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Abstract: Background: The expression of aberrant interferon-stimulated gene 15 (ISG15) is connected with vari-
ous human diseases, including cancer. ISG15 is involved in tumor formation and metastasis. However, its role in 
osteosarcoma is uncertain. Methods: ISG15 expression in pan-cancer from RNA Sequencing data were obtained 
from The Cancer Genome Atlas (TCGA) and Genotype Tissue Expression (GTEx) databases. The relationship between 
ISG15 expression and prognosis was assessed through TCGA clinical survival data. Immunohistochemistry (IHC) 
images of ISG15 were retrieved using the Human Protein Atlas to analyze the differences in selected normal and 
tumor tissues. Gene enrichment analysis and signaling pathway analysis were used to assess the potential role of 
ISG15 in sarcoma, and the correlation between ISG15 expressions and immune cell infiltration levels was estimated 
by immune infiltration analysis. The expression levels of ISG15 were assessed by qRT-PCR and IHC. Colony forma-
tion, wound healing assay and transwell assay were used to detect the effects of ISG15 on the biological behaviors 
of osteosarcoma cells. The correlation between ISG15 levels and CD8+/CD68+ cells was further examined by 
double-labeled immunofluorescence. The chemotactic effect of ISG15 on CD8+/CD68+ cells was demonstrated 
by chemotactic experiments and flow cytometry. Results: ISG15 was highly expressed in most cancers, while high 
ISG15 expression was significantly correlated with poor overall survival. Gene enrichment analysis in sarcoma sug-
gested that antigen processing and presentation might be involved in the oncogenic mechanism of ISG15. Further 
immune infiltration analysis showed that high ISG15 expression might reflect the infiltration level of certain immune 
cells. Additionally, our verification showed that ISG15 was significantly related to the occurrence and metastasis of 
osteosarcoma, and knockdown of ISG15 significantly altered cell biological behavior, resulting in decreased prolif-
eration, migration and invasion capabilities of osteosarcoma cells. The high expression of ISG15 in osteosarcoma 
tissue was associated with a high level of CD68+ immune cell infiltration while a low level of CD8+ T cell infiltration. 
CD68+ immune cells were recruited in vitro by overexpression of ISG15, which on the contrary could weaken the 
chemotaxis of CD8+ T cells. Conclusion: High ISG15 expression is an inherent feature of osteosarcoma and triggers 
tumorigenesis and metastasis by regulating tumor immunogenicity. ISG15 is expected to be the target of osteosar-
coma treatment.
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Introduction

Osteosarcoma is a malignant osteogenic tumor 
that occurs more commonly in adolescents or 
children under the age of 20, accounting for 
approximately 55-60% of all malignant bone 

tumors [1]. With the combined application of 
neoadjuvant chemotherapy, surgery and adju-
vant chemotherapy, the 5-year survival rate of 
the non-metastatic osteosarcoma has been 
significantly improved to 65-75% [2]. However, 
osteosarcoma has a high capacity for local infil-
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tration and a propensity for distant metasta-
ses, resulting in the metastatic lesions detect-
ed at initial presentation in many patients, with 
the most common sites of metastasis being 
lung and bone [3]. Patients with metastatic or 
recurrent osteosarcoma have a poor prognosis, 
with an overall 5-year survival rate of only 
10-30%, and little improvement has been 
made in survival over the past 30 years [4-7]. 
Therefore, the key to reducing osteosarcoma 
mortality and improving prognoses lies in study-
ing its growth and metastasis.

As the first discovered ubiquitin-like protein, 
ISG15 has a highly homologous functional 
domain similar to ubiquitin at both the amino 
and carboxy ends and is one of the major effec-
tor proteins of type I interferons [8]. Despite the 
immense complexity of ISG15, increasing evi-
dence suggests that ISG15 is involved in multi-
ple key cellular processes, such as those 
involved in immune regulation, autophagy, pro-
tein translation, exosome secretion and DNA 
repair, underscoring the re-evaluation of ISG15 
functional necessity [9]. ISG15 is involved in 
tumor formation and metastasis. Our previous 
research found that ISG15 was a significantly 
up-regulated hub protein in the network of met-
astatic osteosarcoma [10]. The microenviron-
ment influences the pathogenesis of solid 
tumors and plays a vital role in some solid 
tumors [11]. Studies have shown that ISG15 
plays a crucial role in the tumor microenviron-
ment (TME) by enhancing cytokines of T-cell, 
B-cell and epithelial-cell lineages [12].

In our study, we systematically analyzed the 
expression levels and prognostic value of 
ISG15 across cancers. Further attention was 
given to the prognostic impact of ISG15 gene 
alterations, links between ISG15 expression 
and molecular pathways in sarcomas, and cor-
relations of ISG15 with immune infiltration. 
Finally, we conducted a series of experiments 
at clinical and cellular levels to clarify the  
effect of ISG15 on osteosarcoma, and the  
possible mechanisms of its induction and pro-
motion of osteosarcoma were comprehensively 
discussed.

