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Background: Layilin (LAYN) represents a valuable prognostic biomarker across various tumor types, while also serving as an
innovative indicator of dysfunctional or exhausted CD8" T cells and exhibiting correlation with immune context. However, the
immune function and prognostic significance of LAYN in hepatocellular carcinoma (HCC) remain unexplored. Therefore, our
objective is to investigate the role of LAYN in CD8" T cell exhaustion, clinical prognosis, and the tumor microenvironment within
HCC.

Methods: TIMER or GEPIA databases were used to analyze LAYN expression level and its correlation with immune infiltration in
HCC. Bioinformatics analysis was conducted on TCGA and scRNA-seq cohorts. The evaluation of LAYN expression level in fresh
specimens was performed through IF, IHC, and ELISA assays. Flow cytometry and mRNA-seq were employed to investigate co-
expressed genes of LAYN, the LAYN'CDS" T cell exhaustion signature and immune function. Cell proliferation ability and killing
activity were assessed using CCK8 and CFSE/PI.

Results: The expression level of LAYN in HCC tumors was significantly higher compared to peri-tumors. Patients with high levels of
LAYN exhibited poorer OS. GO or KEGG analysis confirmed that LAYN was involved in immune response and was positively
associated with CD8" T cell immune infiltration levels. Furthermore, LAYN negatively regulated the immune function of CD8" T
cells, leading to dysfunctional phenotypes characterized by elevated levels of CD39, TIM3 and reduced levels of perforin, TNF-a, Ki-
67. CFSE/PI assays demonstrated that LAYN'CD8" T cells displayed decreased cytotoxic activity. Additionally, there was a positive
correlation between LAYN and CD146 levels, which are involved in adhesion and localization processes of CD8" T cells.
Interestingly, blocking LAYN partially restored the exhaustion properties of CD8" T cells.

Conclusion: LAYN exhibits a strong correlation with immune infiltration in the TME and represents a novel biomarker for predicting
clinical prognosis in HCC. Moreover, targeting LAYN may hold promise as an effective strategy for HCC immunotherapy.
Keywords: hepatocellular carcinoma, layilin, CD8" T cell exhaustion, prognosis

Introduction

Liver cancer is currently one of the cancers with high incidence rates, ranking as the fifth most malignant cancer in China
and having the second highest mortality rate (0.91) worldwide.' Annually, there are approximately 854,000 new cases
and 695,000 deaths, with 85-90% of them being individuals diagnosed with HCCs.> Malignancy typically develops in
patients suffering from chronic liver disease caused by hepatitis B virus (HBV) or hepatitis C virus (HCV) infection or
metabolic diseases.*> Until recently, treatment options for HCC include liver transplantation, surgical resection, and

Journal of Hepatocellular Carcinoma 2024:11 1031-1048 1031
Received: 19 February 2024 © 2024 Xiao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 28 May 2024
Published: 6 June 2024

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-3210-486X
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Xiao et al Dove

Graphical Abstract

o & 0 o
IINHNI! TIMER /GEPIA/scRNA-seq

© CD39, PD-1, and TIM-3 ?
Setm (©
© >0

> %P
FCM/mRNA-seq O 2 v ‘

s

TNF-d, GZMB and PRF1

Tumor growth

Highlights:

» LAYN is preferentially expressed in intratumoral-infiltrating CD8+ TILs .

» LAYN+CDS8+ T cells have increased levels of exhaustion markers,
weakened proliferation ability, and decreased effector molecules.

» High expression of LAYN may predict poor prognosis in HCCs.
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molecular targeted therapy.® Unfortunately, available therapeutic approaches for HCC were limited and ineffective
resulting in a recurrence and metastasis rate of 70% within five years.’

Cancer immunotherapy has significantly revolutionized the prospects for oncology treatment in the past decade.” The
recent success of immune checkpoint inhibitors (ICIs) like pembrolizumab and nivolumab, which obstruct the pro-
grammed cell death 1 (PD1)-PD-L1 pathway, has stimulated research on immune therapy in HCC.® This indicates a shift
in focus from solely targeting the tumor to considering the tumor microenvironment (TME). However, it is worth noting
that the objective response rate (ORR) of ICI monotherapy among HCC patients remains at only 15-20% and
combination therapy at about 30%, underscoring an urgent need to explore novel and potent strategies for HCC
immunotherapy.®

Cytotoxic CD8" T cells are highly enriched in the tumor microenvironment (TME) and play a crucial role in
antitumor immunity. However, persistent antigen stimulation and an immunosuppressive microenvironment can lead to
effector CD8" T cell dysfunction, known as T cell exhaustion.”'' The hallmarks of exhausted CD8" T cells are as
follows: (a) gradual loss of TNF-o. and IFN-y;'? (b) sustained overexpression of multiple inhibitory receptors (IRs) (PD1,
cytotoxic T lymphocyte-associated antigen-4 [CTLA-4], T-cell immunoglobulin domain and mucin domain-containing
protein 3 [TIM3], CD39, T-cell immunoreceptor with Ig and ITIM domains [TIGIT], lymphocyte activation gene 3
[LAG-3]);"*'* and (c) unique gene expression profiles (low expression of T-bet and high expression of TOX).'*!*!3
Consistently, increased expression levels of IRs including CD39, PD1 and TIM3 have been observed on infiltrating CD8"
T cells in HCC."®"'? Nevertheless, the functional significance and clinical implications associated with IR expression on
HCC-infiltrating CD8" T cells remain largely unexplored.

Layilin (LAYN) is a 55-kDa transmembrane protein harboring a C-type lectin domain. Previous studies have
indicated that LAYN plays a crucial role in cancer cell invasion and can serve as a prognostic marker for assessing
clinical outcomes.?*>* In patients with high expression levels of LAYN, such as those with Colorectal Cancer (CRC) or
Non-Small Cell Lung Carcinoma (NSCLC), the overall survival (OS), progression-free survival (PFS), disease-free
survival (DFS), and disease-specific survival (DSS) rates are significantly poorer.”” Previous studies had found that
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LAYN was a key gene involved in tumor-infiltrating lymphocytes.**** Single-cell RNA sequencing of T cells reported
that LAYN was up-regulated in intratumoral-infiltrating CD8" T and Treg cells and inhibited the function of CD8" T cells
in vitro.”

