Medicine

.....................................
Elevated STIL predicts poor prognosis in patients

with hepatocellular carcinoma
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Abstract

Overexpression of SCL/TAL1 interrupting locus (STIL) has been observed in various cancer types. However, the clinical significa@
of STIL in hepatocellular carcinoma (HCC) remains unknown. Cox regression and Kaplan—Meier survival analyses were performed
to evaluate the prognostic value of STIL. Go and Kyoto encyclopedia of genes and genomes (KEGG) enrichment analyses were
also carried out. Immune infiltrates analyses were conducted based on TIMER (Tumor Immune Estimation Resource) and GAPIA
databases. STIL expression was highly expressed in HCC tissues, based on multiple databases. KEGG and GO enrichment
analysis showed STIL-related to tumorigenesis and progress. Furthermore, STIL was significantly correlated with immune
infiltration. STIL serves as a biomarker for the prediction of patient survival.

Abbreviations: AFP = alphafetoprotein, Cl = confidence interval, DEGs = differently expressed genes, DSS = disease-specific
survival, GO = gene ontology, HCC = hepatocellular carcinoma, HR = hazard ratio, KEGG = Kyoto encyclopedia of genes and
genomes, OS = overall survival, PFl = progression-free interval, STIL = SCL/TAL1 interrupting locus, TAMs = tumor-associated

macrophages.
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1. Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors worldwide, ranking 6th in incidence and 4th
in mortality according to the Global Cancer Report 2020."
Presently, the 5-year survival rate of HCC patients in China is
about 14.1%.%" Although surgical resection is considered the
best treatment approach for patients with early but high post-
operative recurrence rates, the overall prognosis of patients with
HCC is poor.* Therefore, potent prognostic biomarkers for
HCC need to be identified at the earliest.

SCL/TAL1 interrupting locus (STIL) is a critical regula-
tor of the mitotic centrosome to promote centriolar replica-
tion and cell cycle. The centrosome is composed of a pair of
centromeres and its surrounding material, and STIL protein
is a key regulator of human cell centriole replication and
is directly involved in the formation of new centrosomes.!!
STIL mutation makes it stable in the cytoplasm without deg-
radation, resulting in abnormal centrosome amplification.!?!
Tumorigenesis is closely related to abnormal cell proliferation,
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and studies have shown that STIL has a crucial impact on
the occurrence and development of cancer.'?! In colorectal
cancer, STIL promotes cell proliferation and tumor growth
by activating the Wnt/B-catenin signaling pathway and Sonic
hedgehog (Shh) signaling pathway.[”! Reportedly, STIL is one
of the 17 upregulated genes in primary adenocarcinoma,
and its elevated expression is associated with metastasis.!'?!
Furthermore, the high expression of STIL protein promotes
the occurrence and development of various tumor types,
including osteosarcoma, pancreatic cancer, gastric cancer, and
prostate cancer.’''l However, the role of STIL in HCC has not
yet been explored.

In this study, we investigated STIL expression in patients
with HCC and assessed its correlation with clinicopatholog-
ical features and its prognostic value in HCC. Additionally,
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) analyses were used to explore the underlying
functions and mechanisms of STIL in HCC. Finally, the cor-
relation between STIL expression and immune cells was also
evaluated.
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2. Materials and methods

2.1. STIL expression analysis in HCC

The mRNA expression data of 424 HCC cases of level 3 HTSeq-
FPKM data were downloaded from the TCGA dataset (https://
tcga-data.nci.nih.gov/tcga/), including 50 adjacent nontumor
liver samples and 374 HCC tissues. Patients with missing clin-
ical data and the absence of follow-up prognosis information
were excluded. Next, level 3 HTSeq-FPKM data were trans-
formed into TPM (transcripts per million reads), and then TPM
information and corresponding patients’ clinical data of 371
HCC samples were utilized for further analyses. The TPM data
were used to analyze STIL expression in paired and unpaired
HCC tissues and adjacent tissues. Furthermore, gene expression
profiles, GSE121248 and GSE14520, were obtained from the
Gene Expression Omnibus database (https:/www.ncbi.nlm.
nih.gov/geo/) to analyze the STIL expression level. Oncomine
(https://www.oncomine.org/) and HCCDB (http:/lifeome.net/
database/hcedb) data resources were also used to explore the
STIL expression level in various HCC datasets. It is necessary
to note that we searched the Oncomine database in November
2021, but this database is no longer available now. That site was
taken offline on January 17, 2022.

