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Background: Extrahepatic metastasis in hepatocellular carcinoma (HCC) greatly limits the prognostic survival of HCC patients.
Levels of preoperative peripheral lymphocyte subsets and cytokines in the serum for predicting extrahepatic spread of hepatocellular
carcinoma are still not common in clinical practice. The aim of this study is to investigate the value and mechanisms of peripheral
lymphocyte subsets and cytokines in predicting extrahepatic spread of HCC.

Methods: We used a retrospective design to analyze data pertaining to a total of 380 patients with HCC who were examined for
peripheral T-lymphocyte subsets before receiving microwave ablation. We performed Cox regression analysis to screen out indepen-
dent risk factors and used pathology specimens from the patients and public databases of liver cancer to investigate the correlation
between cytokines and intra-tumor immune cells.

Results: The CD4'" group had better metastasis-free 1-year, 3-year, and 5-year survival rates compared to the CD4"€" group (80%
vs 69%, 67% vs 51%, and 57% vs 39%, respectively; HR 1.7 (1.2, 2.3), P = 0.0019). Similarly, the CD8"&" group had better
metastasis-free 1-year, 3-year, and 5-year survival rates compared to the CD8'™ group (65% vs 78%, 46% vs 64%, and 34% vs 54%,
respectively; HR 0.6 (0.4, 0.8), P < 0.001). Patients with the CD4"€"/CD8'" phenotype had significantly worse metastasis-free
survival times compared to other patients (HR 2.0 (1.5, 2.8), P < 0.001). Additionally, T lymphocyte-specific genes (CD4, CD8) were
correlated with CCLS5 expression, which was also positively correlated with the level of intra-tumoral infiltrating CD8 T cells and the
prognosis of HCC patients.

Conclusion: Both CD4" and CD8" T lymphocyte subsets were independent risk factors for extrahepatic metastasis in HCC. Serum
CCLS levels could indicate the infiltration level of intra-tumoral CD8" T cells and the risk of extrahepatic metastasis in HCC patients,
aiding in patient risk stratification for metastasis.

Keywords: cytokine CCLS5, extrahepatic metastasis of hepatocellular carcinoma, peripheral lymphatic subset analysis, cytotoxic CD8"
T cells

Introduction

Hepatocellular liver cancer is one of the most common malignancies in the world, with its incidence increasing year
by year worldwide.'* Although five-year survival rates can reach 50-70% after surgery or ablative treatment for early-
stage hepatocellular carcinoma (HCC), the high recurrence and metastasis rates still greatly limit the prognostic survival
of patients.> ® Incurability and death in more than 90% of cancer patients was due to metastasis,”* and the occurrence of
extrahepatic metastasis (EHM) of HCC was up to 37%, which is one of biggest challenge in the management of HCC.’
EHM can occur during all stages of hepatocellular carcinoma progression and involve multiple other organs or tissues
through hematogenous or lymphatic metastases. Therefore, management of hepatocellular carcinoma necessitates early
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diagnosis and treatment of HCC patients with extrahepatic metastasis to effectively improve the prognosis and survival
conditions of patients.

Tumor immune escape is an important mechanism for distant tumor implantation. Circulating immune tumor cells are
not effectively removed if the balance of the immune environment of the body system is disrupted, for instance, through
insufficient killing capacity of CD8" T-cells or an excessive number of inhibitory CD4" T-cells. This increases the
likelihood that the surviving tumor cells will implant in distant organs. The growth of tumor-specific CD8"
T lymphocytes and the production of interferon-gamma (IFNg) were shown to be suppressed by high doses of IL-15,
as reported by Chen et al.'® In addition, circulating Treg cells can modulate the anti-tumor immune function of the body
through tumor-specific immune responses, and patients with HCC having low levels of myeloid-derived suppressor cells
(MDSC) who were treated with hepatic artery-infusion chemotherapy (HAIC) had better overall survival.'""'* Moreover,
incomplete radiofrequency ablation can lead to activation of METTLI1 in residual tumor cells, which in turn regulates the
transcription levels of TGF-p. This recruitment of PMN-MDSCs subsequently induces HCC recurrence.'® These results
suggest that peripheral lymphocyte status is associated with the prognosis of HCC patients. However, it is still unknown
whether the peripheral immune status of patients with HCC treated with ablation therapy affects HCC metastasis.