However, inconsistencies have been observed in the specific impacts of LAYN on immune cells. A report has
suggested that LAYN may enhance the antitumor effects of CD8" T cells through activation of the integrin signaling
pathway.** Furthermore, the clinical significance of LAYN in HCC and its correlation with tumor-infiltrating CD8" T cell
function in immune hot tumor remain largely unclear.

Here, we identified LAYN as a potential novel prognostic biomarker for predicting poor prognosis in HCC. Our
findings demonstrated that LAYN exhibited high expression levels specifically in HCC specimens with immune hot
tumor tissues, highly on infiltrating CDS8" T cells. Moreover, CDS8" T cells overexpressing LAYN exhibited characteristic
signs of exhaustion and diminished antitumor effects. However, treatment with a LAYN antagonist partially restored the
exhausted phenotypes and immune function of CD8" T cells. Collectively, these results highlight the therapeutic potential
of targeting LAYN to recover the antitumor immune response mediated by CD8" T cells in HCC.

Materials and Methods
Patients and Samples Collection

Fresh tumor samples, peri-tumor tissues, and peripheral blood were collected from patients diagnosed with HCC.
Primary tumors were obtained from 15 patients who underwent curative resection without prior anticancer therapy for
immunofluorescence and flow cytometry analysis. This study was approved by the Research Ethics Committee of
Zhongshan Hospital, and written informed consents were obtained from every participant. An external validation cohort
was also included, consisting of patients from TCGA cohort (n=368). Patient characteristics of TCGA data set were
obtained from UCSC Xena (https://xenabrowser.net/datapages/) in January 2022. We use the average of LAYN and
CDS8A as the LAYN'CDS" T cell score. A total of 368 patients with HCC were feasible for the statistical analysis with
gene expression, clinical data and follow-up information.

Flow Cytometry
Flow cytometry data were acquired via a BD FACS Canto™ II and were analyzed via Flowjo V.10.0 software (Tree
Star). And the antibodies information was in the Supplementary Materials and Methods.

Bioinformatics Analysis
The Tumor Immune Estimation Resource (TIMER) algorithm database (https://cistrome.shinyapps.io/timer/) and the

Gene Expression Profiling Interactive Analysis (GEPIA) database (http://gepia2.cancer-pku.cn) were used to estimate

LAYN gene expression levels in multiple cancer types. Then, the correlations between LAYN and tumor-infiltrating
CD8" T cells, as well as other functional immune cells like CD4" T cells, Macrophages, and Dendritic cells in HCC were
analyzed using the TIMER database. The relationships between LAYN expression and immune checkpoint receptors
such as CD39, PD1 and TIM3, were also analyzed. In the TCGA cohort, transcriptomic and clinical data of HCCs were
downloaded from UCSC Xena (https://xenabrowser.net/datapages/). The normalized expression of LAYN and other

relevant genes were presented in the form of [log, (TPM +1)].

Single-Cell Data Analysis

Single-cell raw data were obtained from the Gene Expression Omnibus (GEO) database,’ containing data from 5 HCC
patients generated with the smart-seq2 and 10X Genomics platforms. These data sets were integrated using Seurat’s CCA
to remove potential batch effects. And, the normalized expression of LAYN and other related genes were presented in the

form of [log, (TPM+1)].” Data represent five individual patients, with 5 points showing the mean data per group.
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Statistical Analysis

Statistical analysis was performed with GraphPad Prism 8.0 and data was presented as mean + SEM. The correlation
analysis was determined through unpaired #-test (Pearson’s test). Kaplan-Meier survival curves were compared between
different groups and P values were determined using Log rank test. All the statistical tests were two-tailed and performed
at a significant level of 5% (*p < 0.05), 1% (**p < 0.01) or 1% (***P < 0.001). ns, no significance.

Results
LAYN is Highly Expressed in Tumor Tissues of HCC Patients

To preliminarily assess the involvement of LAYN in cancer, we conducted a comprehensive analysis of its expression at
the transcriptional level in HCC, breast invasive carcinoma (BRCA), cholangiocarcinoma (CHOL), and other tumor
tissues, as well as their corresponding adjacent tissues. Utilizing the TIMER database for public database analysis, we
observed upregulation of LAYN across various human cancers, including HCC (Figure 1A). Furthermore, confirmation
of significantly elevated mRNA expression levels of LAYN in HCC tumor tissues was achieved through GEPIA database
analysis and TCGA RNA-sequencing data examination, respectively (Figure 1B and C). Subsequently, the real-time PCR
analysis (Figure 1D) along with IHC (Figure 1E) and ELISA measurements (Figure S1A) confirmed higher transcrip-
tional expression levels and protein abundance of LAYN in HCC tumor tissues compared to peri-tissues, thereby
suggesting its potential role in the development and progression of HCC.

High Expression of LAYN May Predict Poor Prognosis in HCC Patients

Next, we investigated the potential clinical significance of LAYN expression in predicting prognosis for patients with
HCC. The Kaplan—Meier curves demonstrated a negative correlation between LAYN expression level and patient
prognosis among nonmetastatic HCC cases in the TCGA cohort. Patients with higher levels of LAYN expression
exhibited significantly worse OS (P = 0.0473) (Figure 2A), DFS (P = 0.0371) (Figure 2B), and DSS (P = 0.0436)
(Figure 2C) rates compared to those with low expression levels. Moreover, patients with a higher frequency of
LAYN'CDS" T cells displayed poorer OS rates as well (P = 0.037) (Figure 2E). No significant differences were observed
in PFS between the low and high LAYN groups (Figure 2D and F). Additionally, there was a significantly higher level of
LAYN expression in female patients compared to male patients, while no association was found between LAYN
expression level and TNM stage classification (Figure 2G and H). These findings suggest that LAYN may serve as an
independent predictive factor for unfavorable clinical outcomes among HCC patients.