Materials and methods

RNA sequencing (RNA-Seq) data collection 
and analysis

To evaluate ISG15 expression at a mRNA level 
in pan-cancer paired samples (tumor and nor-

mal tissues), we first downloaded data from 
The Cancer Genome Atlas (TCGA). Then, we 
analyzed the ISG15 expressions in unpaired 
samples through the TPM-formatted RNA-Seq 
data obtained from TCGA and Genotype Tissue 
Expression (GTEx). At last, R (version 3.6.3) was 
used for statistical analysis and visualization, 
and the R package (mainly ggplot2 [version 
3.3.3]) was used for visualization.

Immunohistochemistry (IHC) image retrieval 
and analysis

IHC images of ISG15 protein expressions were 
retrieved from Human Protein Atlas (HPA) and 
used to assess the ISG15 expression differ-
ences in normal and tumor tissues.

Survival prognosis analysis

The R package “survival” (version 3.6) was 
used to obtain a KM survival curve plot of over-
all survival (OS) for ISG15. The cohort was divid-
ed into high and low expression groups by 
“0-50 vs. 50-100” or the division threshold 
value that minimizes the P value. Visualization 
was performed using “ggplot2”.

Correlation and gene set enrichment analysis

Data were collected from TCGA for analysis of 
ISG15 mRNA with other associated genes in 
sarcoma. The top 100 genes that were most 
positively associated with ISG15 were select- 
ed for enrichment analysis to demonstrate the 
biological function of ISG15. The EnrichGO 
function “clusterProfiler” in the R package was 
used to perform gene ontology (GO) enrichment 
and included biological process (BP), cellular 
component (CC) and molecular function (MF). 
The enrichKEGG function in the R package 
“clusterProfiler” was used to perform Kyoto 
Encyclopedia of Genes and Genomes (KEGG) 
analysis.

Immune cell infiltration analysis

We used the single sample GSEA (ssGSEA) 
method package GSVA (version 1.34.0) [13] to 
comprehensively study the levels of tumor 
immune infiltration. Twenty-four immune cell 
markers were obtained from a previous study 
[14]. We used RNA-Seq data based on the level 
3 HTSeq-FPKM format from the TCGA-SARC 
project dataset. The data were transformed 
into TPM format, subjected to log2 transforma-
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tion, and then filtered to detect the effect of 
ISG15 expression on immune cell infiltration. 
The correlation between ISG15 expression and 
immune cells was explored by calculating p val-
ues using Spearman correlation analysis.

Validation experiments on clinical tissue 
samples

A total of 28 tumor tissue and 19 adjacent/nor-
mal tissue were obtained from patients under-
going osteosarcoma amputation or limb sal-
vage surgery in the Yunnan Cancer Hospital. 
Among them, 19 tumor and 19 normal samples 
were paired. Besides, we collected the lung 
metastatic lesions of 5 patients among the 15 
patients with lung metastasis, as well as rele-
vant clinical information of the all included 
patients. Osteosarcoma diagnoses were con-
firmed by histopathology, and lung metastases 
were confirmed by imaging or pathology. The 
sample diameters were approximately 5-10 
mm. They were immersed in RNAlater and 
stored in a freezer at -80°C for qRT-PCR experi-
ments. For the IHC experiments, the sample 
were immersed in 4% paraformaldehyde and 
stored at room temperature. All specimens 
were made into 4 to 6-μm sections and immu-
nohistochemically stained for ISG15 using the 
ready-to-use immunohistochemical MaxVision 
HRP kits (MXB Biotechnologies, Kit-5030). The 
human ISG15/UCRP antibody (R&D Systems, 
Monoclonal Mouse IgG2B Clone # 539442) 
was diluted at 1:100. For paraffin section dou-
ble-labeled immunofluorescence experiments, 
the sections were dewaxed to water, after anti-
gen retrieval with EDTA, circled with histochem-
ical strokes (Servicebio, G6100), blocked with 
hydrogen peroxide and serum. Then, the corre-
sponding antibodies were added in order for 
incubation (ISG15 Antibody, BOSTER, BM5357, 
1:50; CD8, Proteintech, 66868-1-Ig, 1:200; 
CD68, Servicebio, GB113150, 1:500). Nucleus 
were counterstained with DAPI. The autofluore- 
scence was quenched, and photographs were 
taken under a microscope after mounting.

Selection of cell lines and cell culture condi-
tions

Considering the cell growth characteristics, this 
experiment used the 143B and U2OS osteosar-
coma cell lines, which were obtained from 
CELLCOOK in Shanghai, China. Cells were iden-
tified by STR analysis and confirmed to be free 

of mycoplasma infection by assays. All cells 
were cultured in DMEM (Basalmedia, L110kj) 
containing 10% fetal bovine serum (NEW- 
ZERUM, FBS-E500) at 37°C in a cell incubator 
containing 5% CO2. Cells in the logarithmic 
growth phase were used for the experiments.

Lentiviral infection

Lentiviruses for ISG15 overexpression and 
knockdown were designed and synthesized  
by GenePharma (Shanghai, China). Lentiviral 
transfection was carried out according to the 
manufacturer’s protocol. The MOI values 
selected for 143B and U2OS infections were 
both 20. Based on relevant literature and pre-
liminary experiments, infected cells were 
screened with puromycin at a concentration of 
1 µg/ml. ISG15 expressions were verified by 
qRT-PCR and Western blot. More information 
about ISG15 lentiviruses is provided in Table 
S1.

