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Background: Chaperonin-containing TCP1 subunit 8§ (CCT8) has been proved to be involved in the occurrence and development of
some cancers. However, no study has reported the potential role of CCT8 in a pan-cancer manner.

Methods: TIMER2.0, GEPIA2, UALCAN and Sangerbox were used to explore the expression, prognosis and methylation of CCTS.
We used cBioPortal, TISIDB, SangerBox, TIMER2.0 and TISMO to investigate the genetic alteration of CCT8 and the relationship of
CCTS8 with molecular subtype, immune subtype, immune infiltration and immunotherapy response. CCT8-related genes were screened
out through GEPIA and STRING for Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment
analysis. CCK-8, the colony formation assay, the wound healing assay and the Transwell assay were performed to explore the
influence of CCT8 on proliferation and migration.

Results: CCT8 was highly expressed in most cancers with a poor prognosis. The expression level of CCT8, which was affected by the
promoter region methylation and genetic alteration, was related to the molecular and immune subtype of cancers. Interestingly, CCT8
was positively associated with the activated CD4 T cells and type 2 T-helper cells. CCT8 played a vital role in the cell cycle and RNA
transport of cancers, and it significantly inhibited the proliferation and migration of lung adenocarcinoma cells when it was knocked
down.

Conclusion: CCTS8 plays an indispensable role in promoting the proliferation and migration of many cancers. CCT8 might be
a biomarker of T-helper type 2 (Th2) cell infiltration and a promising therapeutic target for T-helper type 1(Th1)/Th2 imbalance.
Keywords: CCT8, survival, immune infiltration, biomarker, pan-cancer

Introduction

Cancer is a complex disease initiated by endogenous and exogenous factors, such as environmental, genetic and immune
factors. With the advancement of bioinformatics analysis based on public cancer datasets, we can explore the general
mechanism of oncogenes or tumor suppressor genes in tumorigenesis and development in a pan-cancer manner, which
can provide possible targets for cancer treatment. '

The cytoplasmic chaperonin-containing TCP1 complex (CCT), also called the TCP1 ring complex (TRiC), comprises
two identical rings.” Each ring consists of eight different CCTs, CCT1-CCT8. The TRiC plays a vital role in maintaining
cell homeostasis by helping to fold numerous proteins, including actin and tubulin, etc. CCTS, a subunit of the TRiC, has
been proved to promote malignant tumor progression in colorectal cancer, liver cancer, brain glioma and esophageal
squamous cell carcinoma.””> However, there has been no systematic study on CCT8 in a pan-cancer manner.

We comprehensively analyzed the gene expression, survival, methylation, genetic alteration and immune infiltration
of CCTS in a pan-cancer manner.® We performed GO and KEGG analysis on related genes and carried out in vitro cell
experiments to explore the potential role and molecular mechanism of CCT8 in different cancers. Our study aimed to
explore the role and mechanism of CCT8 in human cancer, so as to provide insights for new anti-tumor strategies.
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Materials and Methods

Expression Analysis

We used TIMER?2.0 (http://timer.cistrome.org/) to explore CCT8’s mRNA expression in different cancers and normal tissues of
The Cancer Genome Atlas (TCGA).” UALCAN (http:/ualcan.path.uab.edu/) provided protein expression analysis using data
from the Clinical Proteomic Tumor Analysis Consortium (CPTAC) and the International Cancer Proteogenome Consortium
(ICPC) datasets.®*” We used GEPIA (http://gepia.cancer-pku.cn/) to compare CCT8 expression in several cancer types based on
TCGA and The Genotype-Tissue Expression (GTEx).'™"" The Human Protein Atlas (https://www.proteinatlas.org/) was
consulted to determine the immunohistochemistry of CCT8 in cancer and normal tissues.'> The CCLE was a high-throughput

web-based tool with large numbers of human cancer cell lines and unique datasets. We downloaded the gene expression data of

different tumor cell lines from the CCLE database, and explored the expression level of CCTS in different tumors by.'*™'°

Survival Analysis
Sangerbox3.0 (http://vip.sangerbox.com/login.html) was used to establish the Cox proportional hazards regression model

by using the coxph function of the R software package survival (version 3.2-7) to analyze the relationship between gene
expression and prognosis in each tumor, and we used the Log rank test to perform statistical tests to obtain prognostic
significance. GEPIA performed overall survival (OS), disease-specific survival (DSS), disease-free interval (DFI) and
progression-free interval (PFI) analysis based on CCT8 expression. GEPIA used the Log rank test for the hypothesis test.
The group cutoff was adjusted to the median. GEPIA also generated expression plots on the basis of patient pathological
stage. One-way ANOVA was used for differential gene expression analysis, and pathological stage was used as a variable
to calculate differential expression.