LAYN is Highly Expressed in CD8" TILs, and the Population of LAYN*CD8" TILs is
Highly Abundant Within HCC Tumor Tissues

Cancer cells are infiltrated by abundant noncancer cells, including a large number of immune cells that are recruited in
the TME of immune hot tumor and exert significant influences on cancer progression and survival.>> Subsequently, we
utilized the TIMER database to investigate the correlation between LAYN expression and immune cell infiltration in the
TME of HCC. As depicted in Figure 3A and B, LAYN expression was significantly associated with tumor purity (R =
—0.302, P < 0.001) as well as infiltration of CD8" T cells (R = 0.482, P < 0.001), and were also closely associated with
other cell types such as CD4" T cells (R = 0.379, P < 0.001), dendritic cells (R = 0.567, P < 0.001), and macrophages
(R = 0.435, P < 0.001) within HCC tissues (Figures 3A and S1B). Furthermore, LAYN expression was significantly
correlated with multiple cellular marker genes representing different types of cells including macrophages, neutrophils,
Thl, Th2, Th17 and Treg cells (Table 1). Immunofiuorescence results demonstrated colocalization of LAYN and CD8"
T cells within HCC tissues while showing higher infiltration levels of LAYN'CDS8" T cells in tumor tissues compared to
peritumoral tissues (Figure 3C). To determine whether LAYN is expressed in tumor-infiltrating CD8" TILs, mRNA-seq
(Figure 3D) and flow cytometric quantification (Figure 3E and F) were performed on CD8" T cells isolated from
peripheral blood samples as well as primary tumors and peritumoral tissues obtained from HCC patients. The findings
indicated that LAYN was highly expressed within CD8" TILs derived from tumor tissues while being nearly absent from
resting stage peripheral blood samples. Notably, LAYN expression was highly upregulated on activated CD8" T cells
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Figure | Expression of LAYN in HCC. (A) Pancancer analysis of LAYN expression in multiple human cancer types using the TIMER database. (B and C) mRNA expression
of LAYN in HCC tumor tissues (n=369) and normal tissues (n=160) analyzed by the GEPIA database (B), as well as in paired HCC tumor and peri-tumor tissues using the
TCGA RNA-sequencing data (C) (n=49). (D) Analysis of LAYN mRNA expression in paired HCC tumor and peri-tumor tissues (n=13). (E) Representative images of
immunohistochemistry for LAYN protein expression in HCC tissues. Student’s t-test (C and D) was performed, and the data were presented as the mean * SEM. Results
were replicated (n = 3 experiments) (D and E). *P < 0.05; ***P < 0.001.

after stimulation with anti-CD3 and anti-CD28 microbeads for 5 days when assessed using peripheral blood (Figure
S1C). The data obtained were consistent with the observed upregulation of LAYN mRNA in tumors, indicating a strong
association between LAYN and tumor-infiltrating CD8" T cells in HCC tumors.

LAYN*CD8" T Cells Display an Exhausted and Aberrantly Differentiated Phenotype in

HCC
To better understand the potential role of LAYN in CD8" T cells and how the phenotypic characteristics of LAYN CD8"
TILs differ from those of LAYN CD8"  TILs in HCC tumors, we initially conducted mRNA-seq analysis on
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Figure 2 The prognostic value analysis of LAYN in HCC patients using the TCGA database. (A-D) Kaplan-Meier curves of overall survival (OS), disease-free survival (DFS),
Disease-specific survival (DSS) and Progression-free survival (PFS) based on LAYN expression in TCGA cohort. (E and F) Kaplan-Meier curves of OS and PFS based on
LAYN*CDS8" T cell frequency. (G and H) The violin chart displayed the association between LAYN expression and gender (G), or the correlation of LAYN expression with
TNM stage (H). Log rank tests was performed for Kaplan-Meier curves and Log-rank p value were shown (A-F). Student’s t-test (G and H) was performed, and the data
were presented as the mean + SEM. ns, not significant.
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Figure 3 LAYN is highly expressed in CD8" TILs and intratumoral LAYN"CD8" T cells accumulate in HCC tumor tissues. (A and B) Correlation analysis between LAYN
expression and immune cells including CD8" T cells in HCCs using the TIMER database. (C) Representative images demonstrating double-stained LAYN*CD8" T cells in
HCC tumor tissue and peri-tumor tissue, captured at magnifications of 200x and 400%. (D) mRNA expression of LAYN in peripheral blood, peri-tumor and tumor tissues.
Data represent five individual patients. (E and F) Representative flow cytometric images of the proportion/median fluorescence intensity (MFI) level of LAYN*CDS8" T cells
in peripheral blood, peri-tumor and tumor tissues (n=8). Cells were pregated on CD45, CD3 and CD8. Student’s t-test (D and F) was performed, and the data were
presented as the mean = SEM. Results were replicated (n = 3 experiments) (C—F). **P < 0.01.
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Table | Correlation Analysis Between LAYN and Markers of Immune
Cells in HCC via the TIMER Database

Description Gene Markers HCC
None Purity

Cor P Cor P
T cell exhaustion PDI 0.424 Hokk 0.360 ok
CTLA4 0.382 ok 0.305 ok
LAG3 0.253 Hokk 0.206 wok
TIM-3 0.534 Hokk 0.479 ok
GZMB 0.379 ok 0.303 ok
Treg FOXP3 0.271 Hokk 0.219 ok
CCR8 0.448 ok 0.397 ok
TGFBI 0.541 ok 0.467 ok
ILIO0 0.439 ok 0.354 Horx
CD8" T cell CD8A 0.42 sk 0.35 ok
CD8B 0.37 Hokk 0.29 ok
TAM CCL2 0.502 ok 0.408 ok
CDé68 0.368 ok 0.282 ik
Monocyte CD86 0.55 Hokk 0.495 ook
CDI15 0.523 ok 0.449 ok
CCR7 0.448 ok 0.350 ok

Neutrophils CDé66b —0.007 | 0.899 | —0.036 | 0.509
CDIIb 0.396 ok 0.319 ok
CDI9 0.341 ok 0.255 Horx
B cell CD79A 0.395 ok 0.306 ok
STAT4 0.323 ok 0.270 ok
Thi IFNG 0.296 ok 0.221 ok
TNF 0.379 ok 0.283 ok
STAT6 0.244 ok 0.255 ok

Th2 ILI3 0.098 0.58 | 0.062 | 0.254
STAT3 0.368 ok 0.338 ok

Thi7 ILI7A 0.122 | 0.019 | 0.113 | 0.036

Notes: Correlation analysis between LAYN and markers of immune cells in HCC, together
with the Spearman’s rho value and estimated statistical significance. **P < 0.01; **P < 0.001.

