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Abstract

The treatment and prognosis of liver cancer remain the focus of medical research. Studies have shown that SPP1 and CSF1
play important roles in cell proliferation, invasion, and metastasis. Therefore, this study analyzed the oncogenic and immu-
nologic roles of SPP1 and CSF1 in hepatocellular carcinoma (HCC). We found that the expression levels of SPP1 and CSF1
in HCC were markedly increased and positively correlated. High SPP1 expression was significantly associated with poor OS,
DSS, PFS, and RFS. It was not affected by gender, alcohol use, HBV, or race, whereas CSF1 was affected by these factors.
Higher expression levels of SPP1 and CSF1 indicated higher levels of immune cell infiltration and a higher immune score
with the R software package ESTIMATE. Further analysis revealed that many genes work co-expressed between SPP1 and
CSF1 with the LinkedOmics database, which were mainly involved in signal transduction, the integral components of the
membrane, protein binding, and osteoclast differentiation. In addition, we screened ten hub genes using cytoHubba, among
which the expression of four genes was significantly associated with the prognosis of HCC patients. Finally, we demonstrated
the oncogenic and immunologic roles of SPP1 and CSF1 using the vitro experiments. Reducing the expression of either
SPP1 or CSF1 could significantly reduce the proliferation of HCC cells and the expression of CSF1, SPP1, and the other
four hub genes. This study suggested that SPP1 and CSF1 interact with each other and have the potential to be therapeutic
and prognostic targets for HCC.

Keywords SPP1 - CSF1 - Hepatocellular Carcinoma - Oncogene - Interaction

Introduction

According to the latest global cancer statistics published by
the International Agency for Research on Cancer in 2020,
more than 900,000 new cases were diagnosed, and more
than 830,000 patients died from liver cancer. The incidence
rate ranks sixth, and the death rate ranks third in the world-
wide [1]. HCC is the most common liver cancer, account-
ing for 90% of primary liver cancers, and HCC is one of
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the most serious threats to human health. Early diagnosis
and treatment are crucial to prevent progression and reduce
recurrence. However, due to the absence of early-stage
symptoms of HCC, most patients are already in the advanced
stage and past the optimum time for surgical treatment when
diagnosed [2, 3]. Thus, further exploring the mechanism of
HCC and finding key biomarkers for early diagnosis and new
therapeutic strategies is important.

Secreted phosphoprotein 1 (SPP1, also named osteo-
pontin, OPN), is an extracellular-matrix protein that is dif-
ferentially expressed in a variety of cell types including
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osteoclasts, fibroblasts, epithelial cells, immune cells,
lymphocytes, and cancer cells [4]. SPP1 is involved in the
regulation of many tumor-associated biological processes,
including cell proliferation and migration, tumorigenesis
and progression. High SPP1 expression in tumor tissue was
thought to be associated with poor prognosis in many types
of cancers [5, 6]. This result is consistent with our previous
study. Specifically, we revealed that SPP1 was a potential
prognostic and immunotherapy biomarker in multiple human
cancers using pan-cancer analysis [7]. However, the role of
SPP1 in liver cancer warrants further investigation.

Colony-stimulating factor-1 (CSF1), also known as mac-
rophage colony-stimulating factor, acts as a key cytokine in
the production, recruitment, and activation of tumor-asso-
ciated macrophages (TAMs) by binding with CSF1 receptor
tyrosine kinase (CSF1R) [8]. CSF1 also plays an important
role in many cancer types [9]. In primary colorectal cancer,
the expression levels of CSF1 and CSFIR were associated
with poor patient survival. CSFIR activation induced the
epithelial-mesenchymal transition, invasion, migration, and
metastasis of colorectal cancer cells via the STAT3-medi-
ated downregulation of miR-34a [10]. In liver cancer, HCC-
derived CSF1 transforms macrophages to the M2 phenotype
to drive immune escape and anti-PD1 tolerance [11].

An increasing number of research articles have shown
that SPP1 and CSF1 exhibit the same expression trend in
multiple cancer types, including liver cancer, breast cancer,
thyroid cancer, and lung cancer [12—15]. In our previous
study, SPP1 was identified as a potential marker for prog-
nostic assessment in multiple cancers. OPN was recently
reported to be able to block the Thl-mediated immune
response pathway by activating the colony-stimulating fac-
tor-1 (CSF1)/CSF1 receptor (CSF1R) pathway, leading to
an increase in immunosuppressive cytokines in liver cancer
[12]. Therefore, the roles of SPP1 and CSF1 in HCC and
their relationship warrant investigation.