2.2. Screening of STIL-related differently expressed genes
(DEGS)

According to the median expression of STIL, HCC samples
in the TCGA dataset were divided into high/low-expression
groups. Then, DEGs between groups (STIL-high vs STIL-low)
were assessed using the R package “DESeq2.” DEGs with an
adjusted P < .05 and ILogFCl > 1 were identified and used for
subsequent analysis.

2.3. Biological function and pathway enrichment analysis

KEGG and GO analyses of DEGs in the high-and low-STIL
groups were carried out using the R package “clusterProfiler.”
GO analysis included the biological process, molecular function,
and cellular component.

2.4. Immune infiltration analysis

The correlation between STIL expression level of HCC
samples and several immune cells was evaluated in Tumor
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Immune Estimation Resource (TIMER) platform, used to
estimate immune infiltration among multiple cancer types.!**!
Furthermore, the correlation between STIL expression and
immune cells markers was explored based on TIMER and
GEPIA databases.

2.5. Statistical analysis

The expression of STIL in HCC patients was assessed com-
pared to adjacent normal tissue in various databases by box
plots. According to the median expression level of STIL, HCC
samples in TCGA-LIHC dataset were divided into STIL-high-
and STIL-low groups. Then, the correlation between STIL-and
clinical features in HCC was established using Wilcoxon signed-
rank test and logistic regression. Kaplan—-Meier survival analysis
was used to analyze the overall survival (OS), disease-specific
survival (DSS), and progression-free interval between the STIL-
high-and STIL-low-expression groups. Univariate and multivar-
iate Cox analyses were performed to investigate whether STIL
expression is an independent prognostic factor.

3. Results

3.1. Pan-cancer analysis of STIL expression levels

We utilized different datasets to systematically analyze the
mRNA expression of STIL in 33 types of cancers. Firstly, in
the Oncomine database, we found that STIL was significantly
upregulated in most types of cancers, including HCC (Fig. 1A).
Furthermore, TIMER database was employed to verify the STIL
expression in different tumor types, and the results were consis-
tent with those of Oncomine (Fig. 1B). Given the overexpres-
sion of STIL in multiple malignant tumors, STIL may function
as an oncogene and promote tumorigenesis. Thus, we analyzed
whether STIL expression could serve as a potential prognostic
biomarker for HCC.

3.2. Overexpression of STIL in HCC

Accumulating evidence stated that STIL is a key regulator in
promoting tumor progression in multiple tumors. However,
its expression levels and functions in HCC have not been
studied systematically. Therefore, we used TCGA database to
compare the expression of STIL between HCC cancer samples
and normal samples at the transcriptional level and found that
the mRNA expression of STIL was significantly increased in

Kk kkE kdk

@

Analysis Type by Cancer

IS

STIL Expression Level (log2 TPM)
o

o

Rkk kkk hkh

Akk kkk ok ko hkk kkk ko * kR kdk wE KRk dek

79)+
82)-

EZEUELEICITETE T
S LECINESS LT LS
EleciieiiT=e=T e =h=
SEZLEETEEEs T EnTEntEs
5TEECCET LT p TEL
5 = © O 2 0 0 o = © o 2 =
= §E§EEE§EEE°§=E§§E§E°
FS5SEESFSpa2FR258FR 5852
GPZS8RGEPRGIIR2GRZES
088<232tEa02222338528
Somifcant Unique Ama SCECETEENNTE35aRas
QOEFXED LI 30 o0 ww
Total Unigue Anakyses oo LG & &
EEEE
15 10 0 o @ o

EEOOOOE

57)-

52
UVM.Tumor (n=80) -+

Normal (n

Tumor
Tumor
Tumor

LAML.
LGG.
LIHC
LIHC.
LUAD.

OV.Tumer
PAAD. Tumor
PRAD.Tumor (n=497
PRAD.Normal (n
UCEC.

UCS. Tumor (n:

Figure 1. STIL expression levels in different tumors. (A) Expression of STIL in various cancer tissues compared to normal tissues using the Oncomine database.
(B) Expression status of STIL in different types of tumors was analyzed by Tumor Immune Estimation Resource database. Note: *P < .05, **P < .01, **P < .001.

