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Abstract 

Background  Breast cancer (BC) is the most prevalent malignancy in women. Potential therapeutic targets for BC are 
of great significance. In our previous study, we found that prenylated rab acceptor 1 domain family member 2 (PRAF2) 
is an oncogene in BC. However, the exact mechanism of PRAF2 in BC cancer promotion is still not fully understood.

Methods  Pan-cancer analysis of PRAF2 was performed in the TIMER, Kaplan‒Meier, UALCAN and GEPIA databases.
The prognostic value of PRAF2 in BC was investigated in the GEPIA database. The influence of PRAF2 on immune 
infiltration in BC was analyzed in the TISIDE and TIMER databases. Finally, we validated the expression of PRAF2 
in our institutional samples. After downregulating PRAF2 in two BC cell lines, we tested cell proliferation by CCK-8 
and Wound healing assays.

Results  PRAF2 was highly expressed in various cancers, including BC, and in most BC cell lines. Higher expres-
sion of PRAF2 indicated poorer overall survival (OS) but not disease-free survival (DFS). Higher expression of PRAF2 
is an independent prognostic factor in BC.PRAF2 is more highly expressed in BC than in the corresponding normal 
tissues. Downregulation of PRAF2 in BC can significantly inhibit viability and migration.

Conclusions  PRAF2 is highly expressed in various cancers, including BC. The expression of PRAF2 is related to Liquid–
Liquid Phase Separation in BC. Finally, PRAF2 is upregulated in BC based on our institutional data. Downregulation 
of PRAF2 significantly inhibits cellular viability、migration in BC. PRAF2 may be a potential biomarker and therapeutic 
target for BC.
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Introduction
Breast cancer (BC) is the most common malignancy in 
women, with approximately 600 thousand new diagnoses 
and 100 thousand deaths worldwide [1, 2]. Despite the 
fact that the mortality rate of breast cancer is decreas-
ing, advanced stage breast cancer is still a tricky problem 
worldwide, and the 5-year survival rate of stage 4 ranges 
from 28%−32% [3]. Early diagnosis and novel therapeu-
tic targets for breast cancer are of great significance. In 
the last decade, many novel therapeutic targets for breast 
cancer have been discovered. For example, atezolizumab 
for late-stage triple-negative breast cancer (TNBC) 
showed promising outcomes.

Prenylated rab acceptor 1 domain family member 
2 (PRAF2) is from the Prenylated Rab acceptor fam-
ily, comprising a four transmembrane domains, highly 
expressed in the endoplasmic reticulum (ER) [4–6], in 
recent studies, PRAF2 was associated with poorer prog-
nosis in esophageal squamous and hepatocellular cancer 
[7, 8]. In our previous study, we found that prenylated rab 
acceptor 1 domain family member 2 (PRAF2) is highly 
expressed in BC and acts as an oncogene to promote the 
proliferation and invasion of BC [9]. However, the under-
lying mechanism of PRAF2 in BC is not fully understood. 
In the present study, we aimed to perform a pancancer 
analysis of PRAF2 and to elucidate the cellular biofunc-
tion of PRAF2 in BC in vitro.

Methods and materials
Gene expression analysis
To examine the distinct expression patterns of PRAF2 
in pancancer and nearby normal tissues, TIMER2.0 
(http://​timer.​cistr​ome.​org), Kaplan–Meier (KM) Plot-
ter database (http://​kmplot.​com/​analy​sis/), GEPIA 
database (http://​gepia2.​cancer-​pku.​cn/#​analy​sis), and 
UALCAN (https://​ualcan.​path.​uab.​edu/) were utilized. 
The levels of gene expression were displayed on a log2 
(TPM + 1) scale, with TPM representing transcripts 
per million. The expression of PRAF2 in breast cancer 
was analyzed using the XIANTAO platform (https://​
www.​xiant​ao.​love/) to compare BC with paired nor-
mal tissue in human cancers. The Human Protein Atlas 
(https://​www.​prote​inatl​as.​org/) provides transcriptomic 
and proteomic data of human cells, tissues, and organs 
obtained from both healthy and diseased tissues using 
RNA sequencing (RNA-Seq) analysis and immunohis-
tochemistry (IHC). The HPA database (https://​www.​
prote​inatl​as.​org/) analyzed the expression of PRAF2 in 
numerous cell lines, including leukemia, lung, breast, 
and brain cell lines, using the search term PRAF2. The 
HPA database was used to perform additional verifica-
tion of the strength of PRAF2 immunohistochemical 
staining in various cancer tissues, particularly in breast 

carcinoma. Furthermore, the HPA database was utilized 
to investigate the intracellular localization of PRAF2 in 
neoplasms [10].

Analysis of the correlation between PRAF2 
and clinicopathological parameters of BC
UALCAN, as mentioned before, is a web tool that offers 
a comprehensive and interactive analysis of bioinfor-
matics. It utilizes RNA-seq and clinical information 
from TCGA to study 31 different types of malignancies 
[11]. We utilized UALCAN to examine the expression 
of PRAF2 and its association with different clinico-
pathological factors (such as cancer stage, age, subtype, 
menopause status, nodal metastasis status, and TP53 
mutation status) in BC.

Analysis of the prognostic value of PRAF2 in BC
To investigate the prognostic significance of PRAF2 
expression in BC [12], the GEPIA database (http://​
gepia2.​cancer-​pku.​cn/#​analy​sis) and Kaplan‒Meier plot-
ter database (http://​kmplot.​com/​analy​sis/) were utilized. 
The XIANTAO platform was utilized to generate an 
ROC curve for assessing the prognostic model intensity 
prediction accuracy. In our investigation, we utilized the 
GEPIA repository to examine the association between 
PRAF2 expression and both overall survival (OS) and 
disease-free survival (DFS) in BC. Based on a threshold 
of 50%, the TCGA tumor samples were categorized into 
cohorts of high-expression and low-expression. Through 
utilization of the Kaplan‒Meier Plotter database, a corre-
lation was discovered between the expression of PRAF2 
and overall survival (OS) as well as relapse-free survival 
(RFS) in individuals with BC. Additionally, data comes 
from databases and the results have corrected for these 
confounding factors. The hazard ratio (HR) was esti-
mated along with its 95% confidence intervals, and the p 
value for log-rank test was also calculated. A p-value less 
than 0.05 was used to determine statistical significance.

