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Yin-Yang 1 (YY1) has a crucial function in the development of several malignancies, according to recent research. However,
nothing is known about its aberrant expression and prognostic significance in human pan-cancer. We first explored the
potential carcinogenic effect of YY1 in 33 cancers using the cancer genome atlas (TCGA) project and gene expression omnibus
(GEO) datasets in this research. Then, we contained a variety of elements, for instance, gene expression, the state of survival,
gene alterations, protein phosphorylation, immune infiltration, and related cellular pathways, and used a series of
bioinformatics methods to investigate the underlying molecular mechanism of YY1 in the etiology or clinical prognosis of
various malignancies. In most malignancies, YY1 was expressed at high levels, and the level of YY1 expression was statistically
associated with the prognosis of tumor patients. The S118 site of YY1 implied higher phosphorylation expression in breast
cancer, colon cancer, uterine corpus endometrial carcinoma (UCEC), and lung adenocarcinoma (LUAD) tumor tissues, but
lower phosphorylation levels in ovarian cancer and clear cell carcinoma tumor tissues. For S247, higher phosphorylation levels
were found in colon cancer, UCEC, and LUAD tumor tissue, and lower phosphorylation expression was found in clear cell
carcinoma tumor tissue. In TCGA database, YY1 expression in BRCA, BRCA-LumA, BRCA-LumB, CESC, CHOL, COAD,
ESCA, HNSC, HNSC-HPV-, KIRP, LGG, LIHC, and PAAD tumor tissues was a statistically significant positive connection of
the estimated infiltration value of cancer-associated fibroblasts but a negative correlation in TGCT. In addition, the functional
mechanism of YY1 also involves viral carcinogenesis and ribonucleic acid (RNA) metabolism related functions. Our first pan-
cancer analysis offers a pretty comprehensive knowledge of YY1’s oncogenic involvement in various cancers.

1. Introduction

Cancer is a leading cause of death and major obstacle affect-
ing the quality of life in every country globally, and to date,
the clinical outcome for most cancer patients remains poor
[1, 2]. Lung, pancreas, and liver malignancies are the leading
causes of cancer-related death worldwide [3-6]. The process
of tumor genesis and development is extremely complex.
Many genes could have a role in the occurrence of a certain
cancer, and a certain gene may also have a role in the occur-
rence of various cancers. Therefore, it is critical to examine
any significant genes’ pan-cancer expression and to assess
their relationship to clinical prognosis and probable molecu-
lar processes. In the research, we used high-throughput bio-

informatics analysis to obtain data from the GEO database
and the TCGA project for pan-cancer analysis [7-9].

The zinc finger transcription factor YY1 belongs to the
Gli-Kruppel family [10]. YY1 expression is highly conserved
from Xenopus to humans and regulates various downstream
biological processes, such as cell proliferation, migration,
cycle, and differentiation [11]. In tumor cells, YY1 plays a
role in tumor angiogenesis by promoting hypoxia inducible
factor 1 (HIF1)-dependent expression and vascular endothe-
lial growth factor (VEGF) production [12-14], whereas the
function of endothelium-specific YY1 in vascular develop-
ment and angiogenesis is still unclear. Current researches
have found that YY1 performs a cancer-promoting effect
in breast [15], colon [16], stomach [17], and prostate cancer
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[18]. However, there is presently no indication of a pan-
cancer connection between YY1 and many types of cancers
based on extensive clinical data.

In this study, we aimed to aberrant expression of YY1
and its prognostic significance in human pan-cancer. For
the pan-carcinogenesis investigation of YY1, we were the
first to use the TCGA project and the GEO database. To
inquire into the possible molecular processes of YY1 in the
etiology or clinical prognosis of various malignancies, we
considered a number of parameters such as gene expression,
status of survival, gene alterations, protein phosphorylation,
immunological infiltration, and associated cell pathways.
Our findings suggested YY1 as a novel prognostic biomarker
for many tumors and an immune therapy response indicator
in most cancer types. Moreover, it may serve as a potential
target for cancer therapy.

2. Materials and Methods

2.1. Analysis of Gene Expression. We used the website
(http://timer.comp-genomics.org/) to analyze the expression
differential of YY1 among cancer tissues in different tumors
with nearby normal tissues in TCGA project. In the TCGA
project, some neoplasms, including ACC and DLBC, do
not have corresponding normal tissues. Therefore, we com-
bined TCGA with GTEx database for analysis. Enter the
website (http://gepia2.cancer-pku.cn/#analysis) to enter
GEPIA2 [19], and type YY1 into the “Box Plot” gene search
bar under the “Exploration Analysis” module to retrieve the
gene. Set P value cutoft=0.01, log2FC (fold change) cut-
off=1, and “Match TCGA normal and GTEx data.” Further-
more, it is necessary to enter YY1 into the “Pathological
Stage Plot” gene search bar under the “Exploration Analysis”
module of GEPIA2 for retrieval. It was possible to create a
violin diagram of YY1 expression in all TCGA tumors at
various clinical phases (stage I, stage II, stage III, and stage
IV). Set “log2(TPM+1) for log-scale” and select “Yes.”

Input website (http://ualcan.path.uab.edu/analysis-prot
.html) into UALCAN; the site was a web tool used to analyze
the cancer omics data, and we can use it to analyze protein
expression in the CPTAC [20]. Enter “YY1” in the search
box to search for the total protein or phosphorylated protein
expression level among primary cancer and normal tissues.
The CPTAC dataset contained data on six types of tumors,
namely, LUAD, UCEGC, colon cancer, breast cancer, ovarian
cancer, and clear cell RCC.

Enter the website (https://www.proteinatlas.org/) into
the Human Protein Atlas (HPA) database [21-23]; it is com-
mitted to providing all 24, 000 kinds of tissue and cell distri-
bution data of human proteins. Enter “YY1” in the search
box to search, and the RNA and protein expression of YY1
in various cancer cell lines, pathological tissues, and normal
human tissues can be obtained.

2.2. Analysis of the Prognosis for Survival. Enter the website
to enter GEPIA2, under “Survival Analysis” in the “Explora-
tion Analysis” module, and click on “Survival Map.” YY1
was entered into the gene search bar to retrieve the OS and
DFS data of YY1 in every TCGA cancers. The expression
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thresholds for separating the high-expression and low-
expression cohorts were cutoff high (50%) and cutoft low
(50%) values. The statistically significant tumors were then
further visualized with survival maps.

The mRNA expression level and patients’ clinical infor-
mation of 414 BLCA tissues and 19 normal tissues, 539
KIRC tissues and 72 normal tissues, and 86 MESO tissues
and 379 OV tissues were gotten from the TCGA database
(https://portal.gdc.cancer.gov/). Clinical information about
patients with BLCA included TNM stage, pathological stage,
radiation therapy, gender, race, age, weight, height, BMI, his-
tologic grade, subtype, lymphovascular invasion, smoking,
survival time, and state of death. Clinical information of
patients with KIRC includes TNM stage, pathological stage,
gender, race, age, histologic grade, laterality, serum calcium,
hemoglobin, survival time, and state of death. Clinical infor-
mation of patients with MESO includes TNM stage, patho-
logical stage, radiation therapy, gender, race, age, history
asbestos exposure, laterality, time of survival, and state of
death. Clinical information for patients with OV included
FIGO stage, race, age, histologic grade, anatomic neoplasm
subdivision, venous invasion, lymphatic invasion, tumor
residual, tumor status, time of survival, and state of death.
Univariate and multivariate Cox analyses were used to eval-
uate the relationship between YY1 gene and prognosis of
patients, and the results were shown in tables and forest
maps. The median expression value of YY1 was considered
to be the cutoff value.

2.3. Analysis of Genetic Alteration. Input website (https://
www.cbioportal.org/) into cBioPortal, under “TCGA Pan
Cancer Atlas Studies” in the “Query” module, click on
“Query by Gene”, and enter YY1 in the gene search bar to
retrieve the genetic variation characteristics of YY1 [24,
25]. You may see the mutation frequency, mutation site,
and copy number change of genes in all TCGA tumors by
going to the “Cancer Types Summary” section. If you go to
the “Mutations” module, you can see the YY1 mutation site
information, and then, click “View 3D Structure”; you can
display the 3D structure diagram of YY1 gene. Then, we
used the “Comparison/Survival” module to produce
Kaplan-Meier plots and gather data on total OS, DEFS,
progression-free survival (PFS), and DSS differences of
TCGA cancer cases with and without YY1 mutation.

Return to the home page of cBioPortal, input all tumor
names of TCGA in the search bar under “Query” module,
select the data from the “TCGA Pan Cancer Atlas” project,
click “Query by Gene,” and input YY1 in the gene search
bar for search. The effect of YY1 mutation on expression
in all TCGA tumors could be observed by clicking the
“mRNA vs mut type” under the “Plots” module.