It is well established that cytokines attract immune cells and route them to target organs, thus initiating inflammatory
responses and immune surveillance. The role of CCLS in the progression of hepatocellular carcinoma tumors is still
debatable. The expression level of endosialin in HSC is inversely linked with tumor proliferation capability in
hepatocarcinogenesis,'* suggesting that CCL5 may adversely control endosialin. Cancer associated-fibroblasts derived
CCLS5 can extend the cytoplasmic presence of HIF and activate ZEB1, thereby inducing the transformation of tumor cells
through epithelial-mesenchymal transition (EMT) and promoting distant metastasis of the tumor.'> Moreover, over-
expression of CCL5 in circulating tumor cells drove regulatory T cells to migrate to tumor tissue, assisting the tumor
cells in immune escape and distant metastasis.'*'¢

However, a new study showed that PGLYRP2 could regulate the transcriptional level of CCL5 by directly interacting
with the CCL5 promoter region and, in this way, enhancing the anti-tumor immune response of the body.'” In addition, it
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has been found that the CCL4/CCL5-CCR1/CCRS5 pathway can promote the infiltration of yd T cells from peripheral
blood or tumor peripheral areas into tumor tissues, thus playing an anti-tumor role.'® Finally, in a p-catenin-driven HCC
model, re-expression of CCLS5 in tumor cells was able to increase the numbers of intra-tumoral dendritic cells and
antigen-specific CD8 T cells, thereby restoring the immune surveillance function of the body."®

The presence of extrahepatic metastasis in HCC patients is crucial for selecting the appropriate clinical treatment
approach. Timely and effective assessment of the risk of extrahepatic metastasis in HCC patients is an important
prerequisite for improving patient prognosis and overall survival. In this study, we systematically evaluated the clinical
value of peripheral immune status for the assessment of extrahepatic metastases in HCC. In addition, the level of serum
CCLS5 is related to the function and status of tumor-infiltrating T lymphocytes in HCC patients undergoing thermal
ablation. This suggests that serum CCLS5 may potentially serve as a promising indicator for evaluating the risk of
extrahepatic metastasis in HCC ablation patients.

Materials and Methods

Patients

This single-center research comprised 380 blood samples from patients having curative thermal ablation of HCC treated
between April 2010 and December 2021. Through retrospective chart analysis, we collected data from primary laboratory
tests, such as the definition of peripheral lymphocyte subsets and the levels of serum cytokines, alpha fetoprotein (AFP),
albumin, platelets (PLTs), hemoglobins (HBs), and prothrombin, and extracted demographic information such as gender,
age, tumor size, hepatitis virus history, Child-Pugh score, Barcelona Clinical Liver Cancer (BCLC) stage, and long-term
follow-up survival data. Blood was collected from patients only after they signed an informed consent form, in
accordance with the Declaration of Helsinki standards. The exclusion criteria of this retrospective study are patients
who were lost to follow-up, patients with missing laboratory examination data, and patients with extrahepatic metastasis
prior to treatment.

Follow-Up

Within a month after undergoing thermal ablation, all patients treated for HCC underwent either ultrasonography (US),
computed tomography (CT), or magnetic resonance imaging (MRI) to assess the efficacy of the procedure and ensure
that all malignant lesions had been eradicated. Extrahepatic metastasis (EHM) was the study endpoint, defined as the
appearance of new tumor lesions outside of the liver detected by imaging. Patients were closely followed up every three
to six months, and those suspected of having distant metastases were required to provide diagnostic imaging results from
their local hospital.

Analysis of Peripheral Lymphatic Subsets

In this retrospective study, patients with HCC had two to three milliliters of their fasting venous blood taken and placed
in ethylenediaminetetraacetic acid (EDTA) anticoagulant tubes before undergoing thermal ablation. For the analysis of
peripheral lymphocyte subsets, the corresponding antibodies were added as per the manufacturer’s instructions, and these
included anti-human CD45-AmCyan-A, CD3-APC-Cy7A, CD4-PE-Cy7, CD8-PerCP-Cy5-5-A, CD16-FITC-A, CD19-
PerCP-Cy5, CD25-APC-A, CD28-PE-A, CD45RA-FITC, CD45RO-APC-A, and CD56-PE-A (Beckman Coulter, Inc.,
BD Bioscience). Fluorescence-activated cell sorting (FACS) data were analyzed using FlowJo software (Tree Star, Inc.).