Analysis of gene mutations in PRAF2
cBioPortal (https://​www.​cbiop​ortal.​org/) is an online 
platform designed to analyze the genomic features of 
tumors in the PRAF2 gene [13]. Using the database, we 
conducted an analysis of the mutation frequency of 
PRAF2 across various types of cancer. The mutation 
alterations included mutation, amplification, and deep 
deletion.

liquid–liquid phase separation (LLPS) analysis of PRAF2
Determining whether a protein sequence contains dis-
ordered regions is crucial when studying protein phase 
separation, as proteins with such regions are more likely 
to undergo phase separation. The Disordered Protein 
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Prediction Database can be accessed at https://​d2p2.​
pro [14]. It can predict disordered regions of proteins 
encoded throughout the entire genome. Professor Robert 
B. Russell from the European Molecular Biology Labora-
tory in Germany initially created the PONDR (Predictor 
of Natural Disordered Regions) database, which can be 
accessed at https://​www.​pondr.​com/ [15]. We using two 
database predict disordered areas of PRAF2 protein.

Immune cell infiltration with the tumor immune estimation 
resource (TIMER2.0) and the TISIDB database analysis
TIMER2.0, also known as the Tumor Immune Estima-
tion Resource, is an online platform that allows for the 
comprehensive analysis of immune infiltration in dif-
ferent types of cancers. It can be accessed at https://​
timer.​cistr​ome.​org/ and has been described in reference 
[16]. Using correlation modules in TIMER2.0, the asso-
ciation between PRAF2 expression and gene markers of 
tumor-infiltrating lymphocytes (TILs), such as markers 
of CD8 + /CD4 + T cells, B cells, natural killer (NK) cells, 
cancer-associated fibroblasts, macrophages, and neutro-
phils, was examined. The TISIDB database is a web-based 
repository portal that gathers numerous datasets on 
human cancer from the TCGA database [17], accessible 
at (http://​cis.​hku.​hk/​TISIDB/​index.​php). In the TISIDB 
database, the relationship between the abundance 
of TILs and the expression of PRAF2 was examined. 
Expression dispersion maps were generated for a specific 
set of genes in BC by utilizing correlation modules. The 
TISIDB database was used to investigate the associations 
between PRAF2 expression and the immune or molecu-
lar subtypes of BC. Differences with a P value < 0.05 were 
considered statistically significant.

Single‑cell sequencing
Cancer SEA (http://​biocc.​hrbmu.​edu.​Cance​rSEA) is 
a unique database for single-cell sequencing, offering 
diverse functional states of cancer cells at the single-cell 
level [18]. The analysis involved examining the correla-
tion between the expression of PRAF2 and various tumor 
functions using single-cell sequencing data. T-SNE dia-
grams were utilized to exhibit the expression patterns of 
PRAF2 in individual cells within TCGA specimens.

Protein–protein interaction network construction
The website of BioGRID, the Biological General Reposi-
tory for Interaction Datasets [19] is a website that allows 
users to create a protein‒protein interaction network 
(PPI), which stands for protein–protein interaction, and 
serves as a public repository for storing and sharing 
genetic and protein interaction information from both 
model organisms and humans. The PPI of PRAF2 in BC 
was constructed using BioGRID.

Gene enrichment analysis
The top 100 genes correlated with PRAF2 were obtained 
from all tumor and normal tissues in TCGA using 
GEPIA2.0. Next, we performed a correlation analy-
sis using the Pearson method to examine the relation-
ship between PRAF2 and the chosen genes. In order to 
examine the biological functions and signaling pathways 
influenced by PRAF2 in TCGA tumors, the XIANTAO 
platform was utilized for conducting Gene Ontology 
(GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) enrichment analyses. p value < 0.05 was consid-
ered to be statistically significant. Furthermore, we inte-
grated the two sets of data to undertake KEGG pathway 
analysis. The DAVID bioinformatics database is a visual 
tool utilized for investigating the gene expression pat-
tern through the website https://​david.​ncifc​rf.​gov/ [20]. 
By employing gene set enrichment analysis (GSEA), we 
utilized DAVID database to investigate the Gene Ontol-
ogy biological process (GO-BP), Gene Ontology cellular 
component (GO-CC), Gene Ontology molecular func-
tion (GO-MF), and KEGG pathways associated with 
PRAF2 and its co-expressed genes.

Cell culture and transfection
The MDA‑MB‑231 and BT-549 breast cancer cell lines, 
along with the MCF‑10A human normal mammary epi-
thelial cell line, were acquired from The Cell Bank of Type 
Culture Collection of The Chinese Academy of Sciences. 
Additionally, the MCF‑7 cell line (cat. no. CL‑0149) 
was acquired from Procell Life Science & Technology 
Co., Ltd. All cell lines were cultured using high-glucose 
DMEM (cat. no. SH30022.01; Cytiva) with the addition 
of 10% FBS (cat. no. S711‑001S; Shanghai Shuangru Bio-
technology Co., Ltd.). The experiment was conducted at 
a temperature of 37 degrees Celsius and with a carbon 
dioxide concentration of 5%. The Lentivirus-si-PRAF2 
was acquired from GenePharma located in Shanghai, 
China. Lentiviruses were ultracentrifuged, concentrated, 
and validated. Cells that had undergone transfection 
were chosen using puromycin (Solarbio, Beijing, China) 
for a duration of 7 days. The remaining cells were uti-
lized as steady mass transfectants, consisting of three 
siRNA sequences that target PRAF2 and a negative con-
trol (NC) sequence, namely siRNA1, siRNA2, siRNA3, 
and siRNA‑NC. Table  1 contains the siRNA sequences. 
Cell transfection was performed using Lipofectamine® 
2000 (Invitrogen; Thermo Fisher Scientific, Inc.). Prior 
to transfection, MDA‑MB‑231, MCF‑10A, BT-549, and 
MCF‑7 cells were placed in 24‑well plates with an opti-
mized density of 1 × 105 cells per well, 24 h in advance. 
The next day, once the cells had reached a confluence of 
60–70%, PRAF2 siRNA (10 µl/well) or siRNA-NC (10 
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µl/well) were transfected with 1 µl Lipofectamine 2000 
reagent at room temperature for 48 h, with a final con-
centration of 100 nM. The manufacturer’s protocol was 
followed, and medium was added to each well after 6 h 
of transfection. After transfection, cells were subjected 
to subsequent assays to evaluate cellular function. The 
siRNA with the highest transfection efficiency, as deter-
mined by analyzing PRAF2 protein expression 48 h post-
transfection, was used for these assays.

