ELMER
PRESS

’ '.) Check for updates ‘

Original Article World | Oncol. 2024;15(4):695-710

|dentification and Validation of a Novel Tertiary Lymphoid
Structures-Related Prognostic Gene Signature in
Hepatocellular Carcinoma

Yin Liu®®, Chao Bo Li*®, Yun Peng Zhai?, Shao Kang Zhang?, Ding Yang Li?,
Zhi Qiang Gao® ¢, Ruo Peng Liang® ¢

Abstract

Background: Hepatocellular carcinoma (HCC) is one of the most
common malignant tumors originating from the digestive system.
Tertiary lymphoid structures (TLS), non-lymphoid tissues outside of
the lymphoid organs, are closely connected to chronic inflammation
and tumorigenesis. However, the detailed relationship between TLS
and HCC prognosis remained unclear. In this study, we aimed to con-
struct a TLS-related gene signature for predicting the prognosis of
HCC patients.

Methods: The Cancer Genome Atlas (TCGA) clinical data from 369
HCC tissues and 50 normal liver tissues were utilized to examine the
differential expression of TLS-related genes. Based on least absolute
shrinkage and selection operator (LASSO) Cox regression analysis,
the prognostic model was constructed using the TCGA cohort and
validated in the GSE14520 cohort and International Cancer Genome
Consortium (ICGC) cohort. The Kaplan-Meier (KM) and receiver
operating characteristic (ROC) curves were employed to validate the
predictive ability of the prognostic model. Furthermore, Cox regres-
sion analysis was applied to identify whether the TLS score could
be employed as an independent prognosis factor. A nomogram was
developed to predict the survival probability of HCC patients. Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways were performed for TLS-related genes. Genetic
mutation analysis, the CIBERSORT algorithm, and single-sample
gene set enrichment analysis (ssGSEA) were used to assess the tumor
mutation landscape and immune infiltration. Finally, the role of the
TLS score in HCC therapy was investigated.

Results: Six genes were included in the construction of our prognos-
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tic model (CETP, DNASE1L3, PLAC8, SKAP1, C7, and VNN2), and
we validated its accuracy. Survival analysis showed that patients in
the high-TLS score group had a significantly better overall survival
than those in the low-TLS score group. Univariate, multivariate Cox
regression analysis and the establishment of a nomogram indicated
that the TLS score could independently function as a potential prog-
nostic marker. A significant association between TLS score and im-
munity was revealed by an analysis of gene alterations and immune
cell infiltration. In addition, two subtypes of the TLS score could ac-
curately predict the effectiveness of sorafenib, transcatheter arterial
chemoembolization (TACE), and immunotherapy in HCC patients.

Conclusion: In this research, we conducted and validated a prog-
nostic model associated with TLS that may be helpful for predicting
clinical outcomes and treatment responsiveness for HCC patients.

Keywords: Hepatocellular carcinoma; Tertiary lymphoid structures;
Prognostic model; Therapy response

Introduction

Liver cancer ranks as the sixth most prevalent malignancy
worldwide, with projections estimating over 1 million new
cases by 2025 [1]. Hepatocellular carcinoma (HCC) is the pre-
dominant form of liver cancer, accounting for over 90% of oc-
currences, and represents a significant cause of cancer-related
mortality globally [2]. Several risk factors, including dietary
toxins and chronic hepatitis B and C, metabolic liver disease
(especially nonalcoholic fatty liver disease), and alcohol addic-
tion, are associated with an elevated risk of developing HCC
[3]. Despite significant advancements in surgical techniques,
chemotherapy, and targeted therapy for HCC treatment, some
patients still suffer from metastasis and recurrence after under-
going these curative procedures [4, 5]. Consequently, there is
an urgent need to develop an effective prognostic model, given
the significant incidence and recurrence of HCC.

