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Osteogenesis imperfecta (OI) type VI causative gene SERPINF1, encodes a member of the serpin 
family that does not display the serine protease inhibitory activity shown by many of the other 
serpin proteins. The encoded protein (pigment epithelium-derived factor, PEDF) has anti-tumor, 
anti-angiogenesis, anti-inflammation, nutrition and nerve protection functions, and participates 
in fat metabolism. In this paper, a series of bioinformatics analyses were conducted based on the 
regulation of SERPINF1 in the human. Pan-cancer analysis of SERPINF1 revealed it to play a role 
in the prognosis of tumors, especially in KIRC, and that high expression of SERPINF1 leads to a 
poor prognosis of the disease, the occurrence of which is largely related to the high expression of 
SERPINF1 leading to immune infiltration of cancer associated fibroblasts. Mutation analysis found 
that SERPINF1 had eight identical amino acids alterations sites with different in both cancer and OI 
patients. which hints the possible relationship between genotype and phenotype.

1. Introduction

Osteogenesis imperfecta (OI) type VI disease-causing 
gene, SERPINF1, located on chromosome 17P13.3 
encodes for pigment epithelium-derived factor (PEDF), 
which is expressed actively in adult bone, especially 
in active bone growth sites (1,2). PEDF belongs to 
the serpin super family, functions in anti-tumor, anti-
angiogenesis, anti-inflammation, nutrition and nerve 
protection, and participates in fat metabolism (3-6).
 In bone, PEDF can promote the differentiation 
and mineralization of osteoblasts, facilitate the gene 
expression of osteoblasts, inhibit the maturation of 
osteoclasts, and activate the Wnt/β-Catenin signal 
transduction pathway (2,7,8). In osteoblasts, PEDF 
can hardly be detected in the serum of patients with 
osteogenesis imperfecta induced by SERPINF1 
mutation (9). In tumors, PEDF selectively induces 
apoptosis of endothelial cells in vessels undergoing 
remodeling (4). PEDF has also been shown to have 
suppressor-like activity in vivo and directly inhibits 
tumor growth and metastasis, and reduced PEDF levels 
have also been associated with a worse prognosis in a 
variety of tumors (4).
 In this paper, we used the GCBI website to find the 

related diseases reported by the SERPINF1 gene in the 
article. Through the pan-cancer analysis of SERPINF1 
gene, the potential molecular mechanisms of SERPINF1 
in the pathogenesis or clinical prognosis were found in 
different cancers. We also analyzed the mutation sites 
of SERPINF1 in cancer and osteogenesis imperfecta, to 
find out the potential diseases connection among these 
diseases.

2. Methods and Materials

2.1. Gene's research status and regulation mechanism

We input SERPINF1 in the "Gene radar" module of 
GCBI (Gene Cloud of Biotechnology Information) web 
(https://www.gcbi.com.cn) and found the research status, 
regulation network and transcription factor prediction for 
the SERPINF1 gene.

2.2. Gene expression analysis

The Human Protein Atlas website (https://www.
proteinatlas.org) was used to get the expression of 
SERPINF1 in different human tissues and cell types 
(10,11).
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 We used the TIMER2 (tumor immune estimation 
resource, version 2) website (http://timer.cistrome.
org) to observe the difference in SERPINF1 expression 
between tumor and paracancerous tissues (12).
 For tumors without normal tissue or highly 
restricted normal tissue [e.g., TCGA-ACC (The 
Cancer Genome Atlas, Adrenocortical carcinoma), 
TCGA-BLCA (Bladder urothelial carcinoma), etc.], 
GEPIA2 (Gene Expression Profiling Interactive 
Analysis, version 2) was used to obtain the block 
diagram of the expression difference between these 
tumor tissues and corresponding normal tissues in the 
GTEX (genotype tissue expression) database, under 
the settings of p-value cutoff = 0.01, log2FC (folding 
change) cutoff = 1 and "matching TCGA normal 
and GTEX data" (13). In addition, we obtained the 
violin diagram of SERPINF1 expression in different 
pathological stages of all TCGA tumors through the 
"pathological stage diagram" module of GEPIA2 
(13). The log2 [TPM (Transcripts per million) +1] 
transformed expression data were applied for the box 
or violin plots (13).