LAYN'CDS" TILs and LAYN CDS8" TILs isolated from HCC tumor tissues. The transcriptome-level standardized data
revealed that LAYN'CDS8" TILs expressed higher levels of IRs such as ENTPDI, PDCD-1, and HAVCR?2 (identified as

26-28than LAYN CDS8" TILs (Figure 4A). Next, we employed flow cytometry to comprehensively

exhaustion markers)
characterize these two subgroups by examining differentiation (CD) surface markers, IRs, adhesion molecules, chemo-
kines, and cytokines. The differentially expressed markers between LAYN' and LAYN CD8" TILs are visually
represented in the heatmap (Figure 4B), and several representative markers are depicted as overlay histograms
(Figure 4C-F) along with their corresponding cell frequency statistical charts (Figure S2A).

LAYN'CD8" TILs within HCC tumor tissues exhibited elevated protein levels of the well-known IRs, including
CD39, PD1, TIM3, and TIGIT compared to LAYN CD8" TILs (Figure 4B and C). Furthermore, the analysis revealed
a significant increase in the activation markers CD137 and CD25 in LAYN'CD8" TILs while other costimulatory
markers such as CD38 and CD69 showed no significant differences between the two subsets (Figure S2B and Figure 4D),
indicating an unbalanced activation status of these T cells. Additionally, LAYN'CD8" TILs demonstrated high expres-

4,239 suggesting potential

sion levels of cell adhesion and tissue positioning markers including CD106, CD146, and CD5
involvement of LAYN in T cell adhesion and migration processes (Figure 4E and Figure S2C). Moreover, CXCR6

expression was found to be lower in LAYN'CD8" TILs (Figure 4F). Furthermore, in LAYN'CDS8" TILs, the frequency
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of PDI"TIM3 CD39 CD8" TILs identified as stem-like T cells®'? was significantly lower while the proportion of
PDI1'TIM3"CD39"CD8" TILs identified as terminally differentiated cells (TDEs)*' was higher (F igure S2D). In addition,
the proportion of LAYN'CDS8" TILs was positively correlated with the proportions of CD39°CD8" T cells, CTLA-
47CD8" T cells, CD73°CDS8" T cells, CD146"'CD8" T cells and CD106"CD8" T cells (Figure S4A and B). These findings
collectively suggest that LAYN'CD8" TILs represent a specific subset exhibiting exhaustion features similar to classical
exhausted cell population.

Genes Enriched in LAYN"CDS8" T Cells are Implicated in the Immune Response

Process as Well as the Signaling Molecules and Interaction Pathway Within the TME
To further investigate LAYN'CDS" T cells, we performed mRNA-seq analysis and compared their transcriptional profile
with that of non-exhausted cells like naive CD8" T cells (CD8-LEF1) and effector memory CD8" T cells (CD8-CX3CR1).
Unsupervised hierarchical clustering analysis showed that LAYN'CD8" T cells were preferentially enriched for genes
associated with exhaustion (HAVCR2, PDCD1, ENTPD1, TOX, MYO7A, TIGIT and CTLA4) (Figure S3A). Furthermore,
gene ontology (GO) analysis revealed that these differentially expressed genes were enriched in the GO_biological process
(BP) terms including inflammatory response, immune response and negative regulation of gene expression, GO_cellular
component (CC) terms including plasma membrane and integral component of membrane, and GO_molecular function (MF)
terms protein binding (Figure 5A and Figure S3B and C). The top 9 GO term-associated genes are shown in Figure 5B with
LAYN being preferentially involved in the integral component of the membrane. Besides, the Kyoto Encyclopedia of Genes
and Genomes (KEGG) analysis indicated that highly expressed genes in LAYN 'CD8" T cells were enriched in the cytokine-
cytokine receptor interaction and cell adhesion molecules pathways (Figure SC and Figure S3D).

LAYN*CD8" TILs Exhibit Diminished Capacity for Proinflammatory Cytokine

Production in HCC
Next, we investigated the cytokine-producing capacity of CD8" TILs based on the LAYN expression. Initially, mRNA-

seq analysis was performed on CD8" TILs isolated from fresh HCC tumor tissues. Our findings revealed that
LAYN'CDS8" TILs expressed fewer cytotoxic molecules, including GZMB and PRFI. However, there was no
significant difference in the expression levels of effective molecules (IFNG, TNFa) compared with LAYN CD8"
TILs (Figure 6A). Subsequently, flow cytometry was applied to assess protein-level production of these effective
molecules. The data obtained demonstrated that LAYN'CD8" TILs displayed defective production of TNF-a to some
extent but had IFN-r expression levels comparable to those observed in LAYN CDS8" TILs (Figure 6B and C).
Furthermore, a negative correlation between the proportion of LAYN'CD8" T cells and TNF-a'CD8" T cells
(Figure S4C).

Additionally, flow cytometry-based measurements were conducted to evaluate the killing capacity of LAYN'CD8"
TILs. Notably, we found a considerable decrease in the frequency of perforin-producing cells among LAYN'CD8" TILs;
however, the frequency of granzyme B-producing or CD107a-producing cells remained comparable between these cell
populations (Figure 6D and E).

To gain further insights into the role of LAYN in CD8" T cells, PBMC-derived CD8" T cells were sorted with
a purity of 95.8% using microbead (Figure S5A), followed by retroviral-mediated overexpression of LAYN aimed
at mimicking high levels seen in tumor-infiltrating CD8" T cells. After retroviral infection, the upregulation of
LAYN on CD8" T cells was quantified and validated using qPCR and flow cytometry on day 5 (Fig. S5B and C).
Firstly, assessment of Ki-67 or CCK8 proliferation revealed that LAYN®® T cells exhibited a relatively diminished
proliferative capacity (Figure 6F and Figure S5D). Additionally, LAYN-overexpressing CD8" T cells expressed
more IRs, including CD39, TIM3, and CTLA-4, than control virus-infected cells (Figure SSE), consistent with the
findings presented in Figure 4. Furthermore, we evaluated the cytotoxicity of LAYNE T cells by analyzing CFSE/
PI staining results which demonstrated that 97H cell lines co-cultured with control virus-infected cells were more
susceptible to apoptosis than those co-cultured with LAYN®® T cells at different effector-to-target (E/T) ratios
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and LAYN™ CD8" T cells following the stimulation of PMA, ionomycin and Brefeldin for 6 h (n 2 8). (D and E) Representative flow cytometric overlays (D) and statistical data (E) of
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(Figure 6G and H). In summary, these results indicate that the subset of CD8" TILs characterized by high
expression of LAYN exhibits impaired ability to produce proinflammatory cytokines and exert antitumor activity.