STIL = SCL/TAL1T interrupting locus.
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cancer samples, and the conclusion is consistent with 50 pairs
of matched tumor/normal samples (Fig. 2A and B). We also
compared STIL expression between normal and HCC samples
in the HCCDB dataset and found high expression of STIL in
HCC (Fig. 2C). Then, we used GSE121248 and GSE14520 in
gene expression omnibus databases for verification and found
that the results were consistent with those above (Fig. 2D
and E). The same conclusion was further confirmed in the
ONCOMINE data. The consistent result was corroborated
to that of the ONCOMINE data. Specifically, the Roessler,
Roessler2, and Wurmbach datasets indicated that STIL was
overexpressed in HCC tumors relative to normal tissues
(Fig. 2F-H). These results indicated that STIL was significantly
increased in HCC tissues.

3.3. Correlation between STIL expression and clinical
parameters in HCC

The expression levels of STIL were related to age (P = .03),
alphafetoprotein (AFP) (P = .002), and tumor status (P =
.026) (Fig. 3A-C). Moreover, STIL expression was signifi-
cantly correlated with T stage (P < .001), histological grade
(P < .001), and pathological stage (P < .001) (Fig. 3D-F). We
also applied logistic analysis to verify the correlation of STIL
with clinical parameters and received basically the same results
(Supplementary Table S1, Supplemental Digital Content, http:/

www.md-journal.com

links.Iww.com/MD/I505). Furthermore, we evaluated the cor-
relation between the mRNA levels of STIL with several sur-
vival parameters. The results indicated that high STIL was
significantly associated with OS, DSS, and progression-free
interval (PFI) of HCC patients compared to low-STIL (P < .05)
(Fig. 3G-I). In order to explore the independent prognostic
value of STIL, we conducted univariate and multivariate anal-
yses based on the clinical information, including age, gender,
residual tumor, AFP, fibrosis Ishak score, vascular invasion, T
stage and histologic grade, and STIL expression data obtained
from the TCGA dataset. The results confirmed that a high
mRNA level of STIL was significantly and independently cor-
related with short OS (hazard ratio [HR] = 1.466, 95% con-
fidence interval [CI]: 1.018-2.054, and P = .039), DSS (HR =
1.860, 95% CI: 1.171-2.954, and P = .009), and PFI (HR =
1.724,95% CI: 1.233-2.411, and P = .001) for HCC patients
(Supplementary Tables S2, S3, and S4, Supplemental Digital
Content, http:/links.lww.com/MD/I506). These findings sug-
gested that STIL expression was an independent prognostic
factor for OS, DSS, and PFI in HCC patients.

3.4. GO and KEGG enrichment analysis of STIL-related
DEGs in HCC patients

To explore the potential enrichment functions and pathways
driven by high STIL expression, the transcriptomes of HCC
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Figure 2. STIL expression was compared between cancer and normal tissues in HCC, according to different databases. (A) STIL mRNA expression in normal
and tumor tissues in TCGA datasets. (B) STIL expression in paired samples in TCGA datasets. (C) Expression levels of STIL in various HCC datasets of HCCDB.
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Figure 3. Association of STIL expression with clinicopathological characteristics of HCC patients and its prognostic significance. (A) Age; (B) AFP; (C) Tumor
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samples in TCGA with STIL-high-and STIL-low mRNA expres-
sion were compared to obtain the list of DEGs. A total of 4079
DEGs, including 3139 upregulated and 940 downregulated
DEGs, were obtained. Volcano plots and bar graphs were used
to visually display the results of DEGs (Fig. 4A and B), and heat-
maps showed the top 10 significantly up- and downregulated
DEGs between the STIL-and low-expression groups (Fig. 4C
and D). Then, the top 100 upregulated and downregulated
STIL-related DEGs were used for GO functions and KEGG
pathway enrichment (Supplementary Table S5, Supplemental
Digital Content, http://links.lww.com/MD/I507). The molecular
function for these genes were predominantly enriched in micro-
tubule motor activity, microtubule binding, tubulin binding,
ATPase activity, and motor activity (Fig. 4E). The STIL-related
DEGs were mainly enriched in organelle fission, chromosome
segregation, mitotic nuclear division, nuclear division, and DNA
replication in terms of the biological processes category (Fig. 4F).

