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Abstract
Background: Lysosomal protein placenta-speci�c 8 (PLAC8) with abundant cysteine, also referred to as
onzin, participates in numerous cancers, and its effect is greatly determined by the cellular and tumor
microenvironment (TME). Ourstudy focused on investigating the prognostic signi�cance of PLAC8 and
examined the association between PLAC8, immune in�ltration, and T cells function in multiple
malignancies comprehensively, particularly in breast cancer (BRCA).

Methods: PLAC8 expression in various malignancies was analyzed using TIMER. PrognoScan, Kaplan-
Meier Plotter, and GEPIA2 were utilized to explore the signi�cance of PLAC8 in prognostic prediction.
Moreover, PLAC8 functions were systematically analyzed through cancerSEA. Additionally, TISIDB,
TIMER, and GEPIA2 were also employed for analyzing the associations among PLAC8, immune
in�ltration, related gene marker sets, and clinical stages. Finally, PLAC8 and its co-expressed genes
biological process and KEGG were analyzed.

Results: PLAC8 expression decreased in most malignancies and was related to poor prognosis in BRCA.
PLAC8 signi�cantly affected the survival of BRCA with ER status – array, PR status – IHC, HER2 status –
array, Intrinsic subtype, Grade, and Pietenpol subtype. Increased PLAC8 expression positively correlated
with the increased immune in�ltration levels within immune cells and many functional T cells (such as
exhausted T cells). In BRCA cells, PLAC8 functional phenotypesshowed a negative correlation with
invasion, metastasis, apoptosis, DNA damage, and DNA repair. Besides, PD-1, TIM-3, TIGIT, LAG3, and
GZMB, critical genes of exhausted T cells, interacted with PLAC8. Further analysis indicated that PLAC8
was related to T cell activation, proliferation and adhesion of leukocytes,adaptive immune response, cell
adhesion molecules (CAMs), cytotoxicity-mediated by natural killer cells, and the NF-kappa B signal
transduction pathway.

Conclusion:PLAC8 is a prognostic indicator in pan-cancers, especially BRCA. Elevated PLAC8 level could
signi�cantly enhance immune in�ltration in CD4+ T cells, CD8+ T cells, and functional T cells.
Additionally, PLAC8 was tightly associatedwith T cell exhaustion which possibly enhances the
latterwithin BRCA. PLAC8 expression determination might help in prognosis, and modulation of
PLAC8level within exhausted T cells, a novel approach for optimizing the therapeutic effect of
immunotherapy on BRCA cases.

1 Background
Breast cancer (BRCA) is a frequently occurring cancer, ranking second among the causes of cancer-
associated mortality among the female population [1, 2]. BRCA is mainly treated by surgery, radiotherapy,
chemotherapy, and its e�cacy has been substantially improved [3]. Recently, immunotherapy is adopted
as a novel therapeutic approach due to the improved long-term survival and tolerable toxicity, and
survival bene�ts for numerous patients with advanced malignancies. Therefore, immunotherapy might be
the most promising therapeutic strategy for tumors [4]. However, BRCA’s relatively high death rate may be
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ascribed to late diagnosis, dismal prognostic outcome, and high tumor recurrence and distant metastasis
[5]. Immunotherapy is generally less e�cient in BRCA patients due to a lack of appropriate biomarkers to
select the optimal patients for the therapy [6]. Moreover, several studies have demonstrated that patient
prognosis, as well as the chemotherapy and immunotherapy e�cacy, are affected by tumor-in�ltrating
lymphocytes, including tumor-in�ltrating neutrophils (TINs) and tumor-associated macrophages (TAMs)
[7, 8]. Thus, it is urgent to clarify the tumor-immune interaction immunophenotypes andidentify the novel
immune-related therapeutic targets for BRCA.

Placenta-speci�c 8 (PLAC8, also referred to as onzin) is a protein containing 115amino acids with
abundant cysteine [9]. It was �rstdiscovered to show high expression within the mouse placenta [10].
Thereafter, PLAC8 was found to modulate immunity, metabolism, and pathophysiological processes of
cancer, like cell growth, apoptosis, differentiation, or autophagy [11–16]. PLAC8 affects cell proliferation
through the regulation of phosphatidylinositol 3-kinases (PI3K)/protein kinase B(AKT) signal
transduction pathway within the hepatocellular carcinoma (HCC). In addition, PLAC8 enhances
radiotherapy resistance of nasopharyngeal carcinoma (NPC) via suppressing the PI3K/AKT/GSK3β
pathway, whereas PLAC8 silencing sensitizes NPC cells to radiotherapy through the activation of the
PI3K/AKT/GSK3β pathway. The above results suggested that PLAC8 plays a role as an oncogene or
tumor suppressor geneduring cancer development. Nonetheless, it is still unclear about its possible
function and underlying mechanisms in BRCApathogenic mechanism. Apoptosis has been reported as
the primary mechanism responsible for programmed cell death, whereas cellular homeostasis and
normal physiology are maintained via diverse mechanisms [17–19]. Apoptosis modulates different cell
processes, such as cell growth, survival, and cell cycle [20, 21]. As reported previously,apoptosis is
induced by suppressing PI3K/AKT signal transduction pathway [22, 23].

In the current research, PLAC8 expression, its potential functions, and prognostic signi�cance in diverse
malignancies were comprehensively examined using numerous databases, including TIMER,
PrognoScan, Kaplan-Meier (KM) plotter, GEPIA2, CancerSEA, TISIDB, MEXPRESS, and LinkedOmics.
Moreover, TISIDB, TIMER, and GEPIA2 were employed to investigate the association of PLAC8 level with
immune in�ltration in pan-cancers. Consequently, PLAC8 is a possible prognostic biomarker for BRCA
that sheds light on understanding the interactions among PLAC8 expression, tumor in�ltration, and T cell
exhaustion.