2.3. Survival prognosis analysis

We used the "survival map" in the "survival analysis" 
module of the GEPIA2 website to obtain the OS (overall 
survival) and DFS (disease-free survival) map data 
related to SERPINF1 in all tumors in TCGA (log rank 
test as hypothesis test). Cutoff-high (50%) and cutoff-
low (50%) values was used as expression thresholds to 
separate high expression and low expression cohorts in 
survival maps and survival plots (13).

2.4. Immune infiltration analysis

We used the "Immune-Gene" module of the TIMER2 
web server to explore the association between 
SERPINF1 expression and immune infiltration across all 
TCGA tumors. CD8+ T-cells, CD4+ T-cells, neutrophils, 
cancer-associated fibroblasts and endothelial cells were 
selected and the TIMER, CIBERSORT, CIBERSORT-
ABS, QUANTISEQ, XCELL, MCPCOUNTER and 
EPIC algorithms were applied for immune infiltration 
estimations. The P-values and partial correlation values 
were obtained via the purity-adjusted Spearman's 
rank correlation test and the data were visualized as a 
heatmap and a scatter plot (12).

2.5. Genetic alteration analysis

CBioPortal website (https://www.cbioportal.org) was 
used to obtain the change frequency, mutation type and 
CNA (copy number alteration) of SERPINF1 gene in 
all TCGA tumors (14). We used the OI website (https://
oi.gene.le.ac.uk) to find the SERPINF1 mutations that 
cause osteogenesis imperfecta (15).

2.6. SERPINF1 -related gene enrichment analysis

The experimentally determined PEDF binding proteins 
were obtained by us using the string (https://string-db.
org) website, with the following settings: full network, 
evidence, experiments, low confidence (0.150), no more 
than 50 interactors in the first outer shell.
 GeneMANIA websites (http://genemania.org) helped 
us find possible interacting genes by searching many 
large and open biological data sets (16).
 Venn plot was drawn using (http://bioinformatics.
psb.ugent.be/webtools/Venn) to conduct an intersection 
analysis to compare PEDF binding protein and 
interacting gene. In addition, we performed KEGG 
pathway analysis and go analysis on these two groups of 
data. First, the data of function annotation diagram was 
obtained by using the DAVID website (https://david.
ncifcrf.gov), and the data with P < 0.05 was selected; 
the enriched paths are displayed by using "tidyr" and 
"ggplot2" R packages. R package "cluster profiler" was 
used for GO (gene ontology) enrichment analysis. By 
using the cnetplot function (circular = F, color edge = T, 
node tag = T), the data of GO analysis can be visualized 
as cnetplot. R language software [R-4.0.5, 64-bit] (https://
www.r-project.org) was used in this analysis.

3. Results

PEDF belongs to serpin superfamily and is actively 
expressed in adult bone. It has been identified as an 
OI type VI pathogenic gene (1,2). In addition, it has 
anti-angiogenesis anti-tumor and other functions (3,4). 
In this study, we aimed to provide a comprehensive 
analysis on the association of human SERPINF1 (NM_ 
001329903.2 for mRNA, NP_ 001316832.1 for protein, 
Figure S1 A, http://www.irdrjournal.com/action/
getSupplementalData.php?ID=88) with the development 
of cancer and the connection between cancer and 
osteogenesis imperfecta. As shown in Figure S1 B, in 
different species (e.g., Homo sapiens, Mus musculus, 
Equus caballus), the structure of PEDF is usually 
composed of serpin (cl38926) domain. Phylogenetic 
tree data confirmed that the structure of PEDF is highly 
conserved across the different species, suggesting that 
PEDF may play an important role in basic biological 
processes (Figure S2, http://www.irdrjournal.com/action/
getSupplementalData.php?ID=88).

3.1. Gene's research status and regulation mechanism

By searching the GCBI database, we found literature 
reports about SERPINF1 related to 20 human diseases, 
and the most reported disease is cancer. OI disease 
related document number ranked 12th (Figure 1A).
 The regulatory network of SERPINF1 contains one 
targeted miRNA (hsa-miR-335-5p), 97 related lncRNA, 
a downstream phosphorylation gene (EPM2AIP1) and 
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3.2. Gene expression analysis