Quantitative reverse transcription-PCR

Total RNA was extracted using RNA-easy 
Isolation Reagent (Vazyme, R701-01) from the 
cell lines and RNA extraction reagents (Ser- 
vicebio, G3013-100ml) from tissues, respec-
tively, according to the manufacturer’s pro- 
tocols. cDNA was synthesized according to  
the manufacturer’s instructions. The FastStart 
Universal SYBR Green Master (Rox) kits were 
used to determine the expression levels of tar-
get genes. PCR amplification was performed 
using an ABI Prism 7500 rapid thermal cycler, 
and each sample was normalized to GAPDH as 
an internal reference gene. The qRT-PCR prim-
ers are summarized in Table S2.

Western blotting analysis

Cells from each group were collected and lysed 
on ice for 30 min by adding RIPA lysis solution 
(containing PMSF), and cells were fully lysed by 
an ultrasonic dismantling instrument and cen-
trifuged at 4°C and 12000 rpm for 20 min. The 
supernatant was placed in an EP tube, and  
the protein concentration was determined by a 
BCA protein quantification kit. The gel was 
made, 20 µg of protein sample per well was 
added for SDS-PAGE electrophoresis. A 0.22 
µm pore size PVDF was used as transfer mem-
brane, which was then blocked in 5% skimmed 
milk at 280 mA for 90 min. The membrane was 
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incubated with GAPDH and ISG15 primary  
antibody (R&D Systems, Monoclonal Mouse 
IgG2B Clone # 539442) dilution (1:1000) over-
night at 4°C, washed 5 times with TBST, 5 min 
each time, then incubated with secondary anti-
body dilution for 1 h on a shaker, and again 
washed 5 times with TBST, 5 min each time. 
The ECL luminescent solution was developed 
and exposed with chemiluminescent imager. 
The grayscale of the bands was analyzed with 
ImageJ.

Colony formation assay

Three duplicate wells were set in each group, 
and the cells were evenly seeded in 6-well 
plates at a cell concentration of 500 cells per 
well and cultured in a 37°C, 5% CO2 incubator. 
The cell growth status was observed every 2-3 
days. When visible clones appeared in the cul-
ture plate, the culture was terminated, and the 
supernatant was discarded. Next, the clones 
were washed twice with PBS, fixed with 2 ml of 
4% paraformaldehyde for 20 min. After discard 
the fixative, we washed the clones twice with 
PBS, and added 1 ml of 1% crystal violet solu-
tion to provide staining for 30 min. Then, the 
staining solution was slowly washed away with 
running water. The clones were air-dried, photo-
graphed and counted (the number of clones 
with more than 50 cells).

Wound healing assay

Cells of each group were cultured in 6-well 
plates to complete confluency to form a mono-
layer, and a 200 ul pipette tip was used to man-
ually scratch uniformly and forcefully perpen-
dicular to the monolayer in order to create 
wound areas of approximately the same width 
and 0 post-wound. After 24 hours or 48 hours, 
the culture medium was aspirated, and the 
cells were washed three times with PBS, 
observed and photographed under an inverted 
fluorescence microscope.

Transwell assay

In the cell invasion experiments, serum-free 
cell suspensions from each group were pre-
pared and counted. Then, 300 µL suspension 
containing 2×104-10×104 cells was added to 
the upper chamber which had been pre-coated 
with Matrigel (Corning, 356234), and 700 µL  
of DMEM containing 20% serum was added to 
the lower chamber. After 48 h of incubation at 
37°C, the invasive cells adhering to the lower 

membrane surface were fixed with 4% parafor-
maldehyde for 30 min and then stained with 
Giemsa for 3 h at room temperature. Five non-
overlapping regions (e.g., upper left, lower left, 
middle, upper right and lower right) were ran-
domly selected under the microscope to count 
the number of transmembrane cells and for 
statistical analysis.

Chemotaxis assays

The chemotaxis of ISG15 to CD8+ T cells and 
CD68+ cells was carried out using the translu-
cent polycarbonate membrane of 3 μm pore 
size in 6-well transwell chambers (Corning, 
3414). We added 1 ml cells suspension con-
taining 4×106 freshly extracted human periph-
eral lymphocytes into the upper chamber, col-
lected the serum free medium of OE-ISG15  
and OE-NC cells cultured for 24 hours with  
the same initial number of cells, and took 2 ml 
each as the conditioned medium to add to the 
lower chamber. The cells were incubated at 
37°C and 5% CO2 for 4 hours. Lower ventricular 
cells were collected for subsequent FACS 
analysis.

Flow cytometry

The cell suspension was divided into two equal 
portions for detecting CD8 and CD68, respec-
tively. The cells were centrifuge at 1000 r for 5 
min for precipitation and discarding the super-
natant. The cells were moistened with 1 ml of 
precooled PBS once, centrifuged again for 5 
min at 1000 r for precipitation and discar- 
ding the supernatant. Then, we added 100 μL 
buffer and 5 μL of corresponding antibody 
(CD8, BioLegend, 344703; CD68, BioLegend, 
333807) according to the test purpose. The 
cells were incubated in dark at room tempera-
ture for 30 min. Subsequently, the flow cytom-
eter (FACSCalibur) provided by BD Company, 
USA, was used for computer detection.