2 Methods

2.1 TIMER Database Analysis
TIMER, an easy-to-use online comprehensive resource, renders dynamic exploration and visualization of
genomics and tumor immunologic information [24]. TIMER offers gene expression pro�ling data of
10897 TCGA-derived samples covering32 cancer types, employed to predictthe tumor-in�ltrating immune
cells (TIICs) abundances, including neutrophils, macrophages, dendritic cells (DCs), B cells, CD4 + T cells,
and CD8 + T cells. For predicting six TIIC subsets abundance, constrained least-squares �tting was
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adopted to analyze selected gene expression, showing a negative correlation with tumor purity among all
cancer types [25]. Herein, “Diff Exp module” and “Gene module” were used to detect PLAC8 expression in
pan-cancers and investigate its association with six TIIC subset abundance. Wilcoxon test was adopted
to determine the statistical signi�cance of differential PLAC8 expression. In addition, the relationship of
PLAC8 level with immune in�ltration was also evaluated through the purity-adjusted partial Spearman
correlation. Besides, tumor-in�ltration degrees were compared among tumors with diverse somatic copy
number alterations (SCNAs) of PLAC8 using the “SCNA module.” “SCNA module” is de�ned by GISTIC
2.0, including high ampli�cation (2), arm-level gain (1), diploid/normal (0), arm-level deletion (− 1), and
deep deletion (− 2). “Correlation module” was used to examine further PLAC8 expression relationship with
TIIC gene markers, including B cells, neutrophils, effector Treg cells, T cells, central memory T cells, CD8 + 
T cells, resident memory T cells, effector T cells, resting Treg cells, exhausted T cells, natural killer cells
(NK cells), effector memory T cells, Th1, macrophages, DCs and mast cells according to previous
literature [26–29]. Functionally, this module could plot expression scatter plots between PLAC8 in speci�c
cancer types, along with Spearman correlation and statistical signi�cance. Additionally, we presented
gene expression data in the form of log2 RSEM (RNA-Seq by Expectation-Maximization).

2.2 PrognoScan Database Analysis
As a freely accessible database, PrognoScan provides diverse cancer microarray datasets to assess the
biological association of gene expression with the patient prognostic out come and the candidate
diagnostic biomarkers or the related therapeutic targets [30]. In this study, PrognoScan was employed to
investigate the relationship ofPLAC8level with cancer prognosis. Hazard ratios (HRs), related 95%
con�dence intervals (CIs), and COX P-values were determined. The PLAC8 prognostic prediction
performance was also assessed.

2.3 KM Plotter Database Analysis
KM Plotter database, a web-based resource, e�ciently exploits the prognostic signi�cance of gene
expression in 21 malignancies, including four large datasets, that is breast (n = 6234), lung (n = 3452),
ovarian (n = 2190) as well as gastric (n = 1440) cancer [31]. We thus exploited the PLAC8 expression
relationship to survival in these four types of cancer from KM Plotter, manifested by survival curves, log-
rank P-value, and HR (95% CI).

2.4 GEPIA2 Database Analysis
GEPIA2 database is an online method to interactively analyze gene expression in tumor and normal
tissue based on GTEx (Genotype-Tissue Expression) data and TCGA, characterized by offering tailored
functions, such as differential expression, correlation, survival and dimensionality reduction analysis,
pro�ling plotting, and similar gene detection [32]. The “survival analysis” function examined the
correlation of PLAC8 expression with survival in pan-cancers in TCGA. Spearman correlation coe�cient
from the “correlation analysis” function was utilized to determine the PLAC8 relationship with tumor-
in�ltration immune cell gene markers.

2.5 CancerSEA Database Analysis
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As the �rst database for single-cell sequencing (scRNA-seq), CancerSEA contributes to the comprehensive
exploration of tumor cell functional states at the single-cell level. Typically,results of scRNA-seqcollected
into the CancerSEA database are obtained from altogether 72 datasets at GEO, SRA, and Array Express
websites. There are 41,900 cancer cell types originating from 25 cancers, while the results of functional
analysis obtained based on datasets like HCMDB, StemMapper, and Cyclebase, and altogether 14
functional states were rede�ned [33]. As a result, this database was utilized to analyze the relationship
between PLAC8 and BRCA.

2.6 TISIDB Database Analysis
TISIDB database is characterized by integrating high-throughput screening techniques with seven other
retrieved public datasets. About 988 revealed immune-related anti-tumor genes, para-cancerous multi-
omics information, molecular pro�les, and diverse resources for immunological data [34] to analyze the
association between speci�c genes and chemokines, immunomodulators as well as lymphocytes. TISIDB
database was adopted to determine PLAC8 expression relationship to BRCA’s clinical stages and
investigate the possible relationship of PLAC8 expression with immunomodulators and lymphocytes.

2.7 MEXPRESS Database Analysis
MEXPRESS was designed as an approach to visualizedata, including TCGA level, clinical information,
DNA methylation status, and the relationships between them [35]. Here, MEXPRESS was used to
investigate the PLAC8 gene methylation status and the associations of PLAC8 mRNA level with diverse
clinical features among BRCA cases.

2.8 LinkedOmics Database Analysis
“LinkFinder” module of LinkedOmics, statistically analyzed PLAC8 co-expression by Pearson’s test and
was presented as volcano, heat, or scatter plots. “LinkInterpreter” module of LinkedOmics was adopted
for GO (Biological Process) analysis and KEGG pathways through GSEA. The criteria included false
discovery rate (FDR) < 0.05, and simulations of 500 [36].

2.9 Statistical analysis
The KM Plotter, PrognoScan, TIMER, and GEPIA2 were employed to plot survival curves, whereas the log-
rank test was utilized to determine P-values, Cox P-values, and HRs. The two-sided Wilcoxon rank-sum
test compared the in�ltration degree of every SCNA category with normal tissue. Spearman’s correlation
assessed the association between PLAC8 level and other gene or immune in�ltration levels in speci�c
cancer types. P ≤ 0.05 indicated statistical signi�cance and is shown in the �gures.

3 Results

3.1 PLAC8 mRNA Expression in Various Human
Malignancies
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PLAC8 mRNA levels were analyzed in cancerous and normal tissue covering various malignancies based
on the TIMER database (Fig. 1). PLAC8 level was signi�cantly downregulated in BRCA, CHOL, COAD,
HNSC, KICH, LIHC, LUAD, LUSC, PRAD, READ, SKCM than normal tissues. Nevertheless, there was a
signi�cant upregulation in PLAC8 level in HNSC-HPVpos, KIRC, KIRP compared to the normal tissues.

 

3.2 Prognostic Potential of PLAC8 in Cancers
This study examined PLAC8 level association with patient prognosis comprehensively in three large
cancer datasets to assess the prognostic signi�cance of PLAC8.

PrognoScan evaluated the prognostic prediction performance ofPLAC8(Table S1). Consequently, the
PLAC8 level was signi�cantly related to survival inAML (Acute Myeloid Leukemia), skin cancer, and,
particularly, breast cancer (Table 1).