We analyzed the expression of SERPINF1 in different 
tissues. As shown in Figure S3 (http://www.irdrjournal.
com/action/getSupplementalData.php?ID=88), 
SERPINF1 can be expressed in all detected tissues (all 
consensus normalized expression values > 0.1). And 
based on the combination of the HPA (Human protein 
atlas), GTEx and FANTOM5 (Function annotation of 
the mammalian genome 5) datasets, SERPINF1 shows 
highest expression in the retina, followed by the liver, 
dendritic cells, and pons and medulla.
 We used the TIMER2 website to analyze the 
expression of SERPINF1 in different tumor types 
in the TCGA database. As shown in Figure 2B, the 
expression level of SERPINF1 in tumor tissue of BLCA 
(Bladder Urothelial Carcinoma), BRCA (Breast invasive 
carcinoma), CHOL (Cholangiocarcinoma), COAD 
(Colon adenocarcinoma), KICH (Kidney Chromophobe), 
KIRC (Kidney renal clear cell carcinoma), LUAD (Lung 
adenocarcinoma), PRAD (Prostate adenocarcinoma), 
THCA (Thyroid  carc inoma) ,  UCEC (Uter ine 
Corpus Endometrial Carcinoma) (P < 0.001), CESC 
(Cervical squamous cell carcinoma and endocervical 
adenocarcinoma) (P < 0.01), GBM (Glioblastoma 
mul t i forme) ,  PCPG (Pheochromocytoma and 
Paraganglioma), and READ (Rectum adenocarcinoma) 
(P < 0.05) is lower than the corresponding control tissues. 
And the expression of SERPINF1 in KIRC and LUAD (P 
< 0.0001) is higher than in normal control tissues (Figure 
2A).
 In cases where tumor and normal tissue data were 
not available from TCGA, we further evaluated the 
expression differences of SERPINF1 between tumor 
and normal tissues using the GTEX dataset. We found 
that the expression level of SERPINF1 in tumor tissue 
of ACC (Adrenocortical carcinoma), BLCA, BRCA, 
CESC, CHOL, COAD, KICH, LAML (Acute Myeloid 
Leukemia), LGG (Brain Lower Grade Glioma), OV 
(Ovarian serous cystadenocarcinoma), PRAD, READ, 
TGCT (Testicular Germ Cell Tumors), THCA, UCEC 
and UCS (Uterine Carcinosarcoma) (P < 0.01) is lower 
than the corresponding control tissues (Figure 2B). 
And the expression of SERPINF1 in DLBC (Lymphoid 
Neoplasm Diffuse Large B-cell Lymphoma), KIRC, 
PRAD and THYM (Thymoma) (P < 0.01) is higher 
than in normal control tissues (Figure 2C). There was no 
significant difference in SERPINF1 expression in other 
cancers [e.g., LUAD, ESCA (Esophageal carcinoma), 
GBM, HNSC (Head and Neck squamous cell carcinoma), 
and KIRP (Kidney renal papillary cell carcinoma)], as 
shown in Figure S4 (http://www.irdrjournal.com/action/
getSupplementalData.php?ID=88).
 GEPIA2 was used to obtain the expression 
map of SERPINF1 at different stages of tumors 
(Figure S5, http://www.irdrjournal.com/action/
getSupplementalData.php?ID=88). Among them, the 

two genes (LRP5 and LRP6) that inhibit SERPINF1 
expression (Figure 1B). Also, there are 87 transcription 
factors highly associated with SERPINF1, which are 
closely related to the specific expression of SERPINF1 
(Figure 1C)

Figure 1. SERPINF1 research status and regulation mechanism. 
(A) Literature reported about SERPINF1 in human diseases. (B) The 
regulatory network of SERPINF1. (C) Transcription factors highly 
related to SERPINF1.
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expression of SERPINF1 was variable at different stages 
of ACC, BLCA, CESC, COAD, KICH, LUAD, PAAD, 
and THCA (Figure 2E, all P < 0.05) (Figure 2D).

3.3. Survival analysis data

TCGA and GEO data sets were used to study the 
correlation between SERPINF1 expression and prognosis 
of different tumor patients. As shown in Figure 3A, 
high expression of SERPINF1 was associated with 
poor OS (overall survival) prognosis of BLCA (P = 
0.012), COAD (P = 0.039), KIRC (P = 0.0054), LGG 
(P = 1.9e-8) and STAD (P = 0.028) in TCGA program. 
Disease-free survival (DFS) analysis data disclosed 
that a correlation between high SERPINF1 expression 
and poor prognosis in TCGA cases of BRCA (P = 9.8e-
07), COAD (P = 0.0023), KIRC (P = 0.046) and LGG 
(P = 0.031) (Figure 3B). It is noteworthy that the high 
expression of SERPINF1 leads to a decrease in the OS 
and DFS survival curves of COAD, KIRC and LGG.