Immunohistochemistry (IHC)
The analysis included tissue samples from 40 BC cases 
with pathological diagnosis that were treated at the 
Department of Thyroid and Breast Surgery, Yijishan 
Hospital of Wannan Medical College (Wuhu, China) 
from October 2021 to October 2022 were included in 
the analysis. Before the surgery, none of the patients had 
undergone neoadjuvant chemotherapy, radiotherapy, or 
endocrine treatment, who were informed of the objective 
of the study and gave informed consent. This research 
received approval from the Ethics Committee of Yijis-
han Hospital, affiliated with Wannan Medical College in 
(Wuhu, China) (No. 202325).The specimens were pre-
served in formaldehyde and treated with heat-induced 
antigen retrieval in citrate buffer (pH = 6).The samples 
were subsequently obstructed and cultured with rabbit 
polyclonal anti-PRAF2 (1:500, cat. no. ab230420; Abcam). 
The sample was incubated with the primary antibody 
overnight at a temperature of 4 °C. The ElivisionTM 
plus Polyer HP (Mouse/Rabbit) IHC Kit (Cat. KIT-9901, 
MXB Biotechnologies, China) has been developed. The 

staining intensity was evaluated by two pathologists who 
were not aware of the clinical outcome.

Western blotting
Cold PBS was used to wash the tissue samples, which 
were then lysed using PhosphoSafe™ Extraction Reagent 
(cat. no. P0013; Beyotime Institute of Biotechnology). 
Before rinsing the cells with PBS, the culture medium was 
removed from the cells. To begin, the suggested quantity 
of Phospho Safe™ Extraction Reagent was introduced. 
Following this, the cultures were left to incubate at room 
temperature for a duration of 5 min. Next, the cells were 
detached using a cell scraper and the resulting lysate was 
moved to a 1.5 ml tube. Finally, the lysate was subjected 
to centrifugation at 16,000 × g for 5 min at a temperature 
of 4 °C. Finally, the liquid above the sediment was moved 
to a fresh tube, and the amount of protein was measured 
using a BCA assay (cat. no. AS1086; Wuhan Aspen Bio-
technology Co., Ltd.). Each sample total protein loading 
was adjusted to 30 µg, followed by electrophoresis using 
15% SDS‑PAGE and subsequent transfer to a PVDF mem-
brane. To prevent non-specific binding in membranes, a 
solution of PBS with 5% nonfat milk was applied for 2 h 
at room temperature. Afterwards, the membranes were 
exposed to primary antibodies overnight at a tempera-
ture of 4 °C. The membranes were subsequently cultured 
with an HRP‑linked goat anti‑rabbit IgG (1:5,000; cat. no. 
BL103A; Micro Biotechnology (Shanghai) Co., Ltd.) was 
incubated at room temperature for 2 h. In the end, protein 
bands were identified by utilizing an improved chemilu-
minescence kit(cat. no. A38555; Thermo Fisher Scientific, 
Inc.). In this study The following antibodies were used 
in the present study: GAPDH (1:5,000; cat. no. ab37168; 
Abcam), PRAF2 (1:3,000; cat. no. ab230420; Abcam),Bax 
(1:1,000;rabbit.A0207;ABclonal),Bcl-2(1:,000;rabbit. 
no.A0208;ABclonal).

Reverse transcription‑quantitative PCR (RT‑qPCR)
A QuantiNova™ SYBR Green PCR kit was used for this 
assay (cat. no. 208252; Qiagen AB). The primers for the 
PRAF2 and GAPDH genes were synthesized by Guangzhou 
RiboBio Co. Ltd., and their sequences are detailed in Table 2. 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 

Table 1  The LVshRNA sequences

Product number Product name Position Target sequence 
(5′−3’)

R2023-SH1515 shRNA1 513 ACT​AGA​GGC​ACT​GGG​
ACA​AGA​

R2023-SH1516 shRNA2 140 TCT​ACT​ACC​AAA​CCA​
ACT​ACC​

R2023-SH1517 shRNA3 456 CAA​GAT​TGA​GAA​CAA​
GAT​CGA​

R2023-SH1518 LV16NC 0 TTC​TCC​GAA​CGT​GTC​
ACG​T

Table 2  The primer sequences for q-PCR

Product number Product name Primer sequences (5’−3’)

GQP0005157 geneDETECTTM hPRAF2_qPCR_91bp_F1 CCC​AGG​TCA​AGA​CAT​TGC​C

GQP0005158 geneDETECTTMhPRAF2_qPCR_91bp_R1 GGT​CCA​ACA​GTC​AGG​ATA​CCC​

ssD1021 GAPDH_2_Forward Primer(h,m,r) GAA​CGG​GAA​GCT​CAC​TGG​

ssD1022 GAPDH_2_Reverse Primer(h,m,r) GCC​TGC​TTC​ACC​ACC​TTC​T
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Fig. 1  The expression of PRAF2 in pan-cancer. A Expression levels of PRAF2 in various types of cancers obtained from TIMER2.0. B PRAF2 expression 
in different cancers from KM-plotter database. Red script represents difference is significant. C PRAF2 expression in various cancer tissues 
and normal tissues analyzed by GEPIA. D, E PRAF2 expression in different cancer cell lines and breast cancer cell Lines, analyzed by HPA. *p < 0.05; 
**p < 0.01; ***p < 0.001
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was used to extract total RNA from tissue samples and 
transfected cells, in accordance with the manufacturer’s 
protocol. The RNA was converted into cDNA by utilizing 
the PrimeScript™ RT Reagent Kit with gDNA Eraser (cat. 
no. RR047A; Takara Bio, Inc.). Following the guidelines pro-
vided by the manufacturer, Takara Bio, Inc. performed the 
experiment. The QuantiNova™ SYBR Green PCR kit (cat. 
no. 208252; Qiagen AB). using the ABI PRISM 7000 fluores-
cent quantitative PCR system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.).The thermocycling process involved 
one cycle at a temperature of 94 °C for a duration of 3 min, 
followed by 35 cycles at the same temperature for 30 s, then 
at 58 °C for another 30 s, and finally at 72 °C for 45 s. The 
2‑ΔΔCq method [21] was used to calculate the relative 
expression. The internal control was provided by GAPDH. 
The trial was conducted on three separate occasions.