Statistical analysis

Bioinformatics statistical analysis and visual-
ization were performed using R (version 3.6.3). 
Grayscale analysis of Western blot and average 
fluorescence intensity analysis of immunofluo-
rescence were performed using ImageJ soft-
ware. Graphical and statistical analyses of wet 
experiments were performed using GraphPad 
Prism 8.0 software. The t-test was used for 
comparison of differences between data with 
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normal distribution. The Wilcoxon signed-rank 
test was used for data did not meet the normal-
ity test. P<0.05 indicates a statistically signifi-
cant difference. The meaning of symbols and 
abbreviations are follows: * for P<0.05, ** for 
P<0.01, *** for P<0.001, **** for P<0.0001, 
and ns for no significant difference.

Results

Expression of ISG15 across cancers at a 
mRNA level

RNA-Seq data were downloaded from TCGA to 
analyze the ISG15 expressions in paired sam-
ples of 18 cancers. ISG15 mRNA expressions 
were higher in tumor tissues than in normal tis-
sues in most cancers, including BLCA, BRCA, 
CHOL, COAD, ESCA, HNSC, KIRC, LUAD, PRAD, 
READ, STAD, THCA and UCEC. However, the 
ISG15 expression was low in KICH (Figure 1A). 
Additionally, data from TCGA and GTEx were 
also downloaded to analyze the ISG15 expres-
sions in unpaired samples of 33 cancers,  
which showed that ISG15 was overexpressed  
in ACC, BLCA, BRCA, CESC, CHOL, COAD, DLBC, 
ESCA, GBM, HNSC, KIRC, KIRP, LGG, LIHC, 
LUAD, LUSC, OV, PAAD, PCPG, PRAD, READ, 

SKCM, STAD, TGCT, THCA, THYM, UCEC and 
UCS, and lowly expressed in KICH and LAML 
(Figure 1B), similar to the results above.

ISG15 expressions across cancers at a protein 
level

We compared the IHC results of ISG15 provid-
ed by the HPA database, which were in general 
agreement with those of the ISG15 gene 
expression analysis by TCGA and GTEx. Normal 
lung, liver, colon, pancreas, cerebral cortex, 
stomach, cervical, breast, lymph node and 
prostate tissues showed negative or moderate 
staining for ISG15 IHC, and tumor tissues 
showed moderate or strong staining (Figure 
2A-J).

Correlation analysis of ISG15 expression and 
OS in tumor patients

To assess the practical use of ISG15 expres-
sions in predicting the prognosis of tumor 
patients, we examined the association between 
ISG15 expression and OS in the TCGA cohort. 
The KM survival curves demonstrated that 
higher ISG15 expressions in lung adenocarci-
noma (P=0.027), hepatocellular liver cancer 

Figure 1. The expression of ISG15 across cancers at a mRNA level in the TCGA and GTEx databases. A. ISG15 
expression in normal and tumor tissues in paired samples. B. ISG15 expression in normal and tumor tissues in 
unpaired samples.
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Figure 2. ISG15 expressions across cancers at a protein level in the HPA database. (A) Lung, (B) Live, (C) Colon, (D) 
Pancreas, (E) Brain, (F) Stomach, (G) Cervix, (H) Breast, (I) Lymph, (J) Prostate.

(P=0.005), colorectal cancer (P=0.014), pan-
creatic cancer (P=0.01), glioma (P<0.001), 
uveal melanoma (P=0.005), acute myeloid leu-

kemia (P=0.023), adrenocortical carcinoma 
(P=0.003) and kidney renal clear cell carci- 
noma (P<0.001) were significantly associated 
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Figure 3. Correlation of ISG15 expression with prognosis of cancer patients. Correlations between ISG15 expression 
and the OS of (A) LUAD, (B) LIHC, (C) COADREAD, (D) PAAD, (E) GBMLGG, (F) UVM, (G) LAML, (H) ACC, and (I) KIRC 
were analyzed using the TCGA database.

with shorter OS (Figure 3A-I). It is suggested 
that ISG15 may play a potential cancer-promot-
ing role in these cancers.

Functional and pathway enrichment analysis 
of ISG15-related genes in sarcoma

To further investigate the function of ISG15, 
RNA-Seq data of sarcoma were downloaded 
from the TCGA database and searched for 
ISG15 expression-related genes. Then, the  

top 100 most relevant genes to ISG15 were 
obtained through the “clusterProfile” R pack-
age for GO and KEGG enrichment analyses 
(ggplot2 package [version 3.3.3] for visuali- 
zation and clusterProfiler package [version 
3.14.3] for analysis of the selected data). The 
data of GO and KEGG analyses showed that 
most genes were connected with phagosome, 
Epstein-Barr virus infection, antigen processing 
and presentation, and type I interferon respon- 
se (Figure 4A). The top 50 genes most positive-
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ly associated with ISG15 are presented as a 
heatmap (Figure 4B). The KEGG analysis sug-
gested that antigen processing and presenta-
tion, and phagosome might be connected with 
the oncogenic mechanism of ISG15 (Figure 
4C-E).