Promoter Methylation and Genetic Alteration Analysis
UALCAN assessed differences in methylation levels in the CCT8 promoter region between normal and cancer
samples. MethSurv (https://biit.cs.ut.ee/methsurv/) is a web tool for survival analysis based on CpG methylation

patterns. We used it to explore the prognostic impact of CCT8 methylation on different tumors.'®'® The cBioPortal
tool (https://www.cbioportal.org/) was used to analyze alteration frequency across all TCGA tumors. On the cBioPortal
website, “TCGA Pan Cancer Atlas Studies” can be selected to find the gene alteration profile of CCTS in all TCGA
tumors; in this way, we obtained alteration frequency, mutation type and copy number alteration (CNA) results.’

Sangerbox3.0 was used to investigate the effect of single-nucleotide variants (SNVs) and copy number variation
(CNV) on CCTS8 expression in different cancers.

Molecular Subtype, Inmune Subtype, Immune Infiltration and Immunotherapy
TISIDB (http://cis.hku.hk/TISIDB/index.php) investigated CCTS8 expression in cancer-immune and molecular subtypes.
Sangerbox was applied to survey the association between CCT8 expression and ESTIMATEScore, as well as the relationship

between tumor-infiltrating immune cells (TIICs).”'* Then, we used Sangerbox3.0 to investigate the relationship between
CCT8 expression and classical immune checkpoints, as well as microsatellite instability (MSI), neoantigen and tumor
mutation burden (TMB). We utilized the “Immune-Gene” module of TIMER2.0 to investigate the association between
CCT8 and details of CD4+ T-immune cell infiltration in various TCGA cancers. TISMO (http://tismo.cistrome.org) was used
to assess the ability of CCT8 to predict immunotherapy response in mouse immunotherapy cohorts and tumor cell lines.®

Connectivity Map Specific Inhibitor Analysis

The Connectivity Map (CMap) can be used to reveal the functional linkages of small molecule compounds, genes and
disease states.'>?% %2 We divided each tumor into high and low expression groups according to the expression level of
CCTS, and performed differential analysis to obtain differential genes. We download experimental data from the CMap
(https://portals.broadinstitute.org/cmap/) database. Then, we calculated compound scores for each tumor using R (UCS

and UVM had few differential genes, so we did not perform subsequent drug score calculations).
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Enrichment Analysis of CCT8-Related Genes

We applied the “Similar Genes Detection” module in GEPIA to identify 100 genes with similar expression patterns to
CCTS based on all the TCGA tumors.” Then, we used the Pearson method to perform pair-wise gene expression
correlation analysis for given sets of TCGA expression data. STRING (https://string-db.org/) was used to construct

functional protein association networks. The basic settings were as follows: network type: physical subnetwork;
active interaction sources: experiments; minimum required interaction score: medium confidence (0.400); max
number of interactors showing: 1st shell and no more than 50 interactors. We applied the “tidyr” and “ggplot2”
R packages to visualize enrichment pathways. R software (R-4.0.2, 64-bit) (https://www.r-project.org/) was applied in

our study.

Cell Line Culture and siRNA Delivery

The lung adenocarcinoma cell line A549 was purchased from the Cell Bank of Type Culture Collection, Chinese
Academy of Science (Shanghai, China), and cultured in a 37°C incubator using 1640 medium supplemented with 10%
fetal bovine serum (FBS) and 1% penicillin—streptomycin solution. The siCCT8s for knockdown CCT8 were purchased
from GenePharma (Shanghai, China) and transfected with Lipofectamine™ 2000 reagent (Invitrogen, Shanghai, China).
A549 cells were seeded in 6-well plates the day before transfection. After 5 uL of Lipofectamine™ 2000 and 100 pmol
siRNA were mixed with 250ul Opti-men separately in two EP tubes for 5 minutes, the two were mixed and allowed to
stand for 15 minutes. Then, the mixture was added to the cells for transfection. The cells were changed into whole culture
medium 24 hours after transfection. After 48 hours, the cells were collected for RT-qPCR to detect CCT8 knockdown
efficiency or for proliferation and migration experiments. The siRNA sequences were as follows: siCCT8#1, sense 5’-
GCUCAUGAGAUUCUUCCUATT-3’sense, antisense 5’- UAGGAAGAAUCUCAUGAGCTT-3’; siCCT8%#2, sense 5’-
ACUCAAGAAUCACCUGAUGTT-3’, antisense 5’-CAUCAGGUGAUUCUUGAGUTT-3’; negative control (NC),
sense 5’-UUCUCCGAACGUGUCACGUTT-3’, antisense 5’-ACGUGACACGUUCGGAGAATT-3".