Table 1
Signi�cance of PLAC8 in predicting the prognosis of diverse cancers through PrognoScan

DATASET CANCER
TYPE

SUBTYPE ENDPOINT N COX

P-VALUE

ln(HR) HR
[95%
CIlow -
CIupp]

GSE5122 Blood
cancer

AML Overall Survival 58 0.020435 0.5 1.65
[1.08–
2.53]

GSE2034 Breast
cancer

  Distant Metastasis
Free Survival

286 0.030048 -0.34 0.71
[0.52–
0.97]

GSE1456-
GPL96

Breast
cancer

  Overall Survival 159 0.020727 -0.77 0.46
[0.24–
0.89]

GSE19234 Skin
cancer

Melanoma Overall Survival 38 0.043215 -0.42 0.66
[0.44–
0.99]

Note: Table 1 displays the signi�cant difference (cox P 0.05), and details can be found in Table S1.

For further analysis, the relationship of PLAC8 level with prognosis in four large tumor datasets (BRCA,
lung cancer, OV (Ovarian serous cystadenocarcinoma) and gastric cancer) was exploited based on the
KM Plotter. Similarly, decreased PLAC8 level was related to poor prognosis in BRCA (OS: P = 0.00029, HR 
= 0.7 [0.58–0.85]), lung cancer (OS: P = 1.6e-05, HR = 0.76 [0.67–0.86]; PFS: P = 0.01, HR = 0.78 [0.64–
0.94]), OV (OS: P = 0.048, HR = 0.88 [0.77–1]; PFS: P = 0.034, HR = 0.87 [0.77–0.99]), and gastric cancer
(PFS: P = 0.026, HR = 0.8 [0.65–0.97]) (Fig. 2A-H). According to the above �ndings, RNA-seq data of 33
malignancies derived from the TCGA portal were adopted to validate the prognostic prediction
performance of PLAC8 using GEPIA2 (Fig. 2I, 2J). Poor overall survival (OS) (P = 0.0012, HR = 0.58) and
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disease-free survival (DFS) (P = 0.014, HR = 0.62) (Fig. 2K, 2L) in BRCA were related to decreased PLAC8
level. However, increased PLAC8 level predicted dismal OS (P = 2e-08, HR = 2.8) and DFS (P = 0.00056, HR 
= 1.7) (Fig. 2M, 2N) in LGG. Similarly, in UVM (Uveal Melanoma), increased PLAC8 expression was also
related to poor OS (P = 0.0042, HR = 4) and DFS (P = 0.0015, HR = 5.1) (Fig. 2O, 2P). Reduced PLAC8
expression was associated with poor OS in CESC (P = 0.046, HR = 0.62) (Fig. 2Q) and SARC (P = 0.019,
HR = 0.62) (Fig. 2R). Moreover, PLAC8 expression signi�cantly affected OS in SKCM and DFS in CHOL,
LIHC, LUSC, and THYM (Figure S1).

 

Considering the correlation of PLAC8 level with poor prognosis in BRCA patients, the KM Plotter database
was employed to investigate the possible mechanisms to evaluate PLAC8 expression relationship to
clinicopathological parameters. As a result, the PLAC8 level was signi�cantly associated with OS, DFS,
patient ER status – array, PR status – IHC, HER2 status – array, Intrinsic subtype, Grade, and Pietenpol
subtype (Table 2).
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Table 2
Signi�cance of PLAC8 in predicting the prognosis of diverse BRCA subtypes through Kaplan-

Meier Plotter

  OS       PFS    

Subtypes P-value HR P-value HR

ER status - IHC        

ER positive 0.091 0.76(0.56–1.05) 0.052 0.86(0.74-1)

ER negative 0.0032 0.6(0.43–0.85) 0.13 0.86(0.71–1.04)

ER status - array        

ER positive 0.023 0.76(0.6–0.96) 0.0036 0.84(0.74–0.94)

ER negative 3e-04 0.56(0.4–0.77) 2.2e-05 0.66(0.55–0.8)

PR status - IHC        

PR positive 0.047 0.44(0.19–1.01) 0.58 1.08(0.81–1.45)

PR negative 0.033 0.58(0.35–0.96) 0.91 0.99(0.78–1.24)

HER2 status - array        

HER2 positive 0.0036 0.58(0.4–0.84) 0.00013 0.65(0.52–0.81)

HER2 negative 0.0016 0.7(0.56–0.87) 0.0084 0.86(0.76–0.96)

Intrinsic subtype        

basal 4e-05 0.44(0.3–0.66) 0.00056 0.67(0.54–0.84)

Luminal A 0.16 0.8(0.58–1.09) 0.0075 0.8(0.68–0.94)

Luminal B 0.0026 0.58(0.41–0.83) 0.00035 0.72(0.61–0.86)

HER2+ 0.17 0.67(0.38–1.19) 0.038 0.69(0.48–0.98)

Lymph node status        

Lymph node positive 0.12 0.77(0.55–1.07) 0.53 1.06(0.89–1.25)

Lymph node negative 0.27 0.82(0.58–1.16) 0.076 0.86(0.74–1.02)

Grade        

1 0.18 0.53(0.21–1.35) 0.3 0.77(0.46–1.27)

2 0.096 0.71(0.47–1.06) 0.18 0.86(0.69–1.07)

3 0.014 0.69(0.51–0.93) 0.15 0.87(0.72–1.05)

Bold values indicate P < 0.05.
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  OS       PFS    

TP53 status        

mutated 0.32 0.72(0.37–1.4) 0.3 0.78(0.48–1.25)

wild type 0.81 0.93(0.5–1.71) 0.22 0.77(0.5–1.17)

Pietenpol subtype        

basal-like 1 0.17 0.58(0.26–1.28) 0.8 0.95(0.62–1.45)

basal-like 2 0.54 0.74(0.27–1.98) 0.56 1.2(0.65–2.2)

Immunomodulatory 0.84 1.08(0.49–2.38) 0.026 1.69(1.06–2.68)

mesenchymal 0.035 0.49(0.25–0.97) 0.66 0.91(0.62–1.36)

mesenchymal stem-like 0.027 0.29(0.09–0.93) 0.47 0.77(0.38–1.56)

Luminal androgen receptor 0.038 0.53(0.29–0.97) 0.0097 0.61(0.41–0.89)

Bold values indicate P < 0.05.