The Abundance of Intratumoral LAYN"CD8" TIL is Associated with Impaired
Infiltrating CD8" T Cell Functionality with HCC, and Targeting LAYN Can Partially
Restore the Functions of CD8" T Cells

The phenotypic characteristics and immune function of infiltrating LAYN'CD8" TILs have been discussed above.
However, it is important to note that LAYN'CDS8" TILs represent only a specific population and may not fully reflect
the overall immune status. Given the crucial role of CD8" T cells in antitumor immunity, we aimed to investigate whether
CD8" T cell function was inhibited within the HCC microenvironment. Therefore, we examined the overall features of
CDS8" T cells based on their infiltration level with LAYN expression.

Interestingly, there was no significant difference in the abundance of total CD8" T cells between the low infiltration
group and high infiltration group (Figure 7A). However, elevated expression levels of immune checkpoint molecules
such as CD39 and LAG-3 were observed on CD8" T cells within the LAYN™E"CD8" T cell group (Figure 7B).
Additionally, CD8" T cells in the LAYN"€"CDS8" T cell group had lower levels of effective molecules like TNF-a
(Figure 7C). Despite increased exhaustion markers and decreased activation molecule TNF-a levels in these CD8"
T cells, proportions of IFN-y, granzyme B, and perforin within the total CD8" T cell population were not significantly
different between the LAYN™2"CD8" T and LAYN'CDS8" T cell groups (Figure 7C).

Based on the aforementioned findings regarding the potential role of LAYN'CD8" T cells in HCC progression, we
further explored potential therapeutic interventions by antagonizing LAYN using an anti-human LAYN antibody. Single
cell suspensions isolated from HCC tumor tissues were incubated with either a LAYN antagonist or vehicle for 36
h. Then, the immunoregulatory signals and functional capabilities were assessed using flow cytometry. Results showed
that after treatment with LAYN antagonist, the percentage of CD39", PD1", and TIGIT'CD8" T cells slightly decreased
(Figure 7D). Notably, there was a significant upregulation in the frequency of CXCR6'CDS8" T cells observed in the anti-
LAYN group (Figure 7E). Furthermore, the proportions of IFN-y*, TNF-a', granzyme B", and perforin® CD8" T cells
were also partially restored after the LAYN antagonist action (Figure 7F). These data suggest that therapeutically
targeting LAYN holds promise for HCC treatment.

Discussion

The adaptive immune response initiated by immune cells within the TME plays a pivotal role in generating an antigen-
specific immune response against tumors, thereby impacting survival outcomes and disease progression.”> CD8" T cells
are widely recognized as crucial players in antitumor activity across various solid tumors.>® Despite their infiltration into
HCC, the suppressive TME induces T cell exhaustion characterized by heterogeneous subtypes and dysfunctional
status.'® Investigating the characteristics of partially dysfunctional CD8" T cells and identifying novel biomarkers or
targets to reverse their function and activity represents a potentially relevant therapeutic approach in antitumor
immunotherapy.

LAYN, a transmembrane protein, is involved in cell adhesion, immune cell activation, and the regulation of various
subsets of T cell differentiation.”'*>** Recently reports have identified preferential expression of the LAYN in TILs
isolated from different human cancers.”** However, limited research has been conducted on the impact of this molecule
on immune cells. One study demonstrated that overexpression of LAYN could decrease the ability of CDS" T cells to
secrete IFN-y.” Nevertheless, another study showed that LAYN augmentation enhanced integrin activation through LFA-
1-dependent cellular adhesiveness to promote CD8" T cell antitumor capability.*

To better understanding the potential function and mechanism of LAYN in HCC carcinogenesis, our study employed
various methods to validate its role in CD8" T cells and its clinical prognostic relevance. Firstly, we observed high
expression levels of both transcriptional and protein forms of LAYN in tumor tissues using public databases and clinical
specimens, consistent with previous reports.*> Subsequently, we analyzed the correlation between LAYN expression and
survival outcomes for HCC patients within the TCGA database; results indicated that high levels of LAYN expression
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Figure 7 Intratumoral LAYN™ CD8" T cell high infiltration impairs total CD8" T cell partial immune function in HCC patients and antagonizing LAYN can partially reverse
CD8" T cell functions. (A) CD8" T cell infiltration level in LAYN*CD8" T cell high or low subgroup. (B and C) The charts showed the expression of co-inhibitory receptors
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presented as the mean * SEM. Results were replicated (n = 3 experiments) (A—F).
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were associated with poorer OS, DFS, and DSS among HCC patients. Our findings suggest a potential protumor effect
for LAYN in HCC.

Lymphocytes infiltrating the TME are associated with cancer progression and survival. And, in our study, we chose
the hot tumor tissues with high infiltration of immune cells. Our findings demonstrate a close correlation between LAYN
expression and major immune cells within the TME, including CD8" T cells, CD4" T cells, macrophages, as well as
multiple immune cell markers. These results indicate that LAYN may play a regulatory role in immune cell infiltration
and responses within the HCC TME. We have discovered a specific subset of LAYN'CD8" T cells in HCC tumor
exhibiting a classical dysfunctional phenotype featuring overexpression of IRs, decreased proliferation molecules, and
reduced effector functions. Transcriptome data and flow cytometry-based protein marker profiling confirmed co-
expression of indicators for exhausted CD8" T cells involved in tumor immune scape (CD39, TIM3 and PD1 2%?’
with LAYN on these specific CD8" T cells. GO analysis reveals enrichment of highly expressed genes in inflammation-
related processes while KEGG analysis highlights involvement in signaling molecules and interaction. Furthermore, our
cytokine measurements demonstrated impaired antitumor function of LAYN'CDS" T cells through downregulation of
effector cytokines such as TNF-a along with decreased levels of the cytotoxic molecule perforin. These findings differ
from those reported by Mahuron,?* possibly due to differences in experimental methods or heterogeneity within the
LAYN'CDS" T cell population leading to distinct phenotypes or functions. Additionally, CFSE/PI results confirmed
restricted killing capacity of LAYN'CDS8" T cells against 97H cells. All the findings indicated that LAYN'CDS8" T cells
exhibited impaired cytokine production and antitumor activity. The compromised cytotoxicity and elevated inhibitory
molecules may contribute to tumor growth and evasion, consequently leading to unfavorable outcomes in HCC patients.