RNA [solation and Quantitative Real-time PCR (qRT-PCR)

The total RNA was extracted with RNA fast200 (Fijie Reagent, Shanghai, China) according to the instructions. Vazyme
reagent (Nanjing, China) was used for synthesizing cDNA and qPCR according to the instructions. GAPDH was applied
as an internal control. The qRT-PCR primers were as follows: GAPDH, forward 5’-GTCAGCCGCATCTTCTTT -3°,
reverse 5’-CGCCCAATACGACCAAAT —3’; CCT8, forward 5’- GGAGGGAGCGAAACACTTTT-3’, reverse 5°-
TTGCAGCAGGATGCTGTACT-3". The 2 24" method was used to quantify the gene expression level.

CCK-8 Assay

The CCK-8 Kit was purchased from bioshar (Anhui, China). We Seeded 2000 cells per well to 96-well plates after
transfection according to experimental requirements, with 3 complex wells per set. Testing started 24 hours later and
continued for 4 days (0, 1, 2, 3). The culture medium was soaked and discarded. Then, CCK-8 reagent was mixed with
the culture medium at a ratio of 1:10, and 110ul of mixed solution was added to each well. After incubation at 37 °C for
1.5h, the OD value at the 450 wavelength was detected on the microplate.

Colony Formation Assay

A549 cells transfected with siRNA for 24 h were seeded into 6-well plates at a density of 1000 per well and cultured for
7—-14 days until a cell colony had formed. After the formation of cell clones, the cells were washed once with PBS, fixed
with ImL/well 4% polyoxymethylene for 30 minutes, stained with 1% crystal violet for 10 minutes, and photographed,
counted and statistically analyzed after drying.

Wound Healing Assay
A549 cells were seeded in 6-well plates at a density of 2.5x10% cells per well, and then the siCCT8#1, siCCT8#2, or
siNC were transfected into cells according to the aforementioned siRNA delivery method. After the cells cover the 6-well
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plate, we scraped off the cells with a 200 pL pipette tip and changed the medium to serum-free medium, and took images
at 0 h, 24 h and 48 h under an inverted microscope.

Transwell Assay
A total of 200ul of cell suspension was inoculated at a cell density of 5x10%/mL without FBS medium into the upper
chamber, and 600 pL of medium containing 20% FBS was added to the lower chamber. After 24 h, cells were fixed with
paraformaldehyde and stained with crystal violet. The cells in the upper chamber were wiped off, and the images were
collected under a microscope. The number of cells passing through the upper chamber was counted in four random fields
under the microscope.

Statistical Analysis

GraphPad Prism 9 and R software (version 4.0.3) was employed for mapping and statistical analysis. Continuous
normally distributed variables were shown as meantstandard deviation and compared using one-way ANOVA. p<0.05
was considered statistically significant.