Subgrouping
Patients with hepatocellular carcinoma who were included in this retrospective study were categorized according to the
analysis of peripheral lymphocyte subpopulations. The CD4"€" group was defined as individuals with a CD4 cell

percentage greater than 25, while the CD4'*%

group consisted of those with a CD4 cell percentage less than or equal to
25. Similarly, the CD8™E" group was identified by a CD8 lymphocyte percentage greater than 30, and the CD8'% group

included individuals with a cell percentage less than or equal to 30. Additionally, individuals in the CD4™&" CDg'™
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group were characterized as those with a CD4 cell percentage greater than 25 and a CD8 lymphocyte percentage less than
or equal to 30.

Cytokine Assay

Blood samples were collected using EDTA anticoagulation tubes and then centrifuged at 2000 rpm for 10 minutes at
room temperature. We used the Bio-Plex 200 system (Bio-Plex Pro Human Cytokine Grp I Panel 27-Plex; Bio-Rad,
USA) as specified by the manufacturer of the commercial kit. The procedure is detailed in a previous study.?’ In this
study, we detected a total of 27 cytokines, including IL-1B, IL-1RA, IL-6, IL-8, IL-17A, IL-10, and TNF-a (immuno-
modulatory cytokines); FGF-basic, VEGF, G-CSF, and GM-CSF (growth cytokines); IFN-y, IL-2, IL-4, IL-5, IL-7, IL-13
IL-12p70, IL-15, and IP-10 (helper T cell-associated cytokines); IL-9, MCP-1, RANTES, MIP-1a, MIP-13, PDGF-BB,
and Eotaxin.

Statistical Analysis

We used the EMpowerRCH software for statistical analysis in this study. In order to study the influence of peripheral
lymphocyte subsets on extrahepatic metastasis-free survival in HCC patients undergoing ablation therapy, we included 15
variables factors related to peripheral immune function status. Univariate Cox regression analysis was performed to
examine the relationship between the 15 variables and survival with liver extrahepatic metastasis. Results indicated that
three variables showed significant associations (p<0.05). Following this, a multivariate analysis was conducted on these
three variables, revealing that two variables remained statistically significant and could be considered as independent
factors. Student’s 7-test was used to analyze continuous variables, and the chi-square test or Fisher’s exact test were used
for categorical variables. Kaplan-Meier survival curves were plotted to assess survival differences between patients with
different peripheral lymphoid subset immune function phenotypes. Spearman correlation analysis was performed to
evaluate the relationship between CCL2, CCLS5, and the characteristics of CD4 and CDS. A P value < 0.05 was
considered statistically significant.

Single-Cell Sequencing

In this research, sequencing information was acquired using the liquid droplet-based scRNA-seq method. Tissues were
processed using a single-cell platform that included GemCode gel beads, microarrays, and library preparation kits (10X
Genomics, Pleasanton). The number of cells loaded per patient was 1*¥10°. The cells were then separated into individual
cells with emulsifiers and subjected to cell lysis and RNA-barcoded reverse transcription in the GemCode instrument,
followed by amplification, shearing and 3" adaptor and sample index attachment. Library sequencing was done on the
Illumina Hiseq 4000.

Results

Baseline Characteristics of Patients
Only 380 patients with HCC treated with microwave ablation (original cohort, n = 315; validation cohort, n = 65) were
included in this retrospective study (Figure 1) after excluding 548 non-HCC patients, 104 patients lost to follow-up, 44
patients with no laboratory data, and 16 patients with extrahepatic metastases prior to treatment. The baseline character-
istics and clinical characteristics of the original cohort (median age: 58.8 years; interquartile range: 32—89 years; n = 315)
and validation cohort patients (median age: 59.5 years; interquartile range: 34—80 years; n = 65) are summarized in
Table 1. The findings suggest that there were no statistically significant disparities observed in terms of lifestyle habits,
BMI indices, tumor markers, blood examinations, comorbidities, and physical functional status between the two cohorts
of patients. Therefore, all baseline characteristics of the two cohorts were comparable (P > 0.05).