3.4. Immune infiltration analysis data

A s  a n  i m p o r t a n t  c o m p o n e n t  o f  t h e  t u m o r 
microenvironment, tumor infiltrating immune cells are 
closely associated with cancer initiation, progression 
or metastasis (17,18). Cancer associated fibroblasts in 
tumor microenvironments have been reported to be 
involved in regulating the function of various tumor 
infiltrating immune cells and play a key role in tumor 
adaptation to the host (19-21). Here, we used the 
XCELL, MCPCOUNTER, EPIC and TIDE algorithms to 
investigate the potential relationship between the level of 
infiltration of cancer associated fibroblasts and SERPINF1 
gene expression in different TCGA cancer types.
 As shown in Figure 4, SERPINF1 expression in 
the vast majority of tumors was statistically positively 
correlated with the value of cancer associated fibroblast 
infiltration and endothelial cells, but the infiltration ability 
of CD4+ T cells, CD8+ T cells, and neutrophils did not 
correlate with the expression of SERPINF1.
 It is noteworthy that in KIRC and THCA, the 
infiltrative capacity of endothelial cells inversely 
correlated with the expression of SERPINF1.

3.5. Genetic alteration analysis data

We observed the genetic alteration status of SERPINF1 in 
different tumor samples of the TCGA cohort. As shown 
in Figure 5A, the highest alteration frequency (> 4%) of 
SERPINF1 was present in patients with uterine tumors of 
the predominant type with "mutations". It is worth noting 
that the "deep deletion" type of CNA is the predominant 
type in diffuse large B-cell lymphoma, thymoma, thyroid 
cancer, acute myeloid leukemia, and pancreatic cancer, 
whereas "amplified" type CNA are the predominant 
mutation type in uterine carcinosarcoma, renal clear 

cell carcinoma, and brain lower grade glioma. The 
type, location, and number of cases with alterations of 
SERPINF1 are further shown in Figure 5A. We found that 
missense mutations in SERPINF1 were the predominant 
type of genetic alteration, with 58 missense mutations, 
11 truncating mutations, and one in-frame mutation, with 
the largest number of duplications (4 times) at the X147_
splice/K147K and R99Q loci (Figure 5B, Table S1, http://
www.irdrjournal.com/action/getSupplementalData.
php?ID=88).
 From OI database, we found 45 SERPINF1 mutations 
reported (Table S2, http://www.irdrjournal.com/action/
getSupplementalData.php?ID=88) (15,22). No common 
mutation sites were found by comparing the mutation 
sites of SERPINF1 in tumors and OI patients. Then, we 
analyzed whether there were changes in the same amino 
acids in tumor and OI patients and found eight identical 
site amino acid with different changes. They are sites 27, 
56, 99, 131, 133, 147, 178, and 201, which may lead to 
different functions of the PEDF and has been associated 
with tumor prognosis and osteogenesis (Table 1). 
Significantly, alterations of the amino acids at positions 
99 and 147 of SERPINF1 were the most recurrent in 
tumors (4 times).

3.6. SERPINF1-related gene enrichment analysis date

To further investigate the molecular mechanism of 
SERPINF1, we attempted to screen SERPINF1 binding 
proteins and SERPINF1 expression related genes for 
a series of pathway enrichment analyses. Based on the 
string tool, we obtained a total of 31 SERPINF1 binding 
proteins that are supported by experimental evidence. The 
interaction network of these proteins is shown in Figure 
6A.
 GeneMANIA predicts 20 genes related to SERPINF1 
co-expression, as shown in Figure 6B. GeneMANIA and 
String web together predicted 48 genes related to the 
function of SERPINF1. Venn plot shows that they have 
three common members, namely, EPM2AIP1, PNPLA2 
and SERPINA6 (Figure 6C).
 We combined the String and GeneMANIA two 
datasets to perform KEGG and GO enrichment analyses. 
The KEGG data suggest that "Viral carcinogenesis", 
"PI3K-Akt signaling pathway" and "cell cycle" might be 
involved in the effect of SERPINF1 functions ((Figure 
6D). GO enrichment analysis data further show that most 
of these genes are related to protein metabolism pathways 
or components and functions of extracellular mechanisms, 
e.g., extracellular matrix structural constituent, cadherin 
binding, collagen-containing extracellular matrix, 
complex of collagen trimers and others. (Figure 6, E-G).