Moreover, we observed a paradoxical activation state of LAYN'CD8" T cells. On one hand, the frequency of
PD1'TIM3°CD39°CD8" TDEs was higher within the LAYN'CD8" T cell population. On the other hand, there was an
increase in CD137 and CD25 levels on LAYN'CDS8" T cells. These results suggest that LAYN'CD8" T cells might be
partially activated and potentially capable of restoring antitumor immunity.

Additionally, the accumulation and persistence of LAYN'CD8" T cells in HCC tumors raise questions about their
recruitment and localization mechanisms. Our flow cytometry analysis revealed that LAYN 'CD8" T cells express high
levels of CD146, CD106, which facilitate lymphocytes extravasation from blood vessels to inflammation sites.*® These
results demonstrate apart from affecting proliferation, activation or partial effector molecule production by CD8" T cells,
LAYN also influence their localization and accumulation within tumor tissues.

Recently, the use of ICIs to reverse exhausted CDS" T cells has garnered significant attention in the field. Nivolumab,
ipilimumab, or Tirelizumab have already been approved as second-line treatments for advanced HCC.>>>° Despite the improved
efficacy observed with ICIs in advanced HCC patients, a majority of them do not respond to ICI monotherapy. This could be
attributed to the complex TME of HCC compared to other solid tumors and the influence of multiple inhibitory mechanisms on
ICIs. Therefore, exploring combinatorial strategies that simultaneously target several immune checkpoints such as PD1, CD39,
and TIM3 is a valuable research direction.'®*"* Consequently, there is an urgent need to identify new immune checkpoints that
can enhance therapeutic approaches. As demonstrated above in our study findings indicate that LAYN'CDS" T cells exhibit
impaired antitumor function. However, upon administration of a LAYN antagonist treatment approach was able to partially
restore effector function in LAYN'CDS8" T cells while also reducing expression levels of IRs like CD39 and PD1. Furthermore,
CXCRG6 expression which plays a crucial role in the antitumor effect of CD8" T cells,” was found to be upregulated following
LAYN antagonist treatment. In summary, this study provides evidence supporting LAYN as a prognostic marker for survival in
HCCs. And, LAYN shows promise as a potential candidate for clinical intervention in HCC.

However, there are certain limitations within our current study. Firstly, as our experimental specimens were obtained
from the tissues of viral HCC patients, there is a lack of research on those from NASH patients. Further studies can be
warranted to investigate the differential expression of LAYN in NASH and viral HCC, aiming to better elucidate the
expression characteristics and functions of LAYN. Then, further investigations into specific biological mechanisms
underlying formation and differentiation of LAYN"CD8" T cell using mouse or human systems are required. Moreover,
there is a need for further exploration the correlation between LAYN'CD8" T cells and the TME. The impact of LAYN
expression on other tissue-infiltrating macrophages or T cell subsets, such as Treg cells, remains to be determined.
Furthermore, additional trials are required to study the efficacy and safety of combining LAYN antagonists with other ICIs.
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Inhibitory receptors; E/T, Effector-to-target; CRC, Colorectal cancer; NSCLC, Non-small cell Lung carcinoma;
COAD, Colon adenocarcinoma; BRCA, Breast invasive carcinoma; CHOL, Cholangiocarcinoma; LUAD, Lung adeno-
carcinoma; GO, Gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, Biological process; CC, Cell
component; MF, Molecular function.

Data Sharing Statement
Data are available upon reasonable request. All data generated that are relevant to the results presented in this article are
included in this article or Supplementary Materials.

Ethics Approval and Consent to Participate

The study was approved by the Clinical Research Ethics Committee of Zhongshan Hospital of Fudan University (B2020-
262). Written informed consent was obtained from each patient included and this study was performed in accordance
with the Declaration of Helsinki.

Consent for Publish

All authors agree to publish this manuscript.

Funding

This project was supported by grants from Shanghai Shenkang Hospital Development Center, Special Disease Queue
Database Construction Project (SHDC2020CR6006), Zhongshan Hospital Youth Development Fund (2021ZSQN28) and
the Sailing Project of “Scientific and Technological Innovation Action Plan” of Shanghai Science and Technology
Commission (20YF1406100).

Disclosure
All authors declared no competing interests in this work.

References

. Llovet JM. Immunotherapies for hepatocellular carcinoma. Nat Rev Clin Oncol. 2022;19:151-172. doi:10.1038/s41571-021-00573-2

. Bray F. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer
J Clin. 2018;68:394-424. doi:10.3322/caac.21492

. Mortality, G. B. D. & Causes of Death, C. Global, regional, and national age-sex specific all-cause and cause-specific mortality for 240 causes of
death, 1990-2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet. 2015;385:117-171. doi:10.1016/S0140-6736(14)
61682-2

4. Valenti L, Pedica F, Colombo M. Distinctive features of hepatocellular carcinoma in non-alcoholic fatty liver disease. Dig Liver Dis.
2022;54:154-163. doi:10.1016/j.d1d.2021.06.023

. Tan DJH. Clinical characteristics, surveillance, treatment allocation, and outcomes of non-alcoholic fatty liver disease-related hepatocellular
carcinoma: a systematic review and meta-analysis. Lancet Oncol. 2022;23:521-530. doi:10.1016/S1470-2045(22)00078-X

. El-Serag HB, Marrero JA, Rudolph L, Reddy KR. Diagnosis and treatment of hepatocellular carcinoma. Gastroenterology. 2008;134:1752—-1763.
doi:10.1053/j.gastro.2008.02.090

. Zheng C. Landscape of Infiltrating T Cells in Liver Cancer Revealed by Single-Cell Sequencing. Cell. 2017;169:1342-1356 e1316. doi:10.1016/j.
cell.2017.05.035

N —

(98]

W

N

=

1046 "= Journal of Hepatocellular Carcinoma 2024:1 |

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=464806.pdf
https://doi.org/10.1038/s41571-021-00573-2
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/S0140-6736(14)61682-2
https://doi.org/10.1016/S0140-6736(14)61682-2
https://doi.org/10.1016/j.dld.2021.06.023
https://doi.org/10.1016/S1470-2045(22)00078-X
https://doi.org/10.1053/j.gastro.2008.02.090
https://doi.org/10.1016/j.cell.2017.05.035
https://doi.org/10.1016/j.cell.2017.05.035
https://www.dovepress.com
https://www.dovepress.com

