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Background: The tumor immune microenvironment (TME) plays a key role in the development of hepatocellular carcinoma (HCC).
As the important components of TME, interleukin-2 (IL-2) mediates immune responses by specifically binding to the interleukin-2
receptor (IL-2R). This study aimed to explore the role of IL-2R in HCC development and provided possible clinical implications in
HCC prognosis and treatment.

Methods: The IL-2R genetic data were acquired from publicly available TCGA and CCLE databases. Data processing and analysis,
including construction of the prognostic model and evaluation of immune status in HCC, were performed on Xiantao platform by using
statistical methods including the Wilcoxon test, Cox regression analysis, correlation analysis. GEPIA2 was used to explore the relation-
ship between IL-2R genes expression and clinical stages, while genetic variations in IL-2R subunits in HCC were determined using
cBioPortal. The IL-2Ra co-expression gene analysis was conducted on the LinkedOmics database. Enzyme-linked immunosorbent assay
(ELISA), colorimetric method, and flow cytometric method were used to analyze peripheral blood samples from patients with HCC.
Results: A prognostic risk model was established by incorporating IL-2Ra, IL-2Rf, and IL-2Ry expression. The infiltration levels of
B cell memory, T cell regulatory cells (Tregs), and immune checkpoints (PDCD1, CTLA4, CD274 and TIGIT) were significantly
elevated in high-risk group of the risk model. Additionally, sIL-2Ra levels were positively correlated with tumor-specific growth factor
(TSGF) and Tregs in the peripheral blood of HCC patients.

Conclusion: The prognostic risk model based on IL-2R subunits may play a role in the regulation of immune function within the
HCC tumor microenvironment. Besides, IL-2Ra may act as a more important role in HCC development among the three IL-2R
subunits. Further research will be needed to verify these initial findings. Overall, these results may provide important insights in
clinical prognosis and therapeutic strategies for HCC.
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Introduction

Primary liver cancer is the sixth most commonly diagnosed cancer worldwide. According to the latest global cancer statistics,
primary liver cancer accounts for over 750,000 deaths in 2022, ranking as the third leading cause of cancer-related mortality.'
In China, an estimated 368,000 new cases of liver cancer occurred in 2022, accounting for 42.4% of the global incidence,
while liver cancer-related deaths reached 317,000, accounting for 41.7% of the total cancer deaths. Histopathologically,
primary liver cancer is mainly composed of hepatocellular carcinoma (HCC), intrahepatic cholangiocarcinoma (ICC), and
combined hepatocellular carcinoma and cholangiocarcinoma (cHCC-CCA), with HCC accounting for approximately 75-85%
of cases.” Although the precise etiology of HCC remains incompletely understood, accumulating evidence suggests it is
associated with viral hepatitis, aflatoxin, metabolic and genetic factors, and life style-related risks, including long-term
cigarette smoking and alcohol consumption.®> Due to its occult onset and atypical early clinical manifestation, HCC is
frequently diagnosed at intermediate to advanced stages. Despite the rapid development in clinical diagnostic and treatment
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techniques, the prognosis of HCC remains poor owing to its substantial molecular heterogeneity, high recurrence and
metastasis.* Consequently, elucidating the underlying molecular mechanisms and searching for novel biomarkers is
necessary for improving early detection and developing therapeutic interventions for HCC.

As early as the 19th century, the “seed and soil” theory was proposed to describe the importance of tumor microenvironment
(TME) in cancer development.® Apart from tumor cells, TME also includes immune cells, resident stromal cells, extracellular
matrix and cytokines secreted by these cells. Interleukin-2 (IL-2) is a glycoprotein-like cytokine primarily produced by activated
T lymphocytes. It plays a crucial role in mediating immune regulation by specifically binding to the interleukin-2 receptor (IL-
2R), a complex comprising a,  and y subunits.”® Effective binding of IL-2 and IL-2R could promote the interaction of IL-2Rp
and IL-2Ry with JAKA kinases, thus triggering downstream intracellular signaling through transphosphorylation. Activated JAK
kinases subsequently initiate the PI3K, STATS, and MAPK signaling pathways, facilitating signal conversion and regulating
immune cellular metabolism and function. However, the role of IL-2R in the tumor microenvironment of HCC was still unclear.