Enter the website (http://www.mutarget.com/) to access
the muTarget database [26]. Enter the “Genotype” and “Tar-
get” module, respectively, all tumor types were selected, and
the rest were set as default Settings. YY1 was input in the
gene search bar for retrieval, and it could be observed which
gene expression was affected by the mutation of YY1 in dif-
ferent tumors and which gene mutation had an impact on
the expression of YY1 in different tumors.
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2.4. Immune Infiltration Analysis. Input website (http://
timer.comp-genomics.org/) into the TIMER?2, enter YY1 in
the “Gene Expression” functional bar under the “Immune”
module, and select “Cancer associated fibroblast” in the
functional bar of “Immune Infiltrates” for search, to observe
and analyze the association among the expression of YY1 in
various tumors of TCGA project and immune infiltration.
Immune infiltration was estimated using the XCELL,
MCPCOUNTER, and EPIC methods. Purity adjustment
Spearman’s rank correlation test was utilized to determine
the P values and partial correlation (COR) values. Heat maps
and scatter maps are used to illustrate the data.

The high-throughput sequencing RNA data [fragments
per kilobase per million (FPKM) format] of 510 THCA tis-
sues and 58 normal tissues, 414 BLCA tissues and 19 normal
tissues, 539 KIRC tissues and 72 normal tissues, 379 OV tis-
sues, 79 ACC tissues, 1109 BRCA tissues and 113 normal tis-
sues, 306 CESC tissues and 3 normal tissues, 289 KIRP
tissues and 32 normal tissues, 36 CHOL tissues and 9 nor-
mal tissues, 480 COAD tissues and 41 normal tissues, 48
DLBC tissues, 162 ESCA tissues and 11 normal tissues, 169
GBM tissues and 5 normal tissues, 502 HNSC tissues and
44 normal tissues, 62 kidney chromophobe (KICH) tissues
and 24 normal tissues, 151 LAML tissues, 529 LGG tissues,
374 LIHC tissues and 50 normal tissues, 535 LUAD tissues
and 59 normal tissues, 502 LUSC tissues and 49 normal tis-
sues, 86 MESO tissues, 178 PAAD tissues and 4 normal tis-
sues, 183 pheochromocytoma and paraganglioma (PCPG)
tissues and 3 normal tissues, 499 prostate adenocarcinoma
(PRAD) tissues and 52 normal tissues, 167 rectum adenocar-
cinoma (READ) tissues and 10 normal tissues, 263 sarcoma
(SARC) tissues and 2 normal tissues, 471 SKCM tissues and
1 normal tissues, 375 STAD tissues and 32 normal tissues,
183 TGCT tissues, 119 THYM tissues and 2 normal tissues,
552 UCEC tissues and 35 normal tissues, 56 uterine carcino-
sarcoma (UCS) tissues, 80 uveal melanoma (UVM) tissues,
329 oral squamous cell carcinomas (OSCC) tissues and 32
normal tissues, 80 esophageal adenocarcinoma (ESAD) tis-
sues and 10 normal tissues, 82 esophageal squamous cell car-
cinoma (ESCC) tissues, and 1 normal tissue were gotten
from the TCGA database (https://portal.gdc.cancer.gov/).
First, we used the single sample GSEA method from the R
package “GSVA” [27] to present infiltration enrichment of
24 common immune cells, including DCs, immature DCs
(iDCs), activated DCs (aDCs), plasmacytoid DCs (pDCs),
T cells, T helper (Th) cells, type 1 Th cells (Th1), Th2, type
17 Th cells (Th17), regulatory T cells (Treg), T gamma delta
(Tgd), Tem, T effector memory (Tem), T follicular helper
(Tth), CD8" T cells, B cells, neutrophils, macrophages, cyto-
toxic cells, mast cells, eosinophils, NK cells, NK 56 cells, and
NK 56" cells. Next, the association between YY1 expression
and immune cell infiltration was evaluated by Spearman’s
analysis. The results are presented in tables and lollipop
charts.

2.5. Analysis of YYI1-Related Gene Enrichment. Enter the
URL (https://string-db.org/) to enter the STRING website,
enter YY1 in the “Protein Name” function bar, and select
“Homo sapiens” in the “Organism” function bar to search

for it. Then, set the following conditions in the settings
options: minimum required interaction score [“Low confi-
dence (0.150)”], meaning of network edges (“evidence”),
max number of interactors to show (“no more than 50 inter-
actors” in 1st shell), and active interaction sources (“experi-
ments”) submit the result to get YY1-binding protein.

We used GEPIA2 to find the first 100 target genes linked
to YY1. Subsequently, several genes were selected from the
100 target genes, and using the “Correlation Analysis” func-
tion of GEPIA2, Pearson correlation analysis was done
between YY1 and the chosen genes. For the dot plot, the
log2 TPM was used. The correlation coefficient (R) and the
P value were shown. Finally, a heat map of the selected genes
was created using the TIMER2 website’s “Gene_Corr”
feature.

Input  website  (http://bioinformatics.psb.ugent.be/
webtools/Venn/) into the VENN website, and combine the
YYl1-related proteins and the first 100 target genes linked
to YY1 cross analysis [28]. In addition, we conducted KEGG
pathway analysis and GO enrichment analysis by combining
the two sets of data. In short, we upload the list of genes to
DAVID, and set the selected identifier (“OFFICIAL_
GENE_SYMBOL”) and species (“Homo sapiens”) to get
the functional annotation table data. The “clusterProfiler”
and “ggplot2” R package was then used to visualize the
enriched pathways [29].

According to the median value of YY1 expression in dif-
ferent tumor samples in the collected TCGA dataset, the
gene expression data were divided into high-expression
group and low-expression group. GSEA analysis software
[30] was used to analyze the signal pathway enrichment of
YY1 using the c2.cp.v7.2.symbols.gmt dataset of molecular
signature database (MsigD) as the functional gene set. Take
the absolute value of NES>2.0, P value <0.05; FDR ¢ value
<0.25 was used to screen the enrichment results of YY1 sin-
gle gene.

2.6. Statistical Analyses. All statistical analyses were con-
ducted using R (version 3.6.0). P < 0.05 was considered sta-
tistically significant.

3. Results

3.1. Analysis Data of Gene Expression. The goal of this
research was to investigate the carcinogenic effect of human
YY1 (mRNA localization at NM_003403.5, protein localiza-
tion at NP_003394.1). The TCGA database was utilized to
evaluate the expression of YY1 in various kinds of tumors
using tumor immune estimation resource, version 2
(TIMER?2). As shown in Figure 1(a), the expression levels
of YY1 in the tumor tissues of bladder urothelial carcinoma
(BLCA), BRCA, CHOL, ESCA, HNSC, LIHC, LUAD, lung
squamous cell carcinoma (LUSC), stomach adenocarcinoma
(STAD) (P <0.001), COAD (P <0.01), CESC, and glioblas-
toma multiforme (GBM) (P <0.05) were higher than the
corresponding control tissues.

We evaluated the difference in YY1 expression among
normal and tumor tissues of lymphoid neoplasm diffuse
large B-cell lymphoma (DLBC) and thymoma (THYM)
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FIGURE 1: YY1 gene expression levels in various tumors and pathological stages. (a) The expression level of YY1 gene in various
malignancies was investigated by TCGA dataset. (b) The matching normal tissues from the GTEx database were employed as controls
for the types of DLBC, THYM, ACC, LAML, LGG, and OV in the TCGA project. The data for the box plot was provided. (c) We
compared the expression levels of total YY1 protein among normal tissues and primary tissues of breast cancer, ovarian cancer, colon
cancer, clear cell RCC, UCEC, and LUAD based on the CPTAC dataset. (d) According to TCGA dataset, the degree of expressiveness of
YY1 gene was analyzed according to the major pathological stages (stage I, II, III, and IV) of KIRC, LIHC, OV, and SKCM. Log-scale
uses Log2 (TPM+1). P < 0.05; **P < 0.01; and * %P < 0.001.
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FIGURE 2: YY1 is highly expressed in many types of tumors. Immunohistochemistry was performed with rabbit polyclonal antibody

HPA001119 (Sigma Aldrich).

using normal tissues from the genotype-tissue expression
(GTEx) dataset as controls (Figure 1(b), P < 0.01). Nonethe-
less, the data did not differ significantly for other tumors,
such as adrenocortical carcinoma (ACC), acute myeloid leu-
kemia (LAML), LGG, or ovarian serous cystadenocarcinoma
(OV).