Dove Xiao et al

8. El-Khoueiry AB. Nivolumab in patients with advanced hepatocellular carcinoma (CheckMate 040): an open-label, non-comparative, Phase 1/2 dose
escalation and expansion trial. Lancet. 2017;389:2492-2502. doi:10.1016/S0140-6736(17)31046-2
9. Simoni Y. Bystander CD8(+) T cells are abundant and phenotypically distinct in human tumour infiltrates. Nature. 2018;557:575-579. doi:10.1038/

s41586-018-0130-2

10. Philip M, Schietinger A. CD8(+) T cell differentiation and dysfunction in cancer. Nat Rev Immunol. 2022;22:209-223. doi:10.1038/s41577-021-
00574-3

11. Farhood B, Najafi M, Mortezaece K. CD8(+) cytotoxic T lymphocytes in cancer immunotherapy: a review. J Cell Physiol. 2019;234:8509-8521.
doi:10.1002/jcp.27782

12. Khan O. TOX transcriptionally and epigenetically programs CD8(+) T cell exhaustion. Nature. 2019;571:211-218. doi:10.1038/s41586-019-1325-x

13. Blackburn SD. Coregulation of CD8+ T cell exhaustion by multiple inhibitory receptors during chronic viral infection. Nat Immunol.
2009;10:29-37. doi:10.1038/ni.1679

14. Sade-Feldman M. Defining T cell states associated with response to checkpoint immunotherapy in melanoma. Cell. 2018;175:998-1013 ¢1020.
doi:10.1016/j.cell.2018.10.038

15. Wherry EJ, Kurachi M. Molecular and cellular insights into T cell exhaustion. Nat Rev Immunol. 2015;15:486-499. doi:10.1038/nri3862

16. Zhou G. Antibodies against immune checkpoint molecules restore functions of tumor-infiltrating T cells in hepatocellular carcinomas.
Gastroenterology. 2017;153:1107-1119 el110. doi:10.1053/j.gastro.2017.06.017

17. Li H. Tim-3/galectin-9 signaling pathway mediates T-cell dysfunction and predicts poor prognosis in patients with hepatitis B virus-associated
hepatocellular carcinoma. Hepatology. 2012;56:1342—1351. doi:10.1002/hep.25777

18. Kuang DM. Activated monocytes in peritumoral stroma of hepatocellular carcinoma foster immune privilege and disease progression through
PD-L1. J Exp Med. 2009;206:1327—1337. doi:10.1084/jem.20082173

19. Wu K, Kryczek I, Chen L, Zou W, Welling TH. Kupffer cell suppression of CD8+ T cells in human hepatocellular carcinoma is mediated by
B7-Hl1/programmed death-1 interactions. Cancer Res. 2009;69:8067-8075.

20. Chen Z, Zhuo W, Wang Y, Ao X, An J. Down-regulation of layilin, a novel hyaluronan receptor, via RNA interference, inhibits invasion and
lymphatic metastasis of human lung A549 cells. Biotechnol Appl Biochem. 2008;50:89-96. doi:10.1042/BA20070138

21.Kaji T. Layilin enhances the invasive ability of malignant glioma cells via SNAII signaling. Brain Res. 2019;1719:140-147. doi:10.1016/].
brainres.2019.05.034

22.Pan JH. LAYN is a prognostic biomarker and correlated with immune infiltrates in gastric and colon cancers. Front Immunol. 2019;10:6.
doi:10.3389/fimmu.2019.00006

23.Yang Y. Targeting LAYN inhibits colorectal cancer metastasis and tumor-associated macrophage infiltration induced by hyaluronan
oligosaccharides. Matrix Biol. 2023;117:15-30. doi:10.1016/j.matbio.2023.02.005

24. Mahuron KM. Layilin augments integrin activation to promote antitumor immunity. J Exp Med. 2020;217. doi:10.1084/jem.20192080

25. Brummelman J. High-dimensional single cell analysis identifies stem-like cytotoxic CD8(+) T cells infiltrating human tumors. J Exp Med.
2018;215:2520-2535. doi:10.1084/jem.20180684

26. Anderson AC, Joller N. Lag-3, Tim-3, and TIGIT: co-inhibitory receptors with specialized functions in immune regulation. Immunity.
2016;44:989-1004. doi:10.1016/j.immuni.2016.05.001

27. Huang RY, Francois A, McGray AR, Miliotto A, Odunsi K. Compensatory upregulation of PD-1, LAG-3, and CTLA-4 limits the efficacy of
single-agent checkpoint blockade in metastatic ovarian cancer. Oncoimmunology. 2017;6:¢1249561. doi:10.1080/2162402X.2016.1249561

28. Wang JJ. PD-L1, PD-1, LAG-3, and TIM-3 in melanoma: expression in brain metastases compared to corresponding extracranial tumors. Cureus.
2019;11:€6352. doi:10.7759/cureus.6352

29. Wang Z. CD146, from a melanoma cell adhesion molecule to a signaling receptor. Signal Transduct Target Ther. 2020;5:148. doi:10.1038/s41392-
020-00259-8

30. Harjunpaa H, Llort Asens M, Guenther C, Fagerholm SC. Cell adhesion molecules and their roles and regulation in the immune and tumor
microenvironment. Front Immunol. 2019;10:1078. doi:10.3389/fimmu.2019.01078

31. Eberhardt CS. Functional HPV-specific PD-1(+) stem-like CD8 T cells in head and neck cancer. Nature. 2021;597:279-284. doi:10.1038/s41586-
021-03862-z

32.Ma J. PDI(Hi) CD8(+) T cells correlate with exhausted signature and poor clinical outcome in hepatocellular carcinoma. J Immunother Cancer.
2019;7:331. doi:10.1186/540425-019-0814-7

33. Reiser J, Banerjee A. Effector, Memory, and Dysfunctional CD8(+) T Cell Fates in the Antitumor Immune Response. J Immunol Res.
2016;2016:8941260. doi:10.1155/2016/8941260

34. Cao L, Zhu L, Cheng L. ncRNA-regulated LAYN Serves as a prognostic biomarker and correlates with immune cell infiltration in hepatocellular
carcinoma: a bioinformatics analysis. Biomed Res Int. 2022;2022:5357114. doi:10.1155/2022/5357114