Materials and methods

Expression and prognostic value analysis of SPP1
and CSF1 in liver hepatocellular carcinoma

We downloaded the TCGA expression profile and corre-
sponding visualization of SPP1 and CSF1 containing mul-
tiple human normal and tumor tissues from the Sangerbox
database (http://www.sangerbox.com/Tool). Then, the UAL-
CAN database (http://ualcan.path.uab.edu) [16] was used for
subgroup analysis of SPP1 and CSF1 expression, including
sample types, individual cancer stages, tumor grade, nodal
metastasis status, TP53 mutation status, tumor histology,
patient’s race, gender, age, and weight. Then, the survival
value of SPP1 and CSF1 in liver cancer was performed by
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the Kaplan—Meier Plotter database (http://kmplot.com)
including overall survival (OS), disease-specific survival
(DFES), relapse-free survival (RFS), and progression-free
survival (PFS). The gene expression correlation analysis of
SPP1 and CSF1 was conducted using the Gene Expression
Profiling Interactive Analysis (GEPIA) database (http://
gepia2.cancer-pku.cn/).

Correlation analysis of SPP1 expression and Immune
cell infiltration

We performed the correlation analysis of SPP1 and CSF1
expression and immune cells using the Tumor Immune Esti-
mate Resource (TIMER) database (http://cistrome.shiny
apps.io/timer/) [17]. The transcriptome RNA-seq data of
liver cancer was downloaded from the University of Califor-
nia Santa Cruz (UCSC) Xena website (http://xena.ucsc.edu/)
[18]. The ESTIMATE immune score was used to estimate
the infiltration levels of immune cells by R software package
(R packages, version 3.6.3) ESTIMATE (https://R-Forge.R-
project.org/projects/estimate/).

Differential and co-expressed gene analysis in HCC

We analyzed differential expressed genes correlated with
SPP1 and CSF1 using the LinkedOmics database (http://
www.linkedomics.org/login.php) [19]. The correlation anal-
ysis used Spearman tests. The volcano and heatmap were
used to display the analysis results. The co-expression gene
was screened by setting a correlation coefficient > 0.4 and
the corresponding visualization was performed using the
Venn graph.

Protein-protein interaction (PPI) network, Hub
gene analysis and function analysis

The PPI network was constructed using the STRING data-
base (http://string-db.org) [20]. The hub gene analysis was
conducted by the cytoHubba app in Cytoscape software (ver-
sion 3.8.2) [21]. Then, functional analysis of gene was per-
formed with the Database for Annotation, Visualization, and
Integrated Discovery (DAVID) Bioinformatics Resources
6.8 (https://david.ncifcrf.gov/home.jsp) [22] including Gene
Ontology (GO) analysis and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment analysis. The
hub gene expression and correlation analysis with SPP1
were conducted using the Gene Expression Profiling Inter-
active Analysis (GEPIA) database (http://gepia2.cancer-pku.
cn/) [23]. In addition, we compared gene expression between
TCGA tumor samples and normal samples in TCGA liver
cancer (496 samples) from the UCSC Xena website.
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Cell proliferation assays

The human cell lines SNU499 and Hep3B (hepatoma car-
cinoma) were purchased from the Cell Bank of the Chi-
nese Academy of Sciences. EdU staining was used for the
detection of cell proliferation. Briefly, cells were seeded
in 24-well plates at a density of 2x 10° cells/well. EAU kit
(Beyotime, Shanghai, China) was used for detecting cell pro-
liferation according to the manufacturer’s instruction.