Preoperative identification of peripheral lymphatic subgroups was performed on 315 patients who had had microwave
ablation for hepatocellular cancer; of them, 180 (57.14%) had extrahepatic metastases. Moreover, among patients with
extrahepatic metastases, there was a higher proportion of patients in BCLC stage B when compared to patients with no
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cytokines detection

Figure | Flowchart of data sampling.

extrahepatic metastases (37 of 180 [20.6%] vs 14 of 135 [10.4%], respectively; P = 0.015) and more tumor cells (1.9 £
1.6 vs 1.4 £ 0.8, respectively; P = 0.015, Table S1).

To comprehensively analyze the systemic immune status of patients with and without EHM, laboratory test results
linked to peripheral immune status were compared between the two groups. There were no statistically significant
differences between the groups in terms of total leukocyte or lymphocyte, neutrophil granulocyte, or platelet counts. The
values of serum AFP, hemoglobin, and prothrombin were also comparable between the two groups (Table S2). Overall,

Table | Patient Characteristics in Primary and Validation Cohort

Characteristic Primary Cohort (N=315) Validation Cohort (N=65) p-value
Gender 0.863
Male 249 (79.0%) 52 (80.0%)
Female 66 (21.0%) 13 (20.0%)
BMI 244 + 3.1 25.1 £3.2 0.073
Smoke 0.072
No 193 (61.3%) 32 (49.2%)
Yes 122 (38.7%) 35 (50.8%)
Alcohol consumption 0.110
No 274 (78.4%) 45 (69.2%)
YES 68 (21.6%) 20 (30.8%)
AGE 588 + 10.4 59.5+97 0.640
ECOG 0.168
0 306 (97.1%) 65 (100%)
| 9(2.9%) 0(0.0%)
Tumor size 28+ 1.3 2712 0.850
Tumor number 1.7+ 1.4 18+ 1.5 0.520
Hepatitis 0.288
None 34 (10.8%) 13 (20.0%) 0.098
HBV 235 (74.6%) 45 (69.2%)
HCV 36 (11.4%) 4 (6.2%)
HBV&HCV 4 (1.3%) 0 (0.0%)
Others 6 (1.9%) 3 (4.6%)
(Continued)
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Table | (Continued).

Characteristic Primary Cohort (N=315) Validation Cohort (N=65) p-value
Comorbidities 0.154

None 92 (29.2%) 21 (32.3%)

Hypertension 37 (11.7%) 13 (20.0%)

Diabetes 59 (18.7%) 13 (20.0%)

Others 127 (10.3%) 18 (27.7%)
AFP 255.2 + 1620.7 753.3 £ 29684 0.538
WBC 47+ 17 48+ 1.9 0.384
Lymphocytes 03 +0.1 03 +0.1 0.188
Neutrophils 0.6 0.1 0.6 0.1 0.177
HB 1345 + 18.0 1329 + 173 0.840
Albumin 402 £ 43 398 £42 0.513
PLTs 125.7 + 57.7 1224 + 49.7 0.854
Prothrombin 143 £ 2.2 140 + 1.0 0.790
BCLC Staging 0.455

A 264 (83.8%) 52 (80.0%)

B 51 (16.2%) 13 (20.0%)
Child-Pugh Grade 0.060

A 312 (99.0%) 63 (96.9%)

B I (0.3%) 2 (3.1%)

C 2 (0.6%) 0 (0.0%)

Note: Values are meanztstandard deviation or number (%).
Abbreviations: PLT, platelets; AFP, alpha fetoprotein; WBC, white blood cells; HB, hemoglobin.

the baseline levels were generally consistent between the two groups of patients with EHM and non-EHM HCC in the
original cohort.

Independent factors associated with extrahepatic metastasis of hepatocellular carcinoma:

A common contributor to EHM in individuals with hepatocellular carcinoma is a compromised anti-tumor immune
response. To some extent, the effectiveness of an organism’s defenses against tumors may be reflected in the ratio of
peripheral immune cells. We investigated the possible relationship between peripheral immune lymphoid subsets and
extrahepatic metastasis to better understand the impact of systemic immunological features of the organism on the
incidence of extrahepatic metastasis in HCC patients.