Results
CCT8 Expression Analysis

In this study, we used a Wilcoxon test on TIMER2 to analyze CCT8 mRNA expression in tumors, using data from
TCGA. The results showed that CCT8 was more highly expressed in 15 cancers than in adjacent tissues, including
bladder urothelial carcinoma (BLCA), breast invasive carcinoma (BRCA), cervical squamous cell carcinoma and
endocervical adenocarcinoma (CESC), cholangiocarcinoma (CHOL), colon adenocarcinoma (COAD), esophageal carci-
noma (ESCA), head and neck squamous cell carcinoma (HNSC), liver hepatocellular carcinoma (LIHC), lung adeno-
carcinoma (LUAD), lung squamous cell carcinoma (LUSC), prostate adenocarcinoma (PRAD), rectum adenocarcinoma
(READ), stomach adenocarcinoma (STAD), thyroid carcinoma (THCA) and uterine corpus endometrial carcinoma
(UCEC). It had a lower expression in kidney chromophobe (KICH) and pheochromocytoma and paraganglioma
(PCPG) (Figure 1A). Paired sample analysis also suggested that CCT8 was highly expressed in BLCA, BRCA,
CHOL, COAD, ESCA, HNSC, KICH, kidney renal clear cell carcinoma (KIRC), kidney renal papillary cell carcinoma
(KIRP), LIHC, LUAD, LUSC, PRAD, READ, STAD, THCA and UCEC (Figure 1B). TCGA and GTEx data analysis by
Gepia revealed that in CHOL, COAD, lymphoid neoplasm diffuse large B-cell lymphoma (DLBC), READ, testicular
germ cell tumors (TGCTs), thymoma (THYM) and uterine carcinosarcoma (UCS), CCT8 expression was higher than in
adjacent tissues (Figure 1C). UALCAN provided CCT8 protein expression from the CPTAC and ICPC datasets,
confirming that CCTS8 protein is highly expressed in COAD, ovarian serous cystadenocarcinoma (OV), ccRCC,
UCEC, LC and head and neck cancer, and lowly expressed in BRCA, pancreatic cancer and glioblastoma
(Figure 1D). Additionally, boxplot showing the expression levels of CCT8 in different tumor cell lines
(Supplementary Figure 1A). The human protein atlas website suggested that CCT8 was high expressed in COAD,
LUAD, LUSC, READ, CESC and low expressed in Pancreatic adenocarcinoma (PAAD) (Supplementary Figure 1B).
The above results showed that CCT8 was high expressed in most malignant tumors.

CCT8 Survival Analysis

We used the Log rank test in Sangerbox to evaluate the associations between CCTS8 and survival outcome with respect to
the disease-free interval (DFI) (Figure 2A) and progression-free interval (PFI) (Figure 2B). It was found that eight
cancers with high CCT8 expression had a poor DFI: TCGA-BRCA (N=904, p=0.03, HR=1.56 (1.05, 2.31)), TCGA-
CESC (N=171, p=0.02, HR=3.26 (1.28, 8.29)), TCGA-KIRP (N=177, p=0.02, HR=2.84 (1.20, 6.68)), TCGA-KIPAN
(N=319, p=0.01, HR=1.97 (1.14, 3.40)), TCGA-LIHC (N=294, p=0.01, HR=1.47 (1.09, 1.97)), TCGA-PCPG (N=152,
p=0.04, HR=50.67 (0.96, 2681.23)), TCGA-ACC (N=44, p=0.02, HR=2.82 (1.11, 7.12)) and TCGA-MESO (N=14,
p=0.04, HR=116.45 (0.97, 13989.59)). Three cancers with low CCT8 expression had a poor DFI: (TCGA-STAD (N=232,
p=0.03, HR=0.56 (0.34, 0.94)), TCGA-LGG (N=126, p=0.04, HR=0.26 (0.07, 0.95)) and TCGA-GBMLGG (N=127,
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Figure 2 CCT8 expression affected tumor survival. (A and B) Sangerbox was used to evaluate the associations between CCT8 and survival (DFI (A) and PFI (B)). (C and
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p=0.04, HR=0.26 (0.07, 0.96)). We also found that eight cancers with high CCT8 expression had a poor PFI: (TCGA-
GBMLGG (p=1.2¢-5, HR=1.88 (1.42, 2.49)), TCGA-CESC (p=0.01, HR=2.06 (1.19, 3.56)), TCGA-BRCA (p=0.04,
HR=1.38 (1.02, 1.88)), TCGA-KIRP (p=2.2¢-3, HR=2.53 (1.41, 4.54)), TCGA-HNSC (p=0.04, HR=1.39 (1.01, 1.92)),
TCGA-LIHC (p=3.9¢-4, HR=1.60 (1.23, 2.07)), TCGA-UVM (p=0.01, HR=3.25 (1.34, 7.85)) and TCGA-ACC (p=3.3¢-

https:

2302

Dove!

Journal of Inflammation Research 2023:16


https://www.dovepress.com
https://www.dovepress.com

Dove Gong et al

4, HR=2.44 (1.49, 4.01)). Furthermore, KIRC with low CCT8 expression had a poor PFI (TCGA-KIRC (N=508, p=0.03,
HR=0.71 (0.52, 0.96))). Sangerbox was used to analyze the impact of CCT8 on overall survival (OS) and disease-specific
survival (DSS) (Supplementary Figure 2A and B). The result showed that eight cancers with high CCT8 expression and

one cancers with low CCT8 expression had poor OS. It was also found that eleven cancers with high CCT8 expression
and one cancer with low CCT8 expression had poor DSS.