IL-2R exists in two forms: membrane interleukin-receptor (mIL-2R) and soluble interleukin-receptor (sIL-2R).
Additionally, sIL-2R, also called sIL-2Ra, is generated by shedding the a-subunit of IL-2R at the plasma membrane.
As an immunosuppressive factor, sIL-2Ra inhibits lymphocyte proliferation and activation by competitively blocking IL-
2 binding to mIL-2R, eventually leading to immune dysfunction immune responses.’ Previous studies have reported the
elevated concentrations of sIL-2Ra correlated with therapeutic effects and prognosis of malignant tumors.'”

IL-2 was the first cytokine to be successfully used clinically in cancer therapy.'' Since receiving approval for application in
renal carcinoma and melanoma, IL-2 and engineered IL-2 products have been used in the treatment of advanced solid tumors,
especially IL-2 biologics, which have proven to be effective in preclinical studies in the modern era of cancer immunotherapy.'*"
Given the effect of IL-2/IL-2R signaling on cancer progression, this study attempted to evaluate the function of IL-2R in HCC by
bioinformatic analysis, which may provide important insights into the prognosis and treatment of HCC.

Methods

Data Collection and Processing
The procedures used in our study are illustrated in the flow chart shown in Figure 1. The gene expression profiles of patients
with HCC were downloaded from the TCGA database (https://portal.gdc.cancer.gov/), including 407 tumor samples and 32

paracancerous samples (Supplementary Material 1). The gene expression of each HCC cell line was acquired from the

CCLE database (https://portals.broadinstitute.org/ccle/). Further visualized data processing and analysis were operated on

the Xiantao online platform (https://www.xiantaozi.com/). The relationship between the expression of IL-2R subunits and

clinical stage in HCC was assessed using GEPIA2 (http://gepia2.cancer-pku.cn/#index). Genetic variation features of IL-2R

subunits in HCC were determined using the cBioPortal (http://cbioportal.org).

Construction of Prognostic Risk Model

The prognostic risk model was conducted using the R language package on the Xiantao online platform (LASSO regression
analysis). Patients were categorized into either high- or low-risk group, with the median risk score serving as the threshold
(Supplementary Material 2). The survival outcomes in these two groups were drawn by Kaplan-Meier survival curve. The

predictive power of the prognostic model was evaluated through the receiver operating characteristic (ROC) curve.

Analysis of Immune Infiltration in HCC

Based on the CIBERSORT algorithm,'*'> the immune cell infiltration in different risk groups of HCC was quantified using the
markers of immune cells, and the analysis results were conducted on the Xiantao online platform. Additionally, an analysis of the
expression levels of immune checkpoints in TME was conducted to quantify the differences between these two risk groups.

Gene Function Enrichment Analysis

The Xiantao online tool was applied to the functional enrichment analysis involving three IL-2R subunits genes. Gene
Ontology and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis of IL-2Ra co-expression genes was
performed using the LinkedOmics database (http://www.linkedomics.org).
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Figure | Flowchart of the study procedures.

The Immunologic Detection in Peripheral Blood of Patients with HCC

The clinical data were retrospectively collected from the electronic medical records of 28 treatment-naive patients with
advanced HCC. These patients were admitted to the Department of Gastroenterology at the Shanxi Province Cancer
Hospital between January 2021 and December 2022. None of the patients had undergone previous chemotherapy, radio-
therapy, interventional therapy, or any other treatment. There were 22 males and 6 females aged 41-86 years with an
average age of 61.3+ 10.2 years old, of which 22 (78.6%) were chronic hepatitis B patients. The main inclusion criteria
were complete clinical information, age > 18 years, unresectable metastatic hepatocellular carcinoma, confirmed by
histopathological examination, who had received no previous systemic therapy for metastatic disease, baseline Eastern
Cooperative Oncology Group (ECOG) performance status of 0 or 1, and adequate hematological and organ function. Key
exclusion criteria were combined with other systemic tumors, secondary liver malignancy, hematological and immunolo-
gical diseases, and severe dysfunction of the heart, lungs, and other functional organs. The serum levels of sIL-2Ra were
detected by ELISA, and the serum levels of TSGF were measured using a colorimetric method. The kits were purchased
from MULTI SCIENCES(LIANKE) BIOTECH Co., Ltd. Flow cytometry was used for lymphocyte subpopulation
determination (BD FACSCalibur Cell Sorting System). Written informed consent was obtained from all patients.