Quantitative real-time PCR (qRT-PCR)

Total RNA was isolated using a Trizol reagent (Takara).
cDNA was synthesized using a PrimeScriptTM RT Msater
Mis (Takara). qRT-PCR analyses were conducted with
SYBR® Premix Ex TaqTM II (Takara) with specific prim-
ers as follows:

SPP1: 5'-CTCCATTGACTCGAACGACTC-3' (Forward),
5'-CAGGTCTGCGAAACTTCTTAGAT-3' (Reverse);
CSF1: 5''TGGCGAGCAGGAGTATCAC-3' (Forward),
5'-AGGTCTCCATCTGACTGTCAAT-3' (Reverse);
CLECS5A: 5'-AGGTGGCGTTGGATCAACAA-3' (Forward),
5''TTAGGCCAATGGTCGCACAG-3' (Reverse);
GPR84: 5'-GTGCTGGGCTATCGTTATGTT-3' (Forward),
5'-GAATCGGGTACGGAGCTTGG-3' (Reverse);
ITGAV: 5'-ATCTGTGAGGTCGAAACAGGA-3' (Forward),
5 "TGGAGCATACTCAACAGTCTTTG-3' (Reverse);
PLAUR: 5 "TGTAAGACCAACGGGGATTGC-3' (Forward),

5'-AGCCAGTCCGATAGCTCAGG-3' (Reverse).

Statistical analysis

R software (version 3.6.3) or Perl software (Strawberry Perl
5.30.0.1 64-bit) was performed analyses and chart visualize
in this study. Statistical analysis of gene different expres-
sion was performed by using GraphPad Prism version 8.0.
P-value <0.05 were considered statistically significant.

Results
Overexpression of SPP1 and CSF1 in HCC

The graphical abstract shows the overall design of the study.
To investigate the expression levels of SPP1 and CSF1 in
tumor and normal tissues from cancer cases, we used the
Sanger database and found that the mRNA expression levels
of SPP1 and CSF1 were significantly increased in multiple
cancer types (cancer vs. normal), such as CHOL (cholangio-
carcinoma), ESCA (esophageal carcinoma), GBM (glioblas-
toma multiforme), LIHC (liver hepatocellular carcinoma),

and STAD (stomach adenocarcinoma) (Fig. 1a, b). To
increase the reliability of the results, an analysis of the UAL-
CAN database again validated that SPP1 and CSF1 were
highly expressed in liver cancer (Fig. 1c, d). In addition, the
expression levels of SPP1 and CSF1 were positively corre-
lated (Fig. 1e). To further investigate the mRNA expression
levels of SPP1 and CSF1 in different liver cancer samples
from the TCGA database, we performed a subgroup analysis
using the UALCAN database. Compared with normal sam-
ples, the expression levels of SPP1 and CSF1 were higher
in subgroup cancer samples, including subgrouping by gen-
der, age, weight, race, stage, tumor grade, nodal metastasis
status, and TP53 mutant status (Fig. S1). In general, these
results indicated that SPP1 and CSF1 were highly expressed
in HCC.

The prognostic value of SPP1 and CSF1 in HCC

We hypothesized that the expression levels of SPP1 and
CSF1 were related to the prognosis of liver cancer patients.
Therefore, we performed a meta-analysis to validate the sur-
vival biomarkers using the Kaplan—Meier Plotter database.
In HCC patients (n=2364), higher gene expression was asso-
ciated with a lower survival probability (OS: HR =2.27, log-
rank P=3.5e-06; DSS: HR =2.03, log-rank p=0.0016; PFS:
HR =1.59, log-rank p=0.0017; RFS: HR =1.76, log-rank
P=0.00069) (Fig. S2a—d). To further verify the survival sig-
nificance of SPP1 in different liver cancer patients, a sub-
group analysis was also conducted. The results showed that
race, gender, hepatitis virus, and alcohol consumption did
not affect the correlation between SPP1 and survival (Fig.
S2e-1). We also analyzed the prognostic value of CSF1. The
results showed that high CSF1 expression was associated
with poor OS (HR=1.69, log-rank P=0.0043) and was not
associated with PFS, RFS, or DSS (Fig. S3a—d). In addition,
high CSF1 expression was also associated with poor OS in
liver cancer patients who were male, did not consume alco-
hol, had HBV, and were Asian (Fig. S3e-1). Taken together,
SPP1 and CSFI could be potential prognostic markers for
HCC patients.