The cellular component for these genes mainly included the
spindle, centromeric region, condensed chromosome, and mito-
chondrial matrix (Fig. 4H). KEGG enrichment analysis revealed
several crucial pathways, including cell cycle, oocyte meio-
sis, and homologous recombination (Fig. 4G). All the above
enriched functions and pathways were significantly related to
tumorigenesis and tumor development.

3.5. Correlation analysis between STIL expression and
tumor-infiltrating immune cell abundance

Tumor-infiltrating immune cells are crucial components of the
tumor microenvironment, which are also independent indicators
of prognostic and lymph node involvement status. The study
showed that immune infiltrations have a significant impact on
the development and progression of HCC.'"¥! Therefore, the
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correlation between STIL expression and immune cell infiltra-
tion was analyzed. These results showed that STIL levels were
strongly positively correlated with the infiltration level of B cells
(partial.cor = 0.442, P = 7.43x107'%), CD8 + T cells (partial.cor
=0.333,P =2.63x1071%), CD4 + T cells (partial.cor = 0.445, P =

3.80x107'%), macrophage (partial.cor = 0.524, P = 1.90x 10-%),
neutrophil (partial.cor = 8.21, P = 2.34x10-"°), and dendritic
cells (partial.cor = 0.511, P = 5.02x10-**) in HCC. Notably, a
positive correlation was established between STIL expression
and tumor purity (COR = 0.144, P = 7.13x 1073, Fig. 5A). Thus,
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the expression level of STIL is associated with immune infiltra-
tion in HCC.

For an in-depth understanding of the connection between STIL
expression and immune infiltration, we analyzed the association
between STIL-and immune cell markers by mining the TIMER
database. Tumor ecosystems are comprised of tumor cells and
stromal components, which can accurately analyze the correlation
between STIL expression and immune infiltration in tumor cells.
The correlation was adjusted by tumor purity, which displayed
that the most immune cell markers had a significant positive link
with STIL expression (Supplementary Table S6, Supplemental
Digital Content, http:/links.lww.com/MD/I508). The mRNA
levels of CD86 and CD115 were specifically expressed by mono-
cytes; CD3D, CD3E, and CD2 were specifically expressed by T
cells; CCR8 and TGFp were specifically expressed by Tregs; and
PD-1, cytotoxic T lymphocyte associated antigen-4, and TIM3
were specifically expressed by exhausted T cells; all these were
closely related to STIL expression (Fig. SB-E). In addition, the
correlation between the expression of STIL-and the immune cell
markers was also verified by GEPIA database and the results were
consistent with that of TIMER database (Supplementary Table S7,
Supplemental Digital Content, http:/links.lww.com/MD/I509). In
conclusion, the data above indicated that STIL may play a critical
role in mechanisms controlling immune infiltration in HCC.[!31!

3.6. Development of a nomogram based on STIL

In order to make a more adequate assessment of the prognosis of
HCC patients, we developed a nomogram combining STIL-and

other independent clinical risk factor (T stage) to predict the
1-, 3-, and 5-year OS of HCC, the C-index for the nomogram
was 0.640 (95% CI: 0.613-0.667) (Supplementary Tables S2,
Supplemental Digital Content, http:/links.lww.com/MD/I1506
and Fig. 6A). We also developed calibration plots of the nomo-
gram, and the results showed that the calibration line was close
to the ideal curve, indicating that the nomogram had a good cal-
ibration effect (Fig. 6B). Furthermore, the time-dependent ROC
curve showed that nomogram had high prognostic specificity
and sensitivity, and the area under the ROC curve (AUC) of
1-year, 3-year and 5-year OS prediction was 0.711, 0.670 and
0.646, respectively (Fig. 6C). In total, these results indicated that
the nomogram was a good prognostic model for HCC patients.

4. Discussion

Although recent advances have been made in the treatment of HCC,
the prognosis remains unsatisfactory. Therefore, identifying poten-
tial prognostic biomarkers and therapeutic targets for HCC is an
urgent requirement. Accumulating evidence has demonstrated that
abnormal DNA replication and uncontrolled cell cycle progression
are major hallmarks of tumor genesis, invasion, and progression.®!
STIL functions as a cell cycle regulatory protein recruited at the
mitotic centrosome to promote the duplication of centrioles in
dividing cells."”! A current study reported that STIL overexpres-
sion causes chromosomal instability in cancer cells."® However, the
exact role of STIL proteins in HCC remains unknown.