Tertiary lymphoid structures (TLS) are ectopic lymphoid
organs that arise in non-lymphoid tissues at areas of chronic
inflammation, such as malignancies. Their growth resembles
lymphoid neogenesis, which takes place in peripheral immuni-
zation tissues after long-term exposure to inflammatory signals
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carried by chemokines and cytokines [6]. During the process
of development, T-cell zones and B-cell zones, which contain
germinal centers (GCs), aggregate together to form these mul-
ticellular and organized structures [7-9]. Furthermore, mature
dendritic cells (DCs) and high endothelial venules (HEVs) are
also found within TLS, which are identical to those that allow
white blood cells to enter secondary lymphoid organs (SLOs)
[10, 11]. Increasingly, researchers are focusing on investigating
TLS in various malignancies, including HCC. Previous studies
have demonstrated that TLS density correlates with the density
of CD8" T cells and CD4" T cells within tumors, which are as-
sociated with improved prognosis in most solid malignancies
[8]. Moreover, TLS may serve as markers for evaluating the
efficacy of immunotherapy in treating non-small cell lung can-
cer (NSCLC) [12, 13]. Based on these findings, transcriptome
analyses of TLS in various malignant tumors were conducted.
For example, a gene signature associated with TLS was found
based on the differences in gene expression between differ-
ent melanoma tissues. Their research revealed that the TLS
gene signature in melanoma patients was related to the clinical
outcomes of immune checkpoint blockade therapy [14]. How-
ever, a reliable transcriptional-level predictive model of TLS
in HCC has not yet been developed. We thus speculated that
the gene signature would be able to forecast the prognosis of
HCC patients.

Our research aimed to determine whether the TLS-related
gene signature could serve as a biomarker to assess the prog-
nosis of HCC patients. In this study, we constructed a prog-
nostic model and investigated the connection between the
prognostic model and clinical characteristics. Our study also
demonstrated that our prognostic model is highly correlated
with the tumor microenvironment (TME) and can accurately
predict HCC patients’ responses to relevant therapies.

Materials and Methods

Public data acquisition and processing

The RNA sequencing (RNA-seq) data for 369 HCC samples
and 50 normal liver samples, along with their clinicopatho-
logical features, were retrieved from The Cancer Genome
Atlas (TCGA). The microarray data and corresponding clin-
icopathologic information for GSE14520, GSE104580, and
GSE109211 datasets were downloaded from the Gene Expres-
sion Omnibus (GEO) portal. The Liver Cancer-RIKEN, Japan
(LIRI-JP) RNA-seq data and their corresponding survival
information were downloaded from the International Cancer
Genome Consortium (ICGC) portal. The “limma” R package
was used to standardize the data on gene expression. No ethics
approval is needed.

Identification of differentially expressed TLS-related
genes

The differentially expressed TLS-related genes in 369 HCC
cases and 50 normal samples were found using the “DESeq2”
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package. As cut-off values, P < 0.05 and |log2 fold change
(FC)| > 1.2 were used [15].

Enrichment analysis of differentially expressed TLS-
related genes

The “clusterProfiler” package was used to perform Gene On-
tology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGGQG) functional enrichment analysis using differentially
expressed TLS-related genes. Subsequently, after genetic dif-
ferential analysis of HCC patients in the high- and low-TLS
score groups, all genes were arranged in descending order ac-
cording to Log FC, and further gene set enrichment analysis
(GSEA) was performed for biological processes and signal-
ing pathways of genes in both groups [16]. The C5 subcol-
lection served as the source for our reference gene sets (c5.
all.v7.0.entrez.gmt). We used 1,000 permutation analyses to
establish the significance thresholds, and outcomes that had a
P-value of less than 0.05 were deemed significant.

Construction of a prognostic model based on TLS-related
genes

The TLS score was determined based on the standardized
LIHC mRNA expression data and its corresponding regression
coefficients. TLS score= ) "Xy, [15]. In the aforementioned
formula, “x” stands for the LASSO Cox regression analysis
coefficient of TLS-related genes, and “y” stands for the gene
expression of TLS-related genes. Based on the median TLS
score, HCC patients were classified into high-risk and low-risk
groups, and the difference in overall survival (OS) between the
two groups was examined. The “timeROC” package generated
receiver operating characteristic (ROC) curves to assess the
prognostic effectiveness of the model.

Validating the performance of the prognostic model

We calculated the TLS score for each sample in the GSE14520
and LIRI-JP cohorts using the formula obtained from the
training set. After dividing HCC patients into high- and low-
TLS score groups based on median values, Kaplan-Meier
(KM) survival curves were used to detect prognostic values.
Subsequently, univariate and multifactorial Cox regression
analyses were used to test whether the model was an inde-
pendent prognostic factor for OS in HCC patients. The 1-,
3-, and 5-year ROC curves and area under the curve (AUC)
values were used to evaluate the performance of the model in
the validation set.