Relationship between ISG15 expression and 
immune cell infiltration in sarcoma

Previous enrichment analysis showed that 
ISG15 was mainly associated with antigen  
processing and presentation, and phagosome 
in sarcomas. Therefore, we further evaluated 
whether the ISG15 expression level might be 
correlated with immune cell infiltration. Spear- 
man’s R from ssGSEA (GSVA package built-in 
algorithm) of the R package GSVA package  
[version 1.34.0] (Hänzelmann et al., 2013) [13] 
was used to investigate the potential associa-
tions among ISG15 expression levels in sarco-
ma patient data obtained from the TCGA data-
base and 24 immune cells. A lollipop image is 
shown in Figure 5A, and a trilinear table is 
shown in Figure 5B. The results showed that 
the ISG15 expressions were related to aDCs, B 
cells, CD8 T cells, cytotoxic cells, DCs, iDCs, 
macrophages, neutrophils, NK CD56bright 
cells, NK CD56dim cells, NK cells, pDCs, T 
cells, Tems, TFH cells, Th1 cells, Th17 cells, Th2 
cells and TReg cells. Further analysis showed 
that ISG15 was positive correlated with aDC 
(r=0.516, P<0.001), B cells (r=0.298, P<0.001), 
CD8 T cells (r=0.207, P<0.001), cytotoxic cells 
(r=0.411, P<0.001); DC (r=0.309, P<0.001), 
iDC (r=0.184, P=0.003), macrophages (r= 
0.311, P<0.001), neutrophils (r=0.368, P< 
0.001), NK CD56bright cells (r=0.190, P= 
0.002), NK CD56dim cells (r=0.401, P<0.001), 
pDC (r=0.143, P=0.021), T cells (r=0.385, P< 
0.001), Tem (r=0.180, P=0.003), TFH (r=0.171, 
P=0.005), Th1 cells (r=0.398, P<0.001), Th2 
cells (r=0.235, P<0.001), Th17 cells (r=0.176, 
P=0.004) and TReg (r=0.383, P<0.001), and 
was negatively correlated only with NK cells  
(r=-0.159, P=0.010) (Figure 6). These results 
suggests that the high expression of ISG15 
may affect the accumulation of immune cells  
in tumors, and may also be closely related to 
the changes of immune status in sarcomas.

High ISG15 expressions may be essential for 
the development of osteosarcoma 

First, the expression level of ISG15 in 28 tumor 
tissues and 19 adjacent/normal tissues were 

detected by qRT-PCR, which showed that the 
overall ISG15 expression levels were signifi-
cantly higher in osteosarcoma primary tissues 
than in adjacent/normal tissues in 19 paired 
samples (95% CI: 0.902-15.855, P=0.004) 
(Figure 7A). The same trend was observed  
in unpaired samples contained 28 tumor tis-
sues and 19 adjacent/normal tissues (95% CI:  
0.05-5.186, P=0.032) (Figure 7B), suggesting 
that high ISG15 expressions might be associ-
ated with the formation of osteosarcoma. Then, 
we defined cases with ISG15 expression above 
the median as ISG15 high expression (2-ΔΔCT> 
0.663962829), and conversely as low expres-
sion (2-ΔΔCT≤0.663962829). The correlation 
between ISG15 and clinical features in osteo-
sarcoma was analyzed. The results in Table 1 
suggested that ISG15 expression was associ-
ated with lung metastasis (P=0.021). Protein 
expressions of ISG15 were measured by IHC in 
28 tumor tissues, 19 adjacent/normal tissues 
and 5 lung metastatic tissues (Figure 7C). The 
overall trend showed that the staining intensi-
ties of ISG15 were higher in osteosarcoma pri-
mary tissues with lung metastasis than in 
osteosarcoma primary tissues without lung 
metastasis. Adjacent/normal tissues showed 
mild staining of ISG15, and nonspecific staining 
was not excluded. It should be noted that ISG15 
staining was strongly positive in 5 cases of lung 
metastatic lesions. These results indicate that 
the expression of ISG15 is upregulated in 
osteosarcoma and correlated with the pulmo-
nary metastasis of osteosarcoma.

ISG15 knockdown significantly inhibits the 
proliferation, migration and invasive ability of 
143B and U2OS osteosarcoma cells in vitro

The qRT-PCR and Western blot results are 
shown in Figure 8A, 8B. In 143B and U2OS 
cells, the expression levels of ISG15 were sig-
nificantly increased in the OE-ISG15 group com-
pared with that of the OE-NC group and knocked 
down in the sh-ISG15 group compared with 
that of the sh-NC group (P<0.05), indicating 
that the stable transgenic cells were success-
fully constructed. Next, we further demonstrat-
ed the oncogenic role of ISG15 in osteosarco-
ma. As shown in Figure 8C, ISG15 overexpres- 
sion significantly promoted the proliferative 
ability of 143B and U2OS cells compared with 
those of the OE-NC group, and ISG15 knock-
down significantly inhibited the proliferation 
ability of 143B and U2OS cells compared with 
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Figure 4. Function and pathway enrichment analysis of ISG15 in SARC. (A) Significant Gene Ontology terms (includ-
ing BP, CC and MF) and KEGG analyses of the top 100 genes most positively associated with ISG15. (B) Heatmap 
of the top 50 genes most positively associated with ISG15. Histogram (C), ring type visualization network (D) and 
three-line watch (E) were used to present the significant KEGG pathway of the top 100 genes most positively associ-
ated with ISG15.