In this study, we found that STIL expression was upregulated
in most types of cancers, including HCC. The high expression
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Callibration plot of the nomogram for predicting the probability of 1-, 3-, and 5-year OS. (C) Time-dependent ROC curve analyses of the prognostic model for
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of STIL was positively correlated with several clinical features
in patients with HCC, including AFP, T stage, histological
grade, and pathological stage. Furthermore, a high expression
level of STIL was an independent prognostic factor associated
with adverse prognosis. The STIL-related signal transduction
pathways included the cell cycle and DNA replication in HCC.
Finally, STIL expression was strongly correlated with various
infiltrating immune cells based on the level of markers for vari-
ous tumor-infiltrating cells in HCC.

To explore the biological function and the mechanisms
underlying STIL in HCC patients, GO and KEGG analyses were
carried out. The most enriched GO terms of the co-expressed
genes were “chromosome segregation,” “DNA replication,” and
“nuclear division” and KEGG pathways were “DNA replica-
tion,” “spliceosome,” and “cell cycle.” The dysregulation of cell
cycle activities, such as uncontrolled proliferation and abnormal
replication, are fundamental characteristics of the pathogenesis
of cancer,/*! and novel small-molecule inhibitors of triple-neg-
ative breast cancer are shown to promote cell cycle arrest.l?"!
Similarly, chromosome segregation at M-phase and DNA rep-
lication at S-phase are indispensable processes of cell mito-
sis. In the event of cancer, abnormal chromosome separation
caused by DNA replication stress induces genomic instability.?!
Furthermore, analysis of survival-related miRNAs enriched in
ovarian carcinomas identified several signaling pathways, such
as oocyte meiosis.”?? These findings revealed that STIL regulates
the development and progression of HCC by modulating DNA
replication and cell cycle. However, further investigation of the
putative molecular mechanisms is required to elucidate the role
of STIL in HCC.

The biological interactions between immune cells and tumors
are crucial for tumor progression.?3 In addition, TIICs show a
tendency of preferential enrichment and massive amplification
in HCC,” and accumulation of TIICs is positively associated
with poor prognosis in patients with HCC.!"* The current study

showed that the expression level of STIL was positively cor-
related with various immune cells, such as macrophages and T
cells. Tumor-associated macrophages (TAMs) are the leading
inflammatory components of a tumor matrix with varied effects
on adaptive immune regulation in a tumor environment.?5-3
Reportedly, TAMs inhibit the activity of inflammatory cells,
such as effector T cells and monocytes, by regulating the infil-
tration density of Tregs in HCC.5-281 Some studies have shown
that PD-1 is expressed on the surface of TAM and Kupffer cells
in HCC patients, which inhibits the function of T and B cells,
mediates the immune escape of HCC, and promotes tumor
growth.?’3% T cell exhaustion is a dysfunctional state of CD8 +
T cells that is effectuated by inhibiting proliferation, promoting
apoptosis, and decreasing the secretory capacity of effector cyto-
kines, such as IL-6, TNF-a, and IFN-y, caused by continuous
stimulation of tumor antigen and inhibition of immunosuppres-
sive cells.®!! Furthermore, complete exhaustion CD8 + T cells
does not elicit a response to immune checkpoint inhibitors.3?!
This phenomenon could be ascribed to the ineffectiveness of
antibody therapy using programmed death receptor-1 and cyto-
toxic T lymphocyte associated antigen-4 in many patients with
HCC. Also, the expression of STIL is closely related to Tregs,
monocytes, neutrophils, and dendritic cells in HCC. In con-
clusion, the current findings indicated a crucial role of STIL in
immune infiltrating cell modulation in HCC.

Nevertheless, the present study has several limitations. Firstly,
we could not obtain all clinical information from public data-
bases, such as the approach of treatment for each patient, to
elucidate the role of STIL in the progression of HCC. Secondly,
the expansion of the clinical sample size is needed to validate
the correlation between the expression of STIL-and prognosis.
Finally, additional studies are required to explore the mecha-
nism of STIL in HCC.

In summary, the present study revealed that STIL expression
was higher in HCC and was an essential prognostic biomarker.



Song et al. e Medicine (2023) 102:7

High STIL might promote the development of HCC by modu-
lating the cell cycle, DNA replication, and immune infiltration.
Nevertheless, these findings need to be substantiated further by
experimental investigation to analyze the biological functions
and the mechanisms underlying STIL in HCC patients.
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