3.3 PLAC8 function in a single BRCA cell
Heterogeneity related to the diverse cancer cell functional phenotypes is the main obstacle hindering
e�cient anticancer treatment. Recently, achievements have been attained in single-cell sequencing
(scRNA-seq) to understandcancer cell functional status at the cell level. As revealed by cancerSEA
functional correlation analysis, PLAC8 functional phenotypes within BRCA cells showed a negative
correlation with invasion, metastasis, apoptosis, DNA damage, and DNA repair (Fig. 3).

 

3.4 Modulation of immune molecules by PLAC8
TISIDB database was employed to analyze Spearman’s correlation of PLAC8 expression with
lymphocytes and immunomodulators. The classi�cation of immunomodulators included major
histocompatibility complex (MHC) molecules, immuno-inhibitors as well as immuno-stimulators. The
resulting heatmap showed that in most malignancies, PLAC8 was signi�cantly correlated with TILs and
immunomodulators (MHC, immuno-inhibitors, immuno-stimulators) (Fig. 4). Therefore, PLAC8 could
likely modulate these immune molecules.

 

3.5 PLAC8 correlates with immune in�ltration level in BRCA
The survival and LNM(lymph node metastasis) in tumor patients can be predicted independently by TIL
(tumor-in�ltrating lymphocytes) frequency [37–39]. Thus, the TIMER database was utilized to examine
the relationship of PLAC8expression with the degrees of immune in�ltrationamong 39 types of



Page 10/33

malignancies (Figure S2). Consequently, the PLAC8 level was markedly associated with tumor purity
among 31 cancers related tothe in�ltration of B cells within 31 cancers. Moreover, the PLAC8 level was
also related to CD8 + T cell, CD4 + T cell, macrophage, neutrophil, and DC in�ltration levels in 31, 31, 21,
29, and 30 types of malignancies, respectively. PLAC8 level was not statistically associated with B cell,
CD4 + T cell, neutrophil, DC, CD8 + T cell, and macrophage in�ltration in mesothelioma (UVM) (Figure
S2AL). However, PLAC8 level had a signi�cant association with purity level (R = − 0.525, P = 1.76e-71), B
cell (R = 0.42, P = 5.76e-43), CD8 + T cell (R = 0.442, P = 5.87e-48), CD4 + T cell (R = 0.56, P = 1.60e-80),
neutrophil (R = 0.499, P = 5.19e-61) and DC (R = 0.521, P = 1.94e-67) in BRCA (Fig. 5A). KM plots based on
the TIMER database were used to investigate the PLAC8 level relationship with immune cell in�ltration in
BRCA. Consequently, B cell in�ltration was signi�cantly related to BRCA prognosis (P = 0.046) (Fig. 5B). In
addition, deletions or normal copy number of PLAC8 gene locus was related to elevated immune cell
in�ltration, except B cell, neutrophil, and DC. Although SCNA was not related to immune in�ltration in B
cell, neutrophil, and DC (Fig. 5C), our present �ndings indicated the essential effect of PLAC8 on immune
in�ltration degree, particularly DC, in BRCA.

 

3.6 Relationship of PLAC8 with immune cell gene markers
GEPIA2 and TIMER were utilized for correlation analysis between PLAC8 and TIIC gene makers in BRCA
to exploit the correlation of PLAC8 with tumor immune in�ltration.

The selection of gene markers of diverse functional T cells and common immune cell populations was
consistent with the literature. The correlation analysis after tumor purity adjustment in BRCA is shown in
Table 3. PLAC8 had a signi�cant relationship with gene markers of B cells, monocytes, TAMs, T cells,
CD8 + T cells, neutrophils, macrophages, DCs, NK cells, mast cells, and most functional T cells.
Intriguingly, the above �ndings demonstrated the robust association of PLAC8 with B cells, T cells, and
functional T cells, consistent with previous studies, and revealed a correlation of PLAC8 with mast cells.
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Table 3
Association of PLAC8 with immune cell gene markers within BRCA using TIMER

    None     Purity  

Immune cell Gene markers Cor P-value Cor P-value

CD8 + T cell CD8A 0.746 *** 0.749 ***

. CD8B 0.729 *** 0.731 ***

T cell CD6 0.758 *** 0.754 ***

  CD3D 0.796 *** 0.793 ***

  CD3E 0.797 *** 0.796 ***

  SH2D1A 0.782 *** 0.778 ***

  TRAT1 0.782 *** 0.779 ***

  CD3G 0.755 *** 0.751 ***

  CD2 0.784 *** 0.781 ***

B cell BLK 0.725 *** 0.721 ***

  CD19 0.702 *** 0.693 ***

  FCRL2 0.694 *** 0.689 ***

  MS4A1 0.775 *** 0.771 ***

  KIAA0125 0.651 *** 0.641 ***

  TNFRSF17 0.647 *** 0.642 ***

  TCL1A 0.795 *** 0.794 ***

  SPIB 0.802 *** 0.794 ***

  PNOC 0.564 *** 0.559 ***

  CD79A 0.705 *** 0.697 ***

Monocyte CD86 0.553 *** 0.547 ***

  CD115(CSF1R) 0.505 *** 0.506 ***

TAM CCL2 0.524 *** 0.525 ***

  CD68 0.419 *** 0.413 ***

  IL10 0.493 *** 0.484 ***

Note: Purity, tumor purity-adjusted correlation. None, non-adjusted correlation. Cor, R-value obtained
upon Spearman correlation. *P < 0.01; **P < 0.001; ***P < 0.0001.
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    None     Purity  

M1 Macrophage IRF5 0.321 *** 0.325 ***

  COX2(PTGS2) 0.405 *** 0.402 ***

M2 Macrophage CD163 0.417 *** 0.413 ***

  VSIG4 0.269 *** 0.277 ***

  MS4A4A 0.508 *** 0.508 ***

Mast cell TPSB2 0.11 ** 0.093 *

  TPSAB1 0.129 *** 0.114 **

  CPA3 0.119 *** 0.111 **

  MS4A2 0.126 *** 0.116 **

  HDC 0.18 *** 0.167 ***

Neutrophils FPR1 0.431 *** 0.433 ***

  SIGLEC5 0.447 *** 0.456 ***

  CSF3R 0.244 *** 0.247 ***

  FCAR 0.327 *** 0.327 ***

  FCGR3B 0.204 *** 0.203 ***

  CEACAM3 0.446 *** 0.453 ***

  S100A12 0.333 *** 0.337 ***

  CD116(ITGAM) 0.351 *** 0.351 ***

Natural killer cell XCL1 0.669 *** 0.676 ***

  XCL2 0.709 *** 0.713 ***

  NCR1 0.523 *** 0.528 ***

  KIR2DL1 0.35 *** 0.354 ***

  KIR2DL3 0.419 *** 0.421 ***

  KIR2DL4 0.532 *** 0.525 ***

  KIR3DL1 0.472 *** 0.468 ***

  KIR3DL2 0.543 *** 0.552 ***

Note: Purity, tumor purity-adjusted correlation. None, non-adjusted correlation. Cor, R-value obtained
upon Spearman correlation. *P < 0.01; **P < 0.001; ***P < 0.0001.