Statistical Analysis

For parametric data, the Wilcoxon test was used to compare differences between HCC tissues and corresponding non-
cancerous tissues. Kaplan-Meier and log-rank analysis were used to assess differences in survival outcomes between the
different groups. Univariate and multivariate Cox regression analysis were used to evaluate the prognostic significance of
the genes in HCC. Peripheral blood data were presented as mean + standard deviation, and one-sample t-tests were used
to conduct statistical comparisons. Correlation analysis was used to determine the Pearson correlation coefficient.
Statistical significance was set at P < 0.05.

Results

IL-2R Subunits mMRNA Expression Was Different in HCC Tissues from TCGA Database

The IL-2Ra and IL2-Ry mRNA expression levels were significantly upregulated in the HCC tissues. However, the
mRNA expression levels of IL-2Rp} were significantly downregulated in the HCC tissues (Figure 2A). No significant
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Figure 2 The mRNA expression of three IL-2R subunits genes in HCC tissues from TCGA database. (A) The mRNA expression of IL-2Ra, IL-2RBand IL2-Ry in HCC and
normal tissues in TCGA database (***p<0.001). (B) IL-2Ro, IL-2RPand IL2-Ry expression at various clinical stages of HCC. (C) The effect of IL-2Ra, IL-2RBand IL2-Ry
expression on OS in HCC. Higher IL-2Ra expression was associated with worse OS. IL-2RBand IL2-Ry were not significantly associated with OS (p<0.05). (D) The mRNA
expression profiles of the three IL-2R subunits across 22 HCC cell lines from cell dataset.

association was observed between the expression of IL-2R subunits and the clinical stage of HCC (Figure 2B). Kaplan-

Meier survival curves demonstrated high expression levels of IL-2Ra, signifying a correlation with poor overall survival

(0S). In contrast, IL-2Rp and IL-2Ry expression levels were not significantly associated with patient survival
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(Figure 2C). The cell dataset comprised the mRNA expression profiles of the three IL-2R subunits across 22 HCC cell
lines, suggesting HCC cell heterogeneity in the expression of IL-2R subunits mRNA (Figure 2D).

Genetic Variation Features of IL-2R Subunits Were Present in HCC

The cBioportal database was used to obtain genetic alteration information for IL-2R subunits in HCC (TCGA, PanCancer
Atlas). The analysis results revealed that genetic alterations in the IL-2R subunits were present in 39 (10%) patients with
HCC. These alterations included elevated mRNA expression (58.97%), gene amplification (20.51%), gene mutations
(15.39%), and deep gene deletion (5.12%) (Figure 3A). Additionally, the frequency of genetic variation in IL-2R subunits
was 5% for IL-2Ra, 3% for IL-2Rp, and 5% for IL-2Ry (Figure 3B). Notably, genetic alterations in IL-2R subunits were
significantly associated with OS but not with progression-free survival (PFS) (Figure 3C).

The High-Risk Scores of Prognostic Model Correlated with Poor Survival in Patients
with HCC