4. Discussion

SERPINF1 is a causative gene for osteogenesis 
imperfecta, and by searching the GCBI database, we 
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found that there are literature reports that SERPINF1 
is associated with 20 human diseases, and the most 
frequently reported disease is cancer. In our study, 
homologous genes and phylogenetic tree data confirm 
the conservatism of PEDF structure in different species, 
but additional functional gain and functional loss studies 
are needed to further explore its functions in different 
cellular environments.
 An increasing number of studies focus on the 
function of SERPINF1 in diseases including cancer. It 
remains to be answered whether SERPINF1 can play a 
role in the pathogenesis of different tumors through some 
common molecular mechanisms. Through literature 
search, we have not retrieved any publications from the 
overall cancer perspective for SERPINF1 pan-cancer 
analysis. Therefore, based on the data of TCGA, CPTAC 
and GEO database, gene expression and gene change, 
we detected the SERPINF1 gene in 33 different tumors. 

In addition, we compared the mutation sites of cancer 
with those of osteogenesis imperfecta, and found that 
there were 8 amino acids at the same sites, at positions 
27, 56, 99, 131, 133, 147, 178, and 201. Mutations in the 
SERPINF1 gene lead to the development of osteogenesis 
imperfecta, but whether these mutations are linked to 
tumorigenesis will require more data and studies to 
prove.
 The results showed that the expression level of 
SERPINF1 in tumor tissues of ACC, BLCA, BRCA, 
CESC, CESC, CHOL, COAD, GBM, KICH, KICH, 
KIRC, LAML, LGG, LUAD, OV, PCPG, PRAD, READ, 
TGCT, THCA, UCEC, UCS was lower than that of the 
corresponding control group, whereas higher expression 
was observed in DLBC, KIRC, PRAD and THYM.
 Differences in SERPINF1 expression levels in different 
tumor types may reflect different underlying functions 
and mechanisms. We further found that for patients with 
tumors with high expression of SERPINF1, such as 
BLCA, COAD, KIRC, LGG and STAD, overexpression 
of SERPINF1 generally predicted poor OS. It is 
noteworthy that the high expression of SERPINF1 leads to 
a decrease in the OS and DFS curves of COAD, KIRC and 
LGG. These results suggest that SERPINF1 is a potential 
biomarker for predicting the prognosis of patients with 
tumors. Especially in KIRC, we found that SERPINF1 
expression was higher than in the control group (P < 0.01), 
and the high expression of SERPINF1 was associated with 
poor prognosis of OS (P = 0.0054) and DFS (P = 0.0023).
 SERPINF1 has been reported to have antitumor 
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Figure 5. Mutation status of SERPINF1 in TCGA tumors. (A) The alteration frequency with mutation type. (B) Mutation site. (C) Mutation site (56, 
99, 131, 147, 178, 201) are shown in the 3D structure of SERPINF1.

Table 1. PEDF Change at the same sites in Cancer and OI

Cancer

Glu27Asp
Ala56Val
Arg99Gln
Ala131Val
Gln133Argfs*18
X147_splice
Gln178His
Asp201Metfs*18

              OI

Glu27Glyfs*38
Ala56Gly
Arg99*

Ala131Asp
Gln133*

Lys147_Gly215delArg
Gln178*

Asp201Asn
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effects (4). It is doubtful that high expression of 
SERPINF1 leads to poor prognosis in cancer, such as 
COAD, LGG and KIRC. It has been reported that the 
tumor microenvironment is related to the occurrence and 
development of cancer (18). Our immune infiltration 
analysis showed that the high expression of SERPINF1 
was not related to infiltration of immune cells, but 
positively correlated with the infiltration ability of cancer 
associated fibroblasts and endothelial cells. Interestingly, 
in KIRC, high SERPINF1 expression was inversely 
correlated with the invasive capacity of endothelial cells, 
indicating that infiltration of cancer associated fibroblasts 
is an important factor leading to poor prognosis of KIRC.
 In conclusion, from our bioinformatics analysis 
of SERPINF1, we found that there were 8 amino acid 
changes at the same locus in OI and cancer. But more 
data and studies are needed to determine their relation to 
the occurrence of cancer. From our comprehensive pan-
cancer analysis of SERPINF1, it is helpful to elucidate the 
role of SERPINF1 in tumor development from multiple 
perspectives.
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