Correlation of SPP1 and CSF1 expression
with the infiltration of immune cells in HCC

Immune cell infiltration is correlated with tumor pro-
gression and prognosis. Hence, the correlation of SPP1
and CSF1 expression with immune cell infiltration was
explored using the TIMER database. The expression
of SPP1 was negatively associated with tumor purity
(cor=-0.237, p=8.32e-06) and positively associ-
ated with immune cells, including B cells (cor=0.224,
p=2.78e-06), CD8+T cells (cor=0.139, p=9.98e-03),
CD4 +T cells (cor=0.219, p=4.03e-05), macrophages
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Fig.1 SPP1 and CSF1 expression levels in different cancer types.
a SPP1 expression in different tumor tissues compared with that in
normal tissues. b CSF1 expression in different tumor tissues com-

(cor=0.341, p=1.00e-10), neutrophils (cor=0.276,
p=1.89e-07) and dendritic cells (cor=0.304, p=1.28e-
08) (Fig. 2a). The correlation between CSF1 expression
and immune cell infiltration also showed the same trend
(Fig. 2b). Immune and stromal scores could contribute
to determining tumor purity and immune cell infiltration
in the tumor microenvironment. A higher score indicates
more immune cells and stromal cells, which consequently
indicates a lower the tumor purity. The expression of
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pared with that in normal tissues. ¢ SPP1 expression in HCC. d CSF1
expression in HCC. e Correlation between SPP1 and CSF1 in HCC.
(*P<0.05, **P<0.01, ***P <0.001)

SPP1 in liver cancer patients was positively correlated
with the immune score (R=0.26, p=3.1e-07) and stro-
mal score (R=0.12, p=0.021) (Fig. 2c¢). The expression
of CSF1 was also positively correlated with immune
score (R=0.52, p<2.2e-16) and stromal score (R=0.36,
p <5.3e-13) (Fig. 2d). The above results indicate that the
expression levels of SPP1 and CSF1 positively correlated
with the malignancy of tumors.
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Fig.2 Correlation of SPP1 and CSF1 with immune infiltration in
HCC. a Correlation between SPP1 expression and immune infiltra-
tion cells. b Correlation between CSF1 expression and immune infil-

Co-expressed genes and functional analysis of SPP1
and CSF1in HCC

To identify differentially expressed genes associated with
SPP1 and CSF1 in HCC, we performed a Spearman test
using the LinkedOmics database. The volcano map showed
differentially expressed genes (Fig. 3a, b). The top 50 nega-
tively and top 50 positively correlated genes are displayed
in a heatmap (Fig. 3c—f). We selected the positively cor-
related genes with coefficients > 0.4 based on the Spearman
test. In total, 234 genes positively correlated with SPP1 and
899 genes positively correlated with CSF1. Among these
genes, we found that 89 genes showed positive correla-
tions with both SPP1 and CSF1 (Fig. 4a). We constructed
a PPI network based on these genes using STRING and
Cytoscape and found that most genes interacted with each
other (Fig. 4b). To further understand the function of these
genes, GO and KEGG enrichment analyses were performed
using the DAVID database. The biological process terms
were significantly affected in signal transduction, leuko-
cyte migration, innate immune response, and inflamma-
tory response (Fig. 4c). The cellular component terms were
mainly enriched in the integral component of the membrane,
plasma membrane, and extracellular exosome (Fig. 4d). The

R=0.52, p<2.2e-1§ R=0.36, p<5.3g-13

1000

[
StromalScore

tration cells. ¢ Correlation between SPP1 expression and immune/
stromal scores. d Correlation between CSF1 expression and immune/
stromal scores

molecular function terms were mainly enriched in protein
binding, actin binding, and carbohydrate-binding (Fig. 4e).
The KEGG results showed that the differentially expressed
genes were mainly involved in osteoclast differentiation,
the phagosome, and the regulation of actin cytoskeleton
(Fig. 4f). We also specifically analyzed the role of the SPP1
and CSF1 signaling pathways in HCC using the LinkOm-
ics database. The results showed that SPP1 and CSF1 par-
ticipated in many of the same signaling pathways, including
the NF-kappa B signaling pathway, TNF signaling path-
way, and PPAR signaling pathway (Fig. S4). Based on the
above results, we believe that SPP1 and CSF1 interact with
each other and play important roles in the same signaling
pathway.