When compared to normal tissues, YY1 total protein
expression was higher in the primary tissues of breast, ovar-
ian, colon, and lung adenocarcinoma and lower in the pri-
mary tissues of clear cell renal cell carcinoma (clear cell
RCC) and UCEC (Figure 1(c), P < 0.001).

Then, we utilized gene expression profiling interactive
analysis, Version 2 (GEPIA2)’s pathological staging map-
ping module to investigate the association among YY1
expression and cancer pathological staging, and the results
showed statistical significance in kidney renal clear cell car-
cinoma (KIRC), LIHC, OV, and skin cutaneous melanoma
(SKCM) (Figure 1(d), all P <0.05), but no statistical signifi-
cance in other cancers.

Subsequently, we used HPA database to analyze the
RNA and protein expressions of YY1 in various cancer cell
lines, pathological tissues, and normal human tissues. As
shown in supplementary Figure S1, at the RNA level, YY1
is highest in bone marrow, followed by the thymus and
liver. At the protein level, YY1 was highly expressed in
urinary bladder, testis, ovary, and placenta tissues
(Supplementary Figure S2). Among various cancer cell
lines, U-698 and MOLT-4 cell lines ranked first and

second in YY1 expression levels, which were lymphoid
derived malignancies, followed by HL-60 and THP-1 cell
lines, which were bone marrow derived (Supplementary
Figure S3). Among various human cancer tissues, protein
expression of YY1 was highest in head and neck tumors,
followed by breast cancer (Supplementary Figure S4).
Finally, immunohistochemical analysis showed higher YY1
levels in significant proportions of breast cancer, colorectal
cancer, and lymphoma (Figure 2).

3.2. Survival Analysis Data. Tumor cases were separated into
high-expression and low-expression groups based on YY1
expression levels, and then, the TCGA and GEO datasets
were utilized to investigate the link among YY1 expression
and the prognosis of patients with various malignancies.
As shown in Figure 3(a), low expression of YY1 in the
TCGA database was associated with poor overall survival
(OS) of KIRC (P<0.001). High expression of YY1 was
related with poor prognosis of BLCA (P=0.0027) and
mesothelioma (MESO) (P=0.026) in TCGA patients,
according to disease free survival (DFS) study data
(Figure 3(b)). In addition, low expression of YY1 gene was
linked to poor DFS of KIRC (P=0.0058) and OV
(P =0.035). The results showed that YY1 expression differed
from the prognosis of various cancers.

Univariate Cox analysis showed that high expression of
YY1 was correlated with poor progress free interval (PFI)of
BLCA, while low expression of YY1 was correlated with
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FIGURE 3: Association between YY1 gene expression and tumor survival prognosis in TCGA. By analyzing the YY1 expression of different
cancers in the TCGA using the GEPIA2, we were able to determine the OS (a) and DFS (b). With remarkable results, a survival diagram and

Kaplan-Meier curve were shown.

poor OS and poor disease-specific survival (DSS) of KIRC
and poor PFI of OV (Supplementary Tables S1-S12).
Multivariate Cox analysis showed that YY1 was not an
independent prognostic factor of BLCA, KIRC, MESO, and
OV (Figures 4(a)-4(h)).

3.3. Analysis Data of Genetic Alteration. In the TCGA pro-
jects, we looked at the genetic alteration status of the YY1
gene in various tumor samples. As demonstrated in
Figure 5(a), sufferers with UCEC with “mutation” as the
main form had the greatest YY1 alteration frequency
(>3%). In adrenocortical carcinoma and pheochromocy-
toma/paraganglioma (PCC/PGL) instances, the “amplifica-
tion” type of copy number alteration (CNA) was the only

kind seen, with a frequency of 2.2 percent and 1.69 percent,
respectively (Figure 5(a)). It is important to note that all
cholangiocarcinoma, DLBC, and KIRP cases with genetic
alteration had copy number deletion of YY1 (Figure 5(a)).
Figure 5(b) shows the types, loci, and number of instances
with YY1 genetic mutation. We discovered that the most
common sort of genetic mutation was a YY1 missense muta-
tion, while the D231Rfs*3 and D231Ifs*25 mutations at the
D231 site were detected in 5 cases of UCEC, 1 case of STAD,
1 case of ESCA, 1 case of UCEC, and 1 case of STAD, respec-
tively (Figure 5(b)), which could induce the frame shift
mutation of YY1 gene, translation from Aspartic acid (D)
to Arginine (R) or Isoleucine (I) at YY1 protein 231 and sub-
sequent truncation of YY1 protein, respectively. The 3D
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T stage (T3 & T4 vs.T1 & T2) 539 3.271 (1.016-10.529) — 0.047
N stage (N1 vs. N0) 257 0.786 (0.229-2.699) o 0.702
M stage (M1 vs. M0) 506 5452 (2.721-10.925) | +——=-><0.001
Pathologic stage (Stage IIT & IV vs. Stage [ & II) 536 0.601 (0.157-2.305) re1— 0.458
Age (>60 vs. <=60) 539 1.825 (1.099-3.030)  j-o— 0.02
Histologic grade (G3 & G4 vs. G1 & G2) 531 1.096 (0.614—1.955) o-:o—c 0.757
Laterality (Right vs. Left) 538 1.113 (0.680-1.823) Ho 0.67
Serum calcium (Elevated vs. Normal) 366 0.802 (0.219-2.937) ro—v 0.739
Serum calcium (Low vs. Normal) 366 1.326 (0.752-2.338) He— 0.329
Hemoglobin (Elevated vs. Normal) 459 3.425 (0.419-27.978) ——e—> 0.251
Hemoglobin (Low vs. Normal) 459 1.534 (0.860—-2.737) »E—o—c 0.147
YY1 (High vs. Low) 539 0.810 (0.483-1.360) 1 0.426
0 2 4 6
(d)

Characteristics Total(N)  HR(95% CI) P value

T stage (T3 & T4 vs. T1 & T2) 528 2.182(0.689-6.907) te—i 0.185

N stage (N1 vs. NO) 255 0.776 (0.227-2.656) w— 0.686

M stage (M1 vs. MO)

495 6.719 (3.086-14.630)

—e——<0.001

Pathologic stage (Stage III & IV vs. Stage [ & II) 525 1.708 (0.397-7.343) He—— 0.472
Histologic grade (G3 & G4 vs. G1 & G2) 520 1.097 (0.512-2.351) e 0.812
I
Laterality (Right vs. Left) 527 1.120 (0.609-2.062) by 0.716
Serum calcium (Elevated vs. Normal) 151 1.275(0.357-4.552) p—i 0.708
Serum calcium (Low vs. Normal) 151 1.624 (0.798-3.306) i-—c 0.181
Hemoglobin (Elevate vs. Normal) 189 0.000 (0.000-Inf) o} 0.997
Hemoglobin (Low vs. Normal) 189 1.264 (0.615-2.599) ip 0.524
YY1 (High vs. Low) 528 0.802 (0.412-1.563) D:c 0.518
0 5 10 15
(e)

Characteristics Total(N) HR(95% CI) P value

T stage (T3 & T4 vs.T1 &T2) 537 2.105 (0.783-5.661) l:-o—c 0.14

N stage (N1 vs. NO) 256 0.463 (0.156—1.379) e 0.167

M stage (M1 vs. M0)

504 13.868 (6.173-31.155)

——-e> <0.001

Pathologic stage (Stage III & IV vs. Stage I & II) 534 1.939 (0.596-6.310) He—i 0.272
Gender (Male vs. Female) 537 1.787 (1.009-3.166)  je+ 0.047
Histologic grade (G3 & G4 vs. G1 & G2) 529 1.052 (0.580—-1.907) +‘ 0.868
Laterality (Right vs. Left) 536 0.758 (0.448-1.284) 0.303
Serum calcium (Elevated vs. Normal) 365 0.822 (0.255-2.644) — 0.742
Serum calcium (Low vs. Normal) 365 1.753 (1.001-3.068) io—c 0.049
Hemoglobin (Elevated vs. Normal) 457 0.000 (0.000-Inf) e, 0.996
Hemoglobin (Low vs. Normal) 457 0.801 (0.462-1.389) l:u 0.43

(I) é IIO 1I5

(f)

FiGure 4: Continued.