We further used GEPIA to perform OS or disease-free survival (DFS) analysis based on CCT8 expression. It was found
that high CCT8 expression in adrenocortical carcinoma (ACC) and LIHC was associated with shorter DFS, while KIRC
showed the opposite trend (Figure 2C). High CCT8 expression in ACC, BRCA, LIHC, LUAD and uveal melanoma (UVM)
predicated shorter OS, while high CCT8 expression in KIRC was associated with longer OS (Figure 2D). Gepia was used to
generate CCT8 expression plots on the basis of patient pathological stage, which suggested that CCT8 expression levels in
ESCA, LIHC and LUAD were higher in the middle and late stages than in the early stage, while CCT8 expression levels in
TGCT were higher in the early stage than in the middle and late stage (Supplementary Figure 2C).

Promoter Methylation and Genetic Alteration Analysis
ULCAN was used to explore the promoter region methylation of CCTS. It was found that the promoter methylation level of
CCTS8 in BLCA, COAD, HNSC, KIRP, LIHC, LUAD, PRAD, THCA and UCEC was lower than that in adjacent tissues,
while the CCT8 promoter region had higher levels of methylation in sarcoma (SARC) (Figure 3A). The most common
function of DNA methylation is to inactivate transcription,” suggesting that the reduced levels of methylation in the
promoter region of CCT8 might be a main cause of the up-regulation of CCT8 in cancers. We further used MethSurv to
analyze the effect of CCT8 methylation on survival prognosis in various cancers. The results suggested that cg23817292
was the most common single CpG methylation of CCTS in 25 cancers (Supplementary Figure 3). Survival analysis showed
that high methylation level of CCTS at cg23817292 site was significantly associated with better prognosis in BLCA, LUSC,
STAD, CESC and ESCA. However, it was associated with worse prognosis in SARC and LIHC (Figure 3B).

CCT8 genetic alteration analysis in TCGA cancers was conducted using cBioPortal (Figure 4A). CCT8 genetic

alteration was found in esophagogastric adenocarcinoma, ocular melanoma, endometrial carcinoma, sarcoma, cervical
adenocarcinoma, bladder urothelial carcinoma, melanoma, invasive breast carcinoma, ovarian epithelial tumor, non-small
-cell lung cancer, esophageal squamous cell carcinoma, prostate adenocarcinoma, cervical squamous cell carcinoma,
renal clear cell carcinoma, pancreatic adenocarcinoma, colorectal adenocarcinoma leukemia, diffuse glioma, hepatocel-
lular carcinoma and head and neck squamous cell carcinoma. The genetic alteration frequency of esophagogastric
adenocarcinoma was the highest (approximately 2.5%), and the main types of genetic alteration were mutation and
deep deletion. Analysis of the effect of mutations on prognosis indicated that the LUAD-altered group had a good
prognosis, while the BRCA-altered and PRAD-altered groups had a poor prognosis (Supplementary Figure 4).

Sangerbox was used to analyze the effect of SNV on CCT8 expression. We found that CCT8 expression in the mutant
group was higher than that in the wild-type group in STES and STAD (Figure 4B). We further analyzed the influence of
CNV on CCTS8 expression (Figure 4C). It was found that gain group with the highest CCT8 expression and loss group
with the lowest CCT8 expression in CESC, LUAD, COAD, READ, BRCA, SARC, STAD, LUSC, OV, and BLCA.CCT8
expression was lower in the gain group than in the neutral group in CESC, LUAD, COAD, READ, BRCA, SARC,
STAD, LUSC, OV and BLCA.

Molecular Subtype and Immune Subtype

TISIDB showed significant differences in CCT8 expression among different molecular subtypes in multiple tumors,
including BRCA, ESCA, HNSC, KIRP, brain lower-grade glioma (LGG), LIHC, LUSC, OV, PRAD, SKCM, STAD and
UCEC (Figure 5 and Supplementary Figure 5). There were significant differences in CCT8 expression among the six
immune subtypes of various cancers, including BLCA, BRCA, COAD, HNSC, KIRC, KIRP, LGG, LIHC, LUAD,
LUSC, PAAD, PRAD, READ, SARC, STAD and UCEC (Supplementary Figure 6). CCT8 was lowly expressed in the
C3 subtype with the best prognosis in most tumors, which indicates that CCT8 might affect the immune infiltration of

cancers.
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Figure 3 The promoter methylation of CCT8. (A) The promoter region methylation of CCT8 in cancer and paracancerous tissues was analyzed using ULCAN. (B) Survival
curve of CCT8 methylation at cg23817292 site in various tumors. The Wilcoxon test and LR test was used for the above analysis (*p < 0.05; **p < 0.01; ***p < 0.001;
kD < 0.001).