Cell counting Kit‑8 (CCK‑8) assay
Cell proliferation capability was determined using the 
CCK-8 assay from (Beyotime Institute of Biotechnology), 
following the guidelines provided by the manufacturer. 
After adhering, cells in the phase of logarithmic growth 
(100 µl) were placed onto a 96‑well plate (103 cells/well), 
and subsequently, the culture medium was removed. 
Afterward, the cells were incubated with 10 µl of CCK‑8 
reagent for a period of 72 h. As a negative control, the 
culture medium without cells was utilized and subse-
quently incubated with the CCK‑8 reagent. To determine 
the MCF-7 and BT549 cell proliferation rate, the micro-
plate reader was utilized to measure the absorption of 
each well at 450 nm. This measurement included both 
the average value of each group of cells and the negative 
controls. The percentage of cell proliferation rate is calcu-
lated by dividing the value of each experimental group by 
the value of the NC control group and multiplying it by 
100.The trial was conducted on three separate occasions.

Scratch wound healing assay
The transfected cells were cultured in six-well plates, and 
the monolayers were scraped longitudinally with a sterile 
10-µL pipette tip once the cells were 80% confluent. After 
rinsing the cell debris with PBS, the adherent cells were 
cultivated in serum-free medium, After 24 h of incuba-
tion, each group was photographed under the micro-
scope and recorded as 24 h. Experiment was repeated 
three times.

Statistical analysis
Summary statistics were utilized to depict the funda-
mental attributes of the patients. Statistical principles 
were used to analyze the distinctions between qualita-
tive variables and continuous variables, employing chi-
squared test statistics, t tests, and analysis of variance 
(ANOVA). In order to reduce the I type of error, the 
Bofemoni correction method was used in pair-to-pair 
comparisons in ANOVA, and the significance level 
was equal to 0.05/ number of comparisons between 
groups.The Kaplan–Meier method was utilized to esti-
mate survival and then compared among the various 
groups using the log-rank test. Statistical significance 
was determined for all the two-tailed tests conducted, 
with a p-value below 0.05.

Results
PRAF2 expression analysis across cancers
We examined the variation in PRAF2 expression 
between tumor and adjacent healthy tissues by utiliz-
ing RNA-seq data obtained from diverse cancer types 
in TCGA. Based on the TIMER database, the levels 
of PRAF2 expression show a notable rise in BLCA 
(bladder urothelial carcinoma), BC (breast invasive 
carcinoma),HNSC (head and neck cancer), LIHC 
(liver hepatocellular carcinoma), LUAD (lung adeno-
carcinoma), LUSC (lung squamous cell carcinoma),
PCPG(pheochromocytoma and paraganglioma), and 
THCA (thyroid carcinoma) when compared to the 
surrounding healthy tissue.In contrast, the expression 
of PRAF2 mRNA was found to be reduced in CESC 
(cervical squamous cell carcinoma and endocervical 
adenocarcinoma) and KICH (kidney chromophobe), 
as shown in (Fig.  1A). In the meantime, we utilized 
the Kaplan–Meier plotter database. According to the 
data presented in (Fig.  1B), it was observed that the 
expression of PRAF2 was reduced in acute myeloid 
leukemia (LAML), colon adenocarcinoma (COAD), 
lung adenocarcinoma (LUAD), lung squamous cell 
carcinoma (LUSC), prostate adenocarcinoma (PRAD), 
rectum adenocarcinoma (READ), stomach adenocar-
cinoma (STAD), testicular germ cell tumors (TGCTs), 
and uterine carcinosarcoma (UCS).In the meantime, 
we discovered increased expression of PRAF2 in ACC 
(adrenocortical carcinoma), BC (breast invasive car-
cinoma), LIHC (liver hepatocellular carcinoma), OV 

(See figure on next page.)
Fig. 2  The different expression of PRAF2 in breast cancer. A The KM-plotter database shows a higher level of PRAF2 expression in breast cancer 
compared to normal tissues. B The UALCAN database was utilized to investigate the expression of PRAF2 in breast cancer. C, D Analysis of PRAF2 
expression in breast cancer compared to normal tissues and 58 pairs of breast cancer tissues and adjacent normal tissues in the TCGA database. 
E PRAF2 protein levels in normal and breast cancer tissues were visualized by IHC in HPA. F The subcellular localization of PRAF2 in tumor cells 
was visualized by immunofluorescence in HPA database. ***p < 0.001
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Fig. 2  (See legend on previous page.)
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(ovarian serous cystadenocarcinoma), PAAD (pancre-
atic adenocarcinoma), skin cancer, and THCA (thyroid 
carcinoma).In addition, we utilized GEPIA2.0 to inves-
tigate the expression level of PRAF2 in different types 
of cancers. Our findings revealed a significant increase 
in PRAF2 expression among individuals diagnosed 
with BC, THCA, STAD, OV, and LIHC. However, no 
such elevation was observed in patients with LUAD 
(Fig. 1C). In order to clarify the importance of PRAF2 
expression in BC cells, we examined the levels of 
PRAF2 expression using RNA-Seq data retrieved from 
cell lines documented in HPA databases. (Fig.  1D-E) 
displayed elevated PRAF2 mRNA expression levels in 
BC cell lines including MCF7, MDA-MB-157, MDA-
MB-231, and BT549.

PRAF2 expression analysis in BC
The analysis conducted using the Kaplan‒Meier plot-
ter database, UALCAN online tool, and the XIANTAO 
platform revealed a significant increase in PRAF2 expres-
sion levels in BC (Fig.  2A–D).Additionally, we validated 
the expression of PRAF2 by utilizing the IHC findings 
obtained from the HPA database. In the BC study, immu-
nohistochemical staining revealed that PRAF2 exhibited 
predominantly positive expression in the tumor tissue 
(Fig.  2E). In general, we exhibited elevated PRAF2 lev-
els in breast cancer. Furthermore, the HPA database 
unveiled that PRAF2 exhibited both cytoplasmic and 
nuclear localizations (Fig. 2F).