Journal of Immunology Research

Characteristics Total(N) HR(95% CI) P value
i
FIGO stage (Stage III & IV vs. Stage I & IT) 1.975 (0.621-6.278) jro—| 0.249
|
1
1
Age (>60 vs. <=60) 1178 (0.882-1.574) M 0.266
|
1
Tumor residual (RD vs. NRD) 1.352 (0.839-2.180) H 0.215
i
1
1
Tumor status (With tumor vs. Tumor free) 11.781 (4.314-32.172) | |———=-<0.001
T : T T
0 5 10
Characteristics Total(N) HR(95% CI) P value
T
1
FIGO stage (Stage IIT & IV vs. Stage I & II) 374 1.179 (0.559-2.486) fp 0.665
|
1
|
Tumor residual (RD vs. NRD) 334 1.042 (0.722-1.504) |H 0.825
1
|
Tumor status (With tumor vs. Tumor free) 336 14.004 (6.943-28.245) | p———=—<0.001
1
|
1
YY1(High vs. Low) 377 1.034 (0.797-1.340) ﬂ 0.802
T : T T T
0 5 10 15

FIGURE 4: Relationships between clinicopathologic characteristics and survival outcomes of BLCA, KIRC, and OV patient through
multivariate Cox regression analysis. (a) Relationships between clinicopathologic factors and OS of BLCA patients by the use of
multivariate assays. (b) Relationships between clinicopathologic factors and DSS of BLCA patients by the use of multivariate assays. (c)
Relationships between clinicopathologic factors and PFI of BLCA patients by the use of multivariate assays. (d) Relationships between
clinicopathologic factors and OS of KIRC patients by the use of multivariate assays. (e) Relationships between clinicopathologic factors
and DSS of KIRC patients through by the use of multivariate assays. (f) Relationships between clinicopathologic factors and PFI of KIRC
patients by the use of multivariate assays. (g) Relationships between clinicopathologic factors and OS of OV patients by the use of
multivariate assays. (h) Relationships between clinicopathologic factors and PFI of OV patients through by the use of multivariate assays.

structure of the YY1 protein can be seen (Figure 5(c)). We
also looked at the possibility of a link between a YY1 gene
mutation and clinical survival prognosis in individuals with
various kinds of tumor. The data in Figure 5(d) show that
LUSC patients with YY1 mutation had better overall prog-
nosis (P=0.0271) and progression-free (P =0.0439) sur-
vival, but there was no significant correlation between DFS
(P=0.208) and DSS (P=0.153) compared to individuals
who do not have the YY1 mutation.

We observed the effects of YY1 mutations in different
tumor samples in the TCGA cohort on gene expression.
Due to the small number of tumor samples with YY1 gene
mutation in the database, all data had no statistical signifi-
cance (Supplementary Figure S5). Then, we used muTarget
database to observe which gene expression was affected by
the mutation of YY1 in different tumors and which gene
mutation had an impact on the expression of YY1 in
different tumors. As shown in Figure 6(a), YY1 gene

mutation can affect the expression of ermin (ERMN), dual
specificity phosphatase 8 (DUSP8), proteoglycan 2 (PRG2),
bcl2 modifying factor (BMF), ribonuclease RNase A family
2 (RNASE2) genes in multiple myeloma and prostaglandin
E synthase (PTGES), GLEI RNA export mediator (GLE1),
zinc finger protein 77 (ZNF77), zinc finger protein 445
(ZNF445), and transcription factor 3 (TCF3) genes in
uterine cancer. In cervix cancer, the mutation of glutamate
receptor, metabotropic 7 (GRM7) gene can increase the
expression of YY1 (Figure 6(b)). In head and neck cancer,
the mutation of laminin alpha 5 (LAMAS5) gene can
increase the expression of YY1 (Figure 6(b)). In lung
squamous cell carcinoma, keratin 5 type (IIKRT5) gene
mutation can increase the expression of YY1 (Figure 6(b)).
In sarcoma, the mutation of tubulin gamma complex-
associated protein 5 (TUBGCP5) gene reduced the
expression of YY1 (Figure 6(b)). In melanoma, NADPH
oxidase 3 (NOX3) and RNA 2’,3’-cyclic phosphate and 5-
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FIGURE 5: Mutation characteristics of YY1 in various TCGA cancers. The features of YY1 mutations in TCGA cancers were examined using
the cBioPortal. The frequency of alteration with mutation type (a) and site (b) is shown. The 3D structure of YY1 is displayed (c). We also
utilized the cBioPortal to explore the possible association between mutation status and OS, DSS, DFS, and PES of LUSC (d).

OH ligase (RTCB) mutations reduce YY1 expression
(Figure 6(b)).

3.4. Analysis Data of Protein Phosphorylation. We also ana-
lyzed how phosphorylation levels of YY1 differed among
normal and tumor tissues. The phosphorylation sites of
YY1 and their substantial changes are summarized in
Figure 7(a). Six tumor types (breast cancer, ovarian cancer,
colon cancer, clear cell RCC, UCEC, and LUAD) were stud-
ied based on the clinical proteomic tumor analysis consor-
tium (CPTAC) dataset (Figures 7(b)-7(g)). The S118 site
of YY1 showed higher phosphorylation levels in breast can-
cer, colon cancer, UCEC, and LUAD tumor tissues (all P <
0.05) and showed lower phosphorylation levels in ovarian
and clear cell carcinomas (both P < 0.05). For S247, higher
phosphorylation levels were observed in colon cancer,
UCEC, and LUAD tumors (all P < 0.05), and clear cell carci-
noma showed lower phosphorylation levels in tumor tissues
(P <0.05). This observation provided a deeper molecular
analysis method to further explore the potential function of
YY1 phosphorylation in the occurrence and development
of tumors.

3.5. Immune Infiltration Analysis Data. Tumor-infiltrating
immune cells were intimately linked to the occurrence,
growth, and metastasis of malignancies as an essential com-
ponent of the tumor microenvironment. The activity of a
number of tumor-infiltrating immune cells has been
reported to be regulated by tumor-associated fibroblasts in
the stroma of the tumor microenvironment. We discovered
that YY1 expression in BRCA, BRCA-LumA, BRCA-LumB,
CESC, CHOL, COAD, ESCA, HNSC, HNSC-HPV-, KIRP,
LGG, LIHC, LUAD, and PAAD tumor tissues had a statis-
tically positive correlation with the estimated infiltration
value of cancer-associated fibroblasts in the TCGA data-
base, but had a statistically negative correlation in TGCT
(Figures 8(a) and 8(b)). Figure 8 shows the scatterplot data
of the aforesaid tumors generated using one algorithm.
According to the MCPCOUNTER method, the amount
of YY1 expression in TGCT was negatively associated with
the level of invasion of cancer-related fibroblast (Figures 8(a)
and 8(b), cor = -0.31, P = 1.36e — 04).

We first detected the 24 immune cell types in 36 tumor
types from TCGA database by ssGSEA method and then

investigated the relationship between YY1 and immune cell
infiltration by Spearman’s analysis. We selected 16 types of
cancer data, among which YY1 expression level was most
closely related to a variety of tumor-infiltrating immune
cells. These data were presented in the form of a lollipop
chart (Figure 9). As shown in Figure 9, T central memory
(Tem) is negatively correlated with YY1 expression in
ACC, but significantly positively correlated with YY1
expression in the remaining 15 tumors. Type 2 Th cells
(Th2) cells showed negative correlation with YY1 expression
in thyroid carcinoma (THCA), no correlation with YY1
expression in LUSC, and positive correlation with YY1
expression in the remaining 14 tumors. T helper cells were
not associated with YY1 expression in ACC, LUSC, and
THCA, but positively correlated with YY1 expression in
the remaining 13 tumors. In ACC, YY1 expression was pos-
itively correlated with Th2 cells and eosinophils, but nega-
tively correlated with other immune cells. In LUSC, YY1
expression was positively correlated with Tcm but negatively
correlated with other immune cells. In THCA, YY1 expres-
sion was positively correlated with natural killer (NK) cells
and Tcm, but negatively correlated with other immune cells.

3.6. Enrichment Analysis of YYI1-Related Partners. We
attempted to filter out the targeted binding protein of YY1
and YY1 expression-associated genes for a suite of pathway
enrichment analyses in order to better understand the
underlying mechanism of YY1 gene in carcinogenesis. We
found 50 YY1-binding proteins based on the STRING pro-
gram, all of which are validated by experimental data.
Figure 10(a) depicts the result. The first 100 genes linked
with YY1 expression were discovered using the GEPIA2
algorithm and TCGA tumor expression data. As illustrated
in Figure 10(b), YY1 expression level is positively associated
with SP3 transcription factor (SP3) (R =0.73), SMEK homo-
log 1, suppressor of MEK1 (SMEK1) (R=0.72), cleavage
and polyadenylation-specific factor 2 (CPSF2) (R=0.72),
protein  phosphatase  2regulatory subunit B’epsilon
(PPP2R5E) (R=0.72), Poly(A) polymerase alpha
(PAPOLA) (R=0.71), and membrane-associated ring fin-
ger(C3HC4)7 (MARCH7) (R=0.70) genes (P <0.001).
The heat map data revealed a positive association between
YY1 and the top five genes in many cancers (Figure 10(c)).
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Ficure 7: Phosphorylation of the YY1 protein in various tumors. We used UALCAN to compare the expression levels of YY1
phosphorylated proteins (NP_003394.1, S118, and S247 sites) among chosen normal tissue and primary tissue using the CPTAC. The
phosphoprotein locations that yielded positive findings are depicted in the YY1 protein’s schematic design (a). We provide the box plots

for various malignancies such as breast cancer (b), ovarian cancer (c), colon cancer (d), clear cell RCC (e), UCEC (f), and LUAD (g).