Page 13/33

    None     Purity  

  KIR3DL3 0.269 *** 0.274 ***

  KIR2DS4 0.369 *** 0.368 ***

Dendritic cell CCL13 0.576 *** 0.565 ***

  CD209 0.476 *** 0.473 ***

  HSD11B1 0.615 *** 0.609 ***

  HLA-DPB1 0.644 *** 0.64 ***

  HLA-DQB1 0.512 *** 0.521 ***

  HLA-DRA 0.638 *** 0.637 ***

  HLA-DPA1 0.615 *** 0.613 ***

  BCDA-1(CD1C) 0.717 *** 0.715 ***

  BDCA-4(NRP1) 0.202 *** 0.209 ***

  CD11c(ITGAX) 0.485 *** 0.483 ***

Th1 T-bet(TBX21) 0.763 *** 0.76 ***

  IFN-γ(IFNG) 0.602 *** 0.601 ***

  TNF-α(TNF) 0.345 *** 0.346 ***

  STAT4 0.764 *** 0.759 ***

  STAT1 0.429 *** 0.43 ***

Th2 GATA3 -0.306 *** -0.307 ***

  STAT6 0.115 ** 0.125 ***

  STAT5A 0.369 *** 0.364 ***

  IL13 0.272 *** 0.263 ***

Tfh BCL6 0.111 ** 0.115 **

  IL21 0.429 *** 0.422 ***

Th17 STAT3 0.081 * 0.093 *

  IL17A 0.24 *** 0.242 ***

Effector T cell CX3CR1 0.168 *** 0.181 ***

Note: Purity, tumor purity-adjusted correlation. None, non-adjusted correlation. Cor, R-value obtained
upon Spearman correlation. *P < 0.01; **P < 0.001; ***P < 0.0001.



Page 14/33

    None     Purity  

  FGFBP2 0.421 *** 0.416 ***

  FCGR3A 0.282 *** 0.285 ***

Effector memory T cell GZMK 0.766 *** 0.767 ***

  GZMA 0.746 *** 0.748 ***

Central memory T cell CCR7 0.816 *** 0.814 ***

  SELL 0.779 *** 0.778 ***

  IL7R 0.684 *** 0.676 ***

Resident memory T cell CD69 0.738 *** 0.729 ***

  ITGAE 0.099 ** 0.094 *

  CXCR6 0.738 *** 0.734 ***

Exhausted T cell PD-1 (PDCD1) 0.717 *** 0.711 ***

  TIM-3 (HAVCR2) 0.454 *** 0.456 ***

  TIGIT 0.728 *** 0.724 ***

  LAG3 0.544 *** 0.532 ***

  CXCL13 0.6 *** 0.615 ***

  LAYN 0.197 *** 0.2 ***

  GZMB 0.722 *** 0.713 ***

Resting Treg T cell FOXP3 0.6 *** 0.593 ***

  IL2RA 0.598 *** 0.584 ***

Effector Treg T cell CTLA4 0.681 *** 0.675 ***

  CCR8 0.487 *** 0.482 ***

  TNFRSF9 0.6 *** 0.592 ***

Note: Purity, tumor purity-adjusted correlation. None, non-adjusted correlation. Cor, R-value obtained
upon Spearman correlation. *P < 0.01; **P < 0.001; ***P < 0.0001.

GEPIA2 was adopted to examine the association of the PLAC8 level with immune cell gene markers
within non-carcinoma and BRCA specimens for validation (Table 4). Similarly, PLAC8 was positively
associated with B cells, monocytes, TAMs, M1 macrophages, M2 macrophages, T cells, CD8 + T cells,
neutrophils, DCs, NK cells, and various functional T cells, especially effector T cells, effector memory T
cells, central memory T cells, resident memory T cells, exhausted T cells, resting Treg T cells, effector Treg
T cells, Th1 cells, and Th2 cells. In comparison, there was no signi�cant association between
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PLAC8expression and immune cell gene markerswithin non-carcinoma specimens. Elevated PLAC8 level
was related to enhanced DC in�ltration in BRCA. DC markers, including HLA-DQB1, CCL13, HLA-DPA1,
CD209, CD11c, HLA-DPB1, HLA-DRA, BDCA-1, and BDCA-4, were related to PLAC8 level, suggesting
PLAC8 is tightly related to DC in�ltration in the tumor. DCs aggravate tumor metastasis by inhibiting CD8 
+ T cell cytotoxicity and enhancing Treg responses [40]. In-depth research could con�rm the vital role of
PLAC8 in modulating tumor metastasis and DC in�ltration. In our study, PLAC8 signi�cantly interacted
with various vital genes of exhausted T cell comprising PD-1 (Cor = 0.61, P < .0001), TIM-3 (Cor = 0.3, P < 
0.0001), TIGIT (Cor = 0.75, P < .0001), LAG3 (Cor = 0.38, P < 0.0001), and GZMB (Cor = 0.53, P < 0.0001),
involved in cancer immunotherapy.
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Table 4
Association of PLAC8 with immune cell gene markers within BRCA detected usingGEPIA2

    Tumor     Normal  

Immune cell Gene markers Cor P-value Cor P-value

CD8 + T cell CD8A 0.62 0 0.51 6.6e-09

  CD8B 0.55 0 0.38 3.3e-05

T cell CD6 0.68 0 0.66 2.4e-15

  CD3D 0.72 0 0.68 2.2e-16

  CD3E 0.77 0 0.68 2.2e-16

  SH2D1A 0.73 0 0.66 1.6e-15

  TRAT1 0.62 0 0.68 2.2e-16

  CD3G 0.66 0 0.57 5.4e-11

  CD2 0.72 0 0.67 4.4e-16

B cell BLK 0.63 0 0.63 5.8e-14

  CD19 0.64 0 0.63 1.3e-13

  FCRL2 0.62 0 0.65 1e-14

  MS4A1 0.62 0 0.63 9.4e-14

  KIAA0125 0.54 0 0.6 3e-12

  TNFRSF17 0.4 0 0.45 4.9e-07

  TCL1A 0.65 0 0.63 6.3e-14

  SPIB 0.26 0 0.68 4.4e-16

  PNOC 0.52 0 0.64 4.2e-14

  CD79A 0.63 0 0.63 7.2e-14

Monocyte CD86 0.45 0 0.42 3.5e-06

  CD115(CSF1R) 0.33 0 0.18 0.064

TAM CCL2 0.23 5.8e-14 0.057 0.55

  CD68 0.19 1.5e-10 0.16 0.095

  IL10 0.31 0 0.21 0.03

Note: Tumor, single-gene marker correlation analysis within LUAD samples. Normal, correlation
analysis in normal tissue of TCGA.Cor, R-value obtained upon Spearman’s correlation.
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    Tumor     Normal  