PRAF2 expression and clinical parameters of BC
We explored the expression of PRAF2 among patient 
groups based on various clinical parameters using the 
UALCAN online tool. In relation to the stage of the 
tumor, breast cancer patients in stages 1, 2, 3, and 4 
showed a notable rise in the expression of PRAF2 
(Fig.  3A). The PRAF2 level in breast cancer tissues 
of patients from various age groups (21–40 years, 
41–60 years, 61–80 years, and 81–100 years) showed 
a significant increase, as depicted in (Fig. 3B). PRAF2 
expression was markedly increased in luminal, Her-
2-positive, and triple negative breast cancer specimens 
in comparison to the corresponding normal controls, 
as indicated by the subtype analysis (Fig.  3C). PRAF2 

expression was elevated in breast cancer patients 
categorized as premenopause, perimenopause, and 
postmenopause based on their menopause status 
(Fig.  3D). PRAF2 expression was elevated in breast 
cancer patients categorized as N0, N1, N2, and N3 
based on node metastasis status (Fig.  3E). Further-
more, an increase in PRAF2 expression was detected 
in breast cancer patients with both TP53 mutations 
and TP53 wild-type, when compared to normal con-
trols (Fig.  3F). The findings indicate a strong asso-
ciation between the expression of PRAF2 and the 
advancement and spread of tumors. The calculated P 
value between each group was listed in Supplementary 
Table S1.

The predictive significance of PRAF2 in terms of survival
In the GEPIA analysis, it was observed that increased 
PRAF2 levels were linked to decreased overall survival 
(OS) but did not affect disease-free survival (DFS) in 
BC patients (n = 1071, OS HR = 1.5, P = 0.028; n = 1071, 
DFS HR = 1.1, P = 0.78) (Fig. 4A, B). The Kaplan‒Meier 
plotter database showed that increased PRAF2 expres-
sion was linked to worse OS but not DFS in BC. Spe-
cifically, the study found that higher PRAF2 expression 
was associated with a higher risk of mortality (OS 
(060831) n = 65, HR = 3.08, P = 0.0019), while no sig-
nificant association was observed with DFS (203,456) 
n = 63, HR = 1.55, P = 0.31) (Fig.  4C, D).To assess the 
predictive accuracy of PRAF2 for BC overall survival 
(OS) and disease-specific survival (DSS), we utilized 
the time-dependent ROC curve. The results showed 
that PRAF2 had an AUC of 0.501, 0.654, and 0.739 
for one-year, two-year, and three-year OS, respec-
tively (Fig.  4E). Similarly, for DSS, the AUC values 
were 0.618, 0.695, and 0.739 for one-year, two-year, 
and three-year, respectively (Fig.  4F).The disease-free 
interval (DFI) had an area under the curve (AUC) of 
0.540 for one year, 0.617 for two years, and 0.859 for 
three years, as shown in (Fig. 4G).The analysis of mul-
tiple variables indicated that PRAF2 could function as 
a standalone indicator for adverse results in BC cases. 
The aforementioned findings demonstrated a signifi-
cant correlation between PRAF2 expression and the 
prognosis of BC.

Fig. 3  The assessment of PRAF2 expression in various patient groups with breast cancer based on clinical parameters using the UALCAN database. 
A Box plot displays the comparative expression of PRAF2 in normal or patients with stage 1, 2, 3, or 4 breast cancers. B Box-plot displays the relative 
expression of PRAF2 in healthy subjects of any age and patients with breast cancer aged 21– 40,41–60,61–80,and 81–100 years. C Box plot 
is presented to display the relative expression of PRAF2 in individuals with normal breast tissue and different molecular subtypes of breast cancer. 
D Box-plot illustrates the relative expression of PRAF2 in normal or patients with states of menopause breast cancers. E The box plot displays 
the comparative expression of PRAF2 in individuals without any abnormalities or patients with lymph node metastatic tumors. F Box-plot displays 
the comparative expression of PRAF2 in normal and breast cancer samples based on the TP53 status of patients

(See figure on next page.)
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Fig. 3  (See legend on previous page.)
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Mutation analysis of PRAF2
The cBioPortal database was utilized to examine genetic 
changes in PRAF2 across various types of cancer. In ovar-
ian epithelial tumor, the prevalence of genetic variation in 
PRAF2 was the highest at 5.66%, primarily in the form of 
mutation. Head and neck squamous carcinoma had the 
second highest occurrence rate of PRAF2 (3.85%), pri-
marily as a mutation (Fig. 5A). Various alterations in the 
PRAF2 gene led to changes in copy numbers, as shown in 
(Fig. 5B).

liquid–liquid phase separation (LLPS) analysis of PRAF2
The Disordered Protein Prediction Database offers a 
collection of forecasts that suggest the existence of dis-
ordered structural domains in PRAF2 (Fig.  6A). In the 
diagram, regions with PONDR scores above 0.5 are 
considered disordered, whereas regions with PONDR 
scores below 0.5 are considered ordered. By analyzing 
the sequence of the PRAF2 protein, we observed three 
regions of disorder (Fig. 6B). This indicates that PRAF2 is 
extensively disordered, implying the possibility of PRAF2 
undergoing LLPS.

Correlation between immune infiltration and PRAF2 
expression in breast cancer
Tumor advancement is closely linked to the presence of 
immune infiltration. Hence, the utilization of TISIDB 
and TIMER platforms enabled the evaluation of the 
associations between PRAF2 expression and the lev-
els of immune cell infiltration in BC. The presence of 
uncontaminated tumors in clinical cancer samples 
greatly affects the investigation of immune infiltration 
through genetic methods [22]. Hence, in this research, 
the expression of PRAF2 showed a positive correla-
tion with the integrity of BC (rho = 0.0766, p < 1.62e-02).
The findings indicated a significant association between 
PRAF2 and the degree of tumor-infiltrating lymphocytes 
(TILs) infiltration. The high levels of PRAF2 expression 
showed a positive correlation with the infiltration degree 
of CD8 + T cells (rho = 0.108, p < 6.79e-04), CD4 + T cells 
(rho = 0.134, p < 2.27e-05), macrophages (rho = 0.115, 
p < 2.68e-04), cancer-associated fibroblasts (rho = 0.18, 
p < 1.06e-08), and NK cells (rho = 0.15, p < 6.21e −07). 
Additionally, they exhibited a negative correlation 
with B cells (rho = −0.2, p < 2.16e −10) and neutrophils 