Construction of nomogram and calibration curves

To better serve clinical practice, we constructed a nomogram
using the “rms” package, combining the prognostic model
with important clinical traits such as age, gender, stage, and
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Figure 1. The flowchart of our study process.

grade. The performance of the nomogram was evaluated by
the calibration curves of the training and validation sets of 1,
3, and 5 years.

Genetic mutation analysis

The mutation data of the TCGA-LIHC cohort (workflow type:
varScan2 variant aggregation and masking) were downloaded
from its portal. The waterfall function of the “maftools” pack-
age was used to show the mutation landscape of HCC patients
in the high- and low-TLS score groups.

Immune profile analysis

The proportion of the 22 types of immune cells within the
TME of each sample was evaluated via the CIBERSORT algo-
rithm in R software [17]. Single-sample gene set enrichment
analysis (ssGSEA) was used to calculate the proportions of 28
different types of immune cells in the TME [18].

Sorafenib, TACE and immunotherapy sensitivity analysis

The response of HCC patients to sorafenib and TACE therapy
regimens was assessed in the GSE109211 and GSE104580
cohorts using ROC curves and AUC. The sensitivity to im-
munotherapy in the patients with low and high TLS scores
was assessed using the Tumor Immune Dysfunction Exclusion
(TIDE) website [19].
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Statistical analysis

The data analysis and visualization were conducted in R
(version 4.2.1). Categorical variables were tested using the
Chi-square test. Continuous variables were tested using the
t-test or Wilcoxon sum test. The Chi-square test was used to
examine data from columnar tables. The analysis of variance
(ANOVA) test was used to compare data across three or more
groups. Correlation analysis was performed using the Spear-
man method. The package “maftools” in the R language was
used to determine the tumor mutation burden (TMB) score.
A P-value of 0.05 or lower was regarded as statistically sig-
nificant.

Results

Functional enrichment analysis of TLS-related genes

The elaborate procedure of our research is presented in Figure
1. To more clearly illustrate the biological roles of genes con-
nected to TLS, GO and KEGG pathway enrichment analyses
were performed. In particular, leukocyte cell-cell adhesion,
lymphocyte differentiation, the antigen receptor-mediated
signaling pathway, regulation of T-cell activation, mononuclear
cell differentiation, and positive regulation of lymphocyte ac-
tivation were associated with the biological processes of these
53 TLS-related genes (Fig. 2a). Additionally, the analysis of
KEGG revealed that the 53 TLS-related genes were involved
in hematopoietic cell lineage, NF-kappa B signaling pathway,
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Figure 2. Pathway enrichment analysis of TLS-related genes in HCC patients of TCGA: (a) the enriched item in the gene on-
tology (GO) analysis; (b) the enriched item in the Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis. TLS: tertiary

lymphoid structures.

cytokine-cytokine receptor interaction, B-cell receptor signal-
ing pathway, programmed death-ligand 1 (PD-L1) expression
and programmed death-1 (PD-1) checkpoint pathway in can-
cer, Th1 and Th2 cell differentiation, T-cell receptor signaling
pathway, Th17 cell differentiation, natural killer (NK) cell-
mediated cytotoxicity, and chemokine signaling pathway (Fig.
2b). These results suggested that these TLS-related genes are
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involved in immunomodulatory mechanisms.

Identification of TLS-related genes that are differentially
expressed in HCC

In a previous study, we obtained 53 TLS-associated genes
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Figure 3. Differentially expressed TLS-related genes between HCC tissues and normal tissues. (a) Volcano plot indicates TLS-
related genes, with red dots indicating high expression and blue dots indicating low expression. (b) Heatmap of differentially
expressed TLS-related genes, with red indicating high expression, blue indicating low expression, n representing normal tissues,
and t representing tumor tissues. (c) Boxplots of differentially expressed TLS-related genes, with blue boxes representing tumor
groups and red boxes representing normal groups. (d) The correlation of TLS-related genes with each other. TLS: tertiary lym-

phoid structures.