those in the sh-NC group (P<0.05). Furthermore, 
as shown in Figure 8D, 8E, ISG15 overexpres-
sion significantly promoted the migration and 

invasion of 143B and U2OS cells compared 
with those of the OE-NC group, and ISG15 
knockdown significantly inhibited the migration 
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Figure 5. Lollipop image (A) and three-line table (B) showing the relationship between ISG15 and immune cell infil-
tration.

and invasion of 143B and U2OS cells (P<0.05). 
These data suggest that ISG15 expressions  
are positively correlated with osteosarcoma 
cell proliferation, migration and invasion abili-
ties in vitro.

Overexpression of ISG15 can recruit CD68+ 
immune cells and weaken the chemotaxis of 
CD8+ T cells

The correlations between ISG15 levels and 
CD8+ T cells/CD68+ cells in osteosarcoma tis-
sue in the ISG15 high expression and low 
expression groups were detected by the dou-
ble-labeled immunofluorescence. Representa- 
tive images showed that the expression of 
ISG15 were negatively associated with the 
number of infiltrating CD8+ T cells and positi- 
vely associated with CD68+ cells (Figure 9A). 
We further confirmed in vitro by chemotaxis 
assays and flow cytometry that overexpression 
of ISG15 induced chemotaxis of CD68+ cells 
(P<0.0001) but reduced the chemotaxis of 
CD8+ T cells (P<0.0001) (Figure 9B). The 
results above suggest that ISG15 may partici-
pated in the occurrence and development of 
osteosarcoma by affecting immune cell infiltra-
tion levels.

Discussion

ISG15 is known to be involved in the occur-
rence and development of tumors and is close-
ly related to tumor prognosis [15-17]. Kariri et 
al. have provided evidence that increasing 
ISG15 at transcriptomic and proteomic levels 
was strongly associated with shorter specific 
survival times in patients with invasive breast 
cancer [18]. It has also been shown that ISG15 
is overexpressed in nasopharyngeal carcinoma 
(NPC) tissue samples and cell lines and is prov-
en to be linked to shorter OS and disease-free 
survival and higher local recurrence rate [19]. 
In NPC cells, ISG15 overexpression promoted 
cancer stem cell phenotypes, including in- 
creased colony and tumorsphere-forming ca- 
pacity, pluripotency-related gene expression, 
and tumorigenicity in vivo, with protumorigenic 
functions. Its overexpression is a poor prognos-
tic factor a potential therapeutic target for  
NPC. The ISG15 expressions across cancers in 
the TCGA and GTEX databases were analyzed 
in our study, and we further evaluated the  
relationship between ISG15 expressions and 
patient prognoses by using TCGA clinical sur-
vival data. The results were consistent with 
most of previous studies. ISG15 was more high-
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Figure 6. Scatter plot showing the correlation between the expression of ISG15 and immune cell. (A) aDC, (B) B 
cells, (C) CD8 T cells, (D) Cytotoxic cells, (E) DC, (F) iDC, (G) Macrophages, (H) Neutrophils, (I) NK CD56bright cells, 
(J) NK CD56dim cells, (K) NK cells, (L) pDC, (M) T cells, (N) Tem, (O) TFH, (P) Th1 cells, (Q) Th2 cells, (R) Th17 cells 
and (S) TReg.
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Figure 7. Expression of ISG15 in clinical samples of osteosarcoma. A. The mRNA levels of ISG15 in 19 paired 
samples of adjacent/normal tissues and osteosarcoma tissues were determined by qRT-PCR. B. The mRNA levels 
of ISG15 in unpaired samples (28 tumor tissues and 19 adjacent/normal tissues) were determined by qRT-PCR. C. 
ISG15 expression in adjacent/normal tissue, osteosarcoma tissue with or without lung metastasis and in pulmonary 
metastatic lesions were determined by immunohistochemistry (200×).

Table 1. The correlation between ISG15 and clinical fea-
tures of osteosarcoma

Characteristic High expression 
of ISG15

Low expression 
of ISG15 p

n 14 14
Gender, n (%) 1.000
    Female 6 (21.4%) 6 (21.4%)
    Male 8 (28.6%) 8 (28.6%)
Age, n (%) 1.000
    <18 8 (28.6%) 8 (28.6%)
    ≥18 6 (21.4%) 6 (21.4%)
T stage, n (%) 1.000
    T1 7 (25%) 6 (21.4%)
    T2 7 (25%) 8 (28.6%)
Tumor region, n (%) 0.871
    Distal femur 6 (21.4%) 8 (28.6%)
    Other 2 (7.1%) 1 (3.6%)
    Proximal humerus 1 (3.6%) 1 (3.6%)
    Proximal tibia 5 (17.9%) 4 (14.3%)
Lung metastasis, n (%) 0.021
    No 3 (10.7%) 10 (35.7%)
    Yes 11 (39.3%) 4 (14.3%)

ly expressed in most tumor tissues 
than in normal/adjacent tissues, and 
patients with high expressions tend- 
ed to have poor prognosis. Based on 
previous studies, ISG15 was overex-
pressed in various tumors and had 
been identified as a prognostic factor, 
while few studies have explored the 
association of ISG15 expression with 
osteosarcoma. So, it is necessary to 
explore the relationship between 
ISG15 expression and the occurrence 
and development of osteosarcoma.

