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Anoikis-related gene signature associates
with the immune infiltration and predicts
the prognosis of glioma patients
Glioma is the most aggressive and incurable brain tumor.1

Anoikis is programed apoptosis in which cells are detached
from the cellular matrix and suspended to death.2 It plays a
critical role in cancer progression. Cancer cells overcome
anoikis via various methods to continue their progression
and metastasis. But the role of anoikis in gliomas remains
elusive. By comprehensively studying the glioma patient’s
data in public databases, we built an anoikis-related genes
risk nomogram for glioma and validate independently. We
found the high-risk groups were enriched in the anoikis and
immune-related pathways. Further analysis of high-risk
score groups revealed that they had higher immune infil-
tration, lower IDH-mutations, higher tumor mutation bur-
dens and higher tumor immune dysfunction and exclusion
scores, indicating that there might not be successful for the
high-risk score glioma patients in immunotherapy. In
conclusion, we built a risk modal by applying the analysis of
anoikis-related genes and immune signature genes, and this
risk modal can predict glioma patients’ clinical outcomes
successfully and accurately.

To decipher the role of anoikis in the prognosis of gli-
oma, we first studied data from The Cancer Genome Atlas
(TCGA). According to the expression of 320 anoikis-related
genes (Table S1), we separated these patients into two
groups by an unsupervised clustering approach (Fig. 1A;
Fig. S1AeD). The 320 anoikis-related gene (ARG) expression
significantly diverged across the two clusters. Patients in
anoikis cluster 2 with higher anoikis-related gene expres-
sion had a worse prognosis than those in cluster 1 with
lower ARG expression. And the overall survival (OS)
revealed a substantial difference between these two clus-
ters (Fig. 1B), suggesting that ARGs are crucial for glioma
patients’ prognosis.
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To check the accurate ARGs which determine the glioma
growth, we then investigated gene expression differences
between TCGA and GTEx samples, and found 37 differen-
tiated genes (DEGs), among which, 30 are up-regulated and
7 are down-regulated (Fig. 1C). Since the anoikis interacted
with the immune system to promote cancer metastasis, we
thus compared these 37 DEGs with 2483 genes with
“immunological signatures” and found 15 genes are in the
intersection (Fig. S1E), among which, 13 genes related with
anoikis were substantially associated with the OS of glioma
patients (Fig. 1D). Most of them are highly expressed in the
tumor group (Fig. 1E).

We then developed a prognostic model by LASSO Cox
regression analysis. After the evaluation of the best possible
value of l, a signature of 10 genes was established
(Fig. 1FeH). Most of them were shown to be positively
related with each other (Fig. 1I). Furthermore, the influence
of gene expression with greater absolution value of risk co-
efficients on the prognosis of glioma patients was investi-
gated, and the findings revealed that TNFRSF12A, NBIRC5,
and TLR3were prognostic risk factors,whereas ANGPTL2was
a protective factor for prognosis in glioma patients
(Fig. S2AeE). Then, a risk score was calculated using the
following formula: risk scoreZ (0.08*LTF exp.)þ (0.24*LTR3
exp.) þ (0.12*PIK3CG exp.) þ (0.01*EGFR exp.) þ
(�0.14*ANGPTL2 exp.) þ (0.16*NOX4 exp.) þ (�0.21*ILK
exp.) þ (0.28*TNFRSF12A exp.) þ(0.25*BIRC5 exp.)
þ(0.01*HMOX1 exp.). Meanwhile, following the determina-
tion of the median risk score, patients were sorted into HR
(high-risk) group and LR (low-risk) group. HR patients in the
TCGA cohort had significantly higher mortality rates than LR
individuals (Fig. S2F). All of the OS rate of HR patients was
much lower than that of LR patients across all other cate-
gories (Fig. 1J). Principal component analysis (PCA) revealed
that LR and HR groups were efficiently separated (Fig. S2G).
The Area Under Curve (AUC) indicates the high sensitivity
and specificity of this risk score system (Fig. 1K). We then
behalf of KeAi Communications Co., Ltd. This is an open access
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Figure 1 The construction and validation of an anoikis-
related gene risk model in glioma. (A) Unsupervised clustering
was used to construct heatmaps of anoikis-associated genes in
two sample groups. (B) The KaplaneMeier survival curve of two
sample groups produced using unsupervised clustering. (C)

TCGA and GTEx-based volcano map of glioma anoikis-associ-
ated differentially expressed genes. (D) A forest plot was
created to characterize the prognosis of 13 immunological and
anoikis-related genes throughout the glioma cohort. (E) Heat
map of 13 immuno- and anoikis-related differential genes
screened. (F) LASSO coefficient profiles of 13 genes. (G) In the
LASSO model, a coefficient path graph is generated against the
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verified the result via CGGA data (Fig. S2HeK). The findings
demonstrated a strong correlation between risk score, age,
and tumor gradewith the prognosis of gliomapatients in both
the TCGA and CGGA cohorts (Fig. 1L; Fig. S3A). To demon-
strate the clinical applicability of risk models, we con-
structed clinical nomograms of TCGA (Fig. 1M) and CGGA
cohort (Fig. S3B), which can predict glioma survival proba-
bility based on risk scoring models. The nomogram’s time-
dependent ROC displays AUC (Fig. 1N; Fig. S3C). TheDecision
curve analysis (DCA) findings demonstrated that our risk
model gave the largest net profit (Fig. 1O; Fig. S3D). The
calibration plot revealed that the training and validation sets
had a high level of concordance between the OS prediction
and observation possibilities (Fig. 1P; Fig. S3E), indicating
the nomogram is quite precise. In the TCGA training set, the
nomogram had the highest predictive value compared to the
risk score and clinical characteristics (Fig. S3FeH). The
CGGA validation set nomogram also had the greatest pro-
jected value (Fig. S3IeK).