M1 Macrophage IRF5 0.27 0 0.59 9.8e-12

  COX2(PTGS2) 0.005 0.87 0.051 0.59

M2 Macrophage CD163 0.22 4e-13 0.1 0.29

  VSIG4 0.14 5.3e-06 0.076 0.43

  MS4A4A 0.31 0 0.068 0.48

Mast cell TPSB2 0.0039 0.9 0.024 0.8

  TPSAB1 0.012 0.69 0.094 0.32

  CPA3 0.034 0.27 0.13 0.19

  MS4A2 0.066 0.029 0.094 0.33

  HDC -0.036 0.24 0.36 0.00011

Neutrophils FPR1 0.22 7e-14 0.31 0.00075

  SIGLEC5 0.34 0 0.43 2.3e-06

  CSF3R 0.013 0.67 0.17 0.067

  FCAR 0.13 2.1e-05 0.12 0.2

  FCGR3B 0.012 0.69 0.073 0.44

  CEACAM3 0.13 8.3e-06 0.15 0.12

  S100A12 0.02 0.52 0.014 0.88

  CD116(ITGAM) 0.096 0.0015 0.17 0.076

Natural killer cell XCL1 0.51 0 0.38 3e-05

  XCL2 0.6 0 0.48 8.3e-08

  NCR1 0.62 0 0.22 0.021

  KIR2DL1 0.046 0.13 0.098 0.31

  KIR2DL3 0.52 0 0.14 0.13

  KIR2DL4 0.49 0 0.31 0.00093

  KIR3DL1 0.44 0 0.17 0.072

  KIR3DL2 0.33 0 0.4 1.4e-05

Note: Tumor, single-gene marker correlation analysis within LUAD samples. Normal, correlation
analysis in normal tissue of TCGA.Cor, R-value obtained upon Spearman’s correlation.
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    Tumor     Normal  

  KIR3DL3 0.011 0.72 0.23 0.014

  KIR2DS4 0.3 0 0.27 0.0034

Dendritic cell CCL13 0.22 1.2e-13 0.086 0.37

  CD209 0.31 0 0.044 0.65

  HSD11B1 0.042 0.17 -0.079 0.41

  HLA-DPB1 0.49 0 0.5 1.4e-08

  HLA-DQB1 0.38 0 0.21 0.028

  HLA-DRA 0.49 0 0.64 2.2e-14

  HLA-DPA1 0.47 0 0.58 3.1e-11

  BCDA-1(CD1C) 0.57 0 0.65 1.1e-14

  BDCA-4(NRP1) 0.11 0.00051 -0.081 0.4

  CD11c(ITGAX) 0.36 0 0.42 4.4e-06

Th1 T-bet(TBX21) 0.67 0 0.58 1.7e-11

  IFN-γ(IFNG) 0.35 0 0.48 6.2e-08

  TNF-α(TNF) 0.16 9.2e-08 0.33 0.00041

  STAT4 0.74 0 0.41 9.2e-06

  STAT1 0.29 0 0.34 0.00028

Th2 GATA3 -0.22 1.5e-13 0.1 0.28

  STAT6 0.089 0.0034 0.2 0.037

  STAT5A 0.23 7.1e-15 -0.22 0.018

  IL13 0.13 2.1e-05 -0.019 0.85

Tfh BCL6 0.029 0.34 -0.19 0.049

  IL21 0.52 0 0.65 9.8e-15

Th17 STAT3 0.0012 0.69 0.26 0.0054

  IL17A 0.095 0.0018 -0.076 0.42

Effector T cell CX3CR1 0.098 0.0012 0.3 0.0014

Note: Tumor, single-gene marker correlation analysis within LUAD samples. Normal, correlation
analysis in normal tissue of TCGA.Cor, R-value obtained upon Spearman’s correlation.
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    Tumor     Normal  

  FGFBP2 0.023 0.45 -0.14 0.15

  FCGR3A 0.15 1.6e-06 0.33 0.00036

Effector memory T cell GZMK 0.69 0 0.69 0

  GZMA 0.7 0 0.65 4.9e-15

Central memory T cell CCR7 0.36 0 0.7 0

  SELL 0.23 7.5e-15 0.68 2.2e-16

  IL7R 0.66 0 0.54 9.4e-10

Resident memory T cell CD69 0.64 0 0.39 1.7e-05

  ITGAE 0.052 0.087 0.051 0.59

  CXCR6 0.54 0 0.53 1.4e-09

Exhausted T cell PD-1 (PDCD1) 0.61 0 0.69 0

  TIM-3 (HAVCR2) 0.3 0 0.28 0.0025

  TIGIT 0.75 0 0.71 0

  LAG3 0.38 0 0.54 5.9e-10

  CXCL13 0.069 0.022 0.35 0.00014

  LAYN 0.033 0.28 0.23 0.015

  GZMB 0.53 0 0.65 1.3e-14

Resting Treg T cell FOXP3 0.59 0 0.64 1.7e-14

  IL2RA 0.28 0 0.41 7.5e-06

Effector Treg T cell CTLA4 0.65 0 0.64 2e-14

  CCR8 0.3 0 0.67 4.4e-16

  TNFRSF9 0.46 0 0.69 0

Note: Tumor, single-gene marker correlation analysis within LUAD samples. Normal, correlation
analysis in normal tissue of TCGA.Cor, R-value obtained upon Spearman’s correlation.
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Table 5
Summary of databases used in this study.