Screening of hub genes and their prognostic value
in HCC

We used cytoHubba (ranked by degree) to screen the top
ten hub genes of the network, including CLEC5A, GPR84,
ITGAV, PLAUR, SPI1, FCGR1A, C3AR1, CYBB, OLRI,
and ITGAM (Fig. 5a). The prognostic value of the hub genes
was evaluated using Kaplan—Meier Plotter. We found that
high expression levels of four genes were significantly
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a SPP1 Association Result c
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Fig. 3 Differential genes of SPP1 and CSF1 association in HCC. a
Volcano plot showing the differentially expressed genes of SPP1. (b)
Volcano plot showing the differentially expressed genes of CSFI. c,
e Heatmap showing that the genes are positively and negatively cor-

related to poor OS (CLEC5A, GPR84, ITGAYV, and PLAUR)
(Fig. 5b—e), while the other six genes were not significantly
related to survival (SPI1, FCGR1A, C3AR1, CYBB, OLRI,
and ITGAM) (Fig. S5). We also compared TCGA tumor
samples to GTEx normal samples to determine whether
SPP1 and CSF1 were up- or downregulated in HCC. The
results showed that the expression patterns of SPP1 and
CSF1 in normal and tumor tissues were most similar to those
of ITGAV and PLAUR, respectively (Fig. 5f). In addition,
we further analyzed the correlation between the expression
levels of SPP1 and CSF1 and the hub genes. The results
showed that SPP1 and CSF1 significantly correlated with
the four hub genes (Fig. 5g—n). GO analysis results were
significantly affected and enriched in the plasma mem-
brane, integral component of membrane, integral compo-
nent of plasma membrane, and leukocyte migration domains
(Fig. 50). KEGG analysis results were significantly affected
and enriched in the phagosome, transcriptional misregula-
tion in cancer, Staphylococcus aureus infection, and osteo-
clast differentiation domains (Fig. 5p).

Validation of the interaction between SPP1
and CSF1 in HCC cell lines

To further verify the interaction between SPP1 and CSF1,
we analyzed the interaction between SPP1 and CSF1 in
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related with SPP1 (only the top 50 genes are shown). d, f Heatmap
showing that the genes are positively and negatively correlated with
CSF1 (only top 50 genes are shown)

hepatoma cell lines. We used siRNA transfection to knock-
down SPP1 or CSF1 expression in Hep3B and SNU499
cell lines. The results of EdU staining assays showed that
si-SPP1 and si-CSF1 decreased tumor cell proliferation
(Fig. 6a, b). We also measured hub gene expression. The
results showed that si-SPP1 and si-CSF1 could downregulate
the expression of these genes in Hep3B and SNU499 cell
lines, but to different degrees (Fig. 6¢—f).

Discussion

Notably, liver cancer continues to be a major challenge in
public health worldwide, with high mortality and poor prog-
nosis. Although multiple therapeutic methods, such as sur-
gery, radiotherapy, chemotherapy, and liver transplantation,
are available, the efficacy of treatments remains limited. Due
to a lack of precise diagnostic measures and the hallmarks
of HCC, patients are often diagnosed at an advanced stage
and lose the best treatment chance. Therefore, exploring the
molecular biological regulatory network and screening prog-
nostic biomarkers is of great significance for the individual-
ized treatment of liver cancer patients.

The expression of SPP1 is significantly increased and
related to poor prognosis in multiple cancer types, while
decreasing SPP1 expression inhibits the proliferation,
migration and invasion of cancers [7, 24]. In melanoma
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patients, SPP1 expression was positively correlated with
melanoma progression, and higher SPP1 expression indi-
cated a worse prognosis, whereas silencing SPP1 sup-
pressed melanoma cell proliferation, and migration [25].
In breast cancer, the level of SPP1 was significantly higher
in tumors than in adjacent tissues and was positively cor-
related with tumor grade and subtype [26]. In gastric
cancer cell lines, the elevated expression of SPP1 was a
critical determinant of poor prognosis [27]. In HCC, the
expression of SPP1 mRNA and OPN protein increased and

correlated with poor outcomes in HCC patients [28]. In
our study, the expression trend of CSF1 was not consistent
across cancer types. CSF1 was highly expressed in bile
duct, brain, kidney, liver, and stomach cancers, while it
was expressed at low levels in bladder, breast, colon, lung,
pancreatic, prostate, and uterine cancers. In human mela-
noma, the expression of CSF1 in blood was significantly
higher in metastatic melanoma than in healthy subjects
[29]. However, studies have shown that high CSF1 expres-
sion in tumors was also associated with poor prognosis
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Fig.5 Hub gene analysis. a The interaction network of the top 10 hub
genes. b—e The prognostic value of four hub genes with significant
differences (CLEC5A, GPR84, ITGAV, PLAUR) (P<0.05). f The