Univariate Cox regression analysis revealed that the ratio of three T lymphocytes, CD4, CDS8, and Treg, was
associated with the occurrence of extrahepatic metastasis in HCC patients (P < 0.05, Table 2). We used the fitting
curve to calculate the optimal cut-off values for CD4, CD8, and Treg in the study (Figure S1). Multivariate Cox
regression model analysis showed that CD4 and CD8 were independent factors for the occurrence of extrahepatic
metastasis in HCC patients (Table 2). In conclusion, we found that the ratio of peripheral immune CD4" T cells was a risk
factor for the occurrence of extrahepatic metastasis in HCC patients, while the ratio of CD8" T cells was a protective
factor.

Effect of EHM-Related Risk Factors on Clinical Outcomes in HCC Patients

To further investigate the effect of peripheral CD4 and CD8 lymphatic subsets on the clinical outcome of HCC patients
with hepatocellular carcinoma, we analyzed the levels of peripheral CD4 and CD8 subsets in HCC patients for the
survival time without extrahepatic metastasis among different groups of HCC patients. The 1-, 3-, and 5-year metastasis-
free survival rates in the CD4"€" and CD4'™ groups were 69% vs 80%, 51% vs 67%, and 39% vs 57%, respectively. The
median progression-free survival was 38.4 months vs 85.7 months in the CD4™&" and CD4'°" groups, respectively (HR
1.7 (1.2, 2.3), P =0.0019, Figure 2). In addition, the 1-, 3-, and 5-year metastasis-free survival was 78% vs 65%, 64% vs
46%, and 54% vs 34% in the CD8™E" and CD8'*™ groups, respectively (HR 0.6 (0.4, 0.8), P < 0.001, Figure 2, Table S3).
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Table 2 Univariate and Multivariate Analyses of Prognostic Factors Associated with EHM

Characteristic Univariate Analysis Multivariate Analysis
HR 95% CI p value HR 95% CI p value

WBC 1.0 0.9-1.1 0.856 - - -
Lymphocytes 1.3 0.3-5.8 0.715 - - -
Neutrophils 0.7 0.2-2.7 0.646 - - -
B Cells 1.0 1.0-1.0 0.119 - - -
CD4"

CD4"°" (25) 1.0

CD4"e" (>25) 1.7 1.2-2.3 0.002* 1.4693 1.0390-2.0779 | 0.0295*
CD28* 1.0 1.0-1.0 0.165 - - -
CD28" 1.0 1.0-1.0 0.336 - - -
CcD3* 1.0 1.0-1.0 0.258 - - -
CD4*/CD8" 1.0 0.9-1.2 0.908 - - -
cDbsg*

CD8"Y (£30) 1.0

CcDg"e" (>30) 0.6 0.4-0.8 <0.00 | *+* 0.6385 0.4612-0.8840 | 0.0069*
NK 1.0 1.0-1.0 0.095 - - -
NKT 1.0 0.9-1.0 0.179 - - -
CD45RA" 1.0 1.0-1.0 0.851 - - -
CD45RO" 1.0 1.0-1.0 0.991 - - -
Treg cells

Treg (£2.9) 1.0

Treg (>2.9) 0.6 0.4-0.8 0.004* 0.7926 0.5445-1.1536 0.2249

Notes: The bold value indicated identifying significant variables through univariate or multivariate Cox regression analysis. *P < 0.05,
**P < 0.001.

The median progression-free survival was 77.7 months vs 28.8 months in the CD8"€" and CDg8'*™

groups, respectively.
This implies that a high ratio of CD4 T cells or a low level of CD8 T cells in peripheral blood indicates a poor prognosis
for extrahepatic metastasis-free survival in HCC patients.

Next, based on the ratios of CD4 and CD8, we divided the original cohort into four subset groups: CD4'°"/CDg"ie
group, CD4°%/CD8'™ group, CD4"#"/CD8'Y group, and CD4"€"/CD8"&" group. Using the Kaplan-Meier (KM)
survival curve analysis, we found that the CD4™&"/CD8'Y group (immunosuppressed) had the worst prognosis of all
four groups (HR 2.0 (1.5, 2.8), P < 0.001), indicating that patients with the lymphocytic phenotype of CD4"&"/CDg'™
had a higher incidence of extrahepatic metastases (Figure 2).