P

Immune Infiltration, Immunotherapy and CCT8-Associated Drugs

The immune infiltration analysis using ESTIMATE showed that CCT8 expression was negatively correlated with the
ImmuneScore, StromalScore and ESTIMATEScore in most cancers. We observed that CCTS8 expression was significantly
correlated with immune infiltration in 24 cancers, of which 21 were significantly negatively correlated. CCT8 had
correlations of <-0.3 with ImmuneScore in STES, SARC, SKCM-M, SKCM-P and AC (Figure 6A); <-0.3 with
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Figure 4 The genetic alteration of CCT8. (A) The CCT8 genetic alteration analysis in TCGA cancers was conducted by cBioPortal. The color represented the type of
genetic alteration. The abscissa represented the different tumor types, and the ordinate represented the alteration frequency. (B and C) Sangerbox was used to analyze the
effect of SNV (B) and CNV (C) on the CCT8 expression. In Figure (B), Orange represented WT and blue represented Mut. In Figure (C), Orange, blue, and green
represented Neutral, Loss, Gain, respectively. In the (B and C) The abscissa represented different tumors, and the ordinate represented the expression level of CCT8. The
Wilcoxon test was used for the above analysis (*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.001).

StromalScore in STES, SARC, STAD, TGCT and ACC (Figure 6B); and <-0.3 with ImmuneScore in SARC, ACC,
SKCM-M and SKCM-P (Figure 6C). Sangerbox analysis showed that CCT8 expression was negatively associated with
the vast majority of immune cells, which is consistent with the ESTIMATE analysis results (Figure 6D). Interestingly,
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Figure 5 CCT8 expression in pan-cancer molecular subtypes. CCT8 expression in molecular subtypes of BRCA, ESCA, HNSC, KIRP, LGG, LIHC, LUSC, OV, PRAD, SKCM,

STAD and UCEC. The abscissa represented various subtypes of different tumors, and the ordinate represented the CCT8 expression. The Kruskal-Wallis test was used for
the above analysis.

CCTS8 was positively associated with the activated CD4 T cells and type 2 T-helper cells. Furthermore, Timer showed that
CCT8 was positively correlated with TH2 in many tumors (Supplementary Figure 7).

We further investigated the association between CCT8 expression and classical immune checkpoints, such as CD274,
PDCDI, CTLA4, PDCDILG2, TIGIT, HAVCR2 and LAG3 (Supplementary Figure 8A). The results show that CCT8
expression was closely related to these immune checkpoints in various cancers. Microsatellite instability (MSI),
neoantigens and tumor mutation burden (TMB) could indirectly predict the efficacy of immunotherapy. It was found
that CCT8 expression was positively correlated with MSI in UCEC, LIHC, SARC, STAD, KIRC, HNSC and GBM, and
negatively associated in PRAD (Supplementary Figure 8B). CCT8 expression was positively correlated with neoantigens
in UCEC and STAD, and positively associated with TMB in UCEC, CESC, COAD, STAD, CHOL and HNSC
(Supplementary Figure 8C and D). TISMO showed that CCT8 could predict immunotherapy response in two mouse
immunotherapy cohorts and five tumor cell lines (Figure 7A and B).* The results of CMap analysis showed that
Tacrolimus and iloprost were significantly enriched in most cancers and positively correlated with CCT8 (Figure 7C).
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Figure 6 The correlation between CCT8 expression and immune infiltration. (A—C) The ESTIMATE analysis showed the correlation of CCT8 expression with
ESTIMATEScore (A), StromalScore (B) and ImmuneScore (C) by ESTIMATE. The abscissa represented the CCT8 expression, and the ordinate represented the
ESTIMATEScore, stromalscore and immunescore, respectively. (D) Sangerbox revealed the correlation between CCT8 expression and immune cells. The red and purple
represented positive and negative correlations, respectively. Pearson correlation analysis was used for the above analysis (*p < 0.05; **p < 0.01; **p < 0.001).
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Figure 7 Immunotherapy sensitivity and associated drugs of CCT8. (A and B) TISMO showed the capability of CCT8 expression to predict immunotherapy response in
mouse immunotherapy cohorts (A) and tumor cell lines (B). (C) Heatmap showing the enrichment fraction of different compounds in each cancer (positive in blue, negative
in red). Components or drugs are listed from right to left in descending order of the number of enriched cancers. *p < 0.05; **p < 0.01; ***p < 0.001.