Name Link Keywords

TIMER https://cistrome. shinyapps.io/timer/ tumor-in�ltrating
immune cells;

gene expression;
32 cancer types

PrognoScan http://dna00.bio.kyutech.ac.jp/Progn
oScan/

prognosis

Kaplan-Meier Plotter http://kmplot.com/ survival curve;
subtype

GEPIA2 (Gene Expression Pro�ling
Interactive Analysis2)

http://gepia2.cancer-pku.cn/ gene expression;
survival curve;

isoform details;
genes correlation;

similar genes
detection

CancerSEA http://biocc.hrbmu.edu.cn/CancerSEA/ single-cell
sequencing;
functional states;

25 cancer types

TISIDB http://cis.hku.hk/TISIDB 30 cancer types;
immunotherapy;

immune system

MEXPRESS https://mexpress.be/ Expression; DNA
methylation
status;

clinical data

LinkedOmics http://www.linkedomics.org 32 cancer types;
expression;

target genes;
enrichment
analysis

3.7 PLAC8 Expression in BRCA
Four different types, C1 (wound healing type), C2 [interferon γ (IFN-γ) dominant type], C3 (in�ammatory
type), C4 (lymphocyte depleted type), and C6 (TGF-b dominant type), manifested the expression of
PLAC8. PLAC8 was found highest and lowest in the C2 and C3 types, respectively (Fig. 6A). PLAC8
expression was further investigated in different molecular subtypes of BRCA using TISIDB. Five different
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molecular subtypes (basal, Her2, lumA, lumB, and normal) were identi�ed in BRCA. PLAC8 expression
was highest and lowest in the basal and lumB subtypes, respectively (Fig. 6B), indicating its potent
relationship with the tumor immune microenvironment. However, the comparison of different BRCA
stages (I-IV, X) was signi�cantly based on the GEPIA2 database (P = 0.00436) (Fig. 6C). Furthermore,
MEXPRESS analysis indicated that PLAC8 mRNA expression correlated with the BRCA estrogen receptor
status, BRCA progesterone receptor status, histological type, menopause status, gender, tumor stage
simpli�ed, sample type, and subtype (Fig. 6D).

3.8 PLAC8 co-expression networks in BRCA
For an in-depth understanding of the biological signi�cance of PLAC8 in BRCA, the co-expression pattern
of PLAC8 was examined using the “LinkFinder” module in LinkedOmics (Fig. 7A). Heatmaps showed the
top 50 genes showing positive and negativecorrelation with PLAC8 (Fig. 7B and 7C).

GSEA-based annotation of signi�cant GO term demonstrated PLAC8 co-expressed genes participation in
positive modulation of the adaptive immune response, T cell activation, leukocyte cell-cell adhesion,
leukocyte proliferation, cellular defense response as well as response to chemokine signaling pathway
(Fig. 7D). KEGG analysis revealed primary gene enrichment in cytotoxicity mediated by natural killer cells,
infection with Staphylococcus aureus, NF-kappa B signal transduction pathway, cell adhesion molecules
(CAMs), chemokine signal transduction pathway, hematopoietic cell lineage, the interaction between
cytokine and cytokine receptor (Fig. 7E).

4 Discussion
PLAC8 is a protein containing 115amino acids with abundant cysteine [9], �rstdiscovered to show high
expression within mouse placenta [10]. According to our results, PLAC8 inhibits the apoptosis of BRCA
through the activation of the PI3K/AKT/NF-κB signal transduction pathway. PLAC8 plays a vital role as
an oncogene or tumor suppressor gene during cancer development [41]. Nevertheless, comprehensive
study on the association between PLAC8 level and immune in�ltration, T cell activity, andthe pan-cancer
prognosis is limited. Our study revealed that PLAC8 level was associated withthe prognostic outcome of
various malignancies, especially BRCA, by analyzing massive tumor specimens derived from a series of
large public databases. Besides, PLAC8 expression was positively related to the degree of immune
in�ltration within BRCA. The analysis on gene expression correlations for T cells robustly validated that
PLAC8 signi�cantly interactedwith numerous functional T cells within BRCA, particularly the exhausted T
cells. Therefore, PLAC8 provides new directions as a possible prognostic biomarker for BRCA for
exploiting the association of PLAC8 with T cell function and immune in�ltration.

Our study comprehensively investigated PLAC8 expression and systematic prognostic signature in pan-
cancers based on several public datasets in TIMER and 33 malignancies from TCGA-based GEPIA2,
which revealed differential PLAC8 expression between cancerous and normal tissue in various
malignancies. PLAC8 expression increased in HNSC-HPVpos, KIRC, and KIRP compared to normal tissue
in the TIMER database. However, several datasets revealed lower PLAC8 expression in BRCA, CHOL,
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COAD, HNSC, KICH, LIHC, LUAD, LUSC, PRAD, READ, SKCM. The varied PLAC8 level in various
malignancies in different databases might be due to variations in the data collection and intrinsic
biological properties. However, a robust, consistent prognostic association of PLAC8 expression was
found in these databases in BRCA. In PrognoScan, the PLAC8 level was signi�cantly related to survival
inAML, skin cancer, and, particularly, breast cancer. Further analysis using GEPIA2 and KM Plotter
suggested that down-regulation of PLAC8 predicted the dismal prognostic outcome of BRCA, LUSC, OV,
STAD, CESC, SARC, SKCM, CHOL, LIHC, and LUSC. Moreover, PLAC8 expression signi�cantly correlated
with patient ER status – array, PR status – IHC, HER2 status – array, Intrinsic subtype, Grade, and
Pietenpol subtype. Collectively, these outcomes indicated PLAC8 as a prognostic biomarker for BRCA.

Similarly, CancerSEA analysis indicated the involvement of PLAC8 in cancer metastasis and invasion.
Further, PLAC8 was veri�ed to inhibit BRCA apoptosis by activatingPI3K/AKT/NF-κB signal transduction
pathway. PLAC8 may play a role as an oncogene or a tumor suppressor gene during cancer development
[41]. We, therefore, propose that PLAC8 could be a potential BRCA biomarker.

TISIDB-based assessment of the relationship of PLAC8 with the immune system revealed that it was
signi�cantly correlated with lymphocytes, immuno-inhibitors, immuno-stimulators, and MHC molecules.
The T1-type chemokine epigenetic silencing was demonstrated as a new immune evasion mechanism
within cancers, whereas epigenetic reprogramming facilitated theselective increase in the therapeutic
e�cacy in BRCA [42]. Therefore, PLAC8 associated with the above immune molecules might be a novel
target to investigate immune evasion in BRCA, likely to function as an immunotherapeutic target. BRCA is
classi�ed into various molecular subtypes. TISIDB database analysis revealed that PLAC8 expression
was the highest in basal subtype, followed by the normal type, Her2, lumA, and lumB types. Varied PLAC8
levels were detected in distinct immune subtypes in BRCA, with the highest in the C2 type. The in-depth
and comprehensive study on PLAC8 gene expression in diverse databases of BRCA and subtypes
indicated the potent correlation of PLAC8 with immunological properties in the tumor microenvironment
(TME).