To further validate the above results, we reenrolled 65 patients for extrahepatic metastasis-free survival curve
analysis. Similarly, in the validation cohort, patients in the CD4'™ and CD8"&" groups had better metastasis-free
survival than the CD4"€" and CD8'™ groups (P < 0.05). Also, the CD4"€"/CD8'" group had the worst prognosis for
metastasis-free survival (Figure S2). Hence, we also conducted a comparative analysis of the overall survival (OS)
outcomes among HCC patients with different peripheral immune functional statuses. The results consistently demon-
strated that patients with an immunosuppressive phenotype (CD4"€" CD8'°" groups) exhibited worse overall survival
prognosis (Figure S2). Thus, our results indicated that HCC patients with an immunosuppressive phenotype (CD4hiety
CD8"™) had higher risks of extrahepatic metastasis after receiving microwave ablation.

T-lymphocyte gene-regulated CCLS expression was downregulated in patients with a high risk of extrahepatic
metastasis:

Lymphocyte proliferation, differentiation, and circulation are largely controlled by cytokines. Cytokines either inhibit
or promote tumor growth, and they are secreted by a wide variety of cells, including immune cells, endothelial cells, and
many others. Furthermore, cytokines have been linked to the invasive and metastatic potential of tumor cells. In this
study, we measured the levels of serum cytokines in 65 patients with HCC in the validation group. We found that CCLS5,
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Figure 2 Kaplan-Meier analyses for MFS according to CD4" cell ratio (A), CD8" cell ratio (B), and combined (CD4*/CD8") cell ratio (C) in the primary cohort.

CCI12, and GCSF were significantly downregulated in the immunosuppressed patient group (P < 0.05, Figure S3
and S4A).

We analyzed the disease-free survival and overall survival of HCC patients with different expression levels of CCLS5,
CCI2, and GCSF using the RNA-data sequencing library of the Gene Expression Profiling Interactive Analysis (GEPIA)
(http://gepia2.cancer-pku.cn/) to further investigate the effects of these three cytokines on the prognostic survival of

patients with hepatocellular carcinoma.”' We divided the patients with HCC into high-expression and low-expression
groups based on the levels of CCLS5, CCI2, and GCSF genes. Although the expression levels of these three genes had no
effect on the overall survival (OS) of HCC patients (P > 0.05), HCC patients with high CCL5 expression had better
disease-free survival time compared with those with low CCLS5 expression (P < 0.05), while the expression levels of
CCL2 and GCSF had no significant effect on the disease-free survival of HCC patients (Figure S4B and S4C).

Next, we investigated whether T lymphocyte-specific genes (CD4/CDS) could regulate the expression of CCLS. The
results of Spearman correlation analysis confirmed that the expression level of CCL5 was mono-correlated with the
T lymphocyte-specific gene signature cluster (CD4/CD8) (Figure S4D), suggesting that T lymphocyte-specific genes
might regulate the expression level of CCLS.

CCLS5 affected the targeting infiltration of CD8 T cells into tumor tissues:
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Figure 3 CCL5 modulated the intratumoral infiltration level of CD8" T cells. (A) The association between CCL5 expression and immune infiltration levels of multiple CD8"
T cell types estimated using the TCGA database. (B) Evaluation of immune cell infiltration in the TME of HCC patients according to CCL5 gene expression using

CIBERSORT. *P < 0.05, **P < 0.001. (C) Violin plot showing the CCL5 expression levels in the 12 lymphocyte subtypes in tumors of HCC patients. (D) Quantitative analysis
of the ratio of CD3, CD8, and CDé8 positive cells in the tumor region. **P < 0.001. (E) Immunohistochemistry done to detect the expression pattern of CD34, CD3, CDS8,

and CDé8 positive cells in HCC patients with different serum CCLS5 levels (n = 3). Scale bar: 100um.