To assess the prognostic significance of three IL-2R subunits genes in HCC, we used the LASSO regression analysis to
construct a prognostic risk model, yielding the following formula: Risk score=(0.3271)*IL-2Ra+(—0.2443)*IL-2Rp
+(0.1001)*IL-2Ry (Figure 4A and B). Based on the median value of the risk scores, patients were categorized into
high- and low-risk groups The results revealed that the mortality rates of patients with HCC increased with higher risk
scores (Figure 4C and D). The expression of three IL-2R subunits genes was visualized on a heat map (Figure 4E). The
Kaplan-Meier survival curve showed that high-risk scores correlated with poor survival in patients with HCC
(Figure 4F). ROC curve analysis demonstrated that the predictive performance of the model for OS yielded AUC values
of 0.531 for 1-year OS, 0.605 for 3-year OS, and 0.658 for 5-year OS, suggesting the relatively weak precision of this
risk model prognostic signature in HCC development (Figure 4G).
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Figure 3 Genetic variation of IL-2R subunits in HCC. (A) and (B) The genetic alteration frequency of IL-2R subunits in HCC. (C) Kaplan-Meier curve showing genetic
alterations in IL-2R subunits were associated with OS, but not with PFS.
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Figure 4 The prognostic role of IL-2R subunits genes in HCC. (A) LASSO regression coefficient distribution. (B) Optimal parameters determined using cross-validated
LASSO regression. (C) Risk scores of HCC patients in the high- and low-risk groups. (D) Survival status of each HCC patient in the high- and low-risk groups. (E)
Expression of IL-2Ra, IL-2RBand IL2-Ry in the heatmap. (F) Kaplan-Meier survival curve showing that patients in the high-risk group had worse prognosis than those in the
low-risk group. (G) AUC values were 0.531 (I-year OS), 0.605 (3-years OS), and 0.658 (5-years OS).

The Immune Status Was Different in High and Low Risk Groups of HCC

GO and KEGG enrichment analysis revealed that IL-2R subunits played a key role in immune regulation and
cytokine-mediated signaling pathways (Figure 5A). Subsequently, we evaluated immune infiltration in HCC in
different risk groups using the CIBERSORT algorithm. The results indicated that the infiltration levels of B cell
memory and T cell regulatory (Tregs) were significantly higher in the high-risk group than in the low-risk group,
while the infiltration levels of naive B cells, resting NK cells, and monocytes were significantly higher in the low-
risk group than in the high-risk group (Figure 5B). Additionally, the expression levels of immune checkpoints
(PDCD1, CTLA4, CD274, and TIGIT) were significantly higher in the high-risk group than in the low-risk group
(Figure 5C).

IL-2Ra Regulated the Immune Function of HCC
Univariate and multivariate Cox regression analysis demonstrated that pathological T stage and IL-2Ra were independent
prognostic predictors of HCC (Figure 6A). Subsequently, the LinkedOmics database was used to identify IL-2Ra co-
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Figure 5 Immune infiltration in high and low risk groups of HCC. (A) GO and KEGG enrichment analyses of IL-2R subunits. (B) Immune cell infiltration in the high- and
low-risk HCC groups. (C) Expression of immune checkpoint genes in the high- and low-risk HCC groups. *p<0.05, **p<0.01, **p<0.001, ns: no significance.

expression patterns in HCC. The top 50 genes that were positively and negatively related to IL-2Ra were visualized in
a heat map (Figure 6B). IL-2Ra related genes might play a role in cellular immunity, cell metabolism, and other
biological processes (Figure 6C). Additionally, IL-2Ra expression positively correlated with the infiltration levels of
T cell CD4+ T cells (Figure 6D). The expression levels of the immune checkpoints (PDCD1, CTLA4, CD274 and TIGIT)
were significantly upregulated in the high IL-2Ra expression group (Figure 6E). The expression levels of sIL-2Ra and
TSGF in the peripheral blood of patients with HCC were significantly elevated above the reference value limits (Table 1).
Correlation analysis revealed that sIL-2Ra positively correlated with TSGF (r = 0.6445, p < 0.01) and Tregs (r =0.4875,
p < 0.01) (Figure 6F; Supplementary Material 3).

Discussion

Hepatocellular carcinoma is one of the most aggressive cancers and is associated with high mortality and poor prognosis.
It is estimated that 70% of HCC patients remain undiagnosed until the disease has progressed to an advanced stage, with
a 5-year survival rate of less than 10%.> Therefore, systematic therapies play a crucial role in the treatment of patients
with advanced HCC. HCC is inherently resistant to chemotherapy and often exhibits poor responsiveness to the currently
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available chemotherapeutic agents. In recent years, the clinical development and application of molecularly targeted
therapies and immunotherapeutic agents have significantly improved the prognosis of HCC.'*?! As a typical inflamma-
tion-related cancer, the tumor immune microenvironment is considered to play a key role in the occurrence, development,
and anti-tumor therapeutic interventions of HCC.??2® Thus, future therapeutic approaches targeting the immune TME
have a significant potential for HCC treatment.