35. Forde PM, Chaft JE, Smith KN. Neoadjuvant PD-1 blockade in resectable lung cancer; nivolumab and ipilimumab in advanced melanoma; overall
survival with combined nivolumab and ipilimumab in advanced melanoma; prolonged survival in stage III melanoma with ipilimumab adjuvant
therapy; combined nivolumab and ipilimumab or monotherapy in untreated melanoma; nivolumab and ipilimumab versus ipilimumab in untreated
melanoma; rapid eradication of a bulky melanoma mass with one dose of immunotherapy; genetic basis for clinical response to CTLA-4 blockade;
genetic basis for clinical response to CTLA-4 blockade in melanoma; nivolumab plus ipilimumab in Advanced Melanoma; Safety and Tumor
Responses with Lambrolizumab (Anti-PD-1) in melanoma; hepatotoxicity with combination of vemurafenib and ipilimumab. N Engl J Med.
2018;379:2185. doi:10.1056/NEJMx 180040

36. Motzer RJ. Nivolumab plus ipilimumab versus sunitinib in advanced renal-cell carcinoma. N Engl J Med. 2018;378:1277-1290. doi:10.1056/
NEJMoal712126

37.Cai L, Li Y, Tan J, Xu L, Li Y. Targeting LAG-3, TIM-3, and TIGIT for cancer immunotherapy. J Hematol Oncol. 2023;16:101. doi:10.1186/
513045-023-01499-1

38. Liu JTargeting PD-1 and tim-3 pathways to reverse CD8 T-cell exhaustion and enhance ex vivo T-cell responses to autologous dendritic/tumor
vaccines. J Immunother. 2016;39:171-180. doi:10.1097/CJ1.0000000000000122

39. Di Pilato M. CXCR6 positions cytotoxic T cells to receive critical survival signals in the tumor microenvironment. Cell. 2021;184:4512-4530
€4522. doi:10.1016/j.cell.2021.07.015

Journal of Hepatocellular Carcinoma 2024:1 | https: 1047

Dove:


https://doi.org/10.1016/S0140-6736(17)31046-2
https://doi.org/10.1038/s41586-018-0130-2
https://doi.org/10.1038/s41586-018-0130-2
https://doi.org/10.1038/s41577-021-00574-3
https://doi.org/10.1038/s41577-021-00574-3
https://doi.org/10.1002/jcp.27782
https://doi.org/10.1038/s41586-019-1325-x
https://doi.org/10.1038/ni.1679
https://doi.org/10.1016/j.cell.2018.10.038
https://doi.org/10.1038/nri3862
https://doi.org/10.1053/j.gastro.2017.06.017
https://doi.org/10.1002/hep.25777
https://doi.org/10.1084/jem.20082173
https://doi.org/10.1042/BA20070138
https://doi.org/10.1016/j.brainres.2019.05.034
https://doi.org/10.1016/j.brainres.2019.05.034
https://doi.org/10.3389/fimmu.2019.00006
https://doi.org/10.1016/j.matbio.2023.02.005
https://doi.org/10.1084/jem.20192080
https://doi.org/10.1084/jem.20180684
https://doi.org/10.1016/j.immuni.2016.05.001
https://doi.org/10.1080/2162402X.2016.1249561
https://doi.org/10.7759/cureus.6352
https://doi.org/10.1038/s41392-020-00259-8
https://doi.org/10.1038/s41392-020-00259-8
https://doi.org/10.3389/fimmu.2019.01078
https://doi.org/10.1038/s41586-021-03862-z
https://doi.org/10.1038/s41586-021-03862-z
https://doi.org/10.1186/s40425-019-0814-7
https://doi.org/10.1155/2016/8941260
https://doi.org/10.1155/2022/5357114
https://doi.org/10.1056/NEJMx180040
https://doi.org/10.1056/NEJMoa1712126
https://doi.org/10.1056/NEJMoa1712126
https://doi.org/10.1186/s13045-023-01499-1
https://doi.org/10.1186/s13045-023-01499-1
https://doi.org/10.1097/CJI.0000000000000122
https://doi.org/10.1016/j.cell.2021.07.015
https://www.dovepress.com
https://www.dovepress.com

Xiao et al Dove

Journal of Hepatocellular Carcinoma Dove

Publish your work in this journal

The Journal of Hepatocellular Carcinoma is an international, peer-reviewed, open access journal that offers a platform for the dissemination and
study of clinical, translational and basic research findings in this rapidly developing field. Development in areas including, but not limited to,
epidemiology, vaccination, hepatitis therapy, pathology and molecular tumor classification and prognostication are all considered for publication.
The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-hepatocellular-carcinoma-journal

Journal of Hepatocellular Carcinoma 2024:1 1

1048 E ¥ in @ >


https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Patients and Samples Collection
	Flow Cytometry
	Bioinformatics Analysis
	Single-Cell Data Analysis
	Statistical Analysis

	Results
	LAYN is Highly Expressed in Tumor Tissues of HCC Patients
	High Expression of LAYN May Predict Poor Prognosis in HCC Patients
	LAYN is Highly Expressed in CD8<sup>+</sup> TILs, and the Population of LAYN<sup>+</sup>CD8<sup>+</sup> TILs is Highly Abundant Within HCC Tumor Tissues
	LAYN<sup>+</sup>CD8<sup>+</sup> TCells Display an Exhausted and Aberrantly Differentiated Phenotype in HCC
	Genes Enriched in LAYN<sup>+</sup>CD8<sup>+</sup> TCells are Implicated in the Immune Response Process as Well as the Signaling Molecules and Interaction Pathway Within the TME
	LAYN<sup>+</sup>CD8<sup>+</sup> TILs Exhibit Diminished Capacity for Proinflammatory Cytokine Production in HCC
	The Abundance of Intratumoral LAYN<sup>+</sup>CD8<sup>+</sup> TIL is Associated with Impaired Infiltrating CD8<sup>+</sup> TCell Functionality with HCC, and Targeting LAYN Can Partially Restore the Functions of CD8<sup>+</sup> TCells

	Discussion
	Abbreviations
	Data Sharing Statement
	Ethics Approval and Consent to Participate
	Consent for Publish
	Funding
	Disclosure