Fig. 4  Assessing the predictive significance of PRAF2 levels in breast cancer. A Survival curves using the Kaplan–Meier plotter are shown for RFS. B 
Survival curves using the GEPIA2.0 are shown for DFS. C Survival curves using the Kaplan–Meier plotter are shown for OS. D The time-dependent 
ROC testified the predictive efficiency of PRAF2 for breast cancer OS. E The time-dependent ROC testified the predictive efficiency of PRAF2 
for breast cancer DSS. F The time-dependent ROC testified the predictive efficiency of PRAF2 for breast cancer DFI
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Fig. 5  Genetic alterations of PRAF2 in pan-cancer using the cBioPort. A PRAF2 genomic alterations in pan-cancers analyzed by the cBioPortal 
database. B PRAF2 genomic alterations resulting in Copy number alterations
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(rho = −0.12,p < 1.45e-4)(Fig. 7A). Additionally, our find-
ings demonstrated a significant association between 
PRAF2 and the prevalence of TILs (Fig. 7B). As an exam-
ple, there was a strong positive correlation between it and 
the high presence of monocytes (rho = 0.226, p < 4.35e 
−14), while it showed negative correlations with acti-
vated CD4 + T cells (rho = −0.176, p < 4.84e −09), B cells 
(rho = −0.243, p < 3.67e −16), and Th2 cells (rho = −0.249, 
p < 7.46e −17).The p-values for all the tests were signifi-
cantly below 0.001.The findings suggest that PRAF2 has a 
crucial function in the immune infiltration of BC.

PRAF2 expression is related to immune and molecular 
subtypes in breast cancer
Subsequently, the TISIDB website was utilized to inves-
tigate the involvement of PRAF2 expression in vari-
ous immune and molecular subtypes of human cancers. 
There were six different types of immune subtypes that 
were classified, which are C1 (focused on wound healing), 
C2 (dominated by IFN-gamma), C3 (related to inflamma-
tion), C4 (depleted in lymphocytes), C5 (characterized by 
immunological quietness), and C6 (dominated by TGF-
b). demonstrated that the expression of PRAF2 was asso-
ciated with various immune subtypes in BC (Fig.  8A). 
PRAF2 expression did not vary between the groups for 
various molecular subtypes of cancers (Fig.  8B). After 
analyzing the aforementioned findings, we determined 
that the expression of PRAF2 varies among immune 

subtypes but remains consistent among molecular sub-
types of BC.

The single‑cell expression pattern of PRAF2
In the Cancer SEA database, we conducted an analy-
sis of PRAF2 at the single-cell level. In BC, the presence 
of PRAF2 showed a negative correlation with apoptosis 
and inflammation, while exhibiting a positive connection 
with epithelial-mesenchymal transition (EMT), hypoxia 
and stemness as shown in (Fig. 9A, B). Furthermore, the 
expression patterns of PRAF2 were visualized at the indi-
vidual cell level in BC using a T-SNE diagram (Fig. 9C).

PRAF2 interaction network and functional analysis
To explore the potential interactions, we performed 
a PPI network analysis on the differentially expressed 
PRAF2.BioGRID provided a total of 19 molecules that 
interacted with PRAF2, as depicted in(Fig.  10A). Fur-
thermore, we obtained the top 100 comparable PRAF2 
genes ( shown in Supplementary Table S2) in BC through 
GEPIA2.0.Perform GO and KEGG enrichment analyses 
as shown in (Fig. 10B). The findings suggested that the co-
expressed genes of PRAF2 play a crucial role in the control 
of tumor formation and growth. Mitochondrial respiratory 
chain complex assembly was enriched in GO-BP, respira-
tory chain complex I in GO-CC, and NADH dehydroge-
nase activity in GO-MF. KEGG enrichment analyses in the 

Fig. 6  liquid–liquid phase separation (LLPS) Analysis of PRAF2 A Graph plotting disordered regions of PRAF2 using Database of Disordered Protein 
Prediction. B Graph plotting disordered areas of PRAF2 using PONDR
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neurodegeneration multiple disease pathway. Afterwards, 
the gene set enrichment analysis (GSEA) was employed 
to identify the primary GO terms associated with the co-
expressed genes of PRAF2.Upon further examination, we 

investigated the biological process classifications of GO 
and discovered that PRAF2 and its coexpressed genes 
predominantly engaged in governing the functionality of 
mitochondria ATP synthesis coupled proton transport, 

Fig. 7  Association between immune infiltration and expression of PRAF2 in breast cancer. A The TIMER2.0 database provides information 
on the correlation between PRAF2 expression and the infiltration levels of CD8 + T cells, CD4 + T cells, B cells, macrophages, neutrophils, 
tumor-associated fibroblast cells, and natural killer cells in breast cancer. B The TISIDB database provides information on the correlation 
between the expression of PRAF2 and the abundance of tumor-infiltrating lymphocytes in breast cancer



Page 14 of 21Wang et al. BMC Cancer           (2025) 25:32 

Mitochondrial respiratory chain I and ion transmem-
brane transporter activity as depicted in (Fig.  10C-E). 
Subsequently, we conducted KEGG pathway analysis 
and observed that co-expressed genes were significantly 
enriched in oxidative phosphorylation (Fig.  10F). These 
pathways are known to have a crucial impact on cancer 
metastasis and therapeutic resistance [23].

Validation of PRAF2 expression in BC
IHC staining was used to further examine the expres-
sion of PRAF2 in BC cases. The intensity of positive cells 
was graded as follows: 0, negative; 1, light yellow, weak; 
2, yellow brown, moderate; or 3, brown, strong. In com-
parison to normal tissues (Fig.  11A, B), it was evident 
that the PRAF2 level exhibited a noticeable increase in 
BC tissues. In BC tissues, the level of PRAF2 expression 
was markedly elevated compared to normal adjacent 
tissues (Fig.  11C) showed that the mRNA and protein 
expression of PRAF2 was greater in the breast cancer cell 
lines MCF-7 and BT-549 compared to MCF-10A in vitro 
experiment (Fig.  11D,E). Therefore, MCF-7 and BT-549 
were subsequently used for siRNA transfection to knock 
down the expression of PRAF2 protein. There were three 
siRNA used in further study, siRNA-NC group and 
siRNA-1, siRNA-2 and siRNA-3 group. Total protein 
from cells of each group was extracted after transfec-
tion, and the gene knockdown rate in the control group 
was detected by western blotting (Figs. 11F and 2G). The 
results showed that PRAF2 expression was decreased 
in cells transfected with siRNA-1-PRAF2 compared 
with siRNA-NC, showing superior knockdown effi-
ciency. Therefore, siRNA-1 was selected for subsequent 
experiments.