[14]. By using the TCGA database to analyze, a more de-
tailed gene signature, which included eight differently ex-
pressed genes between HCC tissues (n = 369) and normal
tissues (n = 50), was obtained based on the cut-off criteria
of |log2 FC | > 1.2 and false discovery rate (FDR) < 0.05
from 53 TLS-related genes using the R package “DESeq2”.
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Seven TLS-related genes were significantly downregulated
in HCC tissues, according to volcano plots, heatmaps, and
boxplots, whereas one TLS-related gene was elevated (Fig.
3a-c). Moreover, we investigated the correlation between the
expression of different genes, which revealed strong associa-
tions (Fig. 3d).
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Figure 4. Construction of a risk prognostic model based on TLS-related genes in the TCGA cohort. (a) Cross-validation for tun-
ing the parameter selection in the LASSO regression. (b) LASSO regression of the 6 OS-related genes. (c, d) The dot plots of T
stage (c) and tumor grade (d) with DNASE1L3 expression. (e) The dot plots of T stage with C7 expression. (f, g) The dot plots of T
stage (f) and grade (g) with risk score. TLS: tertiary lymphoid structures; LASSO: least absolute shrinkage and selection operator.

Construction of prognostic model of TLS-related genes in
HCC

For all cancer samples in HCC, we created a prognostic model
of TLS-related genes using LASSO regression analysis. The
TLS score formula consisted of six genes: TLS score = Ex-
pression (CETP) x 0.068656 + Expression (DNASEIL3) x
(-0.264498) + Expression(PLACS) x 0.149993 + Expression
(SKAPI1) x (-0.137136) + Expression(C7) x (-0.026918) +
Expression(VNN2) x 0.094023 (Fig. 4a, b). We classified the
363 (six patients were excluded for lack of clinical data) pa-
tients into high-TLS score (n = 181) and low-TLS score (n
= 182) groups based on the median TLS score to show the
prognostic model’s ability to predict outcomes (Fig. 5a). We
found the high-TLS score group had longer survival times
and lower mortality rates than the low-TLS score group. For
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HCC patients, lower scores were linked to a worse prognosis
(Fig. 5b). The KM curves for OS showed that patients in the
low-TLS score group had a worse prognosis (Fig. 5¢). As was
shown in Figure 5e, the low-TLS score group had substan-
tially expressed levels of CETP, DNASEIL3, PLACS, C7,
and SKAP1 while having low levels of VNN2. The prognostic
prediction of OS was also revealed by time-dependent ROC
analysis to be 0.751 at 1 year, 0.732 at 3 years, and 0.713
at 5 years (Fig. 5d). Moreover, we assessed the association
between clinical characteristics and the expression of TLS-
related genes. The findings revealed that the HCC T stage and
grade were inversely correlated with DNASEIL3 expression
(Fig. 4c, d). The HCC T stage was likewise adversely cor-
related with the expression of C7 (Fig. 4¢). The TLS score,
however, was found to be significantly correlated with tumor
T stage and grade (Fig. 4f, g). Above all, the results support-
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ed the possibility that the TLS-related gene signature in our
model could be valuable for predicting HCC prognosis, and
the model we developed has remarkable prognosis prediction
accuracy.

Verification of the predictive efficacy of TLS signature on
HCC patients using the GSE14520 and ICGC dataset

We further verified the prognosis prediction capability of the
TLS signature in the GSE14520 dataset. According to the
same formula used to calculate TLS score in the TCGA cohort,
the dataset’s 221 patients were divided into low-TLS score
(n = 110) and high-TLS score (n = 111) groups (Fig. 6a, b),
and comparative investigations were conducted on these two
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groups. While VNN2 was substantially expressed in the high-
TLS score group, CETP, DNASE1L3, PLACS, C7, and SKAP1
were highly expressed in the low-TLS score group (Fig. 6¢).
The high-TLS score group had an obviously longer OS than the
low-TLS score group, as shown in Figure 6¢. The findings in
the GEO cohort were consistent with those in the TCGA cohort.
Additional time-dependent ROC analysis was performed on the
dataset, and the results showed that OS’s prognosis accuracy
was 0.599 at 1 year, 0.635 at 3 years, and 0.698 at 5 years (Fig.
6d). The same validation was taken in the ICGC cohort, and
the OS outcome was similar to the GSE 14520 cohort and the
TCGA cohort (Supplementary Material 1C, www.wjon.org).
Due to the short survival time of patients in the ICGC cohort,
we only present the AUC for 1, 2 and 3 years (Supplementary
Material 1D, www.wjon.org).
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Independent prognostic analysis of TLS score and estab-
lishment of nomogram