We then checked the relation between risk models and
clinical indicators, all samples were divided into subgroups
depending on patient clinical features. High-risk (HR) pa-
tients’ survival curves were consistently worse than those
of low-risk (LR) patients across all categories (Fig. S4AeF).
And high-risk individuals were older and more malignant
(Fig. S4GeH). Tumor in high-grade individuals is more likely
to have a higher recurrence rate (Fig. S4I). Moreover, the
risk score was substantially negatively connected with IDH
mutations (Fig. S4J), whereas lp/19q codeletion was mostly
log (lambda) sequence. The optimal parameter (lambda) is
selected as indicated by the first black dashed line. (H) In the
LASSO model, coefficient of the 10 selected genes. (I) 10 genes’
correlation plot of chords. (J) The curve of prognosis for glioma
samples in TCGA databases. (K) In the TCGA data, the AUC of
the time-dependent ROC curve validated the predictive per-
formance of risk scores. (L) Univariate (top) and multivariate
(bottom) COX regression analysis of the risk scores and a
number of clinical variables in TCGA train set. (M) Creating a
nomogram based on TCGA glioma patients’ clinical data and
risk ratings. (N) The AUC of the time-dependent ROC curve
validated the prediction performance of the TCGA training set
nomogram. (O) Decision curve analysis for TCGA data. (P)

TCGA training set’s calibration curves for 3-year, 6-year, and 9-
year survival nomograms. A better guess is indicated by a
tighter match to the diagonal gray line. (Q) GSEA indicates that
the pathway of positive regulation of epithelial to mesen-
chymal transition was enriched in the High-Risk group. (R)

Correlation between anti-tumor immune cells (ActCD4,
ActCD8, TcmCD4, TcmCD8, TemCD4, TemCD8, Th1, Th17,
ActDC, CD56briNK, NK, NKT) and pro-tumor immune (Treg,
Th2, CD56dimNK, imDC, TAM, MDSC, Neutrophil, and pDC)
cells. The darkened region reflects a confidence interval with a
95% level of confidence. (S) Variations in the abundance of
anti-tumor and pro-tumor immune cells between the LR and HR
groups. (T) The TIMER algorithm-obtained ratings of immune
cells were compared in HR and LR. (U) Comparison of HR and
LR groups’ stromal scores, immune scores, and ESTIMATE
scores. (V) The connection between risk scores and TMB. (W)

Prognosis of TMB grouping.
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detected in low-risk individuals (Fig. S4K). Therefore, we
concluded that our risk model is also capable of differen-
tiating and predicting the prognosis of certain subgroups.

To further assess the functioning of the risk model, we
did a differential analysis (Fig. S5A) on the two groups of
patients (HR group and LR group) and performed KEGG and
GO studies on DEGs. DEGs between the HR and LR groups
were enriched for many functions associated to anoikis and
immunity (Fig. S5BeE). GSEA analysis indicated that the HR
group was enriched in positive regulatory pathway of
epithelial interstitial transformation, which is closely
associated with anoikis (Fig. 1Q). Surprisingly, the HR group
was abnormally active in immune-related activities
(Fig. S5FeH), while immunosuppressive pathways
(Fig. S5IeK), were also enriched in the HR group.

We then conducted single sample gene set enrichment
analysis (ssGSEA) and found the HR group exhibited higher
degree of immune cell infiltration (Fig. S6A). We next
divided these immune cells into pro- and anti-tumor ones
and found there is a substantial positive association be-
tween the quantity of pro- and anti-tumor immune cells in
the glioma environment (Fig. 1R). Moreover, the quantity
of tumor-promoting immune cells was larger in the HR and
LR groups than that of anti-tumor immune cells (Fig. 1S).
We also evaluated the immune cell infiltration of glioma
samples using the TIMER3 (Tumor Immune Estimation
Resource) and found that patients in the HR group had
higher immune cell scores than those in the LR group
(Fig. 1T; Fig. S6B). In addition, we used the ESTIMATE4

(Estimation of Stromal and Immune Cells in Malignant Tu-
mors using Expression data) method to calculate the im-
mune infiltration scores and found ESTIMATION score of
patients with high risk ratings were higher (Fig. 1U). We
then tested Tumor Mutation Burden (TMB) and found that
high-risk individuals had greater TMB, which was consistent
with the findings of the earlier studies (Fig. 1V).5 An ex-
amination of patients’ survival rates revealed that those
with reduced TMB had a more favorable prognosis
(Fig. 1W).

In conclusion, we designed a risk modal that can predict
the glioma patient’s prognosis and clinical outcomes suc-
cessfully by applying the function of anoikis-related genes
in glioma.
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Availability of data and material

Clinical data and RNA-seq data were gathered from the
TCGA cohort and the GTEx cohort in UCSC Xena (https://
xenabrowser.net/), respectively. The TCGAbiolinks soft-
ware package supplied with R software is used to gather
mutation spectrum data from the TCGA database (https://
portal.gdc.cancer.gov/). The validation dataset was
retrieved from the CGGA database 693 queue (http://www.
cgga.org.cn). The GeneCards website (https://www.
genecards.org) was used to obtain 338 anoikis genes with
a correlation value of >1.0 as the cutoff. Genes associated
to immunity were downloaded from the ImmPort website
(https://www.immport.org/).
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