Through studies of clinical samples, 
we found that at the mRNA level, the 
overall expression levels of ISG15 in 
primary osteosarcoma tissue were 
significantly higher than those in  
adjacent/normal tissues. IHC images 
showed that the protein expression 
level of ISG15 in primary osteosarco-
ma samples with lung metastasis was 
significantly higher than that in those 
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Figure 8. Effects of ISG15 expression on proliferation, migration and invasion of osteosarcoma cells. A. 143B and 
U2OS cells were transfected with lentivirus of OE-ISG15 or sh-ISG15, and the level of ISG15 was assessed by qRT-
PCR. B. 143B and U2OS cells were transfected with lentivirus of OE-ISG15 or sh-ISG15, and the level of ISG15 was 
assessed by Western blot. C. The proliferation ability of osteosarcoma cells was examined by colony formation assay. 
D. The migration abilities of osteosarcoma cells were detected by wound healing assay. E. The invasion abilities of 
osteosarcoma cells were detected by transwell assay.

without lung metastasis, suggesting that high 
expression of ISG15 might play a crucial role in 
the occurrence of lung metastasis in osteosar-

coma. We further validated that at the cellular 
level, high ISG15 expressions significantly pro-
moted the proliferation, migration and invasion 
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Figure 9. The correlation between the ISG15 level and the infiltration of CD8+ T cells/CD68+ cells in osteosarcoma. 
A. The expression of ISG15 were negatively associated with the number of infiltrating CD8+ T cells and positively 
associated with CD68+ cells, as determined by double-labeled immunofluorescence (200×). B. Chemotaxis assays 
and flow cytometry showed that the overexpression of ISG15 induced chemotaxis of CD68+ cells (P<0.0001) but 
reduced the chemotaxis of CD8+ T cells (P<0.0001).

of 143B and U2OS osteosarcoma cells. These 
results suggested that an oncogene role of 
ISG15 in osteosarcoma is similar to cell-level 
studies of glioma, nasopharyngeal carcinoma, 
breast cancer, colorectal cancer, lung cancer 
and bladder cancer. Based on the above 
research results, we can reasonably speculate 
that ISG15 has broad application prospects in 

the diagnosis and prognosis evaluation of 
osteosarcoma. The underlying mechanism and 
feasibility of ISG15 as a molecular biomarker 
for osteosarcoma are also worthy of further 
investigation.

The TME is a complex integrated system and 
mainly composed of tumor cells and their sur-
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rounding immune and inflammatory cells, 
tumor-associated fibroblasts, nearby intersti- 
tial tissues, microvessels, various cytokines 
and chemokines [20, 21]. It can be divided into 
an immune microenvironment dominated by 
immune cells and a nonimmune microenviron-
ment dominated by fibroblasts. Tumor cells can 
interact with surrounding cells through the cir-
culatory and lymphatic systems to influence 
cancer development and progression [22]. 
Accumulating evidence implicates ISG15 and 
ISGylation participate in a variety of key cellular 
processes [9, 23], including immune regula-
tion, autophagy, protein translation, exosome 
secretion and DNA repair. The effects of ISG15 
on tumor development are closely related to 
the TME. ISG15 is highly expressed in most 
tumors, which may be connected with immune 
cell infiltration into the tumor stroma, which 
leads to increased ISG15 expression in tumor 
cells because these cells are major sources of 
interferon α and β [18]. Tumor-associated mac-
rophages (TAMs) secrete the IFN-stimulating 
factor, ISG15, which can enhance the pheno-
type of cancer stem cells (CSCs) in pancreatic 
ductal adenocarcinoma cells (PDACs) in vitro 
and in vivo [24]. Enhancement of the self-
renewal, invasion and tumorigenicity of CSCs 
suggests that ISG15 may play a tumor-promot-
ing role through immune regulation. ISG15 has 
been reported to play a crucial role in TEM by 
enhancing T cells, B cells and epithelial cell line 
cytokines [12]. Both IFN induction and immune 
cell activation are important mediators of can-
cer immunogenicity and are associated with 
the expression of ISG15. In this study, the 
results of gene function and pathway enrich-
ment analyses of ISG15 in sarcoma also 
showed that most genes related to ISG15 were 
related to phagosomes, EB virus infection, anti-
gen processing and presentation, and type I 
interferon reaction. Antigen processing and 
presentation are possible carcinogenic mecha-
nisms of ISG15.