We conducted univariate and multivariate Cox regression anal-
ysis to investigate whether the TLS score and clinical features
could serve as separate prognostic variables. M, stage, and
TLS score were found to be closely linked with the OS of HCC
patients by univariate Cox analysis (Fig. 7a). The TLS score
could act individually as a prognostic predictor, according to
multivariate Cox prognostic analysis (P < 0.0001) (Fig. 7b).
Additionally, in order to give clinicians a more accurate quan-
titative way to predict the prognosis of patients with HCC, we
created a nomogram that combines gender, stage, T, N, M, and
TLS score. The nomogram demonstrated that the TLS score
was a significant prognostic predictor among diverse clinical
characteristics (Fig. 8a). Moreover, we established calibration
curves, which demonstrated that the nomogram matched the
real survival of HCC patients with good accuracy (Fig. 8b-
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d). Our prognostic model also had a higher AUC value (AUC
= 0.798, Fig. 8e). Based on these findings, we hypothesized
that our model would function as a trustworthy prognostic bio-
marker.

GSEA enrichment analysis

To explore the biological processes of our TLS signature,
we performed a GSEA enrichment analysis after differential
analysis of the high- and low-TLS score groups. Results from
the high-TLS score group revealed that cornification, kerati-
nization, ncRNA 3-end processing, snRNA 3-end processing,
and snRNA processing were among the significantly enriched
pathways (Supplementary Material 2A, www.wjon.org). The
primary enhanced pathways in the low-TLS score group, ac-
cording to our data, were the cellular amino acid catabolic
process, cellular response to copper ions, fatty acid catabolic
process, monocarboxylic acid catabolic process, and organic
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Figure 7. Risk model independent prognostic analysis. (a) Univariate independent prognosis Cox regression analysis of TLS
score and indicated clinical characteristics. (b) Multivariate independent prognosis Cox regression analysis of TLS score and
indicated clinical characteristics. TLS: tertiary lymphoid structures.

acid catabolic process (Supplementary Material 2B, www.
wjon.org).

Genetic alterations landscape of TLS

Genetic alteration analysis revealed significant differences
between the low- and high-TLS score groups in the muta-
tion rates of the top 30 most significantly altered genes, as
shown in Figure 9a, b. We estimated the TMB for each pa-
tient in the TCGA cohort and performed a correlation study
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between the TMB and TLS scores. The results revealed no
significant link between the two (r = 0.186, P < 0.001, Sup-
plementary Material 3A, www.wjon.org). After dividing
the patients into groups with high and low TMB using the
median TMB as the cut-off, we combined this cut-off with
the TLS score level to produce four more specific subgroups
(TMB_L&TLS L, TMB L&TLS H, TMB H&TLS L, and
TMB _H&TLS H). Additionally, we conducted a survival
study for these four subgroups, and the results revealed that
patients in the TMB _H&TLS H group had higher survival
rates (Fig. 9c¢).
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Immune cell infiltration profile of TLS

Additionally, the CIBERSORT method was used to cal-
culate the fraction of 22 subtypes of immune cells in HCC
patients, and a cut-off value of P-value 0.05 was used (Fig.
9d). In comparison to the low-risk group, the high-TLS score
group had lower levels of activated B cells, CD8 T cells, CD-
56bright NK cells, effector memory CDS8 T cells, eosinophils,
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gamma delta T cells, mast cells, monocytes, NK cells, and
type 1 T helper cells. However, only type 17 T helper cells
and the infiltration level of activated CD4 T cells were higher
in the high-TLS score group compared to the low-TLS score
group (Fig. 9e). In addition, we examined the relationship be-
tween the TLS score and the four immune cells. The results
showed that only activated CD4 T cells linked positively with
TLS score, but activated CD8 T cells, effector memory CD8
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Figure 10. Prediction of tertiary lymphoid structures related TLS score in HCC therapy. (a) The histogram showing that the ratio
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and low TLS score group. (h) The sensitivity of the two subtypes to immunotherapy in TCGA cohorts was predicted using the
TIDE website. TLS: tertiary lymphoid structures; TACE: transcatheter arterial chemoembolization; TIDE: Tumor Immune Dysfunc-
tion and Exclusion.