The two groups were cross-analyzed, and one common mol-
ecule was obtained, namely SP3 (Figure 10(d)).

For Kyoto Encyclopedia of Genes and Genomes (KEGG)
and Gene Ontology (GO) enrichment analysis, we merged
these two datasets. According to the KEGG data in
Figure 10(e), YYI’s function in tumor pathogenesis may be
linked to “viral carcinogenesis.” The majority of these genes
was also related with “covalent chromatin modification” or
“histone modification” according to GO enrichment analysis
results (Figure 10(f)).

GSEA analysis was performed to explore the signaling
pathways affected by YY1 expression in 36 tumors. Among
the results, none of the enrichment results of CHOL, COAD,
DLBC, KICH, LUAD, STAD, and ESAD met P value < 0.05
and FDR q value < 0.25 condition. GSEA analysis results of
ACC, BLCA, BRCA, HNSC, KIRC, LAML, OV, PCPG,
PRAD, READ, SKCM and THYM are shown in Figure 11.
For example, GSEA analysis results show that YY1 expres-
sion in OV may interact with basement membranes, extra-
cellular matrix (ECM) receptor interaction, Wnt signaling,
and ribosome and eukaryotic translation of plants
(Figure 11).

4. Discussion

In many cancer types, the expression of YY1 in tumors was
considerably greater than in normal tissues, indicating that
YY1 may play a part in tumor incidence and progression,
whereas whether YY1 plays a part in the occurrence and
development of many cancers via common molecular path-
ways is unknown. By searching relevant literature, we could

not find relevant articles about YY1 pan-cancer analysis.
Hence, by using the data from TCGA, CPTAC, and GEO,
we performed a pan-cancer analysis of YY1 gene in a total
of 33 different tumors, and the results suggested that the
mechanism of YY1 action was different in various tumors.
In this work, we analyzed the function of YY1 in various
malignancies from a macro viewpoint in order to get a better
knowledge of cancer etiology and enhance cancer detection
and therapy.

Previous researches have found that YY1 was associated
with the development of many malignancies. A large num-
ber of experiments have proved that YY1 was highly
expressed in many tumors, including breast cancer [31],
prostate cancer [32], colon cancer [33], ovarian cancer
[34], esophageal cancer [35], nervous system tumors [36],
pancreatic cancer [37], osteosarcoma [38], and melanoma
[39]. Qu et al. recently showed that by directly inhibiting
c-MYC target of laryngeal cancer cells (MYCT1), YY1 pro-
moted the proliferation and migration of laryngeal cancer
cells while preventing apoptosis. The authors also discovered
that in patients with metastatic laryngeal cancer, YY1 levels
were greater, and MYCT1 levels were lower than in individ-
uals without metastasis. These data imply that YY1 might be
a potential laryngeal cancer target [40]. Gabriela et al. found
that in acute lymphoblastic leukemia (ALL), YY1 overex-
pression was associated with significantly reduced survival
rate [41]. Zhao et al. discovered that the expression of YY1
in cancer tissues of melanoma patients was higher than in
benign nevus and normal tissue control groups and that
silencing of YY1 may inhibit melanoma cells from prolifer-
ating, migrating, and invading. Increased YY1 levels were
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FIGURE 8: The relationship between immune infiltration of tumor-related fibroblasts and YY1 expression. The possible association between
YY1 gene expression level in TCGA and tumor-associated fibroblast infiltration level was investigated using several methods.

linked to tumor metastasis and stage [39]. We should be
aware of the influence of elevated YY1 expression on the
diagnosis and treatment of these cancers and utilize this as
a guide to enhance the diagnosis and treatment of associated

tumors.

Although YY1 was overexpressed in many cancers, the
survival and prognosis analysis results of YY1 gene sug-

gested that different conclusions will be drawn in different
tumors. In BLCA and MESO, YY1 overexpression was
closely connected with poor prognosis. In the clinical work
of these tumors, attention should be paid to the effect of
increased YY1 expression, which can guide the diagnosis
and treatment of related tumors. In KIRC and OV, low
YY1 expression has also been linked to a bad prognosis,



16

Journal of Immunology Research

Pvalue P value
Th2 cells Th cells T helper cells —9
Eosinophils T helper cells Tem '
Tgd Tem Tgd .-
T helper cells Tgd ‘Th cells H
Th17 cells abC 075 Eosinophils - 0.20
cm : Thi cells . -
Tem - o—] Macrophages Mast cells .
TReg P cells .-
NK cells 1 e - - NK CD56- cells NK cells .-
Neutrophils 1 .- —] Reg NK CD56+ cells .- 0.15
aDC 1., - T cells iDC -
TEH 1, Tem 050 Macrophages R
CD8+ Teells 1 - L e - 04 Eosinophils Neutrophils S
Jlo S g CD8+ T cells Tem
iDC 4'- L - TFH B cells - o010
T cells WP .2 Neutrophils T cells .
NK CD56- cells | '+ -* -@ri] - <1 o Cytotoxic cells Th cells S
Thl cells - NK cells 025 aDC .
Beells 1 02 B cells DC{ - - -
Macrophages 1 . - iDC NK CDS6- cells .- 0.05
Mast cells 1 .- Mast cells CD8+ T cells -
Cytotoxic cells { | - @r———————- -1+ - - eg e
pDC {' @——— - - - NK CD56+ cells Cytotoxic cells .
NK CD56+ cells 4§ @p——r—ood- -"- - - pDC pC { @— 4 - 1 - -
0.00
-04  -02 00 02 04 =02 00 02 04 04
Correlation Correlation Correlation
Correlation Correlation Correlation
001 Qo3 ool Qo3 o0l
002 Qo4 002 Q04 002
Qo3
Pralue Pvalue
Tem Tem Tem
Th2 cells T helper cells Th2 cells
T helper cells Eosinophils T helper cells
NK cells Masteells 1 -t . —e - - - - NK CD56+ cells
Eosinophils 075 Th2 cells 0.4 em
Tgd Thi7cells § - : Tgd
Tem NKells & - : NK cells
Mast cells Tem 1« - oo e Thi7 cells
NK CD56+ cells 5 U NK CD56- cells
Th17 cells Thicells § . - 03 Eosinophils
Macrophages abDC Mast cells
TFH 0.50 Tg
aDC Teells § ©
iDC TReg 1 - iDC
B cells Beells 1 02 Macrophages
CD8+ T cells CD8+ Teells - DC
NK CD56- cells NK CDS6- cells § + TReg
T cells 025 NKCD56+ cells 4 . @ - Th cells
TReg Macrophages | . @—n-+]- anC
Th cells oc | . @—o|- 0.1 pDC
@] s s r e CD8+ T cells
pDC Neutrophils { -@———- - - - - - - ; - T cells
Neutrophils _pDC 1 - - ;- Cytotoxic cells
Cytotoxic cells ls {@—on"o- - . B cells
00
04 -02 00 02 -02 00 02 04 04 —03 —02 01 00 01
Correlation Correlation Correlation
Correlation Correlation Correlation
001 ool Qo3 ool
002 002 004 002
Qo3 003
Palue Pvalue Palue
Tem Tem T helper cells
Th2 cells T helper cells 08 ‘Tem
T helper cells Eosinophils . Th2 cells
cells NK cells NK cells
NK CD36+ cells 075 Tem Tgd 0.6
Eosinophils Th2 cells Tem
Macrophages Ted Eosinophils
TFH 06 Mast cells
Mast cells pDC
Macrophages NK CD56+ cells
T cells 04
0.50 Neutrophils TReg
Ll DC aDC
Ll Bl 04 Thi7 cells
L - TReg Bcells
ils 4 - - F— iDC CD8+ T cells
Beells § © - @ @] v .. DC DC
NK CD56- cells { + - @it - - o - 025 aDC TEH 02
Thi7cells { ~ - @me————ri- - + - ~ - 1 cells 02 iDC
CD8+ Teells - - @—————d- - ¢ - = - NK CD56- cells NK CD56- cells
ncl. o——m ¥ @ - - - .- CD8+ T cells Cytotoxic cells
Teells 1 ; @r———t- - ; - 5 - Tells 1eells
Cytotoxic cells { @————r{- - : - - - NK CD56+ cells Neutrophils
frirep I — Cytotoxic cell
-04 -02 00 02 04 -02 00 02
Correlation Correlation Correlation
Correlation Correlation Correlation
001 Qo3 ool o0l
002 Qo4 002 002
003 Qo3
Palue Pvalue Palue
Tem Tem NK cells 06
T helper cells T helper cells Tem .
Th2 cells cells 08 pDC
Tem Tem Th17 cells
Eosinophils 075 TFH Tgd
NK cells T cells T helper cells
‘g Thi7 cells Eosinophils
NK CD56+ cells Bcells 06 NK CD56+ cells
Macrophages Eosinophils : CD8+ T cells 04
TFH Cytotoxic cells Tem
Th cells aDC NK CD56- cells
aDC 0.50 TReg TFH
TReg NK CD56- cells Th2 cells
iDC Tizd 04 Mast cells
Neutrophils CD8+ T cells B cells
DC T cells
T cells Mast cells Cytotoxic cells 0.2
NK CD56- cells 025 ‘Th cells ipC
B cells Neutrophils 02 o
CD8+ T cells NK CD56+ cells i Thi cells
Th17 cells Macrophages
Mast cells pDC aDC
Cytotoxic cells »g(C: TReg
i
ppC 00 be 0.0
~03 -02 -01 00 01 02 03 -06 -04 -02 00 02 04 06 -06 -04 -02 00
Correlation Correlation Correlation
Correlation Correlation Correlation
ool ool 004 ool Qo4
002 002 Qos 002 Qo5
Qo3 Qo3

