherapy. Kaplan–Meier curves of the 
risk score in SKCM, the distribution of clinical characteristics is com-
pared between high-risk scores and low-risk scores in SKCM. D-F: 
The correlation between Anoikis score and advanced non-small cell 
lung carcinoma patients by GSE135222. G-I: The correlation between 
Anoikis score and Urothelial cancer by IMvigor210CoreBiologies.
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may, to some degree, indicate the resistance of Anoikis.
Furthermore, we examined the correlation between the 

Anoikis score and the efficacy of anti-PD1 treatment in 
individuals diagnosed with SKCM, advanced non-small 
cell lung cancer, and urothelial carcinoma. In patients 
who responded to PD1 blocking, we discovered a slight 
but substantial reduction in the Anoikis score (Figure 12). 
Our research also found that patients with high Anoikis 
scores had positive correlations with many immune cells, 
including tumor-associated macrophages, CAF, and Treg 
cells, indicating that these patients were in an immunosup-
pressive milieu. Together, these results imply that Anoikis 
score inhibition boosts PD1 treatment sensitivity.

To summarize, we have conducted a comprehensive 
analysis and offer a fresh perspective on the role of Anoi-
kis in cancer, highlighting its dysregulatory impact. At the 
same time, we observed a direct connection between the 
Anoikis score and both the ImmuneScore and Stromal-
core within the tumor microenvironment. Conversely, we 
noticed an opposite relationship with tumor purity. These 
results indicate that genes related to Anoikis could play a 
significant role in the immune microenvironment. Addi-
tionally, through pathway enrichment analysis, we dis-
covered a strong association with immune checkpoints, 
EMT, and other factors. These findings potentially offer 
new insights into the molecular mechanisms and pathways 
involved in treating cancer immune evasion and metasta-
sis. In addition, we have also offered fresh perspectives on 
the correlation between Anoikis and other characteristic 
features of cancer, its prognosis, and various sets of genes. 
Among these novel associations, it is particularly crucial 
to explore the Anoikis-triggered Epithelial-Mesenchymal 
Transition (EMT), as well as the impact of Anoikis-related 
genes on the movement of immune cells and the regulation 
of chemotaxis factors.
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