T cells, and NK cells all correlated negatively with TLS score Prediction of TLS score in HCC therapy

(Fig. 9f-1). Other correlation plots of relative immune cells
are shown in Supplementary Material 3 (www.wjon.org). To-
gether, these findings provide us reasons to believe that the
activated CD4 T cell may be crucial to the development and
subsequent function of TLS.

To confirm the prediction of TLS score on the response to
HCC treatment, we studied the responsiveness of patients to
sorafenib and TACE treatment in different TLS score groups.
According to Figure 10a, the high-TLS score group had a
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higher probability of responding to sorafenib than the low-
TLS score group. In order to predict the responsiveness to
sorafenib, we also created an ROC curve, and the AUC value
was 0.887 (Fig. 10b). These findings suggested that sorafenib
treatment would be effective for HCC patients with a high-
er TLS score. In the sorafenib cohort, we examined the ex-
pression of TLS-related genes and discovered that CETP and
PLACS were substantially expressed in the responder group,
whereas DNASE1L3, SKAP1, C7, and VNN2 were highly
expressed in the non-responder group (Fig. 10c). In addition,
we assessed the association between TLS-related genes and
responsiveness to transcatheter arterial chemoembolization
(TACE), a common treatment for HCC patients at stage BCLC
A or B [20]. Similarly, we performed a comparative study in
the TACE treatment cohort. It was interesting to see that pa-
tients who responded to sorafenib had decreased responsive-
ness to TACE (Fig. 10d), and the AUC value of the TLS score
in predicting responsiveness to TACE was 0.75 (Fig. 10e).
Only four genes, DNASE1L3, SKAPI1, C7, and VNN2, were
found to be differentially expressed in the TACE cohort, as
depicted in Figure 10f. Furthermore, and in stark contrast to
the findings of the sorafenib cohort, these four genes were
more highly expressed in the responder group than in the non-
responder group. In order to further investigate the relationship
between TLS and immunotherapy, we assessed the expression
of immune checkpoint-related genes in different TLS score
groups. The results revealed that CTLA4, HAVCR2, PDCDI,
and TIGIT were all more highly expressed in the high TLS
score group (Fig. 10g), suggesting that patients with high TLS
scores may benefit from immunotherapy. Otherwise, we used
the TIDE website to predict how sensitive HCC patients would
be to immunotherapy, and the findings demonstrated that those
with higher TLS scores had better sensitivity to anti-PD-1 and
anti-CTLA4 treatment (Fig. 10h).

Discussion

HCC is a highly malignant tumor characterized by high mor-
bidity, metastasis, and recurrence rates, significantly threat-
ening the lives of patients [1-3]. TLS are immune structures
formed by a variety of immune-related cells in response to an-
tigenic stimuli, such as chronic inflammation and tumors [6,
11, 14]. Numerous studies have demonstrated the protective
effect of third lymphatic structures on a variety of tumors, in-
cluding melanoma, lung cancer and HCC [14, 21, 22]. How-
ever, previous studies primarily focused on the pathological
level to measure the presence or absence of TLS and neglected
to investigate its prognostic significance in different diseases.
Therefore, we developed and validated the predictive effi-
cacy of this six-gene model for the prognosis and treatment
response of HCC patients using the LASSO regression algo-
rithm. In our research, through the analysis of differentially
expressed TLS-related genes, we identified a TLS prognostic
model that could serve as a potential favorable factor for HCC.
Compared to the high-TLS score group, patients in the low-
TLS score group exhibited poorer prognoses, more advanced
disease stages, higher TMBs, and elevated levels of immune
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cell infiltration. Moreover, subsequent analyses revealed that
HCC patients in the low-TLS score group exhibited poorer
responses to sorafenib, while demonstrating better responses
to TACE treatment. Therefore, our TLS prognostic model can
play an important role in guiding clinical decisions and treat-
ment options for HCC patients.