Knockdown of PRAF2 inhibits BC cell progression 
and migration in vitro
We assessed the impact of PRAF2 on the survival of 
MCF‑7 and BT-549 cells using the CCK‑8 assay. Accord-
ing to the findings, the introduction of siRNA‑PRAF2 
resulted in a decreased growth rate of MCF‑7 and 
BT-549 cells after 96 h in comparison to siRNA‑NC cells 
(Fig.  12A).The findings suggested that a reduction in 
PRAF2 expression could reduce the survival of MCF‑7 
and BT-549 cells. A scratch test was used to investigate 
the effect of PRAF2 on the migration of MCF‑7 and 
BT-549 cells. The results revealed that the migration of 
the siRNA-PRAF2 group was significantly reduced com-
pared with siRNA-NC(Fig.  12B). This indicated that 
downregulation of PRAF2 in MCF-7 and BT-549 cells 
significantly suppressed cell migration in  vitro experi-
ment. As we mentioned earlier, PRAF2 was negatively 
associated with apoptosis, in our study, Cells transfected 
with siRNA-PRAF2-1 presented pro-apoptotic proteins 
Bax was significantly higher, whereas the anti-apoptotic 
protein Bcl-2 was significantly lower compared with 
those transfected with siRNA-NC (p < 0.05) (Fig. 12C-E). 
indicating that downregulation of PRAF2 in breast can-
cer cells may affect the apoptosis.

Discussion
PRAF2 is an endoplasmic reticulum (ER) protein that 
participates in protein and vesicle transport from the 
ER to the Golgi [6]. Previous studies found that PRAF2 
is upregulated in some tumors, such as neuroblastoma, 
esophageal squamous cell cancer and hepatocellular 
carcinoma [8, 24, 25]. However, no one has performed 
a pancancer analysis of PRAF2. In the present study, we 

Fig. 8  Correlation of PRAF2 expression with immune infiltration in breast cancer. A The relationship between PRAF2 expression and breast cancer 
immune subtypes. B The relationship between PRAF2 expression and breast cancer molecular subtypes
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Fig. 9  The association between expression levels of PRAF2 and functional states using single-cell sequencing datasets. A The CancerSEA tool 
was used to investigate the relationship between PRAF2 expression and different functional states in tumors. B relationship between expression 
of PRAF2 and EMT、apoptosis. C The T-SNE diagram displayed the expression profiles were shown at single cells from BC
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Fig. 10  Functional enrichment analysis of PRAF2-related genes. A PRAF2-related genes were obtained from the Bio GRID web tool, and 19 proteins 
were displayed. B functional enrichment of PRAF2 co-expressed genes interactive network modules GO- Biological processes. Cellular components. 
Molecular functions, KEGG. C-E GO- Biological processes、Cellular components, Moecular functions of PRAF2 related gene analyzed by the DAVID 
bioinformatics database. F KEGG signal pathway analyzed by the DAVID bioinformatics database
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Fig. 11  The expression of PRAF2 in cell lines and BC tissues and. A representative IHC staining patterns of PRAF2 in BC tissues and peritumor 
tissues. Scale bar was 20 µm. B Quantitative analysis of protein expression of PRAF2 in tumor tissues and peritumor tissues by IHC staining (n = 40). C 
Representative images of western blots for the protein expression of PRAF2 in tumor (T) tissues and normal (N) tissues, as normalized to GAPDH. D 
The expression of PRAF2 in breast cancer cell lines MCF-10A、MCF-7, BT-549、MDA-MB-231 and was detected by q-PCR. E Representative images 
of western blots for the protein expression of PRAF2 in breast cancer cell lines MCF-10A、MCF-7, BT-549、MDA-MB-231, as normalized to GAPDH. F 
PRAF2 expression was in MCF-7 cells transfected with siRNA-PRAF2 detected by Western blot analysis. G Quantitative analysis of protein expression 
of PRAF2 was in MCF-7 cells transfected with siRNA-PRAF2 detected by Western blot analysis. ** p < 0.01,*** p < 0.001**** p < 0.0001
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performed a comprehensive bioinformatic analysis of 
PRAF2 in various cancers, especially in BC. The analysis 
revealed the cancer-promoting effects of PRAF2 in BC 
and the related cellular function gene of PRAF2. Moreo-
ver, PRAF2 is associated with tumor immunity, which 
may be of great therapeutic potential in the future.

We analyzed the expression of PRAF2 in various can-
cers from several public databases and found that PRAF2 
is highly expressed in various solid cancers. Previous 
studies have demonstrated that PRAF2 is significantly 
upregulated in neuroblastoma and is associated with 
oncological survival [26]. Furthermore, we found that 
PRAF2 is more highly expressed in BC samples than in 
the corresponding normal tissues. The results showed 
that PRAF2 is highly expressed in most BC cell lines, such 
as MCF7, MDA-MB-157, MDA-MB-231 and BT549, 
indicating that PRAF2 might function as an oncogene in 
BC. The HPA database showed the distribution of PRAF2 
in both the cytoplasm and nucleus.

We conducted an analysis of PRAF2 and clinical char-
acteristics. The results indicated that PRAF2 expression 
is associated with cancer stage, age, tumor subclasses, 
menopause status, metastasis status and TP53 mutation 
status. In the survival analysis, we found that high expres-
sion of PRAF2 was associated with poorer OS but not 
DFS in both the GEPIA and Kaplan‒Meier plotter data-
bases. The time-dependent ROC curve showed that the 
predictive efficiency of PRAF2 was best at three years for 
OS, DSS and DFI. Qian et al. conducted a study by ana-
lyzing 77 esophageal squamous cell carcinoma (ESCC) 
samples and found that PRAF2 was increased in ESCC. 
Survival analysis showed that high expression of PRAF2 
was associated with poorer prognosis [25]. These results 
provide further proof of the cancer-promoting function 
of PRAF2 in BC.