Due to the strong impact of PLAC8 on the immune system and the remarkable prognostic signi�cance in
BRCA, we analyzed the association between PLAC8 and the degree of immune in�ltration within BRCA.
Consequently, higher PLAC8expression predicted a markedly increased degree of immune in�ltration
within diverse immune cell subsets, such as CD8 + T and B cells, particularly neutrophils, CD4 + T cells,
andDCs, with a higher correlation degree. Additionally, B cell in�ltration was signi�cantly related to BRCA
prognosis. Despite the insigni�cant effect of varied SCNA of PLAC8 on immune in�ltration degree of B
cells, neutrophils, and DCs in BRCA, our focus was on the tight correlation of PLAC8 with immune cells.
Analysis of PLAC8 and immune cell gene markers further demonstrated that PLAC8 closely interacted
with most immune cells and diverse functional T cells, including central memory T cells, effector, and
exhausted T cells. T cell exhaustion is a main obstacle for inadequate anti-tumor immunity [43–45];
hence it is essential to abolish the progression of exhausted T cells. In our study, increased PLAC8 level
was positively correlated to various critical genes of exhausted T cells, including PD-1, TIM-3, TIGIT, LAG3,
and GZMB, presently therapeutic targets or participate in immunotherapy [46, 47].
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Intriguingly, we revealed the dual roles of PLAC8. High PLAC8 level positively correlated with superior
prognosis in various types of malignancies, including BRCA, and simultaneously triggered T cell
exhaustion, leading to inadequate anti-tumor immunity. The underlying mechanism has been explained
recently by several researchers. PLAC8 showeda positive effect on regulating the migration and invasion
of trophoblasts by promoting Cdc42 and Rac1 activation [11]. Therefore, PLAC8 plays a diverse role in
normal immunity development and modulating TME, which requires identi�cation in a speci�c stage.

To summarize, the present outcomes implicated PLAC8 as a prognostic biomarker in pan-cancers,
particularly BRCA. Elevated PLAC8 expression is associated with a high immune in�ltration degree in B
cells, CD4 + T cells, Macrophages, DCs, neutrophils, CD8 + T cells, and most functional T cells. Despite its
vital function in immunity development, PLAC8 is signi�cantly related to T cell exhaustion and might
promote T cell exhaustion in BRCA. Therefore, PLAC8 expression determination might assist in
prognostic prediction. Besides, its modulation within exhausted T cells possibly could serve as the new
approach for optimizingthe therapeutic effect of immunotherapy among BRCA cases.
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Figures

Figure 1

TIMER was employed to examine human PLAC8 expression in various cancers based on the TCGA
database. 0 ≤ *** < 0.001 ≤ ** < 0.01 ≤ * < 0.05
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Figure 2

Prognostic possibility of PLAC8 in various tumors based on KM Plotter (A-H) and GEPIA2 (I-R). OS and
RFS survival curves in (A, B) breast cancer (n = 1879, n = 1435). OS and PFS curves in (C, D) lung cancer
(n = 1925, n = 982), (E, F) ovarian cancer (n = 1656, n = 1435), and (G, H) gastric cancer (n = 875, n =
640). (I, J) Heat map of PLAC8 in 33 types of TCGA tumors. Heat map revealed the HRs in logarithmic
scale (log10) for PLAC8. The blue and red blocks suggested lower and higher risks, respectively.
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Rectangles with frames indicate statistically signi�cant �ndings in the prognostic analysis. OS as well as
DFS curves in (K, L) BRCA (n = 1069), (M, N) LGG (n = 514), and(O, P) UVM (n = 74). OS curves in(Q) CESC
(n = 292), (R) SARC (n = 262).

Figure 3

Functional analysis of PLAC8 in BRCA using CancerSEA database (A) Functional signi�cance of PLAC8
within BRCA cells. Bubble size stands for correlation strength; blue and red colors indicate negative and
positive correlations, respectively. (B) Detailed functional signi�cance of PLAC8 within BRCA. *P<= 0.05,
**P<= 0.01, ***P<= 0.001
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Figure 4

Spearman correlation between PLAC8 and lymphocytes as well as immunomodulators (TISIDB). (A)
Correlation of TILs abundance with PLAC8 level. (B) Association of immuno-inhibitors abundance with
PLAC8 level. (C) Correlation of immunostimulators abundance with PLAC8 level. (D) Relationship of MHC
molecule abundance with PLAC8 level. Blue and red cells are suggestive of negative and positive
correlations, respectively. There is a direct correlation between color intensity and correlation strength.
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Figure 5

Association between PLAC8anddegrees of immune in�ltration within BRCA. (A) Relationship of PLAC8
level with immune in�ltration of tumor purity, neutrophils, B cells, CD8+ T cells, macrophages, CD4+ T
cells, and DCs. (B) KM plots of immune in�ltration and PLAC8 expression in BRCA. (C) Tumor-in�ltration
degrees compared with a variety of SCNAs to examine PLAC8 level within BRCA. The de�nition of SCNAs
was according to GISTIC 2.0 (described in Method Section). P-value Signi�cant Codes: 0 ≤ *** < 0.001 ≤
** < 0.01 ≤ * < 0.05 ≤. < 0.1
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Figure 6

PLAC8 expression level in BRCA.PLAC8 expression in diverse (A) immune subtypes and (B) molecular
subtypes of BRCA based on the TISIDB database. (C) PLAC8 expression at various stages in BRCA based
on the GEPIA2 database. PLAC8 gene expression was normalized by log counts per million mapped
reads (log2CPM) in (A, B) and log2(TPM + 1) in (C). (D) PLAC8 mRNA expression is correlated with
histological type and sample type
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Figure 7

PLAC8 co-expression genes within BRCA (LinkedOmics). (A)Closely related genes of PLAC8 within BRCA
identi�ed by Pearson’s test. Green and red dots indicated genes signi�cantly negatively and positively
associated with PLAC8, separately. (B, C) Heatmaps presenting the 50 most signi�cantly negative and
positive related genes of PLAC8within BRCA. (D, E)Markedly associated GO: BP annotations as well as
KEGG pathways for PLAC8 within BRCA.
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