In recent years, the beneficial role of TLS has been ex-
tensively studied, and numerous researchers have developed
prognostic signatures based on TLS measurements at the
pathological tissue level [21, 23-25]. However, the evaluation
of TLS through staining markers presents several limitations.
Our findings utilizing bulk-RNA sequencing technology offer
more accurate predictions of prognostic risks in HCC patients
and allow more results to be obtained. Additionally, the origi-
nal TLS gene signature we used mainly represents B and T
cells within TLS and is strongly associated with B-cell mark-
ers. Thus, we believe that our six-gene signature, representing
the TLS-related gene expression signature, may exhibit supe-
rior predictive performance in HCC compared to other exist-
ing prognostic signatures.

In this study, we re-analyzed the differential expression
of the TLS gene set between HCC tissues and normal tissues
and finally screened eight genes with significant differences in
expression, of which one gene was overexpressed and seven
were underexpressed. Utilizing these eight differentially ex-
pressed genes, we developed a six-gene prognostic model
through LASSO regression analysis, and subsequently validat-
ed the model via univariate and multivariate regression analy-
ses. Of the six genes, only VNN2 was highly expressed in the
high-TLS score group, whereas the other five genes were all
expressed at low levels. CETP plays a role in plasma choles-
terol transport and can reduce plasma high-density lipoprotein
(HDL) cholesterol levels. A recent study has found that CETP
expression in macrophages can regulate mitochondrial func-
tion, enhancing cellular antioxidant capacity to achieve anti-
inflammatory effects [26]. DNASEI1L3 is a member of the de-
oxyribonuclease 1 family, which encodes proteins that digest
DNA in chromatin. DNASE1L3 has been identified as a prog-
nostic biomarker for HCC, inhibiting tumor growth through
the suppression of the PI3K/AKT signaling pathway [27].
PLACS is a lysosomal protein that localizes to the inner sur-
face of the plasma membrane and interacts with other cellular
components to regulate autophagy and cell cycle arrest. Chen
et al demonstrated that high expression of PLACS correlates
with a worse prognosis and drug resistance in breast cancer
patients [28]. SKAP1 encodes a T-cell adaptor protein, a class
of intracellular molecules with modular domains capable of re-
cruiting additional proteins without intrinsic enzymatic activ-
ity. SKAP1 plays an important role in the regulation of PLK1
kinase activity, thereby regulating T-cell function [29]. C7 is
a component of the complement system. It participates in the
formation of the membrane attack complex (MAC). Its expres-
sion level was a potential prognostic predictor for both disease
progression and death in patients with NSCLC [30]. VNN2 be-
longs to the Vanin protein family, sharing extensive sequence
similarity with each other and with biotinidase. Previous stud-
ies have shown that VNN2 can be used as a prognostic marker
for HCC [31]. To our knowledge, this is the first TLS-related
predictive model for HCC developed using these six genes.
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We repeated the analysis in the GSE14520 and ICGC cohorts
using the same TLS score calculation formula to further vali-
date the applicability of our TLS model. KM analysis revealed
that the high-TLS score group in both cohorts had a longer
OS, consistent with the findings from the TCGA cohort. ROC
curves also demonstrated that the TLS score model exhibit-
ed exceptionally high accuracy in two separate cohorts. Ad-
ditionally, the calibration curve, univariate Cox analysis, and
multivariate Cox analysis results showed that the TLS score
was related to HCC clinical traits. In conclusion, these results
indicated that the TLS score could function as an independent
prognostic biomarker for HCC patients.

To elucidate the underlying biological mechanisms of the
TLS signature, we initially performed functional enrichment
analysis in HCC patients. Specifically, PD-L1 expression and
the PD-1 checkpoint pathway in cancer were found to be as-
sociated with these TLS signature genes. This finding suggests
that TLS may be more susceptible to the effectiveness of im-
munotherapy. Subsequently, we conducted GSEA analysis be-
tween high- and low-TLS score groups. The results indicated
that the majority of the related pathways in the low-TLS score
group were metabolic pathways, including pathways for ami-
no acids, fatty acids, the catabolic process of organic acids,
and cellular responses to copper ions. Based on these enriched
pathways, novel medications could be developed to specifi-
cally target certain metabolic processes.