To further investigate how T-lymphocyte-regulated CCLS5 affects extrahepatic metastasis in HCC patients, we used
publicly available databases to assess the correlation between CCLS5 expression levels and the intra-tumor infiltration

capacity of CD8 lymphocytes. The CIBERSORT score can be used to evaluate the correlation of specific genes with the
infiltration level of intra-tumoral immune cells.”> As shown in Figure 3A, the expression level of CCL5 was positively

correlated with the infiltration number of CD8 T lymphocytes in the tumors. Meanwhile, survival analysis showed that

patients with high CD8 expression likewise had better prognostic survival (P = 0.029).
Subsequently, by using a publicly available dataset on the Gene Expression Omnibus (GEO) repository and the

median expression value of CCL5 as the cut-off point, we divided patients with HCC into the CCL5™#" group and the
CCL5"" group. We found that patients with high CCL5 expression had more M1-type macrophages and CDST cells in
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their tumor tissues (Figure 3B). In addition, we used unsupervised clustering analysis and cell type identification to detect
the expression levels of CCL5 in different immune cell types. The results of single-cell sequencing revealed that
T lymphocytes with high CCL5 expression were more likely to exhibit a functional phenotype of cytotoxicity, such as
GZMK" CD8" T cells, GZLY " CDS8" T cells, CD8" memory T cells, as well as CD8" effector T cells (Figure 3C). To sum
up, our data analysis revealed that CCL5 can promote pro-inflammatory cells to infiltrate tumor tissue.

Finally, to further confirm the recruitment of serum CCL5 on CD8" T cells of tumor tissues, immunohistochemical
staining was performed on the specimens sampled from the two groups of HCC patients in the validation cohort with
high and low expression of CCL5.The immunohistochemical results showed that compared with patients with low CCL5
expression, patients with high CCL5 expression had more CD3" T and CD8" T lymphocytes (Figure 3D and E),
suggesting that HCC patients with high CCL5 expression had stronger anti-tumor immune responses after treatment
with microwave ablation. In summary, our results confirmed that CCL5 regulates the infiltration status of cytotoxic CD8"
T cells within the tumor, which may explain why HCC patients with high CCL5 have low risks of extrahepatic
metastasis.

Discussion

There is growing evidence to show that early diagnosis of extrahepatic metastases can effectively enhance the treatment
strategy and clinical management of patients with hepatocellular carcinoma, which is crucial to improving their
prognostic survival.*>** The true percentage of patients with extrahepatic metastases was close to 68%, as evidenced
by autopsy results.” However, only 13-36% of HCC patients with distant metastases are clearly diagnosed with imaging.
Biopsy of tissue specimens in patients with hepatocellular carcinoma is clinically challenging, and there is an urgent need
for identifying markers in the circulatory system that can reflect the risk of extrahepatic metastasis. Cytotoxic CD8"
T lymphocytes, which are key killer cells for the antitumor response, and auxiliary CD4" T lymphocytes, which have
immunomodulatory functions, can balance the inflammatory response of the organism through cell-cell interactions or
cytokine secretion.””> Tumor cells can escape immune surveillance and implant into distant organ tissues through
hematogenous metastasis when the immune macroenvironmental state is dysregulated or the balance of the inflammatory
response is disrupted.?®?’

Most of the current research focuses on building predictive models to assess the occurrence of extrahepatic metastasis
after hepatocellular carcinoma (HCC) treatment.”® Zhou et al found that neutrophils, prothrombin time, tumor number,
and size are independent factors for HCC patients who develop extrahepatic metastasis.”’ Additionally, another study
discovered that the serum factor IL-17A is specifically detected in HCC patients with extrahepatic metastasis.>* These
findings suggest a potential link between peripheral immune status and the occurrence of extrahepatic metastasis in HCC
patients. In the present study, we analyzed peripheral blood samples of HCC patients treated with thermal ablation and
found that peripheral blood lymphocyte subsets, CD4" T cells and CD8" T cells, were strongly associated with clinical
outcomes of EHM in HCC patients. In addition, the TCGA database allowed us to draw the conclusion that CD8
expression was also positively correlated with prognostic survival in HCC patients. We then defined patients with the
peripheral immune phenotype CD4"&"/CD8'°" as having immunosuppression, and KM survival curve survival analysis
showed that HCC patients with systemic immunosuppressive phenotypes had higher risks of extrahepatic metastases.