In the last decade, immunotherapy has become the 
hottest topic in cancer treatment. Immune infiltration is 
closely related to tumor progression. Our results indi-
cated that PRAF2 is positively correlated with tumor 
purity, CD8 + T cells, macrophages, cancer-associated 
fibroblasts and NK cells and negatively correlated with 
B cells and neutrophils. The total abundance of TILs is 
reported to be associated with better prognosis in large 

cohort studies [27, 28]. Oshi et al. reported that a higher 
proportion of CD8 + T cells and CD4 + T cells in triple-
negative breast cancer (TNBC) indicated higher expres-
sion of immune checkpoint molecules, suggesting better 
outcomes with immune therapy [29]. Macrophages and 
cancer-associated fibroblasts have been proven to pro-
mote tumor progression in BC [30, 31]. PRAF2 expres-
sion is correlated with different immune subtypes but not 
with different cancer molecular subtypes. Further studies 
are needed to explore the mechanism of PRAF2 and can-
cer immunity in BC.

Single-cell transcriptomics data can be complemented 
by chromatin accessibility, surface protein expression, 
adaptive immune receptor repertoire profiling and spa-
tial information. The increasing availability of single-cell 
data across modalities has motivated the development of 
novel computational methods to analyze derived biologi-
cal insights [32]. In ovarian carcinoma (OV), the expres-
sion of PRAF2 was negatively associated with the cell 
cycle, differentiation, DNA repair and damage response, 
proliferation and invasion. In contrast, it was positively 
related to apoptosis, angiogenesis, hypoxia and quies-
cence. PRAF2 expression in uveal melanoma (UM) has 
a negative relationship with almost all tumor biological 
behaviors, including apoptosis, DNA damage and repair 
response, invasion and metastasis. Furthermore, previous 
studies has shown that PRAF2 expression is positively 
related to differentiation, EMT and apoptosis in acute 
myelocytic leukemia (AML). Our results demonstrated 
that PRAF2 is negatively correlated with cell apoptosis 
and inflammation but positively correlated with EMT. 
In Wu et  al. study, they found that PRAF2 was a target 
gene of lncRNA(JHDM1D-AS1)/miR-450, reducing the 
level of PRAF2 in gastric cancer could signicantly sup-
press cell invasion both in  vitro and in  vivo [33]. and 
Tamas and colleagues [34] found that downregulation 
of PRAF2 could significantly reduce the viability, migra-
tion and invasiveness of glioma cells. Interestingly, Wan 
et  al. reported that PRAF2 also participated in regulat-
ing colorectal cancer cells via a non-EMT-dependent 
pathway [35]. Taken together, these results indicate that 
PRAF2 is a multifunctional factor involved in various 
cellular processes. Our next investigation was to explore 

(See figure on next page.)
Fig. 12  PRAF2 knockdown suppresses the proliferation, migration of BC cells in vitro and regulation of apoptosis related proteins. A Cell viability 
of BT-549 and MCF-7 cells following PRAF2 knockdown. B Wound healing assay of MCF-7 and BT-549 cells after transfection at 0 and 24 h. Scale 
bars, 100μm. C statistically significant difference in cells relative mobility was found between siRNA-NC and siRNA-PRAF2 BT-549 cells. D statistically 
significant difference in cells relative mobility was found between siRNA-NC and siRNA-PRAF2 MCF-7 cells. E Apoptosis related proteins expression 
was in MCF-7 、BT-549 cells transfected with siRNA-PRAF2 detected by Western blot analysis. F Quantitative analysis of expression of Bax、Bcl-2 
was in MCF-7 cell transfected with siRNA-PRAF2 detected by Western blot analysis. G Quantitative analysis of expression of Bax、Bcl-2 was in BT-549 
cell transfected with siRNA-PRAF2 detected by Western blot analysis. ** p < 0.01,*** p < 0.001**** p < 0.0001
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Fig. 12  (See legend on previous page.)
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related signaling pathways or genes of PRAF2. GO and 
KEGG analyses showed that PRAF2 is co-expressed 
with oxidative phosphorylation. Oxidative phosphoryla-
tion largely influences cancer cell viability. High oxida-
tive phosphorylation is associated with worse outcomes. 
In TNBC, inhibiting oxidative phosphorylation could 
reverse chemotherapy resistance [36]. Ribosome biogen-
esis can promote tumor progression. Inhibition of ribo-
some biogenesis could improve oncological outcomes in 
different aspects, such as reducing tamoxifen resistance 
or enhancing chemotherapy effects [37, 38]. PRAF2 may 
interact with oxidative phosphorylation and ribosome 
biogenesis genes to promote BC.

Finally, we retrospectively analyzed PRAF2 expression 
from our institutional samples. The findings indicated 
that PRAF2 exhibits significant overexpression in BC in 
comparison to the adjacent healthy tissue. Subsequently, 
MCF-7 and BT-549 cells were employed for in  vitro 
investigations. As expected, downregulation of PRAF2 
in MCF-7 and BT-549 cells significantly reduced cell 
viability and migration as shown by CCK-8 and Wound 
healing assays. downregulation of PRAF2 presented pro-
apoptotic proteins Bax was significantly higher, whereas, 
the anti-apoptotic protein Bcl-2 was significantly lower. 
We hope to further study the relevant mechanisms of 
PRAF2 in BC in the future.

Conclusion
PRAF2 is highly expressed in various tumors and in BC. 
Clinical features are associated with PRAF2 expression. 
Higher expression of PRAF2 is related to poorer OS but 
not DFS. The expression of PRAF2 is associated with 
TILs and different immune subtypes. In single-cell analy-
sis, PRAF2 was related to apoptosis, inflammation, EMT 
and hypoxia. PRAF2 is coexpressed with oxidative phos-
phorylation and ribosome biogenesis genes. Samples 
from our center showed higher expression of PRAF2 in 
BC. experiments validate inhibition of PRAF2 can reduce 
BC cell viability、migration and promoting cell apopto-
sis. PRAF2 may be a potential biomarker and therapeutic 
target for BC.
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