It has been shown that free ISG15 secreted by 
melanoma cells modulates the phenotype of 
tumor-infiltrating dendritic cells (DCs) by stimu-
lating the expression of E-cadherin, which is an 
adhesion molecule that impairs DC motility, 
leading to tumor escape [9]. In addition, ISG15, 
which can respond to type I interferons, has 
been shown to be secreted by TAMs produced 
by PDACs, accelerating the tumorigenesis of 
CSCs [24]. These results suggest that ISG15 

has a tumor-promoting role in cancer immuno- 
genicity.

The relationship between ISG15 expression 
and immune cell infiltration in sarcoma was 
analyzed by bioinformatics analysis, which sug-
gested that the high expression of ISG15 might 
affect the accumulation of immune cells in 
tumors, and might be closely related to the 
changes of immune status in sarcomas. In 
endometrial carcinoma with a high level of 
ISG15, it can be found that the expression of T 
cell inhibitor (such as PD-L1) is higher, while 
CD8+ T cells are significantly reduced, and the 
killing activity is inhibited, making tumor cells 
have a stronger immune escape ability [25]. 
Chen et al. showed that ISG15 secreted by 
tumor cells could promote tumor cell migra- 
tion and immunosuppression by inducing the 
M2-like phenotype of macrophages [26]. Addi- 
tionally, it has emerged that tumor progression 
is affected by the composition of the TME and 
is controlled by the host immune system [27]. 
Therefore, the components of the TME and 
immune system biomarkers are truly impor- 
tant for cancer detection, prognosis assess-
ment, prediction of treatment response. The 
expression of ISG15 were negatively associat-
ed with the number of infiltrating CD8+ T cells 
and positively associated with CD68+ cells, as 
determined by double-labeled immunofluores-
cence in our study. Chemotaxis assays and  
flow cytometry showed that overexpression of 
ISG15 induced chemotaxis of CD68+ cells, but 
reduced the chemotaxis of CD8+ T cells. CD8+ 
T cells usually differentiate into cytotoxic T cells 
after activation, and cytotoxic T cells will then 
penetrate into the core or invasion site of the 
tumor and play an important role in killing can-
cer cells [28]. CD8+ T cells activated by tumor 
immunotherapy mainly eliminate tumors by 
inducing cell death through perforin granzyme 
and Fas ligand pathways [29]. After compre-
hensive analysis, we speculated that ISG15 
regulates the occurrence and development of 
osteosarcoma by affecting the level of immune 
cell infiltration.

Conclusions

In conclusion, we demonstrated that ISG15 
expressions were upregulated in osteosarcoma 
tumor tissue compared to adjacent/normal tis-
sue, and were higher in primary tissue with lung 
metastasis than those without lung metasta-
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sis. Further in vitro cytological experiments 
proved that ISG15 overexpression could signifi-
cantly promote the proliferation, migration and 
invasion of osteosarcoma cells, suggesting 
that ISG15 might be significantly relevant to the 
occurrence and metastasis of osteosarcoma. 
In addition, ISG15 might also participate in the 
occurrence and development of osteosarcoma 
by affecting immune cell infiltration levels. The 
specific mechanism of action remains to be fur-
ther studied.

Thus, our findings reveal the role of ISG15 in 
osteosarcoma and identify ISG15 as a promis-
ing prognostic biomarker for osteosarcoma 
therapy.
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Table S1. The information of lentiviruses
Gene Name Sequence (5’-3’)
ISG15-shRNA-NC TTCTCCGAACGTGTCACGT
ISG15-shRNA-1 GCACCGTGTTCATGAATCTGC
ISG15-shRNA-2 GCATCCTGGTGAGGAATAACA
ISG15-OE-NC —
ISG15-OE ATGGGCTGGGACCTGACGGTGAAGATGCTGGCGGGCAACGAATTCCAGGTGTCCCTGAGCAGCTCCAT-

GTCGGTGTCAGAGCTGAAGGCGCAGATCACCCAGAAGATCGGCGTGCACGCCTTCCAGCAGCGTCTG-
GCTGTCCACCCGAGCGGTGTGGCGCTGCAGGACAGGGTCCCCCTTGCCAGCCAGGGCCTGGGCCCC-
GGCAGCACGGTCCTGCTGGTGGTGGACAAATGCGACGAACCTCTGAGCATCCTGGTGAGGAATAA-
CAAGGGCCGCAGCAGCACCTACGAGGTACGGCTGACGCAGACCGTGGCCCACCTGAAGCAGCAAGT-
GAGCGGGCTGGAGGGTGTGCAGGACGACCTGTTCTGGCTGACCTTCGAGGGGAAGCCCCTGGAG-
GACCAGCTCCCGCTGGGGGAGTACGGCCTCAAGCCCCTGAGCACCGTGTTCATGAATCTGCGCCTGC-
GGGGAGGCGGCACAGAGCCTGGCGGGCGGAGCTAA

Table S2. The sequence of primers
Gene Name Primer sequence (5’-3’)
GAPDH Forward: TGCACCACCAACTGCTTAGC

Reverse: GGCATGGACTGTGGTCATGAG
ISG15 Forward: CGCAGATCACCCAGAAGATCG

Reverse: TTGGTCGCATTTGTCCACCA