FiGUure 9: The association between YY1 expression and tumor-infiltrating immune cells in various cancers.

suggesting that the functions of YY1 are diversified and fur-
ther experiments are needed to verify them.

In this study, TCGA database was analyzed by cBioPor-
tal; sufferers with UCEC with “mutation” as the main form

had the greatest YY1 alteration frequency (>3%). In adreno-
cortical carcinoma and PCC/PGL instances, the “amplifica-
tion” type of CNA was the only kind seen, with a
frequency of 2.2 percent and 1.69 percent, respectively. It is
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Figure 10: Enrichment analysis of YY1 related genes. (a) Using the STRING tool, we first gathered experimentally determined YY1-binding
proteins. (b) The top 100 YY1 associated genes in the TCGA project were obtained using the GEPIA2 method, and the expression
association between YY1 and SP3, SMEKI, CPSF2, PPP2R5E, PAPOLA, MARCH?7, and other selected target genes was analyzed. (c)
Display the corresponding heat map data for detailed cancer types. (d) YY1-binding and related genes were cross-analyzed. (e) YY1
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GO enrichment analysis.
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important to note that all cholangiocarcinoma, DLBC, and
KIRP cases with genetic alteration had copy number dele-
tion of YY1. The most common sort of genetic mutation
was a YY1 missense mutation. Abnormal changes in gene
level are one of the important reasons for abnormal expres-
sion of YY1, and patients with high mutation rate of YY1
have a relatively good prognosis. Moreover, we found that
YY1 mutation could affect the expression changes of certain
genes in some cancers; for example, in multiple myeloma,
YY1l mutation could affect the expressions of ERMN,
DUSP8, PRG2, BMF, and RNASE2 genes. And in some can-
cers, the expression of YY1 is affected by mutations in cer-
tain genes; for example, in melanoma, the expression of
YY1 is reduced by NOX3 and RTCB mutations. The above
suggests that the impact of YY1 gene mutation is profound,
and further experiments are needed to verify it.

We used CPTAC dataset to investigate the underlying
molecular process of YY1 protein in six tumor types from
the perspective of total protein and phosphorylated protein.
In comparison to the normal control group, YY1 total pro-
tein expression was shown to be greater in primary tissues
of breast, ovarian, colon, and lung adenocarcinoma and
lower in primary tissues of clear cell RCC and UCEC. The
S118 site of YY1 showed a higher phosphorylation level in
breast cancer, colon cancer, and UCEC and LUAD tumor
tissues, and lower phosphorylation levels were found in
ovarian cancer and clear cell carcinoma. For S247, higher
phosphorylation levels were found in colon cancer and
UCEC and LUAD tumors, and the tumor tissue of clear cell
carcinoma showed lower phosphorylation level. $247 phos-
phorylation of YY1 is required for the control of neuronal
activity, according to Wu’s research [42]. The phosphoryla-
tion of YY1 at serine 118 and the control of its cleavage dur-
ing programmed cell death have been identified by Riman
et al. [43]. However, we still cannot rule out that the high
phosphorylation levels of S247 and S118 of YY1 are a bypro-
duct of dysregulation of tumor cell signaling and have no
functional significance in tumor cells. It is necessary to fur-
ther evaluate the possible function of YY1 phosphorylation
in tumorigenesis.

The tumor microenvironment contained a variety of
cells. Among them, infiltrating immune cells account for a
large proportion. On the one hand, unlike the traditional
concept of immune cells as a component of antitumor strat-
egy, immune infiltration in tumor microenvironment
reflected the strategy of tumor cells to avoid being killed.
Furthermore, in addition to macrophages, almost all types
of immune cells, including B cells, CD8" T cells, CD4" T
cells, NK cells, and dendritic cells (DC), are present in the
tumor microenvironment, and some are involved in the
development of cancer. Tumor immuno-infiltrating cells
migrate from blood to tumor tissue and play an important
role in immune regulation. More and more studies have
shown that tumor immuno-infiltrating cells are closely
related to immune checkpoint inhibition and prognosis
[44-46]. To clarify the relationship between YY1 expression
and various immune cells, we first detected the infiltration of
24 kinds of immune cells in 36 tumor types in TCGA data-
base by ssGSEA method and then studied the relationship

Journal of Immunology Research

between YY1 and immune cell infiltration by Spearman
analysis method to determine whether YY1 expression is
associated with levels of immune infiltration in different
cancers. The results showed that YY1 expression level in
12 cancer tissues was significantly negatively correlated with
the expression level of most immune cells. YY1 expression
level was negatively correlated with B cell infiltration level
in 12 kinds of cancer tissues. In addition, the expression level
of YY1 was significantly negatively correlated with the infil-
tration level of CD8" T lymphocytes in 12 kinds of cancer
tissues, the infiltration level of neutrophils in 11 kinds of
cancer tissues, the infiltration level of macrophages in 8
kinds of cancer tissues, and the infiltration level of dendritic
cells in 12 kinds of cancer tissues. These results suggest that
YY1 may be a key immunomodulatory target in tumor
progression.

We the first time merged the data of YY1-binding pro-
tein and YY1 expression-related genes in all cancers in this
research and then conducted a suite of enrichment analyses
to confirm “viral carcinogenesis,” “microRNAs in cancer,”
“covalent chromatin modification,” and “histone modifica-
tion” of potential impact on cancer etiology and pathogene-
sis. Recent research has discovered that YY1 is linked to
tumor immunity. YY1 was discovered to be highly expressed
in various malignancies and to be important in controlling
tumor cell drug resistance to cell-mediated immunotherapy,
according to Emily et al. They hypothesized that YY1’s func-
tion in cancer immune resistance was linked to programmed
cell death ligand 1 (PD-L1) overexpression in tumor cells,
and they discovered multiple signal crosstalk pathways
between YY1 and PD-L1 expression regulation [47]. Our
study is the first to suggest that YY1 expression is associated
to the level of immune invasion of tumor-associated fibro-
blasts in some tumors, whereas the function of YY1 in tumor
immunity and the tumor microenvironment is yet
unknown, and the pathogenesis of tumor needs to be further
explored.