Interleukin-2 is an important cytokine that activates multiple cellular signaling pathways by binding to IL-2R on the
cell surface. This interaction facilitates the regulation of various cellular processes, including cell proliferation, apoptosis,
and immune response.”’ >' Subsequently, IL-2 has been used to treat certain types of cancers,'” autoimmune diseases,
immunodeficiency diseases,** infectious diseases** and so on. IL-2R complexes are commonly expressed in human cells,
including immune cells, tumors, and various non-immune cells. In this study, we evaluated the expression levels of the
three IL-2R subunits in HCC using TCGA and GTEx databases. We observed that IL-2Ra and IL-2Ry mRNA expression
was upregulated, but IL-2R3 mRNA expression was downregulated in the HCC tissues. Compared to IL-2Ra and IL-
2Ry, IL-2RpB was predominantly expressed in NK and CD8+ T cells, which play a significant role in suppressing cancer.
Thus, we observed L-2Rp was downregulated and negatively weighted in the risk model. Additionally, IL-2Ra over-
expression correlated with poor prognosis in HCC patients. These preliminary observations suggest that IL-2R subunits
play distinct roles within the TME and are associated with the development of HCC. Moreover, genetic alterations in IL-
2R subunits were correlated with the OS of patients with HCC. Subsequently, we constructed a risk model to evaluate the
prognostic significance of the three IL-2R subunits in HCC. Although the AUC derived from the model does not fully
reflect the precision of the prognostic signature, our study tentatively found that the risk score based on these three IL-2R
subunits genes may serve as a potential prognostic indicator for HCC.
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Table | The Immunologic Detection in Peripheral Blood of
Patients with HCC

Variables (N=28) X+s Reference Values
sIL-2Ra (pg/mL) 1987.04 + 1081.20%** <850

TSGF (U/mL) 68.91 * 6.35% <66

B cells (%) 9.21 £528

T cells (%) 67.81 £ 10.14

CDA4+ T cells (%) 38.66 + 10.93

CD8+ T cells (%) 27.19 £ 1244

NK cells (%) 18.35 + 10.27

Tregs (%) 722276

Notes: *p<0.05 and **p<0.001.