[30]. High expression levels of CSF1 and CSF1R were
related to breast cancer progression and poor prognosis
[31]. Zhu et al. showed that CSF1 expression increases in
invasive carcinoma compared to normal pancreatic tissue
[32]. Wang et al. found that the overexpression of CSF1 in
colon cancer cells was correlated with macrophage infiltra-
tion and positively associated with the survival of colon
cancer patients [33]. Therefore, further studies are needed
to determine the role of CSF1 in tumors.
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expression pattern of SPP1, CSF1 and four hub genes. g—j Correla-
tion of SPP1 with four hub genes. k—n Correlation of CSF1 with four
hub genes. o, p Functional analysis of the top 10 hub genes

OPN is a critical driver of immune escape in the HCC
tumor microenvironment. As an immune-related gene, CSF1
is also involved in the tumor immune microenvironment and
stimulates the growth and survival of myeloid-derived sup-
pressor cells and other myeloid-lineage cells [34]. CSF1
plays an important role in the proliferation, differentiation,
and survival of monocyte/macrophage-lineage cells by
binding to CSF1R, which might promote their acquisition
of an immunosuppressive M2-like phenotype [35]. CSF1
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Fig.6 Function and interaction of SPP1 and CSF1. a Cell prolif-
eration tested by EdU assay after siRNA-SPP1 or siRNA-CSFI in
Hep3B cells. b Cell proliferation tested by EdU assay after siRNA-
SPP1 or siRNA-CSF1 in SNU449 cells. ¢, d The mRNA expression

expression correlated with the abundance of CD8 T cells
and CD163 tumor-associated macrophages (TAMs) in mela-
noma. Adaptive CSF1 secretion upon exposure to T-cell-
derived cytokines may act detrimentally to recruit TAMs
and consequently hamper antitumor immune responses [29].
The activation of the CSF1/CSFIR pathway could block the
Thl-mediated immune response and other classical antitu-
mor immune effector pathways, whereas blocking the CSF1/
CSFI1R pathway could prevent TAM trafficking and enhance
the efficacy of immune checkpoint-based therapies in HCC.
These processes were related to the expression level of OPN
[12]. In addition, studies have shown that OPN secretion
could mediate the immune complex activation of human

SPP1 CSF GPR84 ITGAV PLAUR

SNU-449

of SPP1, CSF1 and four hub genes after siRNA-SPP1 in Hep3B
and SNU449 cells. (e, f) The mRNA expression of SPP1, CSF1
and four hub genes after siRNA-CSF1 in Hep3B and SNU449 cells.
(*P<0.05, **P<0.01, ***P <0.001)

monocytes to partially promote lung fibroblast migration,
and CSF1 could amplify the effect of OPN [36]. In our study,
the expression levels of SPP1 and CSF1 positively correlated
with immune infiltrating cells. These studies indicated that
SPP1 and CSF1 interact with each other during immune
regulation.

In some tumor-related studies, SPP1 and CSF1 exhibit the
same expression trend and function. In thyroid cancer, the
expression levels of SPP1 and CSF1 are significantly up-reg-
ulated, while CSFI1R inhibitor can reduce their expression,
thereby inhibiting tumor cell proliferation [14]. In lung can-
cer, the expression levels of CSF1 and SPP1 are increased
and associated with the carcinogenesis and prognosis of
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patients [15]. In breast cancer, the inhibition of SPP1 and
CSF1 could prevent the assembly of an immunosuppres-
sive tumor microenvironment and partially or completely
sensitize otherwise refractory quasi-mesenchymal tumors
to anti-CTL4 immune checkpoint blockade therapy [13]. In
our study, the expression trend of SPP1 and CSF1 in HCC
was consistent, which was verified using liver cancer cells
in vitro.

Conclusion

In summary, we found that SPP1 and CSF1 were highly
expressed in HCC, and positively correlated with poor
prognosis and immune cell infiltration, indicating that they
have the potential to be therapeutic and prognostic targets
for HCC. In addition, SPP1 and CSF1 have co-expressed
genes and interact with each other. However, the specific
mechanism needs to be further studied.
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