GSEA analysis was performed to explore the signaling
pathways affected by YY1 expression in 36 tumors. Among
the results, none of the enrichment results of CHOL, COAD,
DLBC, KICH, LUAD, STAD, and ESAD met P value <0.05
and FDR g value <0.25 condition. GSEA analysis results
showed that the expression of YY1 in ACC may be related
to hdacs deacetylate histones, hcmv early events, role of
lat2 ntal lab on calcium mobilization, initial triggering of
complement, and creation of c4 and ¢2 activators. In BLCA,
YY1 expression may be related to the formation of the cor-
nified envelope, cd22-mediated ber regulation, fcgr activa-
tion, scavenging of heme from plasma, and creation of c4
and 2 activators. In BRCA, the expression of YY1 may be
related to cd22 mediated bcer regulation, creation of c4 and
€2 activators, initial triggering of complement, scavenging
of heme from plasma and fcgr activation. YY1 expression
in OV may interact with basement membranes, extracellular
matrix (ECM) receptor interaction, Wnt signaling, and ribo-
some and eukaryotic translation of plants. Functional
enrichment and protein network analysis can help us study
the protein transcription factor network of YY1 in different
cancers and then predict its mechanism of action.
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Despite the fact that this study used various databases to
perform a thorough pan-cancer analysis of YY1, it still has
some limitations. To begin, only bioinformatics analytic
methodologies and statistical algorithms were used in this
work. At the same time, as the analyzed results only comes
from the public database, a single data source may lead to
certain deviations in our analysis results. Due to the limita-
tion of experimental conditions, specific experimental and
clinical studies could not be carried out to prove the possible
function of YYI in generalized tumor. Secondly, unlike
in vivo and in vitro research, this study primarily focused
on bioinformatics analysis of YY1 expression and patient
survival utilizing several databases. More research into the
mechanism of YY1 at the cellular and molecular levels will
assist to elucidate its function in various cancers. Third,
while we identified a connection between YY1 expression
and tumor immune cell infiltration, we were unable to deter-
mine whether YY1 influences patient survival through
immune infiltration. Future prospective studies of YY1
expression and immune cell infiltration in different cancer
populations may help to shed more light on the problem’s
mechanisms.

5. Conclusions

In summary, the expression of YY1 was statistically corre-
lated with clinical prognosis, protein phosphorylation, and
immune cell infiltration in our initial pan-cancer study. This
work used existing data to explore the possible function of
YY1 in tumor, generating recommendations for future can-
cer research.
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Supplementary 1. Figure S1 The RNA expression of YY1 in
normal human tissues. At the RNA level, YY1 was highest
in the bone marrow, followed by the thymus and liver. Fig-
ure S2 Protein expression of YY1 in normal human tissues.
At the protein level, YY1 was highly expressed in urinary
bladder, testis, ovary, and placenta tissues. Figure S3 The
RNA expression of YY1 in various cancer cell lines. Among
various cancer cell lines, U-698 and MOLT-4 cell lines
ranked first and second in YY1 expression levels, which were
lymphoid derived malignancies, followed by HL-60 and
THP-1 cell lines, which were bone marrow derived. Figure
S4 The protein expression of YY1 in different human cancer
tissues. Among various human cancer tissues, protein
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expression of YY1 was highest in head and neck tumors,
followed by breast cancer. Figure S5 The effects of YY1
mutation on expression. The effects of YY1 mutations in dif-
ferent tumor samples in the TCGA cohort on gene
expression.

Supplementary 2. Table S1. Associations between clinico-
pathologic factors and BLCA patient OS by the use of uni-
variate and multivariate assays. Table S2. Associations
between clinicopathologic factors and BLCA patient DSS
by the use of univariate and multivariate assays. Table S3.
Associations between clinicopathologic factors and BLCA
patient PFI by the use of univariate and multivariate assays.
Table S4. Associations between clinicopathologic factors and
KIRC patient OS by the use of univariate and multivariate
assays. Table S5. Associations between clinicopathologic
factors and KIRC patient DSS by the use of univariate
and multivariate assays. Table S6. Associations between
clinicopathologic factors and KIRC patient DSS by the
use of univariate and multivariate assays. Table S7. Associ-
ations between clinicopathologic factors and MESO patient
OS by the use of univariate and multivariate assays. Table
S8. Associations between clinicopathologic factors and
MESO patient DSS by the use of univariate and multivar-
iate assays. Table S9. Associations between clinicopatho-
logic factors and MESO patient. PFI by the use of
univariate and multivariate assays. Table S10. Associations
between clinicopathologic factors and OV patient OS by
the use of univariate and multivariate assays. Table S11.
Associations between clinicopathologic factors and OV
patient DSS by the use of univariate and multivariate
assays. Table S12. Associations between clinicopathologic
factors and OV patient PFI by the use of univariate and
multivariate assays.

References

[1] H. Sung, J. Ferlay, R. L. Siegel et al., “Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries,” CA: a Cancer Jour-
nal for Clinicians, vol. 71, no. 3, pp. 209-249, 2021.

[2] R.M.Feng, Y. N. Zong, S. M. Cao, and R. H. Xu, “Current can-
cer situation in China: good or bad news from the 2018 global
cancer statistics,” Cancer Communications, vol. 39, no. 1, p. 22,
2019.

[3] F. Bray, J. Ferlay, L. Soerjomataram, R. L. Siegel, L. A. Torre,
and A. Jemal, “Global cancer statistics 2018: GLOBOCAN esti-
mates of incidence and mortality worldwide for 36 cancers in
185 countries,” CA: a Cancer Journal for Clinicians, vol. 68,
no. 6, pp. 394-424, 2018.

[4] K. C. Thandra, A. Barsouk, K. Saginala, J. S. Aluru, and
A. Barsouk, “Epidemiology of lung cancer,” Contemporary
oncology, vol. 25, no. 1, pp. 45-52, 2021.

[5] R. L. Siegel, K. D. Miller, H. E. Fuchs, and A. Jemal, “Cancer
statistics, 2022,” CA: a Cancer Journal for Clinicians, vol. 72,
no. 1, pp. 7-33, 2022.

[6] J. Kim, W. Kang, D. H. Sinn et al., “Substantial risk of recur-
rence even after 5 recurrence-free years in early-stage hepato-
cellular carcinoma patients,” Clinical and Molecular
Hepatology, vol. 26, no. 4, pp. 516-528, 2020.


https://www.ncbi.nlm.nih.gov/geo/
https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga
https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga
https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga
https://downloads.hindawi.com/journals/jir/2022/5826741.f1.zip
https://downloads.hindawi.com/journals/jir/2022/5826741.f2.zip

22

(7]

(10]

(11]

(12]

(13]

(14]

(15]

[16]

(17]

(18]

(19]

[20]

(21]

(22]

K. Tomczak, P. Czerwinska, and M. Wiznerowicz, “The can-
cer genome atlas (TCGA): an immeasurable source of knowl-
edge,” Contemp Oncol (Pozn)., vol. 19, no. 1A, pp. A68-A77,
2015.

E. Clough and T. Barrett, “The gene expression omnibus data-
base,” Methods in Molecular Biology, vol. 1418, pp. 93-110,
2016.

A. Blum, P. Wang, and J. C. Zenklusen, “SnapShot: TCGA-
analyzed tumors,” Cell, vol. 173, no. 2, p. 530, 2018.

Y. Shi, E. Seto, L. S. Chang, and T. Shenk, “Transcriptional
repression by YY1, a human GLI-Kruippel-related protein,
and relief of repression by adenovirus E1A protein,” Cell,
vol. 67, no. 2, pp. 377-388, 1991.

S. Gordon, G. Akopyan, H. Garban, and B. Bonavida, “Tran-
scription factor YY1: structure, function, and therapeutic
implications in cancer biology,” Oncogene, vol. 25, no. 8,
pp. 1125-1142, 2006.

F. de Nigris, R. Rossiello, C. Schiano et al., “Deletion of Yin
Yang 1 protein in osteosarcoma cells on cell invasion and
CXCR4/angiogenesis and metastasis,” Cancer Research,
vol. 68, no. 6, pp. 1797-1808, 2008.

F. de Nigris, V. Crudele, A. Giovane et al., “CXCR4/YY1 inhi-
bition impairs VEGF network and angiogenesis during malig-
nancy,” Proceedings of the National Academy of Sciences of the
United States of America, vol. 107, no. 32, pp. 14484-14489,
2010.

N. R. Galloway, K. F. Ball, T. Stiff, and N. R. Wall, “Yin Yang 1
(YY1): regulation of survivin and its role in invasion and
metastasis,” Critical Reviews in Oncogenesis, vol. 22, no. 1-2,
pp. 23-36, 2017.

K. Qiao, S. Ning, L. Wan et al., “Correction to: LINC00673 is
activated by YY1 and promotes the proliferation of breast can-
cer cells via the miR-515-5p/MARK4/Hippo signaling path-
way,” Journal of Experimental & Clinical Cancer Research,
vol. 39, no. 1, p. 154, 2020.

Z. Chen, S. Han, W. Huang et al., “MicroRNA-215 suppresses
cell proliferation, migration and invasion of colon cancer by
repressing Yin-Yang 1,” Biochemical and Biophysical Research
Communications, vol. 479, no. 3, pp. 482-488, 2016.

L. Zheng, Y. Chen, L. Ye et al., “miRNA-584-3p inhibits gastric
cancer progression by repressing Yin Yang 1- facilitated
MMP-14 expression,” Scientific Reports, vol. 7, no. 1, p. 8967,
2017.