However, CCT8 is inversely correlated with cephaleline, irinotecan, phenoxybenzamine, trifluoperazine, thioridazine and
trichostatin.A in the vast majority of various malignant tumors.

Enrichment Analysis of CCT8-Related Genes and CCT8 Functional Verification

We screened out CCT8-related genes through GEPIA and STRING for enrichment analysis to clarify the molecular
mechanism of CCT8 in tumor initiation and progression. Firstly, the top 100 genes with a similar expression pattern to
CCTS in all the TCGA cancers were screened out by GEPIA, among which MIS18A, MRPL39, TCP1, MSH2, RRP1B
and CDC25A were the most relevant (Figure 8A). We used STRING to obtain 48 genes that were experimentally verified
to physically bind to CCTS8 (Figure 8B). The Venn diagram shows there were a total of 143 genes and 5 common genes in
the above two gene sets, including PDCL3, TCP1, CCT3, TRIM28 and CCT7 (Figure 8C). Go and KEGG enrichment
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analysis were conducted for these 143 genes. The top three GO _BPs with the largest number of enriched genes were the
regulation of DNA metabolic process, RNA localization and nuclear transport (Figure 8D). The top three GO_MFs were
the regulation of DNA metabolic process, chromosomal region and RNA localization (Figure 8E). The top three
GO_CCs were chromosomal region, nuclear chromatin and chromosomes and centromeric region (Figure 8F). The top
three KEGG signaling pathways were the mRNA surveillance pathway, cell cycle and RNA transport (Figure 8G). Thus,
we inferred that CCT8 plays a vital role in the cell cycle and RNA transport of cancers.

According to the above results, most cancers with highly expressed CCTS8 have a poor prognosis, such as COAD,
LUAD, UCEC, HNSC and LIHC. It had been demonstrated that CCT8 is highly expressed in many cancers and promotes
malignant phenotypes.” >** We experimentally confirmed that the proliferation and migration of lung adenocarcinoma
cells were significantly reduced after knockdown of CCTS8 (Figure 9A-E), suggesting that CCT8 plays a role in
promoting cancer in lung adenocarcinoma.

Discussion

Emerging evidence suggests that CCT8 promotes the proliferation and migration of colon cancer, pancreatic cancer,
esophageal cancer, glioma and liver cancer, and that its expression is negatively correlated with prognosis.”>* The
bioinformatics analysis and pan-cancer analysis based on public cancer datasets and repositories can help us further
understand the influence of molecules on tumor occurrence and progression,>® however the pan-cancer analysis of
CCTS8 had not been reported. Thus, we analyzed the gene expression, survival, methylation, genetic alteration and
immune infiltration of CCT8 in a pan-cancer manner. We performed GO and KEGG analysis on CCT8-related genes and
in vitro cell experiments to explore the potential role of CCTS in cancer.

Our study revealed that CCT8 was highly expressed in most malignant tumors. The Cox proportional hazards
regression mode and KM analysis suggested that high expression of CCT8 in a variety of cancers was negatively
correlated with prognosis, which indicated that CCT8 was a good potential prognostic biomarker candidate for various
cancers. It has been reported that methylation and genetic alteration in the promoter region could regulate gene
expression.”>?”*® Thus, our study investigated the promoter methylation and genetic alteration of CCT8 to explore the
mechanisms behind significantly varying CCT8 expression. The results showed that the promoter region’s methylation
levels of CCT8 in BLCA, COAD, HNSC, KIRP, LIHC, LUAD, PRAD, THCA and UCEC were lower than in adjacent
tissues, and CCT8 mRNA expression was increased in the above nine cancers. Previous studies had shown that the most
common function of DNA methylation was to inactivate transcription,” suggesting that the reduced methylation levels in
the promoter region of CCT8 might be an important cause of the up-regulation of CCT8 in cancers. cg23817292 was the
most common single CpG methylation of CCT8. Cbioportal and Sangerbox were utilized to explore the effect of genetic
alteration on CCT8 expression. It was found that the gain and loss groups in CNV promoted and inhibited gene
expression, respectively, which suggested that CNV might be an important factor in regulating CCT8 expression.