A longitudinal study showed that circadian rhythms of the immune system affect the prognosis of melanoma patients
treated with immunotherapy.®' In addition, Breanna et al found that the systemic immune state is adjustable, and that
tumor progression dynamically reshapes the composition and function of the immune macroenvironment.>> These
research studies suggest that the dynamic changes in the immune functional state of the organism are correlated with
the progression and metastasis of tumors. Our findings suggest that preoperative peripheral blood T lymphocytes can be
a useful indicator for stratifying risk of extrahepatic metastases.

Although the status of the peripheral immune macroenvironment can indeed influence the occurrence of extrahepatic
metastasis in hepatocellular carcinoma, its impact on the overall survival of HCC patients is very limited. In particular,
our earlier research findings demonstrated that Huaier granules, a traditional Chinese medicine used clinically as an
immunomodulator, could enhance the anti-tumor immune response and reduce the recurrence in patients with early
hepatocellular carcinoma following thermal ablation.*® In addition, Sophora granules were also found to improve the
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functional status of peripheral immune cell subsets, such as increasing the numbers of CD3" T cells, CD4" T cells, and
NK cells.>* Results of a national multicenter study demonstrated that Sophora granules used as adjuvant therapy
significantly reduced extrahepatic recurrence in patients with hepatocellular carcinoma after curative hepatectomy.>> In
conclusion, immunomodulators can improve the peripheral immune macroenvironment in patients with hepatocellular
carcinoma, thus reducing the risk of extrahepatic metastasis.

The significance of the CCL5-CCRS signaling axis in the occurrence, progression, and metastasis of tumors remains
controversial. Human HCC tissues have been shown to have elevated levels of CCR5 and CCLS and that CCL5 induces
the proliferation of CCR5-expressing cancer cells.'**®>7 In this context, elevated levels of serum CCL4 and CCL5 in
patients with liver cirrhosis may indicate the presence of HCC.?® However, a recently published study showed that 5
T cell-specific gene expression was positively correlated with the levels of CCL4, CCLS5, and CCRS in patients with
HCC and that yd T cells were recruited from peripheral blood or peritumoral regions to tumor tissues to clear tumor cells
via the interaction of CCL4/CCL5 with their receptors.'' In addition, NLRC3 (the NLR Family CARD Domain-
Containing Protein 3) was a positive predictor of survival outcome in HCC patients,”” as it was involved in CD8"
T cell infiltration and was positively correlated with CCLS5 expression. Similarly, in this study, we found that the levels of
CCLS5 were monotonically correlated with T lymphocyte-specific genes (CD4/CD8), which may suggest that peripheral
blood lymphocytes are the main source of serum CCLS5 and that serum CCL5 levels can partially reflect the macroscopic
environment of immune function status.

Our study still has some limitations. First, we analyzed only preoperative peripheral blood lymphocyte subsets in this
study. Although our aim was to explore whether the state of the systemic immune macroenvironment affects the
occurrence of EHM in HCC patients, a longitudinal study that includes the dynamics of peripheral blood lymphocyte
subsets could more accurately reflect the potential correlation. Second, this study is a single-center retrospective study
with a small sample size, especially with a relatively small validation group and limited patient clinical information. In
addition, we determined the correlation between CCL5 and EHM through bioinformatics techniques using publicly
available databases. Therefore, our results may not be generalizable to all clinical situations. Third, using public
databases like TCGA & GEO for clinical research also has limitations. For instance, data in public databases often
comes from various studies and laboratories, leading to potential differences in data quality. Additionally, the samples in
public databases may not represent the diversity and breadth of the entire population. Finally, we did not include some
emerging immune cell markers such as PDCD1, TOX, CTLA4, LAYN, GZMK, and CCR7 in our study since the
functional definition of peripheral lymphocyte subsets is not well-established. Moreover, we have not adequately

discussed the distribution and role of immune cell subsets in the tumor microenvironment.

Conclusions

In summary, we found that specific immune cells (CD4" and CD8" T cells) in the peripheral blood can predict the risk of
HCC spreading outside the liver. We also observed a connection between immune function and cancer spread, mediated
by serum CCLS. Higher levels of CCL5 were associated with better patient outcomes, likely due to its role in promoting
immune cells to infiltrate the tumor tissue and prevent metastasis. These findings have important implications for
assessing the risk of cancer extrahepatic spread in HCC patients.
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