A recent study indicated that the HCC phenotype appears
to be closely associated with particular gene mutations, tumor
subgroups, and oncogenic pathways [32]. Analysis of the gene
mutation profile in HCC revealed that patients with low TLS
scores exhibited higher mutation frequencies in CTNNBI1. A
recent study confirmed that TMB values were higher in HCC
patients with CTNNB1 mutations, who also had worse progno-
ses and clinicopathology [33]. Overall, this result validated our
hypothesis that gene mutation events are associated with poor-
er prognosis in the low-TLS score group, consistent with our
research. Otherwise, the TME is a complex network formed by
the interaction of multiple cellular components, including ma-
lignant cells, endothelial cells, stromal cells, and immune cells
[34]. And considering TLS as an immune structure, we inves-
tigated the immune infiltration level of TLS signature genes in
HCC patients with different TLS scores. Immuno-infiltration
analysis results indicated that the TLS score was associated
with CD4T, CDS8T, and NK cells. As we all know, all of these
cells play a role in resisting HCC progression and exerting an-
ti-tumor effects [35], suggesting that the TLS score can reflect
the altered immune function during the progression of HCC.

As a multi-kinase inhibitor of the oral vascular endothelial
growth factor receptor [36], the relationship between sorafenib
and TLS remains unclear. Our further study found that the TLS
score was a reliable predictor of response to sorafenib in HCC
patients. Patients with a higher TLS score exhibited better sen-
sitivity to sorafenib, whereas those with a lower TLS score
showed resistance to sorafenib. It remains unclear whether
TLS or other biological effects influence the responsiveness
of HCC patients to sorafenib, and the mechanism involved re-
quires further study. Previous studies have demonstrated the
predictive value of TLS on immunotherapy response [6], and

708 Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™

to validate the utility of our TLS score, we examined the ex-
pression of immune checkpoint-related genes in the high- and
low-TLS score groups. As expected, our findings indicated
that HCC patients with high TLS scores exhibited significantly
elevated expression of immune checkpoint-related genes, such
as CTLA4, HAVCR2, PDCDI, and TIGIT, indicating a greater
likelihood of benefiting from immunotherapy. In order to fur-
ther explore the potential significance of the TLS score in im-
munotherapy prediction, we used the TIDE website to forecast
the sensitivity to immunotherapy. The results showed that the
group with a high TLS score had a greater response rate. These
findings could potentially lead to new therapeutic targets for
the clinical treatment of HCC.

The ultimate goal of all medical research is its clinical ap-
plication. Our study successfully developed a novel prognostic
model related to TLS and validated its reliability and predic-
tiveness for some treatments. However, there are still many
shortcomings in our study that need further improvement in
our future studies. First, our study is basically an analysis of
data obtained by bulk-RNA sequencing, and further in vivo
and in vitro experiments are needed to validate it in the future.
Second, many potential mechanisms for the six TLS genes in
our results need to be further explored in our subsequent stud-
ies. Finally, more clinical studies are required to verify the ad-
vantages of high TLS scores for the therapy recommendations
for HCC patients.

Conclusion

In conclusion, we developed a novel TLS-related prognostic
model for HCC in the TCGA cohort and the GSE14520 cohort
and the LIRI-JP cohort. Our results showed that patients with
high TLS scores had longer survival compared to those with
low TLS scores and that patients with high TLS scores had
higher responsiveness to sorafenib and immunotherapy and
lower responsiveness to TACE.

Supplementary Material

Suppl 1. Verification of a risk prognostic model in ICGC co-
hort. (A) The patients were equally divided into two groups
according to the threshold of the median risk score. Blue rep-
resents the low TLS score group. Red represents the high TLS
score group. (B) Survival status of patients with HCC in high
and low risk groups. Blue represents survival. Red represents
death. (C) Kaplan-Meier curves showing the overall survival
of patients in the high TLS score and low TLS score groups.
(D) The predictive efficiency of the risk score was verified by
the ROC curve. (E) Heatmap showing the expression of the six
TLS-related genes. Blue represents the low TLS score group.
Red represents the high TLS score group. TLS: tertiary lym-
phoid structures.

Suppl 2. GSEA analysis. (A) GSEA enrichment analysis re-
sults of GO database in high TLS score group. (B) GSEA en-
richment analysis results of GO database in low TLS score
group. GO: Gene Ontology; TLS: tertiary lymphoid structures.
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Suppl 3. The correlation of immune infiltration cells with TLS
risk score. (A) The correlation of TLS score with TMB. (B-I)
The correlation of TLS risk score with activated B cell (B),
CD56bright natural killer cell (C), gamma delta cell (D), eo-
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