As the main metabolic organ of the body, the liver constantly filters microorganisms, metabolites and pathogens from
the gut to protect itself against immune-mediated damage, ultimately establishing a tolerant and immunosuppressive
microenvironment.***® Thus, the liver is also referred to as an immune-exempt organ dominated by immunosuppressive
cells and is involved in various signaling pathways.?? The pathophysiology of HCC is a complex multifactorial process
characterized by a significantly heterogeneous tumor immune microenvironment.®” In recent years, the advent of
immunotherapy-based combination regimens has significantly improved HCC prognosis. This approach has become
the standard treatment for patients with advanced HCC. However, research has shown that approximately 10-30% of
patients with advanced HCC who undergo immunotherapy achieve complete or partial remission.'®'*2%383% Therefore,
further understanding the role of tumor immune microenvironment is vital to facilitate the development of more targeted
therapeutic strategies with improved outcomes in patients with HCC. CD8+ T cells are the main actors in the anti-tumor
immune response, exerting their ability to eliminate tumor cells through effector molecules, such as perforin, granase,
and Fas ligand.*® Dysregulation of CD8+ T cells is affected by multiple factors, and new research has also identified
some co-inhibitory molecules (CTLA-4, PDCD1, CD274, TIGIT, etc.) and their corresponding ligands that play an
important role in CD8+T inactivation and depletion in HCC.*' In this study, we observed no significant difference in
CDS8+ T cell infiltration between the two groups, however, these four molecules were overexpressed in the high-risk
group. This observation suggests the possible dysfunction of CD8+ T cell in HCC development. Unlike CD8+ T cells,
CD4+ T cells consist of different subtypes with distinct biological functions and phenotypes, including T helper 1 (Thl),
T helper 2 (Th2), T helper 17 (Th17), regulatory T cells (Tregs), and follicular helper T cells (Tth).** Our results indicate
that Treg infiltration was significantly greater in the high-risk group among CD4+ T cell subtypes. Tregs exert
immunosuppressive effects in the tumor microenvironment, and promote tumor evasion from immune surveillance by
weakening the anti-tumor specific immune response. Studies have shown that high infiltration of Tregs is related with
shorter OS and worse prognosis in patients with HCC.** B cells are mainly distributed in the invasion front area of HCC.
While these tumor-infiltrating B cells did not exhibit immunoprotective properties, their infiltration levels were positively
related with the early postoperative recurrence of HCC. Research has shown that mature B cells secrete antibodies that
may induce polarization of M2 macrophages, ultimately promoting liver cancer progression by reducing the therapeutic
effect of epigenetic reprogramming.***> Additionally, we observed that the infiltration levels of B cell memory were
significantly elevated in the high-risk group, while the infiltration levels of naive B cell infiltration were significantly
elevated in the low-risk group. NK cells are generally considered the first line of defense against tumors. However,
a hypoxic tumor microenvironment may lead to impairment of NK cell activation and promote immune escape.*®*’
Although no significant difference was observed between the two groups in terms of activated NK cell infiltration, the
low-risk group exhibited higher levels of resting NK cell infiltration. This finding suggests that the low-risk group may
have a more favorable prognosis if the NK cells are activated. Monocytes play an indispensable role in local immune
regulation within the tumor microenvironment. Through their direct interaction with CD8+ T cells, monocytes may
enhance the expression of CD8+ T cells, thus effectively inhibiting tumor growth.*® Here we observed that monocyte
infiltration was significantly higher in the low-risk group than in the high-risk group of patients with HCC. Moreover, our
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analysis showed that low-risk HCC patients exhibited better prognostic outcomes and may benefit from immune
checkpoint inhibitors, which could help develop therapeutic regimens for patients to improve HCC outcomes.
Previous research has found that sIL-2Ra are highly expressed in a variety of cancers, including papillary thyroid,
breast, and lung cancers, which often predict poor prognosis.** ' Besides, the aberrant expression of IL-2Ro was
associated with the occurrence of autoimmune diseases. Given that sIL-2Ra is an independent predictor of HCC
prognosis, we evaluated the relationship between IL-2Ra expression and the immune status in HCC. Our findings
indicate that the group with high IL-2Ra expression exhibited a greater degree of activated CD4+ memory T cell
infiltration. TSGF is a special “signal molecule” released by malignant tumor cells and is composed of small molecules,
such as sugars, amino acids, and metabolites. This molecule promotes the supply of oxygen and nutrition for tumor
growth by inducing tumor angiogenesis, thereby contributing to tumor progression.”> Serum TSGF has been used for the
clinical identification and assessment of treatment effects in various malignancies, including hepatocellular carcinoma.>*
>7 Subsequently, we retrospectively collected clinical data to evaluate immune function in the peripheral blood of HCC
patients. The results showed that the expression levels of sIL-2Ra and TSGF were above the reference value limits in
HCC. Correlation analysis revealed that sIL-2Ra positively correlated with TSGF and Tregs. These data suggest that sIL-
2Ra may influence TSGF secretion and immune function in HCC patients. Although this study represents the first
attempt to construct a prognostic model for HCC based on IL-2R subunits using a publicly available database, real-world
clinical data are essential to further evaluate the feasibility of this model. In addition, we aimed to investigate the role of
IL-2R in HCC development from a histopathological perspective. However, due to the diverse clinical classifications of
HCC, these factors may have influenced the conclusions drawn from this study. Therefore, future research should explore
the role of IL-2R in the different clinical subtypes of HCC. Additionally, a comprehensive series of experimental studies,
including functional cell experiments, animal models, and expanded clinical data collection, is essential to validate the
role of IL-2R in HCC progression.

Conclusion

In short, this study attempts to construct a prognostic risk model based on IL-2R subunits, which may play a role in the
regulation of immune function within the HCC tumor microenvironment. Besides, IL-2Ro may act as a more important
role in HCC development among the three IL-2R subunits. Further research will be needed to verify these initial findings.

Overall, these results may provide important insights in clinical prognosis and therapeutic strategies for HCC.
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