C.Xu, Y. H. Tsai, P. M. Galbo et al., “Cistrome analysis of YY1
uncovers a regulatory axis of YY1:BRD2/4-PFKP during
tumorigenesis of advanced prostate cancer,” Nucleic Acids
Research, vol. 49, no. 9, pp. 4971-4988, 2021.

Z. Tang, B. Kang, C. Li, T. Chen, and Z. Zhang, “GEPIA2: an
enhanced web server for large-scale expression profiling and
interactive analysis,” Nucleic Acids Research, vol. 47, no. W1,
pp- W556-W560, 2019.

F. Chen, D. S. Chandrashekar, S. Varambally, and C. J.
Creighton, “Pan-cancer molecular subtypes revealed by
mass-spectrometry-based proteomic characterization of more
than 500 human cancers,” Nature Communications, vol. 10,
no. 1, p. 5679, 2019.

M. Uhlén, L. Fagerberg, B. M. Hallstrom et al., “Proteomics.
Tissue-based map of the human proteome,” Science, vol. 347,
no. 6220, p. 1260419, 2015.

P.J. Thul, L. Akesson, M. Wiking et al., “A subcellular map of
the human proteome,” Science, vol. 356, no. 6340, 2017.

(23]

[24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

Journal of Immunology Research

M. Uhlen, C. Zhang, S. Lee et al, “A pathology atlas of the
human cancer transcriptome,” Science, vol. 357, no. 6352, 2017.

E. Cerami, J. Gao, U. Dogrusoz et al., “The cBio cancer geno-
mics portal: an open platform for exploring multidimensional
cancer genomics data,” Cancer Discovery, vol. 2, no. 5, pp. 401-
404, 2012.

J. Gao, B. A. Aksoy, U. Dogrusoz et al., “Integrative analysis of
complex cancer genomics and clinical profiles using the cBio-
Portal,” Science Signaling, vol. 6, no. 269, p. pl1, 2013.

A. Nagy and B. Gyérffy, “muTarget: a platform linking gene
expression changes and mutation status in solid tumors,”
International Journal of Cancer, vol. 148, no. 2, pp. 502-511,
2021.

S. Hianzelmann, R. Castelo, and J. Guinney, “GSVA: gene set
variation analysis for microarray and RNA-seq data,” BMC
Bioinformatics, vol. 14, no. 1, p. 7, 2013.

P. Bardou, J. Mariette, F. Escudié, C. Djemiel, and C. Klopp,
“jvenn: an interactive Venn diagram viewer,” BMC bioinfor-
matics, vol. 15, no. 1, pp. 1-7, 2014.

G.Yu, L. G. Wang, Y. Han, and Q. Y. He, “clusterProfiler: an R
package for comparing biological themes among gene clus-
ters,” OMICS, vol. 16, no. 5, pp. 284-287, 2012.

A. Subramanian, P. Tamayo, V. K. Mootha et al., “Gene set
enrichment analysis: a knowledge-based approach for inter-
preting genome-wide expression profiles,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 102, no. 43, pp. 15545-15550, 2005.

A. Allouche, G. Nolens, A. Tancredi et al., “The combined
immunodetection of AP-2alpha and YY1 transcription factors
is associated with ERBB2 gene overexpression in primary breast
tumors,” Breast Cancer Research, vol. 10, no. 1, p. R9, 2008.

D. Seligson, S. Horvath, S. Huerta-Yepez et al., “Expression
of transcription factor Yin Yang 1 in prostate cancer,” Inter-
national Journal of Oncology, vol. 27, no. 1, pp. 131-141,
2005.

D. Chinnappan, D. Xiao, A. Ratnasari, C. Andry, T. C. King,
and H. C. Weber, “Transcription factor YY1 expression in
human gastrointestinal cancer cells,” International Journal of
Oncology, vol. 34, no. 5, pp. 1417-1423, 2009.

A. Berchuck, E. S. Iversen, J. M. Lancaster et al., “Patterns of
gene expression that characterize long-term survival in
advanced stage serous ovarian cancers,” Clinical Cancer
Research, vol. 11, no. 10, pp. 3686-3696, 2005.

J. Luo, X. Zhou, X. Ge et al., “Upregulation of Ying Yang 1
(YY1) suppresses esophageal squamous cell carcinoma devel-
opment through heme oxygenase-1,” Cancer Science,
vol. 104, no. 11, pp. 1544-1551, 2013.

S. Baritaki, A. M. Chatzinikola, A. F. Vakis et al., “YY1 over-
expression in human brain gliomas and meningiomas corre-
lates with TGF-betal, IGF-1 and FGF-2 mRNA levels,” Cancer
Investigation, vol. 27, no. 2, pp. 184-192, 2009.

J. J. Zhang, Y. Zhu, K. L. Xie et al,, “Yin Yang-1 suppresses
invasion and metastasis of pancreatic ductal adenocarcinoma
by downregulating MMP10 in a MUC4/ErbB2/p38/MEF2C-
dependent mechanism,” Molecular Cancer, vol. 13, no. 1,
p. 130, 2014.

F. de Nigris, C. Botti, A. de Chiara et al., “Expression of tran-
scription factor Yin Yang 1 in human osteosarcomas,” Euro-
pean Journal of Cancer, vol. 42, no. 15, pp. 2420-2424, 2006.

G. Zhao, Q. Li, A. Wang, and J. Jiao, “YY1 regulates melanoma
tumorigenesis through a miR-9~RYBP axis,” Journal of



Journal of Immunology Research

[40]

(41]

[42]

(43]

(44]

(45]

[46]

(47]

Experimental & Clinical Cancer Research, vol. 34, no. 1, p. 66,
2015.

S.Y.Qu, Y. Y. Sun, Y. H. Li, Z. M. Xu, and W. N. Fu, “YY1
directly suppresses MYCT1 leading to laryngeal tumorigenesis
and progress,” Cancer Medicine, vol. 6, no. 6, pp. 1389-1398,
2017.

G. Antonio-Andrés, J. Rangel-Santiago, B. Tirado-Rodriguez
et al., “Role of Yin Yang-1 (YY1) in the transcription regula-
tion of the multi-drug resistance (MDR1) gene,” Leukemia &
Lymphoma, vol. 59, no. 11, pp. 2628-2638, 2018.

T. Wu and M. E. Donohoe, “Yy1 regulates Senp1 contributing
to AMPA receptor GluRl expression following neuronal
depolarization,” Journal of Biomedical Science, vol. 26, no. 1,
p. 79, 2019.

S. Riman, R. Rizkallah, A. Kassardjian, K. E. Alexander,
B. Liischer, and M. M. Hurt, “Phosphorylation of the tran-
scription factor YY1 by CK2« prevents cleavage by caspase 7
during apoptosis,” Molecular and Cellular Biology, vol. 32,
no. 4, pp. 797-807, 2012.

C. Pottier, A. Wheatherspoon, P. Roncarati et al., “The impor-
tance of the tumor microenvironment in the therapeutic man-
agement of cancer,” Expert Review of Anticancer Therapy,
vol. 15, no. 8, pp. 943-954, 2015.

F. Spill, D. S. Reynolds, R. D. Kamm, and M. H. Zaman,
“Impact of the physical microenvironment on tumor progres-
sion and metastasis,” Current Opinion in Biotechnology,
vol. 40, pp. 41-48, 2016.

A. Del Prete, T. Schioppa, L. Tiberio, H. Stabile, and S. Sozzani,
“Leukocyte trafficking in tumor microenvironment,” Current
Opinion in Pharmacology, vol. 35, pp. 40-47, 2017.

E. Hays and B. Bonavida, “YY1 regulates cancer cell immune

resistance by modulating PD-L1 expression,” Drug Resistance
Updates, vol. 43, pp. 10-28, 2019.

23



	A Systematic Pan-Cancer Analysis of YY1 Aberrations and their Relationship with Clinical Outcome, Tumor Microenvironment, and Therapeutic Targets
	1. Introduction
	2. Materials and Methods
	2.1. Analysis of Gene Expression
	2.2. Analysis of the Prognosis for Survival
	2.3. Analysis of Genetic Alteration
	2.4. Immune Infiltration Analysis
	2.5. Analysis of YY1-Related Gene Enrichment
	2.6. Statistical Analyses

	3. Results
	3.1. Analysis Data of Gene Expression
	3.2. Survival Analysis Data
	3.3. Analysis Data of Genetic Alteration
	3.4. Analysis Data of Protein Phosphorylation
	3.5. Immune Infiltration Analysis Data
	3.6. Enrichment Analysis of YY1-Related Partners

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Supplementary Materials