TISIDB analysis showed that CCT8 expression affected the molecular subtype of cancers. Vésteinn et al conducted
an immunogenicity analysis of 33 cancers in TCGA with over 10,000 tumor samples, dividing all non-hematological
tumors into six immune subtypes, among which C3 had the best prognosis.*’ TISIDB showed that there were significant
differences in CCT8 expression among the different molecular subtypes and immune subtypes in multiple tumors. It was
found that CCT8 had the lowest expression in the C3 subtype with the best prognosis in most tumors, indicating that
CCTS8 might affect the immune infiltration of cancers. ESTIMATE estimated the ratio of immune matrix components for
each sample, and presented in the form of ImmuneScore, StromalScore and ESTIMATEScore, which were positively
correlated with the immune component, matrix component and the sum of the two.>**' The outcomes indicated that
CCT8 expression was negatively associated with immune infiltration and most immune cells in the vast majority of
cancers according to Sangerbox analysis. Interestingly, CCT8 was positively associated with the activated CD4 T cells
and type 2 T-helper cells. Furthermore, it was found that CCT8 was positively correlated with TH2 cells in almost all
cancers, according to Timer 2.0.

Bergithe’s studies had shown that Th2 cell polarization and T-cell metabolism are dependent on CCT8 expression,*>
but no research has reported the effect of CCT8 on tumor-infiltrating lymphocytes (TILs). Our study firstly demonstrated
that CCT8 expression was positively correlated with CD4+ Th2 cell infiltration in the vast majority of TCGA cancers.
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TH1 and TH2 are the two main types of CD4+ T cells. TH1 polarization depends on IL-12 and IFN-y cytokines, and TH2
polarization depends on IL-4.%* In general, the THI/TH2 balance plays a vital role in regulating tumor immune response,
and an alteration beneficial for THI1 response brings about TH2 response dissipation and vice versa, separately leading to
either anti- or pro-tumorigenic outcomes.>* >’ Takashima’s research revealed that a low TH2 was associated with better
OS in glioblastoma multiforme via analyzing TCGA data.’® Researches had showed that T2 cells and T2-released
cytokines elevated in many cancers.'***! It has been illustrated that maintaining a TH1-high/TH2-low balance is
paramount in achieving a good prognosis for cancers. Our research might provide a new biomarker for forecasting
immunotherapy response. The development of new strategies targeting CCT8 might benefit to correct Th1/Th2 imbal-
ance and improve prognosis in patients with high CCT8 expression. We screened many CCT8-related anticancer
inhibitors by CMap analysis, including irinotecan, a cytotoxic drug that has been widely used in the treatment of
metastatic or advanced solid tumors.

To explore the molecular mechanism of CCT8 in regulating tumorigenesis and development in cancer, we obtained
143 molecules that had similar expression patterns or were physically bound to CCT8 through GEPIA and STRING, and
then carried out GO and KEGG analysis, which showed that CCT8 plays a vital role in the cell cycle and RNA transport
of cancers. Based on the above results, CCTS8 is highly expressed in most malignant tumors, such as COAD, LUAD,
UCEC, HNSC and liver cancer, and negatively correlated with prognosis. It has been demonstrated that CCT8 is highly
expressed in many cancers and promotes malignant phenotypes.>*>**?° However, there has been no study exploring the
role of CCTS8 in lung adenocarcinoma. We experimentally confirmed that the proliferation and migration of lung
adenocarcinoma cells were significantly reduced after knockdown of CCTS, suggesting that CCT8 played a role in
promoting cancer in lung adenocarcinoma.

Although we performed a comprehensive and systematic analysis of CCT8 and cross-validated it using different
databases and experiments, there are some limitations in our study. Our study verified that CCT8 promoted tumorigenesis
and development only in LUAD, and the role of CCTS in other tumors still needed to be explored. Although our results
suggested that CCT8 expression was closely associated with immune infiltration and poor prognosis of cancers, it was
short of direct evidence that high CCTS lead to poor prognosis by immune infiltration. Although we identified potential
drugs associated with CCT8 through CMAP analysis, more experiments were still needed to further explore the evidence
of direct interaction between CCT8 and these components. Therefore, in the future, we will supplement experiments to
verify the effect of CCT8 on immune infiltration and immunotherapy, and explore the mechanism of CCT8 participating
in immune regulation.

Conclusion

In conclusion, our study firstly and comprehensively analyzed CCT8 in a pan-cancer manner. The results indicate that
CCT8 is highly expressed in most cancers, correlates with poor prognosis and promotes the proliferation and migration
of cancers. The results also suggest that CCT8 might be a biomarker of CD4+ Th2 cell infiltration and a promising
therapeutic target for Th1/Th2 imbalance.
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